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“The code is the truth” —Sam Guckenheim

“The code is the truth, but not the whole truth”
— Grady Booch



Hypotheses de travall

Vous connaissez

e |les principes SOLID, GRASP

* |les design patterns

e |es architectures logicielles de base

La maintenance de code : ¢a vous dit quelgue chose.
Vous avez des capacités a l'abstraction

Vous étes des developpeurs avances

- Vous avez envie d’apprendre par vous-méme



Pour comprendre/modifier
un systeme informatique
complexe, vous faites quol ?



Pour vous 7




Enseigner |3
Maintenance Logicielle
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« réputée non-enseignable ».



Maintenance 7
Rétro-Ingénierie 7

CodeScene @codescene - 14 déc. v T Kent Beck a retweeté
CODESCENE  Thanks for your kind words™~ The hotspot numbers indicate that roughly 17% Martin Fowler @ @martinfowler - 7 déc.
of your development is in just 1.7% of the code, so any potential technical debt "the most important aspect of refactoring: practicing refactoring doesn’t just
there is likely to come with a high interest rate. You can read more on the topic improve our code, it helps us become better at reasoning about our code"
here: empear.com/blog/prioritiz... 4 linkedin.com/pulse/testing-... @mfeathers @
) & Traduire le Tweet
fep— - Daniel Fesenmeyer @fesicraft
5= L% . Just tried out @codescene on #EclipseDitto. | really like it

so far ¢
As | understand, we could reduce some coordination and
merge effort by reducing the size of our hotspots....

& Traduire le Tweet

O (A Q 4 &
Kuba Suder @kuba_suder - 13 nov. v
@ you also shouldn't build every system preparing it from the first line of code to
Israel Herraiz @herraiz -8h v hand\§ millions of users daily, becauseyou‘lln.\ake everything 100x more
complicated than it needs to be and probably it'll all go to waste
¥ En réponse a @fabiengirardin © e e Tueet
S . ' o ST ) V] S|
Technical debt as a tool. As Don Knuth said, premature optimization is the root
0 . Bri
of all evil. But to keep technical debt under control, you must be able to Q @;::nnnehrmg ( Suivre > v
measure it and allocate and reserve time to repay it in the future. Good En réponse & @kuba_suder @marcoarment
principles, also for any data science team. Granted. But you should know where your
: technical debt is, and know what will be Testing Yourself - Growing Through Refactorin
s el T straightforward to fix later and what will be a 9 i o 9 9 9 _
o, " O 1 S nightmare These are interesting times for people who care about refactoring. The 2nd
8 T e Tueet edition of Martin Fowler’s book Refactoring has just been released.
15:11 - 13 nov. 2018

linkedin.com

Q 18 11 358 Q) 76t g

11 Benjamin Benni a retweeté

Computer Science @CompSciFact - 23 h v
Software reuse is more like an organ transplant than snapping together Lego
blocks. ow.ly/FGDRX




Analyse

m Johan den Haan m
OBJECT-ORIENTED Interesting research > Does Conway's Law
i ?
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| a maintenance logicielle
dans I'entreprise ?

Image : http://bookkeepersme.com/software-maintenance-services-company-dubai/



Definitions and terms

Modification Request

Classified Correction Enhancement
Tyges of Corrective Preventive Adaptive Perfective
Maintenance

corrective maintenance : the reactive modification of a
software product performed after delivery to correct
discovered problems

emergency maintenance : an unscheduled modification
performed to temporarily keep a system operational
pending corrective maintenance

preventive maintenance : the modification of a software
product after delivery to detect and correct latent faults in
the software product before they become operational faults

adaptive maintenance : the modification of a software product,
performed after delivery, to keep a software product usable in a
changed or changing environment

maintenance enhancement : a modification to an existing
software product to satisfy a new requirement

perfective maintenance : he modification of a software product afte
delivery to detect and correct latent faults in the software product bet
they are manifested as failures

10 ISO/IEC 14764:2006(E) IEEE Std 14764-2006



Vocabulalre

Program Comprehension: Programmers spend considerable time reading and
understanding programs in order to implement changes. Code browsers are key tools
for program comprehension and are used to organize and present source code. Clear
and concise documentation can also aid in program comprehension.

Reverse Engineering is the process of analyzing software to identify the software’s
components and their inter-relationships and to create representations of the software
in another form or at higher levels of abstraction. Reverse engineering is passive; it does
not change the software or result in new software. Reverse engineering efforts produce
call graphs and control ow graphs from source code. One type of reverse engineering is
redocumentation. Another type is design recovery. Finally, data reverse engineering,
where logical schemas are recovered from physical databases, has grown in
importance over the last few years. Tools are key for reverse engineering and related

tasks such as redocumentation and design recovery.

Reengineering is defined as the examination and alteration of software to reconstitute it
iIn a new form, and includes the subseguent implementation of the new form. It is often
not undertaken to improve maintainability but to replace aging legacy software.
Refactoring is a reengineering technigue that aims at reorganizing a program without
changing its behavior. It seeks to improve a program structure and its maintainability.
Refactoring techniques can be used during minor changes

SWEBOK® Guide V3.0 ,CHAPTER 5 SOFTWARE MAINTENANCE



A distinguer de

“Forward Engineering is the traditional process of
moving from high-level abstractions and
logical, implementation-independent designs to
the physical implementation of a system.”

12



Buts du Reverse

Documenter, raisonner, communiquer autour de
I’application dans un formalisme autre que du code

Comprendre la conception ce qui permet de
I"améliorer, la corriger, 'optimiser

Apprehender la complexite: (taille, dépendances)

Retrouver des informations perdues (e.g. quels
changements? Pourquoi? qui?)

13 Chikofsky and Cross [in Arnold, 1993]



Comprehension activities

A1. Investigating the functionality of (a part of) the system
A2. Adding to or changing the system’s functionality

A3. Investigating the internal structure of an artefact

A4. Investigating dependencies between artefacts

AS. Investigating runtime interactions in the system

AG. Investigating how much an artefact is used

A7. Investigating patterns in the system’s execution

A8. Assessing the quality of the system’s design

A9. Understanding the domain of the system A set of typical software
comprehension tasks should address all of these activities.

Pacione, M.J. & Roper, M & Wood, M. (2004). A novel software visualisation model to support software comprehension. Proceedings - Working
Conference on Reverse Engineering, WCRE. 70- 79. 10.1109/WCRE.2004.7.



Reverse basé sur UML



Reverse Engineening: Aspect structurel

* L['opération de réverse génére un modeéle UML a partir duquel
1l est possible d’extraire des vues (diagrammes)

-
: ] — W peoe
UTRe serinire UTRersonme 'n ) - x -
Vue sur les généralisatons
8.1 | swrseed e
Vue sur les packages E ) _ { e
= ql Vue sur les associatons
L.. 1 | —
Zoom sur le contenu T
d'un package : T
— ]
© Reda Bendraou LI386-S1 Génie Logiciel - UPMC  Cours 3: Génération & Reverse 22/35
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Reverse Engineering: Aspect comportemental

* Un diagramme de séquences a partir d’'une opération en Java

et Poabh v v e ro oo NQI ARy TE ey

* Ne capture que la séquence

d’appels d’opératons

- S SRS
* Independent d’'un scénario [L
en particulier

R IR T I I
-

public void withdraw(double val) {

i (getBalance() >= val) { '
setBalance(balance - val),
mHistory.increment Transaction() ; [I

y‘obrd - e=—wot oo b ~

}

elw | ! ‘ P
noAvailableFunds();

} ﬁ‘.-sp Y o e )
»

© Reda Bendraou LI3B6-S1 Génie Logiciel - UPMC  Cours 3: Génération & Reverse 23/35
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Est-ce qu'un projet qui n'a
pas de « maintenance »
est mellleur?
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further demands for changes and

19

Feedback 100p

Because the world irremediably
changes, .. software must be
changed to keep it synchronized
with its environment.
Software requirements also
change, because human
processes are hard to define and
state, which also lead to
modifications in the software. ....
Also, the very introduction of the
system in the world will cause

new features. This last source of
changes causes a feedback loop
in the evolution of the program.

image : http://tomcunniff.com/2012/03/old-vs-new-media-the-future-is-a-feedback-loop/

The evolution of the laws of software evolution. A discussion based on a systematic literature review. 2013



Observations
Software change/evolution is

MY NEW DESIGN WILL

* inevitable MEET ALL OF OUR

* unpredictable CUSTOMERS CURRENT
. costly AND FUTURE NEEDS.

» difficult

* time- and resource-consuming [,

» poorly supported by tools,
techniques, formalisms

* underestimated by managers

* poorly understood

 |f performed well, a major success factor for business
iInnovation !

http://www.slideshare.net/tommens/future-researctp-challenges-in-software-evolution?from action=save



http://www.slideshare.net/tommens/future-research-challenges-in-software-evolution?from_action=save

Laws of software evolution [Lehman and Fernandez-Ramil 2006]

Three classes of programs:

— S-type (specified) programs are derivable from a static
specification, and can be formally proven as correct or not.

— P-type (problem solving) programs attempt to solve problems
that can be formulated formally, but which are not computationally
affordable. Therefore the program must be based on heuristics or
approximations to the theoretical problem.

— E-type (evolutionary) programs are reflections of human
processes or of a part of the real world. These kind of programs try
to solve an activity that somehow involves people or the real
world.

The evolution of the laws of software evolution. A discussion based on a systematic literature review. 2013



Laws of software evolution [Lehman and Fernandez-Ramil 2006]

I Law of Continuing Change : An E-type system must be continually adapted, else it
becomes progressively less satisfactory in use

Il Law of Increasing Complexity : As an E-type is changed its complexity increases and
becomes more difficult to evolve unless work 1s done to maintain or reduce the

complexity.
IIT Law of Self Regulation : Global E-type system evolution is feedback regulated.

IV Law of Conservation of Organizational Stability : The work rate of an organization
evolving an E-type software system tends to be constant over the operational lifetime of

that system or phases of that lifetime.

V' Law of Conservation of Familiarity : In general, the incremental growth (growth rate
trend) of E-type systems 1s constrained by the need to maintain familiarity.

VI Law of Continuing Growth : The functional capability of E-type systems must be
continually enhanced to maintain user satisfaction over system lifetime.

VII Law of Declining Quality : Unless rigorously adapted and evolved to take into
account changes in the operational environment, the quality of an E-type system will

appear to be declining.

VIII Law of Feedback System: E-type evolution processes are multi-level, multi-loop,
multi-agent feedback systems.

The evolution of the laws of sof@fare evolution. A discussion based on a systematic literature review. 2013



Laws of software evolution [Lehman and Fernandez-Ramil 2006]

Comment « vérifier » la véracité des lois ?

Quel est I'impact des changements des processus de
développement ?

Ces regles s’appliquent-elles au logiciel libre qui n’integre pas une
notion de « hiérarchie »?

The evolution of the laws of software evolution. A discussion based on a systematic literature review. 2013
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Un sondage...

juillet a octobre 2016



Vous étes (217 responses) 21 7 I’épOﬂSGS

Développeur 179 (82.5%)

Chef de projet 33 (15.2%)

Manager 27 (12.4%)
Etudiant 12 (5.5%)
Enseignant /... 15 (6.9%)

Other 24 (11.1%)

0 20 40 60 80 100 120 140 160

Vous avez une expérience professionnelle de (217 responses)

—_—
moins de 3 ans Iy 19(36.4%)
37 (17.1%)

de3as5ans

de5a10ans 43 (19.8%)
de 102 20 ans 38 (17.5%)
de plus de 2... 18 (8.3%)
Other
0 10 20 30 40 50 60 70

25



Vous travaillez pour une entreprise (212 responses)

roins do 10 pelsomec- 5 2%
—‘
moins de 50 per@m_—34 (16%)

plus de 100 personnes 136 (63.8%)

23 (10.8%)

0 20 40 60 80 100 120

Vous travaillez dans une équipe (217 responses)

moins de 10 personnes 140 (64.5%)

moins de 20 personnes 53 (24.4%)

moins de 50 personnes 17 (7.8%)

.

Other 9 (4.1%)

[

o

20 40 60 80 100 120 140

20



Quelle action de
maintenance ?

27



180

160
140
120
100
80
60 e \/ery often or
often
40
20
0
Ajouter de Fixer des bugs  Améliorer la Améliorer Améliorer la Améliorer la  Supporter de
nouvelles qualité (a l'interface performance sécurité nouvelles
fonctionnalités I'exclusion de utilisateur plates-formes
fixer des bugs)) d'exécution

Vous moditiez votre code pour :



Ajouter de nouvelles fonctionnalités

B Tres souvent
Souvent

M Régulierement

B Rarement

M Jamais

« we Will never be able TO PREDICT THE FUTURE »

29



Adding functionality according to the company size

e- plus de 10000

d- de plus de 100 personnes

c-de 50 a 100 ~ Rarement

~ Régulierement

b- de moins de 50 personnes -~ Souvent

~ Tres souvent

a- de moins de 10 personnes

(vide)

0 20 40 60 80 100 120

30




Fixer des bugs

31

B Tres souvent
Souvent

M Régulierement

B Rarement

B Jamais



Ajouter de nouvelles fonctionnalités Supporter de nouvelles plateformes

HTrés souvent W Trés souvent

Souvent OSouvent

" Régulierement B Régulierement

M Rarement B Rarement
® Jamais M jamais
Améliorer les performances Améliorer la sécurité Améliorer l'interface Utilisateur
B Trés souvent HTrés souvent HTrés souvent
Souvent Souvent Souvent
B Régulierement W Régulierement W Régulierement
B Rarement B Rarement B Rarement
B Jamais M Jamais M Jamais
Fixer des bugs Améliorer la qualité

HTres souvent HTrés souvent

Souvent Souvent
M Régulierement " Régulierement
M Rarement B Rarement

B Jamais M Jamais




Pourquol est-ce difficile ?



250

200

150

100

50

Why code maintenance is difficult?

Le manque

e —
La taille du L'architecture Le manque de Le manque de La variété
codeet/ousa mal adaptée documentation tests et/ou
complexité  aux évolutions automatisés
des
technologies
utilisées
c— \gree == neutral

34

= Disagree

Le manque de Leturnover des
d'expertise des tragabilité avec
l'obsolecence développeurs

les exigences

employés

La chainede
mise en
production



La taille du code et/ou sa complexité

M Tout a fait d'accord
D'accord
L'architecture mal adaptée... = Ni en désaccord ni d'accord

Pas d'accord

M Pas du tout d'accord

M Tout a fait d'accord
D'accord

M Ni en désaccord ni d'accord
Pas d'accord

M Pas du tout d'accord

35



more than 20 years

From_ 10 to 20 years

From 5 to 10 years

From 3 to 5 years

Less than 3 years

Size code evaluation according to developper experience

o

20

40 60 80 100

120

W Totally agree

M Agree

~ Neither disagree nor agree
& Disagree

“ TotallyDisagree




more than 20 years

From_ 10 to 20 years

From 5 to 10 years

From 3 to 5 years

Less than 3 years

Architecture evaluation according to developper experience

11

20 40 60 80 100 120

H Totally agree
B Agree
Neither disagree nor agree

& Disagree

37



Le manque de tests automatisés

Le manque de documentation

B Tout a fait d'accord
D'accord

B Ni en désaccord ni d'accord
Pas d'accord

M Pas du tout d'accord

M Tout a fait d'acco
D'accord

M Ni en désaccord 1
Pas d'accord

M Pas du tout d'accord

38



Lack of tests versus developper experience

more than 20 years
From_ 10 to 20 years

“ Totally agree

M Agree

F 5to 10
rom o to lUyears Neither disagree nor agree

“ Disagree

From 3 to 5 years

ekl

“ TotallyDisagree

Less than 3 years

!

o

20 40 60 80 100 120

39




Documentation evaluation according to developper experience

J

more than 20 years

1

From_ 10 to 20 years
W Totally agree

M Agree

F
rom 5 to 10 years Neither disagree nor agree

& Disagree

From 3 to 5 years “ TotallyDisagree

i.!!i

Less than 3 years

o

20 40 60 80 100 120

40




Le manque d'expertise des développeurs

La variété et ou l'obsciescence...

B Tout a fait d'accord
D'accord

B Ni en désaccord ni d'accord

" Pas d'accord

M Pas du tout d'accord

M Tout a fait d'accord
D'accord

H Ni en désaccord ni d'accord

" Pasd'accord

M Pas du tout d'accord

41




Le manque de tracabilité des exigences

M Tout a fait d'accord
D'accord

B Ni en désaccord nid'ac

Le turnover des développeurs

B Tout a fait d'accord
D'accord

¥ Ni en désaccord ni d'accord

" Pas d'accord

M Pas du tout d'accord

" Pas d'accord

M Pas du tout d'accord

42
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Common Symptoms to reverse

BERN

Lack of Knowledge
| Process symptoms
> obsolete or no documentation .
> too long to turn things over to

> departure of the original production
developers or users

. . > need for constant bug fixes
> disappearance of inside

knowledge about the system > maintenance dependencies

> limited understanding of entire > difficulties separating products
system = simple changes take too
long

= missing tests

Code symptoms
duplicated code
code smells

=> big build times




Common Problems

Architectural Problems

>

iInsufficient documentation

= non-existent or out-of-date
Improper layering

= too few or too many layers
lack of modularity

= strong coupling

duplicated code

= copy, paste & edit code

duplicated functionality
= similar functionality
by separate teams

b

u

b
UNIVERSITAT
BERN

Refactoring opportunities

> misuse of inheritance
= code reuse Vs polymorphism

> missing inheritance
= duplication, case-statements

> misplaced operations
= operations outside classes

> Vviolation of encapsulation
= type-casting; C++ "friends"

> class abuse
= classes as namespaces




L es outils que vous utlilisez,
servent a :

45



700

600

500

400

300

200

100

B d'analyse dynamique des codes

M d'évaluation des performances (e.g.
LoadRunner)

“ de visualisation des codes (e.g. cartes
de chaleur, animations)

W d'analyse des gestionnaires de
version (e.g. Gitinspector)

W de reverse-engineering pour
retrouver les modeles (e.g. remontée
aux modeles UML)

B d'analyse statique de la qualité (e.g.
Sonar)




250

200

150

100

50

“ Autre équipe
M Prévu

M Jamais

“ Rarement

W Régulierement
M Souvent

M Tres souvent

47




Y 'a-t-1l correlation entre la taille de I'entreprise et les mesures
de qualité de code ?

Mesuring code quality

e- plus de 10000

d- de plus de 100 personnes ..
& Autre équipe
& Jamais

c-de 502100 .
“ Prévu

& Rarement
b- de moins de 50 personnes “ Régulierement
“ Souvent

a- de moins de 10 personnes \
~ Tres souvent

1 1 1 1 ! J

(vide)

o

20 40 60 80 1

o

0 120




Et alors ...

* Quasi absence d’utilisation d’outils sauf la qualité par
« Metrics »

2 principales difficultés : (i) la taille et la complexité
des codes et (ii) I'architecture mal adaptée

* Importance de la maintenance dédiée a I'ajout de
fonctionnalités et |la correction de bugs.



The Challenges of Technical Debt at Scale

* Today’s software systems consists of hundreds of thousands, often million lines of
code. The scale of such systems make them virtually impossible to reason about;
There are few people in the world who can keep a million lines of code in their
head. Modern codebases are also built on several different technologies. As if this
technical variety isn’t complex enough, large-scale systems are also developed by
multiple programmers organized into different teams. Each individual programmer
is only exposed to a small part of the codebase, and frequently no one has a
holistic picture.

* Our main challenges, if we want to understand and improve a codebase, is to
balance these technical and organizational challenges. Unfortunately, as evident by
sources like the CHAOS report - the majority of all projects fail to deliver on time or
on budget - this is where organizations fail. | think there’s a simple explanation for
this repeated failure of our industry: The reason it’s so hard to prioritize
improvements is because most of the time we make our decisions based on what
we see: the system as it looks today, its source code. But | will claim that the source
code in isolation is incomplete information.

2018- https://fempear.com/blog/prioritize-technical-debt/



Reverse Engineering

> ; P C . e il -
’ - e R AP P 2 ST et

- eConduire une réflexion sur la notion de « Métriques »
i-lntroduire d'autres formes d’'analyse

e [ravailler sur des projets reels de « grande » tallle
“eMettre le focus sur le rétro-ingénierie

[

Tacking a step back

51



| e module
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Planning

1. mar.18 déc. 201

- 08:00 - 9:00 : Cours - Introduction (MBF)
- 9:00 - 10h00 : Autonomie
-1a:15-11:15: TD - Choix et
caractérisation du sujet

d'étude (MBF,BB,PC)

lundi 7 janv. 2019 a 15h au plus

1E=lge L ivrable L.1

2. mar.8 janv. 2019
- 8:00 - 9:00 : Cours - Comprendre un
logiciel en regardant son histoire Xavier
Blanc(XB)
-9:00 - 11:00 : TD - Compléments sur le
sujet en mode “coaching”(MBF,BB,PC,XB)
- 11:00 - 12:15 : Autonomie

3. mar.15 janv. 2019

- 08:00 — 09:30 : Cours : Adventure in a
Docker world (BB)

- 09:45 - 12:15 : TD - Validations Métrics/
KPI (MBF, BB)

4. mar.22 janv. 2019
- 08:00 - 11:00 : Oral (10mn exposé +

10mn questions) (MBF,BB)i=4{efe-R=8

5. mar.29 janv. 2019

- 08:00 - 11:00 : TD - Travall sur la
démarche & Métrics/KPI a base
d'articles (BB) (Hypothétique)
-11:15-12:15 : Autonomie

6. mar.5 févr. 2019
- 09:45 -12:15 : Autonomie

7. mar.12 févr. 2019

- 08:00 - 9:00 : Intervention d'un industriel
- 9:00 - 10:00 : TD - Compléments sur le
sujet en mode “coaching”(MBF,BB,PC)

8. mar.19 févr. 2019 .
e Annonce de la sélection des articles
utilisés pour I’examen
- 08:00 — 17:00 : Autonomie [H)Vig=1e](H B¢
& Livrable 4

9. mar.26 févr. 2019

- - 09:00 - 11:00 : Examen


https://mireilleblayfornarino.i3s.unice.fr/lib/exe/fetch.php?media=teaching:reverse:2018:introcoursmaintenance.pdf
https://mireilleblayfornarino.i3s.unice.fr/doku.php?id=teaching:reverse:2018:evaluation
https://mireilleblayfornarino.i3s.unice.fr/doku.php?id=teaching:reverse:2018:evaluation

On revient sur I'évaluation
du module a la fin du cours

54



Your Code As a,
Crime Scene

Use Forensic Techniques
to Arrest Defects, Bottlenecks, and
Bad Design in Your Programs

) =05 J € loci joo) resly) = bufly);
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pturn red.;
. el | i
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nt che .
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« [he code alone doesn't
tell the whole story of a
software product. »

Your code is a crime Scene,
Adam Tornhill



Comment rapidement identifier
les problemes dans le code ?

« Profiler » le code

Pour ne pas lire des milliers de lignes,

compre

identifi

ndre rapidement

er les parties a Ir

e code,
odifier,

a protéger (par des tests)
ou a controler régulierement.

S/




« Profiler » le code

e Utiliser des metrics simples

 \/isualiser des metrics pour avolr
une vision globale

e Mettre le focus sur les anomalie en
descendant dans les codes

I took a course in speed reading and read “War and Peace” in twenty
minutes. It’s about Russia.

58 Woody Allen



« Profiler » le code

* Analyse « geographique » : Visualiser le code
(codeCity)

* Analyse des changements : qui, quol, guand
(MetricsTreeMap)

* Forte complexité et beaucoup de changements
=> un hotspot |

* Beaucoup de changements sont signes de
oroblemes (Hassan09) . B Mt

.......

Jp_mn_"m st

math.clj

svn_live_data_testel]
ogical_coupling.clj
authors_test.c|

core.clj

test_damugit_test.tlja c l o | - dataset.clj
59 s PP-CY ...~ authors.clj
v esV.Clj



Focus sur les codes « tres modifiés »

Nombre de
changements

200

. Important

o)
c
[
3
=3
@
w
[
=)
160

140

120 Less Important >

100

80

60

40

20

0 50 100 150 200 250 300 350

Fichiers ordonnés par la frégquence de changement

The distributions above show that most of our development activity is located in a relatively small part of the total codebase.

https://empear.com/xablog/prioritize-technical-debt/ 60



Use Code Biomarkers To ldentity Expensive Hotspots

The trends show improvements and growing problems

One hotspot has been successfully refactored
File / \ Status Now Last Month Last Year Details

QueryTestBase. cs ‘?”, ‘\‘ib

EntityFramework/src/EFCore.Specification.Tests/Query/

® 0K

€ £

ComplexNavigationsQuerySqlServerTest.cs O High Degree of Code Duplication

EntityFramework/test/EFCore.SqlServer.FunctionalTests/Query/

C

GearsOfWarQuerySqglServerTest.cs O High Degree of Code Duplication

EntityFramework/test/EFCore.SqlServer.FunctionalTests/Query/

O Large Brain Method Detected
® Good Cohesion

EntityQueryModelVisitor.cs
EntityFramework/src/EFCore/Query/

O Large Brain Method Detected

O Potentially Low Cohesion

» O High Degree of Code Duplication
O Primitive obsession

GraphUpdatesTestBase.cs

EntityFramework/src/EFCore.Specification.Tests/

O Large Brain Method Detected
O High Degree of Code Duplication

MigrationsModelDifferTest.cs
EntityFramework/test/EFCore.Relational.Tests/Migrations/Internal/

Another hotspot seems to have degraded and
accumulated some code issues CodeScene detects those patterns and

presents a high-level summary

https://empear.com/blog/prioritize-technical-debt/
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Visualizing Metrics

O

CodeCrawler - System Complexity

File

Yiews

Selection

Highlighting Transformation

Colors _ Extras  Help

ltem: Class CodeCravler [ <(NIY: 10){(NOM: 56)> <(WLOC: 440)> <(-: 0)(-: 0)> ]

4

al

/g[m]

3

78 Nodes, 68 Edges

100%

Use simple metrics and
layout algorithms

height colour

X,Y) -
Ce) width

Visualizes up to 5
metrics per node



Use Code Biomarkers To ldentity Expensive Hotspots

., Hotspot
%‘a@;%’ OTlSpPots
e ff};;é o 319
8% ®
by %2 “Hotspots
'; b |
s . 7
g X
2..;::0&
“ie
@%«‘l 33.*‘: f@*
@ *od
ey
@8
bl o
Ha

2.6% of the code, 15.5% effort 2.5% of the code, 11.0% effort 2.4% of the code, 13.3% effort

ASP.NET MVC 200 kLoC Mono 6.7 MLoC Docker 500 kLoC

https://fempear.com/blog/prioritize-technical-debt/ 63



=t Apres

e Siles points critiques représentent 4 a 6% du code
(Hibernate 400.000 LOC=> 24000 LOC)

 Comment éliminer rapidement les faux positifs ?
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Names makes the code fit
your head |

Un nom c’est plus gu'une description.

« Qur brain's working memory is short term and serves as the
mental workbench of the mind : limited cognitively! »

On regroupe les fonctions de calcul dans les noms => Un code
moins cher a maintenir |

Exemple de noms suspects :

e Conjonction e.g. ConnectionAndSessionPool (cohesion” same
concept?)

* Manager, Util, Impl : Vraiment pas de logiques 7
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Hotspot & Nom suspect

« Nom géneéral et un composant tres gros.
* AbstractEntityPersister.java => ~4000 LOC

» Configuration.java => ~2600loc

66



Code Complexity, d’'un coup
d'oeil?

@Test
public void testTaillelnitiale() { assertfquals(@,graphe.taille()); }

final static int libre = @, empile = 1, exclus = 2, pointdentree = 3, dansC

int dfsCfc(HashMap<Sommet,Integer> etat,
HashMap<Sommet, Integer> etat_cfc,
HashMap<Arc<Sommet>,String> etat_a,
LinkedList<Sommet> pile,
HashMap<Sommet, Integer> rang, int rg,
HashMap<Sommet, Integer> rat,
Sommet racine, Sommet s){
etat.put(s, encours);
System.err.println("J'explore "+s);
rang.put(s, rg++);
rat.put(s, rang.get(s));
pile.addFirst(s);
etat_cfc.put(s, empile);
for(Arc<Sommet> a : voisins(s)){
Sommet t = a.destination();
if(etat_cfc.get(t) == inexplore){
System.err.printin("("+s+", "+t+") liaison");
etat_a.put(a, "arcliaison");

rg = dfsCfc(etat, etat_cfc, etat_a, pile, rang, rg, rat, racine, t);

if(rat.get(t) < rat.get(s)){
rat.put(s, rat.get(t));
}

}
else{
if(etat_cfc.get(t) == empile){
if(rang.get(t) > rang.get(s))
// (s, t) est avant
etat_a.put(a, "arcavant");

else{
// (s, t) est arriere ou intra-arbre
// t est dans C(s) car t descendant de s et s => t

if(etat.get(t) == encours){
System.err.printin("("+s+", "+t+") arrie're");
etat_a.put(a, "arcarriere");

}

else{
System.err.println("("+s+", "+t+") intra-arbre");
etat_a.put(a, "arcintra");

System.err.println{t+" est dans C("+s+")");
if(rang.get(t) < rat.get(s))
rat.put(s, rang.get(t));
}

}
else{
// t est exclus
System.err.println(t+" exclus");
if(rang.get(t) < rang.get(racine))
// (s, t) est inter-arbre
etat_a.put(a, "arcinter");
else
etat_a.put(a, "arcintra");

m
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@Test

public void testAjouterSommetInitial() {
graphe.ajouterSommet(sl);
assertEquals(1,graphe.taille());
assertEquals(sl,graphe.getSommet("S1"));

}

@Test

public void testAjouterArcInitial() {
graphe.ajouterSommet(sl);
graphe.ajouterSommet(s2);
graphe.ajouterSommet(s3);
graphe.ajouterArc(sl, s2, distance_sl_s2);
assertEquals(3,graphe.taille());
assertTrue(graphe.existeArc(sl, s2));
assertFalse(graphe.existeArc(sl, s3));
ArrayList<Arc<Sommet>> arcs = graphe.arcs(sl, s2);
assertEquals(l,arcs.size());

@Test

public void testVoisinsSommet() {
initGlobalGraph();
Collection<Arc<Sommet>> voisins = graphe.voisins(sl);
assertEquals(3, voisins.size());
//System.out.printin("voisins de sl :
voisins = graphe.voisins(s2);

+ voisins);

assertEquals(“voisins de s2 : " + voisins,2, voisins.size());

//System.out.printin("voisins de s2 : + voisins);

}

@Test

public void testArcs() {
initGlobalGraph();
ArrayList<Arc<Sommet>> arcs = graphe.arcs(sl, s2);
//System.out.printin("de s1 a s2 : " + arcs);
assertEquals(2, arcs.size());
arcs = graphe.arcs(sl, s3);
//System.out.printin("de s1 a s3 : " + arcs);
assertEquals(1, arcs.size());
arcs = graphe.arcs(sl, sd4);
//System.out.printin("de sl1 a s
assertTrue(arcs==null);
arcs = graphe.arcs(s4, sl);
//System.out.printin("de s4 a s
assertEquals(l, arcs.size());

+ arcs);

LN

+ arcs);

o

}

@Test

public void testParcoursCheminsDe() {
initGlobalGraph();
ArrayList<Chemin> chemins = parcours.chemins(sl);
assertEquals(3, chemins.size());
System.out.println("Chemins a partir de sl: " + chemins);

Fhamin rhamin = rhamine aa+inl.



Code Complexity, d’'un coup
d'oeil?

Configuration.java un max de 14 indentations : il semble
y avoir de la logigue métier dans le fichier de
configuration...
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Evolution de la complexité
du code

En se basant sur le nombre d’'indentation (vue comme le
nombre total d'indentations)
ajout de code ou modification ? on calcule la moyenne et
'’écart type : s’ils diminuent c’est plutdt bon signe.

A) Deteriorating  B) Refactored C) Stable

A A A

L

Revisions Revisions Revisions

Complexity
Complexity
Complexity
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Complexity Measures to the Rescue?

(O »0O»( ) »0O»

s /|

Cyclomatic Complexity
\
Afferent — 3 é Efferent
——— _
Coupling

“Syntactic complexity metrics cannot capture the whole picture of
software complexity” (Herraiz & Hassan)

“The use of metrics to manage software projects has not even reached
a state of infancy” (Glass)

https://www.jfokug.se/jfokus14/preso/Code-as-a-crime-scene.pdf



Metrics 7

The average cyclomatic complexity 1s decreasing in Linux.
This 1s due to the high rate of aggregation of small
functions, that dilute the average value of the complexity.

Having only a single data point per release, Lehman decided
to use releases as a pseudo-unit of time, formalized as
Release Sequence Number (RSN). He decided to use the
number of modules as the base unit for size as well.

https://www.jfokus.se/jfokus14/preso/Code-as-a-crime-scene.pdf



Evolution du code &
Dependances

Modifier A => modifier B mais aussi C par exemple un
logger....

oK... mais pour les
déependances non
« structurelles » ?




Fvolution du code &

Dépe

- Code dupligué...
- Mauvaise encapsulation ou répartition des responsabilités
- Producteur & Consommateur

Connaitre les cou
mieux travailler su

ndances

plages implicites permet de :
" les impacts de modifications;

identifier des |

Comment identifi

‘alblesses architecturales.

er ces déependances ?

/3



Evolution du code & dependances :
apprendre des commits :
couplage temporel |

Regarder comment les modules évoluent ensemble
dans le temps.

ANO \ Snapshot of: jEdit-4.3prel8
Select . On oselection.. Help

lb@ﬂl ar o 4 B0 ' @ DB
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https://www.youtube.com/embed/U2MJ3La2y4U

Evolution du code &

Dependances

- Compter combien de fois un module évolue en méme

temps qu'un autre, ce qui donne son « couplage »

- Puls on regarde avec qui il bouge

Commit #1 Commit #2 Commit #3

app.cli - — —%% — — — % — — — — — SOC =3

core.cli . — _*_ R — _*. _____ SOC = 3

projectclj -~ — —w — — — T — — — % — S0C=2
>

.../app.clj,.../core.cl] -> 60%
...Japp.clj,.../scenario_tests.clj, -> 57%

79
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lests et dependances

« A good test system should encapsulate details and

avold depending on the internals of the code being
tested. »

* Pouvez-vous clairement identifier ou sont les tests ?
* La fréeguence de modification des tests est-elle
« proportionnelle » a celle du code 7
* Savez-vous distinguer Tests unitaires et tests systeme?

/6



lests et dependances

« A good test system should encapsulate details and

avold depending on the internals of the code being
tested. »

On attend des changements ~40% des tests unitaires...
mais si on est en test-driven développement, c’est différent...
Pour les tests systemes qui sont a la jointure du systeme,
un tel score est etonnant...

On s’attend a ce que lI'investissement sur les tests reste
iInférieur a celui sur I'application... sans perte sur la
couverture de tests, evidemment !
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Comprendre
"architecture

=Si on trouve un couplage inattendu (e.g. les vues
bougent en méme temps que les modeles), regarder les
codes impactés en détail.

=Repérer les modules qui bougent le plus (on veut éviter
du couplage avec eux!)

Une question récurrente : Une classe a-t-elle trop de
responsabilités?

/8



Comprendre
"architecture

Usine
Employé

X i Travaille  |Nom : string
om:srmg | Pays : string

Prénopl : stril?g ‘ L Vit string
Fonction : string 1
A R
& . Modéle
! \
Code : string J
Opérateur Responsable Puissance : mteger l ( ) gl
1 Poids - integer ---mememenns
\ DébutFabrication : date | O I ] C t 1 |
FinFabrication : date Oinposas
‘ =N Composant 3

]  Composant 2 |

Possede |
Défaut
Type Le
1 | * .
-—\ Date : date
Code : m'eger Ref?)’el?ff Descrip(ion i strmg Concerne Moteur
Nom : string e \
R Gravité : integer ~ NuméroSire - miseer
Kilométrage : integer 1 Kiemitraes : inteear

MiseEnService : date
+SetKilométrage(In Km:integer)
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Importance de |'equipe



Pluralistic ignorance

Veéritier par des
guestions et des faits

81



Point de départ pour
une discussion

82



¥ Brooks's Law: Adding manpower to a late software
project makes it later.

(Fred Brooks)

izquotes.com

Il faut éviter d'avoir plusieurs

- Baisse de la participation déeveloppeurs sur les mémes

aux discussions morceaux de code =>

- Baisse de la production identifier ces hotspots

- Dilution des 0

responsabilités 2
.5: increased
of \ __coordination
T



organizations which design systems ... are constrained to
produce designs which are copies of the communication
structures of these organizations
— M. Conway (68)

Regarder les commits sur une journéee, repérer des

changements corréles,
identifier les principaux contributeurs des modules

corrélés, c'est eux qui doivent communiquer.

Un métric : le principal contributeur = celul qui a comité le
plus de lignes.

Sont-ils distants? ,

& 5]

dans la méme o

i

eque ? 1) Single developer 2) Multiple, balanced 3) Collective chaos
developers (perhaps...)
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An Appropriate Use of Metrics

Management love their metrics. The thinking
goes something like this, "We need a nhumber to
measure how we’re doing. Numbers focus
people and help us measure success.” Whilst
well intentioned, management by numbers
unintuitively leads to problematic behavior and
ultimately detracts from broader project and
organizational goals. Metrics inherently aren't
a bad thing; just often, inappropriately used.
This essay demonstrates many of the issues
caused by management's traditional use of
metrics and offers an alternative to address

these dysfunctions.



Visualization Tools for Maintenance

* Dozens of tools proposed each year in VLHCC, SOFTVIS,
VISSOFT, SE journals, conferences and workshops, etc.

Université ﬂ‘l‘\

de Montréal

Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf



Modeling Maintenance as

Interactive Visualization

 Example : detecting anomalies

— Example of anomaly definition
* A Blob is a conftroller class, abnormally large, with almost

no parents and no children. It mainly uses data classes, i.e.
very small classes with almost no parents and no children.

— Model

\

\

\
\& |

Entities: classes, methods

Properties: coupling, cohesion, complexity
Relationships: invocations, inheritance
Structure: architecture

Viewpoints: code, metrics

Time: multiple version

Operations: evaluate conditions, etc.

Houari Sahraoui - Université de Montréal - juin 2018

http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/

visualization_GPL_2018Share.pdf

=
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Modeling Maintenance as
Interactive Visualization

* Visualization world

I Views

subsystem/M
odule

Class

/
$<——> Movements
Method

> ﬁ Interactions Statement

Granularity Level

Tracking
Version
Control

\Y
\
. \'\ - &

Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf



Defining Views

» Software is intangible

* Representations of
— Entities by shapes

— Properties by graphical attributes of
shapes

— Relationships by connecting shapes
— Structures by spatially organizing shapes

Houari Sahraoui - Université de Montréal - juin 2018
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http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/

visualization_GPL_2018Share.pdf



Defining Views

* Representing properties (principles)
— Interaction between visual properties

Size vs depth

90

Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf



Defining Views !

» Representing properties (principles)
— Interaction between visual properties

Size vs depth

TN

NN

S AN

2/ VNN

Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf
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20

Defining Views

A

* Representing properties (principles)
— Interaction between visual properties

Size vs orientation

Université f”\

de Montréal

Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf



Defining Views

» Representing properties (principles)
— Interaction between visual properties

Size vs orientation

Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf

B |



* Representing relationships

(principles)

— Explicit representation vs size

LD!

Defining Views

......

i
94

Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf



Defining Views |

* Representing relationships
(principles)

— Explicit representation vs size

=l —
- - . —
1] - b — - = =
h | 1 = == | =—— —
— == | | B _; — —

—:_=— Ef:‘_ : = _—-l_ . —: —i= —_ = = T
=_...LE — = E— i i Eas e == =i g .-_ I
r | = = =P T O] |
— e | po— — — _____I

Université (H‘l

de Montréal
Houari Sahraoui - Université de Montréal - juin 2018
http://gdr-gpl.cnrs.fr/sites/default/files/imagesGPL/JourneesNationales/JourneesNationales2018/
visualization_GPL_2018Share.pdf



Fvaluation du module

- Les rendus associés a un livre

= Rendu L.1.: “Voici mon sujet” Date limite : 7/01 a 15h.
= (0.5)Expose E.1. : Présentation du projet, 23/1

= (2) Rendu L.2 : Contenu du livre

= (1) Rendu L.3 : Codes/Résultats Brutes

= (3) Examen

https://mireilleblayfornarino.i3s.unice.fr/doku.php?id=teaching:reverse:2018:evaluation
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A book (Github book)

Un chapitre par sous-groupe
Quelques chapitres de I’an dernier et de I’'année d’avant

Conclusion

97



A DOooK subchapter
Une question par chapitre

|. Research context /Project

Il. Observations/General question
Ill. Information Gathering

V. Hypothesis & Experiences

V. Result Analysis and Conclusion
VI. Tools (facultatif)

V|. References
98



Sujets Proposes

- Sujet GIT - Make merging great again
. Sujet ROCKFlows - Does its architecture rock?

Sujet XWiki : Will you still improve the quality of an
open-source project”?

Sujet Feature toggle: Something new, just toggle
it...

99


https://docs.google.com/document/d/1sOF83CfzLCDqC4iwfQjpRIrnt1-wz4ft54pHUTW0B-8/edit#

LY What are the impacts of Test-Driven
Development on code quality, code
maintainability and test coverage ?

En 2016-17

eDoes TDD reduce the number of issues to fix during
the development ?

eDoes TDD reduce the overall complexity of a project
compared to the common Test Last (TL) method 7

eDoes TDD projects always have a high test coverage ?

100



What are the impacts of Test-Driven
Development on code quality, code
maintainability and test coverage ?

Projects Studied
TDD
FitNess : project from Uncle Bob, ...more than 5000 commits.

JUnit4 .. using TDD throughout around 2,000 commits.
JFreeChart .... around 3,000 commits.
OpenCover ...code coverage tool for .NET around 1,200 commits).

TL

Google Gson ...around 1,300 commits
JaCoCo ...around 1,400 commits
Spoon ..around 1,800 commits
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Metrics

Code
Coverage

Sonar

issues
Complexity
Code Age

Average
number of
reviews/files

% "Fix"
Commit
%

"Refactor"
Commit

% "Test"
commit

Test-Driven
Development

Fithesse

48%

1927

8612

48.3%

4.46

6%

1%

14%

JUnit4

85%

833

2061

21.5%

7.72

7%

1%

14%

JFreeChart

45%

5039

19323

18.1%

4.97

1%

0%

7%

OpenCover

93.9%

286

1568

83.6%

3.15

7%

2%

9%

Test-Last
Development

Spoon

90.7%

2341

7635

9%

6.35

30%

7%

12%

GSON

83%

592

1945

50%

17.26

6%

0%

13%

JaCoCo

80%

200

1962

35%

9.12

2%

0%

11%

JaCoCo :
couverture de
tests

Sonar : issues,
métriques et
visualisation

Code maat :
analyse de

dépots Git
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Test Coverage

Mean Nb_Rev / File

110

=> |e calcul sur Spoon pour les commits
"Fix" vient sirement du fait qu'on utilise le
terme "fix" dans les commits pour clore
les tickets que I'on ouvre sur Github.

B Test
Coverage . .
@simon.urli
90 93,9 90 7
85 83
70
%Commit test, %Commit Fix et %Commit
20 2 Refactor
40 B °:Commit
30 Test
Fitnesse JFreeChart Jacoco Spoon B °:C )
JUnit4 OpenCover GSON oCommit
30 Fix
Project Name B %Commit
Refactor
20
Mean Nb_Rev / File par rapport a Project
20 Il Mean Nb_
Rev / File 10
15 I- II
" ’ 0\ 5\ o) 9\
:\"o (\@A q@‘\ \36 0 ’L X\ 16
‘:"' s o co o o
: ¢ \\(\es \\,(\\ -\“eeo o Q°° .\,bc,oc’ o 9900
Project
’ Fitnesse (5401) jfreeChart (3405) jacoco (1365) spoon (1759) .
junitd (2160)  OpenCover(1196)  gson (1320) *Alexandre Cazala <alexandre.cazala@gmail.com>
Project *Nicolas Lecourtois <lecourtoisn@gmail.com>
15/06/2017 Ciel 2017 -Lisa Joanno <lisa.joanno@gmail.com> 103

Pierre Massanes <pierre.massanes@gmail.com>



Visualisation : SoftVis3D

Figure 4 : SoftVis3D results for JUnit4 Figure 8 : Google GSON

For our project, we use it to judge the global cleanliness
of a project. We used the complexity as footprint, the
number of duplicated lines as height, and number of
Sonar issues as the color.

*Alexandre Cazala <alexandre.cazala@gmail.com>
*Nicolas Lecourtois <lecourtoisn@gmail.com>
Lisa Joanno <lisa.joanno@gmail.com>

*Pierre Massanes <pierre.massanes@gmail.com>



What are the impacts of Test-Driven
Development on code quality, code
maintainability and test coverage ?

he results that we analysed shows that the TDD
projects have an overall complexity and code quality
better than TL projects, according to our expectations.
However, the results gathered about code coverage
are not matching our expectations. Halt of the TDD
projects have a code coverage lower than 60% and all
the TL projects have a coverage higher than 80%.




—m Comment est organisé le développement d'un

projet Open Source de Machine Learning ?

En 2017-18

« Robin Alonzo <alonzo.robin@etu.unice.fr>

« Antoine Aubé <aube.antoine@etu.unice.fr>

- Thierno Balde <balde.thierno@etu.unice.fr>

« Mathieu Mérino <merino.mathieu@etu.unice.fr>

1.Ces projets sont-ils menés par des chercheurs ?
2.Qui écrit les algorithmes d'apprentissage automatiques dans ces projets ?

3.La qualité logicielle est-elle une préoccupation de ces projets ?

Successivement, nous avons observe I'importance de la contribution du monde de la
recherche dans ces projets, de I'existence d'un fort code ownership des algorithmes et
d'un effort particulier pour maintenir une bonne qualite.
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G0 TEAM!

AEeMmMedencorm
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