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Abstract

Distributed software development suffers from limited
collaboration capabilities, as developers are unable to
easily coordinate their efforts across physical boundaries.
Different fields, such as CSCW and groupware, have at-
tempted to bridge this gap, but few of the approaches
developed so far have been incorporated in current soft-
ware development environments. Configuration Manage-
ment (CM) systems are vital to any software devel opment
process, support distributed development, and are in
widespread use. Unfortunately, they have only limited
support for distributed collaboration. In this paper we
describe Palantir, a system that is aimed at bringing col-
laborative capabilities to distributed development.
Palantir builds upon existing CM systems to introduce
project awareness to the devel oper workspace. In particu-
lar, Palantir supports close collaboration among devel-
opers by visualizing concurrent changes and showing, in
real time, the severity and impact of those changes on the
developer’ s workspace.

1. Introduction

Distributed software development and virtual organi-
zations involve developers who are geographically sepa-
rated. In these settings, work tends to be carefully parti-
tioned to minimize the number of conflicts. Nonetheless,
tasks sometimes overlap and as a result of such parallel
development direct and indirect conflicts arise. Direct
conflicts arise when parallel changes to an artifact involve
modification to the same part of that artifact. Indirect con-
flicts arise when mutually exclusive changes individually
compile and execute correctly, but combined in a single
system lead to a non-working version of the system.

The disciplines of CSCW and Groupware have long
concerned themselves with providing facilities in which
distributed teams can coordinate their efforts. Systems
such as BSCW [1], TUKAN [2], DIVA [3], SUITE [4],
and MMM [5], for example, help in collaborative editing
of artifacts. Unfortunately, although successes certainly
exist, few of these systems and approaches have been in-
corporated in current software development practices.

Configuration management (CM) systems [6] are vital
to any software development project. Typically, a CM
system is used to help coordinate the activities of devel-
opers. By providing capabilities that either avoid parallel

development altogether (e.g., locking) or assist in resolv-
ing conflicts (e.g., merging), these systems certainly have
succeeded in reducing the number of coordination prob-
lems occurring in a typical software development project.
Unfortunately, however, workspaces remain isolated and
changes made by different developers are not visible until
check-in time, thereby significantly delaying the discovery
of potential problems.

As a complement to existing CM systems, and in order
to address this problem, we are developing Palantir, a
system that provides a developer with information about
concurrent changes in a software development project. In
particular, Palantir informs developers of check-outs and
check-ins being performed by other developers in their
workspaces. In doing so, Palantir deliberately but non-
intrusively breaks the isolation that is currently provided
by traditional configuration management workspaces.

Palantir is based on the observation that it is not only
pertinent for developers to have an idea of their own set of
changes, but to also be continuously informed about the
changes being made by other developers. Specificaly,
Palantir allows developers to better coordinate their ac-
tivities by providing each developer with a graphical dis-
play that shows the set of artifacts they are modifying,
meta-data about those artifacts (e.g., artifact name, version
number, author information, etc.), and the severity and
impact of the modifications being made in paralel by
other developers. Knowing this information allows devel-
opers to better assess the ongoing activities and accord-
ingly coordinate their activities amongst each other.

In the remainder of this paper, we discuss the details
of Palantir. We first introduce a small example in Sec-
tion 2. We then describe the architecture of Paantir in
Section 3. Section 4 discusses our implementation thus
far. Section 5 discusses related work and we conclude in
Section 6 with an outlook at our future work.

2. Example Scenario

Figure 1 depicts a scenario in which four developers
use their workspaces (numbered W1 through W4) to make
some changes to a particular software system. Two of
those developers, Ellen (W1) and Pete (W2), inadver-
tently make some conflicting changes. Specificaly, Ellen
makes some changes in the program logic of “spell.c”,
which upon program execution leads to a different value



of a global variable in “bar.c”. Meanwhile, Pete modifies
the behavior of the main control loop in “bar.c”. While
each of these two changes individually does not lead to
problems and results in a correct system, the fact that the
behavior of the main loop of “bar.c” depends on the value
of the global variable in “spell.c’ leads to an overal fail-
ure of the program when the two changes are integrated.
Thus, even though both changes are syntactically and se-
mantically correct in their own right, they indirectly con-
flict by influencing the overall semantics of the program
in an undesirable manner. These kinds of conflicts are not
visible to either of the developers until both changes are
checked in and an overall system test is performed.
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Figure 1. Example Scenario.

3. Conceptual Architecture

Figure 2 shows the conceptual architecture of Palantir,
which consists of four different types of components inter-
linked via a generic event notification service [7]. The
first component is the CM system, which serves as the
source of al information used by Palantir. To drive up-
dates to its visudizations, Palantir assumes that the CM
system sends out natifications upon check-out or check-in
of an artifact.

We use an event notification service for communica-
tion between the CM system and the other components of
Palantir, because Palantir operates in a real time, distrib-
uted setting. Moreover, these kinds of event services pro-
vide routing algorithms that can be used to only deliver
those events that are of interested to a particular work-
space user [7]. This optimizes the use of the network and
reduces the number of events that are sent back-and-forth
significantly.

Once a modified artifact has been checked in, Palantir
calculates and shows the severity of the change (e.g., the
difference according to some measure between the old
version and the new version of the artifact) and the impact
of the change (e.g., the potential impact according to some
measure of the change on the artifacts that another devel-
oper hasin their workspace).
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Figure 2. Conceptual Architecture of Palantir.

Based upon this information, we anticipate that devel-
opers can better coordinate their activities such that there
are fewer conflicts.

The severity analysis component basically attempts to
answer the question of how much has changed between
the newly checked-in and previous version of an artifact.
This allows a developer to be cognizant of the magnitude
of the changes taking place. Different measures can be
useful at different times. Initialy, we intend to explore the
following measures for severity calculation with respect to
the checked out version.

e Lines of code. Calculate the relative number of lines
of code that has been changed.

e Token based difference. Detect similarities on the ba-
sis of tokens and replace each keyword and variable
throughout a file with a unique token before applying
adifferencing algorithm [8].

e Abstract syntax tree. Analyze the differences between
the abstract syntax trees of the two different versions.

The impact analysis provides the developer with a
synoptic view of how the changes made by others in the
project affect their current work. The measures that we
intend to explore are the following.

e Lines of code. Calculate the relative number of over-
lapping lines of code that have changed.

e Interface. Assuming information hiding, calculate the
relative number of interfaces that have changed.

e Dependency analysis graph. Calculate the relative
size of the dependency analysis graphs [9] to deter-
mine the “reach” of a change (e.g., how much of the
code in the workspace might be affected on a seman-
tic basis).

Of note is that both the severity analysis and the
change impact analysis can be performed based on the
information stored in the CM repository. This is possible
since the analysis is carried out between the checked-in



and the checked-out versions. Nonetheless, more accurate
and up-to-date information can be gathered if the analyses
are performed based upon the actual contents of a devel-
oper workspace. To do so would require significant
amounts of code to be shipped back and forth. We intend
to explore the resulting tradeoff between accuracy and
network usage to determine which solution would be more
favorable.

The Palantir Client side intercepts the severity and
change impact events and trandates them into an internal
representation that is subsequently used by the last com-
ponent in the Palantir architecture, the visualization. At a
minimum, the visualization component will show which
artifacts are being checked-out and checked-in and the
severity and impact of each of the changes. In doing so,
developers are presented with an increased level of
awareness of other developers activities. We intend to
develop a range of visualizations from which each devel-
oper can choose the one they prefer. Each of these visuali-
zations will be based on a different balance among the
amount of information displayed, interface usability, and
intrusiveness of the interface (e.g., a ticker tape [10], a
tabular view, small visua clues, or even a large, fully
graphical visualization).

4. Implementation Details

In implementing Palantir, our focus thus far has been
on creating one of the main visualization components.
Shown in Figure 3, the visualization presents a devel oper
with a hierarchical view of an artifact (in this case main.c,
version 1.0) and its congtituent artifacts. Each constituent
artifact may itself consist of other artifacts, and each arti-
fact in the view may exhibit multiple versions (as indi-
cated by a stack of artifacts).

While not visible in the black-and-white screenshot,
color coding separates users. Changes made by the work-
space owner are highlighted in green, whereas artifacts
being manipulated in other workspaces by other develop-
ersare shownin red.

Potential conflicts among workspaces are shown in a
pair-wise fashion. Rather than having one visualization
with all conflicts, which would quickly become very clut-
tered, Palantir shows the conflicts per workspace pair
from the perspective of the workspace with which a visu-
alization is associated (e.g., Ellen and Pete, Ellen and Jen-
nifer, Ellen and Karl). As a consequence, each red box
only shows the conflicts with the artifacts being manipu-
lated by the owner of “the other” workspace

The Palantir visuaization highlights artifacts that are
being changed with a “?” to indicate that the exact nature
of the change is not known yet. Once changes are commit-
ted to the CM system, Palantir highlights the artifact with
an“!” to indicate the changes are stable.

The two vertical bars that associate artifacts that are
stored in the CM system indicate the severity and change
impact of the changes made to that artifact. The severity
and change impact are shown both for individual, atomic
artifacts and compound artifacts. Severity and change
impact of compound artifacts summarize the severity and
change impact of their contained artifacts. This alows a
developer to monitor other workspace at a high level, only
examining changes in congtituent artifacts if the severity
of change impact of a compound artifacts indicates a
problem.

Note that atomic artifacts that have not been stored in
the repository do not have any severity or change impact
associated with them, since the potential changes are till
“hidden” in the workspace. Compound artifacts that are
not checked in yet, on the other hand, will have severity
and change impact since their congtituent artifacts already
may have been changed and checked in.

The visuaization component alows for zooming in
and zooming out to understand changes at a fine-grained
level of control. Double-clicking on a particular version of
an artifact makes that the primary artifact being viewed
and shows all the constituent of that artifact version. This
process can be repeated until an artifact has no constituent
artifact. A back button allows a developer to go “back up”
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Figure 3. Palantir Visualization Component.



the chain to view the changes from a higher point of view.

Note also that, as shown in Figure 3, more detailed in-
formation, such as change comments and author names,
can be requested. Also, individual, older versions that are
displayed “lower” in a stack can be brought to the fore-
ground with a simple mouse click.

5. Related Work

Our work draws from and combines contributions in
three areas. computer-supported collaborative work
(CSCW), configuration management, and software visu-
alization. We briefly discuss related work in each of these
areas below.

Most CSCW systems enable coordination between de-
velopers either by alowing multiple users to explicitly
and immediately share their work (via shared workspaces
or shared editors). Multi-user interfaces, like MMM[5] or
Suite[4], provide excellent examples in allowing multiple,
geographically distributed authors to make changes to a
document concurrently and synchronously. Unlike
Palantir, which aims to preserve isolation of authorship,
the focus of these systems is on tight, immediate collabo-
ration via sharing changes directly at real time.

TUKAN [2] is a collaborative editor that is similar to
Palantir in its objective of preserving isolation of changes.
To do s0, it augments the editor’s interface with an indica-
tion of the changes being performed by other developers.
Thisis very similar to Palantir, but has the drawback that
it only highlights the severity of changes as a simple fre-
guency. Additionally, developers have to decide upon the
group of collaborating authors a-priori.

BSCW [1] alows asynchronous collaboration and is
suited for collaborations over the web. Shared workspaces
are used for coordinating efforts between different au-
thors. Among other features, BSCW provides some ver-
sioning and also annotates artifacts with an indication of
the latest activities through which it was modified.

Most configuration management systems ignore
awareness atogether [6,11] and developers work in their
isolated workspaces. When a direct or indirect conflict
occurs, developers have to manually resolve the changes.
Although automated merging algorithms are provided that
simplify this task, direct conflicts must still be resolved by
hand—a time consuming and tedious task.

One exception is Coven [12], which requires develop-
ers to specify beforehand which artifacts they will be
modifying. Based upon this information, Coven keeps
track of the paralel changes being made and informs de-
velopers of potential conflicts. Unfortunately, this mecha-
nism can only avoid direct conflicts. Furthermore, devel-
opers often do not know beforehand the complete set of
artifacts they will be changing.

Visualization systems are used to present developers
with useful visualizations that highlight certain aspects of
the software under development. With respect to change, a
number of different visualization systems have been de-
veloped that each provide a different mechanism of visu-

alizing the evolution of the system over time. Some of
these visualizations provide matrix views [13], others 3-D
colored graphs [14] or bar graphs [15]. Yet others take a
minimalistic approach. Ticker tapes [10], for example,
only notify developers about recent check ins and check
outs. Palantir builds upon al of these and distinguishes
itself in two ways: it integrates severity and change impact
information in the visualization display and is specifically
geared towards avoiding direct and indirect conflict.

6. Conclusions

Palantir is a system that we are currently developing to
bring workspace awareness to developers. Palantir is ex-
plicitly designed to operate in a distributed setting and
aims to help in coordinating the activities that take place
in each workspace. While not all changes that are made in
isolation influence other developers, it is desirable that
developers be quickly aware of all the pertinent changes
happening in parallel. In a distributed setting, such aware-
ness alows developers to coordinate their activities to
avoid and resolve conflicts early, which has the potential
of saving a significant amount of cost and effort that
would otherwise have been involved in resolving the con-
flict at alater stage.

We are not finished developing Palantir. Now that we
have nearly completed the visualization component, our
focus is shifting to implementing the severity and change
impact analysis components. Once those components are
completed, we intend to experiment significantly in case
studies involving both an open source project and a “regu-
lar" software development project. We will carry out the
case studies to understand the effectiveness of atool like
Palantir in supporting coordination in distributed software
development. In particular, we want to both understand
whether Palantir is viewed as useful and informative by
developers as well as whether the use of Palantir actually
reduces the occurrence of direct and indirect conflicts.
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