Calling Pre-written C Functions (rand, srand)
You've already been using a couple prewritten C functions (printf and scanf in the stdio library.) In general, each C function has a specification for how it is supposed to be called. The important parts of the specification are:

1) Name of the function

2) The type and order of each parameter (stuff inside the parentheses) the function takes

3) The return type of the function.

For printf, the first parameter is a string, and the other parameters are optional parameters whose types correspond to the variables designated to print out by the printf statement. Printf returns an integer representing the number of bytes printed, but typically speaking, it’s not a value we need to know. If a function’s return type is void, or if we do not need to use the information the function returns to us, we typically call the function on a line by itself, as printf is usually called.

rand function

A useful function from the stdlib library is the rand function. This function takes in 0 parameters and returns a single integer. In particular, the integer returned is a random integer in between 0 and 32767 (215 - 1).

Most of the time though, we don’t want a random integer from that range. Instead, we want a smaller range. For example, if you want to pick a random integer in between 1 and 100, you could do the following:

int x = 1 + rand()%100;

Any non-negative integer mod 100 will return a value in between 0 and 99 inclusive. Adding 1 to this yields an integer in between 1 and 100 inclusive. This is yet another instance where mod helps us!

If we wanted to simulate a die roll, we could do the following:

int die = 1 + rand()%6;

If we wanted to simulate two die rolls, we can simply repeat this twice:

int die1 = 1 + rand()%6;

int die2 = 1 + rand()%6;

int sum = die1 + die2;

printf(“You rolled %d + %d = %d.\n”, die1, die2, sum);

// Arup Guha
// 2/25/2010

// Program that prints out a random number in the range 

// [1,100].

#include <stdio.h>

int main() {

    int x = rand()%100 + 1;

    printf(“%d\n”, x);

    return 0;

}

Running this program multiple times will yield the EXACT same result. The reason for this is that there is no such thing as truly random numbers. Instead, the random number generator in C is known as a pseudorandom number generator. It uses a formula to “calculate” the next random number. But, in order to use that formula, it must have a starting value, known as a seed. Unfortunately, if no seed is given, as is the case here, the same seed is used every time.

Seeding the Random Number Generator

To make a random numbers in our C programs truly appear random, in between different times running the same program, we must do two things:

1) Explicitly seed the random number generator at the beginning of our program.

2) Seed it with different values for each different execution of the program.

One idea would be to ask the user to enter an initial seed for the random number generator at the beginning of the program. Though this is a solution to the problem, ultimately, it would get tiresome for someone to think of a new random number every time they ran a program.

A better solution is to base the seed to the random number generator on the time. There is a function in the time library, called time, when given 0 as its input parameter, returns the number of seconds that have elapsed since January 1, 1970. In order to utilize this statement, the library time.h must be included. (Note that we already include stdio.h for the functions printf and scanf.) For example, running the statement

printf(“time(0) currently = %d\n”, time(0));

produced the output 1318077995, when run during the morning on October 8, 2011.  (Theoretically, you could figure out EXACTLY when this statement was executed, but I imagine you have better things to do!)

Each time this statement is run, a different value is returned. Thus, we can use time(0) as the seed to the random number generator.

The function used to seed the random number generator is srand, and it takes a single integer parameter as input. Since srand is void, we will call it on a line by itself as follows:

srand(time(0));

Including this line near the beginning of function main in any program that utilizes the rand function will ensure that different executions of the program produce different pseudorandom numbers. ONLY SEED THE RANDOM NUMBER GENERATOR ONCE IN AN ENTIRE PROGRAM, BUT USE RAND MULTIPLE TIMES, IF NECESSARY!!!
// Arup Guha

// 2/25/2010

// Program that prints out 5 random numbers in the range

// [1, 100].

#include <stdio.h>

#include <time.h>

int main() {

    srand(time(0));

    printf(“%d\n”, rand()%100 + 1);

    printf(“%d\n”, rand()%100 + 1);

    printf(“%d\n”, rand()%100 + 1);

    printf(“%d\n”, rand()%100 + 1);

    printf(“%d\n”, rand()%100 + 1);

    return 0;

}

Each time this program runs, five random numbers from 1 to 100 will print out. Furthermore, for each execution, the numbers will be different than the previous execution. If the srand(time(0)) statement is removed, then each execution of the program will produce the exact same five “random” numbers. Note that we only call srand once, and from that point on, can call rand many times.

Brief Introduction to the Math Library
In writing programs that make calculations, one helpful tool is pre-written mathematical functions. The math library, which can be used by including <math.h>, stores the definitions of many useful mathematical functions. Here is a listing of three of the most commonly used functions from this library:

// Returns the absolute value of x.

int abs(int x);

// Returns the absolute value of x.

double fabs(double x);

// Returns x raised to the power y.

double pow(double x, double y);

// Returns the square root of x.

double sqrt(double x);

These listings are known as function prototypes. They are different than how a function is actually called. In particular, if you want to USE one of these functions, you only use the name of the function with parentheses. What you put into the function call in the parentheses can be any expression that matches the types specified. For example, the following is a syntactically valid line of code:

double number = sqrt(17);

Notice that we must use the name of the function sqrt and we must have parentheses. What is in those parentheses can be any expression that is a double. (Technically, the number we give the function must be non-negative, since the square root of a negative number doesn’t exist within the real number system.) The expression may or may not contain a variable. Secondly, note that the function call is NOT on a line by itself. The reason for this is that the function call returns a value that needs to be used somehow. In the statement above, the return value of the function (which is approximately 4.123) is stored into the variable number.

Here is an example of a slightly more complicated call to the sqrt function:

double a = 5, b = 12;

double hypotenuse = sqrt(a*a + b*b);

In this example, we see that the parameter passed to the sqrt function need not be a simple expression or variable. It can be any expression, arbitrarily complex, that has type double. Here, we are storing the return value of sqrt into the variable hypotenuse. (Clearly, the intention here is that both a and b are the lengths of legs of a right triangle.)

Now, consider a more complicated example that includes multiple function calls within a single line of code:

double a = 1, b = 4, c = -21;

double x1 = (-b + sqrt(pow(b,2) - 4*a*c))/(2*a);

Let’s go through the basic order in which everything gets evaluated in this statement:

1) The pow function call gets evaluated first. This returns the value 16. 

2) Then the expression 4*a*c is evaluated to obtain -84. 

3) From here, the computer can evaluate the whole expression pow(b,2) - 4*a*c to be 100. This is the value that then gets passed onto the sqrt function, which returns 10.

4) The return value 10 gets added to -4, the value of –b, to yield 6.

5) The denominator then gets evaluated to be 2.

6) These two values, 6 and 2 are divided to yield 3.

7) Finally, this value is assigned to the variable x1. 

This segment of code is trying to calculate one of the roots of a quadratic equation.

Essentially what we see here is that any function call that returns a value can be located in any part of an expression that accepts that function’s return type. The function runs and its return value is substituted in the resulting expression to continue evaluation.

One thing that can NOT be done with a function call is the following:

sqrt(c) = sqrt(a*a+b*b);

The left-hand side of an assignment statement MUST BE a variable. Function calls are NOT variables.

Let’s now look at two examples programs that utilize these functions from the math library.

Sample Program - Price Is Right Version 1
// Arup Guha

// 2/26/2010

// A small example utilizing random number generation and 

// the math function abs.

#include <stdio.h>

#include <time.h>

#include <math.h>

int main() {

    int guess, diff, secret_num;

    // Seed the random number generator.

    srand(time(0));

    // Create the secret number.

    secret_num = rand()%100+1;

    // Get both guesses.

    printf("What number do you guess(1-100)?\n");

    scanf("%d", &guess);

    // Compute how far off each guess is.

    diff = abs(guess-secret_num);

    // Output the result.

    printf("Your number was %d. ", guess);

    printf("The secret number was %d.\n", secret_num);

    printf("You were off by %d.\n", diff); 

    return 0;

} 

In this example, we seed the random number generator and then produce a single random number in between 1 and 100. From there, we read in the user’s guess and then calculate the absolute value of the difference between it and the secret number. This value is stored in diff and then printed out. Once again, notice that the input parameter to abs can be an arbitrarily complex expression. Here, that parameter was guess-secret_num, the expression for which we wanted the absolute value.

Incidentally, we can completely avoid the use of the variable diff by changing the last printf as follows:

printf("You were off by %d.\n", abs(guess-secret_num));
Sample Program - Distance

// Arup Guha

// 2/26/2010

// This program calculates the distance between two points 

// on the Cartesian plane.

int main() {

    double x1, y1, x2, y2;

    // Get the coordinates of the two points.

    printf("Enter the coordinates of the first point.\n");

    scanf("%lf%lf", &x1, &y1);

    printf("Enter the coordinates of the second point.\n");

    scanf("%lf%lf", &x2, &y2);

    // Calculate the distance between the two points, using

    // the standard formula.

    double dist = sqrt(pow(x1-x2, 2) + pow(y1-y2, 2));

    // Print out the result.

    printf("The distance between (%lf,%lf) and ", x1, y1);

    printf("(%lf,%lf) is %lf.\n", x2, y2, dist);

    return 0;

}

In this example, notice that we want to calculate (x1 – x2)2. Thus, the two parameters to the pow function must be x1 – x2 and 2. The results of the two pow calls then get added and are sent to the sqrt function. This return value is stored in dist. 

In essence, functions are very flexible. They will do exactly what you ask them to do. If you want to find the value of x12, pow can help. If you want to find the value of (y2 – y1)2, pow can still help you. The key is that you need to pass the appropriate parameters to a function when you call it, to help you solve whatever problem you have.

Clearly, all of the functions shown in this section can be used in many different contexts to solve many different problems, so long as the programmer calls them appropriately for the task at hand.

Types of Errors

Now that we’ve looked at several example programs, it’s important to know the types of mistakes we can make. We can categorize them in three ways:

1) Compile-Time Error: This is when your program doesn't use the proper syntax, meaning that you have NOT followed the rules of the C programming language. When this occurs, when you attempt to compile, a set of error messages will be produced by the compiler. Here is an example of error messages from a compiler:

Line 
In function ‘main’

11

missing terminating “ character

12

syntax error before ‘;’ token

This error message was received for the following line, which was created by deleting the second double quote from the 11th line of the previous program.

printf("Enter the coordinates of the first point.\n);

Note that the error message indicates on which line the error was detected. Sometimes this line number and the error message are misleading because the error occurred earlier, but because the compiler can’t read your mind, it reports the first spot in the file that definitively has an error. In this particular instance, the error message is spot on: all that is wrong is that a terminating double quote character is missing.

Generally, if a compilation error occurs, the programmer must look at the surrounding lines of the error and see if they can find what they did wrong, using the printed error message as a clue.

2) Run-Time Error: Your program compiles, but when it runs, in certain cases it terminates abruptly, which is also known as crashing. An example of this would be a program that attempted to divide by zero while running, or if an ampersand was missing in a scanf.

What is particularly frustrating about run-time errors is that they don’t always occur. Your program may run properly and finish fifty times, and then on the 51st time, it may crash. Once one error is discovered, it’s important to remember the input case that caused the run-time error so that it can be reproduced and eventually fixed. Knowing which input case caused the run-time error allows the programmer to determine which lines of code were run and what each variable was equal to when the error occurred.

3)Logical Error: Your program compiles and executes without abnormal termination, but does not always produce the desired results. These are the most common errors. Some step in the program is simply incorrect logically, causing the program to produce inaccurate answers in certain cases. These can only be tracked down by finding incorrect cases by hand, working through each step, and determining where in the program the first incorrect step was taken. 

As an example, consider the following incorrect line of code that solves for one root in the quadratic equation:

double a = 1, b = 4, c = -21;

double x1 = (-b + sqrt(pow(b,2) - 4*a*c))/2*a;

printf(“One root is %lf.\n”, x1);

In running this segment of code, we find that the correct answer, 3 does print out.

But, upon trying the following case:

double a = 2, b = -5, c = -3;

double x1 = (-b + sqrt(pow(b,2) - 4*a*c))/2*a;

printf(“One root is %lf.\n”, x1);

This code prints out

One root is 12.000000.

Working out the problem by hand, you find out that the root that this code is supposed to produce is x = 3.

Upon further analysis, you realize that the numerator, 12 is being calculated correctly, but somehow, the denominator, which is supposed to be four, looks like it’s actually one. Once you focus on this denominator, you realize that the end of the expression:

/2*a

divides the numerator by 2, but then afterwards, multiplies that result by 2, since the order of operations of division and multiplication are the same and we simply go left to right.

There are two possible corrections:

(1) /(2*a)

(2) /2/a

This is an example of a logic error and how to track one down. Notice that as long as you tried cases were a = 1, you would have never found this logic error. In fact, these are the most common cases to try. Typically, most bugs in programs are within the less common cases. It’s very, very important to create many diverse test cases for all of your programs so that you can catch logical errors that may not appear in typical cases.
