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Executive Summary 

 

XtreemOS aims at natively embedding grid computing functionalities into the Linux operating system, 

in order to harness the heterogeneous computing resources available today, from clusters to mobile 

devices. XtreemOS-MD is the result of the efforts in adding these native grid functionalities to mobile 

devices.  

 

The previous document (D2.3.5) has defined the vision for the advanced version of XtreemOS-MD, 

extending hardware support to more limited mobile devices and including also advanced optional 

functionalities not present in the mobile device basic version.  

 

In the present document, we first analyze in detail the Linux-based mobile phone market, in terms of 

evaluation of relevant and suitable platforms for XtreemOS-MD. This evaluation is carried out by first 

presenting general evaluation guidelines and considerations in order to establish our rationale 

appropriately and always by following XtreemOS main principles and objectives. Then, a set of 

evaluation criteria, involving technical and non-technical aspects, is presented. After that, the selected 

suitable platforms are evaluated accordingly, finishing with a set of final conclusions that will drive 

the design and implementation process. 

 

After the state of the art evaluation, the document focuses on the XtreemOS-MD advanced version 

architecture and design for the fulfillment of the requirements and specifications identified in D2.3.5, 

including the following group of features: VO management and security, resource sharing, context-

awareness and installation, configuration and additional enhancements. 

 

For each group of features, the document includes a specific chapter providing the details about the 

new features to be included in the advanced version, several possible scenarios and the design 

procedures that will profile the XtreemOS-MD-F layer implementation process. Specific interest has 

been put on the possible resource sharing features in the mobile device, in the context of native 

support in Linux-based mobile devices. Several options for resource sharing in mobile device are 

proposed, including data sharing, input/output device sharing and network access sharing, and the 

required advanced features and modifications highlighted. Moreover, additional security 

considerations, specific for resource sharing in the mobile device, are discussed.  

 

In addition, context-awareness features and its applicability to mobile device flavor are covered. Those 

context-awareness APIs will be used by upper G-layer services and applications. Finally, it is explored 

several important installation and configuration features, mainly focused on the necessity of providing 

a successful user experience for mobile device native Grid services.  
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1 Introduction  
 

Previous documents in this work package have defined (D2.3.2, see [1]), designed  (D2.3.3, see [2]) 

and implemented  (D2.3.4, see [3]) the XtreemOS-MD basic version and also have analyzed the 

requirements and specifications for an advanced version of XtreemOS-MD  (D2.3.5, see [4]), 

including new functionalities and also extending hardware support to mobile phones. In this document 

we are designing the advanced version of XtreemOS-MD to fulfill the requirements previously 

defined in D2.3.5 [4]. 

1.1 Advanced XtreemOS-MD for mobile phones 

One of the most important features of the advanced version of XtreemOS-MD is the support for 

mobile phones, while the basic XtreemOS-MD version was designed to be executed on more powerful 

platforms, like PDA ones. Nevertheless, the mobile device market is changing and evolving very 

quickly, and there is a clear tendency from mobile operators to offer more advanced mobile terminals 

with the main goal of capturing new customers, usually bundling the mobile device with some data or 

voice subscription. In fact, the traditional hardware and software main differences between feature 

phones, smartphones and PDAs are progressively disappearing, and the concept of smartphones is 

becoming the natural evolution of PDAs when adding common mobile phone features. Not 

surprisingly, consumer and media oriented smartphones are taking the center stage in carrier portfolio 

selection and subsidy allocation. 

 

However, the mobile phone market for Linux is quite fragmented and the different mobile Linux 

platforms are not always compatible between them. Hence, we have carefully analyzed the available 

platforms and terminals, in order to prioritize the platforms in which XtreemOS-MD advanced version 

should be implemented. Of course, we target our analysis in Linux-based terminals and we exclude 

other mobile phone OSs, such as Windows Mobile or other proprietary OSs, following XtreemOS goal 

of ñBuild and Promote a Linux -based Operating System to Support Virtual Organizations for Next 

Generation Gridsò. 

 

The platform and terminal candidates we have analyzed in this deliverable are terminals based on 

OpenMoko platform, Nokia Maemo 5, Android and LiMo platforms, the ones that we initially 

consider the most appropriate potential target for XtreemOS-MD advanced version.  

 

1.2 Document structure 

The document structure is as follows: 
 

 Chapter 2 performs a state of the art analysis of Linux-based mobile platforms. This analysis is 

performed to obtain useful conclusions and considerations that should guide the rest of the 

design process.  

 Chapter 3 covers the architecture of XtreemOS-MD advanced version, including specific 

design for some of the analyzed platforms.  

 Chapter 4 is focused on the new functionalities related to VO support and security, those that 

are precisely some of the key core functionalities of XtreemOS-MD F-layer. 

 Chapter 5 goes into the design of resource sharing for mobile device, taking into account the 

special characteristics of MDs in comparison with other flavors. 
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 Chapter 6 is dedicated to context-awareness APIs that will be offered to other layers and 

applications to expose the context-aware information of the mobile device. 

 Chapter 7 gives the design for new installation, configuration and additional enhancements 

that were previously identified in the requirements for the advanced version. 

 Finally, Chapter 8 is our future work chapter that exposes the next steps to implement the 

XtreemOS-MD-F layer advanced version within the context of the project. 
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2 Linux -based mobile phoneôs state of the art analysis 

2.1 Analysis guidelines and considerations 

For XtreemOS-MD basic version, the selected Linux distributions were Angstrom and Maemo, really 

suitable for PDAs and MIDs. Nevertheless, XtreemOS-MD advanced version must be available also 

for mobile phones. 

 

Our interest on mobile phones is not only related to the mobile device voice and messaging 

capabilities or to the mobile access to data networks (2G/3G and beyond), but also to the 

dissemination possibilities of XtreemOS as a whole: XtreemOS-MD software may be provided to an 

increasing number of Linux-based mobile devices that are usually distributed through mobile 

operatorsô sale channels or sometimes directly to the customer and free of any operator contract 

agreements. In fact, all the major mobile operators typically offer subsidized mobile device terminals,  

which benefits final customers as they may purchase high quality devices (feature phones and 

smartphones) and also the operators because they have mechanisms to retain their customers or to 

capture new ones.  XtreemOS-MD is also benefited from that model because more users will be able 

to obtain access to Linux-based mobile terminals with the minimum hardware and software 

characteristics required to fully exploit XtreemOS capabilities as a whole.  

 

Once focused on Linux-based mobile terminals, there are several considerations that should be taken 

into account: 

 

Platform fragmentation 

Linux-based mobile phone market is very fragmented in platforms that are incompatible among 

them. For instance, in some Linux-based platforms like Google Android and Palm Pre the 

applications that users are allowed to install are not Linux native applications, and developers have 

to program their applications using HTML/Javascript/Java languages and platform dependent 

SDKs.  

 

Native applications 

In the Linux arena there are thousands of open source C/C++ native applications for PC that may 

be easily ported to Linux-based mobile devices without having to rewrite all the code. Many of 

these native applications may require access to mobile deviceôs input/output peripherals, like GPS 

receivers, accelerometers, camera, voice, modem, etc. In a native code application, accessing these 

peripherals is done by using standard input/output libraries and APIs of the operating system itself, 

which allows for better control of the device, code optimization, application response time, and 

finally better user experience, a key factor to succeed on the very dynamic mobile device 

marketplace.  

 

Application model 

A Web applications model is not always the best solution, in particular for Linux-based devices, 

because porting every single well-known native application to a Web application will require a 

significant effort. Moreover, in many cases, as accessing local peripherals is very limited in the 

Web apps model, not to say accessing to basic operating system services, the adaptation of the 

native application will require modification of system stacks, which may be out of the public 

specification, and consequently could be different for each mobile device or version.  
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Not surprisingly, major players who follow the Wep app model approach, sometimes called 

ñWebOSò, know quite well this type of issues and provide mechanisms to access some of the user 

deviceôs peripherals from within the Web app. For instance, Google Gears software is a plug-in 

component for Web Browsers. It includes a geo-location API that provides an estimated user's 

position using either onboard GPS or other means (network location providers). Google Gears is 

included in Google Chrome browser (for PC) and also in Google Android OS for Android 

mobiles. Yet another contender we should mention is Google Chrome OS, that was announced 

July 09 as an operating system for netbooks (Intel x86 an ARM architectures) but not for mobile 

phones. According to Google, this new OS for netbooks is expected to be available for consumers 

in the second half of 2010, and itôs promising ñthe web as a developer platformò. Apart from that 

news, we know nothing more about the technical details of this new OS, as they are not published 

at the moment of writing this deliverable. 

  

However, not all mobile OS vendors are following the WebOS approach. A clear example is 

Apple, that provides a developer platform SDK in native code (Objective-C), for his famous 

iPhone/iPod proprietary OS. According to Apple, ñthe iPhone SDK provides the tools and 

resources needed to create native iPhone applications that appear as icons on the userôs Home 

screen. Unlike a web application, which runs in Safari, a native application runs directly as a 

standalone executable on an iPhone OSïbased device. Native applications have access to all the 

features that make the iPhone and iPod touch interesting, such as the accelerometers, location 

service, and Multi-Touch interface. They can also save data to the local file system and even 

communicate with other installed applications through custom URL schemes.ò This native 

application model for the Appleôs iPhone and also the success of the application distribution 

model based on an online service (ñAppStoreò) from which users may download and pay for the 

applications, demonstrate that there is a large developer community that still prefers 

developing their own apps directly over the device native OS. However, iPhone OS is closed 

and proprietary and it still has important limitations, in particular user applications cannot be run 

in the background. In fact, iPhone OS does not allow the user to run or install daemon services. In 

the last published released of iPhone OS (iPhone 3.0), the manufacturer has provided ñpush 

notificationò service [5] as a sort of mechanism to alleviate this issue. This local service listens to 

push messages originated from a remote a web server. Push messages contain a data payload and 

destination application. Upon receiving the push notification the service starts userôs application in 

charge of managing the data. Userôs application needs to be already installed in the device and 

push notification providers must route their data through Appleôs gateways. Hence, the issue of 

running applications in the background is still not clearly solved and thus it limits the scope of 

applications and services for the iPhone smartphone. 

 

Native support 

We should also consider that the primary objective of XtreemOS as a whole is ñTo design, 

implement and evaluate a Grid operating system in open source with native support for Virtual 

Organizations (VO)ò, and this is also an inherited objective for the Mobile Device flavor. 

XtreemOS and XtreemOS-MD foundation layerôs main components are Linux native, because that 

provides a seamless integration with Linux OS.  

 

Hence, a major consideration is that XtreemOS-MD advanced version still requires that 

native support. Moreover, XtreemOS-MD reference applications (IMA, JobMA, etc) and many 

other open source already available Linux applications will take benefit of XtreemOS services 

(VO, XtreemFS, AEM, security) by following the XtreemOS approach. One of the most important 

benefits is that developers wonôt need to rewrite their applications but use a set of simple APIs 

provided by XtreemOS, and sometimes, without the need of any application modification at all. 



IST-033576    

XtreemOS - Integrated Project  12/43 

This direct  approach not only impacts on creating a developer community around XtreemOS, but 

also in improving the time to market for those mobile device vendors or operators willing to offer 

to their customers a real access to Grid services. 

 

Security model 

Another topic we shall mention is the applicationsô security model. Many Linux-based mobile 

platforms have an applicationsô security model that is not compatible with XtreemOS security 

model. In particular, there are cases where the applications are completely isolated, not having 

access to the operating system itself or even to the file system. In those cases some kind of 

ñgatewayò module would be needed to access the file system or to call the native libraries, 

partially removing the advantages that XtreemOS integration would offer. 

 

Software installation 

In addition, some mobile device Linux-based distributions prevent users from installing software 

components when the installation process requires gaining root access to the OS. Installing 

XtreemOS-MD modules requires root privileges, thus in those platforms it is needed that mobile 

device manufacturer, OS manufacturer or mobile operator authorizes its inclusion in their base 

distribution. From a technical point of view, that is not a blocking issue, because XtreemOS-MD 

is designed as a set of standard Linux-based components, providing modularity and easy 

integration with Linux base devices. Of course, in a production scenario, the mobile device 

vendor is in charge of the inclusion and adequate integration of XtreemOS-MD components. 

 

Mobile Internet  

Another consideration has to do with Mobile Internet market, which is currently under rapid 

expansion. Mobile operators are highly interested in selling feature phones and smartphones, 

because these terminals give access not only to their voice services but also to their data services. 

Although some operators include PDA-only devices in their Mobile Internet devicesô portfolio, it 

is much more common to find feature phones and smartphones as the preferred devices for voice 

and data access. However, many operators are offering 3G-modems pluggable to netbooks or 

laptops. In fact, some new netbooks are already equipped with an onboard SIM card reader plus 

3.5G hardware. After sales of 13 million  netbooks in 2008, this portable mini-PC is emerging as 

the mobile Internet device of choice for mass-market customers. Some market researchers forecast 

that in 2014 more than half of all netbooks will be sold by operators bundled with a mobile 

internet service. Although laptop market is almost monopolized by Microsoft Windows OS, 

netbooks market is a good candidate for Linux. It is quite common that netbooks are sold with a 

preinstalled Linux, usually a customized version of a standard Linux distribution. As a 

consequence, we believe that Linux OS is well positioned for the emerging smartphone and 

netbook market, and that XtreemOS-MD advanced version design should be done considering this 

fact. Thus, another consideration is that the easy porting of XtreemOS-MD from mobile 

devices to netbooks is a strongly desirable feature. 

 

Dissemination 

An additional consideration is related to the dissemination of XtreemOS-MD. In order to promote 

XtreemOS-MD, the existence of a developersô community around XtreemOS-MD is very 

important. This way, XtreemOS will be better known by interested Linux developers and thus this 

community would push the adoption of XtreemOS-MD into the Linux-based mobile device 

market. The existence of this developer community should be a good reason why mobile device 

manufactures and operators would adopt XtreemOS-MD as an available platform preinstalled on 

their devices. On top of XtreemOS-MD ready mobile devices, developers would be 
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encouraged to create new applications with embedded Grid support, and this model should 

be useful to create an XtreemOS ñmarket placeò. 

 

Market trends 

It only remains to add some final considerations about the trends of the mobile device market and 

their impact in XtreemOS-MD.  

 

In the past, the smartphones were defined as mobile devices that provided the standard features of 

mobile phones (voice communications and messaging), as well as personal information 

management (PIM) applications and wireless communications capabilities (WiFi, Bluetooth). On 

the other hand, PDAs provided more hardware resources (CPU and memory) but a minor set of 

hardware peripherals (camera, GPS, 3G modem, accelerometers).  

 

Nowadays the previous differences between PDAs and smartphones are smoothly disappearing, 

and basically following a convergence path. Some good examples of this convergence are the new 

generation of smartphones. For instance, the new Palm Pre hardware is more advanced than Nokia 

N8x0 series and also Nokia has recently announced the new Nokia N900 smartphone [6], 

equipped with a more powerful hardware platform and of course including a complete set of 

hardware peripherals (camera, GPS, 3G). 

 

Moreover, attending to sales reports [7] that show the smartphones evolution (±30% market share 

in 2009) and the expertsô opinion about future trends in the mobile device world1, we may deduce 

that the smartphones, more than any other devices, will be able to take advantage of these trends 

and they will become the natural evolution of mobile phones. 

 

In conclusion, the mobile phone market is quickly converging to an all-in-one mobile device; 

hence XtreemOS-MD should be focused on a unique and common version. Of course, this 

version may be modified or adapted to support specific cases like several ranges of smartphones 

and netbooks. 

 

2.2 Analysis criteria  

As commented in the introduction section, the Linux-based mobile device market is very fragmented 

in platforms that are sometimes incompatible among them. In order to cope with this fragmentation 

issue, our strategy is to analyze suitable mobile device platforms, based on a set of evaluation 

criteria . This process of analysis will guide our design in such a way that it should be feasible or even 

immediate to port between those platforms that reasonably follow the selected criteria. Thus, by 

performing this analysis we are ensuring that XtreemOS-MD advanced version will be available 

for dissemination to the developersô community and thus we are leveraging the adoption of 

XtreemOS-MD to more OS and device manufacturers, which are the key players for a success 

story of XtreemOS as a whole. 

 

In order to proceed with this analysis, we have defined some criteria that will allow us to compare the 

different possibilities, quantifying in some manner the strengths and weakness of each one. We also 

distinguish between technical and non-technical criteria. 

 

                                                           
1
 As said by Juergen Stark, corporate VP and general manager of Motorola's Mobile Devices, ñThere 

are three key trends that will cause a fundamental change in the role and nature of smartphones over 

the next few years: broadband everywhere, digitization of all content, and pocket computing powerò  
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2.2.1 Technical criteria  

2.2.1.1 Terminal availability 

It's important that XtreemOS-MD may be tested in real devices. Terminal availability implies two 

conditions: 

1. Availability of developer terminals: Even if final users (i.e. non-developers) may be not 

allowed to install XtreemOS-MD in their devices, it's highly recommended that at least any 

developer can buy an unlocked phone (i.e. developer terminal) at a reasonable price, install 

XtreemOS-MD and develop their own Grid-enabled applications. The success of our 

dissemination heavily depends on gaining a developers community and this is one of the main 

advantages of public projects with open source licenses. 

2. Continuity and availability of commercial terminals: Terminal modelsô lifetime is in general 

very short and it could be the case that a popular model during the design phase is finally 

discontinued and not available to the end users at the end of the project (at software release 

time). That shows clearly the importance of not developing code much dependant of a specific 

model, to allow its reutilization. 

 

2.2.1.2 Native applications support 

Some smartphone platforms are based on Linux, but Linux is not ñvisibleò to the applications. Indeed 

these platforms could migrate in the future to other operative system without breaking its public API. 

These platforms (e.g. Android, ñWebOSò) support applications written in languages as subsets of Java 

or Javascript, and are more intended to run RIA (Rich Internet Applications). That is, these platforms 

are not actually intended to support existing Linux applications, but to develop new ones based on 

vendor specific APIs. If the platform does not allow running native applications, our reference 

applications will not be able run in the smartphone. This issue is especially important for our instant 

messaging reference application (IMA) , which serves as good example of how a traditional Linux 

application can be easily extended with XtreemOS-MD.  

 

Moreover, thousands of open source applications already available in the Linux world will not be able 

to be executed or even ported to the XtreemOS-MD smartphone. As we have already stated before, 

XtreemOS-MD requires native support and also native support for applications is needed if we really 

want to disseminate XtreemOS-MD. Having native applications support gives developers the 

opportunity to easy porting existing native applications or developing new ones, and directly use the 

grid services provided by XtreemOS. 

 

2.2.1.3 Security model compatibility with XtreemOS  

Some Linux-based mobile phone platforms allow native applications, but their security model 

prevents applications to access disk, or run each application with a different UID (ñsandbox modelò). 

This sandbox model is not optimal for XtreemOS VO support, as if a user invokes two XtreemOS 

applications using the same credentials, these applications must share the access to XtreemFS, which 

should be mounted several times, once for each UID. This is significantly more problematic thinking 

on mobile devices because of their limitations.  

 

Sandboxing model also conflicts with SSO philosophy of XtreemOS-MD. The use of a different 

certificate with each application is not user-friendly and itôs not aligned with the SSO philosophy of 

XtreemOS-MD. It also introduces further problems: e.g. smartphone users cannot use JobMA 

application to monitor jobs, because each job would run with a different identity.  
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Avoiding sandboxing for XtreemOS-MD applications, one possible solution would consist in running 

signed XtreemOS aware applications with a different security model than the generic applicationsô 

security model. Of course, this type of modification directly impacts on the vendorôs security model, 

and probably on their marketing model, so it should be allowed and developed by the OS vendor. 

 

2.2.1.4 Integration risk 

Mobile deviceôs platforms are changing quickly and there is not a favorite platform. Probably, most of 

the platforms will evolve quickly and suffer significant changes to become more robust, provide more 

features and perhaps ensure compatible between them. 

 

XtreemOS-MD is implemented at base operative system, not using a high-level API. This is good to 

be adopted for other platforms thinking in its neutrality, but there are integration risks because could 

base systems are evolving quickly and manufacturers even could replace its own base system without 

modifying their public applicationsô API. In order to successfully deploy XtreemOS in a selected 

platform, it is important to keep a low integration risk. 

 

2.2.1.5 Users may install XtreemOS 

To achieve maximum dissemination, it is necessary that final users are allowed to install XtreemOS 

MD modules as any other application or software, at least in the short-term. This is the case with the 

basic version for PDAs and MIDs, but unfortunately, this is not always possible in many mobile phone 

platforms, which are locked by default even when the platform is announced as ñopenò by their 

vendor. 

 

2.2.1.6 Development tools availability 

One of the most important criteria to decide the platform - following the premise ñto achieve a 

community around the project and maximum dissemination for XtreemOSò- is the set of tools offered 

by each platform to facilitate the development work.  

 

The platforms offer tools for developers such as: 

 

 Emulator: It allows developers to test and debug quickly the applications in different version 

of platforms, applications, modules, etc., without a real installation in a terminal. 
 

 Plugins: Specific plugins for IDEôs (integrated development environment) that ease the 

applications development or modifications, automating common tasks (compilations, tests, 

debugging, etc.)  

 

 Documentation: A platform should offer a lot of detailed information about its architecture, 

technical characteristics, how it works and several guidelines for developers. 

 

 Developers community: A platform should have a large and active developers community 

powered by technical webs, IRC channels, wikis, etc., where the technical information are 

present as well as doubts and errors resolution and new ideas and implementations for the 

platform. 

 

In short, it is necessary to study the availability of development tools of each platform, taking into 

account that these tools allow us to facilitate the integration and minimize the learning curve. 
  

2.2.2 Non-technical criteria 

2.2.2.1 Platform openness 
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This is a general requirement of XtreemOS project and it remarks the importance of achieving a 

community around the project. This requirement does not imply that XtreemOS-MD will not be 

available in closed platforms, as XtreemOS-MD open source license allows it. Owners of closed 

platforms may use the reference implementation of XtreemOS-MD and port it to their platforms. 

 

2.2.2.2 Expected future of the platform 

This criterion is about the probability that mobile operators will sell Linux-based mobile phones based 

on the evaluated platform. Itôs a strategic, long term criterion for project dissemination, while ñUsers 

may install XtreemOSò is a short term criterion.  

 

The implementation of XtreemOS-MD over a distribution already adopted by mobile operators or 

manufactures is useful to achieve early XtreemOS-MD integration but it could also be a weakness for 

mobile operators or manufacturers that have adopted a different platform.  

 

Some distributions are currently oriented only to developers and enthusiastic users. Of course these 

platforms are worse evaluated under this criterion that platforms that has gained the interest of mobile 

operators and manufacturers. But thinking in the ñneutralityò of those base distribution, not directly 

adopted by most manufacturers or mobile operators but with a code base that may be ported and 

reused easily to any other platform, it could even become an advantage (as an example, some software 

is published for Debian instead of Red Hat or Novell for this reason). 

 

2.3 Detailed analysis 

2.3.1 Platforms summary 

This section presents a summary of platforms that will be analyzed. The platforms analyzed in detail 

are OpenMoko, Nokia Maemo 5, Android and LiMo. 

 

2.3.1.1 Openmoko 

OpenMoko [7] is a project dedicated to deliver mobile phones with an open source software stack. 

Openmoko uses a Linux core, with a graphical user environment built with the server X.Org, 

GTK+/Qt toolkits and windows management. It is based in the OpenEmbedded framework and the 

opgk package system. OpenMoko was announced in 2006 by First International Computer (FIC), 

their founders. There are two main phones, the first one was the Neo 1973 (GTA01) [9], followed by 

the current model, Neo FreeRunner (GTA02) [10], that is available for any user or developer. 

 

2.3.1.2 Nokia Maemo 5 

Maemo [11] is the Linux platform launched by Nokia for Mobile Internet Devices (MID). Nokia MID 

hardware is very similar to most modern smartphones. The next generation of Nokia devices for 

Maemo will include support for 3G data and voice, thus bringing to the market the first Nokia 

smartphone based on Maemo. This new smartphone will be governed by a new software release of 

Maemo, Maemo 5 (codename Fremantle). This software will be different from Maemo 4, the software 

already supported by XtreemOS-MD basic version. Indeed, Maemo 5 wonôt be available for Nokia 

N8x0 terminals, just for the new Maemo smartphone. 

 

2.3.1.3 Android 

Android is an operating system for mobile devices based on the Linux kernel. It was initially 

developed by Google and later adopted by the Open Handset Alliance (OHA), a consortium formed by 
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48 hardware, software and telecommunications companies, to promote open standards for mobile 

devices.  

 

Android allows developers to write code thanks to Dalvik (a Java-like programming language) and 

control devices through libraries. Dalvik virtual machine is optimized for mobile devices. Android 

includes an integrated browser, based on WebKit, the open source engine. It also provides a touch 

screen, optimized graphics with a 2D graphics library, 3D graphics based on OpenGL ES 1.0 

specification and SQLite for structured data storage. Android supports various media formats for 

audio, video and image, such as MPEG4, H.264, MP3, JPG, PNG, etc., and it provides some 

hardware-dependent features, such as GSM Telephony, Bluetooth, EDGE, 3G, WiFi, Camera, GPS, 

compass, and accelerometer. 

 

Android's architecture is formed by: 

 Applications: including an email client, calendar, maps, contacts, etc. Every application is 

developed under Dalvik programming language. 

 Application frameworks : developers have full access to the same framework APIs used by 

applications base. The architecture is designed to simplify the reuse of components and any 

application can publish its capabilities and any other application can then use these 

capabilities. 

 Libraries : a set of libraries C/C++ used by several components of the Android system. These 

capabilities are exposed to developers through the Android application frameworks. 

 Android runtime : every Android application runs its own process, with its own instance of 

the Dalvik virtual machine, which has been written to run multiple virtual machines in an 

efficient manner. Virtual machine is based on registers, and runs classes compiled by the Java 

compiler that have been transformed to .dex format. Those .dex files are executed by Dalvik 

and are optimized for minimum memory. 

 Linux kernel: acts as an abstraction layer between the hardware and the rest of the software 

stack. Android relies on a Linux version 2.6 for the basic system services such as security, 

memory management, process management, network stack and driverôs model. 

 

2.3.1.4 LiMo 

The LiMo (Linux Mobile) Foundation is an industry consortium aiming [12] ñto create an open, 

Linux-based software platform for use by the whole global industry to produce mobile devices through 

a balanced and transparent contribution process enabling a rich ecosystem of differentiated products, 

applications, and services from device manufacturers, operators, ISVs and integratorsò (deliverable 

D2.3.3 includes an in-depth description of this organization). LiMo has completed two release 

specifications, the last one (R2) was announced on June 09. According to LiMo Foundation,  LiMo R2 

compliant commercial handsets will be available starting Q4 2009. 

 

2.3.2 Platforms detailed analysis 

2.3.2.1 Openmoko evaluation 

 

OpenMoko 

Criterion  Discussion Result 

Terminal availability FreeRunner, the current OpenMoko terminal, is available 

and it is fully unlocked. There is no distinction in 

OpenMoko between ñsmartphone for usersò and 

ñsmartphone for developersò. The only caveat is that 

FreeRunner terminal may become a bit obsolete in several 

Fair 
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months compared with more modern devices, and the 

future plans to launch a new terminal have been 

suspended.  

Native applications OpenMoko applications are standard Linux applications. 

Applications available in Angstrom distribution can also be 

compiled to run in OpenMoko. 

Yes 

Security model 

compatiblity 

OpenMoko platform does not implement sandboxing and 

allows installation and running of applications under the 

same conditions than a classic PDA or a desktop Linux. 

Yes 

 

Integration risk The main risk for successfully deployment XtreemOS-MD 

in OpenMoko platform comes from the quick and deep 

software changes between different versions of the 

platform (e.g. from OM2007 to OM2008 platform moves 

from Gnome Mobile to Qt). Last version (2009) is a beta 

version under development.  

Medium 

Users may install 

XOS 

OpenMoko was born to allow users to have full control of 

the terminal, and so users are allowed to install any 

software.  

Yes 

Platform openness OpenMoko is an open source project. Any developer can 

contribute code to project and any manufacturer or 

operator is authorized to use the software freely.  

Yes 

Expected future of the 

platform 

It's not probable that the full OpenMoko platform will be 

adopted directly by any mobile operator, but it's more 

probable that the most successful code showed by 

OpenMoko will be merged in other mobile platforms. 

OpenMoko is interesting as a neutral, reference 

implementation, with code that may be ported easily to any 

device because is based in OpenEmbedded. 

OpenEmbedded is a project with a developersô community, 

quite similar to Debian in Linux world.  

Reference 

implementation 

platform 

Development tools Openmoko offers a multilingual wiki [13] where it is 

described how to start an Openmoko development plan and 

development environment options: Toolchain [14] to 

develop a single application and OpenEmbedded [15] 

which builds its own cross compiler for System Integration 

and customizing a distribution. There is not a practical 

emulator for Openmoko terminals. Even if it is possible to 

run Openmoko as a QEMU image, the result is not 

satisfactory. Most Linux libraries are ported to Openmoko 

platform and they are available in the repositories. In 

addition, this platform allows building easily other native 

code with a cross compiler. 

Medium 

 

 

2.3.2.2 Android evaluation 

 

Android 

Criterion  Discussion Result 

Terminal availability There are several Android-based commercial smarphones 

already in the market. Commercial Android terminals, i.e. 

Fair 
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those distributed by mobile device vendors are operators, are 

locked, and users are only allowed to install applications but 

not to modify the firmware.  

There is a special Android smartphone for developers 

available from Google, the ADP1 (according to Google, 

ñAndroid Dev Phone 1 devices are not intended for non-

developer end-usersò [16]). However, ADP1 distribution is 

limited, it can only be purchased by previously paying a fee 

not related to the terminal itself, and it is not always 

immediate to obtain the terminal. That issue limits the 

terminal availability for developers. 

Native applications 

support 

Android SDK does not support native applications. Android 

third party applications developed with Android SDK are 

signed packages, compiled with bytecode to run in Dalvik 

VM. After releasing the Android SDK, Google released the 

Android NDK (Native DeveloperS Kit) in June 2009. 

According to Google: ñThe NDK allows developers to 

implement parts of their applications using native-code 

languages such as C and C++. This can provide benefits to 

certain classes of applications, in the form of reuse of existing 

code and in some cases increased speed.ò Although this is 

good news for the Linux community it is still too early to 

know whether Android NDK will provide a path to natively 

support XtreemOS applications or not. At least, converting a 

native application to Android using the NDK will require 

breaking the application in three elements: a library that 

provides the main application functionality, a JNI interface 

that gives access to the library methods and a Dalvik program 

that acts as a launcher of the application. Given that Android 

does not support X-Windows server, in many cases the Dalvik 

program should be also in charge of the application GUI, thus 

adding extra effort in porting the application. We should be 

here conservative and we evaluate native application support 

in Android as partial. 

Partial 

Security model 

compatibility 

Androidôs third party installable applications based on 

Android SDK run each one with a different UID. Only 

applications signed with the same certificate can run with the 

same UID as referred in [18].  

No 

Integration risk XtreemOS integration on Android requires important 

modifications of the base system. These modifications have to 

be designed in such a way that the applicationsô API is not 

broken or modified. Taking into account that Android OS 

implements less features than ordinary Linux systems (for 

example, libc library may cause compatibility problems), we 

may conclude that the integration risk is high. 

High 

Users may install XOS Regular users are not allowed to install software that requires 

root privileges to run (Google considers that users must not 

gain root privileges, but the first update to G1 phones was to 

remove a method that allowed to open a root shell [18], but 

XtreemOS-MD installation requires root permissions (e.g. to 

No 
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install FUSE module). 

Platform openness Android platform is open source, under a non-restrictive 

license. Software is under the umbrella of Open Handset 

Alliance but everyone has access to the source code and may 

modify it. It's not required to be member of OHA to 

contribute.  

Yes 

Expected future of the 

platform 

Android platform has been adopted very quickly by the 

community and many mobile operators (T-Mobile, 

Telefónica, Vodafone, etc.) are offering Android terminals.  

Even it's also possible to install Android, with some 

limitations, on FreeRunner terminal [19], on Nokia Maemo 

devices [20] and also on BeagleBoard [21]. 

Good 

Development tools Android SDK provides a variety of tools to build applications 

in this platform. Android development tools (ADT) [22], is an 

Eclipse plugin which allows a quick creation and debugging 

of applications for Android. Also Android offers a based 

QEMU emulator in order to help developers to test and debug 

applications. The Android toolset [23] is completed with other 

tools for debugging, packaging, and installing. i.e.: Hierarchy 

Viewer (debug and optimize the user interface), sqlite3 

(access to SQLite data), Traceview (traces and logs analysis), 

UI/Application Exerciser Monkey (stress-test applications), 

etc. On the other hand, Android offers a large developers 

community and a extend websites with guidelines, tutorials, 

source code, samples code, best practices guides, etc. An 

additional consideration, to take into account for the 

applications final tests, is that Android supports different 

phones. Finally it is necessary to remark that if it is necessary 

a concrete Linux library for an application, it should be built 

using a cross compiler, what may be a non trivial procedure in 

Android. 

Excellent 

 

 

2.3.2.3 Nokia Maemo 5 

 

Nokia Maemo 5 

Criterion  Discussion Score 

Terminal availability Current Maemo terminals support Maemo4; Maemo 5 

terminal with 3G is expected to be available before the end of 

this year, although there is not official commitment from 

Nokia at this moment. In the meanwhile, a Maemo5 SDK is 

already available to test the platform (also it is possible to use 

as hardware the Beagle Board [24]). Previous Nokia Maemo 

terminals are unlocked and available in online shops like 

Amazon. 

Fair 

Native applications One of the Maemo strengths is the possibility of running 

Linux desktop native applications, optionally adapted to the 

mobile device. 

Yes 

Security model 

compability 

Maemo platform does not implement sandboxing and it allows 

the installation and execution of applications under the same 

Yes 
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conditions than a classic PDA or a Linux desktop version.  

Integration risk Nokia implementations of Maemo are stable and very well 

documented. In fact, Maemo 5 API is already published, even 

before the availability of Maemo5 compatible terminals.  

Low 

Users may install XOS Maemo devices allow users to install any program with a 

single click. Applications installers run with root privileges. 

Users also may gain root account if they want, although it is 

not necessary.  

Yes 

Platform openness Strictly speaking, Maemo is a Nokia platform, not an open 

platform. But Nokia has contributed under open source 

licenses most parts of Nokia platform (for example, Hildon is 

part of Intel MobLin). In practice, XtreemOS-MD may be 

fully implemented just using open source parts of Maemo 

platform. 

Partial 

Expected future of the 

platform 

The new Nokia device based on Maemo5 is the Nokia N900 

smart phone which, according to Nokia, will be commercially 

available October 2009 in selected markets.  

Good 

Development tools Maemo Community [25]  offers a developmentôs mailing list, 

an IRC channel, forums and code samples. A developer guide 

is available in its web as well as other reference to complete 

the information for Maemo platform. Also the Maemo 

training courses [26] provide an overview of the tools for 

developing applications and platform services. There is a 

specific IDE for Maemo: VistaMax IDE [27] and an Eclipse 

plugin (Laika) [28] for scratchbox. The list of tools for 

Maemo developers[29] is extensive, including tools for Code 

Analysis, Debugging, Networking, Performance, Resource 

Usage, Test Automation, Wireless Tools based on C 

programming in Linux-environment, Debian development 

tools and Debian utilities used in software packaging. Maemo 

provides tools in order to debug applications or services using 

the real device not an emulation device. On the other hand, the 

developments will be tested easily in a unique terminal (Nokia 

N900). The most of Linux libraries are ported to Maemo 

platform and they are available in the official repositories. In 

addition, the platform allows us to build easily other native 

code with a cross compiler   

Excellent 

 

 

2.3.2.4 LiMo evaluation 

Other important platform that it is claimed to be supported by several mobile manufactures is LiMo. 

It's an interesting platform, because it allows Linux native applications and there are several terminals 

available in the market [30]. However, LiMo is not an open platform. Source code is under FPL 

(Foundation Public License) that is not an Open Source License. Only LiMo core members have the 

rights to commercially distribute under this license and non-members have no access to the source 

code [31][32][33][34]. Therefore, in this Work Package only Telefónica could access the source code, 

but the modified code may not be either published or shared with other XtreemOS project members or 

with XtreemOS-MD developersô community. This restriction does not necessarily imply that 

XtreemOS-MD advanced version will be useless for LiMo terminals. On the contrary, as LiMo is a 
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native Linux platform, potentially, the XtreemOS-MD software may be adapted and ported to LiMo 

based devices by LiMo device manufactures.     

 

2.3.3 Conclusion 

Once we have provided detailed analysis of several outstanding platforms, and in order to maximize 

the success rate of XtreemOS-MD advanced version, we conclude:  

 From a technical point of view the platform best situated is OpenMoko, Maemo5 followed by 

LiMo and Android. Maemo5 main risk comes from the fact that terminals are not available 

yet, although the Nokia N900 terminal is announced by Nokia to be commercially available 

this year.  

 From a non-technical point of view, it is extremely difficult to anticipate the future of each 

platform and how they will evolve in the near future, especially within the timeframe of 

XtreemOS project. Hence, from a non-technical point of view we cannot actually provide a 

clear picture.  

 

Thus, as a summary, our best conclusion is: in order XtreemOS-MD to be compatible with as many 

platforms as possible, the design of XtreemOS-MD advanced version components will be 

standard and as general as possible, always keeping in mind that native support is a must in 

XtreemOS and that the porting effort of the software to more platforms should be minimized.  
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3 General Architecture 
 

The architecture for the advanced version of XtreemOS-MD Foundation Layer is based on the one 

designed for the basic version, described in D2.3.3 [2], and it adds the necessary elements and 

modifications to support the advanced features covered in this deliverable.  

 

The full XtreemOS-MD architecture includes the following set of components (see Figure 3-1. 

XtreemOS-MD architecture for OpenMoko and for the integration of these components in smartphone 

platforms):  

 

 Base Linux components are the components that come with the original Linux distribution 

for mobile devices, covering from a standard kernel, libraries, graphic environment to personal 

information management (PIM) applications (shown in purple in the figures) 

 XtreemOS-specific components are additional components that will be included in the 

XtreemOS-MD distribution. In the diagrams, the modules covered by WP2.3 are labeled as 

ñXtreemOS-F componentsò, and provide the basic infrastructure for constructing mobility, 

resource sharing and grid services. The rest of the XtreemOS-MD components (covering the 

grid functionality itself) are being developed in WP3.6 (ñXtreemOS-F componentsò in light 

orange and ñXtreemOS-G componentsò in dark orange in the figures). 

 Applications. These components will not be included, in general, in the XtreemOS-MD 

distribution; manufactures, application developers or end users will have to provide them. 

That includes both grid-aware applications (represented as dark grey colour in the figures) and 

traditional or grid-unaware applications (light grey). Nevertheless, as a demonstrator, 

XtreemOS-MD will include in the final package: 

o An application for Instant Messaging in mobile devices (a traditional grid-unaware 

application modified to benefit from Grid features like access to XtreemFS). 

o An specific application for job management that will offer a graphical interface 

designed for mobile devices. 
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Figure 3-1. XtreemOS-MD architecture for OpenMoko 

 

 

 

 
Figure 3-2. XtreemOS-MD architecture for Android  
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Figure 3-3. XtreemOS-MD architecture for Maemo 

 

3.1 Base Linux components 

 Linux 2.6 Kernel + Kernel Mobility Modules: XtreemOS-MD advanced version will 

support different base distributions being the common base of all them a Linux kernel 2.6 but 

with different minor version number, each one including a different set of modules. Mobility 

modules at kernel level are also included in order to support mobile IPv6 at least at kernel 

level. 

 libC  is the standard POSIX library for input/output, memory management, string 

manipulation, and the like. Most C programs in Linux are compiled and linked with them, 

being glibc the most widely used. The only analyzed platform that does not include glibc is 

Android, that it is based in a lighter, featureless, implementation of libc.  

 D-Bus: D-Bus is a message bus system, used for applications to talk to one another. In 

addition to inter-process communication, D-Bus helps coordinating process lifecycle, and 

easies the coding of ñsingle instanceò applications or daemons, and the launching of 

applications and daemons on demand when their services are needed. Linux platform also uses 

D-Bus to notify events to applications about hardware, network availability, etc. In 

XtreemOS-MD advanced versions of D-Bus will be used, when available, to get context 

information useful and also to offer libxos_getcred API and to allow the implementation of 

creduiagent modules. 

 PAM (libpam) : The Pluggable Authentication Modules (PAM) is a suite of shared libraries 

that enable the local system administrator to choose how applications authenticate users. Itôs 

used by XtreemOS to support virtual organizations natively in Linux.  


