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Abstract— Reverse Engineering makes it easier to keep source
code and model synchronized, in contrast to former times when
it was much more effort to update a hand-made model. Only a
problem might arise in situations, when we definitely don‘t want
to have code and model synchronized but to see the gap between
them. For example to see the (possible) impact of a code change
to the model or how much of the code will be affected by a
change on model level. Chandeon Change on

We present in this paper two approaches to visualize this Mode! Love Code level

gap: one, quick, simple analysis and visualization based on a
cross-table. And one more sophisticated visualization (based on
a matching between model-graph and code-graph). We discuss
also some weak spots: our decision to use sequence diagrams as
the model in which most oo changes happen during development.
Another weak spot is the analysis of a model-to-code matching
which can be extremely complicated, but is not described in
full length in this paper. And a last one: our testdata for our
prototype implementation was taken from open source projects,
which didn‘t come with complete model information. ) o

But since State-of-the-Art Tools like Rational Rose offers only Fig. 1. Problem Description
a very poor visualization (very large text file) to display the
differences between two models, we think that besides all weak
spots a visualization of this (possible) gap between model and
implementation is useful and needed.

Mutual Impact caused by
Changes on Code/Model Level

|

understanding of the abilities of a programming language,
this discussion might be laborious. And - not in every case,
. INTRODUCTION but often - the only interesting information for him might

Every IT-Project contains several levels of information, ead¥ how much of his scope is affected. On the other hand,
level used by different users for their own requirements. It fs decision from the bird-view of a model seems to be a good
surely not recommendable to put every piece of informatidfia on management level, but the programmers might be more
into one document. One reason might be that each udderested in how much of the existing code can be preserved.
group prefers its own notation, another reason is that lar§é course, this problem occurs only in large projects with
documents tend to be unreadable. Therefore it is commg@veral kind of developers, who continues over a long time
agreement to express the same information about a projggfiod with numerous changes. A small project with a small
in different notations - as long as consistency is given. If w@foup of developers can be handled without these problems.
only develop in one direction, as in forward engineering, this To summarize our goal: We would like to have an estimation
consistency is given by declaring the latest development B@w much a change on one side affects the other side and
decisive and binding. But if we allow to make changes o satisfying visualization to communicate these changes and
the model as well as in the implementation, like in rounddiscuss them. We would like to call this visualization of the
trip engineering, we don'‘t have only to adjust this change dpssible impact of the change of one information level (e.g.
one level of information with every other level of informationcode) to another information level (e.g. model) for short a
We also have to communicate (and justify) this change froRifference Visualization
one group of users to other groups of users, with maybe aThe paper is is organized as follows: we take a closer look
very different notation, understanding and view of priorities. An existing techniques and tools in Section 2, focused on the
change which seems obvious for a programmer on code levalgestion if they could provide us with this kind of information
might have impact on model level and must be explained to tfdifference visualization). We present a first, coarsely-grained
model developers. Because some code changes need a despaysis and visualization in Section 3. The main weak spot



of this approach and a possible improvement are presented in

: e . Mode Di
Section 4. A second, more complex analysis is presented in odel (Sequence Diagram)

Section 5. Some thoughts about visualization for this more _%}" E@ _cé’ _?‘g“ ué’
complex analysis are discussed in Section 6. The general (% % (% % %
discussion follows in Section 7 and conclusion in Section 8.
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There is common developing support for object-oriented
languages, especially CASE-Tools like Eclipse or Rational
Rose, which allows the user to develop a model as well
as an implementation, keeping both of them synchronized. destroy()
This synchronization might have its limits, as auto-generation
itself has it limits, but works well in the long run. Our first
guestion was, whether one of these tools allows a difference
visualization. The second question was, if one of these tools
can provide us with the needed information about a modﬁlI
change to generate a difference visualization ourselves. '
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Fig. 2. Cross-Table Visualization

C OARSELY-GRAINED ANALYSIS AND VISUALIZATION

We can summarize from the last section that a difference

A. IBM Rational Rose Enterprise visualization is not in focus of the main CASE-Tools at the

Rational Rose is an established CASE-Tool since severapment, although most of them provide us with the informa-
years. It can be used to generate a model out of given soutiee we need to set up a difference visualization ourself.
code, but in their very own format [1]. This means that A first approach for a difference visualization is to select
no diagrams exist directly after the Reverse-Engineering stepe part of the model and relate it to one part of the code. The
(although a class model can be easily generated) but an integiegision which part of the model should be chosen depends
list of IDs. Rational Rose offers a Model Integrator to compamen the given audience. User-Stories or Use-Cases might be
and combine different models into one. But this works onlg good start for a typical decision basis on model level.
well if just one of these models is generated by Rational RoBe&it the underlying sequence diagrams have the benefit to be
and every other model derived from this first model. E.g. wairectly related to the code, because the names of the used
generated one model A out of a project, deleted only omeethods should be the same. Therefore we choose sequence
line of code, generated a complete new model B out of thikagrams to present an extract from the model. Another
project and ask the Model Integrator about any differencéenefit of sequence diagrams is, that they can present changes
between model A and model B. The tool found more thaen method-level, and this is there most changes during oo-
800 Differences, nearly all of them about different IDs, listedevelopment happen.
them in a very large text-file where any trace of the one, real The first visualization of this relation between sequence dia-
difference (the deleted line of code) was lost. To be fair, thiggzams and method names is a cross-table, where the rows hold
works well for groups which stick to this tool for the wholethe code information and the columns the model information
project where the distribution of IDs never really changes. B(gee Fig.2). Azero describes that this method is not used in
even then, the visualization of differences between two moddiés sequence diagram,ame describes the opposite.

as a large text is not suitable. In this example, the methodoSym()is used in the se-
. ) guence diagramSeqDiag?2 SegDiag3and SegDiag5 In the
B. Borland Together Edition for Eclipse 6.3 same example it is easy to see, that the sequence diagram

Borland Together does not include a difference visualiz&eqgDiag2isesnit(), doSym(andtoString() So, if we changes
tion. It offers design patterns and several functions for a cottee methoddoSym()it might have an effect orSeqDiag?2
analysis (like metrics and audit-elements) to minimize theeqDiag3and SegDiag5 If we change the sequence diagram
risk of common faults and errors. But it has no focus on &eqDiag2it might have consequences on the methuolg),
estimation of the possible impact caused by a change on a@@Sym(landdoString() They might not be needed anymore in

side to the other side. this sequence diagram for example, so it won'‘t be necessary
) ) to be considerate with future changes of this method. This
C. Omondo EclipseUML 1.0.0 Studio visualization can be enhanced by two new symbols to a differ-

This relatively slim CASE-Tool (compared with Rationakence visualization: @lusfor a newly added method/sequence
Rose and Borland Together) offers no difference visualizatiogiagram relationship, aninusfor a removed relationship. The
but a real-time synchronization of class model and code, whibknefit is that this visualization is very intuitive and gives
made it difficult to see a difference. (It also offers a simple gea- direct impression of the amount of impact as well as of
eration of sequence diagrams via Reverse Engineering whtble amount of information at the whole. One drawback is
was the reason to use it later to fill-up some open-sourdbe extreme growth of the cross-table within a large project.
projects with model information to test our own algorithmer(As seen in Figure 3, taken from the analysis of a real world



project.) This can be handled, if only an extract of the crosgisualization (Figure 4), and a hybrid visualization (Figure
table is shown (only the rows and column, which contain &) offering text information combined with a pie chart view.
least one plus or minus). Another drawback, more serious tfikese visualizations can also be used with a more complex
time, is the missing information about any order of eventmapping and are justified in Section 7. The risk in using

This will be discussed in the next section. this simple mapping is the false security that with additional
information we may have a clear answer about possible impact
IV. IMPROVED COARSELY-GRAINED ANALYSIS and not only an estimation. We are not able to do this. We are

One obvious drawback of the coarse-grained analysis watde to identify the changes, which have definitely no impact
the absence of any sequence order information. Thereféoethe other side, which have surely an impact, and which
it also misses every information on indirect effects like aight have an impact.
change on one method caused by a change from an underlying
method. For example, if the methathSym()uses a method
doSum() but the information aboutloSum()is missing in Both approaches have been implemented in Java and tested
the sequence diagra®eqDiag2for the sake of information at least on two different projects, both chosen from the Open-
limitation. This can be handled by giving the cross-table mofgource repositorysourceforge The underlying principle was
information. Not only the information which methods ardo transform source code to XML (vidava2XML) as well as
listed in the sequence diagrams, but also which methods #re sequence diagrams to XML (viamond9 and navigate
used by other methods. This will lead us to the methods whibletween them (vi®dOM) to apply our algorithms.
will be always used by a given method and the conditional a) Java Source Code to XML\We used a small program
use of methods, which are not always used. What is neededated Java2XMI[5]. It was enough to compare two XML-
this stage is a deeper analysis about the dependency betwi€itas to recognize a change on code level, because non-
methods [2]. This leads to program slicing on a object-orientéuteresting changes caused by pretty-printing or additional
level and to dependency graphs. comments won't be visible this way.

b) Sequence Diagrams to XMLWe used Omondo to
generate the sequence diagrams, because on the one hand, it
We stated in the last section that a first glance about thes important to use real projects to test our approaches. On

impact caused by a change can be realized with a cross-tabie other hand free projects on the web, asaurceforge
containing information from sequence diagrams as well asere mostly not available with a model. This worked well for
from method calls in the source code. We stated also thihe simple approach, the cross-table. Buhondoturns out to

this cross-table offers a very limited amount of informatiohave problems to give method calls the right numeration in a
and that for a deeper insight we need a dependency graphsequence diagram which involves conditional elements. Some
code-side as well as on model-side. Dependency graphs fi@mbers were missing.

are originally designed for imperative programming languages, c) Navigation in XML: The Document Object Model
where for each instruction a list of direct following/influencedDOM) provides an API for XML-Documents and is like XML
instructions can be derived. So every node in this grajself a specification from W3C. DOM defines a program struc-
holds one instruction and every edge symbolizes a dirdate of this documents, a possibility to navigate and manipulate
dependency. If a instruction is changed, the whole underlyitigem. For XML is strictly hierarchical, the generated DOM
subgraph from its node can be affected. Dependency graplieument is a tree.

tend to be more complicated when it comes to object-oriented
source code and even more complicated for object-oriented
models [4]. The next challenge after preparing a code-graphWe have presented so far two visualizations, both very close
and a model-graph is to find a sound mapping between theimthe underlying analysis method. One visualization was the
A first approach would be to map between method calesiriched cross-table and the basis of the other visualization
on code-graph and model-graph. But what we really expegas a graph structure: a model graph, a code graph and their
from a good dependency graph is the information that mhapping. It would be easy to say that the best visualization
one node is affected, the whole subgraph is affected. Itfr a graph structure is a graph itself. But given the common
not as easy as to say, that a direct change on a nodeamount of information in real world projects, having 500
the model graph (plus its underlying consequences on ttlass files and more, the question arise, whether it might be
following subgraph) can be matched to one node in theasier to use a more abstract visualization. For this reason,
code graph (plus its underlying consequences). Neither tive implemented a Tree-Map view and a hybrid visualization
analysis problem has been solved completely yet - nor thentaining pie charts. Both visualizations give the user an
visualization problem of this information. We implemented ampression how much of of the whole package (or project)
prototype, which is able to set up a model graph and a cooéght be concerned. We discuss in this section shortly our
graph with a simple mapping by method name, as well atternatives for a visualization.

three different kind of visualizations. These were the cross-A large project may include over 500 class files, thus a
table visualization mentioned before (Figure 3), a tree-majsualization as a large graph is hard to memorize for the

VI. REALIZATION

V. FINELY-GRAINED ANALYSIS

VII. ALTERNATIVE VISUALIZATION



between one visualization and the next one.

The next step would be to choose the information which
should be shown - without showing every LOC and every
class. E.g. closely related to the Evolution Metric [9] is
the Evolution Matrix [10], where the rows describe versions
and the columns classes. Every class in a given version is
symbolized by a square in this matrix, where the square size
depends on the metric. But if we need to visualize more than
one metric value per item, but less than approximately 20, a
star glyph or a kiviat diagram might be a good choice. In a
star glyph every class is symbolized by a single star, each star
has as many rays as involved metrics. For a certain class the
length of every ray is related to this class value of its metric. A
Fig. 3. Cross-table Visualization kiviat diagram is similar but contains also information about
—~ a development over different releases [11]. In our case the
information shown in an item would be e.g. a single sequence
diagram or a use-case on model side, and the metrics which
gives this item its shape would be derived from the code side.
This could be the number of involved methods, method calls
or even LOC, plus the number of changed methods, changed
method calls and previous LOC. But beside the loss of detailed
information, this visualization works again best on a smaller

group of items (e.g. class files or packages).

.' . ‘ . ‘ . For these reasons we implemented two different visualiza-
tions side by side: One to hold only information about the
changed parts and the direct impact to the other side (as seen
in Fig.3). And another one to show the amount of impact
to the whole system (Fig.4 and Fig.5). The later one can be
taken out of a wide variety of visualization techniques, like a
pie visualization or a TreeMap visualization [12]. A TreeMap
divides a given rectangle by the number of children on the first
level into smaller rectangles. Each smaller rectangle will be
divided also by the number of children on the next level related
to this node. And so on, until the last level is reached. Changed
items or estimated impact can be visualized by a different
colored rectangle. It can be seen in our example (Fig.5), which
presents the visualization of our first test-project on package
level, that we have two nodes (yellow/green) on the first level,
four nodes (red) on the second level and three + four + two
+ two nodes (blue) on the next level. The estimated impact is
visualized by the green rectangle, as in contrast to the yellow
one on the same level.

It is not important in this case to show details but to give
the user a feeling about the size of upcoming changes and
work.
human mind. Although it is useful to code another information
layer into the layout algorithm - e.g. coupling information
about two classes by their layout interval - this is not helpful We needed to test our algorithm on model- and source code-
for normal sized projects [6]. It is to say, that most graphnformation from large software projects. The only available
based visualizations suffer from the challenges of large datata came from open-source projects, which did not deliver
[7]. For the same reason a visualization on Lines-Of-Codrodel information. Thus we had to generate the needed
(LOC)-Level is also difficult. It is possible to give each LOCsequence diagrams by reverse engineering. One might say,
a color related to the information in this line of code. It is alsthat the surprise is limited if model- and code-information
possible to shrink this line of code to a real line in this cologcame from exactly the same source. For this is to say, that
even to a single pixel in this color [8]. But with a 22000-our tests show more a proof of concept: We can process
LOC project we still have a hard time to catch the differencany sequence diagram in a given XML style, and of course
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Fig. 4. Hybrid Visualization: List and Pie Graphic
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Fig. 5. TreeMap Visualization
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also sequence diagrams from another source. We tested matching between them. We implemented also three different
algorithm on smaller changes and our results were betteays to visualize these informations (cross-table, TreeMap,
compared to the results produced by Rational Rose. Plus, drid visualization) and discussed several open questions. We
used our prototype on different versions of the same clagave finally an outlook to use this difference visualization not
and different releases of the same package to see how dindy to keep track during regular development but also for a
model changes over time. This leads also to the question, hquality control during refactoring, as follows:
the developer dependencies evolve over time, as well as th@he information about a gap between model and code may
distribution of knowledge, which we also discussed with mot only be interesting for a better communication between
version mining approach in [13]. developer teams, it may also be a good estimation on the
Furthermore, it lead to the question how representatiyeossibly) changed behavior as it is interesting for refactoring.
sequence diagrams are. We have chosen them, because ifoste are already a number of approaches to use information
smaller changes during object-oriented programming concdram version management systems [14,15,16], but none of
the order of method calls, adding or deleting them. Anothérem are related to the question about a gap between model
benefit of sequence diagrams is that they are easy to maactdl code, evolving over time. It might be interesting to com-
and reverse engineer from given source code, unlike e.g. ubie their work with our approach. And for the visualization:
cases. But although they allow a deeper insight than use-caé#er finishing the prototype for the difference visualization,
or class diagrams, they have the drawback to be used as weekdeveloped an evolutionary graph layout algorithm for graph
material for programmers. Which is not nearly as bindingansformation [17]. This algorithm can also be used well for
for programmers as use-cases are. This is a kind of Catclass diagrams, as a colored class diagram might contain the
22 situation: If we use use-cases, we will not see the dirdotpact analysis information. The benefit might be that the
consequences of a change on the code-side because theylass diagram is smaller at the begin of a project, so that the
too high-level. If we use sequence diagrams, they might be&ger can memorize the whole graph. And if the graph layout
too much low-level information to be interesting for a modedllows the user to keep track of the changes of the graph, it
developer. But as we stated in the Introduction we needn#ght be possible to memorize even larger graphs.
common ground to visualize the impact information, which is
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