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16.1  Introduction

With Chapter XVI you are making a major step forward in the world of computer science in general, and C++ specifically.  You are leaving the simple data types chapters behind you.  What are simple data types?  Perhaps you do not realize it but you have been using simple data types for the last fifteen chapters.  Every variable that you have been using was clean and void of any complexity.

	Simple Data Type Definition

	A simple data type is a data type that holds a single value.

Examples:


int



char




float





double






bool



	Note:


There may be some discussion of the nature of the


apstring that you have been using.  Is that simple?


Some people may argue that a string holds many


characters.  From that point of view it is not a simple


data type.


You might also argue that apstring holds a single


string value, which makes it a simple data type.


The true nature of apstring will make sense a couple


of chapters later.  For fifteen chapters you have used


apstring as a simple data type.  In a few more chapters


you will hear the rest of the apstring story.



The real world stores information in many levels of complexity.  Single value storage - like our simple data types - cannot handle the jobs in the majority of real world applications.  Employee records holds many pieces of information.   Customer information likewise is quite complex.  Every airline reservation requires a multitude of information before the reservation is confirmed and the ticket printed.  In the scientific world and the mathematical world, you will see that thousands and often millions of numbers need to be stored, processed, analyzed, and displayed.  

These examples are just a very small sampling of all the applications that require the storage and processing of a multitude of data that needs to be stored in a data type that can handle such complexity.  With this chapter you will learn about such data types and work with the first of a variety of data types designed for complex data storage and processing, the record.

16.2  What Is a Data Structure?

Simple data types cannot handle complex data storage and processing.  So what can handle this requirement?  Probably data structures?  Alter all, you are staring at some bold 20 point-sized letters that say Data Structure.  Seems like a safe bet.  So what exactly is a data structure?  To answer this question, let us look at the human body, which is a good example of a  complex structure, and I am not talking about the teenage mind right now.

A human body is made up of organ systems.  Each organ system is made up of organs.  Organs are made up of tissues, and tissues are made up of cells.  We could continue and work down to the molecular and atomic level, but for this analogy, assume that the cell is the simplest, and lowest level.  The whole point is that the structure, the human body in this case, is made up of other, smaller structures, until eventually you reach the smallest component.

Similar analogies can be found in structures created by people.  Your school is a large structure, which is made up of classrooms and halls.  Each class room is made up of walls, floors, ceilings, desks, chairs, etc.

These two examples are used to motivate the definition of a data structure.  In computer science it really is the same idea.  The only difference in structures is the nature of the smallest building block used to create the structure.  In the human body it is a cell.  In a building it may be a brick or a plank and in a computer science data structure it is a simple data type.

	First Data Structure Definition

	A data structure is a data type whose components are

smaller data structures and/or simple data types.




You will note that it states First Data Structure Definition.  This definition is not quite finished.  We will revisit the data structure definition at the end of the chapter and make some revisions.  The complete, and more accurate definition will only add unnecessary complexity right now.  First we need to spend some time with a variety of data structure examples before it makes sense to become more precise.  This approach is quite similar to teaching somebody to play a new card game.  It just does not make sense to explain all the true details of the game.  Frequently, the best approach is to deal the cards and explain as you go along.  After several hands are dealt, it is easier to summarize a variety of rules.  In other words, let us deal some hands first and then we talk some more later.

So what is the bottom line essence of this data structure, right now at this stage?  Simple.  You no longer have a data type that stores a single value.  You can store more than one value in a data type that is a data structure.  Put in other words, any data type that can store more than one value is a data structure.  

	Data Structure Starting Point

	Any data type that can store more than one value is a data

structure.  




All right, we have a starting point.  Now we need to look and see what C++ has to offer for us in the data structures department.  Exactly, what types of data structures exist and what can they do for us.  You may have noticed that the title of this chapter talks about a record, which is one kind of data structure.  The importance of data structures is such that one or more chapters is devoted to each data structure.  Since this is the very first chapter about any kind of data structure, it will help to give a brief overview of  several different types of data structures.

The Array Data Structure
The array is the first historical data structure.  This data structure became popular in the first commercially-widely-used programming language, FORTRAN.  FORTRAN (FORmula Translator) was designed for the scientific - number crunching - community.  A data structure was necessary for the storing of large quantities of numbers.

What does an array bring to mind?  How about an array of flowers?  An array of books, or an array of anything else?  We think of an array as having multiple items - not a single item - and an array has the same type of items.  We can have an array of integers, an array of real numbers, an array of characters, and array of strings.  An array can have any kind of element, as long as each element is the same data type.

	First Array Definition

	An array is a data structure with one, or more, elements

of the same type.

An array is frequently also called a vector.  




Once again you see this first definition business.  This is the same story as the data structure definition.  All this business is tied together.  More complete definitions will come later when each data structure is explained in detail.

The reason for naming an array a vector will be explained later in the array chapter.  Actually, you will note the name apvector at that time, but that has similar logic to the use of the apstring, which you have been using for some time.

The Record Data Structure

The business community was not very happy with the FORTRAN language and particularly with the data structure limitation of having an array and nothing else.  In the business world, data is not of the same type.  This is lovely in science and math where numbers rule the discipline, but in business it is another story.

Data storage in business requires storing names, addresses, birth dates, number of dependents, social security numbers, credit cards numbers, flight numbers, years worked, payrates, credit balance available, etc. etc. etc.  One solution was to create many different arrays.  Each array specialized in one part of some business record.  An array of names, an array of addresses, an array of payrates and so on, which were called parallel arrays.  This worked but it was tedious.  

A new programming language became popular called COBOL (COmmon Business Oriented Language)  which introduced the record data structure.  What does a record bring to mind?  How about a student’s record, an employee’s record, a patient’s record, a passenger’s record.  Each one of these records has the common trend of multiple information that can be of many different types.  This type of data structure is precisely what the business world required.  COBOL became a highly successful language (it helped that the Department of Defense adopted the language) and the record is now an integral part of programming.

	First Record Definition

	A record is a data structure with one, or more, elements,

called fields, of the same or different data types.




The File Data Structure

Programming languages have a convenient data structure that facilitates the transfer of data to and from external storage.  The array and record may be lovely to store a complex set of data in the memory of a computer, but this data often needs to be used at some future date.  The data needs to be stored in some permanent manner.  The file data structure provides this ability.

	First File Definition

	A file is an internal data structure - with an unspecified

number of elements of the same type - assigned to an

external file name.  The file data structure allows transfer

of data between internal and external storage.




Other Data Structures

The three data structures - array, record and file - introduced in this section are built-in C++ data types.  These data types are ready to go and can be used with very little effort.  Using built-in data structures is a good starting point in an introductory computer science course. 

There are many other types of data structures that the programmer can create for a wide variety of special purposes.  The study and practice of these special user-created data structures is a major focus of Object Oriented Programming and a second course in computer science.  Right now our main priority will be to become very familiar and proficient in the use of the C++ record, array and file.

16.3  The C++ Record, struct

Many computer science text books introduce the array as the first data structure in the course.  This may be for historical reasons or reasons that this is frequently the approach used in many previous books.  I have decided to start with the record, which I believe is a more logical sequence for a course that includes Object Oriented Programming.  The logic of this sequence will make more sense as each chapter develops after this first data structure chapter.

The programming language Pascal implements the record data structure with the reserved word record.  This is quite convenient.  You talk about a record and this also happens to be the word used in a program statement.  C++ has similar features such as int for integer, float for floating point and char for character.  Unfortunately there is no record for records.  C++ uses struct.  Now few people have difficulty with this, and they do not even use the word record.  Rather they use the word structure.  So C++ use struct to implement a structure.

This is convenient, but I fear there exists a fundamental confusion here.  I think of structure as short for data structure and a data structure is not just implemented with struct.  There exist many different kinds of data structures.  Briefly, you have been introduced to three already.  For this reason I will use the term record to describe the data structure that has elements of different types.  

Simple Data Type and struct Syntax

Consider the following list of simple data type definitions.  Five variables are defined of five different data types.  Nothing is particularly strange, unusual or special about this.  Just clean straight-forward variables, like you have been using.

	apstring Name;

apstring Address;

int Age;

char Sex;

float Payrate;




The five variables above may very well represent the information that we have to store in a simple employee record.  Our mission is to combine the five pieces of data into one single package called a record.  In C++ we will use the struct reserved word to implement such a data type.

	struct

{

   apstring Name;

   apstring Address;

   int Age;

   char Sex;

   float Payrate;

} Employee;




What did we do?  First, package all the previous variable definitions in a traditional C++ program block by using opening and closing braces, { } .   Next, place the reserved word, struct, at the top of the block.  Finally, finish with a variable name (Employee in this case).   You now have a record data type.

That was pretty easy was it not?  How about another record for an airline passenger?  This time we want to store Name, Phone, Age, Sex, FlightNumber, Destination, TicketCost, Date, Time, and CreditCard.  Each one of these pieces of information can be stored with a simple data type.  In a record every one of these elements is called a field.  We can create a record with nine fields, specified above, with the C++ syntax, shown below.

	struct

{

   apstring Name;

   apstring Phone;

   int Age;

   char Sex;

   int FlightNumber;

   apstring Destination;

   double TicketCost;

   apstring Date;

   apstring Time;

   apstring CreditCard;

} Passenger;




	C++ struct Syntax

	C++ uses the reserved word struct for the record

data structure.  Each element of the record is called

a field.

struct

{

   data type : field identifier;

   data type : field identifier;

} struct identifier;




You can make these records very complex, and you will see shortly that it is also possible that a field in a record can be another record.  This is the beauty of the record data structure.  You can create a data type that is as simple or as complex as the situation demands.

We will now move on and see how the struct data type is actually used in a C++ program.  It is bound to be different from working with simple data types.

16.4  Record Input/Output

The first order of business is to realize that data structures have more than one component, and as such the input and output of information is only possible if individual components are identified.  The following input statement makes perfect sense for an integer, a real number or any other simple data type.

	int X;

cout << ”Enter a number  ===>>  ”;

cin X;




But what about a similar set of statements that involves input with a data structure?  Can the same syntax that you have used up to this moment work for a data structure?

	struct

{

   apstring FirstName;

   apstring LastName;

   int  Age;

} Employee;

clrscr();

cout << "Enter Data  ===>>  ";

cin >> Employee;




This data structure has three components.  What can be entered from the keyboard, and how does C++ know what data to put where?  Hopefully, you realize that a casual input statement, or output, statement with an entire data structure is not very logical.  Programs requires special syntax to properly identify the specific record field that is accessed.  The very first program example with the record data structure defines a main function struct variable, Employee.  It is a simple record with only three fields for FirstName, LastName and Age.  This program demonstrates input/output syntax with struct.  

	// PROG1601.CPP

// This program demonstrates input/output with struct.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

void main()

{

   struct

   {

      apstring FirstName;

      apstring LastName;

      int  Age;

   } Employee;

   clrscr();

   cout << "Enter First Name   ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name    ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Age          ===>>  ";

   cin >> Employee.Age;

   cout << endl << endl;

   cout << "First Name:  " << Employee.FirstName << endl;

   cout << "Last Name:   " << Employee.LastName << endl;

   cout << "Age:         " << Employee.Age << endl;

   getch();

}




	PROG1601.CPP OUTPUT

Enter First Name   ===>>  David

Enter Last Name    ===>>  Garcia

Enter Age          ===>>  21

First Name:  David

Last Name:   Garcia

Age:         21




C++ provides a nice, clear way to access individual fields of a record.  First specify the struct identifier (there can be more than one), follow this with a period, and then use the field identifier.  This system creates simple math.  If you have three fields, you will need three input and/or output statements.

The first program example placed the Employee record inside the main function.  This is an unusual practice for defining data structures.  Keep in mind that you need to look down the road and wonder how data structures will be passed as parameters.  Imagine a really bizarre function heading with the following parameter appearance.  Also imagine that this type of parameter is used in every function of your program.

	void DisplayData(struct

                 {

                    apstring Name;

                    apstring Phone;

                    int Age;

                    char Sex;

                    int FlightNumber;

                    apstring Destination;

                    double TicketCost;

                    apstring Date;

                    apstring Time;

                    apstring CreditCard;

                 } Passenger)




C++ provides a convenient way to create a global data type that can simplify working with complex data structures.  But first a brief detour with simple data types to introduce a new C++ feature to create a user-defined data type.

16.5  User-Defined Data Types
Sometimes for reasons of readability, and other times for reasons of managing data structures, C++ provides a way for programmers to create their own data types.  Program PROG1602.CPP has four data types.  Imagine that I am bothered by such abbreviations as int, char, and bool.  Furthermore, I think that double is totally non-descriptive.  With the magic typedef command I can create my own data types like Integer, Character, Real and Boolean.

	// PROG1602.CPP

// This program demonstrates the use of typedef.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

typedef int Integer;

typedef char Character;

typedef double Real;

typedef bool Boolean;

void main()

{

   clrscr();

   Integer Var1 = 12;

   Character Var2 = 'A';

   Real Var3 = 3.14159;

   Boolean Var4 = true;

   cout << "Var1 is " << Var1 << endl;

   cout << "Var2 is " << Var2 << endl;

   cout << "Var3 is " << Var3 << endl;

   cout << "Var4 is " << Var4 << endl;

   getch();

}




	PROG1602.CPP OUTPUT

Var1 is 12

Var2 is A

Var3 is 3.14159

Var4 is 1




This program probably creates a big yawn.  Like, who cares that the C++ int data type can now be used as Integer.  It is not that terribly difficult to get used to the idea that int is an integer and char is a character.  You are totally correct and the program example served primarily to demonstrate the proper syntax for using the typedef command.

The next program example repeats the earlier struct program.  This time a global data type is declared, called Worker.  Later in the main function, you only need to use the Worker type and you can define Employee to be a variable of type Worker.

	// PROG1603.CPP

// This program demonstrates using a global

// user-defined struct type.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

typedef struct Worker

{

   apstring FirstName;

   apstring LastName;

   int  Age;

};

void main()

{

   Worker Employee;

   clrscr();

   cout << "Enter First Name   ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name    ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Age          ===>>  ";

   cin >> Employee.Age;

   cout << endl << endl;

   cout << "First Name:  " << Employee.FirstName << endl;

   cout << "Last Name:   " << Employee.LastName << endl;

   cout << "Age:         " << Employee.Age << endl;

   getch();

}




	PROG1603.CPP OUTPUT

Enter First Name   ===>>  David

Enter Last Name    ===>>  Garcia

Enter Age          ===>>  21

First Name:  David

Last Name:   Garcia

Age:         21




Now an important confession needs to be made here.  It is not necessary to use typedef with a struct.  You can leave typedef off and the program works just fine.  The following two Worker data types are identical.

	typedef struct Worker

{

   apstring FirstName;

   apstring LastName;

   int  Age;

};


	struct Worker

{

   apstring FirstName;

   apstring LastName;

   int  Age;

};




Let’s see if you follow this piece of logic.  First typedef is shown with simple data types in some weird program example that nobody would use.  This program demonstrates the proper syntax for using typedef so that you can use it with struct.  However, struct does not require the use of typedef and works fine by itself.  So why exactly did we bother with this typedef critter that is not needed.

The answer is that you will encounter situations where you need to use special user-created types that do require the use of typedef.  Later, you will be introduced to data structure situations that make excellent use of typedef.  Since struct has something resembling an implied typedef, I felt you would benefit from this brief detour.  At the same time, my job will be easier in some future data structure chapter when typedef becomes more significant.  It is also possible that you may encounter programs written in C.  The older C programs require the use of typedef with struct.

	Using typedef

	The reserved word typedef allows a programmer to create

a user-defined data type.  The general syntax is:

typedef (C++ data type) (user identifier)

typedef double RealNumber;

The use of typedef with the data structure struct is required

for C programs, and optional for C++ programs.



16.6  Nested Records

Every record field shown so far has been a simple data type.  Be careful and do not assume that this is a record or data structure requirement.  Think back to the earlier data structure definition.  It did say that a data structure is made up of components that may be smaller data structures and/or simple data types.

It is possible to nest one record inside another record.  A field of the larger record is a record itself.  Program PROG1604.CPP has a record declared, called ExtraInfo.  This record stores information about YearsWorked with the company and hourly PayRate.  This small record now becomes a field inside the Worker record.  

Make sure that you first declare the nested record before the data type identifier is used inside the large record.  Nested records is a fine, understandable term.  Be aware that many text books often like to use the term hierarchical records in place of nested records.

The nested record demonstration is only one level deep.  It can go much further, and observe the pattern of the syntax.  The specific identifier accessed is indicated by using the struct variable name, followed by a period, and then followed by the identifier of the field you need to access. Continue this with a period, and the next identifier.

	// PROG1604.CPP

// This program demonstrates nested (hierarchical) structures.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

struct ExtraInfo

{

   int YearsWorked;

   float PayRate;

};

struct Worker

{

   apstring FirstName;

   apstring LastName;

   int Age;

   ExtraInfo PayInfo;

};

void main()

{

   clrscr();

   Worker Employee;

   cout << "Enter First Name    ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name     ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Age           ===>>  ";

   cin >> Employee.Age;

   cout << "Enter Years Worked  ===>>  ";

   cin >> Employee.PayInfo.YearsWorked;

   cout << "Enter Payrate       ===>>  ";

   cin >> Employee.PayInfo.PayRate;

   cout << endl << endl;

   cout << "First Name:    " << Employee.FirstName << endl;

   cout << "Last Name:     " << Employee.LastName << endl;

   cout << "Age:           " << Employee.Age << endl;

   cout << "Years Worked:  " << Employee.PayInfo.YearsWorked 

        << endl;

   cout << "Payrate:       " << Employee.PayInfo.PayRate << endl;

   getch();

}




	PROG1604.CPP OUTPUT

Enter First Name    ===>>  Suzy

Enter Last Name     ===>>  Snodgrass

Enter Age           ===>>  28

Enter Years Worked  ===>>  7

Enter Payrate       ===>>  9.25




	Using Nested Records

	The access of data in a record with several levels of nesting

is done by starting with the struct variable name, and then

a series of identifiers separated by periods.  The last identifier

indicates the actual access element.

Example statement:

Country.State.County.City.Street = ”301 Elm”;




16.7  Parameter Passing with Records

In an earlier section, I mentioned problems with parameter passing.  Not exactly difficult problems, but certainly problems if data structure parameters are not handled properly.  The time has come now where a global data type is needed.

	// PROG1605.CPP

// This program demonstrates parameter passing with struct.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

struct Worker

{

   apstring FirstName;

   apstring LastName;

   int Age;

};

void EnterData(Worker &Employee);

void DisplayData(Worker Employee);

void main()

{

   clrscr();

   Worker Employee;

   EnterData(Employee);

   DisplayData(Employee);

   getch();

}

void EnterData(Worker &Employee)

{

   cout << "Enter First Name   ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name    ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Age          ===>>  ";

   cin >> Employee.Age;

}

void DisplayData(Worker Employee)

{

   cout << endl << endl;

   cout << "First Name:  " << Employee.FirstName << endl;

   cout << "Last Name:   " << Employee.LastName << endl;

   cout << "Age:         " << Employee.Age << endl;

}




	PROG1605.CPP OUTPUT

Enter First Name   ===>>  David

Enter Last Name    ===>>  Garcia

Enter Age          ===>>  21

First Name:  David

Last Name:   Garcia

Age:         21




When you look long and hard at program PROG1605.CPP, you will notice nothing unusual or different with the parameter business.  Both the actual parameters in the function call, and the formal parameters in the function heading use syntax that is the same as with simple data types.  As a matter of fact, you can only tell that data structures are involved by looking at the user-defined type and  the input/output code.

This should be good news.  There is no need for new complexity with the parameter issue.  You do need to remember that you have to create a global data structure type to pass parameter information with struct.  In the example shown, Worker is the global type, which is used in the main function, as well as each one of the function parameter headings.

16.8  Record Return Functions

A few chapters ago you were introduced to reference parameters.  At that time you were told that return functions could not return more than one value.  There is only one return statement in a return function that can return a single data type.  As a matter of fact, this helped to motivate the need for a void function, with reference parameters.  

There is an interesting way to use a return function to return multiple values indirectly by using a record return function.  Return functions are defined to be a certain type.  Why not make that type a record with our new friend struct?  Program PROG1606.CPP demonstrates the correct syntax.

	// PROG1606.CPP

// This program demonstrates using a return function

// of type struct.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

struct Worker

{

   apstring FirstName;

   apstring LastName;

   int Age;

};

Worker EnterData();

void DisplayData(Worker Employee);

void main()

{

   Worker Employee;

   clrscr();

   Employee = EnterData();

   DisplayData(Employee);

   getch();

}

Worker EnterData()

{

   Worker Employee;

   cout << "Enter First Name  ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name   ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Age         ===>>  ";

   cin >> Employee.Age;

   return Employee;

}

void DisplayData(Worker Employee)

{

   cout << endl << endl;

   cout << "First Name:  " << Employee.FirstName << endl;

   cout << "Last Name:   " << Employee.LastName << endl;

   cout << "Age:         " << Employee.Age << endl;

}




	PROG1606.CPP OUTPUT

Enter First Name   ===>>  David

Enter Last Name    ===>>  Garcia

Enter Age          ===>>  21

First Name:  David

Last Name:   Garcia

Age:         21




There is no information passed to function EnterData.  This should make sense.  The whole purpose of the EnterData function is to get information and return this information to the main function.  With previous return functions, only simple data types - with single values - were used.  It made sense then to think of a function as only returning a single value.  You now realize that it is more accurate to think that a return function may only return a single data type.

	Return Functions Revisited

	Return functions can only return a single data type.

This means that it is possible to return multiple values,

if these values are stored in a single record type.




It was mentioned that a return function is called (invoked is the fancy term) by using the return value in a proper program statement.  Once again that made perfect sense with functions that only use simple data types.  It is potentially possible that you may get confused and use one of the fields in a record in a program statement to call a function and use the necessary value.  This type of approach is shown in program PROG1607.CPP, a program that will not compile.

The problem with this program is not that a cout statement is used to call a return function.  This is legal, and you have seen examples of that.  The problem also is not that the return function is of type struct.  You just saw that struct can be the type for a return function in the previous program.  The problem is that you cannot output the values of a data structure with a single output statement.  This issue was mentioned earlier.  The same concept is reinforced here with the special case of using a return function to prove the point.

	// PROG1607.CPP

// This program demonstrates an improper call

// to a return function.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

struct Worker

{

   apstring FirstName;

   apstring LastName;

   int Age;

};

Worker EnterData();

void main()

{

   clrscr();

   cout << EnterData();  // illegal structure operation

   getch();

}

Worker EnterData()

{

   Worker Employee;

   cout << "Enter First Name  ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name   ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Age         ===>>  ";

   cin >> Employee.Age;

   return Employee;

}




	PROG1607.CPP OUTPUT
Compiling PROG1607.CPP

Error PROG1607.CPP 23: Illegal structure operation




There is nothing wrong with the idea of calling a return function and using only one field value of the record that is returned.  Just use the proper syntax.  This kind of approach is shown with program PROG1608.CPP.  The main point here is that it is possible to call the function, return an entire record of information, yet only use a single value in one output statement.  Now the compiler is happy.

	// PROG1608.CPP

// This program uses correct function call syntax.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

struct Worker

{

   apstring FirstName;

   apstring LastName;

   int Age;

};

Worker EnterData();

void main()

{

   clrscr();

   cout << EnterData().FirstName;

   getch();

}

Worker EnterData()

{

   Worker Employee;

   cout << "Enter First Name  ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name   ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Age         ===>>  ";

   cin >> Employee.Age;

   cout << endl << endl;

   return Employee;

}




	PROG1608.CPP OUTPUT

Enter First Name  ===>>  David

Enter Last Name   ===>>  Garcia

Enter Age         ===>>  21




This section on returning an entire record as a function has been included to give you greater awareness of both return functions and the C++ struct data structure.  I will probably repeat frequently that features are shown throughout the Exposure chapters to help learn computer science and C++ features.  Not all features shown represent the common usage or accepted practice in the computer science community.  And frankly, what is common in one school, may well be frowned upon in other schools. 

	Proper C++ Usage

	Correct C++ syntax is not necessarily proper usage.

The authority of proper C++ program usage is your teacher,

employer, or individual who charged you with the task of

writing a certain program.




	APCS Examination Alert

	Students, and possibly teachers also, may well be concerned

with the issue of proper C++ usage for the APCS test.

The College Board has provided a long program that students

are expected to study, use, and know in preparation for the

APCS Examination.  This long program is called a 

Case Study.  The C++ usage in the case study program

is one of the best indicators of the suggested C++ style

and usage for Advanced Placement Computer Science

students preparing for the APCS Examination.




16.9  Functions that Access Record Data

Information is not stored in a data structure because information storing is such a neat thing to do.  We store information because the information will be needed in the future for some purpose.  The actual purpose changes with the application and with time.  It does not matter.  Information is sitting patiently stored, waiting to be processed in some manner.

Since the purpose of the data is to be used in some manner, it makes sense to create functions that perform a variety of different tasks.  You have seen the two most fundamental functions used with a data structure, the EnterData and DisplayData functions.  But even the manner in which data is displayed, and what is displayed can easily fluctuate.  This section demonstrates a program with a record, and a variety of functions that perform some practical processing on the stored data.

Program PROG1609.CPP uses a record to store information about some Employee.  The program does include the EnterData function and the DisplayData functions that we have seen earlier.  The DisplayData function displayed all the information stored in the data structure.  No particular method is used for the display, or any particular purpose.  Basically, all information is dumped on the screen or printer.  This type of display is not really practical.

Two additional functions are shown that demonstrate a more practical, and realistic display of information.  These are the MailAddress and PhoneListing functions.

Function MailAddress is used to print a mailing address.  This function does not use all the Employee information, only the data necessary to print an address label.  In this case first name is displayed first, followed by last name.

Function PhoneListing is another specialized function.  Now the last name is printed first, followed by the first name, and the street address only, and then the phone number is displayed last.  This output resembles the information you would see printed in on a single line in a phone book.

	// PROG1609.CPP

// This program uses three functions accessing the Worker structure.

#include <iostream.h>

#include <conio.h>

#include "APSTRING.H"

struct Worker

{

   apstring FirstName;

   apstring LastName;

   apstring Street;

   apstring CityStateZip;

   apstring Phone;

   int Age;

};

void EnterData(Worker &Employee);

void DisplayRecord(Worker Employee);

void MailAddress(Worker Employee);

void PhoneListing(Worker Employee);

void main()

{

   clrscr();

   Worker Employee;

   EnterData(Employee);

   DisplayRecord(Employee);

   MailAddress(Employee);

   PhoneListing(Employee);

   getch();

}

void EnterData(Worker &Employee)

{

   cout << "Enter First Name     ===>>  ";

   getline(cin,Employee.FirstName);

   cout << "Enter Last Name      ===>>  ";

   getline(cin,Employee.LastName);

   cout << "Enter Street         ===>>  ";

   getline(cin,Employee.Street);

   cout << "Enter City State Zip ===>>  ";

   getline(cin,Employee.CityStateZip);

   cout << "Enter Phone Number   ===>>  ";

   getline(cin,Employee.Phone);

   cout << "Enter Age            ===>>  ";

   cin >> Employee.Age;

}

void DisplayRecord(Worker Employee)

{

   cout << endl << endl;

   cout << "First Name:      " << Employee.FirstName << endl;

   cout << "Last Name:       " << Employee.LastName << endl;

   cout << "Street Address:  " << Employee.Street << endl;

   cout << "City/State/Zip:  " << Employee.CityStateZip << endl;

   cout << "Phone Number:    " << Employee.Phone << endl;

   cout << "Age:             " << Employee.Age << endl;

}

void MailAddress(Worker Employee)

{

   cout << endl << endl;

   cout << Employee.FirstName << " " << Employee.LastName << endl;

   cout << Employee.Street << endl;

   cout << Employee.CityStateZip << endl;

}

void PhoneListing(Worker Employee)

{

   cout << endl << endl;

   cout << Employee.LastName << " " << Employee.FirstName


<< "  " << Employee.Street


<< " ......." << Employee.Phone << endl;

}




	PROG1609.CPP OUTPUT

Enter First Name      ===>>  Thomas

Enter Last Name       ===>>  Phillips

Enter Street          ===>>  7003 Orleans Court

Enter City State Zip  ===>>  Kensington, Md.  20795

Enter Phone Number    ===>>  (301)  123-4567

Enter Age             ===>>  32

First Name:      Thomas

Last Name:       Phillips

Street Addres:   7003 Orleans Court

City/State/Zip:  Kensington, Md.  20795

Phone Number:    (301)  123-4567

Age:             32

Thomas Phillips

7003 Orleans Court

Kensington, Md.  20795

Phillips Thomas  7003 Orleans Court ....... (202)  123-4567




16.10  Data Structure Definition

In the last section I tried to make an extremely important point.  Storing information in some data structure is completely meaningless unless this information is used in some manner.  This use of information or access of information is done by specialized functions that access the information in the data structure and perform some desired process.

The definition of a data structure, given at the beginning of this chapter, will be repeated here.  Look at this short sentence closely.  The definition is strictly limited to the storing of information.  Nothing is stated about how the information accessed.

	First Data Structure Definition

	A data structure is a data type whose components are

smaller data structures and/or simple data types.




This is precisely why this is called First Data Structure Definition.  The definition was fine for the very first introduction of a data structure, but it is not complete.  There is more to the story.  Something has to be mentioned about the manner in which data is accessed. 

Let us make an analogy with a car here.  A car is a complex piece of machinery that consists of many components.  We can somewhat think of a car as a data structure  with components like doors, lights, transmissions, radios, steering wheels, etc.

It is not sufficient to define a car by specifying that the car has doors, lights, a transmissions, a radio, a steering wheel, etc.  The access of these components is a major part of the overall definition or understanding of  the car.

Do the doors only open with a key, or does it have remote access, or perhaps a combination code that must be entered to unlock the doors?

Is the transmission automatic, or manual, and if it is manual how many gears are there, and what is the pattern?  Furthermore, is the transmission two-wheel drive or four-wheel drive?

The steering wheel controls the direction of the car, but is it direct access or is it indirect with power steering?

These are all questions that must be answered before somebody purchases a car.  The precise definition of a car cannot be summed up by its components.  The manner in which the components are accessed or operate or function has to be part of a complete definition.

The same is true with data structures.  Yes, we need to know how data is stored and what type of data can be stored.  One major difference between an array and a record is the fact that an array can only store data of the same type, while the record can store data of many different types.  That is great, but it is not sufficient.  How do we access the data and what can be done to the data is another question?  Consider the following altered data structure definition.

	Improved Data Structure Definition

	A data structure is a data type whose components are

smaller data structures and/or simple data types.  The 

storing and retrieval of the data elements is performed by

accessing functions that characterize the data structure.




All of a sudden the clean and simple data structure definition has become rather nasty looking.  Hopefully, it will not seem all that bad.  The first sentence is old stuff.  We have been there before talking about data storage.  The second sentence explains that data has to be accessed and the manner in which it is stored or retrieved defines the nature of the data structure.  

With the improved data structure in mind let us also improve the record data structure definition.  Once again, first look at the original record data structure definition.  Notice how only the storing of data is mentioned.

	First Record Definition

	A record is a data structure with one, or more, elements,

called fields, of the same or different data types.




This definition does help to explain one difference between an array and a record, but it is the same story.  Only data storage is explained, nothing else.  Improving the definition requires information about data access.

	Improved Record Definition

	A record is a data structure with one, or more, elements,

called fields, of the same or different data types.  Each

element of the record can be accessed randomly.




Right now I am faced with a fundamental problem.  You probably do not have a clue what all this random access business is about.  There is no comparison.  Your mental toolbox of data structures is presently filled with precisely one data structure, the record.  You saw how the data was accessed and that did not seem good, bad or whatever.  You did not think, wow I am accessing the data randomly.

It may help to jump ahead and briefly look at a future data structure that does not access data randomly.  Personally, I do not like to jump ahead with forward references.  It tends to confuse students, and I do not like it when it is done to me in a book.  I hope I can be forgiven by making a forward reference, combined with sufficient information, to clear up confusion and hopefully make an extremely important point about this data structure business.

The Stack Data Structure

One important data structure in computer science is the stack.  This data structure will be explained, and used, in considerable detail in the future.  Right now consider the following stack definition.

	Stack Definition

	A stack is a data structure with elements of the same type.

Data elements of the stack data structure can only

be accessed (stored or retrieved) at one end of the stack 

in a LIFO (Last In, First Out) manner.




Let us go to a large home improvement store to create an analogy about this data structure business.  You walk through one isle to get a variety of bolts and nuts of different sizes.  All the hardware is neatly organized in separate containers that are clearly labeled.  You might think that the isle containing all the screws, bolts, nuts and hooks is a large record of hardware data.  One organized isle for many different types of hardware.  You walk directly to a container that is marked with the size bolt that you need.  After that you walk to another container that stores the correct sized nuts that you need.  This is random access.  You can select to access any items in any random pattern.

A little later you need to pick up a new lawnmower.  All the new lawnmowers are stored in neat stacks, eight boxes high.  The particular lawnmower that you need happens to be the third box from the bottom of one stack.  It is not possible for you to access these lawnmowers randomly.  The stack only allows access at the top.  Store employees carefully remove one box at a time from the top of the stack, until your lawn mower can be accessed.  This is not random access.  Data access to the lawnmowers or a computer science stack is only possible at one end.

Now why do you need to use a stack data structure in computer science?  Later. This is a chapter that explains records.  The forward peek to the stack was provided to make a relevant comparison of different data access.  It was used strictly to help explain the random access of a record.

The understanding and use of data structures is one of the most significant components of successful programming.  You will be using many data structures, both C++ provided data structures, and user-created data structures.

This chapter tried to give a brief introduction into the general world of data structures, and then introduced one of the most practical data structures, called a record.  The record is the first of a considerable list of data structure that you will be studying.

Hopefully, you like this chapter.  If right now data structure do not appeal to you, a rough road is ahead.  Future program assignments cannot be done without the use of data structures.  Data structures are here to stay.  They will not go away.
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