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Abstract: After good response from the users using Symbian, iOS and Windows there came into market a new Operating System called
as Android. This paper gives information about the Android operating system, its existence, different versions, its features and its
development. Unlike iOS, Android is an open source platform based on LINUX kernel, made available to everyone for development
purpose to use it freely which was announced by Google. Hence, there are lots of things that can be done on this OS platform as per the
user requirement. Different mobile companies uses Android as their OS platform and have their own custom ROM and GUI for
consumer attraction and easy to use. Thus, Android came into the market and had opened doors to the developers to develop new
software on new operating system. The Android market has competed with the iOS market within a very less time. They have
consistently improved with its features that are easily interfacing with hardware. The paper intend to tell us the importance and in depth
knowledge of an operating platform that is currently running on billions of smartphones at present. It is the most widely used OS.
According to one of the press release, Android devices sell more than Windows, 10S combined as of sales in 2012, 2013 and 2014. The
paper also touches with the requirement and development of applications or software based on Android platform with a basic example

for beginners in this field. It also covers the APIs and firmware and Software Development Kit (SDK) and Eclipse.
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1. Introduction

Android is a very well-known mobile operating system which
follows and is based on Linux kernel. There are under the
banner branded by Google. Android is mainly designed for
touchscreen mobile devices. Touches are used as an input to
the application to perform certain function. Touches are real-
world actions such as tapping, swiping, panning, pinching,
reverse pinching, etc with a virtual keyboard to use text and
special characters. The devices are mainly smartphones and
tablets but now with advanced technology there are designed
for televisions, cars, smart gears-watches, etc.

Android was officially available to consumer at the end of
2008. It is always updated and improved its technology
regularly in the form of features or firmware. Android as a
whole is holding a good market in the mobile industry and
other industries with different hardware architectures.
Industries have raised their interest towards Android mainly
due to two main reasons. First, Android is an Open source
and second of its Architectural model.

As the platform is an open source project, it allows one to
fully study and understand Android OS platform enabling
features such as bug fixing, further improvements regarding
new functionalities and finally porting to new hardware. As it
is based on the Linux kernel architecture model thus allowing
Linux to add to the mobile industry. It adds the features and
advantages offered by Linux. These aspects make the
Android as a target to work on different environment.

Another important aspect of Android is that it has its own
Virtual Machine (VM) environment. Android applications are
Java based and this enables to use of Virtual Machine
environment, with both its advantages and its known
problems. After version 2.6.23, the standard that Linux kernel
uses is Completely Fair Scheduler (CFS). This implies that
the way CPU time is assigned to different task. This ensures
that equal time sharing of CPU is assigned to all tasks and if
there is any sort of unfairness that is verified then the

algorithm assures that task re-balancing is performed. As the
scheduling operations are delegated by Linux Kkernel,
although fairness is most of the time achieved but the
algorithm does not guarantee to the task and so thus the
Android.

Android, as we discussed earlier, has its own Virtual Machine
(VM) named Dalvik, which was specifically designed for
mobile devices for performance such as memory
optimization, battery power saving and low frequency CPU.
As the system is based on Linux kernel, it relies on the core
and main operating system features such as memory
management and scheduling and thus also gives the drawback
of not taking any temporal guarantees into consideration. The
remainder of this paper is organized as follows: Section 2 is
dealing on how the android platform came into existence.
Section 3 details features of Android. Section 4 briefly
describes the Android architecture. Section 5 tells about the
android Hardware. Section 6 will deal with the official IDE.
Finally, Section 7 concludes this paper.

2. History of Android

The company named Android Inc. was founded in Palo Alto
in California in 2003 by many members. On the words of
Andy Rubin one of the founder of the Android company that
“smarter mobile devices that are more aware of its owner’s
locations and preferences” the other founders like Rich
Miner co-founder of Wildfire Communications Inc. Nick
Sears once Vice-President of T-Mobile and Chris White
headed design and interface development at WebTV began to
develop a platform for mobile devices. Their previous
intension was to develop an advanced operating system for
digital cameras but in time the company realize that the
market is not big enough and so they diverted to develop the
operating system for smartphones in competition with
Windows and Symbian Mobile.

On 17" August 2005, Google officially became the owner of
Android. It is championed by Google and owned by Open
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Handset Alliance. Even after acquisition Andy Rubin, Rich
Miner and Chris White were still part of the company. At that
time Android was not known to many and it was only known
that Android is developing smartphone softwares. Finally at
Google, a team led by Andy Rubin developed an Operating
System based on Linux Kernel.

Google’s CEO, Eric Schmidt, made it clear right away that
Android’s ambitions were much larger than a single phone.
Instead, they envisioned a platform that would enable many
phones and other devices. Then Google marketed the
platform to handset makers and carriers on the promise of
providing a flexible and upgradable system.

Figure 1: Android Logo

Android source code is released by Google under open
licenses, though most of the shipped devices are with an open
source and custom rom. Android publicly came into existence
in 2007 along with the founding of the Open Handset
Alliance (OHA)-a consortium of hardware, software, and
telecommunication companies devoted to advancing open
standards for mobile devices. Android on product came
publicly available as its first mobile product which was based
on Linux Kernel 2.6.25 and the first commercially available
smartphone was the HTC Dream on 22" October 2008.

Figure 2: Press Conference for the Google Nexus 7
Tablet

In the year 2010, Google came up with series of smartphone
the Nexus world with the launch of which it release its new
Operating System. The first Google smartphone Nexus One
was built in collaboration with HTC giant and then Nexus 5
with LG and Nexus 7 tablet with ASUS. Google has now
made it a trend to release its new android version on the
launch of new Nexus series.

Since 2008, Android has now came up with many version of
android with numerous updates which have day by day
improved the operating system which consist new features
and fixing previous bugs. Each Android version after alpha
and beta is named in alphabetical order after desserts and
sugary treat for examples version 1.5 Cupcake was followed
by 1.6 Donut. The latest version 4.4.4 was called as Kitkat
and the newest version of Android operating system was 5.0
Lollipop which is now available as only a developer preview.

From 2010 to 2013, Mr. Hugo Barra became a product
spokesperson for the Android team, he represented Android at
both conferences and Google 1/O. In his team the Android
included of Hardware and software including Honeycomb,
Ice Cream Sandwich, Jelly Bean and Kitkat operating system,
the Nexus 4 and 5, the Nexus 7 and 10 tablet and other
products such as Google Now and Google Voice Search,
Google’s speech recognition product comparable to Apple’s
Siri. In 2013 Barra left the Android team for Chinese
smartphone maker Xiaomi.

From 2008 to 2014 that is till date, Android came up with
series of versions with updated features and improvements.
And starting with the user version which was Froyo upto
Kitkat the sale of Android devices has gradually increased
with release of new version. The statistics of the percentage
of market share against each Android version can be seen in
the figure 3
30
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Figure3. Market share of Android Devices vs Version

All these series came right from 2008 to 2014 Lollipop being
the latest and is still need to get its share in the market. From
the graph it is quite clear that right from user version Froyo to
Kitkat, Android has captured the market with its quality and
open source license. Honeycomb was a version only for tablet
at that time and since tablet on those days were not so in
demand it failed to boom in the market rest all version had
played keen role at their time. From 2012 to 2014, these were
the years where the sale of Android devices was more than
the combine sale of the Apple iOS, Windows and Symbian.
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3. Features of Android

Android is a powerful Operating System supporting a large
number of powerful applications. Hardware that supports
Android is mainly based on ARM Architecture. The main
feature of Android application includes:

3.1 Interface

The default interface of Android is based on direct
manipulation. It uses the real world touches like tapping,
swiping, pinching and reverse pinching and a virtual
keyboard. It uses the user touches as an input to perform
many functions or different tasks and provides a fluid touch
interface. The hardware contained in the devices like
accelerometers, gyroscopes and proximity sensor are used by
the applications to perform various actions like to adjust the
screen from portrait to landscape, turning off the screen
during phone call and steering of the car during games.

tured.

Figure 4: Notification Panel

The homescreen of Android are usually made up of widgets
and app icons. App icons launch the application whereas
widget shows live, auto updating features of the homescreen
such as weather forecast, clock, currency converter, etc. A
homescreen also comprises of several pages and the android’s
homescreen highly customisable allowing the user to texture
the face of the homescreen. Third-party call from Google
Play can enhance the homescreen to great extent and can also
mimic the look of other operating system. Most mobile
manufacturers make their own custom rom and differentiate
the look for competition in the globe. Each mobile company
has its own style of the user interface.

The most common look that almost every manufacturer has
copied is the status bar which indicates the battery level, the
network, operator name, etc. When the status bar is pulled
down it reveals the notification screen which has newly
updates, emails, SMS, toggles buttons, etc. It sees to that the

notification does not immediately interrupt or inconvenience
the user. After Android 4.1, the notification has expanded its
features with adding music player in the notification screen
and other toggle buttons.

3.2 Applications

Applications now a days called as “Apps” are made for
android and are mainly based in JAVA programming
language using the Android Software Development Kit
(SDK). Software Development Kit (SDK) includes main
contains of Android which includes a debugger, software
libraries, a handset emulator that is based on QEMU, sample
codes, documentation and tutorials. Eclipse is the official
Integrated Development Environment (IDE) using Android
Development Tools (ADT) plugin. Other developments tools
include, Native Development Kit for applications, Google
App Inventor, etc. In January 2014, Google came up with an
Apache Cordova — based framework for porting Chrome
HTML 5 applications to Android, covered in a native
application shell.

The android has been famous for its third party application
which can be installed by using APK’s file and installing it
apart from Google Play store. Or else downloading it through
a system which allows installing, updating and removing
applications from their devices. Google Play is the primary
place to install the application for Android and it also consist
third party applications too. It was recorded in July 2013 that
there more than one million applications available in Google
Play for Android and 50 billion applications have been
installed from Google Play.

Due to the open nature of Android, a number of third-party
application marketplace also exist for Android, either to
provide a substitute for devices that are not allowed to ship
with Google Play Store, provide applications that cannot be
offered on Google Play Store due to policy violations, or for
other reasons. Examples of these third-party stores have
included the Amazon Appstore, Getlar, and SlideMe. F-
Droid, another alternative marketplace, seeks to only provide
applications that are distributed under free and open source
licenses.

3.3 Memory Management

Android operating works on high performance system

hence it is designed to maintain and manage RAM to keep
power consumption at minimum in contrast to desktop
operating system which is always connected to electricity.
Whenever any app is no longer in any use, the system will
automatically cleans it in memory while technically is still
open. These suspended apps do not require sources like
memory and power rather they stay in the background in the
idle state until required again. This has new feature that the
apps need not to be closed and can be opened again and thus
opens the gate to multitasking and it all ensures power
efficiency and memory management.
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Figure 5: RAM Management in Android (Third Party)
Android manages the apps stored in memory automatically:
when memory is low, the system will begin killing apps and
processes that have been inactive for a while, in reverse order
since they were last used (oldest first). This process is
designed to be invisible to the user, such that users do not
need to manage memory or the killing of apps themselves.
However, confusion over Android memory management has
resulted in third-party task Kkillers becoming popular on
Google Play store; these third-party task killers are generally
regarded as doing more harm than good.

4. Android Architecture

Android is an open-source software architecture provided by
the Open Handset Alliance , a group of 71 technology and
mobile companies whose objective is to provide a mobile
software platform. The Android platform includes an
operating system, middleware and applications. As for the
features, Android incorporates the common features found
nowadays in any mobile device platform, such as: application
framework reusing, integrated browser, optimised graphics,
media support, network technologies, etc.

The Android architecture, depicted in Figure 1, is composed
by five layers: Applications, Application Framework,
Libraries, Android Runtime and finally the Linux kernel.

The uppermost layer, the Applications layer, provides the
core set of applications that are commonly offered out of the
box with any mobile device.

The Application Framework layer provides the framework
Application Programming Interfaces (APIs) used by the
applications running on the uppermost layer. Besides the
APIs, there is a set of services that enable the access to the
Android’s core features such as graphical components,
information exchange managers, event managers and activity
managers, as examples.

APPLICATIONS

Prici

APPLICATION FRAMEWORK

Package
Manggir

LIBRARIES

L] Wi Al Fower
i " Drivers

Figure 6: Android Architecture

Maragement

Below the Application Framework layer, there is another
layer containing two important parts: Libraries and the
Android Runtime. The libraries provide core features to
Android Architecture the applications. Among all the libraries
provided, the most important are libc, the standard C system
library tuned for embedded Linux-based devices; the Media
Libraries, which support playback and recording of several
audio and video formats; Graphics Engines, Fonts, a
lightweight relational database engine and 3D libraries based
on OpenGL ES.

Regarding the Android Runtime, besides the internal core
libraries, Android provides its own VM, as previously stated,
named Dalvik. Dalvik was designed from scratch and it is
specifically targeted for memory-constrained and CPU
constrained devices. It runs Java applications on top of it and
unlike the standard Java VMs, which are stack-based; Dalvik
is an infinite register-based machine. Being a register
machine, it presents two advantages when compared to stack-
based machines. Namely, it requires 30% less instructions to
perform the same computation as a typical stack machine,
causing the reduction of instruction dispatch and memory
access; and less computation time, which is also derived from
the elimination of common expressions from the instructions.
Nevertheless, Dalvik presents 35% more bytes in the
instruction stream than a typical stack-machine.

This drawback is compensated by the consumption of two
bytes at a time when consuming the instructions. Dalvik uses
its own byte-code format name Dalvik Executable (.dex),
with the ability to include multiple classes in a single file. It is
also able to perform several optimizations during dex
generation when concerning the internal storage of types and
constants by using principles such as minimal repetition; per-
type pools; and implicit labeling. By applying these
principles, it is possible to have dex files smaller than a
typical Java archive (jar) file. During install time, each dex
file is verified and optimizations such as byte swapping and
padding, static-linking and method in-lining are performed in
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order to minimize the runtime evaluations and at the same
time to avoid code security violations.

The Linux kernel, version 2.6, is the bottom most layer and is
also a hardware abstraction layer that enables the interaction
of the upper layers with the hardware layer via device drivers.
Furthermore, it also provides the most fundamental system
services such as security, memory management, process
management and network stack.

5. Basic Hardware

Considering the hardware requirements main hardware
platform for Android is the 32-bit ARMV7 architecture. But
in 2012, Intel processors began to appear on more mainstream
Android platforms, such as phones. In 2013, Freescale
announced support for Android on its i.MX processor,
specifically the i.MX5X and i.MX6X series.

As the Android 5.0 Lollipop is released officially with the
Nexus 7 and new Motorola X, so as far as the official
requirement stated for Android 4.4 is at least 512 MB of
RAM, while for "low RAM" devices 340 MB is the required
minimum and standard android OS requirement that does not
include memory dedicated to various hardware components
such as the baseband processor. Android 4.4 requires a 32-bit
ARMvV7, MIPS or x86 architecture processor (latter two
through unofficial ports),together with an OpenGL ES 2.0
compatible graphics processing unit (GPU).Android supports
OpenGL ES 1.1, 2.0 and 3.0. Some applications explicitly
require a certain version of the OpenGL ES, thus suitable
GPU hardware is required to run such applications.

In addition to running on smartphones and tablets, it is
possible to run Android natively on regular PC hardware with
versions of Android, including 4.4, downloadable from the
Android-x86 project. Chinese companies are building a PC
and mobile operating system, based on Android, to "compete
directly with Microsoft Windows and Google Android". The
Chinese Academy of Engineering noted that many companies
are now customizing Android following a Chinese ban on the
use of Windows 8 on government PCs.

6. Official
Environment

Integrated Development

6.1 Eclipse Software

In Computer Programming Eclips is one of the software used
widely. It has mainly base workspace and extensible plug-in
system for customizing requirement. Eclipse can be used to
developed java application with the help of various plugins.
Eclips also suppoerts different programming languages like
Ada, ABAP, C, C++, COBOL, Fortran, Haskell, JavaScript,
Lasso,Natural, Perl, PHP, Prolog, Python, R, Ruby Scala,
Clojure, Groovy, Scheme, and Erlang.

Eclipse software development kit (SDK) which includes the
java development tools, it developed for Java developer.
Users can extend its abilities by installing plug-ins written for
the Eclipse Platform, such as development toolkits for other
programming languages, and can write and contribute their
own plug-in modules.

Il g s T
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d '
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Figure 7: Eclipse Software

Eclipse uses plugging that give all the functionality on top of
runtime system. Its runtime system is based on Equinox, an
implementation of the OSGi core framework specification.
The eclipse SDK includes the Eclipse JAVA Development
tools (JDT) this offers an IDE features like built in
incremental java compiler and full mode of JAVA source
files.

Eclipse implements uses the graphical control elements of the
Java toolkit called SWT, whereas most Java applications use
the Java standard Abstract Window Toolkit (AWT) or Swing.
Eclipse's user interface also uses an intermediate graphical
user interface layer called JFace, which simplifies the
construction of applications based on SWT. Eclipse was
made to run on Wayland during a GSoC-Project in 2014.

New Android projects, create an application Ul, add packages
based on the Android Framework API, debug their
applications using the Android SDK tools, and export signed
(or unsigned) .apk files in order to distribute their
applications. It is a freeware available to download.

As shown in the figure, we can create an APP with the help of
Eclipse environment. All programming features are made
available with the help of installing required plug-in as well
as libraries. Final output will be application file which uses
data abstraction to hide information from user interface only
showing what is using by user.

1. Eclipse PDT (PHP Development Tools)

The PHP (PHP hypertext Preprocessor) Development Tools
project provides a PHP Development Tools framework for
the Eclipse platform. The project encompasses all
development components, including code-completion,
develop PHP and facilitate extensibility. It leverages the
existing Eclipse Web Tools Platform (WTP) and Dynamic
Languages Toolkit (DLTK).

2. Eclipse ADT (Android Development Tools)
Android Development Tools (ADT) is a plug-in for the
Eclipse IDE that is designed to provide an integrated
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environment in which to build Android applications. ADT
extends the capabilities of Eclipse to let developers set up.

Figure8. Eclipse Software with Emulator

7. Conclusion

Thus, through this paper we can understand the Android
operating system in deep detail. We understood the origin of
Android and how the Android came into existence. Its open
features for all mobile manufacturers to use it and third party
software developers to develop millions of software for the
Android platform. The open source is the key for its
development in the mobile and other industries. The
architecture of Android is explained in detail with explanation
all layers. The paper also successfully pin points the features
of Android in terms of memory management. The operating
system forms the base for the billions of mobile devices in
today’s market with millions of Android applications.
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