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//
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//

//%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

 #ifndef _MATRIX_H

 #define _MATRIX_H

 #include "ArrayClass.h"

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

class MatrixIncompatibleException : public ArrayException { };

template <class Object>

class Matrix : public AbstractArrayClass <ArrayClass <Object> >

{

protected:


    ArrayClass <ArrayClass<Object>* >* theRows;



void copy (Matrix& m);



void deleteRows ();

public:


   Matrix ();


   Matrix (int n, int m);


   Matrix (int n, int m, Object v);


   Matrix (Matrix& m);


   virtual ~Matrix();


   void operator= (Matrix& m);


   void operator= (const Object* list);


   virtual int size() const;


   int columns();


   int rows() const;


   virtual ArrayClass<Object>& operator[] (int index);

};

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

//template <class Object>

//class Matrix : public AbstractArrayClass <ArrayClass <Object> >

//{

//protected:

//
ArrayClass<ArrayClass<Object>* >* theRows;

//};

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

template <class Object>

Matrix<Object>::Matrix()

         //constructor 1

{


theRows = new ArrayClass <ArrayClass <Object>* > (1, NULL);


if (theRows == NULL)


{



throw ArrayMemoryException();


} //end IF


(*theRows) [0] = new ArrayClass <Object> ();


if ((*theRows) [0] == NULL)


{



throw ArrayMemoryException();


} //end IF

} //end constructor 1

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

template <class Object>

Matrix<Object>::Matrix (int n, int m)

             //constructor2

{


theRows = new ArrayClass <ArrayClass <Object>* > (n, NULL);


if (theRows == NULL)


{



throw ArrayMemoryException();


} //end IF


for (int i = 0; i < n; i++)


{



(*theRows)[i] = new ArrayClass <Object> (m);



if ((*theRows) [i] == NULL)



{




throw ArrayMemoryException();



} //end IF


} //end FOR

}//end constructor2

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

template <class Object>

Matrix<Object>::Matrix (int n, int m, Object v)

             //constructor3

{


theRows = new ArrayClass <ArrayClass <Object>* > (n, NULL);


if (theRows == NULL)


{



throw ArrayMemoryException();


} //end IF


for (int i = 0; i < n; i++)


{



(*theRows) [i] = new ArrayClass <Object> (m, v);



if ((*theRows) [i] == NULL)



{




throw ArrayMemoryException ();



} //end IF


} //end FOR

} //end constructor3

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

template <class Object>

Matrix<Object>::~Matrix ()

     //destructor impelementation

{


deleteRows();

} //end destructor implementation

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

template <class Object>

void Matrix<Object>::deleteRows ()

             //delete implementation

{


if (theRows != NULL)


{



for (int i = 0; i < theRows->size(); i++)



{




if ((*theRows) [i] != NULL) delete (*theRows) [i];




(*theRows) [i] = NULL;



} //end FOr



delete theRows;


} //end IF


theRows = NULL;

} //end delete impelmentation

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

template <class Object>

void Matrix<Object>::copy (Matrix<Object>& m)

               //copy constructor implementation

{


deleteRows();


theRows = new ArrayClass <ArrayClass <Object>* > (m.size(), NULL);


if (theRows == NULL) throw ArrayMemoryException();


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


{



(*theRows) [i] = new ArrayClass <Object> (m[i]);



if ((*theRows) [i] == NULL) throw ArrayMemoryException();


} //end FOR

}  //end copy constructor

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

template <class Object>

Matrix<Object>::Matrix (Matrix<Object>& m)

{


theRows = NULL;


copy (m);

}

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

template <class Object>

void Matrix<Object>::operator = (Matrix& m)

{


copy (m);

}

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

template <class Object>

ArrayClass<Object>& Matrix<Object>::operator [] (int index)

{


return (*(*theRows) [index]);

}

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

template <class Object>

int Matrix<Object>::rows() const

{


return theRows->size();

}

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

template <class Object>

int Matrix<Object>::columns()

        //columns

{


return (*this) [0].size();

} //end columns

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

template <class Object>

int Matrix<Object>::size() const

          //size

{


return theRows->size();

} //end size

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

#endif

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

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

 #include "Matrix.h"

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

 Matrix<double> operator* (Matrix<double>& matA, Matrix<double>& matB)

        //this method multiplies two matrices

 {


 if (matA.columns() != matB.rows())



 throw MatrixIncompatibleException();

                 //check to see if the matrices are

                 //compatible for multiplication


 Matrix<double> matC(matA.rows(), matB.columns(), 0);


 for (int i = 0; i < matA.rows(); i++)



 for (int j = 0; j < matB.columns(); j++)



 {




 for (int k = 0; k < matA.columns(); k++)



   matC[i] [j] = matC[i] [j] + matA[i] [k]*matB [k] [j];



 } //end IF



 return matC;

 } //end Operator*

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

 Matrix<double> operator* (Matrix<double>& matA, int scalar_Value)

                 //multiplies matrix by a scalar

 {

         Matrix<double> matT4(matA.rows(), matA.columns(), 0);

                 //declares a new matrix

         for (int i = 0; i < matA.rows(); i++)

            {     

            for (int j = 0; j < matA.columns(); j++)

                 {

                   matT4[i] [j] = matA[i] [j]*scalar_Value;

                 } //end FOR

            } //end FOR

                 return matT4;

                 //returns end result

 } //end Operator*

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

 ArrayClass<double> operator* (ArrayClass<double>& arrD, double

                               scalar_Value)

            //multiplies Matrix row by a scalar value

 {

        ArrayClass<double> arrE(arrD.size(), 0);

        for (int j = 0; j < arrD.size(); j++)

        {

           arrE[j] = arrD[j] * scalar_Value;

        } //end FOR

     return arrE;

 } //end Second operator*

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

 Matrix<double> operator+ (Matrix<double>& matA, Matrix<double>& matB)

         //adds two matrices

  {

     if ((matA.rows() != matB.rows()) || (matA.columns() !=

matB.columns()))

          throw MatrixIncompatibleException();

          //checks if matrcies are compatible

          //for addition

     Matrix<double> matC(matA.rows(), matB.columns(), 0);  


 for (int i = 0; i < matA.rows(); i++)

         {

            for (int j = 0; j < matB.columns(); j++)

            {

                 matC[i] [j] = matA[i] [j] + matB [i] [j];

            } //end FOR

         } //end FOR

         return matC;

   } //end Operator+                        

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

 Matrix<double> operator+ (Matrix<double>& matA, int scalar_Value)

           //adds Matrix row and a scalar

  {

     Matrix<double> matT3(matA.rows(), matA.columns(), 0);

         for (int i = 0; i < matA.rows(); i++)

         {

            for (int j = 0; j < matA.columns(); j++)

              {

                 matT3[i] [j] = matA[i] [j] + scalar_Value;

              } //end FOR

         } //end FOR

         return matT3;

   } //end Operator+

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

 ArrayClass<double> operator+ (ArrayClass<double>& arrF,

                               ArrayClass<double>& arrG)

                     //adds two rows from a matrix

 {

         ArrayClass<double> arrT1(arrF.size(), 0);

         for (int m = 0; m < arrF.size(); m++)

         {

           arrT1[m] = arrF[m] + arrG[m];

         } //end FOR

    return arrT1;

     //returns end result

 }

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

 ArrayClass<double> operator+ (ArrayClass<double>& arrF,

                               double scalar_Value)

             //adds matrix row and a scalar

 {

         ArrayClass<double> arrT2(arrF.size(), 0); 

         for (int m = 0; m < arrF.size(); m++)

         {

           arrT2[m] = arrF[m] + scalar_Value;

         } //end FOR

    return arrT2;

     //returns end result

 }

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

 void swap(ArrayClass<double>& arrI, ArrayClass<double>& arrJ)

               //swaps two rows of a matrix

 {

    ArrayClass<double> temp_Array(arrI.size(), 0);

    for (int o = 0; o < arrI.size(); o++)

    {

       temp_Array[o] = arrI[o];

                     //move content of arrI to temp_Array

    } //end FOR 

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

    {

       arrI[p] = arrJ[p];

               //move content of arrJ to arrI

               //swap is half-way complete

    } //end FOR

    for (int q = 0; q < arrJ.size(); q++)

    {

       arrJ[q] = temp_Array[q];

               //put content of temp_Array in arrJ

               //swap complete

    } //end FOR

 }//end SWAP

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

  Matrix<double> operator!(Matrix<double>& matK)

             //creates a transpose

             //of a given Matrix

  {

     Matrix<double> matL(matK.columns(), matK.rows(), 0);

     for (int m = 0; m < matK.columns(); m++)

     {

       for (int n = 0; n < matK.rows(); n++)

       {

            matL [m] [n] = matK [n] [m];

       } //end FOR

     } //end FOR

   return matL;

  } //end Operator!

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

 void main () 

{


Matrix<double> A(5,5,0);


Matrix<double> B(5,3);


A[0][0] = 5; A[0][1] = 4; A[0][2] = 3; A[0][3] = 5; A[0][4] = 10;


A[1][0] = 5; A[1][1] = 4; A[1][2] = 3; A[1][3] = 5; A[1][4] = 10;


A[2][0] = 7; A[2][1] = 8; A[2][2] = 2; A[2][3] = 1; A[2][4] = 12;


A[3][0] = 1; A[3][1] = 4; A[3][2] = 3; A[3][3] = 5; A[3][4] = 9;


A[4][0] = 5; A[4][1] = 1; A[4][2] = 1; A[4][3] = 5; A[4][4] = 4;


B[0][0] = 5; B[0][1] = 4; B[0][2] = 3; 


B[1][0] = 5; B[1][1] = 4; B[1][2] = 3; 


B[2][0] = 7; B[2][1] = 8; B[2][2] = 2; 


B[3][0] = 1; B[3][1] = 4; B[3][2] = 3; 


B[4][0] = 5; B[4][1] = 1; B[4][2] = 1; 


cout << A*B << endl;


try {



cout << B*A << endl;


}


catch (MatrixIncompatibleException)


{



cout << "No of columns of B is not equal to the number of rows of A\n";


}


Matrix<double> C(A);


for (int i=0; i<5; i++)


{



C[i][i] = 1;


}


Matrix<double>* D = new Matrix<double>(C*B);


Matrix<double> E(!A);


cout << "Printing E"<< endl;


cout << E << endl;


try


{


E = A + B ;


cout << "Printing E" << endl;


}


catch (MatrixIncompatibleException)


{



cout << "Incorrect Dimensions for Matrix Addition, Process

                Aborted" << endl;


}


E = A + 100;


cout << "Printing E" << endl;


cout << E << endl;


E = B*10;


cout << "Printing E" << endl;


cout << E << endl;


delete D;

} //end main

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

