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Abstract. A collaborative integrated development environment enables devel-
opers to share programming-related tasks. This paper presents the design and 
implementation of a collaborative IDE named ICI (Idaho Collaborative IDE). 
ICI enables developers in different locations to collaborate on a variety of soft-
ware development activities in real-time. It supports software development in 
C, C++, Java, and Unicon. ICI combines a synchronous collaborative program 
editor and a real-time collaborative debugger within a 3D multi-user virtual en-
vironment. ICI reduces cognitive context switches between tools inside the IDE 
and between IDE tasks and virtual environment activities, allowing developers 
to share, in real-time, the process of editing, compiling, running, and debugging 
of their software projects. 

Keywords: collaborative environment, debugger, run-time debugging, Inte-
grated Development Environment (IDE). 

1   Introduction 

Integrated Development Environments (IDEs) are one of the most heavily used tools 
in programmers’ everyday activities. For this reason, IDEs are a primary venue for 
adding collaboration support for software development and software engineering. A 
collaborative IDE is a place where developers work together to design, solve coding 
problems, and share development knowledge. 

Much collaboration in software development is accomplished using asynchronous 
technologies such as e-mail or revision control systems that do not require real-time 
interactions. The IDE described in this paper augments those facilities with interactive 
collaboration tools for n users that are needed for applications such as remote pair 
programming, distance education, and distributed code reviews.  Alternative tech-
nologies for performing these tasks are available but frequently require too much co-
ordination and setup efforts to be comfortably ubiquitous, especially for developers 
who interact with many different teams and projects. 

As Churchill and Bly observed, communication in collaborative tasks is always about 
the tools of collaboration [1]. A difficulty appears when, for example, developers discuss 
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changes to a program’s code in a chat window (or in a phone conference), while at the 
same time trying to view the same code using a separate application. There are generic 
tools that provide shared views of an entire PC desktop, but they are bandwidth-
intensive, have distracting session setup and teardown costs, and may provide more 
access and less control than is intended for a given collaboration. 

2   Overview of ICI 

Among current collaborative software development tools, most are limited to specific 
software development tasks, such as source code editing. Contexts such as computer 
science distance education need a more integrated collaborative IDE that 1) supports 
real-time collaborative compiling, linking, running, and debugging sessions, and 2) 
provides an environment where developers can communicate easily either by text or 
voice; all from within the same tool [2], [3]. 

 

Fig. 1. An ICI session. Tabs allow easy switching between virtual world and IDE tasks. Users 
can text and voice chat with each other; see who is logged in and how busy they are; invite 
others to watch or help; and edit, compile, test, run, and debug programs. 

This paper presents the design and implementation of a collaborative IDE named 
ICI (Idaho Collaborative IDE). ICI is integrated inside the CVE virtual environment 
(cve.sourceforge.net). Fig. 1 shows ICI inside CVE. CVE is a multi-platform collabo-
rative virtual environment where users can interact with each other within a 3D virtual 
world. CVE's graphical environment is cartoon-like (similar to popular games), rather 
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than aiming at being photorealistic. Fig. 2 shows an example scene developers might 
see in this environment. The collaborative virtual environment provides developers 
with a general view of other users and what they are doing. It allows developers to 
chat via text or VoIP with other team members and with developers from other teams 
in real time. Users may invite one another into collaborative IDE sessions, where they 
work together on tasks such as program design, coding or debugging. The integration 
of the IDE within a virtual environment makes searching for collaborators, seeing 
who is available, or queuing for the attention of an expert less difficult and less intru-
sive, especially for the busy developers who serve as architects, chief surgeons, or 
instructor/mentors. These users are often on the receiving end of a large proportion of 
collaboration/assistance requests, motivating special attention in the user interface. 

While logged in to the collaborative virtual environment, developers can use ICI 
for their normal IDE tasks, in between collaborative sessions. The fact that it is 
online, videogame-like, and chat-enabled is a potential distraction, but enriching the 
sense of online presence while programming is what allows ICI to make it easier to 
support multiple collaborations or to switch between tasks. For the languages C, C++, 
Java, and Unicon, ICI provides interactive collaboration for compilation, linking,  
error messages, and debugging.  

 

Fig. 2. 3D Environment Scene 

A real-time collaborative debugging session begins when one of the participants in 
the session starts a debugger such as gdb, jdb, or udb1. During a collaborative debug-
ging session, developers can take turns controlling the debugger, while other develop-
ers watch and discuss the debugging commands and messages (Fig. 3 illustrates a 
collaborative IDE/Debugging session). 

                                                           
1 UDB is the Unicon language source-level debugger. 
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Fig. 3. The information flow design of an ICI collaborative session allows n developers to see 
and cooperatively control the same view of the code and the execution or debugging session. 
PTY (pseudo-terminal) denotes a pair of virtual character devices that provide a bidirectional 
communication channel to an external application such as a compiler or debugger. 

ICI’s collaborative IDE sessions are conducted within the context of the virtual en-
vironment and developers can multi-task or enter and leave a session as needed. The 
collaborative session is owned by its creator; however, invited developers can take 
turns requesting session control and act as if they were the owners during the collabo-
rative session.  

ICI supports general collaborative software development tasks. However, it was 
built to serve the specific needs of computer science and software engineering educa-
tion, particularly distance education. Typical requirements scenarios were computer 
science teaching environments where an instructor and/or a small team of students are 
interacting during a software development task. For example, one scenario is a virtual 
office-hour visit, in which a teacher assists students on their assignments without hav-
ing to be in the same physical location. Similarly, ICI may be used in a virtual lab to 
help teaching assistants and tutors in teaching a group of students on remote com-
puters. A third example is a distributed team environment, 

where team members use a collaborative session to work on a shared task, each 
from his/her own location [4]. 

The tools' suitability for software engineering distance education also makes it 
highly suitable for software engineering teams whose members are spread across mul-
tiple sites. ICI presently focuses on interactive collaboration. Although individual 
scenarios focus on specific collaboration tasks, ICI’s requirements were influenced by 
the expected surrounding context. While an instructor or consultant is collaborating 
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with one student or team, many others may be seeking interactive assistance or send-
ing messages. Providing specific information about individuals’ pending requests and 
queuing options helps all parties. 

The rest of this paper discusses the design and implementation of ICI. Section three 
introduces the design. Section four describes the implementation. Section five com-
pares ICI with the related tools. Section six provides an overview of the planned  
future work. Section seven ends the paper with some conclusions. 

3   Design 

ICI’s architecture is composed of four major components: 1) a collaborative editor, 
where developers can share source code editing and navigation, 2) a collaborative 
shell, where developers can share compilation, program runs, and real-time debugging 
sessions, and 3) a set of communication tools such as a text and voice chat, provided 
by the surrounding virtual environment context, and 4) an interface for collaboration 
control, which allows users to invite other developers, take turns at the IDE controls, 
and enter and leave the collaborative session. 

Users meet in a collaboration session that is an interactive work session. The ses-
sion owner, the person who started the session, is responsible for inviting the other 
participants. ICI uses a client-server architecture. The clients communicate with a 
collaboration server, a component of the collaborative virtual environment server 
cluster that implements shared collaborative services. The collaboration server for-
wards messages to the appropriate clients based on the message type. Section 4.1 
shows a list of ICI network protocol messages. Fig. 4 shows the UML diagram for the 
classes related to the collaborative IDE (ICI). The classes in the diagram named  
Dialog, EditableTextList and Dispatch are large standard GUI class libraries in the 
Unicon language; they are subclassed and customized in ICI, which keeps the imple-
mentation relatively compact. Similarly, classes Server, LoginSession, Commands, 
and NSHDialog are not part of ICI, but rather CVE virtual environment classes that 
provide the context in which ICI executes. The collaborative IDE design did not have 
to establish communications capabilities or create its own window; instead it needed 
to interface with an existing infrastructure. 

SyntaxETL is a multi-language syntax-coloring collaborative editable text list wid-
get developed for ICI. Its sibling the ShellETL editable text list class adds multiplat-
form child process execution. The IDE aggregates the source code SyntaxETL widget 
and the ShellETL execution widget to form the user interface for a collaborative ses-
sion. The IDESession class coordinates the activity in these widgets with the client’s 
view of the remote users that are participating in the session.  

3.1   Real-Time Collaborative Editor 

ICI provides a fairly standard programmer’s editor, in which a user can edit files pri-
vately, and then invite others into a shared session on the fly when consultation is needed. 
Unlike an ordinary text editor widget, the collaborative editor widget must send and  
receive network messages for all editing actions to the appropriate session on the collabo-
ration server. The design of the collaborative editor is kept as simple as possible. ICI’s 
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editor has two modes: watch and edit. During a collaborative session, only one of the 
participants may edit; the rest of the participants are in watch mode. In watch mode users 
can ask questions, provide suggestions, or ask for permission to take a turn at the con-
trols. A participant in watch mode sees and automatically follows any code modification 
or navigation made by the edit mode user in the collaborative session. 

 

Fig. 4. Collaborative IDE Class Diagram 

3.2   Real-Time Collaborative Shell 

In order to collaboratively compile, run, and debug a shared program, ICI implements 
a collaborative shell. The collaborative shell allows developers to see the compilation 
messages of the target program and to share the inputs and outputs of the running 
program. A real-time collaborative debugging session can be started by any developer 
as a private IDE activity and subsequently shared when it is determined that assis-
tance is needed. The collaborative shell uses a simple multiplatform virtual executor 
facility to interact with the execution or debugger session, and a network protocol to 
share shell I/O with the rest of the participating developers in the collaborative  
debugging session.  

The virtual executor is a simple two-way I/O channel that funnels bytes from one 
process to another. On Windows it is implemented as a bi-directional pair of pipes; on 
UNIX platforms it is a pseudo-tty which behaves like a pair of pipes with the addi-
tional property that one end of it looks like a conventional TTY terminal [5].  
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When a user starts a debugging session, a call to open a virtual executor runs the 
debugger such as gdb, jdb, or udb appropriate for the shared program. Once the de-
bugging session starts, a prompt appears at the collaborative shell allowing the owner 
of the session to start entering commands to the debugger, while the other clients can 
observe the text commands and the debugging messages simultaneously. The collabo-
rative shell uses the same protocol used by the collaborative editor, but with a differ-
ent set of network protocol messages (see section 4.1). 

3.3   Communication, Control, and Activity Awareness 

The ICI design perspective is that what happens in between collaboration sessions is 
just as important as exactly how the shared session works. Much of what happens 
between sessions is ordinary, non-collaborative IDE work, and the primary emphasis 
in design was to minimize the transition effort between individual work, collaborative 
session, and back to individual work, so that this can easily occur dozens of times 
during the course of a work period. For example, an invitation to a collaboration ses-
sion might intuitively be delivered via a popup dialog, but the intrusion of such a dia-
log does not scale well for busy users; better is a Facebook-style visible indicator of 
pending invitations and the ability to review the queue at one’s convenience to see 
who has been waiting for what, and for how long. 

Group awareness is an important factor for a successful collaboration, providing an 
understanding of other developer activities. ICI provides support for group awareness. 
In addition to the current collaboration sessions which are temporary in nature, there 
are persistent groups, modeled after those found in Massively Multiuser Online games 
(MMOs). Persistent groups (often called “guilds” in games) provide both chat and 
wiki-style collaboration aids that remain across work sessions. Unlike most MMO 
“guilds”, in ICI one may be a member of as many groups as needed. 

4   Implementation 

ICI is implemented as a part of the CVE virtual environment. The code for ICI is avail-
able as part of the open source CVE virtual environment project (cve.sourceforge.net). 
CVE is written in Unicon, a very high level object-oriented programming language [5], 
[6]. Unicon provides a simple interface to the standard internet protocols, TCP and UDP, 
as well as several higher level communications and messaging protocols [5]. 

Each set of ICI clients that are working together is associated with a session object 
on the collaboration server which allows clients to broadcast messages to all members 
of the group. The shared editor was implemented using an approach similar to the one 
used by GHT (Group Homework Tool), a “same time different place” groupware tool 
built to support synchronous, collaborative coding among novice programmers [7]. In 
ICI, insertions and deletions are executed locally on the client before they are sent to 
the server. The other clients then apply the modifications to the text. 

The concept of collaborative IDE session appears in both the server and the client. 
The server manages the sessions using a table that contains all the needed information 
about each collaborative IDE session: the owner, current edit mode user, file, and list 
of users in the session. On the client, there is another session table that contains all the 
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information for this client about its sessions (session id, owner of the session, refer-
ence to the user interface component for the session, file, and list of users in the  
session). 

4.1   Network Protocol 

The ICI network protocol messages are strings consisting of a message name fol-
lowed by arguments which are often a data payload or a list of users. Messages are 
divided into three different categories:   
 

General ICI messages 
CETLOpen: opens a collaborative IDE session when a user presses the Invite button. 
It takes a string a string argument consisting of the user_name, filename, and encoded 
file contents. 
CETLAccept : informs the server when a user accepts an invitation to collaborate. 
The message has the parameters (recipient, index_counter, file_name, slave). It opens 
a collaborative IDE tab on the accepting client, and changes the background color of 
the editor and shell widgets on all clients to light yellow as an indication for the 
collaboration session. 
RejectIDE: informs the server after the user rejects an invitation to join a collaboration 
session. 
CETLCompile: shows the compilation and linking messages, notably the error 
messages, to the collaboration users. 
CETLLock: requests a lock for the users of the collaboration other than the owner 
CETLLockTransfer: indicates that the user requests a turn at program editing. If the 
owner close the session, then state will change to unlock, and the background color of 
the editor and shell widgets will change to white. 

 
Collaborative editor messages 
CETLevent, CETLmouse, CETLkey, CETLscrol: The syntaxCETL class generates 
these CETL messages in response to GUI events coming from the collaborative 
editor. The server calls the handle_CETL_Event() method to forward the event to the 
participating clients. 
 
Collaborative shell messages 
SHLevent, SHLmouse, SHLkey, SHLscrol: the ShellETL class generates these SHL 
messages for both GUI user input events and output received from the external 
process (the compiler, debugger, or program being executed), and the server calls the 
handle_CETL_Event() method to forward the event to all the collaborative shell at the 
other side. 

4.2   Source Code 

ICI’s source code is organized into the following classes. 
 

SyntaxETL: this subclass of the Unicon standard library EditableTextList class pro-
vides a multi-language syntax-coloring collaborative editor widget 
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CETL: is the main class of the IDE. It is a subclass of the Unicon standard library Edit-
ableTextList class, which provides a scrollable editable text area. This class issues 
“CETL events” to send the changes through the network to all the collaborating clients 

ShellETL: this subclass of the Unicon standard library EditableTextList class executes 
a simple command shell within a collaborative editable textlist widget, in order to 
fulfill the requirements of the compiling and debugging procedures. 

IDESession: is a class responsible of managing the collaborative IDE session (create 
new sessions; receive events from collaborative IDE, etc.) 

NSHDialog: is a class which has methods related to the GUI (buttons, trees, etc.) that 
is used by the virtual environment and by the collaborative IDE. In the collaborative 
IDE this class is used to build the GUI which will make it simpler for the user.  

Server: is a collaborative virtual environment server class which has methods for 
managing the virtual environment. The collaborative IDE uses this class as the man-
ager for the collaborative IDE sessions. It creates a session entry there when a user 
invites another user. Also it adds another user into the users list when additional users 
are invited into the session. Once a user exits the session or logs out from the virtual 
environment, they are removed from the users list. 

N3Dispatcher: is a subclass of Dispatcher and it sends messages from the server to 
the client and vice versa. The collaborative IDE uses this class to synchronize differ-
ent events between the clients and the server. This is done by sending different types 
of messages between them (invite user to the session, remove user from a session and 
fire event in the editor which is currently in a collaborative IDE session). 

Fig. 5 depicts event transmission during a typical collaborative session in which a 
GUI operation is sent to the server and forwarded to other participating clients. 

 

 

Fig. 5. GUI Events are Transmitted to the Server and Forwarded to other Clients 

4.3   Technical Challenges 

The major benefit of collaborative editing is to reduce software development task 
completion time. To achieve this benefit, an IDE such as ICI must overcome both the 
technical challenges of maintaining consistency together with good performance, as 
well as the social challenges of supporting group activities. 
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One challenge of using a real-time collaborative editor comes from network la-
tency. Simultaneous editing by multiple users will either be slow or else potentially 
inconsistent edits must be reconciled. The challenge is to figure out exactly how to 
make the changes appear in the document, which were created in remote versions of 
the document that never existed locally, and make sure that no conflict occurs with 
the client’s local document edits. 

ICI dodges the communication lag issue by having just one version of the program 
and allows the clients to edit the program one at a time. For the scenarios envisioned 
in ICI’s requirements, collaborative editing does not include concurrently editing the 
same file by multiple users. Concurrency control was added to the editor widget by 
implementing a way to lock the developers who do not have permission. File editing 
happens using a simple algorithm such as: 

1. Request the 'edit document' token from the server 
2. Wait for the server response and loading the file 
3. Give the right to edit to the file owner. Tell the server about every edit on the 

document. 
4. If the other client wants to edit, they must ask the owner to give authoriza-

tion. The reason why authorization is required is to avoid having inconsistent 
versions of the document. 

5. Once authorized; the client may edit the document 
6. Inform the server of changes to the document, by sending edit event mes-

sages for each change. 

5   Related Work 

The major difference between ICI and almost all the related work cited in this section is 
that ICI is part of a 3D multi-user virtual environment. Having said that, a multitude of 
collaborative text editors have been developed that constitute related work. This section 
does not cite them all but instead highlights various existing systems and research that 
provide interactive collaboration for multiple phases of program development. Eclipse 
(www.eclipse.org) and NetBeans (www.netbeans.org) integrate revision control systems, 
which constitute non-interactive collaboration tools in the IDE [8]. ICI presently focuses 
on the harder, orthogonal challenge of interactive collaboration. 

Langton et al. [7] presented GHT (Group Homework Tool), a tool developed for 
programmers coding in synchronous collaborative manner. This tool helps teaching 
assistants and tutors in teaching a group of students on remote computers. GHT has 
several components which include: synchronous code editor, HTML frames for an 
assignment definition and resource page, chat and shared Whiteboard. The GHT col-
laborative editor performs insertions and deletions (modifications on the text) locally 
only after they performed remotely on other clients. This way of handling modifica-
tions slows down (less than 0.3 seconds under good network conditions) the process 
of editing the text. The GHT collaborative editor also can be used to send chat mes-
sages between developers and this helps in discussing specific lines in the code at the 
same window. Also, it can be used by teaching assistants to help students with their 
programming assignments. The GHT collaborative editor has two modes: watch and 
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edit mode. Edit mode means only one student at a specific moment can modify the 
code and the other students can only ask questions or provide suggestions. Watch 
mode means the editor just scrolls automatically to show which part is viewed by the 
other student. Of all the tools in this section, ICI is the most similar to GHT, but 
avoids the latency issues mentioned above and emphasizes collaboration on execution 
and debugging tasks, not just code editing. 

Booch and Brown [9] point out that a rich collaborative development environment 
arises from the collection of many seemingly simple collaborative components to 
support coordination, collaboration, and community building. They also state that 
IDEs equipped with team-centric features are a step up from those merely augmented 
with some collaborative support. According to Booch and Brown, merging these fea-
tures into the IDE’s file viewer reduces friction, by saving the developer from having 
to go outside the IDE and manually dig for such information. 

A notable working example of a collaborative IDE is Jazz, a research project at IBM 
that adds a set of collaboration features for the Eclipse IDE [10], [11], [12]. The objective 
is to help developing the collaboration within the group. Jazz provides a facility similar to 
an IM buddy list to monitor who is online and whether they are coding or not. Develop-
ers can initiate chats, or use different communication methods such as screen sharing and 
VoIP telephony. Jazz also provides some awareness features [10]. 

A number of other Eclipse-based projects focus on the integration of collaborative 
features into IDEs.  GILD is an example of a project that provides cognitive support 
for novice programmers and support for instructor activities [8], [13]. CodeBeamer is 
another example of a commercial product that has plug-ins for integrating collabora-
tive capabilities into IDEs such as chatting, messaging, project management, and 
shared data [14].  Another example is Sangam; a plug-in for the Eclipse platform that 
features a shared editor and chat for pair programming [15]. 

In another work Cubranic and Storey [1] introduce a collaborative IDEs that can be 
used to help students in computer programming courses to work as a team on the pro-
gramming assignments. This study evaluates how usable and effective is the collabo-
rative IDE. One problem with this collaborative IDE is it does not save what each 
participant added into the code for monitoring what updates happened. This feature is 
common in revision control systems and non-interactive document collaboration tools 
such as Microsoft Word, but is absent from many of the interactive collaborative text 
editors including ICI. 

Ozzie and O’Kelly [16] and Roseman and Greenberg [17] introduce a set of tools 
(e.g. text editors, chat and whiteboard) which are needed in generic collaborative in-
teractive environments. Hupfer et al. [18] describe a collaborative IDE which can be 
used as a communication medium between team members, enabling them to ask ques-
tions or discuss an issue with other team members. Also, it can be used to help develop-
ment teams in working together in a project. The system can show if a team member is 
online or active in his/her machine or not. 

ICI provides similar capabilities, with a greater focus on interactive problem solv-
ing during development tasks such as debugging. Also, ICI allows teaching assistants 
and tutors to help students in their homework’s on remote computers. ICI developers 
can see from the tree view of the ICI session users not just who is online or active, but 
more specifically: users participating in specific ICI sessions, and the owner of those 
sessions. 
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6   Conclusions 

Collaboration plays a crucial role in software development. For this reason, continu-
ing to improve the collaborative tools available inside integrated development envi-
ronments is of great potential benefit. Collaborative tools can be used alongside a 
non-collaborative IDE, but integration reduces the time required during the develop-
ment process. ICI is a 2D collaborative IDE that lives within a multiuser 3D virtual 
environment. The merger of these two forms of collaboration tools makes both more 
interesting. The 3D virtual environment benefits from having real-world purposes for the 
social networking and game-like interaction that it provides. The IDE benefits from the 
awareness support and communication context provided by the virtual environment. 

ICI does not yet blur the lines sufficiently to test whether value can be added by 
further virtualization of IDE activities; for example, whether the use of software de-
velopment tools and artifacts such as source and object files will benefit from 3D rep-
resentation, or whether 3D views of IDE activities will provide awareness or other 
benefits sufficient to overcome the loss of resolution incurred in embedding 2D data 
in a 3D scene. 

A lot of work remains in order to evaluate and tune ICI for differing environments 
and turn it into a production tool. At present, ICI is a good tool to facilitate the educa-
tion of novice programmers. It helps students taking introductory computer program-
ming to improve their programming skills, and to improve the student-instructor and 
student-tutor interaction.  

Research in collaborative IDE systems can be categorized into: 1) application 
level, where the focus is coordination management between remote software compo-
nents; and 2) human level, where collaborative widgets are studied in detail. This 
work has primarily focused on the application level, although some usability, group 
awareness, access control, work area management, and similar features are also per-
formed. One major contribution of this work is the support for a flexible collaborative 
IDE that integrates responsive, and real-time collaborative editing and debugging. 
This research has been focused on the core technical components to support such 
tools. 

7   Future Work 

ICI currently has many limitations. Although successful as a real-time software de-
velopment collaboration tool, its turn-based explicit control is not appropriate for all 
collaboration scenarios. Future work will include a “traffic-light” control mode in 
which editing permission switches between users automatically. For example, a user 
in edit mode has a green light until another user attempts to edit, after which edit 
mode user’s light switches to yellow, and control transfers after the edit mode user is 
idle for an appropriate time. It would also be useful to mark user changes by different 
colors.  

Another area for near-term future research is to extend ICI to provide better sup-
port for collaborative sessions that span multiple files in a project. Part of ICI that is 
still under construction is a collaborative UML drawing UML tool. 
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To test the effectiveness of the supported features, user studies are needed, focus-
ing on evaluating the usability and efficacy of collaboration across multiple interac-
tive sessions. Alpha test sessions suggest that code sharing, editing, compiling, and 
debugging using the ICI collaborative IDE was easy for all the participating users, but 
nevertheless suggest several additional areas for future work. Test sessions demon-
strated that developers need all the integrated features; such as shared editor, shared 
shell, and text and voice chat in order to succeed in collaboration. The test session 
results did not show any need to further reduce the lag time in the group editor. They 
do point out that further extensions to the group awareness are needed, so that users 
have different colors or icons, and revealed a need to add an indication to the changes 
made by the user, for example underlining the changes.  
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