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Abstract. Though twenty years have passed since the birth of CSCW, the original goal of it is not 

reached as well as people expected. This situation is mostly due to the supporting technology espe-

cially the infrastructure. Because of Grid computing and Web services, the globalization of software 

development has become a reality. Many software projects are now distributed in diverse sites across 

the globe. The distance between these sites creates several problems that did not exist for previously 

co-located teams. Problems with the coordination of the activities, as well as with the communication 

between team members emerge. This paper describes how event-drive servers that are built on grid 

and web services are a useful technology for supporting global software development. They provide 

some general yet flexible cooperation related services and organizes them into different layers. In 

general, advantages of using event-drive servers are described as well as specific problems that they 

help solve. 
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1   Introduction 

Nowadays, globalization means that the economical, cultural and social boundaries of countries are disappearing. 

Software is no exception to this rule. For example, due to different government regulations, telecommunication 

companies need development sites in different countries to get a position in the local market. Therefore, they need to 

adapt their processes, tools, and organizational culture to overcome the disparity between the sites. In order to do so, 

they need to solve a wide variety of problems. The most obvious is the physical distance between the sites [1]. In this 

case, the sense of working in a team decreases due to the lack of interaction between the members of different sites. 

As a consequence, there is a lack of trust because the members usually do not have knowledge about overseas’ cul-

ture. Relatively simple activities like discussing requirements in meetings cannot be performed. There are also strate-

gic, cultural, knowledge management, project (and process) management and technical issues to be solved [2]. All 

these problems must be understood and properly resolved for global software teams succeed.  

On one hand, the requirements on cooperative software development technologies become more and more intensi-

fied especially in business domain. On the other hand, though many cooperative development systems/tools have 

been developed, they are not widely deployed. Today, Grid [3] and service-oriented computing [4] will significantly 

affect the design and implementation of cooperative systems. Roughly speaking, Grid provides a strong infrastructure 

for deploying cooperative systems while Web service reduces the cost of system/tool integration. Thus, if we can 

utilize these new technologies, more applicable systems can be obtained. As an endeavor in this direction, event-

drive servers that are built on Grid and Web services can be used as an infrastructure to support global software 

development, they incorporate the emerging Grid and Web service technologies and can both ease the burden of 

system development and overcome the limitations laid on current systems. Several technical problems that arise can 

also be solved, for example, using this technology, the lack of informal communication can also be partially solved 

by building collaborative tools, such as instant messenger systems. In order to use event-drive servers, events (repre-

senting activities) must be captured. One way to capture these events is through instrumentation of applications. 

Another way is through event monitoring [5]. Others, such as MILOS [6], use a publisher-subscriber component in 

its architecture. 

The rest of the paper is organized as follows. Architecture of this framework is presented in section 2, detail design 

of its core is discussed in section 3. Then, the next section presents the advantages that can be obtained using event 

servers. Finally, Example scenario of event service is given and some conclusions are described. 



2 Architecture of CoDevFrame 

Two main obstacles for global software development are resource limitation and tool isolation. By resource limita-

tion we mean that the current underlying network doesn’t provide enough support for resource management, by tool 

isolation we mean that different tools are running separately and no interaction between them is taken into account. 

Grid technology presents an attractive vision for the future usage of computer and other electronic devices. Investiga-

tion into running Grid-related projects shows that most of them are concerned with resource coordination covering 

the topics such as Grid architecture, resource/data management or domain-specific applications. However, little effort 

has been dedicated to providing a systematical framework to support the rapid development of cooperative applica-

tions. In fact, cooperation is the ultimate goal for people to use information technology, so we propose a comprehen-

sive framework -- CoDevFrame that is based on Grid technology to utilize the power of Grid to support large-scale 

and/or resource-intensive cooperation. To facilitate cooperation, Web service is also introduced into this framework 

to integrate various tools or domain-specific applications. 

As Figure 1 illustrates, the underlying fabric layer in Figure 1 provides high-speed communication channel for up-

per layers. It supports most current network standards such as IPv4/IPv6 and 802.11b. Grid Infrastructure layer is 

divided into two sub-layers: Resource sub-layer and Services/Interface sub-layer. Resource sub-layer manages vari-

ous resources such as storage, software services, computing power, instruments, and so on. Access to these resources 

is accomplished via Grid/web services interface in Services/Interface sub-layer. For research on Grid has gained 

some useful results (e.g., the release of Globus Toolkit 4), here we just adopt existing technologies to construct Grid 

infrastructure. CoDevCore adopts service-oriented architecture. To bridge the gap between Grid infrastructure and 

the diverse applications, it ships various common services. With these services, developers can then quickly construct 

new cooperative applications simply by tailoring them and developing new domain-specific services. Details of 

CoDevCore and middleware layer will be explained in the next section.  

Event-drive services are the main parts of application layer, since the Internet is not reliable, a good way to think 

about how these applications work is as loosely coupled autonomous objects. Instead of using direct communication, 

these applications use an event-drive design style. Messages are not sent from an application directly to another, they 

are sent to an event dispatcher, which in turn distributes them to the applications that need them. In this case, there 

are two types of components: information sources and consumers. The information sources publish events, while the 

information consumers subscribe to particular categories of events. Events are sent by the information sources to the 

event servers, which ensure the delivery of these events to all interested information consumers. In general, in an 

event-based system, component interactions are modeled as events, which are transmitted in the form of notifications. 

An event server usually provides a subscription service that allows consumers to subscribe to different types of 

events using, for example, boolean (logical) connectors, regular expressions, sequence matching, and so on. There 

are many event notification servers in existence and they are surveyed elsewhere [7]. Three representative examples 

are CASSIUS [8], Elvin [9] and Siena [10]. CASSIUS was developed tailored to provide awareness information for 

groups. Elvin was originally developed to gather events for visualizing distributed systems, but it evolved later to a 

multi-purpose event notification system. Finally, Siena emphasizes scalability in distributed environments. 
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Fig.1. The Structure of CoDevFrame 

3 Detail design of CoDevCore 

Figure 2 gives the view for understanding the framework. As shown in the figure, the framework consists of some 

common services and a set of facilities. Details of them are as follows. 
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Fig.2. Functional View of CoDevCore 

 

3.1 Common services [11] 

Common services are built right on top of the underlying Grid infrastructure. In CoDevCore, Globus Toolkit 4 is 

adopted to construct Grid infrastructure. These services encapsulate some functions of the underlying Grid infrastruc-

ture and make them ease of use. The most important services are Common Message Engine (CME) and single sign 

on (SSO). CME provides an information exchange channel for facilities and other essential services of framework, 

including message specification and message transport. A message is defined as a quaternion <ID, D, S, M>, where 

ID is the unique message identifier, and },...,,{ 21 ndddD =  is the destination set of the message with d=<DID, 

DURL, DPORT> where DID, DURL and DPORT are the identifier, URL and access point of the destination service 

respectively, and S=<SID, SURL, SPORT, EXCEPTION> is the message source with EXCEPTION indicating what to 

do when a message fails to reach the destination, and M is the message content that is usually application-specific. 

CME provides support for message routing and multicasting, which is done by the message transport module. Once a 

message is received, message transport module resolves it and tries its best to forward the message to the destinations. 

A destination can be located via its identifier (DID) or the pair (DURL, DPORT). When DID is deployed, the trans-

port module exploits facility registry to find out the real location of the destination service. Facility registry can be 

updated on the fly, thus dynamic service invocation is enabled. The implementation of CME incorporates the idea of 

Service-Oriented Architecture (SOA), that is, all the modules of CME are implemented as independent Web services. 

Compared with other message-oriented middleware [12], CME is more flexible and reusable because it inherits the 

advantages (e.g., platform-independent, loosely-coupled and so forth) inherent in SOA. Therefore, users can easily 

extend or recombine existing services through the interface provided according to the real world requirement without 

modifying the underlying system architecture. This is an outstanding feature of CME. In addition, CME provides 

alternate data transport schemes as stated above. This makes it even more applicable. 

SSO is deployed to facilitate system usage. It is implemented as an independent service. Since many literatures [13] 

have discussed the features of SSO thoroughly, we will not repeat it here. 

3.2   Facilities 

Facilities are some utility services based on the common services supplied. The interconnection of facilities with 

CME makes facilities as a whole to deliver more powerful and convenient functions for cooperative applications. 

That’s the main difference with the standalone groupware. Two categories of facilities, that are, process management, 

awareness support, are critical and common to different domains and supplying these facilities will ease the burden 

of cooperative system development. 

3.2.1 Process management facilities 
Currently process management facilities include only one service, that is, workflow management service. In our 

opinions, the control flow in process management should be balanced between human and system to bridge the 

socio-tech gap [14]. To achieve this purpose, two steps are taken. First, we decouple workflow logic from real busi-

ness logic. That is to say, workflow just tells right person (“who”) to do the right thing (“what”) at the right time 

(“when”). However, how to handle the workitem (“how”) is left to users or applications specified by the user to 

decide. After the given workitem is handled, the actor reports the result explicitly. Based on this paradigm, we devise 

a set of cooperation patterns as the elementary units for process construction. Each pattern contains a solution to a 

common business goal. Second, AI method is introduced as does in Pegasus [15]. One outstanding feature of our 

workflow planner is that efficient interaction with users is supported to keep the balance between full automation and 

human pro-activeness and to better reflect user’s intension. The workflow execution engine in CoDevCore is built on 

top of CME and so it can easily communicate with the other facilities. For example, the message that a certain 

workitem is being handled can be sent via CME to awareness support facilities and then perceived by others. With 

message as a basis, process instance can be adjusted on the fly simply by resending or forwarding the corresponding 



messages generated by some workitem. By this means, designers and developers avoid the intensive and trivial work 

on implementing various function-like business processes as does in traditional workflow management system. 

3.2.2 Awareness support facilities 

Awareness support is one of the most important features of cooperative systems [16]. The most intuitive perspective 

of awareness support is to provide suitable information about the environment during the cooperation, including 

people presence, cooperation history, network status, etc. It is widely accepted that providing support for awareness 

will greatly promote the efficiency of collaboration. CoDevCore aims to cover a wide range of cooperative applica-

tions, so awareness support must be supplied. In response to this requirement, cooperative awareness (CA) service is 

delivered. We’d like to point out the early work on awareness usually exploits very simple and inefficient strategy 

due to resource limitation and as a result, the power of awareness is not fully opened out. CoDevCore is constructed 

on top of Grid infrastructure and such a limitation disappears owing to the enormous resources shipped by the Grid. 

Taking this advantage, we set up a “Poly-Awareness” model [17], which integrates basic information services, situa-

tion awareness, process context, user customized information, profiles of person and devices as a whole. With this 

model, when designing other services, designers can clarify such problems as what information is needed by CA and 

how to produce the information needed. The interaction between CA and other services makes all of them more 

powerful. 

4   Advantage of event-drive service [18] 

In order to minimize the inadequate communication between developers of global software development, we argue 

that event-drive servers can be used because they help resolve the technical issues and they provide support for some 

organization issues such as role support. The advantage of event-drive service are as following. 

� Flexibility 
Event notification servers can provide several advantages when used to support distributed software development. 

The most important is the decoupling between the sources and consumers of the events. When coupling is decreased, 

the flexibility of the entire system is improved. For instance, an information source publishes their events without 

knowing which components are interested in them. Meanwhile, the information consumers subscribe to the events in 

order to be notified without knowing which component is the source of the event. In this manner, if a new informa-

tion producer is added to the system, no modification is necessary to it. Furthermore, if a new information consumer 

wants to be notified about an event, it simply needs to subscribe to it. The information source does and the other 

components of the system do not need to be modified. In short, the event technology enables a “plug and play” ap-

proach to support introduction of new service components [7].  

� Support for informal communication 
The physical distance between sites makes it harder for distributed team members to locate remote colleagues and 

to be aware of their actions. This lack of awareness implies in fewer interactions since they cannot tell what people 

are up to and if it is appropriate to interrupt. In fact, one of the main problems in distributed software development is 

the lack of informal communication [19]. In other words, software developers rely also on informal, ad-hoc commu-

nication to fill in details, handle exceptions, correct mistakes and bad predictions, and manage the effects of all these 

changes [19]. As this type of communication is absent in global software development the coordination of these tasks 

is much more difficult. One possible approach to this problem is to use Instant Messaging (IM) to stimulate informal 

communication (opportunistic interactions) among workers at different sites. Usually, IM systems provide awareness 

information about the presence of others. Notification servers have been used as infrastructure to build IM systems 

[20], in so doing they can indirectly support informal communication. 

� Role support 
Roles are used to help the coordination of a large number of developers. Examples of roles are: project managers, 

team leaders, senior analysts, designers, programmers and so on. These formal roles need different types of informa-

tion to be properly played. In fact, according to [21] a collaborative system should be able to direct particular infor-

mation to particular people based on their roles. 

Fuchs [22] argues that the same event can be highly important for one user and completely uninteresting for an-

other user in the same situation, or similarly, an event may be important for a user in some situation and irrelevant for 

the same user in another. Fuchs’ work is about public administration, but the similarities to software projects is suffi-

cient that we believe similar conclusions apply. 

In general, in an event-based system there is communication: between the information source and the event server 

and between the event server and the information consumers. There are two types of architectures to implement this 

communication: pull and push. In a pull architecture, the component interested in receiving the events is responsible 

for contacting the other component to check for new events. Usually, it is necessary to specify how often one com-

ponent wants to poll the other. On the other hand, in a push architecture the component that wants to send the events 

“pushes” these events onto the others. In other words, the second component is “called” by the one that is sending 



events. In this case, these components need to implement some kind of standard interface to be invoked by the other 

components. 

In order to support distributed software development both architectural models should be supported due to the dif-

ferent roles involved in a software development activity. For example, a push model is important in order to inform 

the manager of an invalid or problematic state. In real-time scenarios, it might be imperative to receive a notification 

of events as soon as they occur. On the other hand, a pull model is important in a mobile environment where the 

information sources can be disconnected. In this case, the events would be lost if they were not recorded for later 

delivery. 

� Network problems 
Since wide-area networks are often slow and unreliable, i.e., network packages are lost due to problems in the 

transmission. For several applications, this is not a problem, however in global software development the events 

flowing in the network encapsulate critical data necessary to improve coordination of activities, communication, etc. 

Event meta-information could be used to avoid networks problems. By meta-information, we mean any additional 

information about an event that is recorded by the information source or event server and sent alongside with the 

event. Therefore, this meta-information is available to the information consumers, in addition to event information. 

Typical examples of meta-information are the type of the event being sent, the information source that sent the event, 

the timestamp when the event was sent by the information source and so on. A flexible mechanism to support event 

meta-information could be used to support additional services such as guaranteed delivery and security, therefore 

alleviating the problems of the wide-area networks. 

5   Example scenario of event service 

The following scenario illustrates how an event server might be used to support distributed software development. Its 

goal is to support developers keeping them continuously aware not only of which artifacts are changing, but also of 

the impact and severity of those changes. We currently want to implement the following scenario. 

In this scenario, several distributed users are working on different, but dependent, parts of the system. For example, 

White is developing a component called “Reader.java” in Seattle, USA. This component depends on another compo-

nent “System.java” being developed by another developer, Liu, in Guangdong, China. The dependency between 

these components implies that White needs to be notified when component “System.java” is modified. Otherwise, 

changes in System.java may “break” his code. In other words, White adds this component to his private workspace; 

therefore this system will send a subscription to an event server specifying that White be notified about changes 

(events) for that component. This subscription is sent to the event server located in Seattle, which forwards it to all 

other event servers of the company including one in China. Meanwhile, Liu, who has been working in China to 

complete his task, checks in “System.java” into the Configuration Management (CM) system. The CM system is 

instrumented in a manner such that it sends events to the event server, when components are checked in or checked 

out. In this case, a new event viz. "component System.java checked in by Liu at 10:03 AM" would be generated. The 

event server in China adds information about the current location to the event and then forwards it to the server in 

Seattle. The next morning, White’s workspace would have an indication of changes to the component “System.java”. 

John would be able to figure out the appropriate action to be taken: change his code, contact Liu, etc. 

There are several important points in this. First, the event server must support Internet-scale notifications in order 

to deliver the information among the distributed sites. Second, the event server must support push and pull. Third, in 

this scenario, events are being treated as strings without any formal structure. However, in reality, events should be 

semi-formally structured in order to (1) facilitate their processing, and (2) provide support for error detection. It is 

also necessary to have some mechanism for defining event structure and type. 

6   Conclusions 

Recently, supporting global software development begins receiving more and more attention [11, 18], CoDevFrame 

borrows some ideas from them. In global software development, several problems arise due to the physical, social 

and cultural difference between the developers. For example, communication is much more difficult because of 

language barriers, informal communication among the team members cannot happen and trust is more difficult to 

achieve. 

The goal of this paper was to present event-drive servers based on Grid and Web services as an important and use-

ful technology to support global software development. The way deployed is to develop some generic common ser-

vices on top of Grid and harmonize the interaction between these services, they provide a good framework to the 

development of collaborative tools. For examples, technical problems that collaborative tools face in widely distrib-

uted scenarios can be solved using these servers. Finally, it is important to note that event-drive servers are one 



mechanism to distribute events across the sites. They provide the infrastructure for a variety of tools to be built upon, 

such as process visualization [23] or event reasoning [24]. 
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