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Programming (FOP)

[Definition of Feature ]

m A feature is an increment in program
development or functionality

= Features can be classified
o Mandatory features
o Optional features
o Or features
o Alternative features (XOR)

[Program Configuration

= Programs are described or
differentiated by features

o Entry-level versions have a minimal set
of features

o Deluxe versions include most features

= The ability to add and remove features
implies that features are modularized

[Feature Oriented Programming ]

m FOP is the study of programming
models that support feature modularity

o Itis a general paradigm for programming
software product lines.

m FOP is based on step-wise refinement
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[Step-wise Refinement

m Step-wise refinement advocates
that complex programs can be
constructed from simple programs
o By incrementally adding details

= In FOP, simple incremental units
are called features
o SPL is the complex program

[Example of Refinement

m Let’s consider two different
implementations of a class C

class C1 {
cl.ass. Cc{ int field1;
int field1; void method2() { ... }
void method2() { ... } }

void method3() { ... }
void method4() { ... } cass %iﬁﬁsggs{m}{
}
}

class C extends C2 {
void method4() { ... }

[A Bit of History

m FOSD arose out of layer-based
designs and levels of abstraction
in database systems

= A program was a stack of layers

o Each layer added functionality to
previously composed layers

o Different compositions of layers
produced different programs

[From Layers to Features

m Later, the idea of layers was
generalized to features

= Why using features?

o A program is composed of several
artifacts, such as models and code

o A feature unifies all artifacts in a
single modular unit

[FOP and AOP

= Some ideas behind FOP are similar to
Aspect-Oriented Programming (AOP)
o Both cases aim to improve separation of
concerns
o Their goal is to make programs easy to
extend and maintain

o Both FOP and POA can be used to
implement a software product line

GenVoca
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[GenVoca ]

m GenVoca is a compositional paradigm
for defining programs of a SPL

o Combination of the names Genesis and
Avoca

m GenVoca is based on the stepwise
development of programs
@) Programs are constants
o Refinements are functions

[Example of Refinement ]

= Let’s consider a program P
o P hasonly aclass B

class B { refines class B { class B {

int x;

int x; inty;
} void z() { ... }
}

inty;
void z() { ... }

[Constants and Refinements ]

= We can use algebras

= In the previous example
o The program P is a constant (base)
o The refinement R is a function
o The program N is a the resulting expression

= N=R(P) equivalentto N=ReP

[GenVoca is a FOP Notation ]

= Algebra elementar pode ser usada para
expressar o conceito de composi¢ao

o Uma fungéo adiciona novo codigo ao
programa

o Uma expresséao (formada por fungées)
representa o programa

= Exemplo: funl (fun2 (fun3))

[Examples of Notation ]

i (i ()
]
peben

[Definic;(”)es ]

= GenVoca é uma notacao para definir
produtos de uma linha de produtos
o Cada expresséo define um produto
o Exemplo: pl=jeiech

m Caracteristicas séo representadas como
fungBes na expresséo

= Nem todas as combinagfes sédo possiveis

o O modelo de caracteristicas define as
restricoes
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[Exemplo ]
= Um produto da linha é
base ~
chamado expressao

e

i H j ‘ = O simbolo « denota

composicao
Expressdes
o i significa o programa base com a caracteristica i

o | significa o programa base com a caracteristica j
o 1] significa adicionar i ao programa j (acima)

[Refinamento Sucessivo ]

= GenVoca é voltado para o refinamento
sucessivo no desenvolvimento
o O processo enfatiza a simplicidade e
facilidade de compreenséo
m Considere o produto pl =iejeh
1. O desenvolvimento comega com o
refinamento h

2. Entdo a caracteristica j € adicionada
3. Finalmente a caracteristica i & adicionada

[Implementagées de GenVoca ]

= GenVoca é uma notacao com varias
implementacdes possiveis
o Originalmente, caracteristicas em GenVoca

eram implementadas usando diretivas de
pre-processamento (#ifdef)

= A técnica que surgiu recentemente €
chamada mixin layers

o Solug¢éo adotada em AHEAD

AHEAD by Example

[Conceitos de AHEAD ]

= Algebraic Hierarchical Equations for
Application Design

= AHEAD fornece fundamentacao
matemaética para as expressodes
GenVoca e seus relacionamentos

[AHEAD Tool Suite ]

= A linguagem AHEAD implementa os
conceitos da formalizacao
o Arquivos em AHEAD tem extensédo .JAK
o Sintaxe semelhante a Java
= Exemplo da Calculadora
o Linha de produtos para inteiros
(BigInteger) e decimais (BigDecimal)
o Operagdes matematicas de adigéo,
diviséo e subtracéo
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Caodigo da Aplicacéo Base

class calc { }

(a) Base/calc.jak

= Caracteristicas da LPS

o Base, Bigl, BigD, ladd, Idiv, Isub, Dadd,
Ddivd, Ddivu, Dsub

Aplicagcéo Base + Inteiro

import java.math.BigInteger;

class calc { }
refines class calc {

(a) Base/calc.jak static BigInteger zero = BigInteger.ZERO;
BigInteger e0 = zero, el = zero, e2 = zero;

void enter( String val ) {
e2 = el;

el = e0;

e0 = new BigInteger(val);

}
void clear() {

e0 = el = e2 = zero;

}

String top() { return e0.toString(); }

(b) BigI/calc.jak

Aplicacdo Base + Decimal

import java.math.BigDecimal;

refines class calc
static BigDecimal
zero = new BigDecimal("0");
BigDecimal e0 = zero, el = zero,
e2 = zero;

class calc { }

(a) Base/calc.jak

void enter( String val ) {

e2 = el;
el = e0;
e0 = new BigDecimal (val);

}
void clear() {
e0 = el = e2 = zero;

}

String top() { return e0.toString(); }

(c) BigD/calc.jak

[Base + Operacbes

refines class calc {
void divide()
e0 = e0.divide( el );
el = e2;

}

class calc { }

(a) Base/calc.jak

}

refines class calc {
void add() {
e0 = e0.add(el);

(d) Idiv/calc.jak

import java.math.BigDecimal;

el = e2; refines class calc {
} void divide() {
} e0 = e0.divide( el,
(e) Iadd/calc.jak BigDecimal.ROUND_DOWN )
and Dadd/calc.jak el = e2;

}

}

(£) Ddivd/calc.jak

Base + Operacbes

refines class calc {
void divide() {
e0 e0.divide( el );
el e2;

class calc { }

(a) Base/calc.jak

}
}

(d) Idiv/calc.jak

import java.math.BigDecimal;

refines class calc {
void divide() {
e0 = e0.divide( el,
BigDecimal.ROUND_DOWN ) ;
el = e2;

}

}

(£) Ddivd/calc.jak

Instancia da LPS

= Uma calculadora (produto da LPS) é
definida por uma equacao GenVoca

= Alguns produtos possiveis
o i1 =ladd  Bigl » Base
o i2=lIsub ¢ ladd * Bigl » Base
o i3 =Idiv « ladd ¢ Bigl « Base
o dl1 =Dadd ° BigD * Base
o d2 = Ddivd « Dadd ¢ BigD * Base
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Caodigo do Produto i3

import java.math.BigInteger;

class calc {
static BigInteger zero = BigInteger.ZERO;
BigInteger e0 = zero, el = zero, e2 = zero;

void add() {
e0 = e0.add(el); void divide() {
el = e2: e0 = e0.divide( el );
} ’ el = e2;
}
void clear() { . .
€0 = el = e2 = zero; void enter( String val ) {
} e2 = el;
el = e0;
e0 = new BigInteger(val);
}
String top() { return e0.toString(); }
}
Figure 2. i3/calc.jak

Compor, Traduzir e Compilar

= Cria um produto (compor)
o composer —target=i3 Base Bigl Idiv ladd
o A composicao cria um arquivo .JAK

(calc.jak)
m Comando para traduzir para Java
o jak2java *.jak ou

o jak2java calc.jak
= Compilar Java
o javac *.java

Jampack x Mixin

= AHEAD tém duas formas de compor
maodulos
o jampack: resulta em uma Unica classe
o mixin: cada refinamento em uma classe

= Usando mixin, cada classe é precedida
por uma anotagdo SoUrCe

o Esta anotagédo indica a caracteristica da
qual a classe é derivada

Exemplo de Produto (Mixin)

| SoUrCe Iadd "../Iadd/calc.jak"; |
abstract class calc$$Iadd extends
// adds BigIntegers
void add() {
// adds BigIntegers
e0 = e0.add( el );

cale$$Bigl {

el e2;
}
}
SoUrCe Idiv "../Idiv/calc.jak";
void divide() {
ed = e0.divide( el );
el = e2;
}
}

Exemplo: Jampack x Mixin

import java.math.BigInteger;

class calc {
static BigInteger zero = BigInteger.ZERO;
BigInteger e0 = zero, el = zero, e2 = zero;

void add() {
e0 = e0.add(el);
1= e2; N
} € € SoUrCe RooT base "../base/calc.jak";
abstract class calc$$base {}

import java.math.BigInteger;

void clear() {

€0 = el = e2 = zero; | SoUrCe Bigl

"../BigI/calc.jak";

} abstract class calc$$BigIl extends calc$$base]
static BigInteger zero = BigInteger.

F—_— BigInteger e0 = zero, el = zero, e2

void add() {

e0 = e0.add( el );
el = e2;

}

ZERO ;|
= zer]
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[Cédigo Composto por Mixin ]

= Todas as classes da cadeia de
“refinamentos” sao abstratas
o Exceto a ultima classe

= Um sufixo é adicionada para cada
classes com o0 nome da caracteristica
o O objetivo é manter nomes Unicos

[Por gue usar mixin? ]

= Usar mixin ao invés de jampack permite
rastreamento reverso para o codigo fonte
= Exemplo
o Ap6s usar o jak2java, o codigo gerado pode
possuir um erro

o Se todo o cédigo estiver em uma Unica
classe, como saber em qual caracteristica
esta o erro?

o O rastreamento é possivel usando mixin

[ ]

m Mecanismo de AHEAD para propagar
alterag6es do cédigo java para o jak

= Caso o cédigo java seja alterado, ao
usar o comando unmixin, as alteracdes
sdo propagadas para o jak original

AHEAD with FeaturelDE

[FeatureIDE ]

= Eclipse extension for FOP

= It supports several
composition languages
o AHEAD
o Aspectd
o FeatureC++
o FeatureHouse, etc.

[Project Wizard ]

= Requires selecting a composition language

= New Project o &
Project

Select a composer { /

Composer Selection:
Please select a composer from the selection below.

reC++: Composes C++ header files.
use: Composes several types of structured files.
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Feature Model Editor

| Directed | | Undirected | | Number | | cycle |

Constraints

= To create cross-tree constraints

@ HelloWorld Model i3 =i

Helloworld
|

Ficlo] | Festure | [WBid
T it

& Create Propositional Constraint [=le=s Wandei| [Beaitid]

[Feature | | [Add Feature| 4.0

Hello implies

Help ok | [ cancel

Model to Code

= Source code contains a folder for each
concrete feature

[# Package Explorer 1T =0
o Including files =R
4 & HelloWorld
to compose b @ bin
& build
(& equations
4@
Hellowlrld 4 (= Beautiful
IT ~ J| Mainjak
| 4 (= Hello
{ﬁ:‘? Fe_a_i;gve |W§E] J| Mainjak
- 4 (= Wonderful
— - J] Main.jak
‘Wonderful | Beautiful 4 (= World
J| Main.jak
@ modelm

Default Product

) | [# Package Explorer 3 =8|
= The equations folder TICN
has configurations of |« & foerd e

products from the & buid S

4 (& equations g gy a: cument configuration

feature model

o Each equation
represents a product

o Current product is
marked

|é BeautifulWorld.equation
B HelloWorld.equation
lel WonderfulWorld.equation
& src
@ model.m

Product Configuration

[ e} Helloworld.equation £3 =0
HelloWorld (valid, 3 solutions)

= Manual selection s
= Automatic selection B Py
. B World
u COﬂSlStency check (&) *HelloWorld.equation 53 . = O
4 [l HelloWorld (valid, 1 solutions)
[ Hello
4 [ Feature
HeHu\TiJulld [ wonderful

B Beautiful
| > BB World

A, | : " (&) *HelloWorld.equation £, = 01|
(el Festue |

4 [H] HelloWorld (valid, 2 solutions)

[ Hello

4 [] Feature

Wanderul | | Beauth | S

[ World

The FeaturelDE Process

L
e

Oocas ot

Feature Model

<--

N
. —> Products

Configurations
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