= = e
i | T

i : ; ? & i e il I"“._
-. s S TSl ey - P = Al : ' - —v' s e e
- - =

= T . of _.‘;'

.rg;-,‘ . . . _- =5 i ’ - “‘Qr-—s——“v-'a

“‘.

,,_.r =
T

Vienna Software Seminar (2017)

Sebastiano Panichella
Institut fur Informatik
Universitat Zarich
panichella@ifi.uzh.ch

University of S. e, a. |A
Z ur i C h e ‘soﬂware evolution & architecture lab




Release Cycle

< .
Source
Code

Test
Code

Feedback

l

App
Release Reviews

o/

P Deployment
Phase

= I O

A R e
22
""d'
A ! v




Release Cycle

Performance Testing Coding activities A/B testing
Microservices Maintenance activities  Structured e-mails
CD/CI Code Review Survey
Automated testing Manual testing App reviews
Security Team coordination Crowdsourcing

Software documentation
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Release Cycle

“In modern software companies it is nowadays, crucial to enact a
software development process able to dynamically react to
market requirements (i.e., users requests), delivering at same

JUnit

time high quality and reliable software

Malllng

Reviews
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Summarization Approaches

“...have the general capability of automatically extracting or abstracting
key content from one or more sources of information thus, determining
the relevant information in the source being summarized and reducing
its content...”

o New Highlight tool to highlight text and rectangular areas on screenshots

e Hold down CTRL key to draw arrows perfectly at 0, 45 and 90 degrees
- - - o Adjusted minimum height and width of the main window
1 ) I n d I catlve s u m m a ry e Fixed SHIFT + Number to se rawing tools
* Main window restores default size on DPI change
¢ Several performance optimizations for Colorize effects

2) informative summary

3) critical summary (or review)



Example of informative
summary

MILAN, Italy, April 18. A small airplane crashed into a government
building in heart of Milan, setting the top floors on fire, Italian
police reported. There were no immediate reports on casualties as
rescue workers attempted to clear the area in the city's financial
district. Few details of the crash were available, but news reports
about 1t immediately set off fears that 1t might be a terrorist act

akin to the Sept. 11 attacks in the United States. Those fears sent

U.S. stocks tumbling to session lows in late morning trading.

Witnesses reported hearing a loud explosion from the 30-story
office building, which houses the administrative offices of the local
Lombardy region and sits next to the city's central train station.
Italian state television said the crash put a hole in the 25th floor

of the Pirelli building. News reports said smoke poured from the
opening. Police and ambulances rushed to the building in downtown
Milan. No further details were immediately available.



Example of informative
summary

( What happened? ]

L
MILAN, Italy, April 18. A small airpl2he ci-ashed into a government
building in héart of Milan, setting the top floors on fire, Italian
police reported. Tiiere were no immediate reports on casualties as

rescue workers It in 1 e Lonomaial
district. Few de When, where? ilal How many V1ct1ms‘?]

about 1t immediately set off fears that 1t might be a terrorist act
akin to the Sept. 11 attacks in the United Statels. Those fears sent

ina t0 session lows in late rorning trading.
Says who?

Witnesses reported hearing a loud explosion |fi Wasita terrf)nSt aCt?]
office building, which houses the administrative offices of the local
Lombardy region and sits nexto the city's cerltral train station.

Italian state television said the crash put a hole in the 25th floor

of the Pirelli building. News reports.said smoke poured from the
opening. Police and ambulances rushed\o the building in downtown
Milan. No further details were immediately available.

[What was the target?]




xample of informative
summary

Home

—'Text Compactor'—

Free Online Automatic Text Summarization Tool About

Follow these simple steps to create a summary of your text.

Step 1
Type or paste your text into the box.

Albert Einstein was born on March 14, 1879 in Ulm, the first child of the Jewish couple Hermann and Pauline Einstein, née Koch. In June 1880 the
family moved to Munich where Hermann Einstein and his brother Jakob founded the electrical engineering company Einstein & Cie. Albert
Einstein's sister Maria, called Maja, was born on November 18, 1881. Einstein's childhood was a normal one, except that to his family's irritation,
he learnt to speak at a late age. Beginning in 1884 he received private education in order to get prepared for school. 1885 he started learning to
play violin. Beginning in 1885 he received his primary education at a Catholic school in Munich (Petersschule); in 1888 he changed over to the
Luitpold-Gymnasium, also in Munich. However, as this education was not to his liking and, in addition, he did not get along with his form-master
he left this school in 1894 without a degree and joined his family in Italy where they had settled meanwhile.

In order to be admitted to study at the "Eidgenoessische Polytechnische Schule" (later renamed ETH) in Zurich, Einstein took his entrance
examination in October 1895. However, some of his results were insufficient and, following the advice of the rector, he attended the
"Kantonsschule" in the town of Aarau in order to improve his knowledge. In early October 1896 he received his school-leaving certificate and
shortly thereafter enrolled at the Eidgenoessische Polytechnische Schule with the goal of becoming a teacher in Mathematics and Physics.
Einstein, being an average student, finished his studies with a diploma degree in July 1900. He then applied, without success, for assistantships
at the Polytechnische Schule and other universities. Meanwhile he had abandoned the German citizenship and formally applied for the Swiss one
which he was granted on February 21, 1901 |

V.

Step 2
Drag the slider, or enter a number in the box, to set the percentage of text to keep in the
summary.

—) ) 35 %%

http://textcompactor.com/




xample of informative
summary

—

Free (

Follow these simple steg

Step 1
Type or paste your text inf

Albert Einstein was born on March 14, 1
family moved to Munich where Hermanr
Einstein's sister Maria, called Maja, was
he learnt to speak at a late age. Beginni
play violin. Beginning in 1885 he receive
Luitpold-Gymnasium, also in Munich. Hi
he left this school in 1894 without a deg

In order to be admitted to study at the "Eidgenoessische Polytechnische Schule" (later renamed ETH) in Zurich, Einstein took his entrance
examination in October 1895. However, some of his results were insufficient and, following the advice of the rector, he attended the
"Kantonsschule" in the town of Aarau in order to improve his knowledge. In early October 1896 he received his school-leaving certificate and
shortly thereafter enrolled at the Eidgenoessische Polytechnische Schule with the goal of becoming a teacher in Mathematics and Physics.
Einstein, being an average student, finished his studies with a diploma degree in July 1900. He then applied, without success, for assistantships
at the Polytechnische Schule and other universities. Meanwhile he had abandoned the German citizenship and formally applied for the Swiss one
which he was granted on February 21, 1901 |

Step 2
Drag the slider, or enter a number in the box, to set the percentage of text to keep in the
summary.

ﬁ} > | 35 %

Step 3

Read your summarized text. If you would like a different summary, repeat Step 2. When you
are happy with the summary, copy and paste the text into a word processor, or text to speech
program, or language translation tool

Albert Einstein was born on March 14, 1879 in Ulm, the first child of the Jewish couple
Hermann and Pauline Einstein, née Koch. In June 1880 the family moved to Munich where
Hermann Einstein and his brother Jakob founded the electrical engineering company Einstein
& Cie. However, as this education was not to his liking and, in addition, he did not get along
with his form-master he left this school in 1894 without a degree and joined his family in Italy
where they had settled meanwhile.

In order to be admitted to study at the "Eidgenoessische Polytechnische Schule" (later
renamed ETH) in Zurich, Einstein took his entrance examination in October 1895.

V.

Step 2

Drag the slider, or enter a number in the box, to set the percentage of text to keep in the

summary.

—} ) 35 %%

http://textcompactor.com/



Release Cycle

Performance Testing Coding activities A/B testing
Microservices Maintenance activities  Structured e-mails
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Release Cycle

Performance Testing Coding activities A/B testing
Microservices Maintenance activities  Structured e-mails
CD/CI Code Review Survey
Automated testing Testing App reviews
Security Team coordination Crowdsourcing

Software documentation
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Source Code

Summaries: Why?

Change Change
documentation implementation Cha"_ge
10% planning
10%

5%

Change Testing

Source code L

comprehension
50%

Activities in Software Maintenance

13



Source Code
Summaries: Why?

Developers spend more time
reading than writing code

14



Understanding Code...

Happy Developers

Not So Happy Developers

y/audio/AudioFile java - Eclipse Platform

file Edit Source Refactor Navigate Search Project Run
SR NS NTER SR - R RSN CA Sl )

[8 Package Explorer 53

et sourceforge.atunes kemel.control

TR e

(1) Wiasrdjava 1) Projectjova  [1) ProjectMana. [1) Modeljava  [3] Notationjava  [1) “Figlif

[ netsourceforge.atunes kemel.controllers.editTagDialog

F forge.atunes kemel.controll
) netsourceforge.atunes.kerel.controll e
[ netsourceforge.atunes.kemel.controll

1] FilePropertiesController java
& netsourceforge.atunes.kemel.controllers.menu

i netsourceforge.atunes kemel.controllers.model

Y tunes.kernel.controll
3] DeviceViewRefresherjava
[3] FavoriteViewRefresherjava
3] FileViewRefresher java
[3) NavigationController java
3] NavigationControllerState java
[3) NavigationControllerViews.java
[3) NodeToSongsTranslator.java
[3) RefreshUtils java
) TogViewRefresherjeve

{8 netsourceforge.atunes kemel.controll
& netsourceforge.atunes.kemel.controllers. playerControls.
B velsourceforge.stunes kemel, controlers.playlist

8 netsourceforge.atuneskemel.contrallers.playlist

& netsourceforge.atunes.kemel.contrall

i netsourceforge.atunes kemel.controllers.stats

£ netsourceforge.atunes kemel.controll

# netsourceforge.atunes kemel.executors

B netsourceforge.stunes.kemel.execut

[ netsourceforge.atunes kemel handlers
 nevsourceforge.atunes kemel.modules.amazon

& netsourcefc tunes.kemel.modul
 netsourceforge.atunes kemel.modules.cdripper
& net " "
& f tunes.kemel.modules.cd

@ netsourceforge.atunes.kemel.modul

) netsourceforge.atunes kemel.moduleslyrics
 netsourceforge.atuneskemel.modules.mplayer
£ netsourceforge.atunes kemel.modules.network
# netsourceforge.stunes kemel.modules.proxy
[ netsourceforge.atunes kemel.modules.regexp

EY forge.atunes.kemel modul t
[B netsourceforge.stunes.kernel.modul t
1) AudioFilejava

1 netcourceforne.atines kemel.mod:

< renacitory.tanc.reader

| CQuick Acc

1) Audiofilejava 22 | Pys

19 package net.sourceforge.atunes.kernel.modules.repository.audio;

¢import java.io.File;[]
public class AudioFile extends File {

private Tag tag;
private Arraylist externalPictures;

private long duration;
private int bitrate;
private int frequency;

public AudioFile (String fileName) {
super (fileName) ;
introspectTags () ;
readAudioProperties (this) ;

private void introspectTags () {
TagDetector.getTags (this);

public int getExternalPicturesCount () {

}
public void setExternalPictures (ArrayList externalPictures)
this.externalPictures = externalPictures;
3
<
B Console 53 a

No consoles to display at this time.

Witable Smart Insert 2:1

e Java - atunes-1.6. java - Eclipse Platform - oiEN
[Evlz Edt Source Refactor Navigate Search Project Run Window Help
Hw e RS RE R TS ) a0 BT C A = e B R Quick Access s | B 5@
i% Package Explorer 37 | f3 Type Hierarchy OBl & T = 0 | D Kemeljva 52 2 =0
X testami ~ A~

testami~ -

4 32 atunes-1.6.0

. s
fB netsourceforge.atunes 38
i net.sourceforge.atunes.gui
 net.sourceforge.atunes.gui.dockableView
#} netsourceforge.atunes.guiimages
i net.sourceforge.atunes.guiimages.themes
i net.sourceforge.atunes.guimodel

 netsourceforge.atunes.guiviews

3 s.controls
iews.controls.playList
fuiews.dislogs

®evis dilogs.editPreferences

[ Kemeljoval
[ netsourceforge.a

[3) RefreshUtils.jave
[3) TagViewRefresherjava
G f# net.sourceforge.atunes.kernel.controllcP¥

net.sourceforge.atunes.kernel Kerneljava - atunes-1.6.0/src

* The Kern

all modules of aTunes.

1 is the class

public class Kernel ({

/** Unique instance of Kernel. To access Kernel
private static Kernel instance;

Kernel.getInstanc

/** Defines if aTunes
public static boolean DEBUG;

/** Logger */
private Logger logger = Logger.getLogger(Kernel.class);

/** Application State of aTunes */
public ApplicationState state;

/** Constructor of Kernel */
private Kernel () {}

* Static method to create th
public static void startKernel() {[]

/** Creates all objects of aTune
private void startCreation() {[]

isual objects, controllers, an

/** Starts visual objects */
private void startVisualization() {[]

B Console 52 fE-rI-= @

reuunsoles to display at this time.

return externalPictures != null ? externalPictures.size()

Absence of Comments in the Code

Comments in the Code
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Understanding Code...

Not So Happy Developers

Java - atunes-1.6.

java - Eclipse Platform

y/audio/

file Edit Source Refactor Navigate Search Project Run Window Help

C SR NS NTER SR - R RSN CA Sl ) a ([1ig] -5l G- | Quick Acc | B RE

[8 Package Explorer 57 BIE| e =t [J) Wiardjava  [J) Projectjava  [1] ProjectMan: [3) Model. [3) Notationjava [1] *Figl [3) AudioFilejava 32 | ™ =0
et:sourceforge.atunes kemel.controll A 19 package net.sourceforge.atunes.kernel.modules.repository.audio; A

[ netsourceforge.atunes kemel.controllers.editTagDialog

F forge.atunes kemel.controll
) netsourceforge.atunes.kerel.controll e
i netsourceforge.atunes kemel.controll -

[1) FilePropertiesControllerjava
£ netsourceforge.atunes kemel,controllersmenu
8 netsourceforge.atunes.kernel.controllers.model
@ tunes kemel.controll t

3] DeviceViewRefresherjava

[3] FavoriteViewRefresherjava

3] FileViewRefresher java

[J) NavigationControllerjava

3] NavigationControllerState java

[3] NavigationControllerViewsjava

[3) NodeToSongsTranslator.java

3] RefreshUtils java

) TogViewRefresherjeve

{8 netsourceforge.atunes kemel.controll tionlist

# netsourceforge.atunes kemel.controllers.playerControls

{8 netsourceforge.atunes.kemel.controllers.playlist

& netsourceforge.atunes kemnel.controllers.playlistControl
et.sourceforge.stunes kerel.controll ilter

{# netsourceforge.atunes kemel.controllers.stats
etsourceforge.atunes kernel.controll

# netsourceforge.atunes kemel.executors
netsourceforge.atunes kemel.execute

[# netsourceforge.atunes kemel handlers
 nevsourceforge.atunes kemel.modules.amazon
& netsourcefc tunes.kemel.modul
 netsourceforge.atunes kemel.modules.cdripper

@

@ forge.atunes kemel.modules.cdripper.cdda®

et sourceforge.atunes.kemel.modul

) netsourceforge.atunes kemel.moduleslyrics
 netsourceforge.atuneskemel.modules.mplayer

£ netsourceforge.atunes kemel.modules.network

# netsourceforge.stunes kemel.modules.proxy

[ netsourceforge.atunes kemel.modules.regexp

) forge.atunes kemel.modul t

[B netsourceforge.stunes kemel.modul dory.aud

11) AudioFilejava
et courceforne. atinec kemel. mod

< renacitory.tanc.reader

21%import java.io.File;[]

35

3
3 private
private

Tag tag;

private
private
private

long duration;
int bitrate;
int frequency;

super (fileName) ;
introspectTags () ;

this.externalPictures

B Console 53

No consoles to display at this time.

public class AudioFile extends File {

ArraylList externalPictures;

public AudioFile (String fileName) {

readAudioProperties (this);

private void introspectTags () {
TagDetector.getTags (this);

public int getExternalPicturesCount () {
return externalPictures

I= null ? externalPictures.size() : 0;

public void setExternalPictures (ArrayList externalPictures) {

= externalPictures;

Witable Smart Insert 2:1

e

File Edit Source Refactor

s &

[ Package Explorer 32 | f3 Type Hierarchy
X testami
[ testami~
4 32 atunes-1.6.0
PR
[ netsourceforge.atunes
8 net.sourceforge.atunes.gui

 netsourceforge.atunes.gui.dockableView

£ net.sourceforge.atunes.guiimages
3 net.sourceforge.atunes.guiimages.
{# net.sourceforge.atunes.gui.model
 net.sourceforge.atunes.guiviews

3 net.sourcefog
i netsource =
iews.
fiews.

themes

.controls
controls.playList
dilogs

[ Wit~ O- AU H G- ®™C ¥ v N TE

;Eﬂ|" T e g

i Wews.dialogs.editPreferences

£ net.sourcerony
# netsourceforg!
8 net.sourcef
[3) Contro!
[3) Handler
[[3) Kemneljava)

sourceforge.a <o
et.sourceforge.at o

N

xeforge.atu
ceforge.atu
Q

a4y

. b et oA/
@ (o o
. el.co

sourceforge.at | ik eMveto,
‘ ourceforge.atu| fllkemel.co
‘ R sourceforge.atul mel.c?/

ntrollers
ntrolles
ntrof
ntrol)
ntroljAy]
rs.exy

ntrollers.model
ntrollers.navigat

'
=
-

[3) RefreshUtils.jave
[3) TagViewRefresherjava
[ net.sourceforge.atunes.kemel.co

net.sourceforge.atunes.kemel.Kemeljava - atu

ntrg

-6.0/src

Onye
iy
jy |l “P:“40{

isteners

Happy Developers

Java - atunes-1.6. java - Eclipse Platform

Novigate Search Project Run Window Help

RSSO

[J) Kemeljava 52

~ 356 /%%
B6 * The Kernel is the class responsible
3 * all modules of aTunes.
364 */

blic class Kernel ({

‘nel.
stance;

/** Unique instance of
ivate static Kernel

/*QDefines if aT
pub®ic static bg

s is ru
ean DEBUG;

/** Lo
private

ger
gffiger logger =

tion State of aTunes
ationState state;

YEEIY 4R1 x/

pubgffc Appl

of Kernel */
{}

7** Constructd
private Kernel

private void startCreaion() ({([]

*/
tion ()

/** Starts visual objec

private void startVisuali

{0

& Console &2

reuunsoles to display at this time.

Pt create and

To access Kernel,

/@ * Static method Y create the Kernel inst
@ public static voidNgtartKernel () {[]
/** Creates all objec§s of aTunes: visual

- oER

Quick Access 12}

interconnect

ing in debug mode */

Logger.getLogger (Kernel.class) ;

ance

objects, controllers,

> K@

= g

Kernel.getInstanc

an

Absence of Comments in the Code

Comments in the Code
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Summaries: How?
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Questions when Generating

Summaries of Java Classes \

—

—

1) What information to include in the summaries?

2) How to generate and present the summaries?

Il

18



Summary Generator

Software Words Usage Model: deriving <actions>, <themes>,

and <secondary arguments>

and variable identifiers

Automatically Capturing Source Code Context
of NL-Queries for Software Maintenance and Reuse *

Emily Hill, Lori Pollock and K. Vijay-Shanker
Department of Computer and Information Sciences
University of Delaware
Newark, DE 19716 USA
{hill, pollock, vijay} @cis.udel.edu

Abstract

As software systems continue to grow and evolve, lo-
cating code for maintenance and reuse tasks becomes in-
creasingly difficult. Existing static code search techniques
using natural language queries provide little support to
help developers determine whether search results are rel-
evant, and few recommend alternative words to help devel-
opers reformulate poor queries. In this paper, we present
a novel approach that automatically extracts natural lan-
guage phrases from source code identifiers and categorizes
the phrases and search results in a hierarchy. Our contex-
tual search approach allows developers to explore the word
usage in a piece of software, helping them to quickly identify
relevant program elements for investigation or to quickly
recognize alternative words for query reformulation. An

a source code search tool. Depending on the relevance of
the results, the user will reformulate the query and search
again. This process continues until the user is satisfied with
the results (or gives up). In this process, the user has two
important tasks: (1) query formulation and (2) determining
whether the search results are relevant.

Challenges. Studies show that formulating effective nat-
ural language queries can be as important as the search al-
gorithm itself [10]. During query formulation, the devel-
oper must guess what words were used by the original de-
veloper to implement the targeted feature. Unfortunately,
the likelihood of two people choosing the same keyword
for a familiar concept is only between 10-15% [9]. Specif-
ically, query formulation is complicated by the vocabulary
mismatch problem [10] (multiple words for the same topic),

from class, methods, attributes

E. Hill et al. Automatically capturing
source code context of NL-queries
for software maintenance and reuse.
ICSE 2009
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Summaries: How? =

When Navigating Java Classes...

package net.sourceforge.atunes.kernel.modules.repository.audio;

import java.io.File;[]

public final class AudioFile implements AudioObject, Serializable, Comparable<AudioFile> {
private static final long serialVersionUID = -1139001443603556703L;

private static transient Logger logger = new Logger();

private File file;

protected Tag tag; \A/EE |C)()L( Eit

private List<File> externalPictures;

protected long duration; _

protected long bitrate; Name Of the C/ass

protected int frequency;
protected long readTime;
private int stars = 0;

Attributes
public AudioFile(String fileName) { Methods
readFile(new File(fileName)); '
! Dependencies between Classes

private void readFile(File file) {
this.file = file;

if (lisApeFile(file) && !'isMPCFile(file)) {
introspectTags();
readAudioProperties(this);

}

this.readTime = System.currentTimeMillis(),

https://github.com/larsb/atunesplus/blob/master/aTunes/src/main/java/net/sourceforge/atunes/kernel/modules/repository/audio/AudioFile.java
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When Navigating Java Classes...

Generic responsibilities (domain independent)

Class stereotypes [Dragan et al., ICSM’10]

E.q., data class, entity, controller, boundary,
et
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Source Code pmm-
| G
Summaries: How? =

When Navigating Java Classes...

Generic responsibilities (domain independent)

Class stereotypes [Dragan et al., ICSM’10]

E.g., data class, entity, controller, boundary,
etc. Entity

public class CdRipper {

private CddaZwav cddawav;
private Encoder encoder;

private ProgressListener listener; Keeper of the data model

private boolean interrupted; and/or business |OgiC
Class private String artist;
Stereotypes-» private String album;
taxonomy private String fileNamePattern:;
public static final String ARTIST PATTERN = "%A"
public static final String ALBUM PATTERN = "%L";
public static final String TRACK _TITLE AND NUMEBER = "%TN"

public CdRipper() ({

public CDInfo getCDInfo() |

public boolean ripTracks (ArrayList<Integer> tracks,
private String getFileName (ArrayList<String> titles,

[Dragan et al., ICSM'10]
[Moreno et al., ASE'12]



General
description

How to present and
generate the summaries?

C) org.argouml.ui.explorer.ExplorerTreeModel

external objects, i.e., the majority of its methods are controllers or object

A TreeModelUMLEventListener, ItemListener implementation and
DefaultTreeModel extension for explorer tree models. This class controls

creators.

—_—

It allows managing:

e children; and
e structure changed.

It also allows:

handling model element changed;

removing node from parent;

handling model element added;

handling model element removed; and

inserting node into new child mutable tree node.

i

ﬁ_This class declares the helper class ExplorerUpdater

Description of
the behavior

http://www.cs.wayne.edu/~severe/jsummarizer/

Other Code Artefacts can
be Summarised as well:

- Packages

- Classes

- Methods

- etc.



Evaluation of the Summaries

Is easy to read and
understand

30%

Is somewhat readable
and understandable

67% M Is hard to read and

understand

Not missing any
information

43%

Missing some
information

B Missing some very
26% important information

[Moreno atal.- ICPC 2013 ]



Potential Useful Code Descriptions can be
Found In Developers’ Discussions...

= Stack v signup login tour help v careers 2.0

When call the method IndexSplitter.split(File
= destDir, String[] segs) from the Lucene cotrib
= T T

=l stackoverflow [E==] directory (contrib/misc/src/java/org/apache/
lucene/index) it creates an index with

Stack Overflow is a question and answer site for professional and enthusiast programmers. It's 100% free, no segments descriptor file with wrong data.
registration required. . .
Namely wrong is the number representing the
Term Vector Frequency in Lucene 4.0 name of segment that would be created next in

this index.

CAREERS 2.0 .l + ‘o *"W?;Yf ?Tjects O [ S S S S P N E S S S S SR E U EESET SRR

nem easily to your prof
CLASS: IndexSplitter METHOD: split

IndexReader.getTermFregVectors() , which | can use to extract the frequency of each termin a

. ||'m upgrading from Lucene 3.6 to Lucene 4.0-beta. In Lucene 3.x, the IndexReader containsa metho1
‘given document and field.

This method is now replaced by IndexReader.getTermVectors() , which retumns Terms . How can |

make use of this (or probably other methods) to extract the term frequency in a document and a field? BUG mporl’
1
o —
lucene e
edited Aug 23 12 at 19:09 asked Aug 23 12 at 18:41
> | Nathan Hughes mossaab
DA |28.7k #8 943084 140 - 301

Related to stackoverflow.com/questions/13537126/... and stackoverflow.com/questions/1844194/... —

Others researchers proposed to detect source code
descriptions from sources external to the source code:

Mailing list and Issue tracker
StackOverflow Discussions

[Panichella at al.-1CPC 20121 [Vassallo atal. - ICPC 2014 ]
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Software Changes over the Time...

..as consequence the original documentation tend to be
incomplete and inconsistent with the source code...”

—
AN

A

J

L\
Difficult Tgﬁ ’\
to Understand = %) .
Source Code -

il

¢

|

Coming back

to the reality...

Inconsistent:/with
Insufficient

Incomplete:
Information

S ppplicati mming Interface

ion Progra

APIs Documents

20



APl Document Defects are Frequent

“...and tend to be discovered and fixed after long time...”

§\\
|I=] stackoverflow

&, tdoes seem like the doc should say

After cancel() returns frue, subsequent calls to isbone() ...

The Javadocs are often flat-out wrong and contradictory, and Sun has often not even bothered to
_r;\,_\_,,.;:;i?‘ fix them even after 10 years. Careful testing should always supplement the docs.

http://stackoverflow.com/questions/2967303/inconsistency-in-java-util-concurrent-future
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https://docs.oracle.com/javase/8/docs/api/java/awt/event/InputEvent.html
http://stackoverflow.com/questions/2967303/inconsistency-in-java-util-concurrent-future
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Evaluation of the Summaries

@RO N‘ E B With DRONE we analyzed
=rva2—1,

L =5 8 8 over 1 million of LOC and more than
o W

Code AST ParsingﬁA/ Bacszr:itrcoc:nFslfrV:i-nt $Code Constra?int b (’ 30,000 Javadoc documents
P poahis : belonging to 8 java libraries
@ 9 - SMT f@“ d>’—? ———

Heuristi Solver \\ J Defect
Pre-Process De e;::iency . j Bepors .
[ TS ) et ) R detecting around 2000 of

APl documentation defects.

with high precision (values between
0.58 - 0.83) and an high recall (values >
0.81) results.

T — T

Documentation Code

“Analyzing APls Documentation and Code to Detect Directive Defects”. ICSE 2017 |
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Test Cases Summarization
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Example of Test Case
Generated by Evosuite

1| public class TestOption {

2]
3|
4|
5
6
Tl
=
3|

@Test
public void test0() throws Throwable {

1

}

Option option0 = new Optiom("™, "1W|"");
assertEquals("1W|"", option0.getDescription());
assertEquals("", option0.getKey());

Test Case Automatically
Generated by Evosuite
(for the class apache.commons.Option.Java)
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Example of Test Case
Generated by Evosuite

Not Meaningtul
Names for Test Methods

It is difficult to tell, without
3| public class\festlption { reading the contents of the
3l @ target class, what is the
4| public vo d testD() tBrows Throwable { :
5| ion gt i gt Option("=, "1W|~"); behavior under test.

6l assertEIqua 3 HI“". option0.getDescription());
Tl assertEquals("", option0.getKey());

8l

al

Test Case Automatically
Generated by Evosuite
(for the class apache.commons.Option.Java)
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Example of Test Case
Generated by Evosuite

1| public class TestOptiom - = Y =
2| . =
3| @Test -
4| public vofd testl grows Throwable { -
5] Option i gew Optiom("™, "1IW|~""); -
6 assertEquals |=", optiom0.getDescription());

Tl assertEquals("", option0.getKey()):;

a8l }

al ¥

Test Case Automatically
Generated by Evosuite
(for the class apache.commons.Option.Java)



Our Solution: Automatically Generate
summaries of Test Cases

11| public class TestOption {
12] 3.b

14| @Test

15| public void test0() throws Throwable {

161 The test case instantiates an "0Option" with optiom 3.c
171 equal to "*, and description _;:31 to "iW|™"

18| Option optluno = new Option("", "1W|"");

19| Then, it tests

201 7/ 1) "h;_:;r the description of optiom0 is equal to 3.c

21| "W

22| assertEquals( LN R optlonO getDescrlptlon(}).

231 whether the kay opti is equoal to ""; 3.cC

24] // Thh execution of Tbu me Th j -Al used in the assertion 3.d

28] // _pll itly covers the following 1 conditioms: . .

26| // - the E:nditian ‘option equal to null" is FALSE; ADOW DOW _JUEEECOPTLON | SIeMA ehaec
27| assertEquals("", option0.getKey()); ' i;

28]

291 }

4| public void test0() throws Throwable {
5] Option option0 = new Optiom("™, "1IW|"");

1| public class TestOption { =
2| < -
3' ﬂTEEt : ::V:,.:r':: -8

6l assertEquals("1W|"", optionl.getDescription());
Tl assertEquals("", option0.getKey());

8l }

al ¥

Test Case Automatically
Generated by Evosuite
(for the class apache.commons.Option.Java)
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Results

Without . 33% 45% 9% l

With F 14% 36% 32%
| | | |

0% 20% 40% 60% 80% 100%
% Count

mVery Low ®mlLow = Medium = High mVery High

Figure 5: Perceived test comprehensibility WITH
and WITHOUT TestDescriber summaries.

+

@

N. Fixed Bugs

=t N
1 1

0 i
ArrayintList Rational

B With Summaries = Without Summaries

30 Developers:

- 22 Researchers
- 8 Professional Developers
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Maintenance of Mobile Applications

Reviews

. Kevin White # # # % %

*5 Y V I know that you're doing well
8 E 5 * 4 2098 that's why I'm not sure what's

*3 1,739 driving to get in contact with y
* % & o *2 (1280
2 26,465 tota *1 ‘ Kerry Sageman % #%

Just pics of nondescript?
Searyesly!?!?! And if | thought ! T —
about this game I would get it, —

“About one third of app reviews
contain useful information for developers”
Pagano et. al. RE2013

—
——
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The Problem
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Summaries of User Reviews

* % %k k%
App version 2 Alexandra on May 17, 2015 at 7:30 PM

gs702¢  Amazing 3D graphics Pretty good control of the car L

% % %k K Kk
App version 2 Jimmy Hutsonville on May 17, 2015 at 12:25 PM

Galaxy Note Il (t03g) | am in love with this game. Will recommend to friends. [ == == == == == ==

* % % % %
App version 2 Sussy Karmen on May 14, 2015 at 7:53 PM >4

Droid4X  Good gameVery realistic game

What Would Users Change in My App? Summarizing App Reviews for Recommending Software Changes.
24th ACM SIGSOFT International Symposium on the Foundations of Software Engineering (FSE) - 2016.

SURF: Summarizer of User Reviews Feedback.
Proceedings of the 39th IEEE International Conference on Software Engineering (ICSE) - 2017

46



Summary Generation

Review Summary for karaoke_paid_summary.xml

Click on a topic to show the issues related to that topic. The issues are grouped by review intent, i.e. bugs, requests, information, questions
or miscellaneous. Click on the bars next to each topic to filter the sentences by intent.

When browsing a topic, click on a sentence to see the full review it was taken from. The sentence will be highlighted for context.

' GUI 3 2 3
BUG But while playing, editing and flicking between screens it vanished
BUG Still playing the track with a BLACK screen and no response
BUG It has failed to play some tracks but there is sure to be another version among my 40,000 tracks

Wish there was a way to get bigger fonts on the midi also the ability to have different background pictures fade in and out or even play a
windows movie maker file in the background

REQUEST It would be better if there is a screen mirror option or chrome cast

INFO I can now tick midi player app off my bucket list and move on to the next item

REQUEST

INFO Great as a Karaoke machine and great for midi backing tracks

INFO Love it top dog program Love it
Feature/Functionality
Contents
Model
App
Security
Improvement

| Update/Version

http://www.ifi.uzh.ch/en/seal/people/panichella/tools/SURFTool.html

SURF: Summarizer of User Reviews Feedback.
Proceedings of the 39th IEEE International Conference on Software Engineering (ICSE) - 2017 A7



Case Study

2622 12
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Results

92% of manually extracted
feedback appears also in the
automatic generated summaries.

Summaries generated by SURF
are reasonably correct, adequate,
concise, and expressive.

SURF helps to prevent more than half Qs
of the time required for analyzing users |
feedback and planning software changes. &%
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Exploring the Integration of User Feedback in
Automated Testing of Android Applications

Abstract—The intense competition characterizing mobile appli-
cation’s marketplaces forces developers to create and maintain
high-quality mobile apps in order to ensure their commercial
success and acquire new users. This motivated the research
community to propose solutions that automate the testing process
of mobile apps. However, the main problem of current testing
tools is that they generate redundant and random inputs that are
insufficient to properly simulate the human behavior, thus leaving
feature and crash bugs undetected until they are encountered by
users. To cope with this problem, we conjecture that information
available in user reviews—that previous work showed as effective
for maintenance and evolution problems—can be successfully
exploited to identify the main issues users experience while using
mobile applications, e.g., GUI problems and crashes. In this
paper we provide initial insights into this direction, investigating
(i) what type of user feedback can be actually exploited for
testing purposes, (ii) how complementary user feedback and
automated testing tools are, when detecting crash bugs or errors
and (iii) whether an automated system able to monitor crash-
related information reported in user feedback is sufficiently
accurate. Results of our study, involving 11,296 reviews of 8
mobile applications, show that user feedback can be exploited
to provide contextual details about errors or exceptions detected
by automated testing tools. Moreover, they also help detecting
bugs that would remain uncovered when rely on testing tools
only. Finally, the accuracy of the proposed automated monitoring
system demonstrates the feasibility of our vision, i.e., integrate
user feedback into testing process.

Index Terms—Automated Software Testing, Mobile Applications, User
Reviews Analysis

I. INTRODUCTION

Mobile devices, such as smartphones and tablets, acquired
more and more a central role in everyday life in recent
years [33]. Consequently, we witnessed an unprecedented
growth of the app industry, with around 149 billions of
mobile apps downloaded by September 2016 [50] and 12
million of developers maintaining them [[4]. The growing
competition characterizing mobile application marketplaces,
like Google Play and the Apple App Store, ensures that only
high quality apps stay on the market and gain users. This
forces developers to deliver high quality apps, maintaining
them through adequate software testing activities [28], [33].
However, mobile applications differ from traditional software,
being structured around Graphical User Interface (GUI) events
and activities [T]], [36]. Therefore, they expose different kinds
of bugs and suffer of a higher defect density compared to
traditional desktop and server applications [22]. To support
developers in building high-quality applications, the research
community has recently developed novel techniques and tools

to automate such a testing process [22], [28], [31]l, [37], [45].

Techniques for mobile testing generate, according to different

strategies, UI and system events, like the tap on a button or
an incoming notification. Such events are then transmitted to
the application under test (AUT) with the aim of detecting
unhandled runtime exceptions. If an exception occurs, such
techniques typically save two different information: (i) the
correspondent stack trace and (ii) the sequence of events that
led to the crash [37]. Unfortunately, most of these tools suffer
of three important limitations. Firstly, the reports they generate
(composed as mentioned, by a stack trace and a sequence
of inputs) lack contextual information and are difficult to
understand and analyze [10], [24]. Secondly, they are able
to detect only bugs that actually cause unhandled exceptions,
thus possibly missing those not raising any. Third and most
important limitation, current tools “are not suited for generat-
ing inputs that require human intelligence (e.g., constructing
valid passwords, playing and winning a game, etc.)” [28].
Indeed, the generation of such random inputs often results in
a redundant sequences of events that are not able to simulate
the human behavior. For this reason, such tools (i) are often
not able to achieve high code coverage [12]], [38]] and (ii) might
fail to detect bugs and crashes that are encountered by users
(T1), 28].

In this context, recent work demonstrate that it is possible to
leverage information available in app reviews to identify the
main problems encountered by users while using an app [13],
[401, [43], [48]l, [51]. We believe that such information can
be successfully exploited to overcome some of the limitations
of state-of-the-art tools for automated testing of mobile apps.
Specifically, we argue that the integration of user feedback
into the testing process can (i) complement the capabilities of
automated testing tools, by identifying bugs that they cannot
reveal or (ii) facilitate the diagnosis of bugs or crashes (since
users might describe the actions that led to a crash).

To better explain the motivations behind our work, we pro-
vide below two concrete examples taken from the dataset
gathered for this study (detailed in Section [T). In the first
example, we report the content of a user review, related to
the com.danvelazco.fbwrapper app, revealing a bug
missed by widely adopted automated testing tools such as
MONKEY [I8]] and SAPIENZ [31]]:

“Love the idea of this app but anytime I leave the page the screen
goes completely white and won’t come back until force-stopped.
Update: I thought the white screen was because my phone was so
outdated but it still does it on my Nexus 6 ...”.

In this case, the user complains for a white screen displayed
after leaving the previous page in the application. However,

G. Grano, A. Ciurumelea, S. Panichella, F. Palomba, H. Gall
SANER - 2018
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