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Abstract

This paper describes a multi-perspedive software
visualization environment, SHriMP, which com-
bines sngle view and multi-view techniques to
suppat software exploration at both the archi-
tedural and source mde levels. SHriMP provides
three different views. a primary nested view and
two subsidiary views. The primary nested view
employs fisheye views of nested graphs, provides
contextual cues, and supparts general exploration
adivities. In SHriMP, subsidiary views exist as a
seaching tod and a relation trace. These views
complement eat other and all ow programmers to
examine a software system from multiple per-
spedives.
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1 Introduction

Software maintenance acounts for over 70 per-
cent of a software system’s lifetime st [1].
Enhancing the efficiency of software maintenance
may bring huge economic benefits. Many software
visualization tools were developed for reducing
the time spent in program comprehension [2, 3, 4].
However, the majority of them are not very
effective in pradice Part of the problem is that
the mllaborative use of various visuali zation tech-
niques has not been addressed appropriately.
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Quite avariety of software visualization tools
choose to represent software achitedures in a
single view or multi-view style [5]. Either one can
be used to crede views at different levels of
abstradion. However, both have limitations. Using
multiple views, programmers need to conceptualize
and trace implicit relationships among different
individual windows. This kind of adivity may
cause programmers to become disoriented even if
an overview window is provided. A single view
technique often limits a user’s cgability to look
at several digoint parts of a software system at the
sametime.

Many software visualization tods are aiticized
for laking appropriate suppat for source ®de
browsing and symbad seaching [6]. Some studies
have demonstrated that code-related browsing and
seaching adivities acount for the majority of the
time spent by programmers[6, 7].

Many software visualizaion tools are dosed
systems that integrate a variety of visualization
techniques [8]. These systems may be powerful at
solving a variety of software maintenance tasks,
but their closed environments make it difficult to
crede a wstomized toolset to meet the end user’s
requirements. Additionally, some useful techniques
in aclosed environment may not be easily exported
and integrated into other systems. However, an
open system can not be built by smply glueing a
set of tods together. Rather, complementary tools
that are cqable of solving a variety of tasks at
different levels of abstradion should be caefully
seleded.

To remedy some of the problems with existing
software visualizaion systems, we have developed
SHriMP (Simple Hierarchicd M ulti-Perspedive)
views, a Java program for software visualization.



The prototype, described in this paper, utilizes
knowledge gleaned from previous prototypes[5, 9]
and empirical evaluations [10, 11]. SHriMP is
designed to be a multi-perspective visualization
environment, integrating three distinctive views.
Each of these views is an independent software
component that can be reused in other systems.

The rest of this paper is organized as follows.
Section 2 describes the approach we followed for
developing a software visualization tool with
multiple perspectives. Section 3 discusses the
primary view in SHriMP, which employs a zoom
interface to support animated exploration over
hierarchical structures. Section 4 describes two
subsidiary views that demonstrate how to apply
searching strategies. The final section presents our
conclusions and outlines future work.

2 Multiple Perspective Views

The single view and multi-view techniques are
two traditional ways for developing software
visualization tools. Both approaches have benefits
and limitations when dealing with large, complex
software systems. In this section, we will describe
our proposed approach for software visualization.
It combines both the single view and multi-view
techniques. Therefore, it is more suitable for large
structured information spaces. We are currently
experimenting with it in SHriMP.

2.1 Dealingwith Views

Storey proposed a taxonomy for classifying pro-
gram comprehension tools [12]. This taxonomy
differentiates how views are organized and how
context and detail of an information space can be
coordinated. The taxonomy has four categories:
Multiple views without context, Multiple views
plus context and detail, Single view without
context, and Single view plus context and detail.
Multi-view techniques use multiple windows
to display a graph that is composed of software
artifacts and relationships. Each window shows a
digtinct part of the graph or graph abstraction.
Opened windows are usually arranged in a
cascading style, thus making it easier for a user to
examine a particular view. For example, Rigi isa
multi-view system. It provides an overview
window that displays contextual cues to guide
users as they fetch partial views of an underlying
system [14]. Details are made available in partial

views. One of the major limitations of multi-view
techniques is that implicit relationships among
individual views are difficult to conceptualize [5].

Single view techniques use a single window to
display a graph either statically or dynamically. A
static view usually focuses on some part of the
graph, but it cannot be changed. In contrast, a
dynamic view allows users to change their foci
through interaction. In both cases, users rely on
either auxiliary techniques, such as panning and
zooming to explore the view, or they adjust the
graph layouts to see both context and detail. A
good example is the graphical fisheye view
technique through which a user can change the
view to see the details and maintain the contextual
cues simultaneously [21]. Single view techniques
also have limitations. For a large software system,
with millions of lines of code, a single view may
be overloaded with too much information and
therefore fail to provide appropriate context. In
addition, it is extremely difficult to provide distinct
views, such as call graphs and class diagrams,
within a single view simultaneously. Even if it
were possible, it would be confusing and difficult
to use.

There is no single panacea [14]. Both
approaches can be used to complement each other
and to support a wider variety of tasks. Multiple
views at higher levels of abstraction can reduce
information overload in each individual window.
However, a single view technique may be more
applicable when viewing details at lower levels of
abstraction. Single view techniques can also be
augmented to support context+detail exploration.
A single technique can not meet al possible
requirements and a tradeoff has to be made to
integrate multiple techniques.

2.2 TheRigi Approach

The Rigi system nicely illustrates how a multi-
view system works [13]. Rigi extracts software
artifacts and organizes them into a layered graph.
Every piece of information at a specific layer can
be graphically displayed in a separate window.
Users can continually open new windows to
examine more detailed information until an empty
window is reached and no further exploration is
possible.

This multi-view approach relies on a single
visualization technique to manage each separate
view. Although distinct views can be generated in



Rigi, they are difficult to relate to one another. In
addition, views are spread all over the screen and
difficult to locate if too many views exist. Rigi
examines software systems with a priori emphasis
on distinct parts although it does support multiple
perspectives.

Figure 1 describes a multi-view visualization
system. The underlying data model stores extracted
software artifacts and relationships. For a specific
task, a user can extract the required information
and create a separate view through the extraction
and creation layer. For each separate view, a new
window is opened for further exploration.

!
Separate wiew 1 |

Separate view 5

Separate View ©

Separate view 3 | | | mmeees

Separate view 2

r—--=-==-=7=7=7=°° 1
[: Separate view 4 | Separate view IV
I !

Extraction and Creation Layer |

Data Model
Software artifacts, Belationships

Figure 1: A conceptua architecture of multi-view
visualization systems (Shapes and colors are used
to indicate distinct kinds of views.)

2.3 A Multi-Per spective Approach

We believe that a software visualization system
should make it possible for users to create intuitive
views from multiple task-relevant perspectives.
Here, a perspective is a mental view of some kind
of task, software artifact or relationship. It relies
on a specific kind of visualization technique that
intuitively reveals how software artifacts relate to
one another. Furthermore, a perspective should
address and facilitate a series of tasks, not just one
in particular. General perspectives are reflected in
widely used diagrams of data flow, call sequence,
class inheritance, etc. These diagrams have their
own specification techniques and appearances.

To address a particular perspective, a well-
defined module component or can be developed
independently and then integrated into an open
visualization system. Each component functions

as a tool and has adequate expressiveness. Each
tool can manage multiple views of the same type
with one or more views in the foreground of the
display. Views in the background can be switched
to the foreground at the request of a user. With a
perspective in mind, a user can navigate through
different types of views easily. Figure 2 describes
a simple conceptual architecture of visualization
systems that support multiple perspective views.

! Views to address perspective x |
: View2 *** View N :
1 ¢ : 1
Extract and Create |

{ Views to address perspectivey |
:Viewl e ViewM:
1 I I 1
Extract and Create

Extraction and Creation Layer |

Data Model
Software artifacts, Relationships

Figure 2: A conceptual architecture of multi-
perspective visualization systems (The views with
black borders are in the foreground.)

Each perspective view has its own set of
specifications, requires special kinds of software
artifacts, exists under certain conditions, and solves
part of the task of program comprehension. No
perspective view is capable of supporting software
exploration all by itself. A variety of perspective
views are necessary for program comprehension.
For the purpose of coordination there should exist
a primary view that provides programmers with
guidance and contextual cues for exploring sub-
sidiary perspective views. The primary view is of
central importance to the entire system as it
supports general exploration activities.

In a multi-perspective visualization system, a
programmer can rely on a primary view to apply
general comprehension strategies such as a top-
down strategy [22]. When reaching a particular
software artifact or handling a specific task, the
programmer can open subsidiary views for further
exploration. Using various views effectively may
allow easy switching of program comprehension
strategies [26]. The primary view in SHriMP is a
nested graphical view, and subsidiary views exist
as additional tools such as a relation tracer and a
searching tool.



3 ThePrimary View in SHriMP

The primary view in SHriMP uses a zom inter-
faceto explore hierarchicd structures. The zoom
interface provides advanced feaures to combine
the hypertext-browsing metaphor and animated
zooming motions over nested graphs [5]. Other
feaures such as filtering, abstradion and graph
layout algorithms are provided to reved complex
structures. Figure 3 shows a nested view of the
gui (graphicd user interface padage in SHriMP.

gui

DeskLayouthanager

Figure 3: A nested view of the gui padage in
SHriMP. A user issued a spring layout [23]. Two
clases (represented by intermediate nodes) are
magnified using the fisheye-view algorithm [15].
The oontents of the two nodes were drawn using
the Sugiyama layout algorithm [24].

3.1 Nested Graphs

One of the important charaderistics of softwareis
that a system can be decomposed into subsidiary
systems reaursively. This processis often referred
to as system decomposition, and it finally results
in a software hierarchy with a nesting relationship
of subsystem containment. SHriMP uses nested
graphs to represent software hierarchies.

For example, a software system can be divided
into modules, modues into files, and files into
variables, functions and blocks. This hierarchicd
structure can be represented using a nested graph
with the parent-child relationship of subsystem
containment. Other relationships, such as function

cdls, can be treaed as parent-child relationships.
For example, in a nested graph, the parent node
represents the cdling method, with its children
nodes representing the cdl ed methods.

The relationships that are not relevant to a
nested graph’s hierarchy are represented as smple
arcsin that graph. In SHriMP, compasite acs are
used to represent multiple smple acs. Actualy, a
composite ac is a higher level abstradion of the
arcs attached to nodes at lower levels, implying
how software atifads relate to one another in a
nested hierarchy. A composite ac can be opened
to show the mnstituent arcs it represents.

3.2 A Zoom Interface

SHriMP employs a fully zoomable interface for
exploring software. This interface supparts three
zooming approaches. geometric, semantic and
fisheye[25]. A user browsing a software hierarchy
may combine these gproaches to magnify nodes
of interest.

Geometric zooming is the simplest method o
zooming. A nested view is smply scaded around a
spedfic point in the view. This zooming method
does not convey any semantic meaning and may
cause frustrations in an interadive environment.
When inspeding a point not visible in the current
view, a user has to zoom out to locate that point
and then zoom in for examination. This zooming
method is very dow for inspeding two separate
points far away from each other.

SHriMP provides a semantic zooming method.
When being magnified, a seleded non-leaf node
will open to display its children nodes if they are
not arealy visible; a seleded leaf node will open
to show the related code segments or annotations
automaticdly. In addition, the magnified node will
fit within the aurrent view window via animated
motions.

Fisheye z00ming is a context+detail approach
for magnifying rodes of interest. It is based on the
SHriMP fisheye-view algorithm [15], in which a
focal node grows by forcing its sibling nodes to
deaease in size acordingy. This algorithm can
preserve ngtraints such as orthogonality and
topdogy as nodes are resized. Fisheye moming
has the alvantage of showing both context and
detail, but depending on the given task and the
required information, contextual cues may not
always be needed.



4 Subsidiary Perspective Views

In SHriMP, two subsidiary views, a searching tool
and a relation tracer, are provided to complement
the primary view [25]. A programmer can apply
different comprehension strategies through using
subsidiary views collaboratively. For example, call
graphs and data flow diagrams are helpful for
applying goa -directed, hypothesis-driven program
comprehension strategies.

4.1 Searching

Searching provides a very useful perspective for
programmers. Searching activities can reflect how
a programmer traces software artifacts and finds
implicit clues to form mental models. One of the
classical uses of searching isto trace data accesses
and method calls.

The primary nested view in SHriMP is by itself
insufficient to support bottom-up comprehension
strategies [19], even though programmers are able
to browse source code and documentation via
embedded hypertext links. The programmer needs
a searching tool to search for software artifacts
and symbols and to verify hypotheses quickly.

4.1.1 Review of Searching Tools

Since searching is one of the major activities in
software exploration, many searching tools have
been developed to help programmers. Searching
tools can be classified into four categories:

Grep: The grep tool [16] is one of the standard
tools supplied with the UNIX operating system. It
is perhaps the most widely used searching tool for
programmers. It provides a command line interface
to search through files for arbitrary strings and
regular expressions without considering their
semantic meaning. Normally, each line found is
copied to standard output. Interpreting the search
results may be very time consuming for some
programmers. It is aso difficult to use grep tools
to trace relationships among software artifacts.

Sear ching facilities of text editors. Most text
editors, such as Notepad, WinWord and Emacs,
have some kind of support for finding arbitrary
strings and regular expressions. Like grep, these
tools rarely take into consideration semantic
information. Furthermore, a user often requires
repeated operations to locate a specific variable or
function definition. However, their user interfaces

are smpler and easier.

File finding tools: The find tool [16] is one of
the standard tools shipped with UNIX. This tool
allows a user to search recursively through a list
of directories for files that match an acceptable
logical expression. In addition, it permits a user to
specify which attributes can be associated with
the found files. Despite its lack of a graphical
interface, the find tool is much more configurable
and powerful than the File Finder tool on the
Windows operating system. The find tool is used
alot by UNIX programmers.

Sear ching facilities of program under standing
tools. Some program understanding tools such as
the Searchable Bookshelf [3, 6] and TkSee [7, 17]
are capable of searching for arbitrary strings,
regular expressions, and software artifacts with
semantic meanings. According to Lethbridge, a
code exploration tool should meet two functional
requirements: (1) a user should be able to search
for software artifacts by arbitrary strings or by
regular expressions, and (2) the tool should be
able to display some relevant attributes of the
retrieved artifacts [7]. Thetool should also meet a
set of non-functional requirements such as dealing
with millions of lines of code. Other relevant
requirements are described in more detail in [7].

4.1.2 The Searching Tool in SHriMP

The searching tool in SHriMP supports three
searching dstrategies. General Search, Artifact
Search and Relation Search. The General Search
strategy provides a searching facility for arbitrary
strings and regular expressions. The second
strategy, Artifact Search, allows a user to search
for a particular kind of software artifact. The third
strategy, Relation Search, makes it possible to
find relationships among software artifacts. All
these searching strategies support incremental
search over the current search results. That is, a
user can refine search conditions and then search
through the current search results again.

The general search is similar to the searching
facilities of atext editor. A user can enter a string
or a regular expression as the current search
pattern and indicate the current search category
(for example, search by node names, search in the
source code or in the documentation). Since
SHriMP uses a nested hierarchy to organize
information, each node is treated as a collection of
information, and has its own identification, name
and pieces of source code and documentation.



Regardless of the spedfied seach caegory, all
the search results are organized into a seledable
list acording to node names (see Fig. 4). For a
seleded result, a user can press the “Browse”
button to magnify the crresponding rode in the
primary view. Thus, the user can examine that
node in more detail. This capability lets a user
perform arbitrary navigation easily by choosing a
seach result.

EaSearch 1]
General | arifact| Relation]

Category, & MNode name  Source code © Annotation

Search pattern. |Err” ;l

[~ Matchcase | Regularexpression [ Incremental search Search Stop

Found & items!
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Errors
exern.c

Figure 4: General seach. Seach for nodes whase
names match the regular expression of Err*.

The atifad seach enables a user to find a
variety of software atifads acwrding to certain
requirements. SHriMP uses an in-memory data
model to arganize avariety of software atifacts
extraded using certain parsers. For example, a C
program parser from Rigi [13] can extrad different
types of software atifads and their relationships.
Software atifacts in C programs can be dassified
into categories guch as file, unknown, globalvar,
collapse, proc and usertype. Their relationships
can be abstraded asinfile, access, call, composite,
etc. The atifad search allows a user to seach for
software atifads using arbitrary strings or regular
expressons, but the type information has to be
provided. The seach results are displayed in a
table with four columns (Artifact Name, Source
File, Line Num and URL File). Each column refers
to a software atifad attribute (seeFig. 5).

The first two strategies are useful for finding
software atifads and string symbols. However,
they are limited at reveding relationships among
software atifads. To solve this problem, SHriMP
provides a relation seach strategy (see Fig. 6).
Using this grategy, a user only needs to choose a
relation type and then enter search patterns for the
source and destination nods of the relationships of
interest. Each relationship found contains its type

information, the name of its urce node and the
name of its destination node. The result table uses
five olumns (Relation Type, Sc Artifact, Sc
File, Dest Artifact and Dest File) to describe basic
relationship attributes.

B search [_1=]
General Artifact | Re\atlon'

Search pattern:  |pr* ~| Software artifact type Proc 'I
[~ Match case [+ Regularexpression [ Incremental search Stop
Browse | ltem: 4 Found 5 iterns!

Arifact Name Source File Line Mum URL File
setup setup.c 40 setup.c_0040.html
prdata prdata.c 40 prdata.c_0040.html
prnan.c_0040 himl

prman prinan.c 40
arward

priord
nlaygame playgame.c B0

privord.c_0040 htrnl
playgame.c_0060 html

Figure 5: Artifad seach. Seach for Proc software
artifads whose names match pr*.
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Source Destination
|’Search pattern:  |play™ hd Search pattern: g™ hd
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Browwse | Item: 2 atits Src Artifact
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| RelationTyme | srcAifact |  srcFile | DestAdifact | DestFile

call playgame playgame. o endgarme endgame.c
playgame

call playgame playgame.c getward getward. ¢

call playgame playgame.c prdata proatac

call playgame playgame.c prman prenan.c

call playgame playgame.c prword prword ¢

Figure 6: Relation seach. Search for relationships
that must be of type call. Each found relationship
must have its surce node match play* and have
its destination node match g*.

4.2 Tracing Relations

When comprehending programs, a programmer
often neals to seach for various relationships,
such as data accesand method cdls. The relation
trace in SHriMP is based on the relation seach
strategy, and it provides graphicd representations
to fadlit ate auser’s exploration of relationships.

4.2.1 Relation Tree

Views displayed in the relation traca tod use
horizontal tree layouts. Like the primary view in
SHriMP, a relation tree deds with herarchicd



software structures, but it does not use anesting
presentation style. Nodes are simply linked by arcs
to form a flat tree When constructing a relation
tree a user can click on a node of interest to show
its children or collapse its subtree The user can
also sdled a tree node and then zoom into the
primary view to examine its detail ed information.
Figure 7 shows a screen snapshot of the relation
trace displaying arelation tree

The default nesting relationship of a primary
view is subsystem containment, which is applied
staticdly through the entire hierarchy. However,
the relation trace can be used to explore other
relationships. For example, in Figure 7, a user
starts with the node of main.c that is linked to the
other five nodes via the relationship of infile. If
the user wants to explore the cdl hierarchy rooted
at the node of main, (s)he can choose the tradng
forward dredion and the call relationship and
then click the main node to find al the related
function cdls.

MNewr. Delete ScaleToFit | Print.. | Viewlist |Relation Tree =
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Figure 7: The relation trace in SHriMP. A user is
trying to find a cmmplete call and data access
hierarchy rooted at the root node of main.c.

The tradng diredion can be spedfied as
forward or reverse. If the forward dredion is
chosen, the underlying relation seach strategy will
find the destination nodes that have the spedfied
relationship with the seleded source node. If the
reverse diredion is used, the seach strategy will
find the source nodes that relate to the seleded
destination node via the spedfied relationship.
The relation trace allows a user to choose a
tradng relation and a tradng diredion. It is much
more flexible and useful for exploring program
dependencies, such as a cadl hierarchy, than the

primary view in SHriMP.

Becaise ardlation treeis ableto reved program
dependencies among various oftware atifads, a
programmer may use it to perform tasks relevant
to program dicing. According to Weiser, program
dicing is a method for decomposing programs by
analyzing their data flow and control flow [18]. A
program dlice is an independent program guaran-
tead to faithfully represent the original program
within the domain of the spedfied subset of
behavior [18]. For example, a cdl hierarchy is a
syntadic slice that reaursively finds the methods
cdled by or cdling a given method. The syntadic
criteria for creaing a cdl hierarchy consists of a
root method and a cdl relationship.

4.2.2 Managing Views

During program comprehension, a programmer
may repeaedly reference preexisting krowledge
or mental models. The relation trace is cgpable of
maintaining multiple relation trees. This makes it
easier for a user to crossreference views of
previously constructed mental models and to do
further exploration. For example, when under-
standing programs bottom-up, a programmer may
continuously forms a series of mental models of
control flow and data flow [19].

Using the relation trace, a user can crede a
new relation tree view that will be aitomaticdly
added to and maintained by a view list. At any
time there is only one view in the foreground o
the display, but the user is alowed to choose aty
view from the list and switch it to the foreground.
Views can be deleted from the list. This view
management technique is useful for reducing the
cognitive overheal a user may encounter in a
multi-view system where the user has to find a
spedfic view from many overlapping windows
(seeSedion 2). Figure 8 ill ustrates how to choose
a spedfic view from the relation tracer.

4.3 Summary

As a subsidiary view provider, the searching tool
provides a very useful perspective, from which
a programmer can examine source ®de ad
documentation. Unlike the Seachable Bookshelf,
this saching tod does not use the complex GCL
(Generalized Concordance List) [6, 20] as its query
language. It uses a simple graphical interfacethat
is smilar to a text editor's saching fadlity. In
comparison with TkSeg this tod is connected to



the primary view in SHriMP, which provides
intuitive dues to asdst a user in exploring source
code. Therefore, auser is all owed to examine both
the software achitedura views and source ®de
simultaneously. Another subsidiary view provider
is the relation trace, which can be used to trace
various relationships and display them in the
format of relation trees. It is espedally useful for
constructing cdl hierarchies.
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Figure 8: Choosing a cal hierarchy view from the
view list.

5 Conclusions and Ongoing
Research

This paper describes the latest Java prototype of
SHriMP. During the development of this prototype,
we took into consideration the knowledge from
previous prototypes and empiricd evaluations.
Three perspedive views have been integrated in
SHriMP: a primary view, a seaching tod and a
relation trace. Together they provide a more
complete multi-perspedive software visualizaion
environment, in which subsidiary views conned
to the primary view via a oom interface

We ae airrently in the process of applying
SHriMP to visualize the SHriMP software itself.
We plan to use SHriMP during its own develop-
ment as atype of introspedive cae study. We ae
using a Java parser (courtesy of Tarja Systa of
Tampere University of Tednology, Finland) to
parse dl the SHriMP relevant classes and inter-
faces and to extract artifacts (e.g., padkages, classes,
methods and fields) and their dependencies (e.g.,
method cdls and class inheritances). The gathered
dataisfirst stored in plain text RSFfiles [13] and

then read into SHriMP for further introspedive
exploration. Figure 3 shows an architedural view
of the gui padkage of SHriMP. We intend to use
SHriMP to dacument and capture the evolutionary
design process of the SHriMP toadl. In addition,
further user studiesto eva uate the latest prototype
are being planned.

Many reverse engineging and reengineeing
todls are in development. Closer collaborations
between reseach groups will lead to better todls
in shorter periods of time. This may be redized in
several ways. For example, we intend to implement
SHriMP using a acmponent-based tednology,
thereby allowing other researchers to use one or
more of the SHriMP views in their own toadls. In
addition, we plan to suppat the GXL exchange
format [27], which is currently being adopted by
several groups to enable the inter-operability of
toals.

The Java Bean technology [28] in particular
highlights an effedive mmponent-based approac
for designing SHriMP. Every perspedive view in
SHriMP can be developed as a Java Bean. Thus, a
variety of Java mmponents can be compaosed into
customized applications by end users. Moreover,
this approach all ows other reseachers to integrate
single cmponents from SHriMP within their own
environments.

For example, we ae now working jointly with
areseach group with the Department of Medicine
at Stanford University to integrate SHriMP into
Protégé-200Q Protégé-2000 is a "meta-tod" for
building domain-spedfic knowledge aquisition
systems that application experts can use to enter
and browse the ontent of eledronic knowledge
bases [29]. Part of SHriMP has been successfully
added to Protégé-2000as a plug-in component for
visuali zing various domain ontologies and content
knowledge. Exploring collaborations with other
tool designers is one of our primary reseach
objedives.
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