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Data Structures in C++ Note 2

Note 2: Sparse Matrix Abstract Data Type

Two Dimension Array and Access Tables:

Graphical Representation of Access Tables in 2 Dimension Array:
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Initialization and Use of Access Tables Containing Integer Offsets:

// initialization for column_access_table with integer offsets

short *array2d, *column_access_table, *row_access_table, no_rows, no_columns;

// insert code to allocate space for arrays and assign values to variables

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

      column_access_table[j] = j;

// linear address using column access table to randomly access any element in array using 

// two subscripts

*(array2d + row_subscript * no_columns + column_access_table[column_subscript])

// initialization for row_access_table with integer offsets

row_access_table[0] = 0;

for(i=1; i<no_rows; i++)

      row_access_table[i] = i * no_columns;

// linear address using row access table to randomly access any element in array using 

// two subscripts

*(array2d + row_access_table[row_subscript]  + column_subscript)

// linear address using both access tables to randomly access any element in array using 

// two subscripts

*(array2d + row_access_table[row_subscript]+column_access_table[column_subscript])

Initialization and Use of Access Tables Containing Addresses of Rows or Columns:

// initialization for column_access_table with column addresses

short *array2d, **column_access_table, **row_access_table, no_rows, no_columns, 

         *temp_ptr;

// insert code to allocate space for arrays and assign values to variables

temp_ptr = array2d;

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

      column_access_table[j] = temp_ptr++;

// linear address using column access table to randomly access any element in array using 

// two subscripts

*(row_subscript * no_columns + column_access_table[column_subscript])

*(row_subscript * no_columns + *(column_access_table + column_subscript))

// initialization for row_access_table with row addresses

temp_ptr = array2d;

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

{

       row_access_table[i] = temp_ptr;

       temp_ptr += no_columns; 

}

// linear address using row access table to randomly access any element in array using 

// two subscripts

*(row_access_table[row_subscript]  + column_subscript)

*(*(row_access_table + row_subscript)  + column_subscript)

Three Dimension Array and Access Tables:
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Initialization and Use of Access Table Containing Integer Offsets:

// initialization for page_access_table with integer offsets

short *array3d, *page_access_table, no-pages, no_rows, no_columns, page_size;

// insert code to allocate space for arrays and assign values to variables

page_size = no_rows * no_columns;

page_access_table[0] = 0;

for(p=1; p<no_pages; p++)

      page_access_table[p] = p* page_size;

// linear address using page_access_table to randomly access any element in array3d 

// using three subscripts

*(array3d + page_access_table[page_subscript] + row_subscript * no_columns + column_subscript)

Initialization and Use of Access Table Containing Addresses of Pages:

// initialization for page_access_table with page addresses

short *array3d, **page_access_table, *array_ptr, *array_end, no_pages, no_rows, no_columns, page_size;

// insert code to allocate space for arrays and assign values to variables

page_size = no_rows * no_columns

array_end = array3d + page_size * no_pages;

for(array_ptr = array3d, i=0; array_ptr < array_end; array_ptr += page_size, i++)

     *page_access_table[i] = array_ptr;

// linear address using page_access_table to randomly access any element in array3d using three subscripts

*(page_access_table[page_subscript] + row_subscript * no_columns + column_subscript)

*(*(page_access_table + page_subscript) + row_subscript * no_columns + column_subscript)

Initialization and Use of Page Adddresses as Address of Two Dimension Array:

// address in page_access_table can be used as address to consecutive two dimension 

// arrays

short *array2d = page_access_table[page_subscript];

*(array2d + row_subscript * no_columns + column_subsript)

Sparse Matrices and Access Tables:

The standard representation of a matrix in computer science is a two-dimensional array.  There are some problems that are not using all of elements to store data in matrix array.  This type of matrix array we call a sparse matrix.  Since a sparse matrix wastes space, we must consider alternate forms of representation.  Using Access tables to access data in sparse matrices array that include lower triangular, upper triangular, tri-diagonal matrices.

Triangular Matrix:

The matrix must be squeal (rows and columns must be the same size).

Size of the memory for tri-diagonal matrix is (N ( N + 1 )) / 2 for non-zero values stored in memory in consecutive elements. (N is the size of rows or columns)

Lower Triangular Matrix:

// Initialize access table (lookup array)

short   i, lookup[ N ];                                           // N is the size of rows

lookup[0] = 0;

for ( i = 1; i < rows; i++)


lookup[i] = lookup[ i –1 ] + i; 

// Access data in upper triangular sparse matrices using access table (lookup array)

// Valid data elements are row subscript ( i ) less than equal to column subscript ( j )

// i < = j

// Access data code: *(lower_triangular + lookup[i] + j)  

// Stored data in lower_triangular array

short   value = 0, size, *lower_triangular;

size = ( N ( N + 1 )) / 2;                         // N is the size of rows or columns

lower_triangular = new short [ size ];   //Allocated the memory for lower_triangular array

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


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



*(lower_triangular + lookup[i] + j) = value++;
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Upper Triangular Matrix:

// Initialize access table (lookup array)

short   size = cols, i, lookup[ N ] ;           // N is the size of rows

lookup[ 0 ] = 0;

for ( i = 1; i < rows; i++, size – – )


lookup[i] = lookup[ i –1 ] + size; 

// Access data in upper triangular sparse matrices using access table (lookup array)

// Valid data elements are row subscript ( i ) greater than equal to column subscript ( j )

// i > = j

// Access data code: *( upper_triangular + lookup[i] + j )  

// Stored data in upper_triangular array

short   value = 0, size, *upper_triangular;

size = ( N ( N + 1 )) / 2;                         // N is the size of rows or columns

upper_triangular = new short [ size ];   //Allocated the memory for upper_triangular array

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


for ( j = i; j < cols; j++ )



*( upper_triangular + lookup[i] + j – i ) = value++;
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Tri-diagonal Matrix:

The matrix must be squeal (rows and columns must be the same size).

Size of the memory for tri-diagonal matrix is 3N – 2 for non-zero values stored in memory in consecutive elements. (N is the size of rows or columns)

// Do not have to using access table access data in the tri-diagonal matrix

// Valid data elements are absolute of the row subscript ( i ) minus column subscript ( j ) 

// less than equal to 1

// | i – j | <= 1

// Access data code: *( tri_diagonal + 2 i + j )

// Stored data in tri_diagonal array

short   value = 0, size, *tri_diagonal;

size = 3N – 2;                                               // N is the size of rows or columns

tri_diagonal = new short [size];                   // Allocated the memory for tri_diagonal array

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


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



if ( i – j <= 1 && i – j >= -1 )




*( tri_diagonal + 2 i + j ) = value + +;

Graphical Picture:
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