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Abstract—Design patterns are employed in source code to solve
commonly occurring programming tasks using understood best
practices. Object-oriented design patterns usually span multiple
classes and objects and play an integral role in the way object-
oriented software is built. One challenge with using object-
oriented design patterns is that over the life of a project, these
patterns can undergo both planned and unplanned changes.
Unplanned changes are often the result of bug fixes or code
maintenance tasks that modify a design pattern as a side effect.
Furthermore, these unplanned changes can result in increased
brittleness of the code and can compromise the overall stability
of the software. Over the lifetime of a software project, developers
may only become aware of these unplanned changes when
the code brittleness results in a software bug. To improve
developers’ understanding of object-oriented design pattern evo-
lution, we introduce the design Pattern Instance Explorer (PIE)
— an exploratory visualization tool that enable developers to
visualize a git repository’s object-oriented design patterns and
their life cycles. In addition to discussing the PIE tool, we
provide examples of how this tool can be used to identify and
understand design pattern changes. Tool demonstration video:
https://www.youtube.com/watch?v=Gkn_5q8_Awg

Index Terms—design patterns, visualization, software mainte-
nance.

I. INTRODUCTION

¢

In general, a pattern “...describes a problem which occurs
over and over again in our environment, and then describes
the core of the solution to that problem, in such a way that
you can use this solution a million times over, without ever
doing it the same way twice” [1]. Many popular software
design patterns are for object-oriented software and are known
as the Gang of Four (GoF) patterns [2]. This catalog of
design patterns includes five creational patterns focused on
objection instantiation, seven structural patterns focused on
object and class composition, and eleven behavioral patterns
focused on the object behaviour [2]. These design patterns can
be especially useful to non-expert programmers by providing
them with best design practices that address common software
problems. Their use can improve non-functional software
properties including code quality, performance and readability.

However, there is one notable drawback to the use of
object-oriented design patterns that can negatively impact the
maintenance of the software leading to brittle source code
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that is prone to breaking and leading to software bugs. This
drawback is that object-oriented design patterns usually in-
volve multiple classes and objects and are implemented across
multiple source code files. This makes the documentation of
object-oriented design patterns challenging as the majority of
in-program comments are at a class or method/function level.
Where to document software design patterns and how to ensure
software design pattern documentation is provided to software
maintainers are well researched topics [3], [4]. Previous studies
have found that “...maintainers achieved better comprehension
of the source code when design pattern instances are provided
as a complement to the source code” [4]. Furthermore, it has
been noted in the literature that “...the benefits of design pat-
terns are compromised because designers cannot communicate
with each other in terms of the design patterns they used
and their design decisions and trade-offs” [5]. One method
to provide design pattern instance information is through
graphical language like UML although the regularity with
which developers use UML documentation during software
maintenance is unknown.

Over the lifetime of a software system, design patterns may
be added, removed, replaced, or broken. Specifically, during
the evolution of software, design patterns can change into
different patterns, break or even turn into anti-patterns [6].
Design patterns that support critical feature implementation
undergo regular maintenance due to their importance [7] which
can create a vulnerability if the corresponding design patterns
are not well documented and maintained. Thus, the health of
design patterns is critical to maintaining software quality.

To better understand and potentially address the known chal-
lenges with design pattern maintenance, we have developed the
Pattern Instance Explorer (PIE) as a tool to aide developers
better understand the life cycle of design patterns in software.
PIE is an exploratory visualization tool that enable developers
to visualize a git repository’s object-oriented design patterns
and their life cycle at the commit level. Thus, easily identifying
how design patterns morph and become both broken and
repaired. Furthermore, by exploring the life cycle of design
patterns, developers can better understand both their source
code, documentation and development practices and use the
knowledge to improve their practices.
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Fig. 1. The PIE tool architecture

II. BACKGROUND & RELATED WORK

A. Design Pattern Detection

Design pattern detection is an active research area focused
on the identifying and locating design patterns in software [8].
Strategies for detection can include structural, behavioural and
static analysis using different source code representations like
Abstract Syntax Trees (AST) and matrices [9]. Design pattern
detection tools largely focus on detecting the object-oriented
design patterns in the GoF catalog [2].

PIE utilizes the Pattern INference and recOvery Tool
(PINOT) [10] to identify and localize design patterns for visu-
alization. PINOT utilizes static program analysis for detection
and has been used to detect design patterns in major Java pack-
ages and applications (e.g., Apache Ant, Java AWT) [10]. Al-
ternative tools for design pattern detection include DPDT [11],
a graph matching approach to design pattern detection, and
GEML [12], a grammar-based evolutionary machine learning
approach for design pattern detection. Although we use PINOT
to support the PIE visualization, PIE could also be modified
to utilize other design pattern detection tools.

B. Design Pattern Visualization

Early work on visualizing design patterns has focused on
the graphical representation of design pattern instances, often
using UML diagrams [5]. These approaches do not consider
how design patterns evolve and change over the lifetime of
the software and are simply representations of a design pattern
instance at a particular moment in time. More recent work on
visualizing object-oriented software using a city metaphor has
included the visualization of object-oriented design patterns as
part of a broader visualization into object oriented mechanisms
including overloading and inheritance [13], [14]. In a city
metaphor visualization, structural elements of buildings or
building colour can indicate the presence of a design pattern
or object-oriented mechanisms. Similar to the earlier design
pattern visualization work, this work is focused on a particular
software instance and does not specifically emphasize the
evolution of design patterns in software over time.

III. APPROACH

The PIE visualization tool architecture includes components
or tools to mine project commit data, detect design pattern in-
stances, and visualize the life cycle of design pattern instances
over the entire commit history of a project (see Fig. 1).

A. Mining Project Commit Data

PIE is designed to mine the commit data of existing open-
source projects hosted on GitHub. We used PyDriller, a Python
framework for mining software repositories, to automate this
process [15]. For performance reasons, a second iteration of
mining is done to directly acquire all of the file versions that
relate to the design patterns found by PINOT. The design pat-
tern instance data and corresponding file data is processed into
intervals in which the pattern persists. By creating intervals of
the pattern instances and file modifications we can more easily
visualize them across a timeline.

B. Detecting Design Pattern Instances

A number of design pattern detection tools exist in the
literature [9] and we made the decision to use one of these
existing tools to support the PIE visualization. We evaluated
multiple design pattern detection tools to find one that was
suitable for our needs. We ended up selecting PINOT [16]
because of its consistency, speed and robustness — many
of the other design pattern detection tools were no longer
maintained or no longer available. PINOT did require some
minor modifications to work on our target repositories !,
however because the PINOT source code was available and
open sourced we were able to adapt it to the needs of our PIE
visualization tool. When PINOT detects a design pattern it
reports the design pattern instance as a set of unique files that
make up a single pattern. The files for each pattern instance are
concatenated and stored in a single file that is named using an
alphabetically listing of the involved source files followed by
a design pattern tag. For example, the design pattern instance
file AWTEvent-EventQueue-St would contain a instance of

'Our modifications to PINOT are documented and made available as part
of the PIE GitHub repository — https://github.com/seer-lab/PIE
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Fig. 3. Example of the PIE timeline with the JHotDraw project where design pattern instances are color-coded by type

the Strategy pattern involving the files AWTEvent.java and
EventQueue.java. We mention the naming convention now as
we reuse it later in the PIE visualization.

In PIE, each commit is analyzed using PINOT to detect
design pattern instances which are stored in a database with
relevant commit information. PIE analyzes the detected design
pattern instances over all of a project’s commits and reassem-
bles instances from different commits into a single history of
that design pattern instance.

C. Visualizing Design Pattern Instances Over Time

The web-based visualization component of PIE was de-
signed to support developers in better understanding the use
of design patterns in their projects. It is intended to be an

exploratory tool which also lends itself to other use cases
including supporting researchers understand the use of design
patterns in a given project and supporting new project mem-
bers explore a project’s historic design decisions.

More specifically, PIE was designed to allow for exploration
of the following questions with respect to a specific project:

« What design patterns have existed over the lifetime of the
project?

o« When have design patterns been created, broken, and
removed?

o What code changes resulted in a design pattern breaking?

« How have design patterns evolved, both in scope or into
other patterns?
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All of the questions are focused on the primary use case of PIE
which is understanding the life cycle of design patterns. We
will now present the PIE visualization interface (see Fig. 2)
which includes the following interface components: timeline,
code viewer and information panel.

1) Timeline: The timeline is located at the bottom of
the PIE interface, with the pattern instance names presented
vertically to the left (see Fig. 3). Each pattern instance has
a commit-level timeline (color-coded to match the design
pattern color) which shows the commits where the pattern
instance was detected. The pattern instance visualization can
be expanded to further reveal file-level timelines which show
vertical lines to denote commits where a file has been modi-
fied. Areas with no color indicate periods where the file does
not exist. The colors used for the different design patterns
were selected to distinguish the patterns by type. The file-level
timelines are lighter tints of the corresponding design pattern
colors to make the relationship between timelines clear.

Across the top of the timeline component is the timeline
controller. It lists the commit numbers as well as a red marker
and a yellow slider. The red marker (denoted by a red circle

with a line extending veritcally down) can be moved to select a
specific commit which will adjust the information displayed in
the top portion of the visualization window. The yellow slider
has blue handles that can adjust the scale of the timeline, while
moving the yellow slides directly will move the timeline’s
position along the commits.

To assist the developer identify pattern breaks we have also
added a red arrow notation to the bottom of the design pattern
instance timeline where a break is more likely to have occurred
(see Fig. 3).

2) Code Viewer: The code viewer displays relevant
commit-level code changes of the currently selected pattern
instance. The content displayed can be changed by moving
the red timeline marker to adjust the time and by selecting a
different pattern instance to bring up it’s code data. If the code
data spans multiple files you can select between the files at the
top of the code viewer. The code viewer presents commit-level
code changes with added code denoted by a ‘+’ and deleted
code denoted by a ‘-’. The code viewer supports both an inline
and split view of the code changes to help users analyze the
differences.

3) Information Panel: The information panel is above the
timeline and to the right side of the code viewer (see Fig. 4). It
includes information relevant to the currently selected pattern
instance (PINOT analysis data) and commit data (e.g., commit
message).

IV. CASE STUDY

We conducted a preliminary assessment of PIE using two
projects that are prevalent in the design pattern literature: JHot-
Draw [17] and Java AWT [18]. Due to space limitations, we’ll
only highlight some of the observations in the visualization of
Java AWT.

One use case for PIE is to identify and understand pattern
breaks. By understanding the cause of a design pattern break it
can be fixed and possibly further breaks can be prevented in the
future. One example of a pattern break was in the AWTEvent-
EventQueue-St pattern instance (see Fig. 5). Recall that using
the PINOT naming convention this is an instance of the Strat-
egy design pattern involving the AWTEvent and EventQueue
classes. The Strategy pattern is part of the GoF catalog and is
a behavioural pattern that encapsulates algorithms in different
objects to make it easier to use them interchangably [2].
We can see in the Information Panel that EventQueueltem
is the context class. If we move the red timeline marker to
the commit corresponding with the pattern break the commit
message reads: “Unify EventQueue EventQueueltem and Sun-
Toolkit. EventQueueltem classes.” This illuminates the reason
why the pattern was broken, and we can drill further into the
code responsible for that change in the code viewer. At the
top of the EventQueue file an EventQueueltem package was
added and the original class was removed. By removing the
context class from this file, this set of files no longer represents
a strategy design pattern, and is shown as broken.

We also noticed a few cases where patterns expand in terms
of the number of files (see Fig. 6) or reduce to fewer files.
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Fig. 6. Example of design pattern instance growth visualized in the PIE timeline

These design pattern behaviours were most apparent with the
facade design pattern, a structural pattern that provides an
interface for a subsystem of objects [2]. An added benefit of
using the same color for instances of the same design pattern
in the PIE timeline is that it makes it easier to identify this
type of pattern evolution.

V. CONCLUSIONS

In this paper we have described the PIE, a visualization
tool for exploring and understanding design pattern instance
life cycles in open source projects. PIE uniquely visualizes
patterns’ throughout a project’s lifespan and provides insights
into the use of design patterns that is not observable in
traditional design pattern visualizations.

In our preliminary evaluation we were not able to always
determine if a pattern continued to exist in other files be-
cause of limits in the design pattern detection process with
PINOT. We should also note another limitation is that not all
pattern/file breaks in the timeline are real breaks. This is due
to limitations in the data mining (we only have information
on the main/master branch and not branch merges) and design
pattern detection with PINOT (a static analysis approach that
can include spurious results). The addition of the red arrow
notation was added to mitigate this limitation.

In the future we would like to explore the benefits of the
visualization by conducting a user study. Such a study would
also help identify areas of future improvement in PIE.
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