Visual Realism for the Visualization of Software Metrics
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Abstract shaded components for diagram elements can facilitate in-
terpretation and recall of diagrams [13]. Such an approach
The visualization techniques used in current software vi- could be bene cial for the design of new applications for
sualization frameworks make use of a limited set of graphi- managing and interpreting complex software systems [20].
cal elements to highlight relevant aspects of a software sys  As an example of how software visualization could bene-
tem. Typical examples of such elements are text, simplet from the combination of different visualization and com-
geometric shapes and uniform color lls. Although human puter graphics techniques, we developed a tool to visualize
visual perception enables rapid processing of additiorial v metrics of elements of a software system, where the ele-
sual cues like shading and texture, they are not used. Wements have a hierarchical relation. We used this to study
contend that such 2D and 3D computer graphics techniquesthe hierarchical structure of a Java program consisting of
for achieving visual realism can be used to increase the in- 18,000 lines of code, while simultaneously showing mul-
formation throughput of software visualization technigjue tiple software metrics at the leaf level of the hierarchical
Visualization results are presented to show how treemaps,structure.
cushions, color, texture, and bump mapping can be used to The techniques that we combined for achieving visual
visualize software metrics of hierarchically organized-el realism are treemaps [15], cushions [17], color, textugg,[1
ments of a software system. and bump mapping [3].
Section 2 discusses related work regarding the struc-
tural and metric-based visualization of software systems,
1. Introduction followed by section 3, in which the techniques mentioned
above for achieving visual realism are explained in more
detail. Section 4 presents the details of a couple of our vi-
sualization results. Conclusions and recommendations are
presented in section 5.

Current software visualization frameworks employ one
or more established techniques to visualize the different a
pects of existing software systems, such as node-link di-
agrams and graphs. Such techniques use a limited set of
graphical elements, typically consisting of text, simpg 2. Related work
metric shapes and uniform color lIs to highlight the rele-
vant aspects of the software system being visualized. Addi- Treemaps have been used earlier to visualize software;
tional visual cues like shading (lighting effects) and tet SeeSys and GAMMATELLA are two examples [1, 14].
are not used, although the human visual system is very well SeeSys is used for visualizing statistics associated with
capable of rapidly processing them [6, 10, 11]. The use code that is divided hierarchically into subsystems, direc
of such additional visual cues could therefore help viewers tories, and les [1]. SeeSys uses color to visualize met-
to gain a better understanding of a visualization result in rics, animation to show software evolution, and standard
a shorter amount of time while requiring only a minimum treemaps to visualize the hierarchical structure of tha.dat
amount of perceptual and cognitive load. Additional information is displayed by vertically lling

We argue that established techniques for achieving vi- each rectangle. A potential problem with this approach
sual realism from the eld of 2D and 3D computer graph- is that the additional horizontal boundaries introduced by
ics can be used to enrich the graphical palette of softwarethese Ils and the rectangular shape of a Il itself might
visualization techniques to establish a higher informrmatio cause visual interference with the rectangles and lines tha
throughput. Irani and Ware also state that the use of 3Dare already present within the treemap (see gure 1b). The



use of texture for the visualization of additional informoat
is mentioned, but it is not implemented by SeeSys.

The GAMMATELLA Program Visualizer displays
program-execution data gathered from deployed software
products [14]. A treemap is used for the system level view
(the highest level of abstraction) in which rectangles are
proportional in size to the number of statementsin a le. Bi-
variate metric information is displayed using a continuous
[red, yellow, green] hue range combined with varying lev- Figure 1. Treemap construction. Atree (a) and
els of brightness. An issue with such a color-based bivariat  its corresponding treemap (b). The numeric
visualization technique is that bivariate chromatic majgs a part of a node label indicates the size of the
notoriously dif cult to read [19]. node.

Balzer et al. present a hierarchy-based visualization ap-
proach for software metrics using visually appealing ldgou
based on arbitrary polygons instead of standard rectangle3.2. Cushions
based treemaps [2]. The layouts are computed by means
of iterative relaxation of Voronoi tessellations. An infor Cushions are an extension to standard treemaps that pro-
mal study showed that hierarchy and size parameters of thejide a better insight in the structure of hierarchical data b
objects were better recognized with Voronoi treemaps thanusing surfaces that consist of intuitively shaded, rewersi
with rectangle-based treemaps. The method is computationcushions [17]. We use cushion treemaps in our freeware
ally expensive, requiring a couple of minutes instead of sec tool SequoiaView to visualize the hierarchical contenta of
onds to generate a view. This makes the technique less suithard disk [18]. The use of cushions to emphasize the hier-
able for real-time visualization and exploration of soft&/a  archical structure within a treemap is illustrated by means
systems. of the one-dimensional example shown in gure 2.

Our approach to multivariate, treemap-based software
visualization is presented in the following section.
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3. Overview of techniques

This section provides a more detailed explanation of the
techniques mentioned in the introduction.

3.1. Treemaps

Figure 2. Use of shading to show hierarchi-
cal structure. Visualization of the hierarchi-
cal structure of a tree by adding the height
values of levels A, B, and C together. The
resulting height pro le is subsequently ren-
dered as viewed from above.

The treemap algorithm uses a space- lling approach to
map a tree structure into rectangles with each rectangle rep
resenting a node [15]. The size of a rectangle is propor-
tional to the size of the corresponding node. Internal rec-
tangles correspond to child nodes and are visualized by re-
cursively subdividing the containing rectangle (“slicedan
dice” method). The direction of subdivision alternates per  The hierarchy consists of levels A, B, and C. Each level
level between horizontal and vertical. A tree and its corre- has an associated height pro le (based on its depth in the
sponding treemap are shown in gure 1. hierarchy) and the resulting height pro le for the complete

We make use of an alternative to the “slice and dice” sub- hierarchy (“A+B+C") is calculated by adding the height val-
division method to generate squari ed treemaps in which ues of levels A, B, and C together. If the height pro le
the rectangles approximate squares, since slicing and dicis interpreted as a side view and subsequently rendered as
ing often gives thin, elongated rectangles [4]. We use theviewed from above, the bumps transform into a sequence of
squari ed treemap technique to generate a comprehensibleidges. Because the depth of the valleys between the seg-
view of how the software is hierarchically subdivided into ments is proportional to the distance between nodes in the
smaller components. tree, the tree structure is clearly visible.



Figure 3. Hierarchical structure shown using
a cushion treemap. The hierarchical struc-
ture of the tree in gure 1a is visualized using
recursive cushions.

3.3. Color

Color ranges are used to visualize a single software met-
ric at the leaf level. The ranges are de ned by interpolating
between a start and end color in either RGB or HSV space
and are mapped to the numerical range of the selected soft-
ware metric. A grayscale range has been used for the exam-
ples in this paper since the proceedings are printed in black
and white.

3.4. Texture

To visualize an additional software metric at the leaf
level we use a perceptually based texture synthesis model
for isotropic textures. The model is based on the additive
synthesis of logarithmically binned noise in the discrdie 2
frequency domain [12]. Textures synthesized by the model
are speci cally designed to be usable for the visualization
of arbitrary types of ordinal and scalar data. A texture’s vi
sual characteristics are speci ed by using an input model
that has been de ned on the basis of user experiments and
subsequent MDS analysis. This UVC model enables the
intuitive and direct manipulation of a texture's spatiad-fr
qguency (U), regularity (V) and contrast (C) charactersstic
Examples of textures that were generated with this model
are shown in gure 4.

Furthermore, the texture synthesis model is capable of
generating seamlessly tileable textures, which makes the
application of the model for the shading of large areas fea-
sible. An extension for generating colored textures is pro-
vided as well.

Figure 5 shows the result of combining a grayscale range
with textures. Brightness varies from black to white along
the horizontal axis while texture contrast and wavelength
(spatial frequency') vary from minimum to maximum

C=0.15 C=0.5 Cc=1

Figure 4. Textures with varying levels of spa-
tial frequency, regularity and physical con-
trast. The textures were generated using the
texture synthesis model presented in [12].
Textures with increasing values of (a) spatial
frequency U, (b) regularity V, and (c) physical
contrast C are shown.
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Figure 5. Combining texture and grayscale in-
tensity.

3.5. Bump mapping

Bump mapping is a technique to perturb the surface nor-

along the vertical axis. mals of the object being rendered by using an array of dis-



placements called a bump map [3].

Figure 6. Diffuse texture mapping and bump
mapping. Top row: shaded cushions using
only diffuse texture mapping; bottom row:
shaded cushions using both diffuse texture
mapping and bump mapping.

Application of this technique results in images with re-
alistic looking surface wrinkles without the need to model
each wrinkle as a separate surface element.

To increase the visual realism, bump mapping can be

combined with diffuse texture mapping in which an im-

Text labels are shown within the center of each pack-
age / class rectangle whenever possible, i.e., if the latsel
within the corresponding rectangle. Package labels use a
larger font size than class labels to avoid confusion. Mettho
labels are shown as dynamic mouse cursor tooltips instead
of static labels to keep the visualization from overwhelgnin
and confusing the viewer. It may be dif cult to show text as
clearly wrapped on a 3D-shaded object. If the object is tex-
tured this is especially likely to interfere with the readityp
unless the texture is subtle [13]. To make text stand out from
the (textured) background we used white, anti-aliased-char
acters surrounded by a black outline and an additional drop
shadow. Viewers can zoom in on a package (and eventually
on a class) by double-clicking within its corresponding-rec
tangle. This causes the treemap to be redrawn using the full
display area to provide an enlarged view of the desired sub
level.

The rst visualization ( gure 7) uses grayscale intensity
and texture to show fan-in and fan-out, respectively. The
fan-in of method M refers to the number of methods that call
M, whereas the fan-out of M refers to the number of meth-
ods that are called by M. It is generally desirable that meth-
ods with high-fan in have low fan-out to keep such critical
methods from depending on (too many) other methods. The
second visualization ( gure 8) uses grayscale intensity an
}exture to show fan-in and code smell, respectively. Code

age is mapped onto the object being rendered, like a deca
pasted onto a at surface [5]. Figure 6 shows the difference
between shaded cushions using only diffuse texture map-
ping, and cushions using both diffuse texture mapping and
bump mapping. We used bump mapping in our tool in addi-

tion to diffuse texture mapping, such that the texture fuses
better with the 3D surfaces of the cushions.

4. Visualization results

Two example visualizations are shown that were gener-
ated using the hierarchical structure of a Java program con-
sisting of 18,000 lines of code. The program was developed
as part of a software engineering project for third year com-
puter science students. Java packages comprise the high-
est level of the hierarchical structure, classes comphiee t
intermediate level, and methods comprise the lowest level,
i.e., the treemap leaf nodes. RevJava was used to calculate
various software metrics at different levels of the hielngrc
[8].

Two hierarchical levels were used to render the cushions:
one corresponding to the method level and the other corre-
sponding to the underlying class level. A third cushionleve
could have been used for the package level, but this caused
the shading to become too pronounced. We therefore used a
black bounding rectangle to enclose those classes that com-
prise a single package.

smells describe patterns in code that indicate that refacto
ing can be applied [9]. It is based on the number of critics
per method as provided by RevJava.

The visualizations shown in gures 7 and 8 provide a
large amount of information at once without being visually
overwhelming or confusing:

The squari ed cushion treemaps clearly show the hi-
erarchical structure of the code, i.e., the division into
packages, classes, and methods.

The number of statements per method is proportional
to the size of a rectangle, providing information re-
garding the size of each method.

Textual information about packages and classes is pro-
vided by means of labels, whereas method-level infor-
mation is shown using tooltips.

One method-level software metric is visualized using
color (a grayscale range in this case due to the repro-
duction requirements of the proceedings) and a second
metric is visualized using diffuse texture mapping, re-
sulting in emergent features, i.e., speci c combinations
of color and texture, that indicate potential problem ar-
eas (see gures 7c and 8c¢).

Additional use of the texture as a bump map empha-
sizes the texture features as well as the shading, fa-
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Figure 7. Multivariate visualization of fan-in and fan-out . (a) Methods with high fan-in and low fan-out
(permissible situation); (b) Methods with low fan-in and hi gh-fan out (low-priority situation); (c) Two
methods (top left, bottom right) with fairly high fan-in and medium fan-out, indicating a potential

problem area.

cilitating texture discrimination and recognition of the Furthermore, the current zooming technique instantly

hierarchical structure, respectively. switches between two levels of detail without providing an
o ] intuitive transition, which could result in navigationabke

The combination of color and texture is advantageous qyientation. An approach using animated zooming and pan-

since this eliminates the need for a visualization tech- ning could be employed to resolve this [7, 16].

nique based on bivariate chromatic maps, which are  ginajly, the techniques that were used are especially

known to be dif cult to read [19]. Explicit visualiza-  gyited for implementation on programmable graphics hard-

tion of both metrics instead of a combined metric, €.9., \yare to maintain real-time performance when used to visu-

the fan-in/fan-out ratio, also has the bene cial property 5ize large software systems.

that no information is lost.
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