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Abstract

As programs grow larger, it becomes more diffidaltunderstand their source code in its entiretye Th
same is also true for working with source code,civhivas written by someone other than oneself. A
fisheye view is a visualisation technique that digp only information in which the user is currgnthost
interested, while omitting all uninteresting infation. This paper presents an implementation of a
degree of interest fisheye view of source codethagrocesses that lead to it, including an extansf a
code folding tool for developers using Java Modgliranguage. In this paper we present a comparison
with other implementations of fisheye view. Alsog wuggest a new approach for computing which
information is interesting to the user as well #sep possible ways for improving the efficiency af
fisheye view.
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1 Introduction

With computers becoming more pervasive, a largebauraf applications and programs are being develope
every day. These applications are also becominge momplex as the processing power of computers
increases. This complexity very often involves teash developers working with large amounts of seurc
code. The problems that arise from such collabamatiare obvious for anyone who has been in such a
situation — it can be very difficult to understam@iece of source code that was written by anataeeloper.

It is becoming increasingly difficult for develogeto be able to understand the source code of pheject

in its entirety. Moreover, working with an amount iaformation that increases daily can easily cause
information overload, which can in turn cause dasesin work productivity.

There are various ways of dealing with these problesuch as the proposed bubble tree interface for
viewing tree structures [Boardman, 2000]. Anotherai fisheye view, which is a way of filtering out
uninteresting information [Furnas, 1981]. In a bd&sheye view, all elements of source code argasd an
interest value based on their level of detail dmgrtdistance from user's focus. The concept aélefe
view was first introduced by Furnas [Furnas, 198tere is another paper that deals directly wifistzeye
view applied to a source code file, accompanieth witiser study [Jakobsen & Hornbaek, 2006]. Thigpap
presents an alternative to the implementation detmated in Jakobsen & Hornbaek along with the
description of the design process and decisionse tlhgree of interest function and its possible
improvements are investigated as they are the fmsisheye view.

2 Related Work

The concept of fisheye view as a visualisation negqine was presented by Furnas in 1981 [Furnas,]1981
His paper presents a fisheye view of structurexs find even suggests its possible usability orceaade.
The proposed fisheye view is a degree of intersbeye view (i.e., the interest of code is deteadiby the
distance from focus and an inherent interest vadua certain line of code). A definition and arample of



the degree of interest function is provided as aglan example application of fisheye view to steectures
and other hierarchical structures. Moreover, sévmrasible issues were identified, some of which e
discussed in this paper.

In 2006, Jakobsen & Hornbaek published a user stfidy fisheye view interface applied to source code.
They used a simple editor with fisheye view as titkgl view and a thumbnail view as an overvievihaf
whole file. Their paper is the first user studyadisheye view applied to source code [Jakobsernénbiek,
2006]. Our work a response to Jakobsen & Hornbpalger, and tries to address the issues presentieeiin
paper as well as providing an alternative solutmtheir approach.

Our implementation of a fisheye view uses elisiechhiques to fold away uninteresting parts of cdde
first paper, which tried to evaluate code elisitveré referred to afolding) techniques, was written by
Cockburn and Smith and published in 2003. They lcolecl that interfaces that support code elision are
more effective than standard linear interface favigation, especially for large source files [Cogkb &
Smith, 2003].

3 Fisheye View

A fisheye view is an information visualisation tedue that uses certain principles found when using
fisheye lens' in photography. A ‘fisheye lenslnsextremely wide angle lens that produces imdugsshow

a very high level of detail near the centre of thmage. It also shows the surroundings with graguall
decreasing level of detail at the same time.

There are two very important concepts associaté¢h fisheye view — focal point and degree of interes
The degree of interest, and the function used tapee it, is discussed in section 5. Focal poitat ligcation
in the source file, where the data is deemed nmbstdsting to the user. It is usually in the néarlbcation
of the cursor, but as is mentioned in section 5.thére may actually be more than one focal pdimnt.
addition to these basic concepts, different implatatgons of fisheye view use various other conceypis
functions. In the following paragraphs we will exipl our reasons for making certain decisions alout
implementation.

3.1  Design decisions

Apart from using the experience gained from comsing the folding plug-in described in 4.2.3, tharere
several other reasons why we chose to implemeriisineye view as a structure made of foldable megjio

3.1.1 Main Advantages over Other Implementations

First of all, the main difference is that our figheview basically serves as another layer on tophef
standard Java editor. This means that all the ifumality associated with the editor (e.g. code clatign,

error hints, warnings, etc.) is retained. Moreotae folding structure can be unfolded manuallyth®y user
and as long as the position of the cursor is nahghd, it stays unfolded. In practice it means ifithe user
is interested in an area of code, which is curyefoilided, the user can unfold the area withoutcdifg the
overall structure. After the user gets back to w@r& the cursor position changes), the fisheymwvis

updated and all the less interesting areas aredadain.

3.1.2 Differences from Jakobsen & Hornbaek's Implementation

In addition to the differences above, there areentifferences to the implementation from Jakobseh a
Hornbaek. In their paper, Jakobsen and Hornbaek idedca fisheye view implemented as a Java editor,
which replaced the default Java editor [Jakobsddognbaek, 2006]. In comparison to our implementation
their editor does not support any tools or featfires the default editor except for syntax hightigh and
line numbering. Also, in addition to the normaltedj window, there is a thumbnail overview of thbole
source file, while our implementation uses only fiskeye view. This way, the fisheye view is mdexible

as the user can use other tools and views availahe default edito to get additional informatiaimout the
source file.

Also, our implementation addresses several problatiged in their paper. Jakobsen & Hornbaek dtae
the static size of focused area sometimes confusex because it was difficult to see any semaelation
between the focused area and user's focus [Jak&bkkmnbaek, 2006]. We adopt the proposed solution o
using the cursor position to determine the focahfpdn addition, the size of the focused areadsable



because the focused area always consists of vausa# unfolded regions that always well definethydo
avoid confusion about the focused area. Our salgtto other problems mentioned in Jakobsen & Hoknbae
are discussed below.

4 A Process Leading to the Implementation of Fisheygiew

Our fisheye view is implemented as a plug-in fodifige IDE [1]. Eclipse is a well-known software
development environment. It contains many toold ®faould help ease the development process, for
example code completion, various overviews, integtarersion control system, etc. It also contaoudst
that allow users to fold away sections of code.

However, before actually implementing the fishey@wusing the folding functionality of Eclipse,\itas
necessary to explore the possibilities availabl&gtipse. In order to acquire a deep understandfrigow
code folding is implemented and how to build plag-into Eclipse, we chose to address a problem with
JML annotations in the current implementation adedolding.

4.1  Folding in Eclipse

For a number of releases, Eclipse has foldingifeesl These are code elision techniques that afleauser
to choose, which information is displayed and whghot.

4.1.1 Description of the facilities

The default implementation supports folding of agrtareas of Java source code, namely commentsylock
Javadoc blocks, header comments, inner types, ewndnd import containers. There are alternative
implementations of folding, available as third ggtug-ins, allowing folding of a much broader sppam of
Java elements including blocks of line commentadimnal statements and loops.

4.2  JML Folding Plug-in

After considering several options, we decided tata a plug-in that would solve the problems wittiJ
annotations described in 4.2.2 in Eclipse IDE Hmtlsause of the experience with folding that we ld/ou
gain and because of the benefit for developerguBifl.

4.2.1 Java Modeling Language (JML)

The acronym JML stands for 'Java Modeling LangJiaeIML is a formal specification language for dav
which is used by various tools to extensively testbehaviour and correctness of Java modulesdier ¢o
describe their behaviour, JML annotations are u3é@gse annotations are Java line or block comments
written in a special format (see figure 1 for exéasp

Both command line tools as well as tools integrated IDEs are available. There is an extendedcstat
checker (ESC/Java2) obtainable both as a commaaddbl [3] and an Eclipse plug-in [4]. A set obl®
integrating JML into Eclipse is also available frameir website [5].

A4 Wormal line comment J/B JML line ammotation
i+ £

* Iormal Dblock comment B JML block annotation
*f E*s

Figure 1: Comparison of normal Java comments and JM annotations

4.2.2 Problems with JML annotations in Eclipse

Unfortunately, JML was not supported in Eclipse wex until recently, when several plug-ins became
available. And even now the folding facilities, aveith third party plug-ins ignore JML and treat UM
annotations as normal comments. This means thathbiee for a developer, who uses both JML and the
folding facilities to fold away the code automaligais limited to either folding away both JML aradl
comments, or neither of the two.



4.2.3 The Plug-in

In order to solve the problem, the new folding pingvas developed. This plug-in was based on thHé€o
Bytes Code Folding Plug-in [6] that extends thedifad) facilities of Eclipse. Our version of the pling
makes a correct distinction between normal commgsit comment lines or comment blocks) and JML
annotations and lets the user automatically cafldps two types of comments independently.

5 Determining User's Interest

Determining which information is interesting to thser is essential for the functioning of the fisheiew
as the interface provides an overview of the sofiteelt also provides as much detail as possibtedata
that is currently interesting to the user. To deiae which information is interesting to the usedegree of
interest (DOI) function is used.

51 Basic DOI Function

The basic degree of interest function consistsvof components[Furnas, 1981]. The first componettas
level of detail of a certain element. In Furnasipgy, has been the level of indentation of the etgnbut
we are using the hierarchical structure providedEblypse. This component represents an inhereatast
value of the element (by default, classes are nmp®rtant than methods, which are more importaanth
local variables, etc.). Using this information, eanstruct a tree structure.

The tree structure is then used to compute thensecomponent — the distance from the focal poiirstF
the user's focus is found and translated into &iposn the tree structure. Then the distance ftbsfocal
point is computed for every node in the tree. Tistadce represents the assumption that parts cfainee
file that are further away from the focal point &ss interesting to the user than parts thatlasec

This, however, is only the basic function. In ordermake the fisheye view as effective as possibke,
propose that other sources of information are tseefine the interest values further.

5.2 Enriching Available Information

In their paper, Jakobsen & Hornbeek identified a In@imof problems (e.g. what to do in a situation mwvhe
there are a lot of elements with the same DOI?) igheye view [Jakobsen & Hornbaek, 2006]. Several
problems were also identified in Furnas's paperrj&s, 1981]. The majority of the problems havedavith

the DOI function. Having more information about senterest, focus, past choices and the sourde co
itself could have a significant influence on théagéncy of fisheye view compared to the basic D@iction
described above.

5.2.1 Program Call-Graph

Eclipse IDE contains information about the progreafi-graph for the current project. A call-graphas
graph that represents the connections among vagleagents of the program, e.g. method calls andsado
variables. This information can then be used td fineas of high interest that are not necessagity the
current focal point. Using call-graph as the ordgliional input to the DOI function is not very iefént as
this only increases the amount of information tied to be in focus, meaning it is more difficulitaintain
the balance between the overall structure andeteleld view of the source file.

On the other hand, using the call-graph is a wagdadlressing a question from Furnas's paper [Fuli®d,]
about the possible advantage of having more thafocal point to provide more information about the
main focal point, where the secondary focal pomtld be generated automatically.

5.2.2 Source Code Annotations

Another problem, identified in Jakobsen & Hornbagléper, is caused by the structure of the sourde co
itself. Most Java source files contain at least ooastructor and several methods. In large cla#ses
number of methods and constructors can be quite fiigis means that there are numerous elementghvath
same or very similar degree of interest. This @®at significant problem as it makes the fishegavwery



inefficient.

In order to solve this problem, we propose to aatecthe source code to divide the regions into meéur
and manageable structure. These annotations aitarsim #region annotation in C# [Solis, 2007]. In
addition to the keyword '@region’, to define thgioes, we propose to use BON [Waldén & Nerson, 1994
keywords and several others (e.g. for constructors)ark regions of code representing differenasure

5.2.3 Context Aware Tools/Plug-ins

Another source of information for the DOI functiég, one of the many Eclipse plug-ins available. The
Mylyn plug-in [7] is an example of such a plug-Mylyn is a context aware task-centred user interfalcg-

in that can automatically find information relevamtthe current task. Using this kind of contexormation
helps with construction of a fisheye view with nipi focal points and also with the precision o Ol
function.

6 Future work

As the current implementation of the fisheye viewelatively primitive in terms of the richnessitsf DOI
function, one of the most important pieces of wtokbe done is integration of additional sources of
contextual information into the fisheye view.

After that, it is important to measure the actuéaiveness and usability of the fisheye view, ethiwill
require a user study to be carried out. A comparismeeded not only between the standard lindarface
and this version of fisheye view, but also amonig fisheye view implementations.lt is important to
determine, which parts of the fisheye view are abfuthe most important for usability and which
implementation is more effective. It would alsouseful to evaluate each source of additional infdrom to
see which ones provide the most interesting anatitapt information.

7 Conclusions

The project presented in this paper was a procks#g which several important design decisionsewer
made. First, the JML folding plug-in was constrachy extending an already-existing plug-in, whicbyed

to be tricky as the code was not completely stdliing the experience gained from the JML foldihggpin
used to fold away code, we decided to build a fishéew of source code with very different propestio
previous implementations. As a basis for the figheiew, we used the default implementation of iyl
placing code stability above extended functionalitje experience from the JML plug-in makes it gaes
to add the remaining functionality later.

We managed to build a functional fisheye view. Etreyugh this version was quite simple, it is alsehdd
several advantages over other implementations. @ieve that when all the proposed functionality is
implemented, our implementation of a fisheye vieill e more efficient than previous implementations
and will the importance of context awareness fo ifiterface. The performance of this interface aigrs to
be tested in a user study.
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