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Abstract. Abstractions in software engineering have been used for guidance and understanding of software systems. Design in particular is a key
abstraction in this regard. However, design is often a static representation
that does not evolve with the code and therefore cannot help developers
in collaborating after it becomes out-of-date. Our research group is exploring the use of Emerging Design, a dynamic abstraction, as the basis
for knowledge collaboration through its implementation in a coordination portal called Lighthouse. This paper presents the state of the art of
Lighthouse and discusses three knowledge collaboration problems that
we are currently addressing.
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Introduction

Collaboration is related to mutual sharing of knowledge [1] and has become an
essential part of software development and indeed an important research field
in software engineering. Today, most knowledge sharing is either informal or
decoupled from the actual artifacts to which it pertains. For instance, in the
Knowledge Depot [2], an email-based group memory tool, knowledge is stored
in a separate repository that must be queried to find a particular piece of information. This not only creates a hurdle to accessing knowledge, but also leads
to the update problem, i.e., in the presence of changes, one has to update two
places: the artifacts themselves and the Knowledge Depot.
Our research group is exploring a different kind of solution, one where the
knowledge is essentially attached to an abstraction that we are creating as part
of a collaboration infrastructure. This abstraction is called Emerging Design [3]
and is defined as the design representation of source code as it changes over time.
With each code change, the Emerging Design is updated accordingly. Emerging
Design satisfies the traditional roles of abstraction (guidance and understanding)
and includes support for new roles such as coordination, project management,
and detection of design decay.
While the original focus of our use of Emerging Design was on detecting
conflicts in code changes, it seems a particularly promising abstraction to address
a broader class of collaboration issues. In this paper, we talk about three such
collaboration problems and how we believe Emerging Design serves as good basis
for exploring them.

The remainder of this paper is organized as follows. In Section 2, we review
Emerging Design and its implementation in Lighthouse. Section 3 presents three
knowledge problems in collaboration and how we believe they can be addressed
by building upon Emerging Design. In Section 4, we summarize our idea and
discuss some challenges and future directions to improve our work.

2

Emerging Design

Since a design document illustrates the interactions among modules, it can help
developers to gain an understanding of the high-level structure of the system and
its interactions [3, 4]. However, design is often a static representation that does
not evolve (automatically) with the code. Therefore, as it becomes out-of-date,
it loses value for developers who need to collaborate.
Our research group is exploring the use of Emerging Design as the basis for
collaboration. Emerging design is defined as the design representation of source
code as it changes over time. It is a live document that stays up-to-date with all
changes made to the system. It is annotated with information about the changes
made, helping developers to be aware about how the code structure evolve, and
with whom they may need to coordinate their actions in order to reduce and
prevent conflicts.
We implemented this idea as an Eclipse plug-in called Lighthouse [5]. Currently, Lighthouse has only the Emerging Design view that shows a UML-like
class diagram which is built dynamically as developers implement or make
changes in the code. One particular characteristic of Lighthouse is that it does
not require check-in of the changes made. Instead, it tracks workspaces, since
the goal is help people collaborate and coordinate before sending the changes to
the source code repository, so merge conflicts are avoided.
Figure 1 shows the Emerging Design basic representation. It shows the primary elements found in UML class diagrams, such as classes, fields, and relationships, as annotated with additional information. In particular, Lighthouse
shows information about the evolution of the code. The plus symbol represents
an addition of a class/method/field, minus represents a removal and triangle
represents a change. For instance, in the ATM class, the field value was added by
Max. Another example is the field balance inquiry. We can see that Theo and
Bob changed that field, and finally Anna removed it. Notice that the evolution
or history of changes is presented in a top-down manner, time-ordered with the
most recent changes in the bottom.
The use of Lighthouse in a large software product naturally introduces scalability issues with respect to the visualization. In order to address this problem,
we are developing a variety of filters. With these filters, the information shown
can be reduced by focusing on particular packages, developers, or some combination of them. Figure 2 shows an Emerging Design representation with several
classes, where each class has numerous events representing the activities of four
developers (Max, Bob, Ana, Jim), who are all coding a particular part of the
project. The following picture (Figure 3) illustrates how Lighthouse allows users

Fig. 1. Emerging Design Basic Representation. ATM class blows up to show detail.

to turn on the filter by developer. In this specific example, the user has chosen
to show Bob’s code changes. Other filters exist as well. As a result, crowded
visualizations that clearly indicate a problem can be examined for what that
problem exactly is.
To date, Lighthouse is a collaboration portal focused on detecting conflicts.
It uses the Emerging Design concept to show who is making the changes where,
and by looking at that, enable developers to find where their changes may be
conflicting with somebody else’s. In this paper, we take this work a step further.
We outline how we believe the concept of Emerging Design is not only useful
for detecting conflicts, but also as a basis for knowledge collaboration. In the
next section we talk about three particular knowledge collaboration problems
and how Emerging Design can be used as a basis for exploring them.
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Three Knowledge Problems

Knowledge collaboration manifests itself in many different forms and may revolve
around many issues. In this section, we discuss the following three problems: (1)
How to support developers in determining where the implementation is deviating
from the original design; (2) How to support finding the right expert related to a
given design; and (3) How to support identification of those parts of the program
with less than ideal quality.
3.1

Design Decay

It is well known that software changes, and that such changes involve modifications to the original design that may lead to design decay [6]. Prior to the

Fig. 2. Emerging Design Basic Representation with four developers (Max, Bob, Ana,
Jim).

Fig. 3. Emerging Design Basic Representation with filtering. Just modifications in
Bob’s workspace are shown.

implementation phase, some conceptual design diagrams are usually constructed
to guide developers and help them understand the project’s high-level picture.
The reasons why a particular design decays generally are not available, and
therefore could be said to represent a knowledge collaboration problem. In future, other developers must understand why a certain piece of code is like it is,
and much rationale resides behind the code changes from the original design to
the current state.
We can address this issue by marking the Emerging Design, so it shows deviation, and providing facilities for developers to provide contextual information
pertaining to the changes they make. Imagine a developer restructuring a certain piece of code in a certain way that is counter-intuitive. By leaving a note,
directly visible on the diagram (Figure 4) they now can motivate their change.
Other developers can respond either in the affirmative or by expressing concerns

Fig. 4. Design Decay Representation.

and such. A discussion can ensue, for which it is crucial to note that the discussion takes place directly in the context of the artifacts and as the changes are
happening. Design decay can be avoided this way, and design evolution becomes
under joint ownership of the developers.
In Figure 4, the green overlays are used for elements that are present in both
conceptual and emerging design, i.e., the ones that were implemented according
to the original design. Red overlays are used on items that are in the emerging
but not in the conceptual design, meaning that the implementation diverges from
the original design. Elements left in white are the ones that are in the conceptual
but not in the emerging design. These elements have not been implemented yet.
The Emerging Design provides a natural basis for addressing design decay
because it already tracks design evolution. By now using this basis with simple but powerful extensions, the Emerging Design provides instant knowledge
collaboration, both implicitly because it makes visible the design as it evolves
and explicitly because its evolution can be gauged, questioned, discussed, and
resolved as needed.
We also note that this can take place both among individual developers at the
level of individual or small sets of changes, and by team leaders and architects
based upon views of the code as a whole.
3.2

Expertise

The time taken to find an expert is one of the major reasons that co-located
work tends to take less time than similar development work split across sites [9].
Quickly finding the right expert related to a given design and/or implementation
issue is critical to the success of any software development project. There is a
clear knowledge collaboration problem when one needs to understand how some
class/method works, why it is as it is, and how it may need to evolve. Often, an
expert can provide useful assistance in this regard.
We again explore how the basis of Emerging Design can be leveraged to address this problem. Particularly, we envision exploring the use of a visualization

Fig. 5. Expertise Representation.

to allow users to browse through the Lighthouse diagram in order to find the
proper expert. Since Lighthouse already provides the basis for who made which
changes, now we can actually build various overlays that make it possible, for
instance, to click on one of the authors on a particular method and have the
other pieces that they changed highlighted.
In another form, we note that it is often difficult to find someone with broader
knowledge pertaining to multiple artifacts and methods. We plan to develop a
feature that allows the user to select a group of methods and classes in order to
find the expert related to those couple of artifacts, as shown in Figure 5.
The advantage here is that, while most expertise systems are limited to work
at the level of artifacts, our approach can provide more fine-grained as well as a
broader range of answers.
3.3

Code Quality

Software quality metrics can drive software process improvements [7]. Explicit
attention to characteristics of software quality can lead to significant savings
in software life-cycle costs [8]. Some information that could be useful in this
regard is the overall quality of each class, which if available would enable the
identification of the most problematic or complex parts of a project. This kind
of information is not usually accessible, representing the third knowledge collaboration problem that we address in this paper.

Fig. 6. Code Quality Representation

The use of Emerging Design in this situation would help developers and
managers to quickly spot code that is growing without proper quality. Then we
envision a software quality visualization that will show individual factors, such
as number of developers, number of recent bugs, how well the class/method was
tested, and number of changes/code volatility at the bottom of each class. We
also take these individual factors in consideration to provide an overall quality
measure, and we represent this high level awareness information by using color
border scale, in which green means good quality and red means bad quality
(Figure 6).
We increased the capability of Emerging Design to deal with software quality
considerations. This approach is good for understanding which classes/methods
are producing higher quality code and also a project’s progress in the quality
perspective over time. In this way, managers would be able to identify areas
that need attention, and for example tell what parts of the project are in need
of more tests and what parts have enough coverage already.

4

Related Work

Several tools have been created to help people collaborate and to enhance individuals’ awareness. The War Room Command Console [9] shows in a public
display the current state of a system across workspaces in real-time. The visualization shows the ongoing changes made by developers in thumbprints, a graphical representation of the source code, displayed in a topographic layout. This

work, like Lighthouse, uses a program-centered approach to show how changes
made by developers are related with the artifacts and how the system is evolving.
Its display, however, is in a central location and not on a per-developer basis.
Furthermore, the information that it shown is compacted, and does not allow
easy access to details.
Palantı́r [10] provides real-time awareness of changes made by developers
and estimates the impact of how severe these changes are. Palantı́r, like Lighthouse, does not require developers to check-in the changes made and presents
a view with information of all developers’ workspaces. However, Palantı́r differs
from Lighthouse since it uses a low-level abstraction that focuses on files, while
Lighthouse uses the concept of Emerging Design.
FastDash [11] and CollabVS [12] both use a collaboration-centered approach
to display the artifacts’ interaction among developers. Unlike Lighthouse, this
approach uses real-time awareness of developers’ activities instead of focusing
on program artifacts. The visualization shows people and the activities they
currently undertake, e.g., who has which file open or who is editing which file.
This approach has the drawback of not providing a spatial awareness of artifacts
and it does not provide an historical view of changes made.

5

Summary

In this paper we recapped Emerging Design and presented our vision of the
potential role it can play in knowledge collaboration. We described Lighthouse
briefly and addresses three knowledge collaboration problems: design decay by
providing developers with the rationale resides behind the code changes from
the original design to the current state; expertise by finding the proper expertise
for a particular group of methods and/or classes; and code quality by providing
developers the identification of parts of the program with less than ideal quality.
The benefit we can see is that the knowledge is directly anchored to the
artifacts to which it pertains and is thereby easily accessible and intuitive since
it fits with the task that a developer is currently working on. Presently, we are
engaged in providing this support and we will perform various explorations and
evaluations as we build our extensions to Lighthouse. A particular question is
whether Emerging Design is useful to support other knowledge collaboration
problems. Another question is how it can support multiple problems in parallel,
as some of our solutions use similar techniques and thus cannot be used at the
same time.
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