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Web services have become increasingly important over the past decades. 

Versatility and platform independence are just some of their advantages. On the other 

hand, grid computing enables the efficient distribution of computing resources. Together, 

they provide a great source of computing power that can be particularly leveraged by 

mobile devices.  

Mobile computing enables information creation, processing, storage and communication 

without location constraints [63], not only improving business’ operational efficiency 

[63] but actually changing a way of life. However, the convenience of anytime and 

anywhere communication is counterbalanced by small screens, limited computing power 

and battery life.  Despite these limitations, mobile devices can extend grid functionality 

by bringing to the mix not only mobile access but sensing capabilities as well, gathering 



 

v 

information from their surroundings through built in mechanisms, such as microphone, 

camera, GPS and even accelerometers.  

Prior work has already demonstrated the possibility of enabling Web Services Resource 

Framework (WSRF) access to grid resources from mobile device clients in the WSRF–

ME project [39], where a representative Nokia S60 Smartphone application was created 

on a framework, which extends the JSR-172 functionality to achieve WSRF compliance. 

In light of today’s mobile phone market diversity, this thesis extends the solution 

proposed by WSRF-ME to non-Java ME phones and to Android devices in particular. 

Android-based device numbers have grown considerably over the past couple of years 

despite its recent creation and reduced availability of mature software tools. Therefore, 

Android’s web service capabilities are studied and the original framework is analyzed in 

order to propose a modified framework version that achieves and documents WSRF 

compliant communication form Android for the first time. As a case study, an illustrative 

mobile File Explorer application is developed to match the modified framework’s 

functionality to the original WSRF-ME’s use case. 

An additional case study, the LIGO Monitor application, shows the viability of mobile 

web services for monitoring purposes in the Laser Interferometer Gravitational 

Observatory (LIGO) grid environment for the first time. The context that an actual 

application implementation such as LIGO provides, allows some of the challenges of real 

mobile grid clients to surface. As a result, the observations made during this development 

give way to the drafting of a preliminary set of guidelines for Globus service 

implementation suitable for Android consumption that still remain open for proof in 

future works. 



 

vi 

AN ANDROID APPROACH TO THE  

WEB SERVICES RESOURCE FRAMEWORK  

List of Tables ...................................................................................................................... x 

List of Figures .................................................................................................................... xi 

Chapter 1 Introduction ..................................................................................................... 1 

1.1 Problem Statement .......................................................................................... 3 

1.1.1 Android web service access evaluation .................................................. 6 

1.1.2 WSRF-ME migration .............................................................................. 6 

1.1.3 Real application implementation ............................................................ 6 

1.2 Approach ......................................................................................................... 7 

1.3 Research Contributions ................................................................................. 10 

1.4 Thesis Outline ............................................................................................... 11 

Chapter 2 Background ................................................................................................... 13 

2.1 Web Services ................................................................................................ 13 

2.2 Grid Computing ............................................................................................ 15 



 

vii 

2.2.1 Globus Toolkit ...................................................................................... 16 

2.2.2 Web Service Resource Framework (WSRF) ........................................ 20 

2.3 Mobile Devices ............................................................................................. 35 

2.3.1 Mobile Device Challenges .................................................................... 35 

2.3.2 The Android Platform ........................................................................... 36 

Chapter 3 Related Work ................................................................................................ 43 

3.1 Mobile devices as hosts ................................................................................ 44 

3.1.1 Early approaches ................................................................................... 44 

3.1.2 Mobile OGSI.NET ................................................................................ 45 

3.2 Mobile devices as clients .............................................................................. 48 

3.2.1 WSRF4J2ME ........................................................................................ 48 

3.2.2 WSRF-ME ............................................................................................ 50 

3.3 Web Services on Android ............................................................................. 54 

Chapter 4 Research methodology .................................................................................. 56 

4.1 Issue Assessment .......................................................................................... 56 

4.1.1 Web Services Resource Addressing issues ........................................... 58 

4.1.2 Support for complex types .................................................................... 58 



 

viii 

4.1.3 Client Stub Generation .......................................................................... 60 

4.2 Strategy Selection ......................................................................................... 60 

4.2.1 White Box Approach ............................................................................ 60 

4.2.2 Black Box Approach ............................................................................. 61 

4.3 Solution realization ....................................................................................... 62 

4.4 System transition ........................................................................................... 63 

4.5 Process improvement .................................................................................... 63 

4.6 Evolution Process Framework second pass .................................................. 63 

4.6.1 Gravitational Wave Observation notions .............................................. 64 

4.6.2 LIGO tools ............................................................................................ 65 

Chapter 5 Implementation ............................................................................................. 67 

5.1 Environment setup ........................................................................................ 68 

5.1.1 Original Web Services: the Directory Service ...................................... 68 

5.1.2 LIGO web services ............................................................................... 69 

5.2 Modified framework ..................................................................................... 72 

Chapter 6 Case Studies .................................................................................................. 76 

6.1 Android File Explorer ................................................................................... 77 

6.2 Android LIGO Monitor................................................................................. 80 



 

ix 

6.2.1 Omega Monitor ..................................................................................... 81 

6.2.2 R Monitor .............................................................................................. 83 

6.3 Lessons Learned............................................................................................ 89 

6.3.1 Request speed........................................................................................ 89 

6.3.2 Request frequency ................................................................................. 90 

6.3.3 Multiple resource issues ........................................................................ 90 

6.3.4 Data representation challenges ............................................................. 90 

6.3.5 Consequences of large datasets ............................................................. 91 

6.3.6 Activity lifetime stage recurrence ......................................................... 91 

6.3.7 Preliminary Guidelines for Mobile Globus Application Development 92 

Chapter 7 Conclusion .................................................................................................... 94 

7.1 Research Summary ....................................................................................... 94 

7.2 Research Contribution and Limitations ........................................................ 95 

7.3 Future Work .................................................................................................. 96 

References ......................................................................................................................... 97 

 



 

x 

List of Tables 

Table 1. Nokia S60 SDK device coverage [18]   .................................................................. 4

Table 2. Endpoint reference abstract properties [61]   ........................................................ 27

Table 3. Message information properties [61]   .................................................................. 28

Table 4. WS-ResourceProperties methods [28] [40]   ........................................................ 30

Table 5. WS-ResourceLifetime methods [40]   .................................................................. 31

Table 6. WS-BaseFaults XML Schema [40]   .................................................................... 33

Table 7. Android Activity lifetime stage description [2]   .................................................. 40

Table 8.  Directory service methods [40]   .......................................................................... 69

Table 9. OmegaMon service methods   .............................................................................. 70

Table 10. Rmon Service methods   ..................................................................................... 71

 

 



 

xi 

List of Figures 

Figure 1. Boehm’s spiral model for a software process [60]   .............................................. 8

Figure 2. Evolution Process Framework diagram [14]   ....................................................... 9

Figure 3. Stepwise process involved in a web service invocation [5]   .............................. 14

Figure 4. A typical web service invocation of a weather information service [21]   .......... 15

Figure 5. Globus Toolkit version 4 component overview [48]   ......................................... 18

Figure 6. Statless (a) and stateful (b) web service invocation [26]   ................................... 21

Figure 7.  WSRF’s resource approach to statefulness [26]   ............................................... 22

Figure 8.  WS-Resource [26]   ............................................................................................ 23

Figure 9.  SOAP message exemplifying WS-Addressing constructs [61]   ........................ 26

Figure 10. Endpoint reference example in a SOAP envelope [61]   ................................... 28

Figure 11. SOAP envelope example for message information properties [61]   ................ 29

Figure 12. Resource property declaration in a WSDL document [28].   ............................ 30

Figure 13.  Resource property query example [11]   .......................................................... 30



 

xii 

Figure 14.  Immediate resource destruction request [56]   ................................................. 32

Figure 15. Scheduled resource destruction request [56]   ................................................... 32

Figure 16.  Android Architecture Diagram [3]   ................................................................. 38

Figure 17. Android Activity lifetime [2]  ........................................................................... 40

Figure 18. Layered architecture for integrating mobiles into the Grid [13]   ..................... 45

Figure 19.  Mobile OGSI.NET and its relation to other device HW/SW layers [10]   ....... 46

Figure 20. Mobile OGSI.NET architecture [10]   ............................................................... 47

Figure 21. WSRF4J2ME’s class diagram [12] [40]   .......................................................... 49

Figure 22. WSRF-ME Run-time [40]   ............................................................................... 51

Figure 23. WSRF-ME parser example workflow [40]   ..................................................... 52

Figure 24. WSRF-ME framework architecture [40]   ......................................................... 53

Figure 25. Manual modification of ksoap’s envelope header   ........................................... 58

Figure 26. Recovering complex types with ksoap’s unextended version   ......................... 59

Figure 27. Sample Wireshark capture for a directory service invocation.  ........................ 62

Figure 28.  Modified framework diagram   ......................................................................... 73

Figure 29. General service stub implementation   .............................................................. 74



 

xiii 

Figure 30. Case studies 1 and 2 in an Android 2.2 environment   ...................................... 76

Figure 31. File Explorer flow chart  ................................................................................... 77

Figure 32. Android File Explorer main screen   ................................................................. 78

Figure 33. Android File Explorer:  Sequence for opening a file   ...................................... 79

Figure 34. Android File Explorer: Returning to the parent folder   .................................... 79

Figure 35. LIGO Monitor: Main menu   ............................................................................. 80

Figure 36. LIGO Monitor flow chart   ................................................................................ 81

Figure 37. LIGO Monitor: OmegaMon main menu   ......................................................... 81

Figure 38. OmegaMon: Option setting   ............................................................................. 82

Figure 39.  OmegaMon: Launching the analysis   .............................................................. 82

Figure 40. LIGO Monitor: RMon main menu   .................................................................. 83

Figure 41. R Monitor: Option configuration  ..................................................................... 84

Figure 42. R Monitor: Launching RMon   .......................................................................... 85

Figure 43. R Monitor: Log file browsing   ......................................................................... 86

Figure 44. R Monitor: Log file options   ............................................................................. 86

Figure 45. R Monitor: Viewing of a log file   ..................................................................... 87



 

xiv 

Figure 46. R Monitor: Set up of a log file for analysis   ..................................................... 87

Figure 47. R Monitor: Analyzer tool   ................................................................................ 88

Figure 48. R Monitor: Analyzer graphical output   ............................................................ 88

 



 

1 

Chapter 1 Introduction 

The implementation of the Service Oriented Architecture (SOA) takes advantage of the 

possibility of service reuse and allows integration and interoperability between services. 

Its implementation is certainly a contribution to business agility, as more time can be 

spent on actually building business than maintaining its supporting system [38]. Web 

services are the most common approach to SOA as they rely on a set of widespread 

accepted standards like HTTP, SOAP, WSDL and a variety of vendors provide products 

and tools to support them [30]. 

The importance of web services cannot be dismissed and a logical step is to extend them 

to devices that have gained a significant market share: mobile devices.  Mobile devices 

such as laptops and mobile phones enable information creation, processing, storage and 

communication without location constraints [63], improving business’ operational 

efficiency [63] , changing social interactions and influencing mankind’s current way of 

life. However, mobile devices’ main challenge has always been their resource limitation. 

Short battery lives, limited CPU power and intermittent network connections make them 

unlikely candidates for reliable web service provision. Nevertheless, the introduction of 

these devices into a resource sharing grid could not only help ameliorate the impact of 

some of these restrictions but could also extend the grid's capabilities to a broader 
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resource range by making use of components common in mobile devices such as 

microphone, camera and GPS, allowing the grid to literally “be anywhere”. 

The usage of mobile devices as grid web service clients was studied recently in “Enabling 

Access to WSRF from Mobile Devices” [39]. That work proposed the WSRF-ME 

framework, a framework which enabled the Java ME phones, particularly the Nokia S60 

series, to access the default services that a Globus computer grid has to offer (for 

example, job submission and monitoring). The intention behind WSRF-ME was to 

emulate the approach implemented in the JSR-172 API (which provides standard access 

from Java ME devices to web services), also implementing the standards required by 

WSRF and allowing the use of complex data types.  

This approach still remains viable, but its applicability is questioned as a wider variety of 

mobile phones emerge on the market. Non-Java ME phones such as iPhone have become 

more popular. Hence, this thesis examines the possibility to extend the proposed 

framework’s functionality to a wider phone range, particularly to Android phones. 

As a case study of this modified framework, a vital part of this research is the 

implementation of web services for the Laser Interferometer Gravitational Observatory 

(LIGO) that enable monitoring and scientific analysis through the selected mobile device. 

Through this implementation features characteristic of grid applications become visible, 

allowing the lessons learned during the implementation to start pave the way towards a 

set of guideless for Globus service consumption in a mobile environment. 
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1.1 Problem Statement  

Grid resource access from mobile devices is beneficial as it allows the performance of 

tasks that may otherwise be impossible due to the limitations inherent to mobility such as 

reduced processing power. Thus, it is desirable to bring grid access to the widest variety 

of mobiles as possible. 

However, device and manufacturer variety are characteristic of today’s mobile phone 

market and in order to maximize the usage of an application the issue of platform 

interoperability needs to be addressed. This is particularly true for Smartphones, whose 

capabilities differ greatly from platform to platform i.e. Blackberry devices are 

incompatible with iPhone devices and both of them are incompatible with the Windows 

Mobile based ones. 

The original WSRF-ME framework was developed with the Nokia S60 phone series in 

mind, making use of the S60 3rd Edition Feature Pack 2 SDK. The selection of the Nokia 

S60 series was based on the wide variety of device models it supports and as can be 

viewed in Table 1 the Nokia S60 series in fact supports well beyond fifty device models. 

However, the SDK 3rd Edition FP2 upon which the framework was actually tested is able 

to support only 11 of them, raising the question of the framework’s actual interoperability 

potential. 

  



 

4 

Table 1. Nokia S60 SDK device coverage [18] 
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This thesis explores the manufacturer interoperability aspect of the WSRF-ME 

framework proposed by Mangs [39] by bringing it into a wider mobile phone range.  

Android is an open mobile phone platform that was developed by Google and later on, by 

the Open Handset Alliance [8]. Defined by Google as a "software stack" for mobile 

phones [8] the manufacturer list that has included Android on their Smartphone releases 

includes Acer, Dell, HTC, Motorola, Samsung, LG and Sony Ericsson among others [62]. 

Android’s open source nature, recent market share increase and cross-manufacturer 

support makes it an excellent candidate for WSRF-ME’s expansion. 

However, making its appearance around 2007 the Android platform is fairly recent and 

the lack of maturity of software libraries and tools available for it is a reality, leaving a 

fair amount of room for research and growth. This is one of the challenges of Android 

application development. 

The main activities of this research focus on the tasks required to bring WSRF-ME to the 

Android platform, specifically: 

• The Android Web service access evaluation 

• The WSRF-ME migration or implementation 

• A real application implementation 

Each of these activities is discussed next. 
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1.1.1 Android web service access evaluation 

This thesis focuses on exploring Android’s access to Globus web services namely; 

investigating available options for web service invocation on Android and pinpointing 

their shortcomings when it comes to Globus web services. 

1.1.2 WSRF-ME migration 

The mobile devices’ access to the Globus environment was originally illustrated through 

the invocation of the Directory web service in the WSRF-ME framework. Through the 

development of a modified framework based in WSRF-ME, this thesis looks to achieve 

the same Directory web service invocation from an Android device. 

1.1.3 Real application implementation 

Giving context to an implementation is of the utmost importance as this usage 

background may dictate additional requirements that may not have been considered 

originally. Researching existing Globus-based tools and subsequently making one of 

these tools available as a web service in the Globus environment in order to access it 

from a coherent Android application would achieve this goal. In this case, the LSCSoft 

tool for Laser Interferometer Gravitational Wave Observation (LIGO) is considered the 

ideal candidate for this purpose. 

In addition, the experience of a real application implementation may allow the extraction 

of a set of considerations for bringing Globus grid services into the Android mobile 
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environment that will help document mobile Globus access, as well as continue the 

advancement of the Android platform. 

1.2 Approach 

The software development process can be modeled in a spiral manner according to 

Boehm (1988) [47]. This model spirals over a set of activities where each release or loop 

builds upon the previous one.  Each spiral cycle is divided into four sectors as follows 

[47] [60]: 

1. Objective definition:  During this phase the specific project goals are defined and 

product and process restrictions as well as project risks are identified.  

2. Evaluation of alternatives and risk assessment: In this phase a detailed analysis of 

each risk identified is made, and then steps to reduce these risks are planned. For 

example, a user interface prototype might be used to reduce the risk of interface 

specifications not satisfying user requirements. 

3. Development and validation:  During this phase a model for the system 

development is selected. 

4. Next phase planning: In this phase the project is reviewed and the decision to stop 

or continue its development is made. If the latter is the case, planning of the 

project’s next cycle begins. 

Figure 1 provides an overview of the spiral model and each of the sectors defined above. 
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Figure 1. Boehm’s spiral model for a software process [60] 

In the case of this research, where a version of the framework is available as a starting 

point, software evolution due to platform adaptation seems appropriate with its own set of 

characteristic activities. The selected evolution approach is based on the Evolution 

Process Framework proposed by Scott Tilley [14]: 

The Evolution Process Framework isn’t a model; it’s as its name states, a framework [14] 

that provides a structure for the set of activities involved in the software evolution 

process.  The complete set of these activities and their relationships can be better 

explained through Figure 2 [14]. 
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Figure 2. Evolution Process Framework diagram [14] 

The first activity is the Issue Assessment. This activity takes into account the customer’s 

requirements and business goals and assess the evolvability of the legacy system. This 

implies quantifying the effort required to go from a legacy to an evolutionary system in 

three ways: Technical efficiency, functional effectiveness and infrastructural maturity. 

The second activity is the Strategy Selection, which requires the choice between 

maintaining, retiring, replacing, outsourcing or reengineering the legacy system 

according to the results of task number 1.  

The third activity is the Solution Realization according to the already selected strategy 

and the infrastructure selection (the tools, the people, etc) in order to achieve it as well.  

The fourth task, the System Transition, is actually very important but is often overlooked.  

It requires, for example, testing the migration from the developer environment to the 

client installation and the end-user training and support. In short, this activity’s goal is to 
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minimize the impact of the introduction of the evolved system in the client’s 

environment. 

Finally, the Process Improvement activity is the logical link between end of the current 

project evolution cycle and beginning of the next. 

1.3 Research Contributions 

This thesis’ main contribution lies in the interoperability expansion of the original 

WSRF-ME framework to a wider range of mobile phones, specifically those supporting 

the Android platform. The multitude of devices that currently support Android can 

benefit from a Globus grid by widening their resource access and therefore improving 

their processing capability.  

Although projects such as WSRF-ME and WSRF4J2ME have already proven the 

possibility of mobile grid access in a WSRF complaint manner, as to this moment, no 

evidence has been found of WSRF access from Android platforms specifically. Hindered 

by the lack of maturity of the Android platform and the existence of few specific libraries 

for its development, this thesis provides that evidence while trying to keep the essence of 

its WSRF-ME parent.  

In addition, this thesis provides verification that a particular Globus application can be 

“mobilized” or exposed in a manner appropriate for mobile consumption while trying to 

maximize platform interoperability and providing evidence for the first time of the 

mobile invocation of LIGO tools.   
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Finally, the lessons learned during this implementation should help guide the 

development of mobile Globus applications, benefiting client developers who face the 

challenge of developing mobile clients that consume large amounts of data, such as the 

ones typical of grid environments. 

1.4  Thesis Outline 

This thesis is organized as follows:   

Chapter 1 provides an introduction to this work and addresses its problem statement and 

proposed approach as well as contribution. 

Chapter 2 reviews background concepts such as web services, grid computing, including 

the Globus Toolkit and WSRF, as well as mobile devices, focusing on the Android 

platform in particular.  

Chapter 3 discusses related work in the area of introducing mobiles into the grid 

environment as well as introducing Android into the web service world.  

Chapter 4, on the other hand, discusses the research methodology according to the 

approach selected in this chapter (section 1.2) 

Chapter 5 explains this thesis’ implementation details. 

In the same manner, Chapter 1 explains the details of the implemented use case scenarios 

as well as the observations made during the actual implementation. 
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And finally, Chapter 7 concludes the research with a summary and an exploration of its 

contributions, limitations and future work. 
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Chapter 2 Background 

This research mainly comprises three very different and yet related areas: Web services, 

grid computing and mobile devices. The relationship between each of them may seem 

obscure to start, hence this section’s purpose is to review their basics and elucidate the 

power that comes with their grouping. 

The supporting concepts that will be reviewed in this chapter are web services, grid 

computing and mobile devices. 

2.1 Web Services 

As the most popular implementation of Service Oriented Architecture (SOA), the 

applications of web services are manifold: Web services examples range from simple 

requests, like stock quotes to complex tasks, like comparing and purchasing items over 

the Internet [52]. 

Web services are software components that can be accessed over the Internet using 

established web protocols like SOAP and HTTP and whose public interfaces are 

described using Web Service Description Language (WSDL) [52]. 

The basic architecture for web services consists of three components: the service 

requestor or consumer (client), the service provider and the service registry or directory. 
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The service provider publishes its web services in the service registry. The client searches 

the Universal Description, Discovery and Integration (UDDI) registry for the services, 

and the UDDI compatible service registry refers the respective WSDL. Finally, the 

service client accesses the described web service, using Simple Object Access Protocol 

(SOAP) [52]. This stepwise process is depicted in Figure 3 . 

 

Figure 3. Stepwise process involved in a web service invocation [5] 

Figure 4 illustrates an example for a web service invocation of a basic weather 

information service. 
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Figure 4. A typical web service invocation of a weather information service [21] 

2.2 Grid Computing 

According to Ian Foster [14] the essence of the Grid definition can be captured in the 

following checklist: 

A Grid is a system that 

1. “Coordinates resources that are not subject to centralized control” 

A Grid integrates and coordinates resources and users that live within different 

control domains. 

2. “ Using standard, open, general-purpose protocols and interfaces”  

A Grid is built from multi-purpose protocols and interfaces that address issues 

such as authentication, authorization, resource discovery, and resource access.  
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3. “To deliver nontrivial qualities of service”. 

A Grid allows its constituent resources to be used in a coordinated fashion to 

deliver different qualities of service, like response time, throughput, availability, 

and security, and/or co-allocation of multiple resource types to meet complex user 

demands, in a way that the utility of the combined system is greater than that of 

the sum of its parts. 

The exposure of grid capabilities through standard interfaces like the ones upon which 

web services are built is a way of guaranteeing platform interoperability in an 

environment that is multi-platform by default.  

Originally, several options to construct a grid infrastructure were available; one of these 

methods is the Globus Toolkit, which allows access to the grid resources through web 

services that follow the Web Service Resource Framework (WSRF) standard. Both of 

these concepts are described next. 

2.2.1 Globus Toolkit 

The use of supercomputers brought on the creation of grids, when scientists and 

engineers hunted for access to the few high-performance computing resources available. 

In 1996 the Globus project began at Argonne, the University of Southern California's 

Information Sciences Institute (ISI) and the University of Chicago. Later known as the 

Globus Alliance, the project expanded to include other universities and corporations such 

as the University of Edinburgh and the Royal Institute of Technology in Sweden, 
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sponsored by federal agencies such as NASA and NSF as well as private companies such 

as IBM and Microsoft [21]. 

The Globus Toolkit, a grid middleware component, is an open source grid technology 

that allows the sharing of computing power, databases and tools securely across 

corporate, institutional, and geographic boundaries without sacrificing local autonomy 

[21]. 

Globus recognizes that every organization is different and has its own operation modes. 

Hence, it was designed to remove inter-organization collaboration obstacles due to 

incompatibility of resources such as data archives, computers and networks. Globus’ core 

services, interfaces and protocols allow users to access remote resources as if they were 

local while simultaneously preserving local control over who can use them and when 

[21]. 

The toolkit provides software services and libraries for resource monitoring, discovery, 

management, security and file management as well as fault detection and portability 

software among others.  



 

18 

 

Figure 5. Globus Toolkit version 4 component overview [48] 

An overview of the architecture of the Globus Toolkit version 4 (GT4) is provided in 

Figure 5 where five main components can be distinguished [48]:   

• Common Runtime Component:

• 

 provides a set of fundamental libraries and tools 

which are needed to build both WS and non-WS services. 

Security Component: Based on the Grid Security Infrastructure (GSI), their use 

can provide assurance that communications are secure. 
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• Data management Component:

• 

 Allows the management of large sets of data in a 

virtual organization. 

Information services Component

• 

: Also known as the Monitoring and Discovery 

Services (MDS), it includes a set of components to discover and monitor 

resources in a virtual organization 

Execution management Component:

From its 1.0 version released in 1998, the Globus Toolkit has grown through an open-

source pathway that is similar to Linux’s, which promotes wider and faster adoption. 

Today, on its 5.0 version the Globus Toolkit has evolved into what has been called "the 

de facto standard for Grid computing” 

 This component deals with the initiation, 

monitoring, management, scheduling and coordination of executable programs, 

usually called jobs, in a Grid. 

[23] and finds commercial support through the 

Univa Corporation and enhancements for enterprise use through the Globus Consortium 

[21]. 

European as well as American efforts to develop Grid based technologies include the 

European Data Grid and the Grid Physics Network (GriPhyN). Large e-science projects 

that rely on Globus include among others, the Network for Earthquake Engineering and 

Simulation (NEES), the NSF Middleware Initiative and GRIDS Center, and the National 

Virtual Observatory.  In addition, the Globus Toolkit is the base on which IT companies 

like Hewlett-Packard, IBM, Oracle and Sun are building commercial Grid products. [21] 
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2.2.2 Web Service Resource Framework (WSRF) 

Web Services were brought into the Grid with the development of the Open Grid 

Services Architecture (OGSA) [10]. The first appearance of OGSA was in I. Foster, C. 

Kesselman, J. Nick and S. Tuecke’s 2002 paper “The Physiology of the Grid"  and it was 

further developed by the Global Grid Forum (GGF) [16]. 

The Open Grid Services Infrastructure (OGSI), a normative recommendation, followed 

soon after in 2003 [57]. OGSI takes the statelessness issues (along with others) into 

account by essentially extending Web services to accommodate grid computing resources 

that are both transient and stateful.  Collectively OGSA and OGSI define grid services, as 

they are extensions to the SOAP communications protocol for grid computing providing 

true platform-independent grid computing [10]. 

Today OGSI has evolved into the Web Service Resource Framework (WSRF) [24] with 

of the appearance of WS-Addressing and WSDL 2.0 [39]. 

2.2.2.1 WSRF’s resource approach to statefulness: WS-Resource 

WSRF’s resource approach to statefulness can be better understood through an example. 

Figure 6 (a) shows an adding service that sums a client defined value in a stateless 

manner: Since previous additions or states are not kept the service’s response will always 

be calculated starting from an initial zero state, returning the same parameter added every 

time i.e. if 5 is added, the service will add 0 and 5 and return 5, it will add 0 and 6 if 6 is 

added, etc.  On the other hand, if state is saved the service will keep track of previous 
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service invocations and successfully add 5 to an initial zero state, in the same manner as 

it would for the stateless invocation, but will add 5 and 6 and return 11 for the second 

one, etc. as can be seen in Figure 6 (b). 

 

(a) 

 

(b) 

Figure 6. Statless (a) and stateful (b) web service invocation [26] 

In WSRF state is saved in what is called a resource. For the example adding service in 

Figure 6 (b) only one resource exists that keeps track of the addition result and is used as 

the starting point for subsequent invocations. However, many resources can be created at 
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once and used in a parallel manner, allowing each web service invocation to produce a 

different result value depending on what specific resource is addressed (Figure 7). “The 

pairing of a Web service with a resource is called a WS-Resource” [26]. 

 

Figure 7.  WSRF’s resource approach to statefulness [26] 

A resource can be composed of zero or more resource properties. For example, Figure 7 

shows a one property resource that could be named result. Figure 8, on the other hand 

shows a web service where each resource represents a file and has three resource 

properties: Filename, Size, and Descriptors. 
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Figure 8.  WS-Resource [26] 

WS-Addressing helps with the addressing of a web service and a matching resource. In 

fact according to it, the address of a particular WS-Resource is called an endpoint 

reference [26]. The web service’s WSDL interface, on the other hand, is used for the 

definition of the service’s particular resource properties [26]. 

2.2.2.2 WSRF Specifications 

“The WS-Resource framework is a set of proposed Web services specifications that 

define a rendering of the WS-Resource approach in terms of specific message exchanges 

and related XML definitions” [11]. 

The available specification documents are [11] [21] [24] summarized next: 

• WS-ResourceProperties: Describes mechanisms for WS-Resource property 

declaration in the WSDL document, among others. 
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• WS-ResourceLifetime: Standardizes the way in which a WS-Resource may be 

destroyed, and describes resource properties that may be used to inspect and 

monitor the lifetime of a WS-Resource.  

• WS-RenewableReferences: Describes a conventional decoration of a WS-

Addressing endpoint reference with policy information needed to retrieve an 

updated version of an endpoint reference when it becomes invalid. 

• WS-ServiceGroup: Describes an interface to by-reference collections of Web 

services. 

• WS-BaseFaults: A base fault XML type for use when returning faults in a Web 

services message exchange. 

• WS-Notification: defines mechanisms for event subscription and notification 

using a topic-based publish/subscribe pattern.  

These conventions enable the discovery, introspection and interaction with stateful 

resources in standard ways and are supported for Java and C. A detailed description of 

each of the specifications follows along with an overview of WS-Addressing. 

WS-Addressing 

WS-Addressing, provides transport-neutral mechanisms to address web services by 

defining elements to identify their endpoints and to secure end-to-end endpoint 

identification in messages [61]. 

WS-Addressing defines two constructs that convey information that is typically provided 

by transport protocols and messaging systems, they normalize this information into a 
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format that can be processed independently of transport or application. The two 

constructs are endpoint references and message information headers [61]. 

An endpoint is an entity or resource where Web service messages can be targeted. 

Endpoint references contain the information required to reference a web service endpoint, 

and may be used in several ways: On one hand, endpoint references are appropriate for 

conveying the information needed to access a web service endpoint, and on the other, 

they are used to provide addresses for individual messages sent to and from web services 

[61]. To deal with this last usage case the WS-Addressing specification defines a set of 

message information headers that allows uniform addressing of messages independent of 

the underlying transport. These message information headers convey end-to-end message 

characteristics including addressing for source and destination as well as message identity 

[61].  

Figure 9 illustrates an example SOAP message where the envelope header (lines 3 to 10) 

specifies the message identifier (lines 3 to 5) and the endpoint to which replies to this 

message should be sent in the form of an Endpoint Reference (lines 6 to 8). Line 9 

specifies the address of the message receiver and line 10 specifies an Action URI that 

identifies expected semantics. 
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Figure 9.  SOAP message exemplifying WS-Addressing constructs [61] 

Because of the limits of the WSDL 1.1 extensibility model, the WSDL service and port 

elements cannot be used to cover cases when there is dynamic generation and 

customization of endpoint descriptions, when the identification and description of web 

service instances is the result of stateful interaction, or when in tightly coupled 

environments the communicating parties share a set of common assumptions about 

policies or protocols used during the exchange. Hence, endpoint references extend the 

WSDL description model (including portTypes, bindings, etc.) to solve those 

deficiencies. 

The properties of the endpoint references are described in Table 2. 
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Table 2. Endpoint reference abstract properties [61] 

Property Type Description 

Address URI (mandatory) Address URI that identifies the 
endpoint. 

Reference properties xs:any May contain a number of individual 
properties that are required to 
identify the entity or resource being 
conveyed.  

Reference parameters xs:any A reference may contain a number 
of individual parameters which are 
associated with the endpoint to 
facilitate a particular interaction. 
Reference parameters are element 
information items that are named by 
QName and are required to properly 
interact with the endpoint. 

Selected port type QName The Qualified Name (QName) of the 
primary portType of the endpoint 
being conveyed. 

Service-port QName, NCName (0..1) This is the QName identifying the 
WSDL service element that contains 
the definition of the endpoint being 
conveyed. The service name 
provides a link to a full description 
of the service endpoint.  

Policy wsp:policy A variable number of XML policy 
elements as described in WS-Policy 
describing the behavior, 
requirements and capabilities of the 
endpoint. 

The actual SOAP binding requires that endpoint references be defined in the envelope 

according to the following two rules: 

• The address property is copied in the destination header field  

• Each reference property and reference parameter becomes a header block in the 

SOAP message. The element information item of each reference property or 
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reference parameter, including its children, attributes and namespaces is to be 

added as a header block in the new message. 

Figure 10 exemplifies a SOAP envelope following the binding rules. 

 

Figure 10. Endpoint reference example in a SOAP envelope [61] 

The message information properties are summarized in Table 3  

Table 3. Message information properties [61] 

Property Type Description 

Destination URI (mandatory) address of the intended receiver of 
this message 

Source endpoint Endpoint reference Reference of the endpoint where the 
message originated  

Reply endpoint Endpoint reference  An endpoint reference that identifies 
the intended receiver for replies to 
this message. 

Fault endpoint Endpoint reference An endpoint reference that identifies 
the intended receiver for faults 
related to this message. 

Action URI (mandatory) An identifier that uniquely (and 
opaquely) identifies the semantics 
implied by the message..  

Message id URI (mandatory) A URI that uniquely identifies this 
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message in time and space. 
Relationship QName, URI A pair of values that indicate how 

this message relates to another 
message.  

An example SOAP request envelope illustrating the message information properties can 

be viewed in Figure 11. 

 

Figure 11. SOAP envelope example for message information properties [61] 

WS-ResourceProperties 

In the resource approach to statefulness a stateful resource can be used in the execution of 

the web service message. The composition of the stateful resource and a web service 

under this “implied resource pattern” is defined as a WS-Resource. WS-

ResourceProperties standardizes the way in which the definition of the properties of a 

WS-Resource can be declared as part of a Web service interface [28]. This is done in the 

WSDL document, specifically in the portType section as shown by Figure 12.  
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Figure 12. Resource property declaration in a WSDL document [28].  

The specification also defines a set of message exchanges that allows requesting, 

querying or updating the property values of the WS-Resource [28]. 

Table 4. WS-ResourceProperties methods [28] [40] 

Method  Mandatory  Description  

GetResourceProperty  Y  Get the value of a single resource property.  
GetMultipleResourceProperties  N  Get the value of one or more resource 

properties.  
SetResourceProperty  N  Insert, update, or delete one or more 

resource properties  
QueryResourceProperty  N  Perform a XPath query on a resource 

properties document  

 

Figure 13 exemplifies a SOAP request to retrieve the value of the p1 property from a 

stateful resource C.  

 

Figure 13.  Resource property query example [11] 
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WS-ResourceLifetime 

The lifetime of a WS-Resource is defined as the period between its instantiation and its 

destruction. The WS-ResourceLifetime specification standardizes the means by which a 

WS-Resource can be destroyed as well as the means by which the lifetime of a WS-

Resource can be monitored. It doesn’t, however, specify the means by which a WS-

Resource is created [56]. 

This specification defines two ways of destroying a WS-Resource, namely immediate and 

scheduled or time-based destruction. 

Table 5. WS-ResourceLifetime methods [40] 

Method  Mandatory  Description  

Destroy  N  Schedules a resource for immediate destruction 
and removal  

SetTerminationTime  N  Specifies a scheduled point in time when a 
resource will automatically be destroyed  

A SOAP request example for immediate resource destruction is featured in Figure 14 and 

an example of its scheduled destruction is exemplified in Figure 15. 
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Figure 14.  Immediate resource destruction request [56] 

 

Figure 15. Scheduled resource destruction request [56] 
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WS-RenewableReferences  

WS-RenewableReferences should define a specific WS-Policy assertion with the goal of 

decorating endpoint references with information necessary to retrieve a new endpoint 

reference in the event the reference becomes invalid [11].  Note that not all sources 

consider WS-RenewableReferences as an actual WSRF specification. 

WS-BaseFaults 

Based on a portion of OGSI, the WS-BaseFault specification defines an XML schema 

type for error reporting, along with rules for how this fault type is used by web services 

[59]. 

When fault information from various interfaces is consistent, it’s easier for requestors to 

understand faults and it’s more likely that common tooling can be created to assist in 

their handling [59]. Hence, WS-BaseFaults defines the minimum information that should 

be reported for faults. This minimum information is detailed in Table 6. 

Table 6. WS-BaseFaults XML Schema [40] 

Property Type Cardinality Description 

Timestamp DateTime 1 Timestamp of when the 
error occurred 

OriginatorReference EndPointReference 0…1 Endpoint from which fault 
originated 

ErrorCode AnyType 0…1 Error code related to fault 
Description String 0…* Detailed explanation of 

error 
FaultCause Any 0…1 Describes underlying 

cause of the fault 
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It is possible to create further, more specific faults for every service by extending the 

average base fault in the WSDL document [59]. 

WS-Notification 

WS-Notification is a set specifications that define a standard approach to notification 

using a topic-based publish-subscribe pattern [27]. The WS-Notification is composed of 

three separate documents, namely WS-BaseNotification, WS-BrokeredNotification, and WS-

Topics. 

WS-BaseNotification defines the basic concept of notification by identifying two key roles in 

the notification process: the notification producer and the consumer. The producer sends the 

consumers notification messages when necessary and accepts and manages subscribe 

requests from them [40]. The WS-Topics specification, on the other hand, defines the concept 

of a subsciption filter or topic, a subject title associated with notifications from the same 

producer. The topics are created by the producers in sets or tress, and the clients can chose to 

subscribe to different tress. Finally, the WS-BrokeredNotification defines an intermediate 

broker which handles subscription requests and responses between consumers and producers 

[40].  

WS-ServiceGroup 

The WS-ServiceGroup specification defines how web services and WS-Resources can be 

grouped together, creating domain-specific services. Partially based on the OGSI 

specification, WS-ServiceGroup provides interfaces for defining service groups and 

service group registration. Members of a group need to meet a specific set of criteria 
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defined by a group’s resource properties in order to be considered members of that group 

[40]. 

2.3 Mobile Devices 

Mobile devices such as laptops and mobile phones enable information generation, 

processing, storage and communication without location constraints [63]. However, the 

advantage of mobility comes at a high price, making necessary the review of the 

challenges specific to mobile devices.   

2.3.1 Mobile Device Challenges 

According to [45] mobile computing is characterized by four main constraints: 

1. “Mobile elements are resource-poor relative to static elements” 

Considerations of weight, power, size and ergonomics will demand a penalty in 

computational resources such as processor speed, memory size, and disk capacity.  

2. “Mobility is inherently hazardous” 

In addition to security concerns, portable computers are more vulnerable to loss or 

damage. 

3. “Mobile connectivity is highly variable in performance and reliability:” 

Outdoors, a mobile client may have to rely on a low-bandwidth wireless network 

with gaps in coverage. 
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4. “Mobile elements rely on a finite energy source:” 

While battery technology will undoubtedly improve over time, the need to be 

sensitive to power consumption will not diminish. Concern for power 

consumption must span many levels of hardware and software to be fully 

effective. 

Grid computing’s unique features offer an attractive alternative for resource-demanding 

applications when it comes to mobile devices [10], as computing needs may be offloaded 

to more capable or less busy devices. Thus, accessing the grid through standard protocols, 

like the ones web services provide could prove to be quite advantageous as more and 

more powerful Smartphones are marketed which are capable of such communication. 

2.3.2 The Android Platform 

As opposed to other mobile platforms like iPhone and Blackberry, Android is available as 

open source software. This enables devices to be customized without 

restrictions and enables developers to distribute applications to any Android device 

trough the Android market; as opposed to the Apple’s iPhone platform, whose 

applications need to be reviewed and accepted before being released to the public. 

Android’s open source status has allowed its adoption by countless manufacturers such as 

Motorola and HTC among others, and its market share has, as expected at the time of this 

thesis’ proposal, increased dramatically, to the point that in recent weeks articles have 

surfaced that affirm Android’s US market share has surpassed the iPhone’s already [19]. 
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Although, Blackberry remains the domestic market leader as far as Smart phones go [19]  

and other articles still claim iPhone as market leader [20][32],  Android’s growth will 

most likely continue in the near future and its importance seems already undeniable. 

2.3.2.1 Android Architecture and Application Details 

In light of Android’s increased influence, a detailed description of the platform and its 

architecture is at hand. 

What is Android? “Android is a software stack for mobile devices that includes an 

operating system, middleware and key applications” [3]   

Android is an open development platform where developers are free to build applications 

and take full advantage of the device’s hardware through the Android SDK; which 

provides the tools and APIs necessary for the development of applications using the Java 

programming language. The development environment includes a device emulator, tools 

for debugging, memory and performance profiling and a plug-in for the Eclipse IDE [3]  

Android uses Linux 2.6 for its core system services such as security, memory 

management, process management, network stack, and driver model. This kernel also 

serves as an abstraction layer between the hardware and the software stack [3]. Android’s 

detailed architecture is illustrated in Figure 16. 
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Figure 16.  Android Architecture Diagram [3]  

From the figure, notice that Android’s runtime includes a set of core libraries that enable 

most of the functionality in Java’s programming language.  Every application runs its 

own instance of what is called the Dalvik virtual machine, where the Java code is 

executed. This virtual machine has been optimized for a minimal memory footprint and 

relies on the Linux kernel for underlying functionality such as low level memory 

management and threading [3]. 

The Android applications that run on the virtual machine, as opposed to other 

technologies, don't have a single entry point for everything in the application (no main() 
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function, for example). Instead, they have four essential components that the system can 

instantiate and run as needed [2]:  

• Activities: An activity presents a visual user interface for one focused task the 

user can carry out. 

• Services: Services don't have a visual user interface but run in the background for 

an indefinite period of time. For example, a service might play background music 

while the user attends to other matters.  

• Broadcast receivers: Broadcast receivers receive and react to broadcast 

announcements. Many broadcasts are launched by the system code for example, 

announcements that the time zone has changed or that the battery is low. 

• Content providers: Content provides make a specific set of application data 

available to other applications. The data can be stored in the file system, a SQLite 

database, or any another means. 

Of particular interest to this thesis are activities which are exposed to the developer as a 

java class that following the set of methods over its lifetime according to the sequence 

described in Figure 17.  
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Figure 17. Android Activity lifetime [2] 

 Each of the stages is further described in Table 7. 

Table 7. Android Activity lifetime stage description [2] 

Method Description 

onCreate() 

Called when the activity is first created. This is where all 
normal static set up is done (create views, bind data to lists, 
etc.). This method is passed a Bundle object containing the 
activity's previous state, if that state was captured. 

onRestart() 
Called after the activity has been stopped, just prior to it being 
started again. 
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onStart() Called just before the activity becomes visible to the user. 

onResume() 

Called just before the activity starts interacting with the user. 
At this point the activity is at the top of the activity stack, with 
user input going to it. 

onPause() 

Called when the system is about to start resuming another 
activity. This method is typically used to commit unsaved 
changes to persistent data, stop animations and other things 
that may be consuming CPU, and so on. It should do whatever 
it does very quickly, because the next activity will not be 
resumed until it returns. 

onStop() 

Called when the activity is no longer visible to the user. This 
may happen because it is being destroyed, or because another 
activity (either an existing one or a new one) has been resumed 
and is covering it. 

onDestroy() 

Called before the activity is destroyed. It could be called either 
because the activity is finishing (someone called finish() on it), 
or because the system is temporarily destroying this instance 
of the activity to save space. You can distinguish between 
these two scenarios with the isFinishing() method. 

 

2.3.2.2 A comparison between Android and Java ME 

Not unlike Android, the Java Platform Micro Edition (Java ME) is an application 

Platform for Mobile Devices. It provides a flexible environment for applications running 

on embedded devices like mobile phones, PDAs and printers [54].   

However Java ME, previously known as Java 2 Platform, Micro Edition or J2ME, was 

proposed by Sun Microsystems. Its different flavors are implemented in several Java 

Specification Requests or JSRs [31]. Of particular interest is JSR-172 which defines an 

optional package that provides standard access from J2ME to web services [32]. 
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Java ME devices implement a profile. The most common of these are the Mobile 

Information Device Profile specifically for mobile devices, such as cell phones, and 

the Personal Profile aimed at embedded devices such as PDAs. Profiles are subsets 

of configurations, of which there are two: the Connected Limited Device Configuration 

(CLDC) and the Connected Device Configuration (CDC) [55].  

Android, on the other hand, doesn’t implement any particular specification; it’s also not a 

complete implementation of the Java API, it’s defined as a subset of it. This makes 

application development a challenge as the use of external libraries depends on which 

parts of the API are or are not included. A list of included libraries can be found in [6]. In 

particular JSR-172 isn’t compatible with Android’s Java API.  
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Chapter 3 Related Work 

The mobilization of grid services has been traditionally approached from two different 

angles [45]: Using the mobiles as clients (access points) to the Grid and using the mobiles 

as Grid nodes, where jobs can be executed and where these mobiles are in position to 

actually offer web services. 

In addition, existing solutions can also be classified into [45] proxy or gateway based 

solutions and direct mobile Grid access solutions.  In the first, a proxy or gateway is used 

to handle requests from the mobiles and forward them to the grid, adapting responses to 

the mobile device’s needs. Although this solution reduces complexity for the mobile 

device greatly, the gateway also represents a less than ideal single point of failure. In the 

latter, the mobiles access the Grid directly without intermediaries. 

For the purposes of this thesis, accessing the Globus Grid in the same fashion as the 

original WSRF-ME framework is a requirement, which implies the focus on client 

implementations that access the Grid directly. Currently, no evidence has been found of 

any Android application designed or used for WSRF communication neither as a client 

nor as a host node. However OGSI.NET, one of the earliest approaches to WSRF on 

mobile devices, was designed for a mobile device host.  For this reason, the first section 

of this chapter is dedicated to mobile device hosts, including OGSI.NET. The second 

section is dedicated to WSRF mobile device clients such as WSRF4J2ME and 
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particularly WSRF-ME. Finally, the last section is devoted to Android and the studies 

found that explore its performance on the web service environment specifically. 

3.1 Mobile devices as hosts 

Mobile devices have been considered as an option for web service hosts for a long time. 

In fact, their mobility and sensing capabilities (GPS, camera, etc) make them unique web 

service providers. However, their intermittent connectivity, low resource capacity and 

limited battery life bring a set of new challenges which include among others, 

intermittent services and reappearance of the nodes under different IPs. 

3.1.1 Early approaches 

As early as 2006 Srirama et.al [50], [51], [52] investigated the possibility of a mobile web 

service host, and its actual implementation and performance were recorded. The authors 

proposed specifically in “Mobile Web Service Provisioning” [52] a middleware, a proxy 

or gateway that accepts SOAP messages from Web Service requesters and communicates 

them to the Mobile Host using a protocol that is efficient for transferring data across 

mobile networks.  

In the same fashion, in 2007 Durga et.al [13] brought mobile devices as hosts into a grid 

service environment through an additional layer as seen on Figure 18. This layer was 

responsible for resource scheduling on mobile nodes that could connect and disconnect 

randomly by using an algorithm that takes into account battery power and usage cost for 

the selection of the mobiles among the mobile pool. 



 

45 

 

Figure 18. Layered architecture for integrating mobiles into the Grid [13] 

However, one of the most renowned examples of bringing hosts into a Globus Grid 

specifically is Mobile OGSI.NET. 

3.1.2 Mobile OGSI.NET 

Within the framework of OGSA the Mobile OGSI.NET proposal was developed [10]. 

Mobile OGSI.NET was created in accordance with the OGSI standard in its .NET 

implementation (OGSI.NET). It was built on Microsoft PocketPC 2003 operating system 
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and on top of the .NET Compact Framework, runtime which served as an intermediary 

layer between the application and the operating system and offered a convenient GUI as 

well.  

The relationship of Mobile OGSI.NET and the device’s hardware and software layers can 

be observed in Figure 19, in particular notice how Mobile OGSI.NET is designed to 

bridge multiple devices.  

 

Figure 19.  Mobile OGSI.NET and its relation to other device HW/SW layers [10] 

Mobile OGSI.NET was planned specifically to have the ability to migrate services away 

from resource depleted devices. To do this a three layered architecture was selected that 

is overviewed in Figure 20: The first layer consists of a Monash University Mobile Web 

Server; the second layer consists of a Grid Services module and the final layer is the Grid 

Service.  
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Figure 20. Mobile OGSI.NET architecture [10] 

In particular, the Mobile Web Server layer is concerned with the handling of endpoint to 

endpoint message reception and transmission.  

The Grid Services module, on the other hand, parses the HTTP request content as a 

SOAP message and redirects it to the appropriate Grid Service. 

Finally, the Grid Service handles the application logic and processing. On this layer the 

Grid Service state saving and loading was implemented, which allowed the migrating of a 

service to another host when a device has no resources available (i.e. has no more battery 

power or processing capability, etc.). 
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3.2 Mobile devices as clients 

Several documents analyze mobile devices in their role as clients. An early attempt to use 

mobile devices as a web service client dating back to 2004 can be found in “Performance 

Considerations for Mobile Web Services” [57], where a mobile client is evaluated against 

responses that are compressed, uncompressed, or a hybrid of both. 

Specifically for a Globus Grid environment, Sood [49] considered a middleware once 

more to bring the devices into the Grid in a flexible, open and interoperable way. Its 

implementation used a GridSphere portlet solution for the gateway to bring a database 

querying application to a J2ME enabled mobile, specifically an N91 wireless device. 

However, as already mentioned in this chapter, this thesis main interest lies in clients that 

access the Grid in a direct way. Evidence of this is found not only in the WSRF-ME 

framework, upon which this thesis is constructed, but in the WSRF4J2ME project as 

well. Both of them are discussed next. 

3.2.1 WSRF4J2ME 

WSRF4J2ME is a 2006 implementation of the Web Services Resource Framework 

(WSRF) for Java ME, previously known as J2ME [12].  

The project claims partial or total implementation of the WS-ResourceProperties, WS-

Addressing, WS-ResourceLifetime and WS-BaseFaults specifications but excluded WS-

ServiceGroup and WS-BaseNotification. However, no evidence of its actual compliance 
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with the standards is provided besides a sample J2ME application that shows how to use 

the API and interacts with the example CounterService of the Globus Toolkit 4  

As far as its structure is concerned, WSRF4J2ME was based on the ksoap2 API. Ksoap2 

is a SOAP web service client library for constrained Java environments such as Applets 

or J2ME applications (CLDC / CDC / MIDP) [46], constructed over kXML, a small 

XML pull parser based on the common XML pull API [29].   

WSRF4J2ME’s class diagram can be observed in Figure 21. 

 

Figure 21. WSRF4J2ME’s class diagram [12] [40]  

WSRF4J2ME’s approach generates instances of WSRFSession from a factory class, 

which then invokes the needed portions of the HTTP transport and SOAP serialization. 
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This main WSRFSession class object handles all connections with the WSRF-based web 

services, input and output accepting ksoap2’s SoapPrimitive and SoapObject class 

objects as parameters, letting ksoap2 handle the actual communication through the 

HttpTransport and SoapSerializationEnvelope class objects [40]. 

WSRF4J2ME started as a school project and its development was abandoned by the 

author [12], leaving the implementation incomplete as far as WSRF’s compliance is 

concerned and excluding the development of a parser for WSRF-based WSDL files. 

3.2.2 WSRF-ME 

A recent implementation of WSRF on mobile devices is presented by Mangs in [39] . 

That research proposes a framework built on the Globus Toolkit and Java ME 

programming language and is aimed to lay the foundation for incorporating mobile 

device clients into the grid environment. 

The basic approach to this framework was the emulation of the JSR-172 API. The JSR-

172 Web Services API is a subset of the Java API for XML-based Remote Procedure 

Calls (JAX-RPC) that falls short when complex data structures, like the ones the 

communication with Globus requires, are needed. 

In the framework, like in the JSR-172 API, the client creates stubs from a WSDL file. 

These client stubs then invoke the framework run-time. 
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The framework’s run-time, summarized in Figure 22, relies on the features of Java 

Microedition’s (Java ME) and JSR-172’s functionalities for its basic remote 

communication capability while making use of: 

• A connection manager which handles setting up the connection to a web service 

and the processing of the request. 

• A customized SOAP encoder and decoder which provide additional flexibility by 

including additional property fields to the stub and allow the usage of a 

GlobusObject interface, that permits the inputting of complex data types in the 

SOAP message. 

 

Figure 22. WSRF-ME Run-time [40] 

The framework provides full support for the WS-Addressing, WS-ResourceProperties, 

and WS-ResourceLife time standards as well as partial support for WS-Trust, WS-

Security, and WS-BaseFaults. There is no support for the WS-Notification standard and 

there is limited support for WS-BaseFault and its sub-faults. However, no actual evidence 

of such support is provided.  
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WSRF-ME also provides a functional parser for WSRF-based WSDL files. The parser’s 

workflow for an example Directory service is exemplified in Figure 23. The parser 

accepts as input a WSDL file which defines the service and produces three separate Java files 

and a Java representation of complex types present in the WSDL. The three resulting files are 

DirectoryServiceBinding_Stub, DirectoryServicePortType, and DirectoryServiceQNames. 

The PortType file defines the interface of the methods provided by the service and the 

QNames file contains a listing of the various qualified names (QNames) used by the web 

service for its methods, input, and output. The Binding file, on the other hand, is the Java ME 

client stub that mobile applications use to invoke methods on the corresponding service [40].  

 

Figure 23. WSRF-ME parser example workflow [40] 

The complete framework’s diagram including the parser and runtime is shown in Figure 

24. 
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Figure 24. WSRF-ME framework architecture [40] 

The framework is tested in a Nokia S60, device on a case study which looks to invoke 

several of the default web services available in Globus, like job management, as well as 

the already mentioned customized Directory service, which allows the browsing and 

viewing of server files present in a predefined server path. 

WSRF-ME’s approach excels because of it’s based on the JSR-172 standard. However, 

its implementation falls short particularly in its case study: Because the case study is 

implemented on SDK S60 3rd Edition Feature Pack 2 the device support actually 

provided is far more reduced than what was originally implied by the selection for testing 

of an S60 series phone which covers a wide model range (see Table 1).  In addition, 

making use of a set of generic services provides only an ambiguous usage context. 
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Software usage plays an important role in requirement specification therefore; a real 

usage environment may reveal unexpected constraints and consequences in the 

communication of a specific mobile grid application than any generic environment ever 

would. 

3.3 Web Services on Android 

Kozel et.al recognize three ways of accessing web services from mobile devices i.e. 

ksoap/XML, JavaME + JSR-172 and Blackberry [35].  However, the recent development 

of the iPhone and the Android platforms require the expansion of this investigation. 

In particular, the web services access from an Android device is analyzed in 2009 by 

Knutsen [34].  That research focused on developing a SOAP mobile client for MPower 

using Android; MPower being a service platform which aims to support the rapid 

development and deployment of services for the cognitive disabled and the elderly. 

The study focused on surveying the architectural alternatives, namely through an HTML 

frontend, via Direct Web service invocation and through a Web service gateway; 

analyzed their impacts on the mobile client application, observed Android’s performance 

on SOAP messaging, and finally suggested how a Web services’ design can be optimized 

to produce well performing Android clients. 

According to Knutsen [34], Android, not being a Java ME device, supports SOAP web 

services by either manually creating SOAP messages or by using third party libraries that 

support SOAP communication. Among these third party libraries Apache Axis2 is found, 
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which gives full support for SOAP based Web services and includes code stub generators 

from WSDL definitions. However, its initial implementation in Android failed for the 

author.  

KSoap2, on the other hand is a SOAP library made specifically for J2ME. This makes it 

much more light-weight than Axis2 and a current Android fitting implementation has 

already been created and is available online [4]. 

Through KSoap2, the MPower client application was created on a Nokia, Android 

enabled device and its performance measured, revealing that direct invocation via 

KSoap2 can in fact yield acceptable results/performance. 
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Chapter 4 Research methodology 

In light of the spiral model of the software process, the implemented solution incurred in 

two defined cycles; the first one, which produced the File Explorer application and the 

second one, which after correction of the already modified framework culminated with 

the LIGO Monitor implementation. 

The steps followed by the Evolution Process Framework were already discussed in 

Section 1.3 and illustrated in Figure 2 are reviewed here framing the activities particular 

to this development. 

4.1 Issue Assessment 

The issue assessment activity began by searching for the web service messaging 

alternatives namely, plain Http post, JSON, REST and SOAP [34] as well as their support 

in this project’s platforms. 

Plain HTTP Post requests are typically simple encoded messages whose response comes 

in an application specific XML format [34]. 

JavaScript Object Notation or JSON is a lightweight, text-based, language independent 

data interchange format for which Android has built-in support. Representational State 

Transfer or REST, on the other hand, is an architectural style for distributed hypermedia 
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systems that describes an architecture where each resource, such as a web service, is 

represented with a unique URL and accesses and modifies these resources through the 

standardized HTTP functions GET, POST, PUT, and DELETE [34]. 

SOAP is the message transport protocol that is accepted as the default message protocol 

in SOA. SOAP messages are created by packaging application specific XML messages in 

a standard XMLbased envelope structure [34].  

However, note that from all of these alternatives SOAP is the preferred method for 

communication in the Globus environment but is not supported in Android by default. 

Manual SOAP message construction or its support through third party libraries like 

ksoap2 is called for [34] [53].  

As opposed to JSR-172, ksoap is non-standard but it is suggested as an alternative to it in 

the original WSRF-ME framework [40], considering it was originally created for Java 

ME devices. This, points to the possibility of a cross-platform solution however, the 

direct usage of the original ksoap2 release on Android failed. As already mentioned in 

section 3.3, an Android specific release of ksoap has already been developed by MIT and 

was tested for the purposes of this project.  

With the goal of evaluating ksoap’s Android release’s shortcomings in the 

communication with a Globus server an Eclipse test project was created 

The shortcomings identified for this release during Globus access are similar to those 

identified in [40] for JSR-172 and are discussed next.  
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4.1.1 Web Services Resource Addressing issues 

Although it’s possible to address specific resources in accordance to the WS-Addressing 

specification with the unaltered version of the ksoap library, this is not achieved through 

a clean approach, in other words, through a direct method-based approach.  

In fact, in ksoap the communication’s incoming and outgoing SOAP envelopes are 

constructed through the SoapSerializationEnvelope class. SoapSerializationEnvelope is in 

turn an extension of the SoapEnvelope class which consists of an array of kxml Elements 

for the header and an object for the body. The header object is public in nature and the 

manual creation of kxml elements can be later assigned to it, thus complying with WS-

Addressing requirements in a manual, less than ideal way as seen in Figure 25 for an 

envelope destined to call any method of the example Directory service. 

 

Figure 25. Manual modification of ksoap’s envelope header 

4.1.2 Support for complex types  

Recovering complex types from the SOAP response message proved to be unviable 

trough the methods in the unextended library.  
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The test performed consisted of invoking the Directory service’s list method which has a 

complex array-type response. 

 

Figure 26. Recovering complex types with ksoap’s unextended version 

Figure 26 illustrates how although the service invocation was successful, showing correct 

values for the header and outer body tag of the received SOAP envelope (refer to the 

lines marked by the red arrows), when in reality parsing the response actually failed 

without reporting an exception and just reporting zero attributes and properties in the 

body element. This causes an exception when trying to recover the expected response 

tags, no matter their name. 
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4.1.3 Client Stub Generation 

Ksoap doesn’t support the generation of client side stubs in its original J2ME version or 

its modified Android version.  

4.2 Strategy Selection 

Considering that the Java libraries core to the original WSRF-ME framework do not find 

support in Android (see appendix in [6]) the reengineering of the system was considered 

appropriate.  

4.2.1 White Box Approach 

Program understanding is one of the most important, but at the same time is one of the 

most time consuming activities in the reengineering process. After not only attaining 

knowledge of the Android and Globus platforms, understanding the original WSRF-ME 

framework’s was a key step. This included review of Nokia tutorials and lengthy analysis 

of the legacy source code that, with little documentation, spanned over 80 files.  

This white box approach allowed the abstraction of the essence behind the WSRF-ME 

framework, its structure and concepts. 
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4.2.2 Black Box Approach 

Considering that the details of the SOAP communication were hidden behind the JSR-

172 functionality in the original code, a black box approach was followed as well. This 

enabled the matching of the original SOAP requests and responses, with those ksoap is 

capable to produce and process. 

4.2.2.1 HTTP/SOAP communication trace 

To provide access to the underlying SOAP and HTTP messages as a reference, the 

message exchange between the Globus server and the framework was logged using 

Wireshark (a free and open-source packet analyzer) while the different operations of the 

directory service were invoked. The screenshot seen in Figure 27 is a sample result of 

such logs. 
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Figure 27. Sample Wireshark capture for a directory service invocation. 

4.3 Solution realization 

The reproduction of the communication between a mobile and Globus’ directory service 

materialized in the use case, File Explorer application. 

The message matching was accomplished through the extension of ksoap’s functionality 

through the classes that will be discussed in the next chapter.  
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4.4 System transition 

No careful transition to the new application was required on a live system, so this stage is 

considered inapplicable. 

4.5 Process improvement 

Once the File Explorer application was finished, the process improvement stage started 

with the requirement for generalization of the Web service calls to support a new case 

study application typical of the grid environment. 

4.6 Evolution Process Framework second pass 

The issue assessment stage was started with the proper requirement definition, which 

necessitated the selection of a particular Globus application. For this purpose, three 

candidate applications were considered: 

• Montage: an astronomy application that takes pictures from the sky of varied 

dimensions and resolution and builds a larger composite view of the sky. 

• caGrid: is the underlying service oriented infrastructure that supports caBIG. 

caBIG stands for cancer Biomedical Informatics Grid and is an initiative of the 

National Cancer Institute;  it’s a voluntary virtual informatics infrastructure that 

connects data, research tools, scientists, and organizations combining their 

strengths and expertise in an open environment [7].  
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• LIGO: LSCSoft implements a set of tools that are used in the search for 

gravitational waves in space. The set of different laser interferometers which 

enable this task are collectively referred to as Laser Interferometer Gravitational-

wave Observatory or LIGO [37]. 

The final selection of the LIGO application is explained by the fact that it had a free to 

the public set of tools that are compatible with the Globus environment in addition to the 

fact that it was supported by Tsinghua University’s research laboratory where this project 

was born under the NSF’s Partnerships for International Research and Education (PIRE) 

project. This meant access to real sample data and know-how. 

In order to fully understand the principles behind the LIGO an overview of the concepts 

of gravitational wave observation is presented next. 

4.6.1 Gravitational Wave Observation notions 

Gravitational waves are created by moving masses, in a similar way as electromagnetic 

waves are created by moving charges.  However, gravity is the weakest of the four 

fundamental forces (the others are electromagnetic, weak nuclear, and strong nuclear) 

and gravitational waves are very small.  For physicists, a strong gravitational wave will 

produce displacements on the order of 10-18 meters, a thousand times smaller than the 

diameter of a proton.  Waves of this strength can only be produced by very massive 

systems undergoing large accelerations, for example two orbiting black holes that are 

about to merge into one.  These systems are rare and are light-years away [37]. 
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The search for gravitational waves is seeking the effects of some of the most energetic 

astrophysical systems in the universe and since they’re not absorbed or reflected by the 

matter in the rest of it, it’s possible to see them in the form in which they were created. 

Thus, their study provides insight not just only into astrophysical objects that would have 

otherwise been obscured and into phenomena that do not produce light but into Einstein’s 

theory of relativity and into the origins of the universe as well [37].  

The observation of gravitational waves has been accomplished in the US through several 

different laser interferometers which are collectively called LIGO (Laser Interferometer 

Gravitational-wave Observatory). Multiple interferometers are required to locate the 

sources of gravitational waves since each of them is sensitive to a large portion of the 

sky. The detection delay between two different interferometers is used to help pinpoint 

the detected signal’s location and rule out locally generated events. However, the data 

analysis that is required to search for gravitational waves is much greater than that 

associated with traditional optical telescopes, and real-time detection of gravitational 

waves is usually not possible.  Thus, high computing power and offline processing make 

Grid computing a viable candidate for their processing [37]. 

4.6.2 LIGO tools 

Part of “mobilizing” a grid application includes the exposure of its functionality through 

a web service. This was achieved by bringing two of LIGO’s monitoring tools into the 

web service world. 
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4.6.2.1 OmegaMon tool 

OmegaMon is used to count the amount of triggers or more simply, gravitational wave 

monitoring entries logged by the observatory over a particular time interval. Each log 

entry signifies a possible gravitational wave candidate and a time interval on which more 

triggers are present marks a period of time where a real space-originated gravitational 

wave may be present. 

4.6.2.2 RMon tool 

The RMon tool is used to compare the measurements from two different observatory sites 

(channels) over a set of logs. If the correlation measure between the two of them is high 

then the same observation was made on both locations and false or locally produced 

gravitational waves are likely to be discarded, revealing true space originated 

gravitational wave candidates. 



 

67 

Chapter 5 Implementation 

Two main work areas can be distinguished in the proposed solution, namely the server 

and the client. While the server hosts the services to be invoked, the client includes the 

mobile WSRF access framework solution and the particular application that makes use of 

it. For the purposes of this thesis, the server and its grid environment qualify as an 

external environment to the WSRF client application. Hence, the server is discussed in 

this chapter under the Environment setup section. The client itself is discussed in the 

Modified framework section, where the new WSRF framework is explained in detail, and 

the Case studies chapter which demonstrates the resulting modified framework’s usage in 

two different client applications. The first application, the File Explorer, provides 

evidence of the modified framework’s capabilities by matching the original WSRF-ME 

framework’s functionality in the invocation of the Directory service. The second one, the 

LIGO Monitor provides evidence of the mobilization of a real-life grid tool through the 

use of the proposed modified framework.  

Note that the solution here described follows the directives proposed by the original 

WSRF-ME framework that prefers web service direct invocation from the mobile client 

over any other gateway-based alternative. 
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5.1 Environment setup 

The grid environment is simulated for the purposes of this project through a single node 

Virtual Machine with the following characteristics: 

A CentOS 5.3 operating system that supports the Globus Toolkit v.4.0.8 and the LSCSoft 

tools, which can be downloaded online from the LIGO Data Analysis Work Group 

website [36] and include among others, monitoring packages such as OmegaMon. 

As a comment on this simulation environment, note that the WSRF-ME original 

environment was built on Fedora 9. This specific operating system was not supported by 

the LSCSoft tools required by the LIGO implementation. Hence, a new virtual machine 

was prepared with a fresh Globus installation based on the stable and well documented 

4.0.8 version. 

5.1.1 Original Web Services: the Directory Service 

Originally, WSRF-ME implemented a series of default Globus services as well as one 

custom-made directory service which was used to browse and view files on a specific 

server folder. This web service was used as the platform migration root as all ends of the 

communications could be analyzed transparently; from the WSDL and service Java 

implementation files to the client stubs. The directory service details are overviewed in 

Table 8. 
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Table 8.  Directory service methods [40] 

Service Name Method Description 

Directory 
Factory Service 

createResource Creates a Directory Service resource 

Directory 
Service 

get Retrieve a file’s contents from shared space 
list Retrieve the current listing of files and directories 

refresh Force update of current listing of the shared space 

5.1.2 LIGO web services 

Going further, the two LSCSoft tools that were exposed as web services in Globus were 

OmegaMon and RMon.  

5.1.2.1 OmegaMon service 

Although an OmegaMon tool already exists in the downloadable version of LSCSoft, an 

alternate version was prepared in order to allow complete freedom for testing, change and 

guideline extraction.  

The web service is implemented and launched in Java according to Globus guidelines and 

with the help of shell and awk scripts. With the help of the companion Factory service 

resource creation and lifetime are supported. The operations enabled are itemized in 

Table 9. 
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Table 9. OmegaMon service methods 

Service Name Method Description 

OmegaMon 
Factory Service 

createResource Creates an omegaMon service resource. 

OmegaMon 
Service 

getTriggerNum Recovers the number of triggers counted last. 
getLogLocation Gets the location of the input logs for the analysis. 
setLogLocation Sets the path of the input logs used during analysis. 
getLogChannel Gets the Channel set for analysis. 
setLogChannel Sets the Channel relevant for analysis. 

counTriggers 
Counts the number of triggers present in the time 
period defined for the set channel and log files in 
the predefined location 

The resources contain the following properties: 

• LogPath: stores the path where the analysis input log files are stored 

• Channel: defines the relevant channel for analysis.  

• TriggerCount: stores the last calculated trigger count. 

5.1.2.2 RMon service  

In the same fashion as the OmegaMon service, the RMon service was implemented in 

Java and makes use of the preexisting tool code in C through a shell script interface. 

Again through a companion factory service the creation of the resources is supported. 

The operations supported are shown in Table 10. 
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Table 10. Rmon Service methods 

Service Name Method Description 

Rmon Factory 
service 

createResource Creates an Rmon service resource. 

Rmon service 

getOptionFile Gets the name and path of the file containing the 
options for the rmon tool are specified. 

setOptionFile Sets the name and path for the options file. 

getInputListFile Gets the name and path of the file containing the 
list of input files to the rmon tool. 

setInputListFile Sets the name and path of the file containing the 
list of input files to the rmon tool. 

getLogFile Gets the name and path of an output file product 
of an rmon tool analysis. 

setLogFile Sets the location of an output file name and path 
product of an rmon tool analysis. 

rmon 

Launches the rmon tool in the background with 
the settings specified in the options and input list 
file and returns and stores the name of the output 
log. 

logAnalizer 
Analyzes the output log stored and returns a 
series of statistics including maximum and 
minimum timestamps and measurements. 

getAvailableLogs Returns a list of the files available in the rmon 
output folder. 

The properties of these resources are: 

• Options: where the options file name and path is stored. 

• InLists: where the input file list name and path is stored. 

• Log: where the log for analysis is stored. 

Consuming these services in Android’s client side required the generalization of certain 

aspects of the original ksoap implementation, referred to here as the modified framework.   
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5.2 Modified framework 

On the client side two different components can be distinguished. The first of them 

comprises the WSRF-ME modified features that allow mobile access to Globus from 

Android phones; which will be referred to as the modified framework or WSRF Android 

Edition (WSRF-AE). The second component is the Android application itself which is a 

use case example of component one and will be addressed in detail in Chapter 1. 

The WSRF-ME framework was developed with the enhancement of the JSR-172 

specification in mind, whose purpose is to define an optional package that provides 

standard access from J2ME to web services.  Although Blackberry already provides such 

access, Android phones still don’t support it and requires a different approach. 

One approach to SOAP web services on Android is through the ksoap2 library as 

mentioned by Knutsen [34]. This library was tested on the Globus environment and its 

shortcomings were identified. Below the highlights of the problems uncovered:  

• The ksoap2 library does not support complex types such as the array for file 

listing suggested by the original use case defined by WSRF-ME.   

• On the other hand, the creation and addressing of particular resources (where the 

state of the web service call is to be held), was possible through the inherited 

capabilities of the class’ public components, but not supported in a clean way.  

These issues were addressed in the modified framework, which is an extension of the 

ksoap2 library but could be easily separated from it with minor changes, if the necessity 

of a smaller sized solution is imperative. 
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As illustrated in Figure 28, the framework is divided among several packages. The 

org.fau package, which describes a new type of SOAP envelope which already supports 

the complex types as well as header and body tag insertion. The classes belonging to this 

package can be recognized because of the name that includes the “free” prefix. These 

classes could be used on any type of soap environment, hence their name, and they 

extend ksoap’s original functionality.  

 

Figure 28.  Modified framework diagram 

The second line of the diagram above, mark the classes belonging to the org.globus 

package. These classes extend the original free classes to Globus’ specific requirements. 

Notice that the globusEnvelope class now includes an additional EndpoitReference 
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component. In fact, it is through the EndpointReferences, that the specific resource 

addressing is possible. 

The free classes were created as an alternative to the original envelope and Http transport 

options but with less structural constraints (hence their name): The new envelope enables 

adding any element to the header as well as the body. Proper addressing of the resources 

can be achieved through this feature, by adding an Endpoint reference (URL + resource 

ID) to envelope header, through the globus classes, defined as subclasses of the free set. 

If a more lightweight solution is required this implementation can easily be separated 

from the original ksoap by adding support for the kxml and xmlpull libraries.  

In the case studies discussed at length in the chapter to follow, the service call was 

achieved through the manual creation of directory service stubs. 

 

Figure 29. General service stub implementation 

Figure 29 illustrates the implementation of a general stub suitable for any Globus web 

service.  It consists of a QNames class that defines all the qualified names that the service 
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will have and the PortType interface that describes all available operations or methods. 

The Binding class implements this interface by making use of the qualified names and the 

globus ksoap extension, thus concealing the details of the SOAP communication to the 

calling application.  

 



 

76 

Chapter 6 Case Studies 

With the migration of the original WSRF-ME use case in mind, an application with 

similar functionality as the original WSRF-ME case study is developed for Android; the 

File Explorer.  

On the other hand, the implementation of an application that exposes real life grid tools 

could provide insight into the requirements specific to the mobile grid environment. This 

led to the development of the second use case for this thesis, the LIGO Monitor. Both of 

these applications can be installed in an Android 2.2 environment as Figure 30 shows. 

The details of each if these case studies are discussed next, followed by a section that 

describes the observations and lessons learned through their development.  

 

Figure 30. Case studies 1 and 2 in an Android 2.2 environment 



 

77 

6.1 Android File Explorer 

The purpose of the original use case was to browse files and folders on a specific location 

of the Globus server through the Directory service. Its main operations are list (which 

returns an array listing the folders and files on a particular location) and open (which 

opens the specified file). These invocations are hidden in Android behind the 

functionality of a typical File Explorer application for version 1.6 and up, with the 

manual implementation of the client stubs and matching methods for each operation. 

Based in Anddev.com’s File Browser, the File Explorer application is built as an iconized 

clickable list with a primary activity that allows browsing and a secondary one that 

enables file opening. The application’s flow chart is illustrated in Figure 31. 

 

Figure 31. File Explorer flow chart 
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Figure 32 shows the File Explorer’s main screen where the upper the primary bar is used 

to display the current folder position. 

 

Figure 32. Android File Explorer main screen 

The operation of the Android File Explorer is intuitive and based upon highlighting and 

clicking for selection, as can be viewed in Figure 33, where the sequence of screens for 

opening a file is shown. The specific folder contents shown clearly depend on the server 

and the BasePath set in the Directory service resource property. The contents of the file 

are available only for viewing and scrolling is supported if the length of the file requires 

it. 
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Figure 33. Android File Explorer:  Sequence for opening a file 

Figure 34 illustrates how the return to the parent folder location is supported through the 

arrow marked icon. 

 

Figure 34. Android File Explorer: Returning to the parent folder  
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6.2 Android LIGO Monitor  

With the purpose of bringing a specific Globus application to a mobile environment, the 

LIGO Monitoring application was developed for Android’s 2.2 version (currently the 

latest version), again based on the modified client framework and using manually created 

stubs. 

This application’s main menu in Figure 35 allows access to the two selected LSCSoft 

tools: OmegaMon and RMon, as well as an “About” and an “Exit” Option. 

 

Figure 35. LIGO Monitor: Main menu 

The specific flow chart diagram for the LIGO Monitor is illustrated in Figure 36. 
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Figure 36. LIGO Monitor flow chart   

6.2.1 Omega Monitor 

The OmegaMon option enables access to the capabilities offered by the server’s 

OmegaMon service.  

 

Figure 37. LIGO Monitor: OmegaMon main menu 
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The OmegaMon main menu shown in Figure 37 allows the setting of the path on the 

server where the logs for analysis are located as well as the channel (Figure 38) 

  
 

Figure 38. OmegaMon: Option setting 

In addition to these options, the actual OmegaMon survey can be launched for a specific 

time interval represented in GPS Time format through the “Count triggers” feature 

(Figure 39). 

 

Figure 39.  OmegaMon: Launching the analysis  
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6.2.2 R Monitor 

The configuration and launching of the RMon tool is provided, together with an analyzer 

feature that can go over current and past RMon outputs and display them in a XY chart 

for easier viewing through the RMon web service set.  

RMon’s main menu on Android is illustrated in Figure 40. 

 

Figure 40. LIGO Monitor: RMon main menu 

RMon’s configuration is enabled through the setting of an analysis options file and the 

selection of the list of files that will be used as input for the tool (Figure 41). 
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Figure 41. R Monitor: Option configuration 

Starting a monitoring instance is achieved through the “Launch R Monitor” option in 

RMon’s main menu. As seen in Figure 42, the operation yields two return values; the file 

name where the monitoring output is logged and a status file that keeps track of the 

current time stamp being processed. Once RMon is launched, the log file is stored for 

convenience in the Log resource property. 
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Figure 42. R Monitor: Launching RMon 

RMon’s Analyzer tool enables the log analysis for whatever log is currently stored in the 

Log resource property. However, as the need may arise to analyze previous runs of the 

tool, browsing through the logs available and having the option to view them or to set 

them up for analysis is supported through an extension of the original Directory service. 

This extension involves the addition of two extra operations to the service that allow 

setting and finding the Base Path used as root for the browsing. This flexibility benefit is, 

however, counterbalanced by its security consequences as any path in the server could 

potentially be specified for browsing. 

Setting the Directory service’s BasePath to the log output folder, enables the use of a 

similar interface as presented for the File Explorer upon pressing the “Browse Log Files” 

button as illustrated by Figure 43. 
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Figure 43. R Monitor: Log file browsing 

Upon the selection of a file, the correct file type enables two options, viewing or setting 

up the log for analysis on the next run of the Analyzer (Figure 44).  

 

Figure 44. R Monitor: Log file options 

The viewing of a log is supported in the same manner as in Android’s File Explorer 

(Figure 45). 
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Figure 45. R Monitor: Viewing of a log file 

In the same way, the setup of a log file for latter analysis presents a similar interface than 

the option setting as illustrated by Figure 46. 

 

Figure 46. R Monitor: Set up of a log file for analysis 

The Analyzer tool is able to present through the logAnalizer operation from the server’s 

RMon service, a set of statistics of the log analyzed. The sample output shown by Figure 

47 exemplifies the results for a run over 1188 time stamps. 
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Figure 47. R Monitor: Analyzer tool 

Further abstraction can be achieved by choosing the “Show chart” option, which displays 

a line chart of the data in the log at hand. Navigating through the chart is achieved by 

pressing the arrow buttons as illustrated by Figure 48 which presents the graph for the 

1188 sample log.  

 

Figure 48. R Monitor: Analyzer graphical output  
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This graphical representation of the results is achieved through the use of the 

AChartEngine library [1]. 

This feature completes the description of the case study of a real grid client application 

running on an Android device. 

 

6.3 Lessons Learned 

Through the implementation of the LIGO web services and their invocation on Android 

the observations in the areas described next were made. These lessons learned may in 

time and with proper proof, be developed into a set of guidelines that will serve as aid in 

the development of mobile WSRF compliant applications. 

6.3.1 Request speed 

While OmegaMon was lauched in the foreground, RMon was launched in the 

background. Tying up the connection and the program flow on the client is not an issue 

when the data set is small and the connectivity with the server is guaranteed. However, 

grid applications have by definition large data sets and are resource expensive and while 

OmegaMon may run in a couple of seconds over the sample data set RMon takes up to 5 

minutes to complete. Tying up the connection for this long would not be reasonable on a 

mobile device where the connection is intermittent by definition.  
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6.3.2 Request frequency 

While OmegaMon performs a single operation over the data set (counting the number of 

triggers over a single interval) RMon performs several operations at once and returns a 

set of data characteristics. In order to provide an overview of the whole data set, a single 

large request may prove to be more effective than many requests that return little 

information.  

6.3.3 Multiple resource issues 

While implementing multiple resources is a plus when it comes to supporting 

independent users simultaneously, server side this needs to be addressed carefully, 

particularly when command line operations and external scripts or logs are used. In these 

cases, overwriting other resource’s logs or temporary files may be possible resulting in 

inconsistencies for all potential users.  

6.3.4 Data representation challenges 

Currently, Android devices are typically mobile phones and mobile phones are designed 

specifically with humans as the intended end-users. However, representing large data sets 

in a keyboard constrained and small screen size environment may prove to be quite 

difficult. Providing an overview of the data that conveys valuable easy to understand 

information, meaningful for human beings in just a few small screenshots that require 

little browsing is a challenge. This is observed in the contrast of output styles of the two 
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services at hand, while OmegaMon returns a single number the trigger count, RMon is 

able to give an abstraction of the entire data set in a textual and graphical manner. 

There is extra effort involved in trying to overcome the large data representation 

challenge in an environment where human interfaces are constrained by default.  

6.3.5 Consequences of large datasets 

For mobile devices, processing large data sets may be impossibly slow and frustrating for 

the human end-user, thus more processing on the server side is desirable. However, it was 

observed that even a one operation adjustment in the data set after its reception may be 

enough to slow down the application considerably. The more processing is done server 

side the better. However, message complexity may increase as a consequence, 

particularly for large data sets. For example, instead of transmitting a string of comma 

separated numbers an array of numbers could be sent.  

6.3.6 Activity lifetime stage recurrence 

It’s important to note that web service calls need to be executed over a lifetime stage that 

doesn’t repeat frequently in order to avoid redundant service calls. If the calls to fill out 

fields on the screen are made on the activity’s onCreate() method, it’s important to 

highlight that when the screen’s orientation is modified, the activity calls the onCreate() 

method again. 
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6.3.7 Preliminary Guidelines for Mobile Globus Application Development 

The above observations can be summarized in the draft of the following guidelines: 

• The frequency of SOAP requests for similar purposes should be minimal. Prefer 

one request with a large response that gives an overview of the task over many 

small ones that don’t abstract anything and avoid redundant web service calls. 

• A fast response is of the utmost importance in case the connection is lost; the 

service output and progress can be monitored instead. An alternative to this 

implementation is starting the monitoring tools through a grid job. 

• Multiple resources imply possible simultaneous data processing and access. Care 

should be taken when setting up the service in order to avoid inconsistencies that 

could affect all service users at once. 

• There is a tradeoff between the complexity of the response and the need for post 

processing on the client side.  Although post-processing large grid data sets on 

the client is unadvisable, the complexity of the required SOAP message in this 

scenario may deem it preferable. 

• If post-processing the data is unavoidable, since most of the data may not fit on 

the screen anyway, a possible solution is performing the post-processing in an on 

demand basis (post-process when you need it, not beforehand). A uniformly slow 

application may be preferable over a very slow application at particular times. 

Ten seconds wait on every screen of the chart may be better than a 1 minute wait 

while the entire data is processed and drawn at once. Nielsen provides a 

guideline on important response times [41] that can further elucidate this idea. 
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• Visualization techniques are essential for human understanding of large datasets; 

particularly when having to deal with small screens. Ways to abstract the data 

and display it in a way that better conveys its meaning need to be in place.  
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Chapter 7 Conclusion 

To conclude, this chapter provides a research summary and an overview of the thesis’ 

limitations as well as its contribution and ends with the suggestion of several possible 

future research areas. 

7.1 Research Summary 

This thesis took the next step towards interoperability with the evolution of the original 

WSRF-ME framework towards the support of a larger range of mobile platforms by 

creating the modified WSRF-AE framework.  

The Android platform on which this research was conducted is extremely new and poses 

challenges due to the lack or immaturity of its development tools (libraries, frameworks, 

etc.). However, its open source nature has led to its implementation by countless 

manufacturers and its current market share makes it worthy of study. 

Under the light of the Evolution Process Framework a strategy was followed that 

included the review and evaluation of the legacy code as well as the investigation of 

current Android web service invocation solutions and their shortcomings in the Globus 

specific SOAP communication environment.  
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A modified framework was proposed as a result of these experiments and two separate 

use cases exemplified its use. The first use case, the File Explorer ties the modified 

frameworks’ capabilities to the original WSRF-ME framework’s functionality. Beyond 

this, the second use case gave context to the framework in a conceivable grid use case 

and allowed the extraction of grid specific guidelines for web service consumption. 

7.2 Research Contribution and Limitations 

Every project has limitations and contributions that direct the way future developments 

should take. For this particular thesis, its limitations and contributions are described next. 

One of the major limitations in this work is in the area of security. Although, the original 

framework did support Https communication, the security factor should be readdressed 

for the solution proposed here, not only because of communication security but because 

Globus itself stands for proper data use and sharing.  

In addition, WSRF specification support needs careful reviewing. Following the 

guidelines of the original WSRF-ME may prove to be insufficient when it comes to 

assuring complete specification support. 

Although WSRF4J2ME as well as the original WSRF-ME already provided proof of the 

mobile device’s ability to communicate with a Globus grid, the variety of mobile 

platforms available and their inherent incompatibilities made it necessary to prove once 

more that the communication can be achieved from one as different as Android and 

revealed the possibility of a multi-platform development along the way. 



 

96 

On the other hand, LIGO tools were exposed as Globus web services and consumed from 

a mobile device for the first time. This implementation also led to the drafting of a set of 

guidelines for mobile grid access. 

7.3 Future Work 

Further work in the area of mobile grid access and the development of a framework for it 

is clearly possible. The support of automatic stub generation and the addition of serious 

security features that will try to prevent the improper access and loss of sensitive 

information are only a few.  

The continuation of the guideline creation can prove to be quite useful and the creation of 

better visualizing aids for large data sets can further improve grid access. 

On the other hand, the performance measurement and benefits of each of the guidelines 

already suggested still remains unproven and could complement the observations 

presented in this thesis well. 

However, one of the most interesting directions this research could take is its 

generalization towards cloud computing. There is no clear definition of what the cloud 

actually is, and what it involves [9] but its relationship to its grid ancestor seems quite 

evident based on its similarities. In fact, following Ian Foster’s three point checklists 

clouds may very well be grids. The migration of the classes and concepts mentioned here 

to cloud oriented web services could prove to have more applicability in the everyday life 

and remains open for now. 
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