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Metaprogramming

“A arte de programar programas que
|lEem, transformam ou escrevem outros
programas”

Francois-Renée Rideau, 1999

#Compiladores
#Interpretadores
#Depuradores
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Classificagao
Entradas Tetsprograms® Saidas
# Interpretador # Metainterpretador
#® Inspector # Analisador de
# Tradutor diferencas
# Compilador ® Walker

& Splitter ¢ Metacompilador




Static Metaprogramming in C++

Metaprograma que executa antes do /oad-
time do programa manipulado.

#Pre-processador

#Templates
» Standard Template Library




- Caracteristicas
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#Aninhamento de conceitos

# Algoritmos especializados
#Sub-linguagem da propria linguagem
#Eliminacao de overhead
#Compilador como maquina virtual
#Tecnologia padronizada
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Classificacao
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® Metafunction

» Estrutura que manipula dados estaticos de
um programa que ainda nao foi gerado

® Metainformation 11 Trait templates

= Estrutura que armazena informagoes sobre
outros elementos (tipos)

& Metaprogram 0 Generator
» Metafunctions que fazem geracao de cddigo
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re-processador 1

Programa que processa um codigo fonte
(eventualmente o altera) antes deste ser
submetido ao compilador.
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#i ncl ude <i ostream h>
#def i ne SQOUni x

void main() {
#i f def SOUni x

#el se
cout << "SO Not Unix -
#endi f

}

Pre-processador 2

cout << "SO Uni x" << endl:

M5- W ndows ?"

<< endl ;
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" Templates 1
-
& “Os Templates presentes em C++
'g fornecem uma forma para reusar codigo
© fonte.”
§ Bruce Eckel, 2.000
2  @Reutilizacdo de codigo fonte ao invés de
5 codigo objeto
£  #Operam sobre nimeros e tipos de dados
+

# Algoritmos de recursao e especializacao
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Templates 2

Figura
Reuso £
Codigo
REUSO Circulo
C(')C“go TIE:EE:'?E Quadrado
Fonte
Triangulo
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' Declaracao e Utilizacao
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Parametro do Template

Cabegalho do TemﬂV
I

t enpl at e<cl ass T>

T max(T a, T b) {
return (a > b) ? a: b Corpo do Template

i —

double x = 10, vy, d _nax;
cin >> vy;

d max = max(x, y);
| |
Uso do Template

++D ul bulwwesboidelop 2
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Como o compilador funciona

A
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d max = max(x, VY);

: . t enpl at e<cl ass T>

T max(T a, T b) {
return (a >b) ? a: b;

i
I I

Instancia do Template

v v

doubl e maxy,,, (doubl e a, double b) {
return (a > b) ? a: b;

b
I I

!

d_max = MaXgoup el X, Y)

++D ul bulwwesboidelop 2

12




+ 4D ul buiwwe.adboidejay onels

Recursividade 1

e
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#i ncl ude <i ostream h>

tenpl at e<int N>

struct fatorial {

enum{ RET = N * fato rial<kN — 1>::RET };
b

t enpl at e<>

struct fatorial <0> {
enum{ RET = 1 };
¥

void mai n() {
cout << fatorial <7>:: RET << endl;

}
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Recursividade 2
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cout << fatorial <2>::RET << endl;
1 ]

v

struct fatorial <2> {
enum{ RET = 2 * fatorial <1>::RET };

}

v

struct fatorial<1> {
enum{ RET = 1 * fatorial <0>::RET };
}i

| >

struct fatorial <1> { |
enum{ RET = 1* 1}, .
}i

struct fatorial<2> {

b

enum{ RET = 2 * 1 },; <
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Recursividade ?
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__hai n:

pushl %ebp
novl %esp, Yebp
subl $8, %esp
call __ main
addl $-8, %esp
pushl $ endl FR7ostream
addl $-8, Y%esp
pushl $5040
pushl $ cout

__mai n:
pushl %ebp
novl %esp, Yebp
subl $8, %esp
call __ main
addl $-8, %esp

pushl $ endl FR7ostream

addl $-8, Y%esp

addl $-12, %esp
pushl $7

call _fatorial Fi
addl $16, %esp

novl %eax, Yeax
pushl %eax

pushl $_cout

15




+ 4D ul buiwwe.adboidejay onels

Combinagao

#inclu de <i ostream . h>
#inclu de “f atorial .h”

templa te<int n, int p>
structcomb i nacao {
enum {RE T = fatorial <n>:RET /
( fatorial<p>:RET * fatorial<n - p>:RET )
¢

J#

void m ain () {
cout << combhinac ao<2,4>:RE T << endl ;

}
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Especializagao

tenplate<int n, int p>
struct potencia {
enum { RET =
(p > 0) ? potencia<n, ((p >0) ? (p - 1)
b

b

tenpl ate<i nt n>

struct potencia<n, 0> {
enum{ RET = 1 };

}

void mai n() {
cout << potencia<2, 3>.:RET << endl;

}

0)>:RET * n :
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Estruturas de controle: IF

#i ncl ude <i ostream h>

t enpl at e<bool condi cao, class ThenType, class El seType>
struct |F {
t ypedef ThenType RET;

};

t enpl at e<cl ass ThenType, class El seType>
struct | F<fal se, ThenType, ElseType> {
t ypedef El seType RET;

};

void main() {
|F< (1 > 2), int, double > :RET valor = 1.1;

cout << valor << endl;

}
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Estruturas de controle: WHILE *

+ 4D ul buiwwe.adboidejay onels

#i ncl ude <i ostream h>
#inclu de “while .h”

tenplate<int i>

struct nmeuConmando {

enum{ n =1 };

static void executar() { cout << i << endl; };
t ypedef nmeuConmando<n + 1> proxi no;

};

struct m nhaCondi cao {
t enpl at e<cl ass Comando>
struct Teste {
enum { avaliacao = ( Comando::n <= 10 ) };
}
}s

void main() {
WHILE< minhaCondi cao , meuCamando<l1>>:: EXECUAR();

}

19




+ 4D ul buiwwe.adboidejay onels

Estruturas de controle: WHILE 2

e
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/1 Arquivo: while.h

struct Parar {
static void EXECUTAR() {}:
static void executar() {};

i

t enpl at e <cl ass Condi cao, class Comando>
struct WH LE {
static void EXECUTAR() {
| F< ( Condi cao: : Test e<Conmando>: : avaliacao !'= 0 ) ,
Comando, Parar
>: . RET: : executar () ;

| F< ( Condi cao: : Test e<Conmando>: : avaliacao '= 0 ) ,
VWHI LE<Condi cao, Comando: : proxi no>, Parar
>: . RET: : EXECUTAR() ;
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... In Object Pascal
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@ Pré-processador




1Iydiag ui buiwwweldbo.adelsap onels

Pre-processador

Progra m so;

{ $APPTYPE CONSOLE}
{ $DEFI NE SOUni x}

Begin
{ $| FDEF SQOUni x}
Wrn teLn ( ‘SO U nix’ ) ;
{ $ELSE}
Wrn teLn ( ‘SO Not Uni x — MS Windows?’)
{ $ENDI F}
End.
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“Templates” 1

A

1Iydiag ui buiwwweldbo.adelsap onels

\V

_VECTOR _CLASS = cl ass

private
FArray : array of VECTOR DATA TYPE ;
pr ot ect ed
function GetlLength():Integer;
procedure SetlLength(const alLength:|nteger);
function Getltens(const alndex:|nteger): VECTOR DATA TYPE ;
procedure Setltens(const al ndex: | nteger;
const aVal ue: VECTOR DATA TYPE ) ;

public

function Cear(): VECTOR CLASS ;

function Extend(const aDelta: Wrd=1): VECTOR CLASS ;
function Contract(const aDelta: Wrd=1): VECTOR CLASS ;
property Length:Integer read GetLength wite SetlLength;
property Itens[const alndex:Integer]: VECTOR DATA TYPE

read Getltenms wite Setltens; default;

constructor Create(const alLength:Integer);
end;
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constructor _VECTOR CLASS . Create(const alLength : Integer);
begi n

I nherited Create;

Set Length (aLength);
end;

function VECTOR CLASS . Contract(const aDelta : Wrd)
_VECTOR _CLASS ;

begi n
System Set Length (FArray, System Length (FArray) - aDelta);
Result := Self;

end;
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unit StrVector;

I nterface

uses Cl asses;

type VECTOR DATA TYPE = String;
{$1 NCLUDE Tenpl at eVectorl nt erface}
TStringVector = VECTOR CLASS

I npl enent ati on

{ $1 NCLUDE Tenpl at eVect or | npl enent ati on}

end.

unit FltVector;

I nterface

uses Cl asses;

type VECTOR DATA TYPE_ = Doubl e;
{ $I NCLUDE Tenpl at eVector| nterface}
TFl oat Vector = VECTOR CLASS ;

I npl ement ati on

{$I NCLUDE Tenpl at eVect or | npl enent ati on}

end.
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%

progra m Vect orTest ;

{ $DEFI NE FI oat Vect or}

{ $APPTYPE CONSOLE}

uses

SysUti Is ,

{$| FDEF StrVector} Str Vector in 'StringVe ctor . pas' ; {$ENDI F}
{$| FDEF Fl oat Vector} FltVecto r in 'FltVec tor.pas' ; {$END F}
var Vector : VECTOR CLASS ;

begin
{$| FDEF StringVector}
Vect or := TStrin gVect or. Create(1 );
Vector[O ]:=' Strin g/
Writ eln (' Estou traba |l hando comum vetorde  strings !' );
Writ eln ( ' Vetor] 0]= '"+ Vector [ O]+ "); { $ENDI F}
{ $| FDEF Fl oat Vect or}
Vect or ;= TFloat Vecto r.Creat e(1 );

Vector[O ]:=0 .O017;

Writ eln ( ' Estou traba |l hando comum vetorde fl oats !');

Writ eln (' Vetor[ 0]= ' + Flo atToStr( Vector[ 0 ])) ; {$END F}
end.
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progra m Vect orTest ;

{ $DEFI NE Stri ngVect or}

{ $APPTYPE CONSOLE}

uses

SysUti Is ,

{$| FDEF StrVector} Str Vector in 'StringVe ctor . pas' ; {$ENDI F}
{$| FDEF Fl oat Vector} FltVecto r in 'FltVec tor.pas' ; {$END F}
var Vector : VECTOR CLASS ;

begin
{$| FDEF StringVector}
Vect or := TStrin gVect or. Create(1 );
Vector[O ]:=' Strin g/
Writ eln (' Estou traba |l hando comum vetorde  strings !' );
Writ eln ( ' Vetor] 0]= '"+ Vector [ O]+ "); { $ENDI F}
{ $| FDEF Fl oat Vect or}
Vect or ;= TFloat Vecto r.Creat e(1 );

Vector[O ]:=0 .O017;

Writ eln ( ' Estou traba |l hando comum vetorde fl oats !');

Writ eln (' Vetor[ 0]= ' + Flo atToStr( Vector[ 0 ])) ; {$END F}
end.
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Generative Programming

#Engenharia de dominios
= Familia de sistemas

# Configuracao de bases de conhecimento
= Mapeamento de dominios e Regras

#Geradores de codigo

28
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Caracteristicas
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#Parametrizacao
#Modelagem de dependéncias
#Eliminacao de overhead
#Separacao de dominios
#Separacao de interesses
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aradigmas relacionados
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# Generic Programming
= Reuso por parametrizacao
#® Aspect-Oriented Programming
= Separacao de interesses
#® Domain-Specific Language
= Linguagem de alto nivel de abstracao

30
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inha de Producao de Carros

%
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#Dominio do problema
#Dominio da solucao

= Configuracao base de conhecimento
#Implementacao dos componentes

31
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Linha de Producao de Carros
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Analisando o problema

ii --.
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Utlllzando gerador de carros

#inclu de <| ostream . h>
#inclu de “ger carr o.h

void m ain () {
type def GERADORCARRGEsport i vo<>>:Car roModelo A;
type def GERADORCARRGEsport i vo<esportiv a>>: : Carro Model o_B;
type def GERADORCARRQGBasico <>>: : Carro Mbdel o _C;
type def GERADORCARRGBasico <alco ol >>:: Carro Modelo  D;

Model o A neu_car rol;
Model o B nmeu_car r o2,
Model o C neu_car r 03;
Model o D nmeu_car r o4;
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Implementando a solugao !

enum Roda { roda_nornmal, roda _esportiva };
enum Model o { nodel o_basi co, nodel o_esportivo };
enum Motor { notor _gasolina, notor_alcool };

tenpl ate<int roda_ = roda_normal >
struct Esportivo {
enum { not or = notor _gasoli na,
roda = roda_,
nodel o = nodel o_esportivo };

i

tenpl ate<int notor_ = gasolina>
struct Basico {
enum { notor = notor_,
roda = roda_nornal,
nodel o = nodel o_basi co };
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Implementando a solugao 2

t enpl at e<cl ass Confi g>
struct MotorGsolina {
t ypedef Config_ Config;

Mot or Gasol i na() {
cout << "Mbtor Gasolina ";

}
b

t enpl at e<cl ass Confi g>
struct WMot or Al cool {
t ypedef Config_ Config;

Mot or Al cool () {
cout << "Mbtor Al cool

}

36




so.l.le) ap oednpo.d 9p eyul

Implementando a solugao 3

t enpl at e<cl ass Config_>
struct RodaNormal {
t ypedef Config_ Config;
enum{ aro = Config::aro };

RodaAr oNor mal () {
cout << "Roda Normal Aro " << aro << ": " :
}

b

t enpl at e<cl ass Config_>
struct RodaEsportiva{
t ypedef Config_Config;
enum{ aro = Config ::aro };

RodaAr oEsportivo() {
cout << "Roda Esportiva Aro " << aro << ": ";

}
i
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Implementando a solugao

t enpl at e<cl ass Motor >
struct Carro {
t ypedef typenane Mdtor ::Config Config;

Mot or _ Mbt or;
| F< (Config::aro == 15),

RodaAr oEsporti vo<Confi g>,
RodaAr oNor mal <Confi g>

>: : RET Roda;
Carro() {
cout << "Carro: " << endl << endl;

}
i

38




-

-
-
Q)

so.l.le) 3p oednpo.d 9p

Implementando a solugao °

t enpl at e<cl ass Moddel o = Basi co<> >
struct GERADOR CARRO {
t ypedef GERADOR CARRO<Mbdel o> Ger ador;
enum { aro = (Modelo::roda == roda_normal) ? 12 : 15 };

t ypedef | F< (Model o:: nptor == notor_gasolina),
Mot or Gasol | na<Ger ador >, Mbt or Al cool <Ger ador >
>: . RET Mdtor_;

t ypedef | F< (Model o::roda == roda_nornal),
RodaAr oNor mal <Ger ador >, RodaAr oEsporti vo<Gerador >
> RET Roda_;

t ypedef Carro<Motor > RET,;

struct Config {

typedef Mdtor Motor; typedef Roda Roda;
enum{ aro = aro_ , nodelo = nodelo_ };

t ypedef RET Carro;

};
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Deficiéncias
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#Despadronizacao de compiladores
# Abstracoes incompletas
#Complexidade de implementacao
#Consideracoes econdmicas
#Propriedade intelectual




Um Caso de Metaprogramming

Atraves de tabelas do Banco de Dados,
gerar classes basicas do Dominio do
Problema.

41
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Caracteristicas
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#®Template em XSL

#Comunicacao do Banco de Dados com
pre-compiladores atraves de XML

# Geragao codigo fonte Java

» Classes que representam as tabelas do
banco de dados
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Codigo Java Gerado
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