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Reaproveitamento de Codigo
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Design Patterns

ClasseAbstrata

Cliente

metodoTemplate()
+main() passoAlgoritmoA()
passoAlgoritmoB()

JAN

ClasseConcreta

passoAlgoritmoA()
passoAlgoritmoB()

public static void main(String[] args){
ClasseAbstrata ¢ = new ClasseConcreta();
c.metodoTemplate();

}




Sintaxe da linguagem Java




APIs

javax servlet Servlet

javax servlet ServletConfig
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Entretanto...

“The introduction of inheritance severely compromises the benefits of
this encapsulation”

Encapsulation and Inheritance
in
Object-Oriented Programming Languages

1 9 8 6 Alan Snyder
Software Technology Laboratory
Hewlett-Packard Laboratories
P.O. Box 10490

Palo Alto CA 94303-0971
(415) 857-8764




“Favor object composition over class inheritance”

Design Patterns
Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides
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“Systems without inheritance were easier to modify than the
corresponding systems containing three or five levels of inheritance”

Experimental Assessment of the Effect of
Inheritance on the Maintainability of Object-

Oriented Systems
2 O O O R. Harrison, S. Counsell, R. Nithi
Department of Electronics and Computer Science,
Mountbatten Building,
Uni ity of Southampton, Southampton, SO17 1BJ, U.K.

wersity of ¢ s
Tel. +44 (0) 1703 593249, Fax. +44 (0) 1703 593045.
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= JAVAWORLD

Home Core Java

JAVA TOOLBOX
2 O O 3 By Allen Holub
HOW-TO

Why extends is evil

Improve your code by replacing concrete base classes with interfaces
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“Used inappropriately, inheritance leads to fragile software”

- 2008 Effective Java
Programming Language Guide

Foreword by Guy Steele
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Collections Framework
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ResultSet

JDBC API

executeQuery

getMoreResults

/

Statement Creg
: les,a ""he
t

commit, abort

§ subclass

Data types: Date, Time, | g
TimeStamp, Numeric,
built-in Java types, elc.

getXXX '

execute ent | Connection
Sratem
-~
PreparedStatement g getConnection
T &
| cubclacs S ;
i R éu DriverManager

CallableStatement
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Estas recomendacoes exerceram alguma
influéncia nos desenvolvedores em geral?
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Avaliar se o recurso de heranca vém sendo
empregado de maneira diferente em
sistemas mais recentes



RQ #1) A época em que o sistema foi construido exerce alguma
influéncia sobre a frequéncia no uso de heranca ou implementacdo de
interfaces?
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RQ #2: A época em que o sistema foi construido exerce alguma
influéncia sobre a quantidade das quebras de encapsulamento por
instanceof?



e

public void reconcile (WSDLElement element, Element changedElement) {
ReconciliationBPELReader reader = getReader (element, changedElement) ;
if (element instanceof Activity)

reader.xml2Bctivity ((Rctivity)element, chatigedElement) ;
} else if (element instanceof Processyi—{
: >4 Subclasses
reader.xmlZ2Process (changedElement) ; =2

} else if (element instancecf Import)
reader.xmlZ2Import ( (Import)element, changedElement) ;
} elze if (element instancecf Conditio {
reader.xmlZCondition((Condition)elemen angedEle
} else if (slement instancecf CompletiofiCondition)
reader.xml2CompletionCondition ((CompletionCorditich
} elze if (element instanceocf Branches) { //,//'
reader.xmlZBranches ( (Branches)element, changedEle
} else if (slement instancecof Expression) {
reader.xmlZ2Expression( (EXxpression)element , thafgedElement) ;
} else if (element instanceof Documentation) {
reader.xmlZDocumentation ( (Documentaticon)elenient, changedElement) ;
} else if (element instanceof Link) {
reader.xml2Link ({(Link)element, changédiElement) ;
} else if (element instanceof Links)
reader.xml2Links ((Links)element, changedElement) ;
} else if (element instancecf Elsel {
reader.xmlZElself((Elself)elemeént, changedElement) ;
} else if (element instancecf Else) {
reader.xmlZElse((Else)element, changedElement) ;

t, changedElement) ;
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RQ #3: A época em que o sistema foi construido exerce alguma
influéncia sobre a quantidade de alteragcbes corretivas em classes com

heranca e interface?

98ca9.. 34ac2.. f30ab..
commit size commit size commit size
tree 92ec2 tree 184ca tree 0de24
author Scott e  Parent 98ca9 B s 34ac2
committer = Scott author Scott author Scott
initiol commit of my project committer Scott committer Scott
fined bug 71328 - stock 084 feoture 232 - ability to
overflom under Certelin odd new formots to the centrol

' v '

Snapshot A Snapshot B [ Snapshot C




RQ #4: Classes com heranca ou implementacdo de interface possuem
niveis adequados de coesdo e acoplamento?

CBO ELOC

LCOM NOM
RFC WMC
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RQ #5: Quais Code Smells ocorrem predominantemente em classes com
heranca ou implementacéo de interface?




RQ #6: Com qual frequéncia ocorre adi¢cGo ou remocgéo de heranca e
implementacdo de interfaces sobre as classes? E por quais razoes estas
operacdes sao realizadas?
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Considera-se apenas classes internas

]

gr.mydomain.exampleproject

javax.swing.JFram -l
|
untitled10 !
|
MyClass
Myclass

% run() : void




Selecao dos Sistemas

projects - b O O / projects
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/

Datasets
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/

Project URL, number
of classes and
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Quartidade de sistemas

Informacoes sobre os Sistemas

1.301.856

Quantidade de sistemas por ano

commits

1.297.199

classes &

e = interfaces

1.656
SNGENER
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Modelagem dos dados

1) Consisténcia dos dados

2) Ligacoes entre entidades
3) Descartes
4) Geracao de arquivos

import

import java

import Java

net.

java.
import java.
import java.
import java.1

import Java.

minecraft.src;
i0.FilelnputStream;
10.FileNotFoundException;
10.FileOutputStream;
10.I0Exception;

.util _List;

util . Properties;
.util.Random;

import net.minecraft.client.Minecraft;

import
import
import

org.
org.

public cl
=14
statlic

lwigl.input.Keyboard:;

lwigl.input .Mouse;
--t-f 1 Inaooging peAnIYceco accs
...... o we A OUULLE O . UGG

e

e

Helicopter extends ThxEntity

L8 )
-3
5l
)
o)
o |
ct
pode
ct
M

I
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Analise dos Dados — RQ #1

Arquitetura original do
sistema

Influéncia da data da versao inicial do sistema

sobre a quantidade de classes em heranca ou
implementando interfaces

]-n(INHER) = INTERCEPT + BI(CLASSES) -+ ﬂg(AGE)

Innrer) = INTERCEPT + 3,(CLASSES _INTERFACE) + 3(AGE)

Regressao Binomial Negativo (mesmo modelo da regressao de
Poisson) 37




Analise dos Dados — RQ #1

Avaliar a distribuicao da proporcao de classes

com heranca e implementacao de interface

FATOR INHERITANCE _ CLASSES INHERITANCE

CLASSES

FATOR INTERFACE B SUBCLASSES INTERFACE

CLASSES INTERFACE

38



Analise dos Dados — RQ

Influéncia da data de criacao do sistema

sobre a quantidade de subclasses
referenciadas pelo operador instanceof

Historico de
alteracdes sobre as
classes

ln(INSTANCEOF_INHER) = INTERCEPT + ﬂl(SUBCLASSES) & B?(CREATION)

Ingnsranceor_inter) = INTERCEPT + Bi(IMPLEMENTS) + B:(CREATION)
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Analise dos Dados — RQ #2

Avaliar a distribuicao da proporcao de classes

em heranca e implementacao referenciados
por instanceof

FATOR INHERITANCE _ INSTANCEOF_INHERITANCE

SUBCLASSES

FATOR INTERFACE _ INSTANCEOF_INTERFACE

IMPLEMENTS
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Analise dos Dados — RQ #3 Histrico de

alteracdes sobre as
classes

Influéncia da data de criacao do sistema

sobre a quantidade de alteracoes corretivas
sobre classes com e sem heranca

ln(pjx[Nc_INHER) = INTERCEPT + 3 (FIXING) + ﬂz(CREATION)
Inrrxine_noinugr = INTERCEPT + Bi(FIXING) + By(CREATION)
Inpixine_inTeR) = INTERCEPT + Bi(FIXING) + B3(CREATION)

In(rixinc_noinTeRy = INTERCEPT + By(FIXING) + B;(CREATION)
41



Analise dos Dados — RQ #3

Avaliar a distribuicao da proporcao de classes

em heranca e implementacao de interfaces
gue possuem mudancas corretivas

FIXING_INHERITANCE
FATOR_INHERITANCE = FIXNING

FIXING_INTERFACE
FIXING

FATOR_INTERFACE =

42



Analise dos Dados — RQ #4

Arquiteturas original e
final do sistema

Comparacao das classes para cada métrica (teste Mann-Whitney
U)

Com e sem heranca

Com e sem implementacao de interfaces



Analise dos Dados — RQ #5

/

Arquiteturas original e
final do sistema

1) Construcao de duas tabelas de contingéncia (versoes inicial e final)

Com e sem heranca/implementacao de interfaces
Com e sem a ocorréncia de determinado Code Smell

2) Aplicacoes dos testes Fisher e Qui Quadrado

44




Analise dos Dados — RQ #6

Historico de

alteracdes sobre as
classes

1) Analise do Historico de Commits das classes
a) Sempre

b) Perdeu
c) Depois
d) Nunca

45



Analise dos Dados — RQ #6

2) Analise qualitativa sobre as classes que adicionaram e
perderam heranca e interface

2.1) Selecao de 40 alteracdoes em 40 sistemas.

2.2) Diagramas de classe e avaliacao das mensagens de

commit.
2.3) Codificacao dos temas para cada alteracao
2.4) Hierarquizacao dos temas

46



ROTEIRO
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Resultados — RQ
-

Estimate /Std. Error z value  Pr(> |z|)
6.462469e~ \(Intcrcopt) 3,0155966 0,0512405 58.852 < 20-16 ***

CLASSES  0.0032857/  0,0000574 57.241 G *kk

AGE 0,0020224 0,0005005 4.041 5.32e-05 ***
Estimate Std. Error z value Pr(> |z])
(Intercept) 2,704e+00 5,602¢-02 48.266 < 2e-16 ***
CLASSES INTERFACE 2.880e-03 5,553e-05 51.857 < 2e-16 ***
AGE 2.240e-03 5,472e-04 4.094 4.25e-05 ***

2,240e-03 = 1 002
6.326497e0>
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AGE
20

Resultados — RQ #1

100 CLASSES_NHERITANCE
CLASSES_NHERITANCE
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Resultados — RQ #1

CLASSES_INFERITANCE
onre ~
0 CLASSE :_IHER!TAN\.E S0

lﬁiY i

AGE——— —
X-‘-‘“ e »__-[
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Resultados — RQ #1

20
SUBCLASSES INTERFACE
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Resultados — RQ #1

SLBCLASSES_INTERF ‘CETOD

Y

SUBCLASSES_NTERFACE 2000

AGE
. 200
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FATOR_INHERITANCE

00 02 04 08 08

Resultados — RQ #1

.
Margo-2009

FATOR_INFERITANCE

oo 02 04 ae 0B 10

U T 1
Ubiizacda de Heranca Ubkzacao de intedace UtilzagBo de Heranga

1
Uniizacdo de Fteftace
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Resultados — RQ
|

Estimate / Std. Error

z value Pr(> |z|)

(Intercept) 7,283e-02 14.543 <2e-16 ***
SUBCLASSES 203 6,663e-05 40.304 2e-16 ***
CREATION 728203 851804 8549
Estimate Std. Error z value Pr(> |z|)

(Intercept) 5,139e-01 7.177e-02 7.161 8,02e-13 ***
IMPLEMENTS 1,421e-03 9,317e-05 47.453 < e-16 ***
CREATION 8,278¢-04 10.737
Pr(Chi)=0_

e8888¢-:03 = 1 008
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Resultados — RQ #2

NSTANCEOF _INHERITANCE
= NSTANCEOF_NHERITANCE 90
|
Y Y
| |

CREATION

X




Resultados — RQ #2

INSTANCE OF _INHERITANCE

| 0
Y

NSTANCEQOF_NHERITANCE

Ly

| 1000

CREATION

X 2w E
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Resultados — RQ #2

NSTANCECF _INTERFACE
NSTANCEOF INTERFACE 230
Y

Y
0
0

|
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Resultados — RQ #2
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FATOR INHERITANCE

10

06

D4

02

0o

Resultados — RQ

|

|

|

10

06

FATOR_INHERITANCE
D4

02

%

00

A
VN // \‘\\ a3
X g D )

Uso de instanceof em Heranca Uso de instancacf am Interface

1
Uso de instancect em Heranga

// .
) / L \\}
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e2832e -03 — 1 002

Resultados — RQ #3

el763e-03 = 1 001

Estimate  Std. Error 7 value Pr(> z])
| Inheritance
(Intercept) 2 737e+ 4.883¢-02 56.048 < 2e-16 ***
FIXING 44 8.149e-05 59450 < 2e-16 ***
CREATION l 763e -03] 5.750e-04 3,067
Without Inheritance
(Intercept) 3.168¢+00  4.086e-02  77.528 <2e-16'***
FIXING 4018e-03 6.817e-05  58.933 <2e-16 ***
CREATION 4.823e-04  -2.023 0.0431 *
Interface
(Intercept) 2 357e+00 \5.360e-02 43,970 <2e-16 ***
FIXING .h -(] 7e-05 51,660 <2e-16 ***
CREATION 2 832e-03 4,494 Te-06 ***
Wlthout h\terface
(Intercept) 3.352e+00 3.971e02 84416 <2e-16 *™*
FIXI -(] 6.639¢- 65.032 <2e-16 ***
ATION W 4.687e- -2.064

e -9671e-04 — _1’0009

e-9758e-04 — _1)0009
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CREATION
x 200

Resultados — RQ #3
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Resultados — RQ #3

FUING_INFERITANCE

2000

FONG_NHERITANCE _

CREATION

5% has CREATION

X 200
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Resultados — RQ #3

FOING_INTERFACES) FEONG_INTERF ACE3g
' !

Y

CREATICHN —

z x 200




Resultados — RQ #3

FIXING_INTERFACE gqp) FIXNG_NTERF ACE 2000
Y Y

EATION -
200

X
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FATOR_INHERITANCE
0o 02 04 08 03 10

Resultados — RQ #3

A
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Resultados — RQ

CBO

ELOC

LCOM




Resultados — RQ #4
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Resultados — RQ

Versao Inicial

Versao Final

CBO
ELOC
LCOM
NOM
RFC
WMC

< Margo-2009

Heranca

< 0,05
< 0,05
< 0,05
< 0,05
< 0,05
< 0,05

Interface

< 0,05
< 0,05
< 0,05
< 0,05
< 0,05
< 0,05

>= Marg¢o-2009

Heranca

0.0367

< 0,05
< 0,05
< 0,05
< 0,05

Interface

< 0,05
< 0,05
< 0,05
< 0,05
< 0,05
< 0,05

< Junho-2011

Heranca

< 0,05
< 0,05
< 0,05
< 0,05
< 0,05
< 0,05

Interface

< 0,05
< 0,05
< 0,05
< 0,05
< 0,05
< 0,05

>= Junho-2011
Heranca Interface
< 0,05 < 0,05
< 0,05 < 0,05
< 0,05 < 0,05
< 0.05 < 0,05
< 005
< 0,05 < 0,05

68



Resultados — RQ #5

Versio Inicial

Versido Final

Com C.D.S.Private

Sem C.D.S.Private

X <

Com C.D.S.Private

Sem C.D.S.Private

Com Heranga 1,051 105,749 1,567 164,130
Sem Heranca 2,581 141,707 3,720 209,206
Com Interface 408 45,592 696 70,114 | < 2.2e-16
Sem Interface 3,222 201,740 4,649 303,391
Com Complex Class  Sem Complex Class X~ p-value  Com Complex Class  Sem Complex Class  X? p-value
Com Heranga 813 106,447 0.1346 1.297 165,150 5.592e-08
Sem Heranca 1,022 143,754 1,346 211,960
Com Interface 803 45,781 < 2.2e-16 1,067 70,449 < 2.2e-16
Sem Interface 1,033 204,298 1,599 307,064
Com Functional D. Sem Functional D.  X? p-value Com Functional D. Sem Functional D.  X* p-value
Com Heranca 300 106,398 0.5331 460 165,091 0.5603
Sem Heranga 385 143,695 568 211,864
Com Interface 85 45,777 8.09¢-05 137 70,442 1.364¢-05
Sem Interface 600 200,194 891 306,917
Com God Class Sem God Class X% p-valu Com God Class Sem God Class ZD-
Com Heranca 3,067 105,834 4,975 164,106  ]0.0009353
Sem Heranga 4.867 142,703 6,792 210,388
Com Interface 2,672 42,259 lf: 2.2e-16 3,754 69,663 I< 2.2e-16 I
Sem Interface 5,252 203,164 8,062 305,228
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Resultados — RQ #5

Versdo Inicial

Versao Final

Com Lazy Class Sem Lazy Class X* p-value Com Lazy Class Sem Lazy Class X* p-valug
Com Heranga 17,809 89,071 27,664 138,152
Sem Heranga 24,001 120,274 34,957 177,734
Com Interface 4,788 41,094 2e 6.402 64,208 2.2e-16
Sem Interface 36,999 168,168 56,189 252,121
Com Long Method Sem Long Method g Com Long Method Sem Long Method  X? p-value
Com Heranga 978 105,968 26e-12 1,720 164,293
Sem Heranga 1,750 142,927 2,760 210,633
Com Interface 626 45,564 1.116 70,039 < 2.2e-16
Sem Interface 2,102 203,209 3,367 305,292
Com Spaghetti Code  Sem Spaghetti Code Com Spaghetti Code  Sem Spaghetti Code  X* p-value
Com Heranga 2,294 106,444 1.54e-09 3,692 165,125 0.005518
Sem Heranca 3,645 143,692 5,035 211,855
Com Interface 2,053 45.776 1116 70039 | < 2.2e-16
Sem Interface 3.879 204,238 3,367 305,292
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Resultados — RQ #6

97,35% Heranca

Nunca Total
Del Ult Del

Tipo Sempre Perdeu Depois
Del Ult Del Ult Del

-
‘.

3371 1.037.178 132.628
60,24%)|(62,86%) (88,66%) (11,33%)

Heranca 384.933 [46.950 5.875 480  21.510 1827
(37,11%)(35,39%) (0,5%) (0,3%) (2,07%)(1,37%

R26.433 [107.545 1.037.178 132.628
(81,08%) (88,66%) (11,33%)

185.763 [23.226 11.372 814  13.610 1.043
(17,91%)|(17,51%) (1,09%) (0,61%) (1,31%) (0,78% K 79.68%

Interface

97,59% Imp.
Interface
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Resultados — RQ #6

98,25% Heranca

Tipo Sempre Perdeu Depois nca Total
Ult Ult Del Ult Del Ult Ult Del
Heranca 21.510 1827 1.037.178 132.628
(88,66%) (11,33%)
Interface 13.610 1.043 826.433 |107.545 |1.037.178 132.628

98,59% Imp.
Interface
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Resultados — RQ #6

1) Abstracoes Incertas (15 alteracoes — 37,5%)

GoGame
&« USQ_,H'

« Interface »
GoDefinitions

‘ ‘ | GoDefinitions |

.................................................................................

GoBoard GoGame GoMove « use? %'Hﬁe »
GoBoard ‘ GoMove
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2) Comportamento padrao para as interfaces (9 alteracoes — 22,5%)

Resultados — RQ #6

« Interface »
ProjectProperties

A

' ProjectPropertiesProxy

MemProjectProperties

« Interface »
ProjectProperties

.

AbstractProjectProperties

L

ProjectPropertiesProxy MemProjectProperties
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Resultados — RQ #6

3) Novas funcionalidades com adocao de boas praticas (7 alteracoes — 17,5%)

« Interface » « Interface »

7DTOBinder , ] DTOBinder
A A A
DTOBinderBean SpringDTOBinder DTOBinderBean
01
v SpgngDTéainder | | cdiDtoBinderBean " CdiDtoBinderBean |
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Resultados — RQ #6

4) Outros (9 alteracoes — 22,5%)
Sem identificacao (4 alteracoes)

Estender classes externas (3 alteracdes)
Refactoring move package (2 alteracoes)
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ROTEIRO

1. Contextualizacao do Problema.
2. Objetivos.

3. Metodologia.

4. Resultados.

4. Ameacas a validade.

5. Conclusao.



1) Tags.

Release 0 0_1

Snapshot-2000-07-
11T12 26 00Z

/8



1) Tags;

2) Refactoring move package ou rename class.



1) Tags;
2) Refactoring move package ou rename class;

3) Escopo restrito a plataforma Java.



ROTEIRO

1. Contextualizacao do Problema.
2. Objetivos.

3. Metodologia.

4. Resultados.

4. Ameacas a validade.

5. Conclusao.



Instanceof

Uso de heranca \

Licao 1: Sistemas mais recentes
tém projetado melhor o recurso
de Heranca, mas o crescimento
das classes pode ser
desproporcional

\ ComplexClass e
Mudangas '(|;(-)d CIasls na
corretivas ultima release
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Lazy Class

Inclusoes de
heranca \

Licao 2: Desenvolvedores ainda
tendem a projetar heranca
visando primariamente o

reaproveitamento de codigo
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20% de classes
imp. interfaces \

Reducado no seu
TN NN GENES
recentes

Licao 3: Existem indicios de que
interfaces ainda sao subutilizadas

15,33% das
interfaces sem
métodos
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Perda de

interfaces mais
frequente

N

Métricas
estruturais e Code

Smells sem grande
variacao

Licao 4: Interfaces possuem
tendéncia de possuir pouca
relacao com as classes que as

implementam
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