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ABSTRACT

This paper discusses distributed software engineering and related topics in coordination of projects and project artifacts.  Various configuration management systems (CMS) approaches and techniques are examined; these include client-server, k-mutual exclusion, and distributed configuration management systems.  New trends in CMS technologies and approaches are also discussed.  Specific topics addressed include: how do CMS enable collaborative work; do current systems afford multi-granular locking mechanisms, and what are the HCI-related issues in distributed software engineering.  The paper concludes with a presentation of new areas of research that are open in the area of distributed software engineering and configuration management systems.
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I. SOFTWARE ENGINEERING PROCESSES
Coordination efforts within software development projects is not a new concept; NATO organized a meeting of software developers in 1968 that defined the term “software engineering” and identified the complexity of managing software development as a key challenge within the field [Grinter, 1998].  Thirty-seven years later, the issue of coordinating the software development process – including the technical side and the human side – is still a challenge.  Brooks, Parnas, and Conway (among others) all recognize the importance of team structure and collaboration among members as key to the success of software development [Grinter, 1998].

Computer-Aided Software Engineering (CASE) tools are useful in supporting the development of software systems.  Lower-CASE tools are primarily focused on supporting the implementation and testing phases of software development; upper-CASE tools are those that are primarily focused on supporting the design and analysis phases of software development [Sommerville, 2001].

It is important to note that most software engineering activities involve the coordination and collaboration of documents related to the software system.  These documents consist of system requirements specifications, design documents, project schedules, risk tracking, features list documents, test case documents, and software source code. While many CASE tools exist to help manage the software development process, fundamentally all software engineering activities involve collaborating on documents; even source code, as structured as it is, can be viewed as a text document.

Regardless of whether the system employs lower-CASE and/or upper-CASE tools, modern software engineering of large-scale software systems involves a high level of collaboration and coordination.  Software engineering offers an excellent opportunity to examine systems, subsystems, groups, and subgroups within the context of CSCW [Borghoff and Teege, 1993].  Consequently, the features of general-purpose CSCW tools are readily applied to software engineering.

Locasto et al [2002] define three fundamental elements of collaborative systems; all of these are central to software engineering systems, as the core of software engineering is the collaboration and coordination of a project team to develop a system.  These fundamental elements are: user management, content management (and version control), and process management.  These are defined as (emphasis added):

“User management is defined as the administration of user accounts and associated privileges. This administration should be as simple as possible to avoid wasted time and confused roles.

Content management is the process of ensuring the integrity of the data at the heart of the project. Content management systems often employ versioning control that transparently preserves the progression of the project as the associated documents mature and grow.

A workflow is an abstraction of the process that a task takes through a team of people. During the execution of the workflow, it is often difficult and time-consuming to manage individual processes. Process management handles the interaction between different levels of project contributors.”
Sections II and III of the paper examine two main areas that are particularly relevant to the topic at hand – managing collaborative teams and managing collaborative code.  Section IV then continues and goes into more detail with regard to version control strategies.

II. DISTRIBUTED DEVELOPMENT

Collaborative editing systems (CES) are central to distributed, collaborative software engineering.  Without the ability to collaborate on documents, the system cannot function.  Central to the ability to collaborate on documents is the ability to work within a group and coordinate group effort.  In a traditional software engineering setting, these activities entail project task scheduling, status reporting (and meetings), and inter-group communication.

Borghoff and Teege [1993] present a model for collaborative editing that "mediates coordination and cooperation" and make the case that such a system can be used in the software engineering domain.  They define the multi-user distributed system titled "IRIS" that consists of a data layer an operations layer.  Static user information (such as phone numbers, email addresses, etc.) is stored in the data layer so communication is facilitated.  Explicit and implicit coordination is provided by the operation layer, where implicit takes care of mutual exclusion for collaborative editing, and explicit allows users to soft and hard lock and communicate their activities to others in the collaborative space.  The model also allows users to defined new parts, remove existing parts, and move parts in a structured edit (assumes that the documents in use have structure - SGML, ODA, etc.).

Borghoff and Teege [1993] also have an interesting view in the systems applicability to software engineering.  The authors make the case that software engineering consists of document manipulation and coordination of collaborative development.  The code of the software system being built can be coordinated using their explicit and implicit coordination structure; versioned automatically because the model contains "history information;" report current activities because the system tracks dynamic user profiles (who has recently done what and is currently doing what); and can extract the latest build/version of the system [Borghoff and Teege, 1993].

What is most novel about the “IRIS” model is that it explicitly separates the structural information of the document from the content information of the document.  This allows the transformation operations on the document to be more easily achieved.  Of course, the system has the advantage of working only with highly-structured documents, which is often not the case in general-purpose document editing.  Fortunately, software engineering documents and source code are most often highly structured; therefore, this model is very applicable to the field of distributed software engineering.

Distributed software development by its nature involves four essential problems: evolution (changes must be tracked among many different versions of the software), scale (increased software systems involve more interactions among methods and developers), multiple platforms on which the system will be deployed (coupling the methods and subsystems of the software), and distribution of knowledge (in that many people all are working on the system and each contain a set of the working knowledge of the system) [Perry et al. 1998].  The central question to ask in parallel development is one of managing the scope of changes within the system over time.  Certainly we can employ process (as has been done for decades) to manage the software development activities, but more and more, CASE tools are being utilized to help manage the growing complexity and tightly-coupled activities within software development.

In the more general sense (transcending beyond software engineering), emergent models of organizational theory suggest that there is a movement away from hierarchical forms of group coordination to utilizing information technology in facilitating more adaptive, flexible structures.  Such structures are often termed “network organizations” or “adhocracies” [Hellenbrand, 1995] and offer the possibility for more productive and efficient groups and organizations.  By utilizing collaborative computing environments, transaction costs are reduced and coordination of tasks is improved.

Certainly there is a need for coordinating the collaborative nature of software development [Chu-Carroll].  This problem is beyond the scope of version control systems and must address the very human side of software development through coordination policies and processes central to distributed software engineering.
III. CONFIGURATION MANAGEMENT

A recent study that tracked the number of changes to files by different developers and found that 12.5% of all changes were made to the same file within 24 hours of each other; thus there is a high degree of parallel development with a potentially high probability that changes made by one user would have an impact on the changes made by another developer.  The study also reports that there were up to 16 different parallel versions of the software system that needed to be merged - quite a task [Perry et al. 2001]!

Another recent study [Herbsleb et al. 2000] investigated a software development project that spanned six sites within 4 countries on two continents and a seventh site on a third continent acting as a supporting role.  The study found that when teams were distributed, the speed of development was delayed when compared to face-to-face teams.  Also of note was the fact that team members report that they are less likely to received help from distant co-workers, but they themselves do not feel that they provide less help for distributed co-workers.

The study’s finding concludes with the idea that better interactions are needed to support collaborations at a distance.  Better awareness tools such as instant messaging and the "rear view mirror" application by Boyer et al. [1998] offer potential for overcoming some of the problems inherent in distributed software system development [Herbsleb et al. 2000].

Clearly, ensuring that users within the shared space have exclusive access to the elements of the shared data and are provided adequate access to the files within the system is of critical importance in distributed software engineering.  Configuration management entails managing the project artifacts, dealing with version control, and coordinating among multiple users [Allen et al, 1995; Ben-Shaul et al, 1992].
A "Distributed Version Control System" (DVCS) is one in which version control and software configuration control is provided across a distributed network of machines.  By distributing configuration management across a network of machines, one should see an improvement in reliability (by replicating the file across multiple machines) and speed (response time).  Load balancing can be another benefit of distributed configuration management.  Of course, if file replication is employed, then we must implement a policy whereby all copies of the file are always coherent [Korel et al.  1991].

In order for distributed configuration management to work efficiently, the fact that the files/modules are distributed across multiple computers on the network must be transparent to the developer/user.  The user should not be responsible for knowing where to locate the file he/she is seeking.  Rather, the system should be able to provide an overall hierarchical, searchable view of the modules present in the system; the user should be able to find their needed module(s) without any notion of where it physically resides on the network [Magnusson, 1995; Magnusson, 1996].

Another interesting aspect of distributed configuration management is the idea that the system provides each user with a public and private space for the files [de Souza, 2003].  The public space contains all of the files in the collaborative, distributed system.  The private space contains minor revisions or "what if" development files that the local user can "toy with" in an exploratory manner; this provides a safe "sandbox" area that each developer can use to explore possible ideas and changes.  When a module is ready for publication to others, it is moved from the private space into the public space [Korel et al., 1991].

Guaranteeing mutual exclusion to the critical section is a classic problem in computing.  In the cases of distributed software engineering in a collaborative environment, we need to guarantee that only one user can be editing any section of the collaborative shared space at any given time.  In some cases, we might like to allow k users to have simultaneous access to a shared resource (where k ≤ n, n = total number of users in the system).  This section examines the various mutual exclusion algorithms that are relevant within the context of collaborative systems.

Distributed mutual exclusion algorithms fall into one of two primary categories: token-based and permission-based.  In a token-based system, a virtual object, the token, provides the permission to enter into the critical section.  Only the process that holds the token is allowed into the critical section.  Of interest is how the token is acquired and how it is passed across the network; in some models, the token is passed from process to process, and is only retained by a process if it has need for it (i.e. it wants to enter the critical section).  Alternatively, the token can reside with a process until it is requested, and the owner of the token makes the decision as to who to give the token to.  Of course, finding the token is potentially problematic depending upon the network topology [Velazquez, 1993].

The other approach to distributed mutual exclusion is the permission-based approach.  In the permission-based approach, a process that wants to enter the critical section sends out a request to all other processes in the system asking to enter the critical section.  The other processes then provide permission (or a denial) based upon a priority algorithm, and can only provide permission to one process at a time.  Once a requesting process receives enough positive votes, it may enter the critical section.  Of interest here is how to decide the priority algorithm and how many votes are necessary for permission [Velazquez, 1993].

In the case where we would like to allow some subset of users access to the shared resource (or shared data) simultaneously, the work of Bulgannawar and Vaidya [1995] is of particular interest.  Their algorithm achieves k-mutual exclusion with a low delay time to enter the critical section (important to avoid delays within the system) and a low number of messages to coordinate the entry to the critical section.  In their model, they use a token-based system where there are k tokens in the system; further, the system is starvation and deadlock free [Bulgannawar and Vaidya, 1995].

The k-mutual exclusion algorithm differs from the traditional mutual exclusion algorithm in that in a network of n processes, we allows at most k processes into the critical section (where 1 ≤  k ≤  n).  The algorithm developed by Walter et al. [2001] utilizes a token-based approach that contains k tokens.  Tokens are either at a requesting process or a process that is not requesting access to the critical section.  In order for this algorithm to work, all non-token requesting processes must be connected to at least one token requesting process.  To ensure that tokens do not become "clustered," the algorithm states that if a token is not being used, then it is sent to a processor that is not the processor that granted the token [Walter et al.  2001].

Distributed token-based, permission-based, and k-mutual exclusion algorithms are all useful in various scenarios.  The primary use and impact of distributed mutual exclusion in the context of this paper is to manage access to shared code in the software engineering system.  This is a vital part of any distributed software development environment with simultaneous users accessing shared source code.
IV. COORDINATION

Since a shared set of objects reside at the heart of any collaborative system, some mechanism must be in place to coordinate the activities of the multiple users within the system.  The more general computer-supported collaborative-work (CSCW) research supports the approaches taken in collaborative software engineering coordination approaches.  Traditionally in software engineering, one of two approaches is taken with regard to coordination: pessimistic locking and optimistic sharing.

Thus assume the scenario in the figure below where a shared document within the software engineering code repository is accessed by two users.  If the original version of the document (A) is edited by both users 1 and 2, and both users desire to commit their changes to the shared space, then a collision occurs and resolution is needed.  Should user 1’s changes be committed; should user 2’s changes be committed; or should some common version that incorporates both sets of changes be committed? 


[image: image15.png]- using System;
using System. Text.RegularExpressionss

- nanespace VSTTDemo

<
<

Refactor »

Insert Snippet,

‘Surround With,

A o To eintion

Find All References
Breakpoint. »
i IS

3 Copy

B paste

Outlring »





Distributed version control can be approached via three main models: turn taking, split-combine, and copy-merge.  All have advantages and disadvantages.

The turn taking approach to collaborative development suffers from the fact that only one participant can edit the document at any given time; this reduces the parallel nature of collaborative development.  The split-combine approach assumes that the splits can be static and that there is very little interaction among participants; this is often not the case as different sections of a system can be tightly coupled and dependant upon each other.  The copy-merge approach has a high degree of parallelism in the sense that all participants can edit the files/documents at the same time, but the merge step of combining all of these changes can become quite difficult and costly [Magnusson et al.  1993].

Configuration management systems typically take one of two approaches with regard to locking: optimistic or pessimistic locking.  In the optimistic approach, developers are free to develop in a more parallel fashion, but conflict occurs at the merge point when two sets of files must be merged together and changes brought together (and avoid losing work and ensuring that changes in one file have not adversely affected changes in the other file).  In the pessimistic approach, developers must obtain a lock on a file before being able to edit it; this can reduce the parallel nature of development since at most one developer can edit the file at any time.  
Both optimistic and pessimistic configuration management rely upon the user to query the CMS as to the state of the file; a better approach would be one in which the emphasis shifts to a "push" information flow where the system updates the user as to who is also interacting with the files that they are interested in.  Palantir [Sarma et al.  2003] is one such system that takes an active role in informing users of changes and graphically depicts a heuristic measure of the severity of change with respect to the users' local copy of the file.
IV.I. PESSIMISTIC COORDINATION

The first widely adopted approach to coordination in a collaborative environment is to pessimistically assume that users within the system will desire to edit the same object at the same time and that such edits will be destructive or cause problems.  Since this is a shared resource/object, consistency and causality are important.  Notice the similarity to causal memory, shared memory, and cache coherency in distributed systems research.

Pessimistic coordination policies are typically implemented using a “check in” and “check out” API.  Users may gain access to an unused document by issuing a “check out” request; the document is then locked for that user, and no other user may access the document.  When a user has completed any edits to a checked out document, he may issue a “check in” request, returning the document to the repository with any changes made to the local copy.

Since only one user has access to the shared document at any given time, the problem of multiple versions of the same document within the system is avoided.  Thus, no two users can have writable copies checked out at the same time.  Updates to the repository occur upon a “check in” command, and the old copy of the document is overwritten with the new copy of the document.  Often, differentials are saved so that “undo” or “revert to old version” commands are possible.  The following figure illustrates this.
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One major limitation of the pessimistic coordination policy is the lack of concurrency in the distributed environment; since only one user can access each shared document at a time, then concurrency of collaboration may be inhibited.  A few solutions to this problem exist:

First, one can reduce the size of the code placed into each atomic element within the repository.  Since each element (document) within the repository contains less code, the probability of two users requesting the same document may be reduced.  This is akin to breaking up a large file into smaller files, each of which may be checked out concurrently without being inhibited by the pessimistic locking policy.  Of course, it may not always be possible to create small documents within the repository, and a highly-desired document may inhibit concurrency regardless of its size.

Second, configuration management repositories may allow users to check out “read only” copies of an already-checked-out document.  I.e. if one user already owns a document, other users may view (but not edit) the contents of this document.  Such a local copy could be used within local users’ workspaces for “what if” editing without corrupting the original, master copy.  If such local changes are deemed relevant to the master copy, the user can later check out the master and incorporate these changes.
IV.II. OPTIMISTIC COORDINATION
The second widely used approach to coordinating concurrent development in a shared space is the optimistic approach.  This coordination policy assumes optimistically that users will not need to access the same resource at the same time frequently [Magnusson, 1993; O’Reilly, 2003], thus this policy promotes increased concurrency among collaboration at the cost of potential problems in inconsistency in the shared documents and loss of causal access.  Such a policy is indicative of and seems to work well in an “agile development” environment where communication and productiveness trump tools, processes, and planning [O’Reilly, 2004].

Optimistic coordination systems are typically implemented using awareness within the system such that users are made aware of each others’ activities.  Awareness is defined as “an informal understanding of the activity of others that provides a context for monitoring and assessing group and individual activities” [van der Hoek et al, 1996].  In such a system, synchronous updates occur immediately when an edit occurs (akin to a write through cache policy in distributed shared memory systems).  Consequently, all users have a current copy of any shared document and no check-in and check-out is needed because any document a user is editing is by definition checked out (and perhaps checked out simultaneously by many users) [O’Reilly, 2004].  The following figure illustrates the optimistic coordination policy.
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Such awareness-based optimistic systems rely upon users to coordinate and avoid collisions in edits to the shared document.  According to current CSCW research, this seems to work reasonably well in smaller work groups, but does not scale well to larger collaborations among many users [van der Hoek, 1996].  Two proposed reasons for this include the limited amount of cognitive information users may process simultaneously and the inherent dichotomy of informal coordination and formal, process-driven coordination.

Consequently, optimistic coordination policies work well in smaller collaborative environments with fewer users when self-coordination is accomplished by the users of the system.  The advantage of such an approach is increased collaboration and concurrency.

V. LOCKING GRANULARITY

The previous sections of this paper have outlined the motivation for software engineering processes, software configuration management, and various approaches to coordination.  This section will look in detail into the ability for configuration management systems to lock at various granularities.

Traditional software configuration management (SCM) systems lock at a file level and assume text-based content for their differential analysis [Cederqvist, P, 1993; Chu-Carroll, 2002; Magnusson et al., 1993].  But there is much potential to be realized if a finer granularity, such as a class, method, or block, of locking is adopted [Chu-Carroll, 2002; Magnusson et al., 1993].

First, by locking at a finer granularity, contention for shared documents will be reduced.  A single file containing many classes and/or methods may no longer be the point of contention among multiple users; now, since this file is broken into multiple sub-files – each of which is managed separately by the SCM system – many users can have parts of the heretofore large file checked out (or in use) simultaneously.

Second, by adopting a fine granularity (sub-file level) for locking, the system may improve concurrency regardless of whether a pessimistic or an optimistic coordination policy is utilized.  This is due to the fact that the probability of two users requesting the same document will be reduced when the document sizes are reduced (i.e. if the locking granularity increases, the documents being managed will decrease in size and the number of such documents will increase).  Documents in high demand will be partitioned into subsections, and these subsections may be locked independently (with less contention of requests) in a pessimistic system.  And in an optimistic system, probability of users editing the same document will be reduced.

Third, by adopting a fine granularity for locking, the system may aggregate documents together to form virtual files and other versioned objects from collections of other objects [Chu-Carroll, 2002].  Most SCM systems currently employ the concept of a project (or directory) which is itself an aggregate [Microsoft, 2005a].  Unfortunately, most existing SCM systems do not make it easy to aggregate objects from different projects.  But fine-grain SCM systems allow for heightened aggregation as the reusability of each element is increased; if elements are decoupled from other elements, then reuse should increase [Microsoft, 2005a].  The following figure demonstrates the aggregation of many elements into larger, versioned objects within the repository.
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Chu-Carroll et al [2002] propose a model of using fine-grain elements as first-order entities to achieve a high level of aggregation.  The idea in their system is that the semantic rules of the programming language(s) in use can guide the automatic management, searching, and merging of various versions of the documents being edited collaboratively; particularly novel in their system, titled “Stellation,” is the idea of automatically aggregating specification to implementation, linking code to requirements/specification.

Magnusson et al [1993] propose an interesting approach to manage the complexity that can emerge when dealing with fine-grain entities in a SCM system.  Since the number of elements in a fine-grain SCM system can increase by an order of magnitude or more, Magnusson et al implement their system using a hierarchical representation of the code base.  Blocks of code contain other blocks of code in a component pattern, and a tree of code blocks is constructed to represent the source in the repository.  Depth in the code tree represents such semantic programming language elements as classes, methods, and blocks.  To keep the complexity and redundancy of the system minimal, the authors employ a sharing scheme such that references to new/changed entities are “grafted into” the current source tree.  The following figure demonstrates the shared source sub-tree from version n to version n+1.
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Notice in this model only the changed source code tree node data is modified in the structure; the tree node and its ancestors are marked as part of the new version (notice the grey nodes above), but no code is replicated unless it has been modified (notice the black node data above).  This avoids redundancy in the source code repository.  This model supports additions, edits, single evolution lines (progressions) and alternative revisions (version branches) [Harrison, 1990].  Additionally, this version tree assists in facilitating merges between multiple disparate edits of a single node. 

VI. HCI ISSUES IN DISTRIBUTED SOFTWARE ENGINEERING

Much work has been done in researching how users interact in collaborative environments.  Most of this research lies in the computer-supported collaborative work (CSCW) field in examining how issues such as presence, awareness, and share views affect how people work together.

Presence is defined as the information is presented within the shared space among users that represents me as a user within the system.  This can be minimalist and only include my name and perhaps some contact information, or it can be more high-fidelity and include a graphical representation (as is found in some 3D collaborative environments where avatars represent users in the shared space).  Ultimately, presence allows a user to project himself into the shared space and provide other uses with a context of the current user.
Awareness is defined as how much information you have concerning others in the system.  For example, in a face-to-face interaction, user A is aware of user B by noting where user B is, with what user B is interacting, facial expressions, non-verbal communication cues, etc.

Additionally, research has examined how users interact when sharing a common view of the shared space in contrast the how users interact when they have unique, independent views of the shared space.  In a common view approach, all users within the collaborative environment share the same view/perspective of the artifact being examined; this approach is appropriate when it is critical that all users see the same information at the same time (used effectively in a mentor-training scenario [Wu, 2001]).  Alternatively, with independent views, users are able to move about the shared space and examine different parts of the shared artifact and/or examine from different views; this approach is appropriate when users need to work on different parts of the shared space (used effectively in software development [Roth and Unger, 2000]).

These issues are relevant to configuration management and distributed software engineering because the shared space in a distributed software engineering environment is the source code, software architecture and design documents, test cases, and other software engineering artifacts.  These artifacts are managed by the configuration management system, and in a collaborative software engineering environment, multiple users will share these artifacts and interact with each other concerning these documents.

Beyond what underlying algorithms and models a distributed collaborative software engineering system employs, ultimately the user must be presented with an interface in which to interact with the system.  Getting the interface correct for collaboration can be problematic; users are loathe to give up their existing tools and single-user applications with which they have a high level of comfort, yet the benefits of collaborative systems bear examination and potential adoption if the users can adopt them and effectively use them.

Boyer et al. [1998] determined via interviews that team members do not need virtual environments that are overpowering and immersive.  Rather, they seek tools that are passive, unobtrusive and provide the information that they need about their colleagues without creating unnecessary overhead in a new interface.  The system proposed by Boyer et al. uses a progressive-scale model that goes from left to right; those users that you place on the left side of the window are "important" enough to allow them to interrupt your work and communicate with you; those in the middle allow for "bubble" popup messages that are small and easily ignored if you desire; and those on the right are blocked from interrupting you at all.  The overall interface allows users to keep track of who else is in the collaborative system at the same time while still maintaining privacy and giving the user the power to control and avoid interruptions [Boyer et al.  1998].
Another study by Cheng et al [2004] show that meetings, email, software engineering process, and meetings can consume more than half of the average work day.  Improved processes and better use of technology can help reduce this burden on development and allow more of the work day to be devoted to developing the software system.  The authors make the case that if the Integrated Development Environment (IDE) is the central interface to the developer, why not integrate collaborative technologies that facilitate communication into IDEs.  Booch and Brown refer to the intelligent integration of software development tools into the known interface with a positive net effect as "reducing fiction" in the development process; the authors go on to show that configuration management, screen sharing, and email and instant messaging would be useful collaborative tools to integrate into existing IDEs.  Adding email and instant messaging to IDEs has the added benefit of automating source code (and requirements) change requests as well as automatically tracking version branching.

The study claims that many modern IDEs contain support for extensibility, but that these are simply additions to the user interface and run externally as scripts or "plug ins."  For such collaborative tools to truly be effectively integrated into the IDE, the collaborative tools and interfaces must be tightly coupled to the underlying structure of the system such that automation of configuration management and versioning.

Additionally, the study posits that modern collaboration within IDEs must include the flexibility to support passive peripheral awareness of others working on the system, support audio, video, and text interfaces, integrate with current/existing source control and error reporting/tracking systems, and allow for synchronous and asynchronous communication among team members.  "Eclipse" is offered as an exemplar of an open-source IDE that exhibits many of the tools in the paper [Cheng et al., 2004].  This “Rear View Window” approach is passive in nature in that it does not obtrusively interrupt the developer – unlike telephone or instant messaging.  The following figure shows the “Real View Window” approach in Eclipse:
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The TeamSpace project [Geyer et al.  2001] seeks to provide services beyond traditional distributed conferencing; the goal of the system is to combine synchronous distributed conferencing with captured, annotated collaborative workspace so that participants can view the materials asynchronously.  The theory behind the approach is derived from cognitive psychology's "episodic memory" which states that we store and recall events based upon life experiences; leveraging from this, the system's elements are all time-sensitive in that every event and captured content is related across time.  Consequently, not only can users view the content of the collaboration hierarchically according to the contents that they seek, the user can also search across time (i.e. "I remember it happened somewhere near the end of the meeting").

The system allows users to share and annotate PowerPoint presentations, agenda items (which can be "checked off" as the collaborative meeting progresses), action items (which can also be "checked off"), and provides for low-bandwidth audio and video to create the presence and awareness of other users [Geyer et al.  2001].

Fussell et al [2000] performed a recent study to examine the importance of having presence within the collaborative environment.  In the experiment, a novice attempted to construct a complex mechanical device with the assistance of an at-a-distance mentor; the participants in the study were able to share a communication channel via voice and video, establishing a “virtual physical co-presence.”  The study found that given complex tasks, remote users must have certain contextual cues in order for users to collaborate effectively.  These “grounding” elements are:

· Establishing a joint attention focus: allow users to be sure that everyone involved is viewing the same common element within the system

· Monitor comprehension: use nonverbal communication and facial expressions to establish that everyone comprehends what was said/discussed

· Conversational efficiency: make it as easy as possible for users to communicate their intentions (i.e. allow gestures and constrain the conversation within the context of the system).

While this study examined assembling a physical device, the findings are also applicable in a distributed environment in which collaborators must establish a shared space in which to communicate about a common task [Fussell et al. 2000] – certainly applicable to distributed software engineering where multiple collaborating users must ensure that they are examining the same section of an artifact (and ensure that they are examining the same artifact!).
Koch [1995] reports on a collaborative multi-user editor entitled “IRIS.”  While this system does utilize the near-deprecated model of a specialized/proprietary system, some interesting interface issues can be gleaned from the “IRIS” work.  First is the concept of visualizing the hierarchy and structure of the document that is being shared among multiple users; this allows for users to easily identify who is currently working on each section/unit of a shared document.  This “shared meta view” is central to the project’s goals and is achieved admirably.  Also of interest is the systems ability to integrate the functionality and interface of single-user applications; this is absolutely critical in achieving widespread adoption of any collaborative system.  Finally, the “IRIS” interface provides direct communication between authors so that the can pass messages to each other for clarification (or to request an author relinquish control of a section of the document so that another user may edit it) [Koch, 1995].

There is also a considerable amount of research in the area of agents and the ability to manage the complexity and sheer volume of information that users are flooded with.  Moksha [Ramloll and Mariani, 1999] is a collaborative filtration system that allows users to specify their interest within the shared space at various points/parameters; the filtration agent then acts as an intermediary that selectively exposes the user to only those elements of the shared, collaborative space that the user has interest in.  Many collaborative development systems can benefit from this model of filtering based upon individual users’ preferences, especially given the scope and size of many modern software system projects (tens of thousands of modules and millions of source lines of code).

[Schur et al.  1998] enumerate five critical elements from their research that define interface issues critical to collaborative systems.  Successful CSCW systems will achieve the following:

· Social dialog: enables users to send and receive important concepts, thoughts, and ideas; this also enables the creation of “place” in which the collaborators interact.

· Provide framework: a collaborative environment may enable a more rapid application development (RAD) approach to accomplishing goals in that users can more rapidly cycle through their interactions and processes.

· Allow rapid context switching: the interface should allow users to author and then share changes/ideas rapidly without requiring a series of complex key or button inputs (i.e. make the system unobtrusive and easily navigable).

· Culture and trust dramatically affect adoption: realize that functionality along will not drive the adoption of a collaborative system – there must be an understanding by users as to what they will gain by using the new system.

· Timeliness: the interface and messages within the system must occur rapidly or users will get frustrated.

These are a sampling of the many HCI-related issues that have the potential to impact distributed software engineering.  The common thread through all of these systems is that collaborating on a shared artifact is difficult unless these HCI-related issues are addressed.

VII. FUTURE WORK IN COLLABORATIVE SOFTWARE ENGINEERING

While the field of software engineering and configuration management is rich and has a long tradition (dating back to 1968), much work remains to be explored.  CASE-based tools are continuously being developed to enhance the productivity of software developers and those who work with them.  This last section of this paper examines three interesting fields of future work in collaborative software engineering: the integration of software engineering support into the integrated development environment (IDE), Augur – an interesting software visualization tool, and an open-systems approach to coordinating and managing artifacts among multiple users.

The first topic within future directions of collaborative software engineering we examine involves integrating collaborative and support tools within the IDE.  More and more, the IDE is becoming the central point of communication among developers and those who work with them.  Certainly the IDE is the tool that is used most frequently among software engineering practitioners.  Consequently, we see a trend in adding tools to support collaboration and the software engineering process in to the IDE.  As stated earlier, the Eclipse project adds the “Rear View Window” into the IDE to display presence information about the others in the shared space.  As another example, Microsoft is releasing its new IDE, Visual Studio 2005, this year with many new collaborative features; this new suite is called Visual Team Services and is designed to integrate software engineering processes – from architecture and design to testing – into the IDE to create a common, shared space among all involved in the development process [Microsoft, 2005b].  The following figures show how testing is being integrated into Visual Studio 2005.  Notice the ability to create unit tests within the code space in the IDE.  Additionally, the list of tests and their status is easily determined within the IDE.  Finally, the source code is highlighted in such a way as to denote which parts of the code are covered under tests and which are not covered under any test (indicating a possible problem in untested code).
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In the above figure, the green highlighted code indicates parts of the source code that have been tested via unit tests.  The red highlighted code indicates parts of the source code that have not been tested (i.e. no unit test exists to validate the code’s correctness).  While an interesting study, Microsoft is not the only IDE provider that is integrating software engineering and collaborative tools into their IDE; IBM and others are also moving in this direction.
Next we examine the second trend in future software engineering work –source code visualization.  For over a decade, tools have existed to display meta-information about source code, but there are new trends in this field.  Most notable is the system entitled Augur that was recently presented at the International Conference on Software Engineering in 2004.  This system allows many source code files to be displayed simultaneously with many different views.  These views are customized to see different information, including who editing the code, when the code was last edited, and the structure of the code (whether the line is a comment, structural, or core code).  Interesting observations are apparent from such views.  [Froehlich and Dourish, 2004] report their experience using Augur with the Apache open source community and others; the users of the study indicate finding interesting information about edit patterns among users such as:
· Which users contributed to the project

· What was changed and when was it changed

· Structure of large source code files

The following figure shows the information captured in each line of the Augur system: who the author is, what is the structure of the line (i.e. code, comment, etc.), and how long ago the change/addition was made (the color varies with age).  Additionally, the length of the line indicates the original code line’s length.
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The above figure shows the type of information that the Augur and other similar code visualization tools provide.  Users are able to view large amounts of code at a time and are able to glean information about the source (as indicated above).  Each author is given a unique color; each type of line of code is provided a unique color; and the line of text changes color with age (most recent changes “fade” to older changes over time).
This line-by-line coloring scheme provides meta-information about the source code, and users can “zoom” in and view the actual code as needed; additionally, the user can change the view of the code as desired to see different information.  The following figure shows one view of the Augur system.  Notice that many files can be viewed simultaneously, and information such as when additions and changes were made, who made each change/addition, and the overall structure of the code (comments to code ratio, block size, etc.) is readily apparent.


[image: image9]
Above, we see that some source code files are authored by principally one author, while files are authored by many users.  The age of the modifications is clearly indicated by the color of the source code lines, and the structure of the code is visible as well.  The “spike” graph in the lower right denotes flurries of activity over time (i.e. much work is clustered around key dates).
As the third and final topic of future research in distributed software engineering, we turn our attention to work on open-systems architectures to allow collaborators access to artifacts via Web services.  Recent software engineering research demonstrates that formal and informal mechanisms that support collaboration are necessary to coordinate large groups of developers working concurrently [Gutwin et al, 2004; O’Reilly, 2004; van der Hoek et al, 2004].  As a result of this research, Dr. Sushil K. Prasad and Jon Preston are currently working on a system that defines the core functionality of an artifact-management system that utilizes open-systems architecture and Web services [Preston, 2005].  By adopting a Web services approach for a collaborative editing system, we are able to couple disparate integrated development environments (IDEs), SCM systems, and communication systems (email, instant messaging, etc.).  The users of a system can use their preferred, current tools for editing, communication, and configuration management.  Additionally, this approach enables distributed configuration management.

They define the following as the core functionalities for collaborative editing systems:

1. Optimistic check out an artifact (shared)

2. Pessimistic check out an artifact (exclusive)

3. Check in an artifact

4. Subscribe (user will be notified on event to artifact) and unsubscribe to artifact

5. Publish lists of artifacts, artifacts’ states, users (contact information), and subscriptions

This set of core functionalities provides for an open-system architecture that achieves the needed services defined in previous CSCW and SCM systems [Estublier, 2000; Magnusson et al, 1993; van der Lingen, 2004].  Similar work utilizing Web services for collaborative editing was done by [Younas and Iqbal, 2003] and [Merha et al, 2004].
The proposed system will allow users to subscribe to artifacts in the repository and receive notification (via email, instant message, etc.) upon events to such artifacts.  The system will also provide a façade access to and integrate with existing software configuration management (SCM) systems, allowing Web-service-based check in and check out of managed artifacts.  Additionally, a middleware component provides fine-grain, optimistic configuration management to legacy SCM systems that do not currently provide such services.  Finally, a middleware component will provide the ability to integrate into existing modern integrated development environments (IDEs) and document editors so that users may use their current, preferred methods of editing.  The net effect will be an open-systems architecture that allows various editing applications access to various artifact management systems through Web services.  This architecture is shown in the following figure.
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The above architecture shows the client editors on the left; these include IDEs and document editors (such as those from the Microsoft Office suite and the Open Office suite).  These editors are connected via middleware hooks to the network and send and receive content through the Web services provided by servers; these Web service enabled servers will provide the core functionality outlined above.  The Web services are connected to legacy artifact management systems such as file systems and repositories (like VSS, CVS, and RCS) [Tichy, 1985; Tichy, 1988]; the middleware connecting these systems provides fine-grain locking (i.e. the middleware checks artifacts in and out and acts as a proxy for the actual clients).  Consequently, legacy systems are able to provide new, current functionality and clients are able to connect from any where and at any time.

While there are certainly other areas of active research in distributed software engineering, these three areas of work are interesting and prove to offer much to the field in the coming years.
VIII. CONCLUSION

This study has examined the history and motivation of software engineering within the context of configuration management.  Issues of coordination and collaboration such as mutual exclusion, distributed software engineering, configuration management, optimistic and pessimistic coordination policies, and distributed configuration management have been discussed.  The paper then examined the human-computer interaction (HCI) issues related to collaborative, distributed software engineering, and concluded with a presentation of three areas of current work in the field of distributed software engineering: integration of tools into the IDE, the visualization of source code, and adopting an open-systems architecture for artifact management.
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