Handout 21 (Part 1)

Two-Dimensional Arrays
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Today's Topics:

1. How to declare two-dimensional arrays.

2. How to initialize them in declaration.

3. How to process them.

Following two lectures: Two-dimensional Arrays as Arguments, Sorting & Searching Techniques.

What are two-dimensional arrays?

A two-dimensional array is simply a table with rows and columns. Mathematically, it's a matrix.

How to Declare Two-Dimensional Arrays?

Suppose you want to declare a two-dimensional arrays with the following features:

· Number of rows = 5. Number of Columns = 7.

· Name is A.

· Type is int.

Here's how to do it:

int A[5][7];

Here's the syntax:

DataType ArrayName[NumberOfRows][NumberOfColumns];

Example: Declare an array of the following features:

· Name is A.

· Number of rows is 4 and number of columns is 3.

· The first element of the array is 1, the second is 2, the third is 3, and so on.

Solution:

int Count = 1;

int A[4][3];

for (int I = 0; I <= 3; I++) 

// I is the row index.


for (int J=0; J <= 2; J++)
// J is the column index.


{



A[I][J] = Count;
// Line 6.



Count++;

// Line 7.


}

Notice that the first index is for the row and the second is for the column. The index of the first row (called row 0) of the array is 0, of the second (called row 1) is 1, …, and so on. The index of the first column (called column 0) of the array is 0, of the second (called column 1) is 1, … , etc. Notice A[N][M] is the element in row of index N (that is row N) and column of index M (that is column M).

Example: A[1][2] is the element in row 1 and column 2. A[1][2] in the above example is 6. 

Question: Can we replace lines 6 and 7 above by:

A[I][J] = Count++;

Can we replace them by the line:

A[I][J] = ++Count;

Question: What will happen if we remove the braces from the previous code?

Example: Let A be as above, what is the output of

1. cout << A[2][1];

2.     cout << A[1][2];

Example: Write a code to display the above array each row on a separate line.

Solution:

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

{


for (J = 0; J <= 2; J++)



cout << setw(5) << A[I][J];


cout << endl;

}

Question: What will happen if we remove the braces from the previous code? What will happen if we remove setw(5) ?

Remark: As it is the case for one-dimensional arrays, indices must be integer-valued. They can be integer-valued constants or variables or expressions. Also, all elements of the array must be of the same data type.

Question: what is the output of

int N = 9, M = 7;

int A[100][47]; 

for (int I=0; I <= 99; I++)


for (int J=0; J <= 46; J++)



A[I][J] = I+J;

cout << A[2+int(sqrt(N))][M+N];

Question: How to initialize two-dimensional arrays in declaration?

Suppose you want to declare an array with the following properties:

1. Name is B.

2. Type is int.

3. Number of rows: 2. Number of columns: 3.

4. B[0][0] = 1, B[0][1] = 2, B[0][2]=3, B[1][0]=4.

Here is how to do it:

int B[2][3]={{1,2,3},{4}};
// Statement (*)

The above is equivalent to:

int B[2][3];

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

Question: What will be B[1][1] and B[1][2] after the execution of the previous initialization statement?

Answer: Both will be zero.

Question: What will be the elements of A if we replace Statement (*) by

int B[2][3]={1,2,3,4};

Answer: Same as before.

Question: How many rows and how many columns each one of the following arrays has? What are the elements of the array. List the elements row by row.

(a) int A[4][3]={1,2,3,4};

(b) int A[ ][3]={1,2,3,4};

(c) int A[ ][4]={1,2,3,4};

(d) int A[ ][3]={{1,2,3},{4}};

(e) int A[ ][3]={{1,2,3},{4},{5}};

(f) int A[ ][3]={{1,2,3},{4,5}};

(g) int A[4][3]={{1,2,3},{4,5}};

(h) int A[4][3]={0};

(i) int A[4][3]={1};

(j) int A[ ][3]={1};

Example: Let A be an array of integral type (e.g. int, long, etc). Assume A has 3 rows and 4 columns.

(a) Find the sum of the elements of A and display it.

(b) Find the maximum element of A and the index of the maximum. If the maximum is repeated, then just find the first index. (How to find the last index?) Display both the maximum and its index.

(c) Find all indices of the maximum element of A.

(d) Find the average of the elements of column 1 (column index is 1) and display it.

(e) Find the maximum row sum.

(f) Find the maximum column sum.

(g) Find the average of the elements of row 1 (row index is 1) and display it.

(h) Find the maximum element in each row of A and store them in a one-dimensional array.

(i) Let N be a number of the same type as A, search for N. If N is found, display the number of times N appears in the array. If not found, then display "Not Found". 

(j) Write a code to display A each row on a separate line.

Solution:

(a) 


int Sum=0;


for (int i=0; i <= 2; i++)
// I is row index



for (int j=0; j <= 3; j++)
// j is column index.




Sum = Sum + A[i][j];


cout << Sum << endl;

(b)


int Max=A[0][0], Row_Index = 0, Column_Index = 0;


for (int i=0; i <= 2; i++)



for (int j=0; j <= 3; j++)




if (A[i][j] > Max)




{





Max = A[i][j];





Row_Index = i; 





Column_Index = j;




}


cout << "Maximum: " << Max << ". Row Index: " 



<< Row_Index << ". Column Index: " << Column_Index 



<< endl;

(d)


float Ave=0;


for (int i=0; i <= 2; i++)



Ave = Ave + A[i][1];


Ave = Ave / 3.0;


cout << Ave << endl;

(g)


float Ave=0;


for (int i=0; i <= 3; i++)



Ave = Ave + A[1][i];


Ave = Ave / 4.0;


cout << Ave << endl;

(i)


int Count = 0;


for (int i=0; i <= 2; i++)



for (int j=0; j <= 3; j++)




if (A[i][j] == N)





Count++;


If (Count==0) cout << "Not Found\n";


else



cout << Count << endl;

Example: Let A be a square matrix of dimension 5. Let A[i][j] = rand(). 

(a) Write a code to assign random elements to A.

(b) Find the sum of the main diagonal elements and display it .

(c) Find the maximum (main) diaginal element and display it.

Solution:

(a)


int A[5][5]; 

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



for (int J=0; J <= 4; J++)




A[I][J] = rand();

(b)


int Sum = 0;


for (int i=0; i <= 4; i++)



Sum = Sum + A[i][i];


cout << Sum << endl;

 (c)


int Max = A[0][0];


for (int i=1; i <= 4; i++)



if (A[i][i] > Max)




Max = A[i][i];


cout << Max << endl;
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