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A
Códigos desenvolvidos na implementação do framework

A seguir são apresentados os códigos das classes que compõem o fra-

mework, os pontos flex́ıveis, a implementação das heuŕısticas utilizadas no es-

tudo de caso e as alterações que foram necessárias em outros programas para

sua utilização.

No estudo de caso, as heuŕısticas utilizadas foram acopladas a um método

previamente existente. Foi necessário definir um novo objeto para representar

a heuŕıstica de construção de vocabulário na classe que representa uma solução

para o problema, de acordo com a arquitetura da heuŕıstica já existente, bem

como modificar o método que salva os dados de uma solução quando for

encontrada uma solução melhor do que a já conhecida. Também foi criado

um método para inicializar o método de construção com o repositório de boas

soluções, chamado InitPool.

/*******************************************/

/* Classe que armazena os dados da solucao */

/*******************************************/

class Solution{

...

/* atributos */

VB *vb;

...

/* métodos */

Solution(Instance*);

~Solution();

void InitPool(GNA *gna);

...

// Grava dados da melhor soluç~ao encontrada

void SaveSolution();

...

}
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/*******************************************/

/* Definiç~ao de métodos */

/*******************************************/

Solution::Solution(Instance *pInst)

{

vb=0;

...

}

Solution::~Solution(){

...

if(vb != 0)

delete(vb);

}

void Solution::InitPool(GNA *gna){

vb = new VB();

}

void Solution::SaveSolution()

{

vb->addSolution(*this);

...

}

Na classe principal do programa, deve-se considerar na fase de incia-

lização de variáveis uma chamada ao método InitPool. Após executar diversos

algoritmos para resolver o problema, e nessa execução encontrar soluções que

são adicionadas ao repositório de boas soluções pelo método SaveSolution,

a heuŕıstica de construção de vocabulário é executada por uma chamada ao

método estático VBController::startTests, que será explicado a seguir.

int main(int argc, char ** argv)

{

...

Instance inst(nomeInstancia);

GNA gna(semente); // Gerador de Números Aleatório

Solution sol(&inst);

sol.InitPool(&gna);

...
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// Heurı́sticas para solucionar o problema em quest~ao

...

VBController::startTests(sol.vb);

...

}

A classe VBController auxilia na configuração e execução das diversas

heuŕısticas de construção de vocabulário geradas a partir do framework. Abaixo

é apresentado o código dessa classe bem como das classes associadas com a

instanciação das heuŕısticas para o estudo de caso realizado nesta dissertação.

Vale lembrar que para utilizar o framework é necessário definir os pontos

flex́ıveis, que são a representação de solução, método para encontrar palavras,

método para formar frases e gerenciamento do repositório, de acordo com a

necessidade do problema.

/************************************************************

*

* Definiç~oes das estruturas utilizadas na instanciaç~ao de

* heurı́sticas de construç~ao de vocabulário para o PSC

*

***********************************************************/

#ifndef VBSTRUCTURES_H

#define VBSTRUCTURES_H

/* Bibliotecas C++

*******************/

#include <vector>

/* Bibliotecas locais

**********************/

#include "pool.h"

#include "vb.h"

#include "solution.h"

class Solution;

class VB : public VocabularyBuilding {

friend class VBController;

private:

Solution *pSolution;
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// Function executed before the decompose strategy

void preOpt();

// Function executed after the grow strategy

void posOpt();

protected:

void deletePhrases() {

deleteItemsPool(pPhrases);

}

void deleteWords() {

deleteItemsPool(pWords);

}

Pool &getWords() {

return *pWords;

}

Pool &getPhrases() {

return *pPhrases;

}

Pool &getPool() {

return *pPool;

}

void setPool(Pool *newPool) {

delete pPool;

pPool = newPool;

}

public:

VB()

: VocabularyBuilding() {

pPool = new Pool();

pPool->setInputFunctionStrategy(new

HammingDistanceVetInt(pPool, 10));

pSolution = NULL;

}

~VB() {

deleteItemsPool(pPool);

deleteItemsPool(pWords);

deleteItemsPool(pPhrases);

}
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void addSolution(Solution&);

void deleteItemsPool(Pool *pool);

};

class VBController {

public :

static void configVB1(VB &vb, int wmin);

static void configVB2(VB &vb, int smin);

static void cleanVB(VB &vb);

static void startTests(VB &vb);

};

#endif

/************************************************************

*

* Implementaç~oes das estruturas utilizadas na instanciaç~ao

* de heurı́sticas de construç~ao de vocabulário para o PSC

*

***********************************************************/

/* Bibliotecas C++

*******************/

#include <iostream>

#include <vector>

#include <time.h>

using namespace std;

/* Bibliotecas Locais

**********************/

#include "bibrand.h"

#include "vbstructures.h"

#include "pool.h"

#include "perturbation.h"

#include "ils.h"

long long makeSentence(VetInt *pVetInt, Solution *pSolution) {

vector<int> &array = pVetInt->array;

vector<int> carsOut;

int vCars[pSolution->pInstance->iNumCars];
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int i, j;

bool isInPhrase;

/* verifica quais carros nao estao na frase */

for(i = 0; i < pSolution->pInstance->iNumCars; i++) {

isInPhrase = false;

for(j = 0; j < pSolution->pInstance->iNumCars

&& !isInPhrase; j++)

if( array[j] == i )

isInPhrase = true;

if( !isInPhrase ) {

carsOut.push_back(i);

}

}

/* copia a frase jutando os carros e acrescenta carsOut */

for(i = 0, j = 0; i < pSolution->pInstance->iNumCars; i++) {

if( array[i] != DecomposeVetInt1::STAR ) {

vCars[j] = array[i];

j++;

}

}

i = pSolution->pInstance->iNumCars - carsOut.size();

for(j = 0 ; i < pSolution->pInstance->iNumCars; i++, j++) {

vCars[i] = carsOut[j];

}

//cout << "Montando uma solution...";

long long fx = pSolution->GetSolution(vCars);

/* Completa solucoes que estiverem incompletas */

H5_Perturbation_HPRC_LPRC_PCC p(pSolution);

p.reinsertConstraintNO(carsOut.size(),

GNA::getInstance(), NULL);

pSolution->UpdateCosts();

pSolution->UpdateHashGraph();

fx = pSolution->Function();

return fx;
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}

void vbPosOpt(Pool &vPhrases, Solution *pSolution) {

long long fxBest;

long fxBestColors;

long fxBestHigh;

long fxBestLow;

int bestSolution[pSolution->pInstance->iNumCars];

int best = -1;

cout << "\n posOpt..." << endl;

for(int i = 0; i < vPhrases.pool.size(); i++) {

long long fx = makeSentence(

static_cast<VetInt*>(vPhrases.pool[i]), pSolution);

if( best == -1 || fx < fxBest ) {

best = i;

fxBest = fx;

fxBestColors = pSolution->iNumWashes;

fxBestHigh = pSolution->iNumHighViolations;

fxBestLow = pSolution->iNumLowViolations;

for(int j = 0; j < pSolution->pInstance->iNumCars; j++)

bestSolution[j] = pSolution->vSolution[j];

}

}

if(vPhrases.pool.size() == 0)

return;

long long fx = pSolution->GetSolution(bestSolution);

pSolution->SaveSolution();

cout << "A melhor solucao e " << best << " " << fx << endl;

}

void VB::preOpt() {

}

void VB::posOpt() {

vbPosOpt(getPhrases(), pSolution);

}
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void VB::addSolution(Solution& solution) {

VetInt *vetInt = new VetInt(solution.pInstance->iNumCars);

for(register int i=0;i<solution.pInstance->iNumCars;i++)

{

vetInt->array[i]=solution.vSolution[i];

}

pPool->addElement(vetInt);

if( pSolution == NULL ) {

pSolution = &solution;

}

}

void VB::deleteItemsPool(Pool *pool) {

std::vector<PoolElement*> &p = pool->pool;

for(int i = 0; i < p.size(); i++) {

delete static_cast<VetInt*>(p[i]);

}

}

void VBController::configVB1(VB &vb, int wmin) {

cout << " Setting up VB1...\n";

DecomposeVetInt1 *decomposeVetInt = new DecomposeVetInt1();

GrowStrategy *growVetInt = new GrowVetInt();

decomposeVetInt->wmin = wmin;

vb.setDecomposeStrategy(static_cast<DecomposeStrategy*>

(decomposeVetInt));

vb.setGrowStrategy(static_cast<GrowStrategy*>(growVetInt));

cout << " Settings done!\n";

}

void VBController::configVB2(VB &vb, int smin) {

cout << " Setting up VB2...\n";

DecomposeVetInt2 *decomposeVetInt = new DecomposeVetInt2();

GrowStrategy *growVetInt = new GrowVetInt();

decomposeVetInt->smin = ( smin > 0 ? smin : 2);

vb.setDecomposeStrategy(static_cast<DecomposeStrategy*>

(decomposeVetInt));

vb.setGrowStrategy(static_cast<GrowStrategy*>(growVetInt));

cout << " Settings done!\n";
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}

void VBController::cleanVB(VB &vb) {

cout << " Cleaning up VB...";

vb.deleteWords();

vb.deletePhrases();

cout << " done!\n";

}

void VBController::startTests(VB &vb) {

time_t timeIni, timeFim;

if(!vb.pSolution){

cout << " Pool of solutions are empty!\n";

return;

}

cout << " Starting tests...\n";

int iNumToday = vb.pSolution->pInstance->iNumToday;

int iNumYesterday = vb.pSolution->pInstance->iNumYesterday;

cout << " HCV1 - Cenario 1= 20%...\n";

configVB1(vb, static_cast<int>(iNumToday*0.2)+iNumYesterday);

time(&timeIni);

vb.execute();

time(&timeFim);

cleanVB(vb);

printf("Tempo gasto: %f s \n", difftime(timeFim,timeIni));

cout << "\n HCV1 - Cenario 2= 50%...\n";

configVB1(vb, static_cast<int>(iNumToday*0.5)+iNumYesterday);

time(&timeIni);

vb.execute();

time(&timeFim);

cleanVB(vb);

printf("Tempo gasto: %f s \n", difftime(timeFim,timeIni));

cout << "\n HCV1 - Cenario 3= 90%...\n";
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configVB1(vb, static_cast<int>(iNumToday*0.9)+iNumYesterday);

time(&timeIni);

vb.execute();

time(&timeFim);

cleanVB(vb);

printf("Tempo gasto: %f s \n", difftime(timeFim, timeIni));

cout << " HCV2 - Cenario 1= 2...\n";

configVB2(vb, 2);

time(&timeIni);

vb.execute();

time(&timeFim);

cleanVB(vb);

printf("Tempo gasto: %f s \n", difftime(timeFim, timeIni));

cout << " HCV2 - Cenario 2= 3...\n";

configVB2(vb, 3);

time(&timeIni);

vb.execute();

time(&timeFim);

cleanVB(vb);

printf("Tempo gasto: %f s \n", difftime(timeFim, timeIni));

cout << " HCV2 - Cenario 3= 4...\n";

configVB2(vb, 4);

time(&timeIni);

vb.execute();

time(&timeFim);

cleanVB(vb);

printf("Tempo gasto: %f s \n", difftime(timeFim, timeIni));

cout << "\n HCV3 - Cenario 1= 75%...\n";

configVB1(vb, static_cast<int>(iNumToday*0.75)+iNumYesterday);

time(&timeIni);

vb.execute();

time(&timeFim);

vb.getPool().setInputFunctionStrategy(new

IF_NoAddStrategy(&(vb.getPool())));

vb.pSolution->tempoVB = static_cast<int>
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(difftime(timeFim, timeIni));

cleanVB(vb);

printf("Tempo gasto: %f s \n", difftime(timeFim, timeIni));

}

As próximas classes apresentadas são as definições básicas utilizadas

nas heuŕısticas apresentadas anteriormente. Essas classes correspondem à

implementação do framework, e são reutilizáveis na geração de heuŕısticas

para outros problemas.

/************************************************************

*

* Framework para geraç~ao de heurı́sticas baseadas em

* construç~ao de vocabulário.

*

* Definiç~oes do respositório de soluç~oes, palavras e frases.

*

***********************************************************/

#ifndef POOL_H

#define POOL_H

/* Bibliotecas C

******************/

#include <unistd.h>

#include <vector>

class PoolElement

{

public:

virtual bool operator != ( const PoolElement & rhs );

};

class Pool;

class InputFunctionStrategy {

public:

Pool *pool;

InputFunctionStrategy(Pool *p) {

pool = p;

}
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Apêndice A. Códigos desenvolvidos na implementação do framework 87

~InputFunctionStrategy() {

}

virtual bool canAdd(PoolElement* poolElement) = 0;

};

class Pool {

private:

InputFunctionStrategy *inputFunctionStrategy;

public:

std::vector<PoolElement*> pool;

Pool( ) {

inputFunctionStrategy = NULL;

}

~Pool( ) { }

void addElement(PoolElement *element) {

if (inputFunctionStrategy &&

inputFunctionStrategy->canAdd(element)) {

pool.push_back(element);

} else if ( !inputFunctionStrategy ) {

pool.push_back(element);

}

}

void setInputFunctionStrategy(InputFunctionStrategy

*inputFunc) {

inputFunctionStrategy = inputFunc;

}

};

#endif

/************************************************************

*

* Framework para geraç~ao de heurı́sticas baseadas em

* construç~ao de vocabulário.

*

* Implementaç~oes do respositório de soluç~oes, palavras e

* frases.

*

***********************************************************/
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#include "pool.h"

bool PoolElement::operator != ( const PoolElement & rhs )

{

return this != &rhs;

}

/************************************************************

*

* Framework para geraç~ao de heurı́sticas baseadas em

* construç~ao de vocabulário.

*

* Definiç~oes das classes do framework.

*

***********************************************************/

#ifndef VB_H

#define VB_H

/* Bibliotecas Globais

**********************/

#include <iostream>

/* Bibliotecas Locais

**********************/

#include "pool.h"

class DecomposeStrategy {

public:

virtual Pool* execute(Pool* solutions) = 0;

};

class GrowStrategy {

public:

virtual Pool* execute(Pool* words) = 0;

};

class VocabularyBuilding {

protected:

Pool *pPool;
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Pool *pWords;

Pool *pPhrases;

DecomposeStrategy *pDecomposeStrategy;

GrowStrategy *pGrowStrategy;

// Function executed before the decompose strategy

virtual void preOpt() = 0;

// Function executed after the grow strategy

virtual void posOpt() = 0;

public:

VocabularyBuilding() {

std::cout << " - Creating a VB - \n";

pDecomposeStrategy = NULL;

pGrowStrategy = NULL;

pPool = NULL;

pWords = NULL;

pPhrases = NULL;

}

~VocabularyBuilding() {

if( pPool != NULL )

delete pPool;

if( pWords != NULL )

delete pWords;

if( pPhrases != NULL )

delete pPhrases;

}

void setDecomposeStrategy(DecomposeStrategy *dStrategy) {

if( pDecomposeStrategy != NULL )

delete pDecomposeStrategy;

pDecomposeStrategy = dStrategy;

}

void setGrowStrategy(GrowStrategy *gStrategy) {

if( pGrowStrategy != NULL )

delete pGrowStrategy;

pGrowStrategy = gStrategy;

}

// Executa o procedimento de construcao de vocabulario

void execute() {

std::cout << "Executing Vocabulary Building";
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std::cout << "There are " << (pPool?pPool->pool.size():0)

<< " solutions in the Pool\n";

preOpt();

if( pDecomposeStrategy != NULL )

pWords = pDecomposeStrategy->execute(pPool);

std::cout << (pWords?pWords->pool.size():0) <<

" words were found." << std::endl;

if( pGrowStrategy != NULL )

pPhrases = pGrowStrategy->execute(pWords);

std::cout << (pPhrases?pPhrases->pool.size():0) <<

" phrases were built " << std::endl;

posOpt();

}

virtual void deleteItemsPool(Pool *pool) = 0;

};

class VetInt : public PoolElement {

public:

std::vector<int> array;

int num;

VetInt() {

num = 0;

}

VetInt(const std::vector<int>& rhs) {

array = rhs;

}

VetInt(int length) {

array.resize(length);

}

bool operator != (const PoolElement& rhs) {

return array != ((VetInt&) rhs).array;

}

};

class HammingDistanceVetInt: public InputFunctionStrategy {

public:

// Minimal distance that must a solution have from all

// others in the pool to be accept

// Distance = 1 means that allows only different solutions
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int distance;

HammingDistanceVetInt(Pool *pool, int dist)

: InputFunctionStrategy(pool) {

distance = dist;

}

~HammingDistanceVetInt() {

}

bool canAdd(PoolElement* poolElement);

};

class IF_NoAddStrategy: public InputFunctionStrategy {

public:

IF_NoAddStrategy(Pool *pool)

: InputFunctionStrategy(pool) {

}

~IF_NoAddStrategy() {

}

bool canAdd(PoolElement* poolElement){

return false;

}

};

class PoolWithUndelete {

private:

int size;

int length;

std::vector<PoolElement*> array;

public:

PoolWithUndelete() : size(0), length(0) {

}

PoolWithUndelete(const Pool *rhs) {

array = rhs->pool;

length = size = array.size();

}

~PoolWithUndelete() {

}

const PoolWithUndelete& operator =
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(const PoolWithUndelete& rhs) {

array = rhs.array;

length = rhs.length;

size = rhs.size;

}

// return true if the pool is empty

bool isEmpty( ) const {

return 0 == length;

}

// Get the element given the position

PoolElement* getElement(int pos) const {

return array[pos];

}

// Return how many elements are in the pool

int getLength() const {

return length;

}

// undelete the excluded items

void reset() {

length = size;

}

void insert(const PoolElement* x);

void remove(const PoolElement* x);

// Remove an element but supports undo.

void exclude(int solution);

// Remove many elements but supports undo.

void exclude(std::vector<int> solutions);

};

class IntersectionVetInt {

protected:

std::vector<int> solutions;

std::vector<int> intersection;

std::vector<int> intersectionBefore;

int wordSize;

int wordSizeBefore;

int normSet;

public:
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IntersectionVetInt()

: wordSize(0), wordSizeBefore(0), normSet(0) { }

int getWordSize() const {

return wordSize;

}

int getNumberSolutions() const {

return solutions.size();

}

std::vector<int> getSolutions() const {

return solutions;

}

VetInt* getIntersection() const {

VetInt* vetInt = new VetInt(intersection);

vetInt->num = normSet;

return vetInt;

}

// Remove the last solution inserted in the intersection

// WARNING: Must be used only once, at least until

// another solution be inserted

void removeLastInserted() {

solutions.pop_back();

intersection = intersectionBefore;

wordSize = wordSizeBefore;

normSet--;

}

// Remove all solutions wich are in the intersection

void removeAll() {

solutions.clear();

wordSize = 0;

normSet = 0;

}

void include(int pos, const VetInt* pool);

int getNorm() const {

return normSet;

}

};

class ExtIntersectionVetInt : public IntersectionVetInt {

protected:
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int completed;

int inconsistent;

public:

ExtIntersectionVetInt()

: completed(0), inconsistent(0) {

IntersectionVetInt::IntersectionVetInt() ;

}

int hasInconsistence(){

return inconsistent;

}

int isComplete() {

return completed;

}

void complete() {

}

void extInclude(int pos, const VetInt* words);

};

class DecomposeVetInt1 : public DecomposeStrategy {

public:

static const int STAR;

int wmin;

Pool* execute(Pool* solutions);

DecomposeVetInt1(int wSize=0)

: wmin(wSize) {

}

};

class DecomposeVetInt2 : public DecomposeStrategy {

public:

int smin;

Pool* execute(Pool* solutions);

DecomposeVetInt2(int numSolutions=0) : smin(numSolutions) {

}

};

class GrowVetInt : public GrowStrategy {

public:
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Pool* execute(Pool* words);

GrowVetInt() {

}

};

#endif

/************************************************************

*

* Framework para geraç~ao de heurı́sticas baseadas em

* construç~ao de vocabulário.

*

* Implementaç~oes das classes do framework.

*

***********************************************************/

/* Bibliotecas C++

*******************/

#include <iostream>

#include <vector>

using namespace std;

/* Bibliotecas Locais

**********************/

#include "vb.h"

#include "bibrand.h"

const int DecomposeVetInt1::STAR = -1;

bool HammingDistanceVetInt::canAdd(PoolElement* poolElement) {

VetInt *solution = static_cast<VetInt*>(poolElement);

for(int i = 0; i < pool->pool.size(); i++) {

VetInt *poolSolution = static_cast<VetInt*>(pool->pool[i]);

int cont = 0;

for(int j = 0; j < solution->array.size(); j++)

if( poolSolution->array[j] == solution->array[j] )

cont++;

if( (solution->array.size() - cont) < distance ){

return false;

}
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}

return true;

}

void IntersectionVetInt::include(int pos, const VetInt* pool) {

if( solutions.size() == 0 ) {

solutions.push_back(pos);

intersection = pool->array;

wordSize = pool->array.size();

return;

}

solutions.push_back(pos);

intersectionBefore = intersection;

wordSizeBefore = wordSize;

for( int i = 0; i < pool->array.size(); i++ )

if( intersection[i] != DecomposeVetInt1::STAR &&

pool->array[i] != intersection[i] ) {

wordSize--;

intersection[i] = DecomposeVetInt1::STAR;

}

normSet++;

}

void ExtIntersectionVetInt::extInclude(int pos,

const VetInt* word) {

if( solutions.size() == 0 ) {

solutions.push_back(pos);

intersection = word->array;

wordSize = 0;

for( int i = 0; i < word->array.size(); i++ )

if( word->array[1] != DecomposeVetInt1::STAR )

wordSize++;

return;

}

solutions.push_back(pos);

intersectionBefore = intersection;

wordSizeBefore = wordSize;

for( int i = 0; i < word->array.size(); i++ )

if( intersection[i] == DecomposeVetInt1::STAR &&
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word->array[i] != DecomposeVetInt1::STAR ) {

wordSize++;

intersection[i] = word->array[i];

} else if( intersection[i] != DecomposeVetInt1::STAR &&

word->array[i] != intersection[i] ) {

inconsistent = true;

}

if( wordSize == intersection.size() ) {

completed = true;

}

normSet++;

}

void PoolWithUndelete::insert(const PoolElement* x) {

array.push_back( const_cast< PoolElement* > (x) );

if( length < size ) {

PoolElement* tmp;

tmp = array[length+1];

array[length+1] = array[size+1];

array[size+1] = tmp;

}

size++;

length++;

}

void PoolWithUndelete::remove(const PoolElement* x) {

int i;

for( i = 0; i < length; i++ )

if( !(array[i] != x) )

break;

if( i < length )

exclude(i);

}

void PoolWithUndelete::exclude(int solution) {

PoolElement* aux;

if( length < 1 ) {

length--;

return;
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}

aux = array[length-1];

array[length-1] = array[solution];

array[solution] = aux;

length--;

}

void PoolWithUndelete::exclude(vector<int> solutions) {

for( int i = 0; i < solutions.size(); i++ ) {

exclude(solutions[i]);

}

}

void findWords(const int &wmin, PoolWithUndelete &solutions,

Pool* words) {

PoolWithUndelete solutionsAux;

IntersectionVetInt intersection;

while( !solutions.isEmpty() ) {

int length = solutions.getLength();

int solution = GNA::getInstance()->rand(length);

VetInt *aSolution;

aSolution = static_cast<VetInt*>

(solutions.getElement(solution));

intersection.removeAll();

intersection.include(solution, aSolution);

solutionsAux = solutions;

solutionsAux.exclude(solution);

while( !solutionsAux.isEmpty() ) {

length = solutionsAux.getLength();

solution = GNA::getInstance()->rand(length);

aSolution = static_cast<VetInt*>

(solutionsAux.getElement(solution));

intersection.include(solution, aSolution);

if( intersection.getWordSize() < wmin ) {

intersection.removeLastInserted();

}
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solutionsAux.exclude(solution);

}

if ( intersection.getNumberSolutions() > 1 ) {

words->pool.push_back(intersection.getIntersection());

}

solutions.exclude(intersection.getSolutions());

}

}

Pool* DecomposeVetInt1::execute(Pool* pool) {

cout << " Finding words... \n";

Pool* words = new Pool();

PoolWithUndelete solutions(pool);

findWords(wmin, solutions, words);

solutions.reset();

return words;

}

Pool* DecomposeVetInt2::execute(Pool* pool) {

cout << " Finding words... \n";

Pool* words = new Pool();

PoolWithUndelete solutions(pool);

IntersectionVetInt intersection;

while( solutions.getLength() >= smin ) {

intersection.removeAll();

for (int i = 0; i < smin; i++) {

int length = solutions.getLength();

int solution = GNA::getInstance()->rand(length);

VetInt *aSolution;

aSolution = static_cast<VetInt*>

(solutions.getElement(solution));

intersection.include(solution, aSolution);

solutions.exclude(solution);

}

words->pool.push_back(intersection.getIntersection());

}

return words;

}
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void makePhrases(PoolWithUndelete &wordsPool, Pool *phrases) {

PoolWithUndelete wordsAux;

ExtIntersectionVetInt eintersection;

while( ! wordsPool.isEmpty() ) {

int length = wordsPool.getLength();

int word = GNA::getInstance()->rand(length);

VetInt *aWord;

aWord = static_cast<VetInt*>( wordsPool.getElement(word));

eintersection.removeAll();

eintersection.extInclude(word, aWord);

wordsAux = wordsPool;

wordsAux.exclude(word);

while(!wordsAux.isEmpty() && !eintersection.isComplete()) {

length = wordsAux.getLength();

word = GNA::getInstance()->rand(length);

aWord = static_cast<VetInt*>( wordsAux.getElement(word));

eintersection.extInclude(word, aWord);

if( eintersection.hasInconsistence() )

eintersection.removeLastInserted();

wordsAux.exclude(word);

}

if( ! eintersection.isComplete() )

eintersection.complete();

phrases->pool.push_back(eintersection.getIntersection());

wordsPool.exclude(eintersection.getSolutions());

}

}

Pool* GrowVetInt::execute(Pool* words) {

cout << " Making phrases... \n";

Pool* phrases = new Pool();

PoolWithUndelete wordsPool(words);

makePhrases(wordsPool, phrases);

return phrases;

}
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