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Motivation

 |tis widely recognized that program comprehension is a
Key aspect in software maintenance and evolution [1]
2].

« The comprehensibility of a program largely depends on
the representation of its functionalities into logical units
called features.
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Motivation

« The maintenance and evolution of industrial software
projects often requires the analysis of how one or more
features evolved in the code history [1][2].

« A feature is a prominent or distinctive user-visible
aspect, quality or characteristic of a software system

[3].
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Feature analysis

« Comprehension of features is primarily based on the
identification of their implementation elements in the source

code.

» As aresult, tools have emerged to allow the mapping of the
implementation elements realizing each feature. Some well-
known examples of tools are:

— FEAT [4] and ConcernMapper [5][6]: provide a lightweight
visualization based on graph-based representation

— SoQueT [7] that supports sort-specific queries
— CIDE [8] that is based on an AST generic representation.

« Unfortunately, they provide from none to very limited support
for feature evolution analysis.
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Software evolution visualization

« There are also tools and approaches that aim to provide a
graphical representation of the software evolution history,
— Software visualization tools — such as Evolution Radar [9], Evolution

Matrix [13], CodeCity [11], Moose [10], and CVSscan [12] — provide
different views of the program modules’ history.

— diff tools [15][16][17] aim to detect the differences among the
versions of an application in terms of added, modified and removed
iImplementation elements.

« Unfortunately, they are only able to capture and represent
the evolution of the application modules (i.e. packages,
classes, and methods).
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To tackle this problem...

 We present and assess a proactive and interactive
visualization strategy to assist developers on feature
evolution comprehension.

* |n order to realize this strategy, we combined:

— a set of heuristics [26][27] for proactively detecting
feature evolution

— extended our interactive differential visualization [18].

* We conducted a controlled experiment to evaluate the
proposed visualization strategy.
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‘ The Proactive and Interactive Visualization
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Proactive Phase

« The seed mapping contains an initial set of
implementation elements realizing the features.

» There are a set of five mapping heuristics which are:
— detecting omitted feature partitions,
— detecting communicative features,
— detecting code clone,
— detecting interfaces and super-classes,
— detecting omitted attributes.
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Interactive Phase

« SME is an integrated, interactive and coordinated
multiple views environment.

e |t uses three views to address the feature evolution
comprehension.

« Each view provides means for analysing the feature
evolution under different perspectives: structure,
iInheritance and dependency.
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Views and colors used

Polymetric View Dependency View

Treemap View
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‘ Interactions
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EXPERIMENTAL EVALUATION

SOFTWARE ENGINEERING LABORATORY — UFBA - http://les.dcc.ufba.br

RENATO NOVAIS - renatonovais@gmail.com



The experiment :
AL

» The goal of this experiment is to evaluate quantitatively the
effectiveness of the visualization strategy when compared to
a tree-structure strategy - ConcernMapper.

 Although diff tools [15][16][17] are more used than the CM
tool in industry, we did choose the later (as baseline) for the
following reasons:

— diff tools do not provide explicit visualization support for features, the
main concept addressed in this work

— their purpose is completely different as they are intended to show the
overall textual differences of the entire application.

« ltis also important to remark that both the SME and CM tools are
supported as plug-ins of the Eclipse IDE.
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Study Hypothesis

« The effectiveness of the strategies is measured
quantitatively in terms of time and correctness.

Hypotheses

Description

The SME strategy decreases the time spent in

H1 feature evolution comprehension tasks.
The SME strategy improves the correctness of
H2 feature evolution comprehension tasks.
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Experimental Object :
AL

» This experimental object is a logistic software application for
the oil industry.

 Itis areal world and evolving application that has been
developed since 2006;

* it has a significant size, on average 120 KLOC, and complex
modules;

it underwent various forms of changes during their evolution;

* it contains a significant set of functionalities with different
degrees of granularity;

* its features have a large number of implementation elements
realizing them.
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Chosen Features

& :-. ?

 We chose a few features from the application domain
as well as a well-known crosscutting feature whose
concept is widely known

Features Descriptions
: : It defines a system notification to users (i.e.,
Notification .
email).
It represents a route of products between two
Route L .
points in the logistics context.
It represents the report exhibition, exportation and
Report rep P P
printing.
: It 1s responsible for storing and recovering data
Transaction

from the database and ensuring ACID properties.
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Participants

* We run the experiment with 20 participants who work in
industry as software developers in two venues in Brazil
(Salvador — BA and Rio de Janeiro — RJ).

« We selected experienced (more than five years) and
novice developers (less than five years) to assure that
the strategies can be beneficial for both cases.

 We used a characterization form available at [30]
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Task Design

Tasks Goals Descriptions

From version 1 to 2 what are the methods in the
ValidationFrame class now realizing the feature
Notification?

Feature : :
: From version 2 to 3 what are the methods in the Route class
T1-3 Evolution ..
Analvsis not realizing the feature Route anymore?

Y From version 4 to 5, what is the method that now realizing
new features and not realizing old ones anymore? What are
these features?

What are all features realized by the DBConnection class in
each version?
Feature , —
: Is the serverConfig class realizing more than one feature
T4-5 Tangling . :
) through the application evolution? If yes, what are the
Analysis

features? For each feature, in each version, what are the
methods realizing 1t?

Feature From version 1 to 2, what are the features of which the
T6 Dependency |RemoveFolderCall class depends on? What are the features
Analysis |realized by the RemoveFolderCall class?
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Experimental Procedures

 The CM and SME tools used the mappings generated by the
heuristics

» The participants filled-in the characterization form (Section
C) and were allocated to one treatment (strategy to be used
during the comprehension tasks);

« A training session of 30 minutes was conducted in order to
explain and show how both tools work.
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Experimental Procedures

« A practice homework was sent to each participant to make them familiar

with the tool of their treatment. We used the MobileMedia system [29] as
experimental object.

« The experiment itself was run in university laboratories where the entire
environment was set up.

 We analysed the results.

— An entire task correctly answered was worth 1 point.
— Wrong answers counted negatively.

Correct 1
Partially correct (0,1)
Incorrect 0
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Experimental Procedures

« Finally, we applied a feedback questionnaire. This
guestionnaire was applied on-line in order to guarantee
anonymity and avoid intimidating the participants.

— They were asked about the experiment design, training,
homework, execution, and tasks.
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Pilot Study

* A pilot study was performed prior to the experiment with
the intention of identifying certain problems in its

procedures, or even in the tools, which are difficult to
predict during its execution.

« Four participants were selected to perform the pilot.
Two of them used SME and two of them used CM
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RESULTS
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Statistical Test

» The statistical analysis was composed of

— descriptive analysis was produced with the computation
of measure’ s mean, minimum value, maximum value and
standard deviation.

— Verified if the data was normal and had equal variances

— we selected two tests, t-test and Mann-Whitney, to be
applied depending if the sample distributions were normal
and homoscedastic, or not.

— We run the tests
— We used a confidence level of 95% (a=0.05).
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How to select the statistical test? (considering a
simple design: one factor two treatments)

Is normal? Y€S | Have equal variance?
Shapiro-Wilk test Levene test
no no yes

/

t-test test

A

Mann-Whitney test
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R-project

» Using R project ( ) to perform

the tests
Correctness

SME M

| seva_acertos to... [ = || & |[m23m) | seva_acertos to... [ |[- & |[nE3a]

Arquivo Editar Formatar Exibir Arquivo  Editar Formatar Exibir
Ajuda Ajuda

§ SEVA all correctness 5 P; SEVA all correctness A
correct group_a correct group_a

5.56 SEVA 4.89 TDA

6.00 SEVA 2.83 TDA

6.00 SEVA 4.80 TDA

5.22 SEVA 4.80 TDA

5.00 SEVA 3.89 TDA

5.11 SEVA 4.00 TDA

6.00 SEVA 3.54 TDA

4.00 SEVA 4.83 TDA

6.00 SEVA 4.66 TDA

6.00 SEVA 5.00 TDA
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Normality in R-Project

« Draw the density graphic

— acertos_total _ufba <- read.table("D./RenatoNovais/dados/
seva_acertos total ufba.txt”, header=TRUE)

— correct = acertos_total ufba$correct
— plot(density(correct))

density.default(x = correct)

02 03 04
| | |

Density

00 01

2 3 - 5 6 7
SOFTWARE ENGINEERING LABORATORY —
N =21 Bandwidth = 0.4453
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Normality in R-Project

» Using Shapiro-Wilk test
— tda c <-¢(4.89, 2.83, 4.80, 4.80, 3.89, 4, 3.54, 4.83, 4.66, 5)
— Shapiro.test(tda_c)
— sme _c <-¢(5.56, 6, 6, 5.22, 5, 5.11, 6, 4, 6, 6)
— Sshapiro.test(sme_c)
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Variance in R-Project

» Defining Levene

levene.test = function(datal, data2) {
levene.trans = function(data) {
## find median for group of data
## subtract median; take absolute value
a = sort(abs(data - median(data)))
## 1f odd sample size, remove exactly one zero
if (length(a)%2)
ala !'= 0 | duplicated(a)l]
else a
}
## perform two-independent sample T-test on transformed data
t.test(levene.trans(datal), levene.trans(data2), var.equal = TRUE)
}

Using Levene test: levene.test(tda ¢, sme c)
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Hypotheses’ tests

 Mann-Whitney test

— task _acertos_total ufba puc <- read.table("D:/RenatoNovais/dados/
seva_acertos_total ufba_puc.txt", header=TRUE)

— attach(task acertos total ufba puc)
— wilcox.test(correct ~ group_a, data=task acertos_total ufba puc)

o {-test

— t.test(correct~group_a, alternative="two.sided",var.equal=TRUE, conf.level=.
95)
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DESCRIPTIVE STATISTIC OF THE EXPERIMENT
RESULTS

Group | Mean | Diff Min | Max | StaDev| > | Levene| Tt | mw p-value
p-value p-value
Time CM 52.30 28.00 79 13.38 | 0.83340
(minutes) SME 4745 | -8.95% | 29.00 62 0.02 | 0.81460 | 0.3963 | 0.3754
Correctness | CM 4.32 2.33 5 0.37 | 0.04324
(points) SME 549 | +26.94% | 4.00 6 0.67 | 0.01297 0.001192
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H1: Time Spent
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Tool Contiguration

« Using CM, the participants only need to open the
mapping files of each version in its view and observe
the differences.

« Using SME, the user needs to specify the versions to
be compared, select colors for the analyzed features,
and open a view to analyze them.

« We observed that when the tasks do not demand much
effort, the configuration time significantly influences the
final results (Task T1).
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Feature Analysis Issues :
AL

« This factor is related to the time used for observing the
feature differences (removed, transferred and added)
across the versions.

« CM participants use of set theory for identifying, for
Instance, which elements were removed.

« SME participants use colors to identify the feature’ s
Implementation elements.

» the use of SME yielded faster performance of the

participants while successfully accomplishing their tasks
(tasks T2, T3, T6)
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'Tool Processing cost

» The processing cost refers to the time that a tool takes
for executing a participant’ s action

 for processing T4 and TS5, SME demanded more time
due to the graphical representation of the large data.
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H2: Correctness
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Feature Visualization

« SME provided solutions with higher degree of
correctness when compared to CM. (T1, T2, T3 and
T0).

« The SME superiority mainly occurred due to the
availability of several views that helped the participants
to adjust or confirm their answers from different
perspectives

 the use of colors also helped to clearly distinguish the
removed, transferred and added actions performed on
features’ elements
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Evolution Analysis

« The number of incorrect answers increases when the
feature evolution analysis becomes more complex.

« |Intask T3, all participants who used SME provided
correct answers while those who used CM completely
failed in providing correct answers.
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Proactive Mappings

 |tis realistic to expect that such mappings may contain
a few imperfections or mistakes as those ones
performed by hand

» For the minor mapping mistakes, we observed that the
use of visualization can help to circumvent them.

» Reject or accept the heuristics
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LESSONS LEARNED
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Time and Correctness can go hand-in-hand

e

* it is possible to reach a higher degree of correctness
when there are distinct feature representations.

* Even considering that some participants took more time
to provide answers, 90% of them successfully
accomplished the tasks using SME

 The SME tool could be satisfactorily used by
experienced and novice participants [30].
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User s Point of View

« the tools should provide visual resources in order to
facilitate smooth analyses of source code evolution

« Double check their answers
— Using colors
— Menu pop-up
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THREATS TO VALIDITY
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Conclusion Validity

» design of the tasks: the tasks of feature evolution
comprehension could have been too difficult or biased
to a specific tool

— Pilot study

» time restrictions: the time allocated to the experiment
could have influenced the participants’ answer

— Pilot study

» heterogeneity of the participants: it refers to the
selection of the participants involved in the experiment

— it contributes to minimize the external threats of the study
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Construct Validity

« operational procedures of the experiment. the
participants may have not properly understood the
experiment guidelines.

— Training and homework

« confounding constructs and levels of constructs: it
refers mostly to the expertise level of the participants.

— Participants with different levels of experience
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Internal Validity P

 allocation of participants to the treatments: it is related
to the partition of the participants in the groups (CM and
SME).

— Used Characterization form answers in order to make the
partition as fair as possible
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External Validity

« representativeness of the artefact used

— we selected five versions of an evolving industrial
application, which is quite representative in terms of
changes and size.
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CONCLUSIONS
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Conclusion

 We presented a proactive and interactive visualization
strategy for assisting developers in feature evolution
comprehension

« \We performed an experiment to evaluate the
effectiveness of SME

« These initial results demonstrated the benefits of SME
and its usefulness to help developers in feature
evolution comprehension mainly regarding correctness.
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