Lecture 3

In the previous lecture, we learned how to find the largest or smallest value in an array and how to add the values in an array. Today we learn how to sort the values in an array. 

Sorting an Array

Putting an array in some form of order is an extremely important part of programming. We will start with the most basic example of this procedure. We will sort the values of an int array in ascending order. To do this, we will use an algorithm called the “Bubble Sort Algorithm.”

 

The bubble sort is probably the easiest sort algorithm to conceptualize. It is also, unfortunately, probably the most inefficient. No matter, we press on.

First, we conceptualize. In the bubble sort algorithm, we repeatedly step through the array. Each step through is called a “pass”. On each pass we compare each element to its’ neighbor. If the two elements thus compared are not in order, we swap their values putting them in order. After enough of these passes and swaps, the values in the array will be in order.

If we create an array as shown below:

int num[10] = {4, 76, 45,67, 89, 0, 45}; 

giving:
                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

On the first pass, we do the following comparisons:

1. Compare num[0] to num[1]

2. Compare num[1] to num[2]

3. Compare num[2] to num[3]

4. Compare num[3] to num[4]

5. Compare num[4] to num[5]

6. Compare num[5] to num[6]

7. Compare num[6] to num[7]

8. Compare num[7] to num[8]

9. Compare num[8] to num[9]

You observe that although there are 10 elements, we only do 9 comparisons. This is because there is NO num[10] to which we can compare num[9].

In the first comparison:  num[0] to num[1], we determine that they are in order because 4 is less that 76. In the second comparison; num[0] to num[1] we determine that they are not in order because 76 is greater than 45. We therefore swap the values of the elements. After this swap the array would look like:

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

The third comparison, num[2] to num[3] would also result in a swap making the new values of the array:

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

At the end of the first pass through the array, the values should be:

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

As you can see the array is still not completely in order. We shall have to make a few more passes swapping as we go, but observe the value of num[9]. The largest value in the array, 86, has “bubbled up” to the end of the array. In general this is true for any pass of the bubble sort algorithm; the largest number considered in the comparisons will “bubble up” to the end of the array. This means that in the next pass, the second largest number, 76, should “bubble up” to num[8].

This phenomenon means that in the second pass, we no longer have to do the comparison num[8] to num[9] since we already know that num[9] has the largest number in the array. Therefore in the second pass we only do 8 comparisons. In the third pass we would do 7 comparisons, 6 in the fourth and so on. This means that in the ninth pass, we only do one comparison, num[0] to num[1]. After the ninth pass, the array MUST be in order. 

In general, to sort any array using the bubble-sort algorithm, we use n-1 passes where n is the number of elements in the array. In our array, the size or number of elements was 10 so we do 10 – 1 or 9 comparisons.

The code for this procedure would look like this:


In line 3, we create and initialize an array. In line 4, we create an int object named temp that will be used in our swapping procedure.

The ensuing block of code is called a “nested for loop”. You will observe that there is a “for loop” inside of another “for loop”. 

The outer for loop, the one that uses “i” as the counter, will be used to:

1. Control the number of passes through the array

2. Determine how many swaps will be made on each pass

The inner “for loop”, the one that uses “n” as the counter, will be used to facilitate the comparisons and swaps.

It is important to understand the flow of execution in a “nested for” structure. 

1. First the initialization statement of the outer “for” executes and “i” attains the value of 9. We use nine because:

· The size of the array is 10 so we are going to do 10- 1 passes as we discussed earlier.

· On the first pass, we are going to do 10 – 1 or 9 comparisons.

2. We then examine the test condition, i > 0 and the result is true. 

3. Since the test condition evaluates to true, we go to the body of the loop. In the case of the outer loop, the body consists of another loop, the inner loop; i.e, the one using “n” as the counter.

4. n is initialized to zero, 0 and the test:  n < i;  is performed. The “i” referred to is the “i” from the outer loop. On the first pass, “i” has a value of 9 so the test evaluates to true. 

5. We evaluate the if construct. If it evaluates to true, we perform the “then” condition of the construct. This block of code “swaps” the values of the two elements thusly:

· Firstly, the value of num[n] is stored in temp.

· With the value of num[n] safe in temp, the value of num[n+1] is copied into num[n].

· Since the value of num[n+1] is now in num[n], we copy the value of temp into num[n+1]. Remember that temp holds the original value of num[n].

6. We increment “n” and repeat step 5 until the inner loop test evaluates to false because “n” is no longer less than “i”.

7. At this point, we go to the increment portion of the outer loop where “i” is decremented to 8. We test again and perform the inner loop one more time. This continues until “i” is no longer greater than 0.

The relative values of “i” & “n” as the nested for lop executes would be:

	Value of  “i”
	Value of “n”

	0
	0

	0
	1

	0
	2

	0
	3

	0
	4

	0
	5

	0
	6

	0
	7

	0
	8

	1
	0

	1
	1

	1
	2

	1
	3

	1
	4

	1
	5

	1
	6

	1
	7

	1
	8

	2
	0

	2
	1

	2
	2


And it goes on in like fashion until “i” attains the value of 9 and the test condition in the outer “for loop” returns false.

At the end of the execution of the nested “for loop”, the array will be in sorted order.

Multi-dimensional arrays:

So far we have only considered arrays in one dimension. We can, however, create arrays that have a number of dimensions. The constraints of time, however, demand that we restrict our inquiry to the study of two-dimensioned arrays. To create a single dimension array, we say int num[10] and this gives us:

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            int         int         int        int       int            int         int           int          int       int  
To create a two-dimensioned array, we can say:

  int num[5][10];

and this would give us something that looks like this:

	num[0][0]
	num[0][1]
	num[0][2]
	num[0][3]
	num[0][4]
	num[0][5]
	num[0][6]
	num[0][7]
	num[0][8]
	num[0][9]

	num[1][0]
	num[1][1]
	num[1][2]
	num[1][3]
	num[1][4]
	num[1][5]
	num[1][6]
	num[1][7]
	num[1][8]
	num[1][9]

	num[2][0]
	num[2][1]
	num[2][2]
	num[2][3]
	num[2][4]
	num[2][5]
	num[2][6]
	num[2][7]
	num[2][8]
	num[2][9]

	num[3][0]
	num[3][1]
	num[3][2]
	num[3][3]
	num[3][4]
	num[3][5]
	num[3][6]
	num[3][7]
	num[3][8]
	num[3][9]

	num[4][0]
	num[4][1]
	num[4][2]
	num[4][3]
	num[4][4]
	num[4][5]
	num[4][6]
	num[4][7]
	num[4][8]
	num[4][9]


Note that the text in the cells represents the names of the elements. NOT their values.

There are five rows and 10 columns. That is because in our defining statement, we said:

   [5][10];

C++, like most other languages, is a “row major” language. This means that the first number ALWAYS refers to the number of rows and the second always refers to the number of columns.

In this array, both rows and columns are indexed. The rows are indexed from 0 to 4. The columns are indexed from 0 to 9.

If we wish to refer to a particular element, we must refer to it using both row and column indices. In the array representation above, the full name of each element is placed in the cell. We see that in the first row, the first element has the index [0][0]. That means that it is in the first row, first column. The column index of the other elements on that row progresses from 0 to 9.

In the second row, the first element has the row index [1], indicating that it is in the second row. The column indices of the other elements in that row progress in the same manner as the first row.

As in single dimension arrays, pointers have a vital row to play here. 

A two-dimensioned array can be thought of as an array of arrays. In this case, it is an array of five arrays. Each row can be thought of as a separate array; so, five rows – five arrays. We learned in our earlier discussion that when an array is created, a pointer to that array is generated by the system. In multi-dimensioned arrays, each array is assigned a pointer, so, in effect, we have an array of pointers. As elements in an array, each pointer is indexed. The situation would look like this:

Array of Pointers

	num[0]
	num[0][0]
	num[0][1]
	num[0][2]
	num[0][3]
	num[0][4]
	num[0][5]
	num[0][6]
	num[0][7]
	num[0][8]
	num[0][9]

	num[1]
	num[1][0]
	num[1][1]
	num[1][2]
	num[1][3]
	num[1][4]
	num[1][5]
	num[1][6]
	num[1][7]
	num[1][8]
	num[1][9]

	num[2]
	num[2][0]
	num[2][1]
	num[2][2]
	num[2][3]
	num[2][4]
	num[2][5]
	num[2][6]
	num[2][7]
	num[2][8]
	num[2][9]

	num[3]
	num[3][0]
	num[3][1]
	num[3][2]
	num[3][3]
	num[3][4]
	num[3][5]
	num[3][6]
	num[3][7]
	num[3][8]
	num[3][9]

	num[4]
	num[4][0]
	num[4][1]
	num[4][2]
	num[4][3]
	num[4][4]
	num[4][5]
	num[4][6]
	num[4][7]
	num[4][8]
	num[4][9]


The arrows indicate the object the pointer points to or addresses. In each case, that is the first element in the row. You will observe that the pointers have only one index.  When we say num[0], we refer not to an element of the num array but to the pointer that holds the address of the first element of the first row in the num array. num[1] would point to the second row and so forth. Remember that the array of pointers is quite separate from the num array. The limitations of MS Word have forced me to represent them together.

To address an element of the array we would write a statement such as:

     num[2][3] = 45;

Consider this snippet of code:


Here, we see the nested “for loop” construct once more. In this example, the outer “for loop” controls which row we are addressing. The inner loop controls the columns. So when “i” has a value of 2, and n has a value of 3, we would be addressing num[2][3]. 

To display the results of this code, we would write:


Combine these two bits of code in a small program and examine the results.

In the next, lecture, we will examine the properties of char arrays. 

Algorithm


The term algorithm is a procedure or formula for solving a problem. A computer � HYPERLINK "http://whatis.techtarget.com/WhatIs_Definition_Page/0,4152,212834,00.html" �program� can be viewed as an elaborate algorithm. In mathematics and computer science, an algorithm usually means a small procedure that solves a recurrent problem.
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  1.  void main()


  2.  {


  3.       int num[10] = {4, 76, 45, 67, 89, 0, 45}; 


  4.       int temp;


  5.


  6.      for ( int i = 9; i  > 0; i--)


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


  8.          {


  9.            if(num[n] > num[n+1])


10.              {


11.                 temp = num[n];


12.                  num[n] = num[n+1];


13.                  num[n+1] = temp;


14.              }


15.         }


 16. }
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for(int i = 0; i < 5; i++)


 {


   cout << endl;


   for(int n = 0; n < 10; n++)


         cout << ‘\t’ << num[i][n];


 }











int num[5][10];





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


   for(int n = 0; n < 10; n++)


         num[i][n] = i * n;











