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Abstract: Recently mobile phones are being demanded to provide quickly not only voice service and SMS, but also
various services such as multimedia applications and wireless internet applications, executing them concurrently
without any technical problems. Such demands cause software requirements to exceed the capabilities of the legacy
software platform used in mobile phones. This motivates manufacturers of mobile phones to find a more efficient
software platform for building next generation communications infrastructure and mobile and wireless devices. In this
paper, we describe several software platforms used in mobile phones today. We also present their respective features
from the point of view of product development. This paper provides the direction the software platform for handsets

should move.
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1. INTRODUCTION

As various devices including multimedia devices are
added into mobile phone, mobile phone should provide
end users with new applications corresponding with
them. These applications include voice, GPS, camera,
music, video, Wireless internet, DMB, 3D game, and
Bluetooth service. Mobile phones should guarantee that
services are executed concurrently without problems.

End users continue to demand mobile phone
manufactures to provide continually new services and
applications suited to their taste. These demands make it
important to reduce the time in developing applications
of mobile phone. Because the software platform
provides an environment for the development and
execution of applications, creating new phone
applications is related to the software platform closely.
To support the software integrity of system and reduce
the time of new application development, a more
efficient software platform on mobile phone is needed
in the development of handsets. Software platform of a
system means the overall structure of the software on
the system. This paper presents which software platform
is efficient in today’s handset market. The software
platform of the mobile phone is presented like Fig. 1
generally.
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Fig. 1 Typical Architecture of mobile phone
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The software platform in Fig.1 consists of operating
system, middleware, and applications. And it is layered
for each component. The operating system manages the
resources of hardware and controls applications when
processes use the system resources. The major operating
systems in mobile phone are Symbian OS, Linux, REX,
Nucleus, and Windows Mobile. Middleware connects
applications with operating system. Middleware
receives the requests of an application and sends the
requests to the operating system. The major
middlewares in mobile phones are S60, UIQ, BREW, Qt.
Applications in the highest layer send their requests to
middleware and receive the result for their request from
middleware. And applications inform the result to the
end-user through the mobile phone device [1]. Major
applications in mobile phone are Ul service, voice call
service, SMS service, wireless internet service,
multimedia audio/video service, GPS service, and
address book.

It takes several months for handset makers to develop
a new handset. Developing period of software has been
increased gradually in the development of new handsets.
Developing period of a new handset depends on how
fast handset makers develop new phone applications
such as Ul. As a result, a software platform that
provides all environment of application development
brings to competitive power of the handset market.

We introduce typical software platforms which are
used in handsets today in chapter 2 and examine the
features of them. And this paper mentions the direction
on which software platform of handset should moves.
Lastly we make a conclusion of this paper in chapter 4.

2. CURRENT SOFTWRARE PLATFORMS
OF MOBILE PHONE

Today software platforms used in handset are various.
Because software platform of handset weighs with
developing period and system performance, it plays an
important role in competitive power of handset.
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Although many software platforms of handset are used,
this paper presents three platforms which widely are
used in handsets. These three platform are
Symbian-based and Linux-based , REX-based software
platform. We discuss these concretely from the next
paragraph.

2.1 Symbian based software platform

Symbian OS developed from EPOC which is OS of
Psion companies[1], and was executed only on ARM
processor [2]. Symbian OS has a design to consider the
features of mobile system with the memory quantity
which is restricted and low power. This is the feature
which is different with other embedded operating
systems which didn’t make for mobile device. Because
of this, many mobile phone manufacturers and GSM
based operators are adopting Symbian OS. Currently
total number of Symbian OS phones shipped to
worldwide are over 70 million [3]. Symbain OS is used
with middleware such as S60 [4] or UIQ [5] than used
alone. The Fig. 2 [6] is a diagram of Symbian-S60 based
software platform.

Symbian OS manages the physical resources which
include the memory and CPU of the mobile phone and
makes applications execute stably and effectively in
handset [2]. Symbian OS Extensions means the part in
which a set of capabilities of devices is defined [6].
Capabilities present right of usage about APIs of
Symbian OS. The S60 Platform Services are the layer in
which basic services of the handset are included. The
S60 Platform Services layer includes Application frame
services which allow applications and the server to
execute the following. Ul framework services which
control the UI of the handset, graphic services which
draw graphics in the screen of handset, location services
which control data related with the location information,
Web based services which control data related with the
web, and Multimedia services which control services
related with speech recognition and audio/video [6].
Multimedia  services include  Digital  Rights
Managements (DRM) [7]. Lastly, the S60 Platform
Services layer includes communications services which
controls network based data such as telephony and
messages. S60 Application services consist of three
services. They are PIM application service, messaging
application service, and browser application service [6].

SB0 Applications

560 Platform Services SBO Java

SED OS5 Extensions

Symbian 0OS

Fig. 2 Diagram of symbain-S60 based software platform

The S60 Java layer includes Java ME and JTWI. The
resources such as the API (Application Programming
Interface) necessary in developing applications of the
handset are included in the S60 application services
layer and S60 Java layer. Software developer of handset
can make the applications by using the API which is
needed to implement their application. Developer can
use three programming languages to make applications
of phone in Symbian-S60 based software platform.
These programming languages include C++, Java,
Python. Because Symbian OS was made with C++ and
S60 provides C++ API for implement of application,
software developer can make optimized application in
Symbian OS using them. Most SDKs for three
programming languages are released in Nokia website,
http://www.forum.nokia.com. The developer can create
new application on Symbian-S60 software platform
easily and fast through APIs provided in S60 and
familiar languages such as C++ and Java, Python.

The Fig. 3 is block diagram which shows the
development sequence of applications in Nokia using
Symbian based software platform. Fisrt developer
downloads the proper IDE for development of phone
application through forum nokia. After installing it,
developers make a code for application using S60 API.
And then, developers build application code and test it.
Developers can test the application through emulator
which is very similar with real handset. Namely, the
emulator is not exactly same with target handset. But
developer can reduce the time considerably when
developing applications. If developer complete testing
on real handset finally, developers should verify their
new application through signing process. Signing
process means process for verification of Symbian OS
based applications which are made by developers of 3™
party. After being certified by Symbian Signed [3], the
applications can loaded in real handset.

Coding & building Distributing

~ *

Testing Signing

Fig. 3 Sequence of application development on Nokia

Symbain based software platform is more open
platform than other existing software platform of
handset. Due to features of open platform, handset
manufacturers which use this platform have many
application developers. If handset manufacturers use the
Symbian based software platform, they can make phone
applications easily and fast. As a result, open platform
takes specific effect, which reduces the total developing
period of new handset. Open platform such as symbian
based software platform increases the competitive
power in the handset market as reflecting demands of
the end users quickly. The following is the picture of
handset which use the Symbian-S60 based software
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platform.

Fig. 4 Nokia 3230 and Samsung SGH-i520

2.2 Linux based software platform

Linux was developed by Linus Tovalds in 1991. And it
has been maintained as open source by developers
worldwide. Today processors for which Linux is ported
include Intel x86, AMD x86-64, ARM, Compaq Alpha,
CRIS, DEC VAX, H8/300, HP PA-RISC, IBM S/390,
Intel IA-64, MIPS, Motorola 68000, PowerPC, SPARC,
Ultra SPARC, and v850.

One of the advantages in using Linux in embedded
system is that it is royalty free. So handset
manufacturers can lower the bill of materials (BOM) by
using Linux when creating a new handset [8]. Also
Linux provides developers to create applications
conveniently through tool chain or debugger. This
enables developers to make phone applications quickly
[8]. Because Linux has full API libraries which are used
in developing applications of various types, application
developers can make phone various applications of high
quality. And manufacturer can port POSIX-based open
sources into Linux on their handset and use like that. In
that manufacturers using Linux escape supply structure
which is dependant on specific company which owns
operating system, Linux is different with Windows and
Symbian OS [9].

Motorola offered the handset named by A760 model
handset in the Chinese market in 2003. This handset
was the first mobile phone in the world that used Linux.
After that, Motorola provided other Linux handset such
as Motorola A760, A768, A768i, A780, A910, E680,
E680i, MING, RAZR2, ROKR E2, ROKR E6, and
RIZR Z6.

Due to the basic features of Linux, a Linux based
software platform can reduce the cost of developing,
testing, and upgrading a mobile phone and this reduces
time to market for new mobile phone and applications.
It provides a flexible and stable technology to accelerate
innovation in mobile software development. Because of
this, Motorola decided to use the Linux platform in the
development of their handset. The fig. 5 is a diagram of
current Linux software platforms used in Motorola
handset.

Applications

Services

Linux kernel

Fig. 5 Current Linux platform of Motorola

This diagram is similar to the general structure of
Linux. The Linux kernel in the lowest layer manages the
physical common resources of the handset. This does
basic functions for scheduling processes and protection.
The Linux kernel that Motorola uses in its software
platform is a mobilinux, one of Montavista. Linux
Services located above the Linux kernel layer receives
the requests of phone applications and delivers the
requests to the Linux kernel. This layer of Linux
Services includes system call library, TAPI, DRM
Framework, Audio Codecs, Image Codecs, and
messaging service. Linux applications located above
Linux Services refer to applications that an end user
executes. Linux applications include calling, media
player, Calculator, SMS, Java VM, camera, games and
so on. Because the platform in Fig. 5 supports
development environment only to 2" party such as
handset manufacturer, current Linux based software
platform of Motorola is mostly closed platform which is
opposite with open platform [10]. But Motorola is
moving to open platform like Nokia to get many
applications from 3™ parties. The fig. 6 is a diagram of
Linux based open software platform which Motorola is
moving towards.

Fig. 6 Next Generation Linux platform from Motorola

When comparing with the block diagram of Fig. 5, the
added layer in Fig. 5 is an Application Framework. This
layer manages to create, register, and remove the
application. This layer includes Predictive Text
Dictionaries, Application Registry Manager, Application
Launcher, GUI services, Input Method Server,
Predictive Text, Handwriting Recognition, and App
Services Framework. Software platform which has
structure like Fig. 6 enables 3" party developers to
create their applications and add them to a target
handset. As a result, handset manufacturers can get
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access to many applications. Motorola has not tried to
complete Linux based software platform for next
generation alone [11]. Motorola has standardized the
Linux platform through LiMo. LiMo is the foundation
which Motorola, NEC, NTT DoCoMo, Panasonic
Mobile Communications, Samsung Electronics, and
Vodafone established to develop the Linux based open
software platform for handset fisrt in the world [12].
The aims of LiMo foundation are to provide benefits of
lower development costs, high flexibility, and active
mobile ecosystem surrounding the platform [12]. If
LiMo foundation completes to develop the Linux based
open platform, five companies above will use the new
Linux based platform instead of current their platform.
As a result, many more Linux based phones will be
offered in the handset market in the future. The Fig. 7 is
the picture of handset that uses the Linux based
software platform.

Fig. 7 MOTORIZR Z6 and MOTOMING A1200

2.3 REX based software platform

REX is an abbreviation of Real Time Executive and real
time OS for handsets. Qualcomm provides handset
manufacturers, which use  Qualcomm’s baseband
chipset, with REX as solution for driving of
qualcomm’s chipset named by MSM. So every handset
using MSM is developed using REX. Because most
handset of Korea use MSM of qualcomm, many handset
developed as using REX are offered in Korea market
The following is a block diagram of REX based
software platform.

Applications & BREW

’_‘MC Tasku Ul Tazk L Tasks H

REX OS

Fig. 8 Block diagram of REX based software platform

REX consists of several tasks and each task performs
an infinite loop code. REX switches the tasks as priority
based scheduling algorithm. That is, REX control the
tasks by starting or stopping execution of them.

REX include some tasks such as a UI task which
displays the status of the handset, SND task which
manages the DTMF tone and alert sound, EFS task
which manages file system of flash memory on handset,
RX task and TX task which manages messages in layer2
of CDMA mode, Sleep task which modifies CPU from
current state into idle state, DS task which manages jobs
related to the AT commands, and MC task which
controls other tasks.

REX uses the same address space with its tasks. So
REX does not support any protection between tasks and
between a task and itself. Only developer should make
the phone applications on REX, considering memory
protection. This feature is very unsafe in integrity for
software of handset. Because the major objective of
REX was to make handsets support basic functions such
as calling and messaging, REX was not designed to
consider the important function for multitasking,
protection, and task loadable interface. REX executes
all phone applications such as phone book, camera,
audio/video service as only one task. This task is the Ul
task in REX. Applications do not run as threads in the
UI task, but run though a conditional check in an
infinite loop code in UI task. If developers are about to
create and add a new application in REX, developers
should insert code of the new application manually in
the UI task code on REX. Because all tasks in REX
share the same address space, new applications added in
Ul task can make other applications to run abnormally
or the handset system to break down.

Only handset manufacturer that have an MSM license
from Qualcomm can develop the handset applications
on the REX based software platform. The only
applications which 3™ party developers can create only
are the contents of wireless mobile internet in handset.
This is in contrast with the Nokia development situation
which this paper explained from above. Developers of
handset manufacturers should create the all applications
when offering a new handset to the market. Due to the
unsafe features of REX and the closed development
environment, it is difficult to develop the new handset
faster than other competitors such as Nokia.

Several middlewares used with wireless mobile
internet run on REX. These middlewares support the
binary runtime environment for wireless. These
middleware include BREW [13] and UiOne [14] which
Qualcomm supply, SK-VM and GVM which
SK-telecomm in Korea supply, MIDP [15] which is
published for the use of Java on embedded system such
as mobile phone, and WIPI [16] which is made by the
Mobile Platform Special Subcommittee of the Korea
Wireless Internet Standardization (KWISF). These
middleware exist as a code block in the UI task. These
middleware are a means which the communication
operators use for creation of their proceeds. But because
the browser for wireless internet on handsets is moving
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towards a standard web browser, similar to a PC, current
middleware for wireless mobile internet needs to be
changed. The Fig. 9 is a picture of handsets which uses
the REX based software platform.

=

Fig. 9 Samsung SCH-E170 and Samsung SCH-E470

3. TOWARDS AN OPEN SOFTWARE
PLATFORM IN HANDSET

Many handset manufacturers developed their handsets
through in-house software platform in the past. The
hardware performance of the handset has been increased,
and the demand of user for multimedia service has been
increased. These trends have motivated handset
manufacturers to select an open software platform that
includes a general operating system such as Symbian
0OS, Linux, and Windows Mobile, instead of a closed
software platform.

The REX based platform is a typical closed software
platform. So manufacturers using the REX based
platform develop applications of handset only through
their developers. Because the demands of end users for
applications and contents have increased rapidly unlike
in the past, manufacturers cannot offer new handsets
which reflect the demands of end users in proper time
through a closed software platform. The REX based
software platform does not support a general interface
for adding or removing applications. The developer
must create the code for new application directly in
code block of the UI task on REX. This method is very
unsafe. Whenever making an application, developers
always should consider that new code intrudes into the
memory of other applications or REX. Removing the
application in REX is the same as adding an application.
This inconvenient method generates considerable delay
time when developing a new handset. Further, because
REX based software platform does not support a POSIX
interface, the REX based handset cannot use the open
source which includes useful applications and various
services based in TCP/IP.

On the other hand, Nokia has used Symbian based
software platform and upgraded the platform to be more
open platform. Nokia provides developers with a
development environment through IDE of C++, Java,

Python. Because the Symbian based software platform
supports application frame services, developers can add
or remove applications safely in the handset. And the
Symbian based software platform is open to 3™ party
developers. So Nokia has had many applications
developed quickly for their handsets. Also Nokia have
developed the library of POSIX to work open source in
their handsets. This library is named by Open C [17].
Open C is created by adding libraries of several open
sources to P.I.P.S which are POSIX libraries on
Symbian OS. Open C enables open source applications
to work in Symbian-S60 based handsets through some
modification of the original open source code. Because
of Open C, Nokia has access to application developers
indirectly for its handsets. As a result, this open
platform reduces the developing period of software for
new handset, making Nokia handsets fast to market

The more secure and flexible the software platform
and the more the platform is open to 3rd party
developers, the greater the competitive power of the
handset manufacturer in the market.

4. CONCLUSION

This paper presented three representative software
platforms of handset and their respective features from
the point of view of product development. We present
the direction for which the software platform of handset
should head. Because profits are generated by reducing
the developing period and BOM, most handset
manufacturers have tried to change their software
platform to an open platform or have made a new
platform using Linux. Handsets made using an open
software platform will have a faster time to market. And
only handsets developed using open software platform
will survive in the market.
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