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Abstract

The understanding of the structure of a software system
can be improved by analyzing the system’s evolution during
development. Visualizations of software history that provide
only static views do not capture the dynamic nature of soft-
ware evolution. We present a new visualization technique,
the Evolution Storyboard, which provides dynamic views of
the storyboard visualizations, in order to study the evolu-
tion of large systems. We have applied our method to sev-
eral large open source software systems. In this paper, we
demonstrate that our method provides additional informa-
tion (compared to static views) on the ArgoUML project, an
open source UML modeling tool.
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tend to move on to other projects, or eventually leave the
organization. As these developers depart, the project would
lose the developers' undocumented wisdom and knowledge.
However, version control systems (VCS) contain valuable
historical information about a project, and mining the VCS
repository may reveal interesting events in the development
and maintenance of long-lived projects.

The software engineering literature contains many ap-
proaches for visualizing and studying the evolution of soft-
ware systems. Most of these visualizations are static —
static in the sense that a single visualization (e.g., graph or
numerical plot) is used to summarize the various periods
in the lifetime of a system. Static visualizations often can-
not capture the dynamic nature of software evolution. We
attempt to overcome this shortcoming with our new visual-
ization concepevolution storyboard.

A storyboard is traditionally produced beforehand to
help directors and cinematographers to study movie scenes

Large software systems have a rich development andto uncover potential problems before they occur [3, 11, 13].
maintenance history, which is lled with noteworthy events |n our work about software engineering, we de ne the con-
(e.g., major refactoring or re-architecting) and interesting cept of evolution storyboards to replay and study the history
time periods (e.g., bug xing or active and quiet develop- of a software system, retrospectively. Practitioners can use
ment periods). Such information is rarely documented, in- our evolution storyboards to better understand the rationale
stead it is kept in the minds of senior developers who havepehind the current structure of the software system, and to
been working on the system for several years. Such infor-yncover problems (e.g., structural decay) and possible im-
mation is relayed from one developer to the next through provements (e.g., refactoring and code re-organization) to

anecdotes and other informal communication.

the software structure. In contrast to static visualizations,

Many future decisions in a project are affected by lessonsthe evolution storyboard presents dynamic views, which de-
that can be learned from the software's history. Projects risk pict consecutively important events and periods in the life-

losing this rich history over time, because senior developerstime of long-lived software systems. However, we do not
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propose a full movie visualization since developers watch-
ing such a movie would have dif culties controlling it. De-

velopers would likely miss interesting events, and are not
able to easily focus on particular periods or parts of the sys-



les or functions) that are placed in a two-dimensional clustering layout causes artifacts with such character-
space, where the positions of the artifacts are obtained by an  istics to separate from the rest of the system and to
energy-based graph clustering algorithm. These placements  form their own cluster. The storyboard panels help us
have the property that artifacts that are dependent have close  to visualize the emergence of such clusters over time.
positions, and artifacts that are independent have distant po-

sitions. Each panel highlights changes of the software ar- Many useful software visualization approaches lack to
tifacts' dependency degree, and optiona”y showcases thé)rOVide a guideline that explains how to use the visualiza-
movement of them through animated arrows. The evolution tion and what insights can be obtained from the pictures.
storyboard assists developers in spotting artifacts that are/\Ve provide astep by step guideline for using our method.
becoming more or less dependant on others. The guide aims at helping to get started when analyzing the

The evolution Storyboard Visualizes Changes Of the sys_SOftWareIS eVOIUtion, in order to gain a better understand-
tem structure over time based on dependency graphs_ Fol‘ng Of the current structure Of the SyStem. Practitioners can
the case studies mentioned in this paper, we used cofollow this simple guideline to understand, visualize and an-
Change graphs —an abstract representation of the Changgnate their SyStem and its structure. We evaluate our own
transactions— as dependency graphs. However, the metho&echnique along the proposed guideline in the last section
is parametric in the kind of dependency graph. A co-change©f the paper, and showcase our new storyboard visualiza-
graph can be extracted from the VCS repository of a soft- tion on a large open source project. We demonstrate how to
ware system using a simple and ef cient extraction process. address the above reengineering tasks for these systems.
The panels in this paper represent the co-change informa-Contributions. The contributions of this work can be sum-
tion:; artifacts are positioned closely together if they were marized as follows:
often changed together. The approach is programming- )
language independent, and the software artifacts are not re- 1- We de ne a new dependency graph model, which gen-
stricted to program source but can also represent artifacts ~ €ralizes the co-change graph model from [5] to arbi-
such as build scripts, documentation, and test cases. trary software dependency graphs.

Storyboard visualizations help practitioners to under- 5
stand the evolution of the structure of a software system,
complementing other existing techniques. In comparison to
static visualizations of evolution, our animated visualization
can monitor how the structure of dependencies in a software
system has changed over time. More concretely, our work
provides support for the following reengineering subtasks 3. We highlight several obvious applications of our tech-
(selection of possible applications of our approach): nigue to typical reengineering tasks, and show on large

example systems how it provides solutions.

. We introduce the evolution storyboard, a new concept
for animated visualizations of historical information
about the software structure, and the storyboard panel,
which is the building block for highlighting structural
differences between two versions of a system.

e Explaining decay symptoms. Storyboards help ex- o )
plaining symptoms and clarify misconceptions. E.g., 4, .\Ne.formulate a guideline for the usage of our visual-
although a static visualization may reveal symptoms ization, in order to make the approach applicable by
of decays, the storyboard could reveal that these symp- and useful for non—experts, and to make the evaluation
toms have existed over the years since the beginning of ~ epeatable on other subject systems.
the project and are more likely design decisions rather

than decay symptoms. Related Work. Ball et al. mined and visualized graphs

based on common source code changes from the version
« Highlighting refactoring candidates. Storyboards  control repository [2]. Baker and Eick used animated vi-
help uncover artifacts that are good candidates for Sualizations of software metrics to observe the growth of
refactorings. Artifacts that are responsible for a variety Software systems [1]; they did not use co-change infor-
of concerns in a software system and tend to changemation from version repositories. The visualization of
with many different groups of artifacts that represent release histories by Gall et al. is produced by generat-
particular concerns, are examples of such candidatesing two-dimensional pictures and combining them to a
Such refactoring candidates are highlighted in the pan-layered structure (system-subsystem-module) for different
els of a storyboard since they frequently move as they Versions of the system over time; several attributes are used

change often with different artifacts over time. to color the visualizations [10]. Collberg et al. proposed a
method that is limited to source code objects and the pro-

= Spotting good structure. Storyboards highlight well  gramming language Java, to produce sequences of static
designed sets of artifacts. Such artifacts tend to changdayouts of call and inheritance graphs [6]. The method uses
together, and rarely change with other artifacts. Our energy models that are not designed for clustering, but for
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out unimportant information that otherwise blur the gener- Evolution storyboards. The evolution storyboard divides
ated picture. Finally, we discuss our tool implementation the lifetime of a software system into several periods, and
for generating storyboards, and highlight the bene ts and shows a storyboard panel for each of them. Every story-

limitations of the current implementation. board panel is based on a layout of the dependency graph to
Visualization of single panels. A layout of a graph(V, E, w) visualize the structure of the software system.
is a functionp : V — R?, which maps each node froto LetG; = (V,, E;,w;) be the dependency graph of the soft-

a position in thal-dimensional real space (({2,3}). We ware system at time, and letp, be the best layout of
construct the functionp using energy-based graph layout the graphG;. An evolution storyboard for the sequence
(cf. [9]). An energy model is an evaluation functioly that of marksto, 11, ...,t, iS a sequence of panelsP, P, ..., P,,
assigns to each layopta real number. The layoutp is one for each period between two subsequent marks. The
thebest layout if U(p) is the global minimum of functio®y. panelP, consists of the layoup, and a set; [VInV;—1

This means that the energy model encodes the desired propef animated nodes. We use the se¥, to restrict the anima-
erties of the layout. Since we are interested in grouping tion of a panel to nodes that re ect the change of structure,
a dependency graph into groups that represent subsystemso Iter out negligible change of nodes, to avoid clutter in
we use energy models wittlustering properties [5, 15]. the panel. The conditions for a node of being considered as
The algorithm that computes a layout with minimal energy animated node are detailed below.

is called a minimizer. To ef ciently compute an approxima- The visualization of a single pangl is implemented as
tion of the best layout of a dependency graph for a single ) o\ys: for every artifact node [, we draw a lled cir-

panel, we run the graph layout tool C@30". cle at positiorp, (a), with the circle area proportional to the
Visualization of a sequence of graphs. Instead of visual-  edge degreeegg, (@) = & g4y v ({a,d}), i.e., the sum
izing a single dependency graph which represents the fullof the weights of dependency edges to the artifact node. For
history of a software system (as done in [5]), we are here every artifact node: [M,, we draw a grey lled circle at
interested in visualizing how that particular dependency the node's previous positiqm_l(a)’ with a circle area pro-
graphevolves over time. This visualization helps to gainin-  portional to the previous edge degitg, _ (a), and a grey
sights into changes to interdependencies between artifactfine from the previous positiop,—1(a) to the current posi-
and subsystems during the development of the system.  tion p,(¢). This line is animated by moving bubbles that

For the instantiation of our method ¢o-change graphs, move fromp;—1(a) to p;(a). Furthermore, we visualize the
we considered the following three alternatives for the choice change in the degree of dependency since the previous panel
of the co-change graphs at every panel: (i.e., the last period): we draw a red ring within the circle for

1. Time-based co-change graphs: We consider graphs afthe artifact node:, with the area of the ring proportional to
ter a constant time period. In our case studies, we the difference of the edge degree between g@pand the

chose to create a new panel after every 3 months, ~ Previous graplt;—y, i.e.,degg, (a) —degg,_, (a) if a [V,
anddeg, (a) otherwise. This means: large nodes depend on

2. Change-count-based co-change graphs: We considemany other nodes, and nodes with large rings have changed
graphs after a constant number of additional depen-thejr degree of dependence a lot during the last period.

dencies for each panel. In our case studies, we chose . . .
. In the evolution storyboard, these panels are displayed in
to create a new panel after every 1000 dependencies. . s S
a sequence for the purpose of visualizing and animating the
3. Release-based co-change graphs: We consider graphsistorical changes in the dependency of the nodes. The in-
at certain release points. We create a new panel forterface of the tool permits the user to move quickly between
each release of the software system. consecutive panels. The ability to move quickly between
panels offers a motion-like animation, which permits the
user to animate and study closely changes in the layout and
in the structure of a software system over time.

Each alternative has its bene ts and shortcomings; the
time-based graphs quickly reveal in their corresponding sto-
ryboard panels quiet time periods in the lifetime of a soft-
ware system, where little or no changes have occurred Ogtapilization and filtering techniques. To achieve a se-
the software's dependency structure. On the other hand, us- uence of layouts that are similar to each otheri{e), but
ing thg change-count-based or releasg—based alternative, th mphasize the change in the structure of the system, we feed
user is not aware of _the amount of time that has elapsed, graph-layout algorithm when computing the layout for
between two panels in the storyboard. For example, O"€sanelp; with the positions of the artifacts in paneL;. |.e.,
panel may capture 1000 changes that occurred in a singl he layout algorithm starts with the positions of the previous
day whereas another panel may capture the same amount Gffayout, and adopts the positions of the artifacts in the current
changes over a few weeks or months. layout according to the current graph, in order to produce a

Lhttp://mtc.ep .ch/Cheyer/CCVisu layout with minimal energy.
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Figure 2. Approach overview

In the following we explain in more detail how we |-
ter out animation of negligible movement, to avoid that
unimportant information blurs the visualization. An arti-
fact noden [VIn V;—1 is included in the se¥; of animated
nodes if all of the following conditions hold:

1. The Euclidean distancip,(a) — p,—1(a)|| of the
node's current and previous position is larger than
a certain threshold (e.g., 5% of the panel's width).
The animation of artifacts not ful lling this condition
would clutter the visualization by many very small
changes of positions.

. The degree of dependendyg, () (i-e., the edge de-

layouts along with the dependency graphs are feed into the
movement lter. The lter uses the aforementioned thresh-
olds and heuristics to reduce the animation of unimportant
nodes. The complete evolution storyboard is displayed us-
ing standard, vendor-independent Java technology.

Alternatively, the storyboard can be written to several
SVG les (one for each panel), which are embedded in a
single HTML document for navigation. The use of stan-
dard web technology makes the tool easy to use and adopt
by software practitioners. To permit users to move quickly
between panels, all SVG les are loaded in memory using
HTML layers. Once a specic panel is to be shown, its
particular HTML layer is brought to the front. This tech-
nigue permits very fast interaction with the storyboard with
no lag due to loading up an SVG le corresponding to a
panel. Users can zoom into a particular area of a panel to
monitor closely the interactions of a limited set of artifacts.
Although each panel is represented as a separate SVG le,
all the SVG les communicate together through JavaScript
functions to ensure that they are synchronized. For exam-
ple, once a user zooms into a particular panel then the view-
point of all other panels in the storyboard are adjusted to
re ect the same viewpoint.

gree) is above a certain threshold (i.e., the dependency

of the artifact changed often). Artifacts not ful lling
this condition are not important for the overall struc-
ture of the system and its evolution.

. The change of the degree of dependedey; (a) —
degg,_,(a) inthe last period (i.e., the difference of the
edge degrees) is above a certain threshold (i.e., the de
pendency of the artifact changed a considerably in the
last period). Artifacts not ful lling this condition are
not important for the change of the structure during the
last period.

Note that restricting the animation to a subset of arti-
facts does not affect the positions of the other artifacts in the

Coloring schemes. Each generated storyboard supports
two coloring schemes by default. Additional coloring
schemes are possible. One coloring scheme is based on an
authoritative decomposition of the studied software system.
In this coloring scheme, all artifacts (i.e., nodes) in a sub-
system are colored using a particular color which represents
the subsystem. This coloring scheme highlights how in-
terdependencies between different subsystems change over
time. The second coloring scheme is a heat-based coloring
scheme (called HeatMap): artifacts which have moved in
more than 40 % of the panels are colored orange; les which
have moved in more than 30 % of the panels are colored yel-
low; and les which have moved in more than 20 % of the
panels are colored green. Finally les that have moved in

panel. If, e.g., an artifact changes its dependencies slowlyy, 5 jess than 20 % of the panels are colored grey. This heat

over a long period of time, it would always change its posi-
tion a bit, but we would not emphasize it by animation.

Tool implementation. The concepts of the evolution sto-
ryboard are implemented as a Java application, in order
to be platform independent. Clustering graph layouts are
ef ciently computed by calling functions from CCigu's
layout library* [4], which is based on the best known algo-
rithm for computing energy-based graph layouts (Barnes-
Hut). Figure 2 gives an overview of the tool implemen-
tation.

The dependency graphs for each panel are gen-

coloring scheme permits us to note artifacts that are contin-
uously moving due to permanent change of dependencies.

4. Application
4.1. Step by Step Guideline

To get started with using evolution storyboards, we pro-

erated through either the time-based, change-count-basedyose the following step by step guideline, which we derived
or release-based alternative. These graphs are feed to thigom our own experience in analyzing large software sys-

graph-layout tool. The tool uses the layout from previous

tems. We hope that this guideline provides help for others

panels to generate the layout for the following panel. For who are interested in using storyboards on their own soft-
the rst panel, the tool uses a random layout. The generatedware systems.
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