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Tutor: Dr Jan Pajak


Computer laboratory – exercise E8

Exercise E8: Identifiers, data types, and C variables.

#1 Objective. The objective of this laboratory exercise is to learn theory behind identifiers, data types, and variables in C language, and to develop applications with C programming language, which apply this theory.



#2. Requirements. All C programs that you are to produce as final outcomes of your practical exercises are to fulfil the following requirements. (1) they must work. (2) they must fulfil the tasks that are imposed on them, (3) their copies supplied for marking must be fully operational after they are executed or installed on a different computer. 



#3. Useful manuals. Because of the similarities between C and C++ programming languages, many features described in this exercise are also elaborated in the textbook for Stage 2 of this subject, namely in:


[1] Deitel and Deitel: C++ How to Program,  4th Edition, Prentice Hall, ISBN 0-13-111881-1.

Other useful manuals:


[2] Sam’s Teach yourself C++ in 24 hours, SAMS Publishing, 1997, ISBN 0-672-31067-8, pb, pp. 450,  (US$ 24.99).


[3] Kent Reisdorph (1999). Teach Yourself Borland C++ Builder. Sams, Inc., ISBN 0-672-31626-9.


#4. Theoretical background. Identifiers, data types, and variables and foundation stones of every programming language. In C language these can be defined as follows:



Variables are named memory locations used for remembering values, so that these values can be used or altered later in the program. We can imagine them as kinds of storage boxes with a name on the outside and a number (value) inside. 



Every variable has several properties assigned to it. Here is the list and explanations of some of these properties:



-Identifier. This is the unique name that a given variable receives.



-Type. This defines the kind of data that a given variable stores, and manner this data is stored.



-Value. This is the specific value that is stored in the memory location represented by a given variable.



-Address. This is address in memory under which a given variable is stored. Note that this address can be reflected by a special type of variables called “pointers”.



Identifiers are names, which are given by users to variables, constants, functions, and other user-named features of the programming language. Programmer is free to choose the names, but there are certain rules that must be followed. In C these identifiers:



-must start with a letter (A to Z or a to z) or the underscore character;



-can contain letters, digits (a digit is 0 to 9), and underscore characters (_);



-their length should not exceed 32 characters;



-cannot be keywords used by the C programming language.

Additionally the programmer needs to remember that identifiers in C:



-Are “case sensitive”. This means that e.g. (A) is different from (a). Therefore the following three identifiers are different: (surname), (SURNAME), (Surname).



-Should be meaningful. This means that their name must excellently reflect the purpose for which they are to serve. This meaningfulness is usually obtained by combining identifiers from at least 3 different words, which are mutually joined with either underscore character (in conventional notation), or are started with upper-case letters (in StadleyCaps notation).



Some identifiers are reserved for use by C. These are usually referred to as “keywords”, or “reserved words”. The following is a list of (ANSI) keywords used in C language:

auto, break, case, char, const, continue, default, do, double, else, enum, extern, float, for, goto, if, int, long, register, return, short, signed, sizeof, static, struct, switch, typedef, union, unsigned, void, volatile, while
Borland C and Turbo C extend the above list of keywords by the following ones:

_cs, _ds, _es, _ss, asm, cdecl, far, huge, interrupt, near, pascal
Note also that it is bad programming practice to use for programmer’s identifiers any commonly used standard C function.



Data types are specific names assigned to representation of data in memory. Several data types are used in C language. The most important data types are:



-Integers. These are memory locations, which contain whole numbers, e.g. 8, 2003, etc.



-Floating point numbers. These are memory locations, which contain numbers with fractional parts, e.g. 1.23, 543.21, or 3.0E6.



-Arrays. These are collections of data of the same type, identified by a common identifies and distinguished by a unique integer subscript. 



-Characters. These are memory locations, which contain a code for single characters.



-Strings. Strings are simply arrays of characters.



-Structs. These are collections of items, which may be of different types, identified by a common identifier, where each item has its own unique “field name”.



-Void. This is a special data type, which indicates an actual absence of any other type.



An example of a C program, which shows practical use some of these features, is shown as a program “var_id.c” in further part of this exercise.



#5. Tasks to be completed. Here are tasks to be completed for the practical part of this exercise:

Task 1. LOGIN to your computer (as instructed).

Task 2. Run the Borland C++ Builder.

Task 3. Go through all the settings necessary to initiate the Borland Builder, which you use. For this follow your exercises 1 or 2.
Task 4. Type (using the Borland C Builder 6) a sample program in C, which demonstrates the use of various data types in C. Notice that this program is so designed that it illustrates the output of a given data type to a screen, the input of a given data type from the keyboard, and the length (in bytes) that a given data type occupies in computer memory. So type, using the build-in text editor, a program in C language, named var_id.c. Here is the listing of this C program, after it is typed in and ready for running:

// This C program named var_id.c is to illustrate a use of data types in C.

// Author ...   (type here your name)

// Date   ...   (type here the current date)

// For    ...   (institution, course, purpose)

//---------------------------------------------------------------------------

#include <stdio.h>        //Handles the keyboard input and screen output

#include <process.h>      //Handles DOS system commands ("cls", "pause", etc.)

#include <conio.h>        //Handles: getch(), getche()

void main()

{

   //This part declares array variables of various types

   char string[12];       //String declaration to store your name

   int int_array[3];      //Integer array declaration

   float float_array[2];  //Float array declaration

   //This part declares a struct consisting of 3 fields/variables,

   struct input_record    //Declares a new struct type

   {

     char c;              //Declares a first field

     int i;               //Declares a second field

     float f;             //Declares a third field

   };

   struct input_record in1;//Declares a new variable of the struct type

   textcolor(6);          //This defines color of the writing for "cprintf"

   cprintf("This program illustrates complex inputs and outputs.");//Colour

   //This part illustrates I/O and use of array variables of various types

   printf("\nType in a string of chars (e.g. your name): ");//Prompt: a string

   scanf("%s", string);   //Inputs a string of characters

   printf("Here is the string you typed in: %s; each char occupies %d byte.",

           string, sizeof(char)); //Displays a string and a size of 1 char

   fflush(stdin);         //flushes the input buffer

   printf("\nType: int (coma), int (e.g. 85, 345): "); //Prompt: 2 integers

   scanf("%d, %d", &int_array[1], &int_array[2]); //Inputs 2 integer numbers

   printf("Integers you typed are: |%d|, |%d|; an integer occupies %d bytes.",

           int_array[1], int_array[2], sizeof(int));

   fflush(stdin);        //flushes the input buffer

   printf("\nType: float(coma), float (e.g. 3.141, 2.18): "); //Floats in

   scanf("%f, %f", &float_array[1], &float_array[2]);//Inputs 2 float array no

   printf("Input floats are: |%f|, |%f|; a float number occupies %d bytes.",

           float_array[1], float_array[2], sizeof(float));

   fflush(stdin);        //flushes the input buffer

   //This part illustrates I/O and use of struct fields of various types

   printf("\nType a struct of char(coma), int(coma), float (e.g.*,56,6.78): ");

   scanf("%c,%d,%f", &in1.c, &in1.i, &in1.f);//3 data items in to a struct

   printf("The input struct contains 3 items, namely: |%c|, |%d| and |%f|.",

           in1.c, in1.i, in1.f);

   fflush(stdin);        //flushes the input buffer

   //These are final messages

   printf ("\nThe processing ended correctly. BYE!\n");

   system("pause");     //DOS "Pause" command (for user to look at results)

}

Task 6. Save your program var_id.c into the working directory. For this saving use the subdirectory that you created for this subject (e.g. pathname C:\1c) located on C:\ disk drive.

Task 7. Compile and run your var_id.c program listed above.

Task 8. Analyse the content of var_id.c program listed above.

Task 9. Now improve the var_id.c program, so that it carries out inputs and outputs of subsequent data types in different formats. Name your new program “new_id.c”. Your improvements should be so formulated that the output of data is accomplished in a specific format that you desire, e.g. all numbers are proceeded by leading zeros (see the exercise on I/O formatting).

Optional Task 10. In addition to the above improvement, try to solve the following programming problems: 



Optional problem 1. Design and prepare a program that accepts the height and radius of a can, and returns the surface area and the volume of that can. (Equations that you may need: area of circle: pi*r*r; circumference of circle: 2*pi*r; volume of a can: pi * radius * radius * height; surface area: 2 * pi * radius * length * 2 * pi * radius * radius).



Optional problem 2. Repeat problem 1, but this time determine the surface area and the volume of a cube, knowing its side dimension “a”.



Optional problem 3. Repeat problem 1, but this time determine the surface area and the volume of a sphere, knowing its radius “r”.

Optional Task 11.



Your friend is serving as a military cook on a navy vessel. He asked you to prepare for him a program for calculating the amount of specific ingredients he needs to add to dishes he is cooking. Military recipes tell the amount of ingredients to be added per one litre or per one kilo of a final dish. But he cooks large pots that contain a number of litres or kilos if a final dish. Design and complete for him a modular program named “salt_pp.c” which inputs the total amount of a given dish that he cooks, and the unitary amount of a given ingredient that he should add per one kilo or one liter of that dish. Then your program displays the total amount of a given ingreadient that he must add. Help you friend by allowing him to imput all values in many different units of measures used in cooking, e.g. kilos, miligrams, pints, ounces, etc. Assure the repetitive work of the program, until the user decides to quit, and the minimal imput typing for the cook.

Optional Task 12.


#Q2_6. A farmer has stored two vital farming substances in two types of containers, namely: (1) rectangular boxes and (2) cylindrical drums. While going to his/her farm he/she would like to know what is volume of a given substance packed into a given container, and how he/she brings both containers back. Write for him/her a modular C program named volumes.c, which (1) inputs all three dimensions of a rectangular box (namely inputs: width “w”, depth (or length) “l”, and height ”hb”), (2) inputs two dimensions of a cylindrical drum (namely inputs: diameter “d”, and height “hd”), (3) calculates the volume of a rectangular box (Vb=w*l*hb), (4) calculates the volume of the cylindrical drum (Vd=pi*d*d*hd/4.0), (5) displays the volumes of both containers, (6) calculates and displays whether the empty drum fits inside of the empty box, and if it fits then what is the distance between subsequent walls of the box and the walls of the drum, (7) displays the information whether the drum touches to top, side and/or top wall of the box, and if it does not touches then what gap is left between them, (8) asks the user whether he/she wishes to repeat the calculations for another set of containers (if yes – it repeats items 1 to 8, if not it executes item 9), (9) informs the user about a correct finish and terminates work after the user presses any key.

Notice: because the way boxes and rums are opened, your program is not allowed to rotate them to accomplish a fit. This means that a box always stands on the wall designated by its “width” and “length”, while a drum always stands on the circular wall.

Optional Task 13.



Design and complete a modular program named “quadratic.c” which inputs the three constants of a quadratic equation, namely a, b, and c, and outputs both roots of a quadratic equation. Your program should repetetively solve this problem, each time aking the user whether he/she wishes to solve another quadratic equation.



Note that a quadratic equation is an equation of the general form: y = a*x*x + b*x +c; and that both roots of this equation are expressed by the following equations:



root1 = (-b + sqrt (b * b – 4 * a * c)) / (2 * a);



root2 = (-b - sqrt (b * b – 4 * a * c)) / (2 * a);



Note also that the sqrt() function is defined in <math.h>, and is to find a square root.

Test your program on the following data: a = 2, b =6, c = 3; root1 = -0.38, root2 = -2.62.
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