C-Programming related to Algebra-2

Part 1: Powers of an Integer Number

It is assumed that before you start these notes, you have completed sections 1, 2, and 3 of the Food Bank Notes. In this program, you will read in any integer from the user, and then print out that integer to the second, third, and fourth powers. 

Input Specification:

The user will enter any integer; thus, it may be either negative or positive, and it will not have any decimal places. 

Output Specification:

The program will print out three integers; they will be the number inputted to the first, second, third, and fourth power. 

Sample Run:

The following is an example of how the program will look. Lines in bold indicate the program’s output, and italics indicate the user’s input. 


Enter a value for x: 2

4


8


16
Hints:

In this problem, only one number needs to be read in from the user; this can be done through a scanf statement:

scanf("%d", &x);

Afterwards, the three values that need to be printed can be calculated and outputted on the same line:
printf("%d %d %d %d\n", x, x*x,  x*x*x,  x*x*x*x);
Solution:

#include<stdio.h>

#include<stdlib.h>

int main()

{

    int x;

    printf("Enter a value for x: ");

    scanf("%d", &x);

    printf("%d %d %d %d\n", x, x*x,  x*x*x,  x*x*x*x);

    system("PAUSE");

    return 0;

}

Part 2: Calculating the y-value from a linear equation
In this program, you will read in the slope, y  intercept, and any x value. In return, the program must print out the corresponding y value from the linear equation (in the form of y = mx + b).  The program should print the x and y value together, separated by a blank.
Input Specification:

1. The slope of the line, m, will be an integer.

2. The y intercept, b, will be an integer. 

3. The  x value will be an integer. 

Output Specification:

It will print out the x value and the  corresponding y-value. 

Sample Run:

The following is an example of how the program will look. Lines in bold indicate the program’s output, and italics indicate the user’s input. 

Enter slope: 2

Enter y-int: 1
Enter x: 0

For the equation y = 2x + 1 at x = 0, the value of y is 1

Hints:

After using three scanf statements to get all the necessary input, the output can be created and calculated all in one line. This is done by typing:

printf ("For the equation y = %dx + %d at x = %d, the value of y is %d\n" , m, b, x, m*x+b);

Solution:

#include<stdio.h>

#include<stdlib.h>

int main()

{

    int m;

    int b;

    int x;

    printf("Enter slope: ");

    scanf("%d", &m);

    printf("enter y-int: ");

     scanf("%d", &b);

     printf("enter x: ");

     scanf("%d", &x);

     printf ("for this equation y= %d x+ %d at x= %d the value of y is=

%d\n" , m, b, x, m*x+b);

    system("PAUSE");

    return 0;

}

Part 3: Printing a List of Ordered Pairs

For this program, you will need to have reviewed the Food Bank notes that describe the FOR-loop. In this program, you will use the equation created from Part 2 to calculate several ordered pairs. You will  print each of these pairs. This part will expand on the program already created in Part 2.

Input Specification:

1. Like in Part 2, the program will take in slope and intercept; this time, however, they must be floats. It will not take in an x value. 

2. It will also take in a positive integer called “howmany”; this number determines how many ordered pairs will be calculated. 

3. The program will also take in a float called “change”. This number determines the increment of the x values to be used (e.g., if change = 2, then the x values used will be 2, 4, 6, 8 etc.) 

Output Specification:

The first ordered pair will be printed on a new line. The second one will be printed on another new line after that, and so forth until all of them are printed. 

Sample Run:

The following is an example of how the program will look. Lines in bold indicate the program’s output, and italics indicate the user’s input. 

Enter slope: 2

Enter y-int: 1
Enter howmany: 10
Enter change: 1
x =  1.0 y =  3.0
x =  2.0 y =  5.0
x =  3.0 y =  7.0
x =  4.0 y =  9.0
x =  5.0 y =  11.0
x =  6.0 y =  13.0
x =  7.0 y =  15.0
x =  8.0 y =  17.0
x =  9.0 y =  19.0

x =  10.0 y =  21.0

Hints:

This program can be created by editing what you made in Part 2. After adjusting the scanf and printf statements in the beginning (the ones regarding user input), the new material is added onto the end, replacing the previous output of the line equation and y value. 

Since this program involves calculating the same value repeatedly, a loop should be used. In this case, a single for loop can be used to calculate and print out all the values at once. In order to do this, the loop should first run for as many times as the howmany variable says:

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

Next, a value for x and another value for y should be calculated each time the loop is run. A new value for the variables should be generated each time the loop is run. To start, x should change by the inputted “change” variable each time. This can be done by setting x = 0 before the loop starts, and then adding “change” to x in each run of the loop. After x is found, y can be calculated in each run by using the linear function:
        x = x + change;

y = m*x + b;

Using this technique, each time the loop is run, the current x and y values are overwritten by the new ones calculated. Thus, the values for x and y should be printed each time the loop runs. The printing should happen after the values are calculated, but before the loop ends:
printf("x =%2.1f ", x);

printf("y =%2.1f \n", y);

Solution:

#include<stdio.h>

#include<stdlib.h>

int main()

{

    float m, howmany, b, x, y, i, j, change, blanks ;

    printf("Enter slope: ");

    scanf("%f", &m);

    printf("enter y-int: ");

     scanf("%f", &b);

     printf("enter howmany: ");

     scanf("%f", &howmany);

     printf("Enter change:");

     scanf("%f", &change);

//  printf ("for this equation y= %f x+ %f at x= %f y= %f\n", m,b,howmany);

     x=0;

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

     {

         x = x+ change;

         y=m*x+b;

         printf("x %2.1f ", x);

         printf("y %2.1f \n", y);

     }

    system("PAUSE");

    return 0;

}

Part 4: Plotting Points in Quadrant IV

In this program, we are going to see how to achieve a plot of  a set of points on a line.

Before doing this, please read the Food Bank notes on the topic of arrays (around Section 7).

In this program, you will convert the y values from each ordered pair generated in Part 3 into negative numbers, each with the same absolute value as its original number. For instance, the point (0, 1) will become (0, -1). You will also plot these new points on a graph, using quadrant IV. This program expands on what was already created in Part 3. 

Input Specification:

Like in Part 3, this program will take in slope, y intercept, and howmany. They will all be integers. The program will not take in change (like it did in Part 3), nor will it take in any other values. 

Output Specification:

A graph of the newly generated points will be printed; only quadrant IV will be shown. Each point in this graph will be represented with an asterisk (the * symbol). 

Sample Run:

The following is an example of how the program will look. 

Enter slope: -2

Enter y-int: 1
Enter howmany: 10
____________________
____________________
____________________
_*__________________
____________________
__*_________________
____________________
___*________________
____________________
____*_______________
____________________
_____*______________
____________________
______*_____________
____________________
_______*____________
____________________
________*___________
____________________
_________*__________
How to complete this program:
Once again, the program can be created by expanding on what was already written in the previous part. Part 3 already created all the ordered pairs we need, so most of the work will be in adding code to print the graph. The easiest way of printing the graph involves using a 2-D array to store the graph. A 2-D array is similar to a spreadsheet or a table of values, that for example, a teacher might keep for their class grade rolls.

Since our array will print characters, it should be a char type array:
    char plot[20][20];

The two sets of [20] are telling the computer that the table has to have 20 columns and 20 rows.  The table  itself will therefor have 400 cells. In order to make a graph like the one above, an underscore (the _ symbol) needs to be placed in every cell of the array. Every cell can be named by its coordinates, the row and column that that cell is in. To fill the cells with the _ symbol, a for loop nested inside another for loop should be used:
    for(i=0;i<20;i++){
        for(j=0;j<20;j++)

            plot [i][j]='_';
    }
Next, the usual prompts for slope, intercept, and number of coordinates should be coded. Afterwards, each coordinate needs to be calculated based on the input and stored inside the array. Since an asterisk represents each point on the graph, an asterisk can simply be placed in its proper coordinate. 

Most of this step has already been done in Part 3, in the loop which calculated the pairs. In fact, the only difference between then and now is that, instead of printing the coordinate, it’s being stored inside the array. Thus, the key to this step is replacing the line that prints a coordinate with a line that stores it: 
        plot [(int)(y)][(int)(x)]='*';

After the above loop is through, the array will have an asterisk stored inside the line’s corresponding points, and it will have an underscore anywhere there isn’t an asterisk. Thus, the only thing left to do is print out the plot that is stored inside the array.  We have to put the (int) before the  (y) and (x)  in order to force the value to be an integer
(just in case x and y are floats). This is because positions in a table are integers and cannot be fractional quantities or decimals.
Here is what the actual table looks like in the computer. On the left side of it it would have Row numbers, going from 0,1, 2, 3, etc., downward.

                                                                       Column #

                                                        0      1    2     3    4     5    6

	_
	_
	_
	_
	_
	_
	_

	 _
	_
	_
	_
	_
	_
	_

	_
	*
	_
	_
	_
	_
	_

	_
	_
	_
	_
	_
	_
	_

	_
	_
	*
	_
	_
	_
	_

	_
	_
	_
	_
	_
	_
	_

	_
	_
	_
	*
	_
	_
	_


The asterisks can be put in their correct positions by  a nested for loop. The first for loop—the one enclosing everything else—corresponds to each row. The for loop inside the first represents each column. In other words, when this code is run, it first prints each cell in the array’s  first rows, one cell at a time. It then moves on to the second row and does the same. It keeps doing this until every row has been printed. Since the index numbers for each for loop can also be used to correspond with a cell in the array, the printf statement simply prints the array at (i, j) each time: 

    for(i = 0; i < 20; i++)

    {

        for(j = 0; j < 20; j++)

            printf("%c", plot[i][j]);

        printf("\n");
    }
When we are storing the '*' in a given cell, we will need to make sure that neither the row and column referred to for that cell is negative. This is because even though in Mathematics it is possible for positions to be negative (such as, y can be -6), in a table

It is not: all positions in a table must be positive (in your class grade roles, your teacher does not have students on the list in position -6). Tables were originally created for storing data such as grade rolls, and we are going to twist them to be used for storing the plotted graph. So, to start things off, we will plot Quadrant 4, in which the y values increase in magnitude as they proceed downward, just as the row numbers increase in a table going downward. The only “twist” we need to make is to have the numbers [(int)(y)] become positive (they are naturally negative, in quadrant 4), so we write the positions as [ - (int)(y)]. This gives us the positive positions we need.

Solution:

#include<stdio.h>

#include<stdlib.h>

int main()

{

    int m, howmany, b, x, y, i, j;

    char plot[20][20];

    for(i=0;i<20;i++)

      for(j=0;j<20;j++)

        plot [i][j]='_';

    printf("Enter slope: ");

    scanf("%d", &m);

    printf("enter y-int: ");

    scanf("%d", &b);

    printf("enter howmany: ");

    scanf("%d", &howmany);

// printf ("for this equation y= %f x+ %f at x= %f y= %f\n", m, b, howmany);

    x=0;

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

     {

        x = x+1;

        y=m*x+b;

        plot [-(int)(y)][(int)(x)]='*';

         // printf("x %d ", x);

         //printf("y %d\n", y);

     }

     for(i=0;i<20;i++)

      {

        for(j=0;j<20;j++)

          printf("%c", plot[i][j]);

        printf("\n");

      }

    system("PAUSE");

    return 0;

}
Part 5: Plotting the Points in Quadrant I

In this program, you will create a linear equation based on user input and create a set of ordered pairs, just as done in Part 3. You will then plot these points in quadrant I, in the same way as done in Part 4.  Since we are printing out Quadrant 1, we will use a slope that is positive, such as 1 or 2.
Input Specification:

The program will take in the same values as it did for Part 4; slope, y intercept, and howmany. They will all be integers. The program will not take in any other values. 

Output Specification:

A graph of the calculated points will be printed; only quadrant I will be shown. Each point in this graph will be represented with an asterisk (the * symbol). 

Sample Run:

The following is an example of how the program will look. Lines in bold indicate the program’s output, and italics indicate the user’s input. 

Enter slope: 2

Enter y-int: 1
Enter howmany: 10
_________*__________
____________________
________*___________
____________________
_______*____________
____________________
______*_____________
____________________
_____*______________
____________________
____*_______________
____________________
___*________________
____________________
__*_________________
____________________
_*__________________
____________________
____________________
____________________
Hints:

Even though the line is going in the opposite direction in this part than it did in Part 4, the code is actually mostly the same this time as in Part 4’s code. If you read the program from 4 carefully, you’ll see that the ordered pairs created go in order from lowest to highest; that is, the lowest values for both x and y are stored in the first cell of the array, and highest values are in the last cell. Since the program prints the plot out from top to bottom, the point closest to the origin is done first, and the one furthest from the origin is last. If you compare the sample run from this part to the sample run in Part 4, you’ll see that, from top to bottom, they were generated in exactly the same way… except the order that the points were printed in is reversed. 

Thus, the only difference in code is in two places. In Part 4’s code, the for loop which created the graph started on row 0, and then printed the following rows in order. This time around, however, the for loop should start on the last row, and go in descending order until 0:
    for(i = 19; i >= 0; i--)
The second difference from Part 4 is that we do not need to say  [–(int) (y)], we can just say [(int)(y)]. When running this program, remember to use a positive slope, of
say, 1 or 2.
Solution:
#include<stdio.h>

#include<stdlib.h>

int main()

{

    int m, howmany, b, x, y, i, j;

    char plot[20][20];

    for(i=0;i<20;i++)

      for(j=0;j<20;j++)

        plot [i][j]='_';

    printf("Enter slope: ");

    scanf("%d", &m);

    printf("enter y-int: ");

    scanf("%d", &b);

    printf("enter howmany: ");

    scanf("%d", &howmany);

// printf ("for this equation y= %f x+ %f at x= %f y= %f\n", m, b, howmany);

    x=0;

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

     {

        x = x+1;

        y=m*x+b;

        plot [(int)(y)][(int)(x)]='*';

         // printf("x %d ", x);

         //printf("y %d\n", y);

     }

     for(i=19;i>=0;i--)

      {

        for(j=0;j<20;j++)

          printf("%c", plot[i][j]);

        printf("\n");

      }

    system("PAUSE");

    return 0;

}

Part 6: Plotting the Points in All Quadrants

In this program, you will plot the points from Parts 4 and 5 in a graph which shows all four quadrants. 

Input Specification:

The program will take in the same values as it did for Part 5; slope, y intercept, and howmany. They will all be integers. The program will not take in any other values. 

Output Specification:

A graph of the points will be printed; all four quadrants will be shown. Each point in this graph will be represented with an asterisk (the * symbol). 

Sample Run:

The following is an example of how the program will look. 

Enter slope: 1
Enter y-int: 0

Enter howmany: 20

          |         *
          |        *
          |       *
          |      *
          |     *
          |    * 
          |   *
          |  *
          | *
__________|*_________
          |           
         *|
        * |

       *  |

      *   |  

     *    |

    *     |

   *      |

  *       |

 *        |

*         |
How to do this:
Just like in the previous part, the same prompts for user input will appear; also, the program will store the asterisks in the array, just as it did in part 5. In fact, the differences between this part and the last one are also quite minor. 
This program will print the graph just as it did in part 5; that is, it will store all the appropriate characters in their correct locations, then print the array in reverse order, top to bottom. Thus, in order to create a grid like the one shown above, the y axis (represented by a “|” going all the way down column 10) and the x axis (represented by a “-“ going all the way across row 10) have to be stored in the array before it is printed. This can easily be done with two for loops, one for each axis. 
The grid created by the program is 20 x 20; it has space for 20 characters going across and vertically. Therefore, in order to draw the axes all the way through, they must be 20 characters long. This means that the for loop for each axis should run 20 times; during each run, the appropriate character is stored in the array. For the x axis, the loop must store a “-“ in all 20 cells going across row 10:
     for(i = 0; i < 20; i++)

     {

        plot[10][i]='-';

     }

Likewise, for the y axis, the loop must store a “|” in all 20 cells going down column 10: 
     for(i = 0; i < 20; i++)

     {

         plot[i][10]='|';

     }  

The axes should be added before the graph prints out. Printing out the graph should follow the same code that Part 5 used.
Next, we have to agree to what x-value to start the plot at. It should be -10.
However, just as we needed to ensure that  the y values, when used as positions in the table were positive, we now need to do that for the x-values too. So, while our first x-value will be -9, and the next will be -8, and then -7, and so on (till x will be 10), we can only store positive positions in the table, so we need to shift the x-values before they become positions. So, we will use [(int)(x) +10], guaranteeing that the positions in the [] will now be going from 0 to 19. Similarly, for slope of 1 and y-intercept of zero,  the y values will proceed from -9 to +10, so we shift them all to [(int) (y) +10], to get them to lie

In positions 0 to 19. 
The background pixels will al be set to a blank.
Solution:
#include<stdio.h>

#include<stdlib.h>

int main()

{

    int m, howmany, b, x, y, i, j;

    char plot[20][20];

    for(i=0;i<20;i++)

    for(j=0;j<20;j++)

    plot [i][j]=' ';

    printf("Enter slope: ");

    scanf("%d", &m);

    printf("enter y-int: ");

    scanf("%d", &b);

    printf("Nomber of Coordinates: ");

    scanf("%d", &howmany);

// printf ("for this equation y= %f x+ %f at x= %f y= %f\n" , m, b, howmany);

     x= -10;

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

     {

        x = x+1;

        y = m*x+b;

        plot [(int)(y) + 10][(int)(x) + 10]='*';

          // printf("x %d ", x);

          // printf("y %d\n", y);

     }

     for(i= 0;i<20;i++)    //plot horizontal axis

     {

       plot[10][i]='-';

     }

     for(i= 0;i<20;i++)    // plot vertical axis

     {

       plot[i][10]='|';

     }

     for(i=19;i>=0;i--)

     {

        for(j=0;j<20;j++)

            printf("%c", plot[i][j]);

        printf("\n");

     }

    system("PAUSE");

    return 0;

}

Part 7: Plotting other non-linear functions in All Quadrants
After, we have this ability to plot all four quadrants, we can try to switch out the functions that we can print, for example, can we do polynomials, absolute value linear, etc.
