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33.1  Introduction

We now have the integer array class fully implemented and functional.  The integer array class served more as a learning tool than a programming tool.  It was a learning tool because it reviewed many OOP concepts, it gave an example how to develop a class and it did explain the inner workings of an array data structure.  But it is not right that the case study stops with the integer array class.  Arrays that can only process integers are not very practical.  We need to continue and change the integer array class to a templated array class.  The same approach used for the integer array will be used for the templated array.  The templated array class will be presented step-by-step.  The steps will be bigger and quicker than the steps used with the integer array, but the case study will continue in the same style.  The templated array class starts with the basic storage array attributes, along with a constructor and destructor.  You have seen a chapter before devoted to templates.  The concept of templates is not so tricky, but the syntax can be quite confusing.  Take a look at a couple of program examples and then we need to establish a few general rules about creating this templated class.

The program examples that follow will introduce each one of the same functions that were used with the integer class.  The only difference is that the functions are now templated.  The explanations will be shorter since in many cases the concepts were introduced already.  After the case study presents the development of a templated array class, the focus will switch to the implementation of a two-dimensional array class.  When the case study is complete this chapter will then finish by showing the entire apvector and apmatrix classes.  At this stage you should be ready to look at these classes and understand, the syntax, and the logic of the AP array classes.

	The Value of Case Studies

	Case studies exist so that students can learn by example.

It is an opportunity for a teacher to say to the student:

This is my solution, and here are the steps I used.
The case study does not present the only approach to

solving a problem, and it may not necessarily present the 

best solution to a problem.  It does present one example

of how to solve a problem in a step-by-step approach.




33.2  Some General Template Rules

Program PROG3301.CPP gets the ball rolling with our templated array class.  There is no new logic presented here.  Memory is accessed in the same manner as was done with the integer array class.  You will also see that the constructors and destructor are identical to their integer array cousins.  Memory, constructors, and destructor is not our concern with this first program.  The key focus with this first program is to see the important syntax pattern that is required to declare a templated class and templated functions.  

All the way through this section you will find that practically all the member functions are identical in logic to the same functions used with the integer array class.  It is the templated function syntax that you need to study closely so that you understand template syntax in general and also know how to use it for specific templated array member functions.

	// PROG3301.CPP

// This program adds a second constructor with a parameter to

// specify the size of the new Array object.

#include <iostream.h>

#include <conio.h>

template <class Type>

class Array

{

   private:

      Type *Memory;  // stores array elements

      int Size;      // number of array elements

   public:

      Array();       // default constructor with 0 elements

      ~Array();      // destructor returns allocated memory

      Array(int N);  // constructor with N array elements

};

void main()

{

   clrscr();

   Array <int> List1;

   Array <float> List2(100);

}




	////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

Array <Type> ::Array()

// Description:    default constructor

// Postcondition:  array constructed with 0 elements

{

   Size = 0;

   Memory = 0;

   cout << "Array object constructed with "


  << Size << " elements." << endl;

}

template <class Type>

Array <Type>::~Array()

// Description:    destructor

// Postcondition:  array is destroyed and memory is returned

{

   delete [] Memory;

   cout << "Array object with " << Size


  << " elements is destroyed." << endl;

   getch();

}

template <class Type>

Array <Type>::Array(int N)

// Description:    overloaded parameter constructor

// Postcondition:  array constructed with N elements

{

   Size = N;

   Memory = new Type[N];

   cout << "Array object constructed with "


  << Size << " elements." << endl;

}




	PROG3301.CPP OUTPUT

Array object constructed with 0 elements

Array object constructed with 100 elements

Array object with 100 elements is destroyed

Array object with 0 elements is destroyed




Are you ready for some general rules about templated classes, or at least are you ready for rules that you observed with this templated array class?  Certain program statements will show up again and again when you work with a templated class.  There seems to be some overkill in announcing that we are working with a templated class.

	Templated Class Rules

	Precede the class declaration with a special template 
declaration, and indicate a generic data type identifier.

template <class Type>

class Array

{
Inside the class declaration use the same data type

identifier in all the appropriate locations.

   Type *Memory;  // stores array elements

   int Size;      // number of array elements

Be careful to use regular C++ types where needed, such

as int Size above.  All data types are not generic.

Each member function of the templated class must be

preceded by the same template declaration as the class.

The generic type identifier follows the class name placed

between angle brackets.

template <class Type>

Array <Type>::Array(int N)

Use the generic type identifier inside the member function

in all the appropriate statements.

Memory = new Type[N];




33.3  Accessing Array Elements

You see that the templated array class goes at a quicker pace than the original integer array class of the last chapter.  The similarity with the last chapter allows us to take bigger jumps in introducing more member functions.  This section shows how to access array elements.  Array access is shown with another constructor function that initializes every array element, and access is also shown with a templated index operator function.  The index function also provides protection against attempts to access array memory that is outside the legal index range.

	Legal Array Index Reminder

	An array with N elements has a legal index range of [0 . . N-1]




	// PROG3302.CPP

// This program adds an index operator function that checks for

// index range errors.  The program also adds another constructor

// which initializes a new object with a specified value for each

// array element.

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include "APSTRING.H"

template <class Type>

class Array

{

   private:

      Type *Memory;  // stores array elements

      int Size;      // number of array elements

   public:

      Array();       // default constructor with 0 elements

      ~Array();      // destructor returns allocated memory

      Array(int N);  // constructor with N array elements

      Array(int N, const Type &Val);

              
   // constructor with N Val array elements

      Type &operator[] (int K);




   // allows indexed [] array access

};

void main()

{

   Array <int> List1(10,1234);

   int K;

   for (K=0; K < 10; K++)  cout << List1[K] << "  ";

   cout << endl << endl;

   Array <double> List2(8,3.14159);

   for (K=0; K < 8; K++)  cout << List2[K] << "  ";

   cout << endl << endl;

   Array <apstring> List3(5,"AARDVARK");

   for (K=0; K < 5; K++)  cout << List3[K] << "  ";

   getch();

}




	////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

Array <Type>::Array(int N, const Type &Val)

// Description:    overloaded parameter constructor

// Postcondition:  array constructed with N elements

{

   Size = N;

   Memory = new Type[N];

   for (int K = 0; K < N; K++)

      Memory[K] = Val;

}

template <class Type>

Type &Array <Type>::operator[] (int K)

// Description:    overloaded index [] operator

// Postcondition:  returns the kth element of the array

{

   if (K < 0 || K >= Size)

   {

      cout << endl << endl;

      cout << "Access to illegal index " << K << " attempted" 

           << endl;

      abort();

   }

   return Memory[K];

}




	PROG3302.CPP OUTPUT

1234  1234  1234  1234  1234  1234  1234  1234  1234  1234

3.14159  3.14159  3.14159  3.14159  3.14159  3.14159  3.14159

AARDVARK  AARDVARK  AARDVARK  AARDVARK  AARDVARK


33.4  Copying an Array
Copying an array, or copying any object, occurs with assignment, value parameter passing and defining a new object with an existing object as parameter.  We need a special copy constructor and an overloaded assignment operator to do the job safely without potential loss of information.  This is true for regular classes, as well as templated classes.  This section also adds the Length function, which is especially useful with parameter passing.  Without a Length function, parameter passing will require both the object and the size of the object.  Passing two pieces of information for one object is not only messy, it is also against encapsulation.  The size of the array needs to be neatly tucked inside its private class segment, and access should be only provided by some public member function.

	// PROG3303.CPP

// This program adds a copy constructor, assignment operator,

// a Length function and a non-member DisplayList function.

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include "APSTRING.H"

template <class Type>  class Array

{

   private:

      Type *Memory;  // stores array elements

      int Size;      // number of array elements

   public:

      Array();       // default constructor with 0 elements

      ~Array();      // destructor returns allocated memory

      Array(int N);  // constructor with N array elements

      Array(int N, const Type &Val);




   // constructor with N Val array elements

      Array(const Array &A);




   // copy constructor

      Array &operator= (const Array <Type> &RHS);




   // assignment operator

      Type &operator[] (int K);




   // allows indexed [] array access

      int Length() const;




   // return number of array elements

};

template <class Type>  void DisplayList(const Array <Type> &L)

{

   int K;

   int N = L.Length();

   for (K = 0; K < N; K++) cout << L[K] << "  ";

   cout << endl;

}

void main()

{

   clrscr();

   Array <int> List1(8,1234);

   Array <int> List2(5,3333);

   DisplayList(List1);

   DisplayList(List2);

   Array <int> List3(List1);

   DisplayList(List3);

   List3 = List1;

   DisplayList(List3);

   getch();

}




	////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

Array <Type>::Array(const Array <Type> &A)

// Description:    copy constructor

// Postcondition:  Array object is a copy of A with its own

//                 memory location.

{

   Size = A.Length();

   Memory = new Type[Size];

   for (int K = 0; K < Size; K++)

      Memory[K] = A.Memory[K];

}

template <class Type>

Array <Type> &Array <Type>::operator= (const Array <Type> &RHS)

// Description:    overloaded assignment operator

// Postcondition:  copy of RHS is returned to the lvalue of the

//                 assignment operation.

{

   delete [] Memory;

   Size = RHS.Length();

   Memory = new Type[Size];

   for (int K = 0; K < Size; K++)

      Memory[K] = RHS.Memory[K];

   return *this;

}

template <class Type>

int Array <Type>::Length() const

// Description:    member function to access Array Size

// Postcondition:  returns number of Array elements

//                 accessor function cannot modify private data

{

   return Size;

}




	PROG3303.CPP OUTPUT

1234  1234  1234  1234  1234  1234  1234  1234

3333  3333  3333  3333  3333

1234  1234  1234  1234  1234  1234  1234  1234

1234  1234  1234  1234  1234  1234  1234  1234




33.5  Dynamic Array Alteration

It will not hurt to repeat this information about the C-style arrays.  C-style arrays have serious problems with index range checking.  You can easily get in trouble by accessing memory locations outside the allocated space for the array.  With our own array classes we have that range problem covered by declaring an overloaded index operator function.  The function accesses memory only after first checking the index range.  Access outside the index range is rewarded with an error message and a “controlled” program crash.

	Controlled Program Crash

	A “controlled program crash” stops program execution in 

such a manner that it is not necessary to warm-boot or

cold-boot the computer.  Such a crash is desirable because the programmer is warned about some program flaw without the inconvenience of a slow reboot.




C-style arrays have a second problem with memory allocation.  Memory is allocated by the compiler before program execution.  This means that the programmer must decide during program development how large the array will need to be.  This is not an enviable task and no programmer can predict the manner in which a program is going to be used in the future.  Our array classes allocate memory dynamically with the new operator during program execution.  At the same time it is possible to increase or decrease the need for memory as the program’s needs change.  The program user controls this requirement.  This capability is performed with the templated NewSize function, shown in the next program example.  This program also adds a second index operator function for situations where it is necessary to access a const object.

	// PROG3304.CPP

// This program adds the const index operator function and it

// also adds the newsize function.

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include "APSTRING.H"

template <class Type>

class Array

{

   private:

      Type *Memory;  // stores array elements

      int Size;      // number of array elements

   public:

      Array();       // default constructor with 0 elements

      ~Array();      // destructor returns allocated memory

      Array(int N);  // constructor with N array elements

      Array(int N, const Type &Val);




   // constructor with N Val array elements

      Array(const Array &A);




   // copy constructor

      Array &operator= (const Array <Type> &RHS);




   // assignment operator

      Type &operator[] (int K);




   // allows indexed [] array access

      const Type &operator[] (int K) const;

                     // allows indexed [] const array access

      int Length() const;




   // return number of array elements

      void NewSize(int N);




   // dynamically alters array size

};

void main()

{

   clrscr();

   Array <int> List(6,1234);

   DisplayList(List);

   List.NewSize(10);

   DisplayList(List);

   List.NewSize(4);

   DisplayList(List);

   getch();

}




	////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

const int &Array <Type>::operator[] (int K) const

// Description:    overloaded index [] operator

// Postcondition:  returns the kth element of the array if proper

//                 index is provided, otherwise program terminates 

{

   if (K < 0 || K >= Size)

   {

      cout << endl << endl;

      cout << "Access to illegal index " << K << " attempted" 

           << endl;

      abort();

   }

   return Memory[K];

}

template <class Type>

void Array <Type>::NewSize(int N)

// Description:    member function dynamically alters array size

// Precondition:   current array size is >= 0;  N >= 0

// Postcondition:  array is dynamically resized to N elements

{

   Type *TempPtr;

   int Items;

   if (N >= Size)

      Items = Size;

   else

      Items = N;

   TempPtr = new Type[N];

   for (int K=0; K < Items; K++)

      TempPtr[K] = Memory[K];

   delete [] Memory;

   Size = N;

   Memory = TempPtr;

}


	PROG3304.CPP OUTPUT

1234  1234  1234  1234  1234  1234

1234  1234  1234  1234  1234  1234  0  23069  15204  2015

1234  1234  1234  1234  




33.6  The Templated Array Class Files
Program PROG3305.CPP combines the entire templated array class into two files in the same manner as the earlier integer class.  The TARRAY.H file is the header file with the class declaration and TARRAY.CPP is the implementation file for all the member functions.  This program only tests the features of the templated array class in a limited manner.  The previous programs tested each one of the functions as they were added.  This program makes sure that the files are included properly and that the program compiles and executes.

	// PROG3305.CPP

// This program uses the templated array files.

#include "TARRAY.H"

template <class Type>

void DisplayList(const Array <Type> &L)

{

   int K;

   int N = L.Length();

   for (K = 0; K < N; K++)

      cout << L[K] << "  ";

   cout << endl;

}

void main()

{

   clrscr();

   Array <int> List(6,1234);

   DisplayList(List);

   List.NewSize(10);

   DisplayList(List);

   List.NewSize(4);

   DisplayList(List);

   getch();

}




	PROG3305.CPP OUTPUT

1234  1234  1234  1234  1234  1234

1234  1234  1234  1234  1234  1234  19282  0  5284  24

1234  1234  1234  1234  




	// TARRAY.H

// The header file of the templated array file.

#ifndef _TARRAY_H

#define _TARRAY_H

template <class Type>

class Array

{

   private:

      Type *Memory; // stores array elements

      int Size;     // number of array elements

   public:

      Array();      // default constructor with 0 elements

      ~Array();     // destructor returns allocated memory

      Array(int N); // constructor with N array elements

      Array(int N, const Type &Val);




// constructor with N Val array elements

      Array(const Array<Type> &A);




// copy constructor

      Array &operator= (const Array <Type> &RHS);




// assignment operator

      Type &operator[] (int K);




// allows indexed [] array access

      const Type &operator[] (int K) const;

                    // allows indexed [] const array access

      int Length() const;




// return number of array elements

      void NewSize(int N);




// dynamically alters array size

};

#include ”TARRAY.CPP”

#endif




	// TARRAY.CPP

// Implementation file of templated array class

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

Array <Type>::Array()

// Description:    default constructor

// Postcondition:  array constructed with 0 elements

{

   Size = 0;

   Memory = 0;

}

template <class Type>

Array <Type>::~Array()

// Description:    destructor

// Postcondition:  array is destroyed and memory is returned

{

   delete [] Memory;

}

template <class Type>

Array <Type>::Array(int N)

// Description:    overloaded parameter constructor

// Postcondition:  array constructed with N elements

{

   Size = N;

   Memory = new Type[N];

}

template <class Type>

Array <Type>::Array(int N, const Type &Val)

// Description:    overloaded parameter constructor

// Postcondition:  array constructed with N elements

{

   Size = N;

   Memory = new Type[N];

   for (int K = 0; K < N; K++)

      Memory[K] = Val;

}

template <class Type>

Array <Type>::Array(const Array <Type> &A)

// Description:    copy constructor

// Postcondition:  Array object is a copy of A with its own

//                 memory location.

{

   Size = A.Length();

   Memory = new Type[Size];

   for (int K = 0; K < Size; K++)

      Memory[K] = A.Memory[K];

}

template <class Type>

Array <Type> &Array <Type>::operator= (const Array <Type> &RHS)

// Description:    overloaded assignment operator

// Postcondition:  copy of RHS is returned to the lvalue of the

//                 assignment operation.

{

   delete [] Memory;

   Size = RHS.Length();

   Memory = new Type[Size];

   for (int K = 0; K < Size; K++)

      Memory[K] = RHS.Memory[K];

   return *this;

}

template <class Type>

Type &Array <Type>::operator[] (int K)

// Description:    overloaded index [] operator

// Postcondition:  returns the kth element of the array

{

   if (K < 0 || K >= Size)

   {

      cout << endl << endl;

      cout << "Access to illegal index " << K << " attempted" 

           << endl;

      abort();

   }

   return Memory[K];

}

template <class Type>

const Type &Array <Type>::operator[] (int K) const

// Description:    overloaded index [] operator

// Postcondition:  returns the kth element of the array if proper

//                 index is provided, otherwise program is

//                 terminated with error message.

{

   if (K < 0 || K >= Size)

   {

      cout << endl << endl;

      cout << "Access to illegal index " << K << " attempted" 

           << endl;

      abort();

   }

   return Memory[K];

}

template <class Type>

int Array <Type>::Length() const

// Description:    member function to access Array Size

// Postcondition:  returns number of Array elements

//                 accessor function cannot modify private data

{

   return Size;

}

template <class Type>

void Array <Type>::NewSize(int N)

// Description:    member function dynamically alters array size

// Precondition:   current array size is >= 0;  N >= 0

// Postcondition:  array is dynamically resized to N elements

{

   type *TempPtr;

   int Items;

   if (N >= Size)

      Items = Size;

   else

      Items = N;

   TempPtr = new Type[N];

   for (int K=0; K < Items; K++)

      TempPtr[K] = Memory[K];

   delete [] Memory;

   Size = N;

   Memory = TempPtr;

}




33.7  A Two-Dimensional Array Class

The importance of a two-dimensional array data structure was established quite some time ago.  You learned that in mathematics, engineering, science and business, linear programming is a vital topic.  Linear programming involves the manipulation of equations with matrices, and it so happens that matrix data can conveniently be stored in a two-dimensional array.  As a matter of fact the name of the two-dimensional array implementation we use is the apmatrix class.  Actually, we do not even need to leave computer science to find applications for two dimensional arrays.  Graphics is a major big deal in computer science and one aspect of graphics is the storing of graphics pages in two-dimensional arrays.

Like we did earlier for one-dimensional arrays, we will now set out to develop our very own two-dimensional array class.  There might be many similarities between one and two dimensional arrays, but you still need to look at the implementations separately.  The type of member functions used by a two-dimensional array are identical to the member functions of a one-dimensional array, but the code is quite different.  So let us look and see what is involved.

Data Storage for a Two-Dimensional Array

Storage in the one-dimensional array class was done with a pointer to the data type of the array.  The new operator allocated the correct amount of memory based on the number of array elements.  It was pretty easy to use a program statement like Memory = new int[N].  Later this was changed to Memory = new Type[N]  when we switched to a templated array class.  Do we use the same approach with two-dimensional arrays?  The answer is yes and no.  We still use pointers, and we still use the new operator to allocate memory, but just how is memory allocated two-dimensionally?.  Perhaps you expect some clever program statement like Memory = new Type[R][C].  Based on your knowledge about two-dimensional arrays that makes perfect sense, but it is wrong.  There is no such thing as two dimensional memory.

	Computer Data Storage

	All computer memory is one-dimensional.  Data is stored

in memory blocks, which are identified by a sequence of

memory addresses.

C++ has no direct mechanism to identify multi-dimensional

memory space.  Access is provided by some algorithm

that translates multidimensional notation to some location

in memory that is one-dimensional.




The first program example does not access any memory location yet.  This business about a translation algorithm will need to wait for the next program.  Right now program PROG3306.CPP provides necessary storage for a two-dimensional object of a specified size.  The specified size is for two dimensions, and these values are stored in Rows and Cols.  We will plunge straight into a templated class and use Type generically rather than int.  This means that the required space will be the number of rows times the number of columns times the space required for the data type of Type.  This requirement is handled with the statement  Memory = new Type[R*C];
	// PROG3306.CPP

// This programs starts the declaration of a Two-Dimensional

// Array object.  Only constructors and destructor are provided.

#include <iostream.h>

#include <conio.h>

template <class Type>

class TDArray

{

   private:

      Type *Memory; // stores array elements

      int Rows;     // number of rows

      int Cols;     // number of columns

   public:

      TDArray();    // default constructor with 0 elements

      ~TDArray();   // destructor returns allocated memory

      TDArray(int R, int C);




  // constructor with N array elements

};

void main()

{

   clrscr();

   TDArray <int> Matrix1;

   TDArray <float> Matrix2(4,3);

}

////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

TDArray <Type> ::TDArray()

// Description:    default constructor

// Postcondition:  array constructed with 0 elements

{

   Rows = 0;

   Cols = 0;

   Memory = 0;

   cout << "Default constructor called " << endl;

}

template <class Type>

TDArray <Type>::~TDArray()

// Description:    destructor

// Postcondition:  array is destroyed and memory is returned

{

   delete [] Memory;

   cout << "TDArray object destroyed" << endl;

   getch();

}

template <class Type>

TDArray <Type>::TDArray(int R, int C)

// Description:    overloaded parameter constructor

// Postcondition:  array constructed with Y rows and X cols

{

   Rows = R;

   Cols = C;

   Memory = new Type[R*C];

   cout << "TDArray object constructed with " << R << " rows and "


  << C << " columns" << endl;

}




	PROG3306.CPP OUTPUT

Default constructor called

TDArray object constructed with 4 rows and 3 columns

TDArray object destroyed

TDArray object destroyed




Accessing Two-Dimensional  Memory Storage

The next program example adds another constructor that initializes every array element to a specified value.  Such a function is old news.  You have seen that done a number of times and the logic is not tricky.  You make sure that the necessary memory is allocated and traverse every array location so that the value can be assigned in the proper spaces.  All that is true, but we now need to seriously consider how to convert this two-dimensional space into a one dimensional memory situation.  Before you look at the implementation code of this constructor let us consider some diagrams on the next page to help explain the process.  

The first set of diagrams pictures a one-dimensional array with eight integers.  The first picture shows an array with the integer value for each array element, along with the index for each array location.  The second picture shows the same array values stored in memory with memory addresses.  (never mind the short unrealistic addresses)

Diagram of One-Dimensional Array with Index Access
	[0]

123
	[1]

124
	[2]

125
	[3]

126
	[4]

127
	[5]

128
	[6]

129
	[7]

130


Diagram of One-Dimensional Array with Memory Addresses
	[A100]

123
	[A102]

124
	[A104]

125
	[A106]

126
	[A108]

127
	[A10A]

128
	[A10C]

129
	[A10E]

130


The next set of diagrams shows the two-dimensional array diagram, again with index notation, and the conversion to memory addresses.  Do you see what is happening, and how this conversion is possible?

Diagram of Two-Dimensional Array with Index Access
	[0][0]

123
	[0][1]

124
	[0][2]

125

	[1][0]

126
	[1][1]

127
	[1][2]

128

	[2][0]

129
	[2][1]

130
	[2][2]

131


Diagram of Two-Dimensional Array with Memory Addresses
	[A100]

123
	[A102]

124
	[A104]

125
	[A106]

126
	[A108]

127
	[A10A]

128
	[A10C]

129
	[A10E]

130
	[A110]

131


What do you get when you take three rows of a 3 X 3 matrix and place these rows end to end?  You get a 1 X 9 matrix.  This is precisely what is shown in the diagrams above.  Now all we need is some clever little formula to convert this 2D business into 1D memory reality.  How about: multiply the Row index times the number of Columns plus the Column index?  You will see that formula used in the next program example.  By the way, do not expect the conversion to give you some hexadecimal memory address.  Such business is the responsibility of the Memory pointer which stores the address of the [0] array element.  C++ will help you out and convert the proper index value into a memory address.

	Memory Conversion Formula for Two-Dimensional Arrays

	Computer memory cannot be accessed with multi dimensions.

All memory addresses are in a one-dimensional sequence.

The following formula provides a single one-dimension index

value based on two-dimension index values.

Index = C + R * Cols;      //  Cols is number of Columns

R = current Row index   C = current Col index


	// PROG3307.CPP

// This program adds a constructor that initializes a value in

// each TDArray elements

#include <iostream.h>

#include <conio.h>

template <class Type>

class TDArray

{

   private:

      Type *Memory; // stores array elements

      int Rows;     // number of rows

      int Cols;     // number of columns

   public:

      TDArray();    // default constructor with 0 elements

      ~TDArray();   // destructor returns allocated memory

      TDArray(int R, int C);




  // constructor with R X C array elements

      TDArray(int R, int C, const Type Val);




  // constructor with R X C Val array elements

};

void main()

{

   clrscr();

   TDArray <int> Matrix1(4,3);

   TDArray <float> Matrix2(5,7,3.145);

}




	////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

TDArray <Type>::TDArray(int Y, int X, const Type Val)

// Description:    overloaded parameter constructor

// Postcondition:  array constructed with Y rows and X cols

{

   Rows = Y;

   Cols = X;

   Memory = new Type[Y*X];

   cout << "TDArray object constructed with " << Y << " rows and "


  << X << " columns, initialized with " << Val << endl;

   int R, C;

   for (R = 0; R < Y; R++)

      for (C = 0; C < X; C++)


   Memory[C + R*X] = Val;

}




	PROG3307.CPP OUTPUT

TDArray object constructed with 4 rows and 3 columns

TDArray object constructed with 5 rows and 7 columns,

initialized with 3.1415

TDArray object destroyed

TDArray object destroyed




A very important, yet very subtle point, was made with the initializer constructor.  That function did show how to perform array access.  You did see how it is possible to convert two-dimensional index notation to one-dimensional index values.  But this was done without any kind of  two-dimensional index notation.  The normal type of index notation like List[R][C] = Val; was not used, nor necessary, since the constructor accesses memory directly.

Displaying Two-Dimensional Array Elements

We can now write a Display member function, using the knowledge of our new conversion formula.  This is a piece of cake.  All we need is a pair of nested loops and by applying the formula to the Row and Col values of the two-dimensional matrix, it becomes easy to access the memory addresses.  This process is shown in the next program example with the new Display function.

There is nothing very spectacular about the logic of the Display function.  It uses the same 2D/1D conversion formula that was used for the initializing constructor of the previous program.  It really is the constructor function in reverse.  The constructor function accessed memory by assigning a value to the proper memory address.  Now the Display function accesses memory in the same manner, and displays the value on the monitor.

The Display function does the job very nicely, and the output sample shows the type of output that we want for a two-dimensional data structure.  Yet, something is not quite right.  Do you feel that there is anything wrong with our Display function?  Look at the program, and especially the new function closely.  Are we doing this in the manner that you expect?

	// PROG3308.CPP

// This program adds a Display function, which accesses every

// array element for output display.  

// It does not use overloaded operator indexed type of access.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

template <class Type>

class TDArray

{

   private:

      Type *Memory; // stores array elements

      int Rows;     // number of rows

      int Cols;     // number of columns

   public:

      TDArray();    // default constructor with 0 elements

      ~TDArray();   // destructor returns allocated memory

      TDArray(int R, int C);




  // constructor with R X C array elements

      TDArray(int R, int C, const Type Val);




  // constructor with R X C Val array elements

      void Display();   

                    // member function to display array elements

};

void main()

{

   clrscr();

   TDArray <int> Matrix1(4,3,1234);

   TDArray <apstring> Matrix2(5,7,"BOB");

   cout << endl << endl;

   Matrix1.Display();

   cout << endl << endl;

   getch();

   Matrix2.Display();

   getch();

}




	////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

void TDArray <Type>::Display()

// Description:    member function to access array elements for

//                 output display

// Postcondition:  every array element is displayed in matrix

//                 format with rows by columns

{

   int R, C;

   for (R = 0; R < Rows; R++)

   {

      for (C = 0; C < Cols; C++)


 cout << Memory[C + R*Cols] << "   ";

      cout << endl;

   }

}




	PROG3308.CPP OUTPUT

1234  1234  1234

1234  1234  1234

1234  1234  1234

1234  1234  1234

BOB  BOB  BOB  BOB  BOB  BOB  BOB

BOB  BOB  BOB  BOB  BOB  BOB  BOB

BOB  BOB  BOB  BOB  BOB  BOB  BOB

BOB  BOB  BOB  BOB  BOB  BOB  BOB

BOB  BOB  BOB  BOB  BOB  BOB  BOB




The problem with this new Display function is that it does not use array access in the manner that we expect.  The function works, sure, but input and output to an array data structure is traditionally done with indexed notation.  

No problem since you are now an expert with overloaded operators.  All we need to do is add a new overloaded index operator function, and we have the access that we want.  Such logic is precisely what is shown, and attempted in PROG3309.CPP.

	// PROG3309.CPP

// This program tries to add an overloaded index operator function

// to provide indexed array element access.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

template <class Type>

class TDArray

{

   private:

      Type *Memory;  // stores array elements

      int Rows;      // number of rows

      int Cols;      // number of columns

   public:

      TDArray();     // default constructor with 0 elements

      ~TDArray();    // destructor returns allocated memory

      TDArray(int R, int C);




   // constructor with R X C array elements

      TDArray(int R, int C, const Type Val);




   // constructor with R X C Val array elements

      void Display();   

                     // member function to display array elements

      Type &operator[][] (int R, int C);




   // allows indexed [] array access

};

void main()

{

   clrscr();

   TDArray <int> Matrix(4,3,1234);

   int R,C;

   for (R = 0; R < 4; R++)

   {

      for (C = 0; C < 3; C++)


 cout << Matrix[R][C] << "  ";

      cout << endl;

   }

   getch();

}




	////////////////////////////////////////////////////////////////

//  FUNCTION IMPLEMENTATIONS  //////////////////////////////////

////////////////////////////////////////////////////////////////

template <class Type>

Type &Array <Type>::operator[][] (int R, int C)

// Description:    overloaded index [][] operator

// Postcondition:  returns the kth element of the array

//                 range protection is not provided

{

   return Memory[C + R*Cols];

}




	PROG3309.CPP HAS NO PROGRAM EXECUTION OUTPUT

Error PROG3309.CPP 26:  Not an allowed type




The operator function intentionally does not bother with range error protection.  It would be easy to include such protection, but what is the point enhancing a function that does not work anyway?  You will get a variety of error messages with this type of function, starting with Not an allowed type.  Perhaps you think that C++ is unhappy about the double bracket [][] notation and you suggest that we remove one set of brackets.  We can do that.  Try it and see what happens.  Well C++ rewards you now with a different error message, which indicates that only one parameter is allowed with this type of function.

All this business is very frustrating because you know for a fact that a program statement like cout << Square[R][C]; can be done because you used such statements in a previous chapter.  This was all part of the capabilities of the apmatrix class.  So what does apmatrix have that we do not have?  

We are now at a perfect moment where you need to realize that much can be learned from the work of other people.  Not everything should be invented from scratch.  The people who created the apmatrix class did something quite clever that solves this problem very nicely.  You may think that it is odd to present something that does not work, but that is part of a case study strategy.  A case study presents a sequence in program development and the logic for using certain steps.  Frequently, a wrong approach is used, and you can learn as much, if not more, from the wrong approach than the correct path.

33.8  The apvector Class

This chapter will conclude with the code of the apvector and the apmatrix classes.  If your curiosity is just too strong about this two-dimensional array access problem, you may wish to move ahead and look at the apmatrix class.  I think you have the proper tools now to take a close look at these classes.  You will see many functions done in a very similar manner, and you will also see certain differences.  These classes were written by experts in C++ and they serve not only as an excellent tool for programming, but also as a very good example of C++ programming style.  See if you observe any difference between the AP classes and the classes presented in the case study.

APVECTOR.H FILE

#ifndef _APVECTOR_H

#define _APVECTOR_H

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

// APCS vector class template

//

// implements "safe" (range-checked) arrays

// examples are given at the end of this file

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

template <class itemType> 

class apvector

{

  public:

  // constructors/destructor

    apvector( );                        // default constructor (size==0)

    apvector( int size );               // initial size of vector is size

    apvector( int size, const itemType & fillValue ); 

                                        // all entries == fillValue

    apvector( const apvector & vec );   // copy constructor

    ~apvector( );                       // destructor

  // assignment

    const apvector & operator = ( const apvector & vec );

  // accessors

    int  length( ) const;               // capacity of vector

  // indexing

    itemType &       operator [ ] ( int index );

                                        // indexing with range checking

    const itemType & operator [ ] ( int index ) const; 

                                        // indexing with range checking

  // modifiers

    void resize( int newSize );         // change size dynamically; 

                                        // can result in losing values        

  private:

    int  mySize;                        // # elements in array

    itemType * myList;                  // array used for storage

};

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

//  Specifications for vector functions

//

//  The template parameter itemType must satisfy the following two conditions:

//   (1) itemType has a 0-argument constructor

//   (2) operator = is defined for itemType

//  Any violation of these conditions may result in compilation failure.

//

//  Any violation of a function's precondition will result in an error message

//  followed by a call to abort.

//

//  constructors/destructor

//

//   apvector( )

//     postcondition: vector has a capacity of 0 items, and therefore it will

//                    need to be resized

//

//   apvector( int size )

//     precondition: size >= 0

//     postcondition: vector has a capacity of size items

//

//   apvector( int size, const itemType & fillValue )

//     precondition: size >= 0

//     postcondition: vector has a capacity of size items, all of which are set

//                    by assignment to fillValue after default construction

//

//   apvector( const apvector & vec )

//     postcondition: vector is a copy of vec

//

//   ~apvector( )

//     postcondition: vector is destroyed

//

//  assignment

//

//   const apvector & operator = ( const apvector & rhs )

//     postcondition: normal assignment via copying has been performed;

//                    if vector and rhs were different sizes, vector

//                    has been resized to  match the size of rhs

//

//  accessor

//

//   int  length( ) const

//     postcondition: returns vector's size (number of memory cells 

//                    allocated for vector)

//

//  indexing

//

//   itemType &       operator [ ] ( int k )       -- index into nonconst vector

//   const itemType & operator [ ] ( int k ) const -- index into const vector

//     description: range-checked indexing, returning kth item

//     precondition: 0 <= k < length()

//     postcondition: returns the kth item

//

//  modifier

//

//   void resize( int newSize )

//     description:  resizes the vector to newSize elements

//     precondition: the current capacity of vector is length; newSize >= 0

//

//     postcondition: the current capacity of vector is newSize; for each k

//                    such that 0 <= k <= min(length, newSize), vector[k]

//                    is a copy of the original; other elements of vector are 

//                    initialized using the 0-argument itemType constructor

//                    Note: if newSize < length, elements may be lost

//

#include ”APVECTOR.CPP”

#endif

APVECTOR.CPP FILE

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

//  APCS vector class  IMPLEMENTATION

//

//  see vector.h for complete documentation of functions

//

//  vector class consistent with a subset of the standard C++ vector class

//  as defined in the draft ANSI standard (part of standard template library)

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

#include <stdlib.h>

#include <assert.h>

#include <iostream.h>

template <class itemType>

apvector<itemType>::apvector()

//postcondition: vector has a capacity of 0 items, and therefore it will

//               need to be resized

    : mySize(0),

      myList(0)      

{

}

template <class itemType>

apvector<itemType>::apvector(int size)

// precondition: size >= 0

// postcondition: vector has a capacity of size items

   : mySize(size),

     myList(new itemType[size])

{

}

template <class itemType>

apvector<itemType>::apvector(int size, const itemType & fillValue)

// precondition: size >= 0

// postcondition: vector has a capacity of size items, all of which are set

//                by assignment to fillValue after default construction

    : mySize(size),

      myList(new itemType[size])

{

    int k;

    for(k = 0; k < size; k++)

    {

        myList[k] = fillValue;

    }

}

template <class itemType>

apvector<itemType>::apvector(const apvector<itemType> & vec)

// postcondition: vector is a copy of vec

    : mySize(vec.length()),

      myList(new itemType[mySize])

{

    int k;

        // copy elements

    for(k = 0; k < mySize; k++){

        myList[k] = vec.myList[k];

    }

}

template <class itemType>

apvector<itemType>::~apvector ()

// postcondition: vector is destroyed     

{

    delete [] myList;

}

template <class itemType>

const apvector<itemType> &

apvector<itemType>::operator = (const apvector<itemType> & rhs)

// postcondition: normal assignment via copying has been performed;

//                if vector and rhs were different sizes, vector

//                has been resized to  match the size of rhs

{

    if (this != &rhs)                           // don't assign to self!

    {

        delete [] myList;                       // get rid of old storage

        mySize = rhs.length();

        myList = new itemType [mySize];         // allocate new storage

            // copy rhs

        int k;

        for(k=0; k < mySize; k++)

        {

            myList[k] = rhs.myList[k];

        }

    }

    return *this;                               // permit a = b = c = d

}

template <class itemType>

int apvector<itemType>::length() const

// postcondition: returns vector's size (number of memory cells 

//                allocated for vector)

{

    return mySize; 

}

template <class itemType>

itemType & apvector<itemType>::operator [] (int k)

// description: range-checked indexing, returning kth item

// precondition: 0 <= k < length()

// postcondition: returns the kth item     

{

    if (k < 0 || mySize <= k)

    {

        cerr << "Illegal vector index: " << k << " max index = ";

        cerr << mySize-1 << endl;

        abort();

    }

    return myList[k]; 

}

template <class itemType>

const itemType & apvector<itemType>::operator [] (int k) const

// safe indexing, returning const reference to avoid modification

// precondition: 0 <= index < length

// postcondition: return index-th item

// exception: aborts if index is out-of-bounds

{

    if (k < 0 || mySize <= k)

    {

        cerr << "Illegal vector index: " << k << " max index = ";

        cerr << mySize-1 << endl;

        abort();

    }

    return myList[k]; 

}

template <class itemType>

void apvector<itemType>::resize(int newSize)

// description:  resizes the vector to newSize elements

// precondition: the current capacity of vector is length(); newSize >= 0

// postcondition: the current capacity of vector is newSize; for each k

//                such that 0 <= k <= min(length, newSize), vector[k]

//                is a copy of the original; other elements of vector are 

//                initialized using the 0-argument itemType constructor

//                Note: if newSize < length, elements may be lost

{

    int k;        

    int numToCopy = newSize < mySize ? newSize : mySize;

         // allocate new storage and copy element into new storage

    itemType * newList = new itemType[newSize];

    for(k=0; k < numToCopy; k++)

    {

        newList[k] = myList[k];

    }

    delete [] myList;                      // de-allocate old storage

    mySize = newSize;                      // assign new storage/size

    myList = newList;

}

AP Classes Use Initializer Lists

Did you see differences between the case study templated array class and the apvector class?  Now I am not talking about differences, such as using NewSize in the place of Resize.  How about any significant differences.  Take a look at these constructors below.  Are they any different?

	template <class itemType>

apvector<itemType>::apvector()

//postcondition: vector has a capacity of 0 items, and therefore

//               it will need to be resized

    : mySize(0),

      myList(0)      

{

}

template <class itemType>

apvector<itemType>::apvector(int size)

// precondition: size >= 0

// postcondition: vector has a capacity of size items

   : mySize(size),

     myList(new itemType[size])

{

}




There are no program statements in the function bodies.  All information is assigned in the initializer list.  Do you remember that special feature back in the chapter on inheritance?  It was mentioned that initalizer lists provide faster processing, but more importantly it allows the constructor of a derived class to pass information to the constructor of  a base class.  You may think that this does not mean much because you are not planning to use inheritance.  As a matter of fact, you did not remember any inheritance issues with the templated array classes.  So why did the AP folks use the initializer lists?  I have included a reminder from the previous chapter.  Hopefully that clears up this issue. 
	Reason for Using the Initializer List

	Use the initializer list when a class has members of another

class type, and information needs to be passed to the

“nested” constructor.

This does not only apply to user-defined classes, but also to

existing classes like apstring, apvector and apmatrix.  These

AP classes are frequently used to declare data variables

in a user-defined class.




We certainly make ample use of the apstring class.  For this reason the C++ committee implemented constructors in their apvector class, and also the apmatrix  class with initializer lists.  It is an excellent example of creating a class that considers all the possibilities.  You see the C++ committee is far more clever than I am because I had forgotten about that possibility when I created my own array classes.  It does pay to consider a variety of sources.

33.9  The apmatrix Class

You will need to look at the apmatrix class quite a bit slower than the apvector class.  The one-dimensional array stuff has been developed so carefully in a step-by-step approach that the apvector class did not present too many new developments.  Intentionally, you were only given a brief introduction of a second templated array class for two-dimensions.  That introduction ended with some serious problems in the area of accessing array elements with index notation.

The time has come where you need to take your knowledge and do some analyzing.  No more function-by-unction stuff.  Right now the whole class is thrown at you in one big step.  Read it slowly, analyze it carefully, and see how this class is developed.  In particular see if you understand how they managed to solve the problem of the index operator.
APMATRIX.H FILE

#ifndef _APMATRIX_H

#define _APMATRIX_H

#include "APVECTOR.H"

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

// APCS matrix class

//

// extends apvector.h to two dimensional "safe" (range-checked) matrices

// examples are given at the end of this file

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

template <class itemType>

class apmatrix

{

  public:

  // constructors/destructor

    apmatrix( );                       // default size 0 x 0

    apmatrix( int rows, int cols );    // size rows x cols

    apmatrix( int rows, int cols, const itemType & fillValue );           

                                       // all entries == fillValue

    apmatrix( const apmatrix & mat );  // copy constructor

    ~apmatrix( );                      // destructor

  // assignment

    const apmatrix & operator = ( const apmatrix & rhs );

  // accessors

    int numrows( ) const;              // number of rows

    int numcols( ) const;              // number of columns

  // indexing

    const apvector<itemType> & operator [ ] ( int k ) const;  

                                       // range-checked indexing

    apvector<itemType> & operator [ ] ( int k );              

                                       // range-checked indexing

  // modifiers

    void resize( int newRows, int newCols );   

                                       // resizes matrix to newRows x newCols

                                       // (can result in losing values)

  private:

    int myRows;                        // # of rows (capacity)

    int myCols;                        // # of cols (capacity)

    apvector<apvector<itemType> > myMatrix; 

                                       // the matrix of items

};

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

// Specifications for matrix functions

//

// To use this class, itemType must satisfy the same constraints as for vector

// class.  Any violation of a function's precondition will result in an error 

// message followed by a call to abort.

//

// constructors/destructor

//

//  apmatrix( );

//     postcondition: matrix of size 0x0 is constructed, and therefore

//                    will need to be resized later

//

//  apmatrix( int rows, int cols );

//     precondition: 0 <= rows and 0 <= cols

//     postcondition: matrix of size rows x cols is constructed

//

//  apmatrix( int rows, int cols, const itemType & fillValue );

//     precondition: 0 <= rows and 0 <= cols

//     postcondition: matrix of size rows x cols is constructed

//                    all entries are set by assignment to fillValue after

//                    default construction

//

//  apmatrix( const apmatrix<itemType> & mat );

//     postcondition: matrix is a copy of mat

//

//  ~apmatrix( );

//     postcondition: matrix is destroyed

//

// assignment

//

//  const apmatrix & operator = ( const apmatrix & rhs );

//     postcondition: normal assignment via copying has been performed

//                    (if matrix and rhs were different sizes, matrix has 

//                    been resized to match the size of rhs)

//

// accessors

//

//  int numrows( ) const;

//     postcondition: returns number of rows

//

//  int numcols( ) const;

//     postcondition: returns number of columns

//

// indexing

//

//  const apvector<itemType> & operator [ ] ( int k ) const;

//     precondition: 0 <= k < number of rows

//     postcondition: returns k-th row

//

//  apvector<itemType> & operator [ ] ( int k );

//     precondition: 0 <= k < number of rows

//     postcondition: returns k-th row

//

// modifiers

//

//  void resize( int newRows, int newCols );

//     precondition: matrix size is rows X cols,

//                   0 <= newRows and 0 <= newCols

//     postcondition: matrix size is newRows X newCols;

//                    for each 0 <= j <= min(rows,newRows) and

//                    for each 0 <= k <= min(cols,newCols), matrix[j][k] is

//                    a copy of the original; other elements of matrix are

//                    initialized using the default constructor for itemType

#include ”APMATRIX.CPP”

#endif

APMATRIX.CPP FILE

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

//  APCS matrix class  IMPLEMENTATION

//

//  see matrix.h for complete documentation of functions

//

//  extends vector class to two-dimensional matrices

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

#include <stdlib.h>

#include <iostream.h>

#include "APMATRIX.h"

template <class itemType>

apmatrix<itemType>::apmatrix()

        : myRows(0),

          myCols(0),

          myMatrix(0)

// postcondition: matrix of size 0x0 is constructed, and therefore

//                will need to be resized later

{

}

template <class itemType>

apmatrix<itemType>::apmatrix(int rows,int cols)      

        : myRows(rows),

          myCols(cols),

          myMatrix(rows)

// precondition: 0 <= rows and 0 <= cols

// postcondition: matrix of size rows x cols is constructed

{

    int k;

    for(k=0; k < rows; k++)

    {

        myMatrix[k].resize(cols);

    }

}

template <class itemType>

apmatrix<itemType>::apmatrix(int rows, int cols, const itemType & fillValue)

        : myRows(rows),

          myCols(cols),

          myMatrix(rows)

// precondition: 0 <= rows and 0 <= cols

// postcondition: matrix of size rows x cols is constructed

//                all entries are set by assignment to fillValue after

//                default construction

//     

{

    int j,k;

    for(j=0; j < rows; j++)

    {

        myMatrix[j].resize(cols);

        for(k=0; k < cols; k++)

        {

            myMatrix[j][k] = fillValue;

        }

    }

}

template <class itemType>

apmatrix<itemType>::apmatrix(const apmatrix<itemType> & mat)

    : myRows(mat.myRows),

      myCols(mat.myCols),

      myMatrix(mat.myRows)

// postcondition: matrix is a copy of mat

{

    int k;

    // copy elements

    for(k = 0; k < myRows; k++)

    {

        // cast to avoid const problems (const -> non-const)

        myMatrix[k] = (apvector<itemType> &) mat.myMatrix[k];

    }   

}

template <class itemType>

apmatrix<itemType>::~apmatrix ()

// postcondition: matrix is destroyed

{

    // vector destructor frees everything

}

template <class itemType>

const apmatrix<itemType> &

apmatrix<itemType>::operator = (const apmatrix<itemType> & rhs)

// postcondition: normal assignment via copying has been performed

//                (if matrix and rhs were different sizes, matrix has 

//                been resized to match the size of rhs)     

{

    if (this != &rhs)                    // don't assign to self!

    {

        myMatrix.resize(rhs.myRows);     // resize to proper # of rows

        myRows = rhs.myRows;             // set dimensions

        myCols = rhs.myCols;

        // copy rhs

        int k;

        for(k=0; k < myRows; k++)

        {


    myMatrix[k] = rhs.myMatrix[k];

        }

    }

    return *this;       

}

template <class itemType>

int apmatrix<itemType>::numrows() const

// postcondition: returns number of rows

{

    return myRows;

}

template <class itemType>

int apmatrix<itemType>::numcols() const

// postcondition: returns number of columns

{

    return myCols;

}

template <class itemType>

void apmatrix<itemType>::resize(int newRows, int newCols)

// precondition: matrix size is rows X cols,

//               0 <= newRows and 0 <= newCols

// postcondition: matrix size is newRows X newCols;

//                for each 0 <= j <= min(rows,newRows) and

//                for each 0 <= k <= min(cols,newCols), matrix[j][k] is

//                a copy of the original; other elements of matrix are

//                initialized using the default constructor for itemType

//                Note: if newRows < rows or newCols < cols,

//                      elements may be lost

//

{

    int k;

    myMatrix.resize(newRows);

    for(k=0; k < newRows; k++)

    {

        myMatrix[k].resize(newCols);

    }

    myRows = newRows;

    myCols = newCols;

}

template <class itemType>

const apvector<itemType> & 

apmatrix<itemType>::operator [] (int k) const

// precondition: 0 <= k < number of rows

// postcondition: returns k-th row     

{

    if (k < 0 || myRows <= k)

    {

        cerr << "Illegal matrix index: " << k << " max index = ";

        cerr << myRows-1 << endl;       

        abort();

    }    

    return myMatrix[k];

}

template <class itemType>

apvector<itemType> & 

apmatrix<itemType>::operator [] (int k)

// precondition: 0 <= k < number of rows

// postcondition: returns k-th row

{

    if (k < 0 || myRows <= k)

    {

        cerr << "Illegal matrix index: " << k << " max index = ";

        cerr << myRows-1 << endl;       

        abort();

    }    

    return myMatrix[k];

}

It is not my intention to talk about the apmatrix class in any detail.  You were intentionally left to do your own investigation.  I am sure apmatrix will be discussed in class and certain curiosities may be satisfied there.  There is the concern about the index operator.  Did you understand how that was done?  It turned out that the business of using two sets of brackets never became an issue.  The apmatrix class used a clever, use existing tools, approach.  The apvector class was developed before the apmatrix class.  Now the apvector class is a templated class, which allows any data type as an array element.  Any type includes apvector, and an array of arrays is two-dimensional array.

In other words, the C++ committee did not use the storage system at all in the manner that I showed it.  The storage I showed is correct, and I showed that conversion formula stuff to help explain memory access.  But with that model we had problems down the road when it was time for the index operator.  The apmatrix class has no such problem.  You will saw that apmatrix uses an index operator function with a single set of brackets.  At first, that seems wrong, but remember this is an array of arrays.  The index of the operator[] function accesses a one-dimensional array, which has its own set of brackets.  The result is that it is now perfectly legal to use a statement like cout << M[R][C]; 

This is a good time for reflection.  You have just finished Part III of Exposure C++ and you are about to move on to Abstract Data Types.  Yes you are right, the excitement never stops.  I hope you enjoyed this unit on Object Oriented Programming.
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