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Developer Effort

• Questions:


• how hard was/is it to develop feature X?


• what is the maintenance rate of the project?


• what is the distribution of effort in the team?
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which extent. A fractal figure is composed of a set of rectangles with different sizes
and colors. Each rectangle, and thus each color, represents an author who worked on
the file. The area of the rectangle is proportional to the percentage of commits per-
formed by the author over the whole set of commits. For more details on the layout
algorithm and the expressive power of Fractal Figures see [139].

Fractal Figures allow software entities to be categorized in terms of effort dis-
tribution among developers following the gestalt principle. We defined four visual
patterns representing four development models, depicted in Figure 3.7: (a) One de-
veloper, (b) few balanced developers, (c) one major developer and (d) many balanced
developers.

Development patterns allow us to categorize entities according to the way they
were developed from an authors’ perspective. However, the visual nature of both the
patterns and the Fractal Figures themselves, is useful to get a qualitative impression
only of the development model. To provide also a quantitative measure, we intro-
duced the Fractal Value, which for a given software artifact is defined as:

Fractal Value = 1− ∑
ai∈A

(
nc(ai)

NC

)2

, with NC = ∑
ai∈A

nc(ai) (3.1)

where A = {a1,a2, . . . ,an} is the set of authors and nc(ai) is the number of commits
performed by the author ai with respect to the given software artifact. The Fractal
Value measures how fragmented a Fractal Figure is, that is how much the work spent
on the corresponding entity is distributed among different developers. (3.1) is defined
such that the smaller the quantity nc(ai)

NC is (always less than 1), the more it is reduced
by the square power, since the square equation is sub-linear between 0 and 1. There-
fore, the smaller a rectangle is, the less its negative contribution to the Fractal Value
is. The Fractal Value ranges from 0 to 1 (not reachable). It is 0 for entities developed
by one author only, while it tends to 1 for entities developed by a large number of
authors.

To exploit the expressive power of Fractal Figures we applied them in context of
polymetric views [309]. Figures represent RHDB entities, namely files, directories,
and modules. To apply them on a directory or a module, we sum up the commit infor-
mation of all the files belonging to the given directory or module. We map a metric
measurement of the size of the figure. The metric can be structural such as LOC

(a) One developer (b) Few balanced
developers

(c) One major deve-
loper

(d) Many balanced
developers

Fig. 3.7. Development patterns based on the gestalt of Fractal Figures [139] ©[2005] IEEE
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Change Coupling

• Questions:


• which components change together often?


• what are the modules with the strongest coupling?


• which files are responsible for the coupling?
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(a) January to June 2005.

(b) June to December 2005.

Fig. 3.14. Evolution Radars for the Explorer module of ArgoUML in 2005 [137] ©[2006]
IEEE

A further inspection is required for the ExplorerTree.java file in the Explorer
module, since it is the main responsible for the coupling with the modules Diagram
and CodeGeneration.

The radars in Figure 3.14b and Figure 3.14a show that during 2005 the file
NSUMLModelFacade.java in the Model module had the strongest coupling with
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A further inspection is required for the ExplorerTree.java file in the Explorer
module, since it is the main responsible for the coupling with the modules Diagram
and CodeGeneration.

The radars in Figure 3.14b and Figure 3.14a show that during 2005 the file
NSUMLModelFacade.java in the Model module had the strongest coupling with

D’Ambros, Lanza, Reverse Engineering with Logical Coupling. WCRE 2006.
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Hotspots

• Traditional hotspot: an outlier component


• Evolutional hotspot: an evolutional outlier
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Fig. 3.19. Kiviat graph of six Mozilla content and layout modules showing criticality and
stability. Light gray polygons indicate changes between releases 0.92 and 1.3a. Dark gray
polygons show changes between 1.3a and 1.7

during a given observation period such as the time between two releases. To fur-
ther detail criticality and stability we take the different severity levels of bugs rang-
ing from blockers, to minor and trivial bugs into account (severity levels are taken
from the Bugzilla repository). This leads to the following set of measures: number of
modifications for bugs with unspecified severity (UNSPEC), number of modifications
for blocker bugs (BLOCKER), number of modifications for critical bugs (CRITICAL),
number of modifications for major bugs (MAJOR), number of modifications for minor
bugs (MINOR), number of modifications for normal bugs (NORMAL), number of mod-
ifications for trivial bugs (TRIVIAL), and number of modifications for suggested en-
hancements (ENHANCE). We configured ArchView with these measures and selected
six Mozilla content and layout modules from release 0.92, 1.3a, and 1.7. The result-
ing system hot-spot view is depicted by Figure 3.19.

The large gray polygons of the DOM and NewLayoutEngine indicate that these
two modules got the highest number of CVS log entries for fixing bugs. For instance,
up to release 1.7 DOM got 254 modifications from 130 bugs rated as blocker and 904
modifications from 487 bugs rated as critical. NewLayoutEngine got 309 CVS log
entries from 121 blocker and 1.097 log entries from critical bug reports. Interestingly,
most of the modifications in the implementation of these two modules were due to
bugs of high severity and only few due to trivial bugs. This fact is indicated by the cut
of the TRIVIAL measure occurring in both Kiviat diagrams. Compared with these two
modules the other content and layout modules needed less modifications to fix bugs.
For instance, XSLT got 7 modifications due to 3 blocker bugs and 48 modifications
due to 12 critical bugs. Interestingly, the Kiviat of XSLT shows a peak in the number
of trivial bugs (TRIVIAL). 123 modifications due to 3 trivial bugs were performed
which is more than twice as much as the values of the other five modules (e.g., DOM

https://www.utwente.nl/


Unstructured: Code

• Code organisation

• modules, packages, dependencies


• Comments

• linguistic data, internal documentation, emotions

• // TODO 


• Names

• linguistic data, conventions


• String constants

5

Evolving Software Systems, Chapter 5

https://www.utwente.nl/


Unstructured: Bug Databases

• aka Issue Trackers

• title, description, comments

• can reference commits & branches


• Explicit link between a problem and a solution

• with timestamps & documentation


• Occasionally

• contain heated discussions
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Unstructured: Archives

• Mailing lists

• Chat logs

• Requirements documents

• Design documents

• — all require NLP

• tokenisation

• topic discovery

• concept matching
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Conclusion

• Resource relocation


• Reengineering aide


• Occasionally fundamental results


• Q&A Sessions @ Canvas


• => v.zaytsev@utwente.nl 


• => https://discord.gg/n7VQAPNBPD 
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