Chapter XVIII
C++ Data Structures, the 1D Array

with apvector Implementation

Chapter XVIII Topics


18.1
  Introduction


18.2
  Array Definition


18.3
  C-Style Arrays and the apvector


18.4
  Creating apvector Objects


18.5
  The apvector length and resize Functions


18.6
 Parameter Passing with apvector


18.7    An Array of Records


18.8    Having Your Cake and const Too


18.9    Using apvector in a Class


18.10
  Algorithm Introduction


18.11
  Traversing an Array


18.12
  The Linear Search


18.13
  Deleting From an Array


18.14
  Inserting Into an Array


18.15
  The Bubble Sort

18.1  Introduction

The record data structure provides a excellent data type for storing all types of data.  Both in the earlier, non-OOP C-style struct, and the newer, OOP C++ style class, the record is a very important data structure.  Records handle a variety of data well, and do so with the readability of using an identifier for each element in the record.  On the other hand, the nifty record does not provide a convenient way to process large amounts of data of the same type with either struct or class
The data structure of choice to manipulate date elements of the same type is the array.  We will encounter a similar problem with the array that we experienced earlier with the record data structure.  The word array is a good choice for a data structure that stores elements of the same type.  You know by now that it would be too easy to call such a data type array.  

This is not really much of a problem.  Just get used to the appropriate word to go along with the data structure.  In C++ we will implement arrays with apvector, apstring and apmatrix.  This chapter will focus on the apvector class.  There will be later chapters to explain the apstring class, apmatrix class, and the older C-style array.

Let me remind you again that all these AP classes are not something that is artificially created for the AP Computer Science Examination.  These are C++ data types that follow the C++ standard very closely.  In the future the primary difference between the AP classes and standard classes will be the word AP.

In the introductory chapters it was possible to introduce a group of data types in one chapter, like int, char and double.  The complexity of the data structures requires an entire chapter devoted to a single data type.  In the case of the array, there will be multiple chapters written to properly cover the details of this very versatile data structure.

18.2  Array Definition

What comes to mind when you think of an array?  There is an array of flowers, and you may also have an array of Barbie dolls, or perhaps an array of kitchen pots and pans.  In each case the array has a dual meaning.  You are talking about more than one element.  And you are also indicating that these elements are alike.  They do not all need to be identical, but they are of an identical type.  The array of flowers may include many different flowers, but they are all flowers.

If we only consider data storage, the following array definition is quite adequate.  The definition explains that an array is a data structure, and it explains that the multiple elements of the array are fixed in number and they are of the same type.

	First Array Definition

	An array is a data structure with a fixed number of elements

of the same type.




The record chapter finished by explaining that data structures are more than a means to store data.  The manner in which the stored data is accessed is part of the data structure definition.  This means that the first array definition is not complete.  Some indication must be given about data access.

	Improved Array Definition

	An array is a data structure with a fixed number of elements

of the same type.  Every element of the array can be 

accessed directly.




The direct access of a record elements was accomplished by the using the record variable identifier, followed  by a period and the field identifier.  This resulted in statements like:

cout << Employee.Name << endl;

Arrays use quite a different system.  Some unique index or subscript is used to identify each element of the array.  The indexing approach is all around us.  Streets are arrays of homes.  It is not sufficient to state that you live on Main Street.  You need something like 1750 Main Street.  An airplane contains an array of seats, but flight 512 specifies the flight, not the location where you sit in the plane.  A boarding pass will say something like Flight 512, Row 32, Seat D.  A similar system applies to a football game’s reserved seat.  Your ticket specifies the stadium and date along with the location of the seat.  

Another way to explain this array indexing business is to consider an array of desks in a classroom, more commonly known as a seating chart.  Imagine that it is the first school day.  Some teacher believes in assigned seats and also wants to be organized.  Each student is given an assigned seat number.  The seating chart, for room J116  below, is one example.

	[16]

Darlene
	[17]

Sean
	[18]

Astrid
	[19]

Bert
	[20]

Stephanie

	[11]

Holly
	[12]

Blake
	[13]

Ingrid
	[14]

Bob
	[15]

Gene

	[06]

Diana
	[07]

Jessica
	[08]

David
	[09]

Remy


	[10]

Michelle

	[01]

Isolde
	[02]

John
	[03]

Greg
	[04]

Maria
	[05]

Heidi


The seating chart demonstrates a very important array feature.  Do not confuse the array index, with the contents at the array location, specified by the index.  In other words,   J116[08] is the desk for David.  Room J116, seat number [08] is not equal to David.  It is the location where David is supposed to sit.  

As you look at the examples in this chapter, and as you write your own programs with an array data structure, be aware of the difference between index and content.

18.3  C-Style Arrays and the apvector
The language C provides an array data structure that is quite easy to define.  Do you want more than one integer, character or real number?  No problem, just say so, and specify how many elements your array requires.  This is done by using brackets following the variable identifier.  

	int Numbers[100]  // array of 100 integers

char Letters[50]  // array of 50 characters

double X[10000]   // array of 10000 real numbers




That does not look so tough does it?  No, the definition part of C-style arrays is pretty painless.  Unfortunately, there is some extra baggage that C-style arrays frequently carries.  This baggage is the cause of miserable runtime errors, unpredictable results and courtesy reboots.

	Courtesy Reboot Definition

	A Courtesy Reboot occurs when C++ is so offended, or 

confused, by the nature of your program execution that the

computer automatically reboots.




Program crashes, and courtesy reboots are very annoying.  They are time consuming, especially with Windows 95 or 98, and usually you do not have a clue about the offense that was committed.

Many C++ instructors come to the rescue of their students by providing a special array data structure that contains a variety of safe guards.  Frequently, such arrays are called safe arrays.  They are safe because they prevent undue harm when a program has committed various array-type offenses.  The College Board has provided a set of nifty classes (data types) called the AP Classes.  You have already used one of them, the apstring.  The safe array provided for AP computer science students is called the apvector.  In a later chapter, on C-style Arrays, it will be easier to explain why the name apvector is used.

	APCS Examination Alert

	The APCS Examination will use the apvector class for its

array questions.  The case study also uses the apvector

class for array data structure implementations.  Furthermore,

students are expected to use the apvector class for the

free response part of the examination.




18.4  Creating apvector Objects

Study the first program example and observe the manner in which the List object is defined.  List is a variable, and List is an object.  Now that we have waded in the OOP world, you may expect the word object to be used quite frequently.

	// PROG1801.CPP

// This program demonstrates defining an array with apvector.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

void main()

{

   clrscr();

   apvector <int> List(5);

   int K;

   List[0] = 10;

   List[1] = 20;

   List[2] = 30;

   List[3] = 40;

   List[4] = 50;

   for (K = 0; K < 5; K++)

      cout << "List[" << K << "] = " << List[K] << endl;

   getch();

}




	PROG1801.CPP OUTPUT

List[0] = 10

List[1] = 20

List[2] = 30

List[3] = 40

List[4] = 50




The first array program revealed a variety of important details about working with an array data structure in general and an apvector implementation in particular.  First, we need to start with the required syntax for using the apvector class to define an object.  The apvector class, like apstring is not installed with your C++ compiler.  The apvector class requires that you use the preprocessor statement, #include ”APVECTOR.H” at the top of your program.

Creating an array variable requires three components.  

1.
Start with the apvector class name.

2.
Indicate the data type of each element in the array.

3.
Specify the identifier of the apvector object.

Combining the three parts gives the following program statement example:

	apvector <int> List(5);


You may be surprised by the <int>  notation.  This type of syntax is used to indicate that apvector is a templated class.  I am sure that you are now totally informed.   This is a situation where we are using a C++ feature before it is explained in any detail.  At this stage, think of a template as allowing you to use the same type of feature for many different data types.  In this case that means that any legal data type can be used in place of int.  The details of creating and using templates will be covered in a later chapter.

The first program also showed the syntax for access to individual array elements.  This is accomplished by using the array variable, or more accurately the apvector object List, followed by an index.  Do you notice anything unusual or strange about the following program segment?

	   List[0] = 10;

   List[1] = 20;

   List[2] = 30;

   List[3] = 40;

   List[4] = 50;


The index values are strange, are they not?  The first array element is at location [0] and the 5th or last array element is at index [4].  This is not a C++ oddity.  It is quite common in many computer science areas to start counting at 0.

What happens if you ignore the index rule and decide to start at index [1] and end at index [5]?  This question will be answered by program PROG1802.CPP.  This program has output if you count compile error messages as output.

	// PROG1802.CPP

// This program demonstrates defining an array with apvector.

// It demonstrates index range protection.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

void main()

{

   clrscr();

   apvector <int> List(5);

   int K;

   List[1] = 10;

   List[2] = 20;

   List[3] = 30;

   List[4] = 40;

   List[5] = 50;

   for (K = 1; K <= 5; K++)

   {

      cout << "List[" << K << "] = " << List[K] << endl;

      getch();

   }

}




	PROG1802.CPP OUTPUT

Illegal vector index: 5 max index = 4

Abnormal program termination




You have some memory that I claimed apvector to be a safe array.  It was designed to prevent unpleasant computer behavior like courtesy reboots.  Now you see a small program, with a small error, and it stops program execution.  This is a bona-fide “crash” and apvector did little to stop the crash.  In reality, the apvector class did you several favors.  Not all program crashes are “equal.”  Some crashes stop program execution and then allow you to continue. Other crashes require a warm-boot or even a cold-boot.  The apvector does not prevent interruption of program execution.  Interruption is desirable when something is wrong, and preferably that the program stops without too much trouble.  Furthermore, you are provided with a practical error message that indicates the nature of the problem.  In this case you are notified that an attempt is made to use index 5, and the maximum index allowed is 4. 

Initializing an apvector Object
It is possible to instantiate (this is serious vocabulary you understand now) an apvector object such that every element in the array is initialized to the same value.  This feature is essentially the data-structure-equivalent to a statement like int X = 0; 

I bet you can also figure out how this initialization is possible.  How about overloading the constructor and create another constructor with an extra parameter for the initializing value?  Makes sense?  Good, this feature is demonstrated in the program below.

	// PROG1803.CPP

// This program demonstrates defines an array initialized with

// 10 elements, each of which is initialized to 100.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

void main()

{

   clrscr();

   apvector <int> List(10,100);

   int K;

   for (K = 0; K < 10; K++)

      cout << List[K] << "  ";

   getch();

}




	PROG1803.CPP OUTPUT

100  100  100  100  100  100  100  100  100  100




	apvector Syntax

	Constructing an empty apvector object:

apvector <type> identifier

apvector <int> List;

Constructing an apvector object without initialization:

apvector <type> identifier(size)

apvector <int> List(20);

Constructing an apvector object with initialization:

apvector <type> identifier(size,initial value)

apvector <int List(20,100);

Access array elements with [ ] notation and index value:

access function List[index]

cout << List[Index];

Note:

The index range of an apvector object with size N is [0..N-1]




18.5  The apvector length and

         resize Functions

Since apvector is a class, you would expect the class to have member functions that make the class easier and better to use.  The apvector has two functions, length and resize, which makes programming with arrays simpler.  The names are quite appropriate.  The length function returns the number of elements in the apvector object.  The resize function allows you to change the size of the current apvector object.  The next program example, PROG1804.CPP demonstrates the proper syntax and use of these functions.

	// PROG1804.CPP

// This program demonstrates the length and resize functions.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

void main()

{

   clrscr();

   int K;  // loop counter and array index

   int N;  // number of elements in the list array

   apvector <int> List(10,100);

   N = List.length();

   cout << "There are " << N << " elements in list" << endl;

   List.resize(15);

   N = List.length();

   cout << "There are " << N << " elements in list" << endl;

   cout << endl;

   for (K = 0; K < N; K++)

      cout << List[K] << "  ";

   getch();

}




	PROG1804.CPP OUTPUT

There are 10 elements in List

100  100  100  100  100  100  100  100  100  100

There are 15 elements in List

100  100  100  100  100  100  100  100  100  100  -6136  897  1734  -11481  -6144




There is not much that needs to be discussed with the length function.  Your primary concern is to be aware that the largest index of an array is not the same as the size of the array.  Remember that in C++ the array index starts at 0 and ends at N-1, where N is the size of the array.

	The apvector length Function

	The apvector length function returns the number of

elements of an apvector object.

apvector <int> List(100);

N = List.length();  // value of N = 100;




The apvector resize function is more complicated.  The meaning is literal.  This function allows your to alter the current size to a new size.  The new size can be smaller or larger; it does not matter.  Do keep in mind that resizing to a larger array will add array elements with unknown values.  There is not an automatic initialization feature for the new, larger array.  This means that your program output may well differ from the one shown earlier,

	The apvector resize Function

	The apvector resize function alters the number of elements

in the current apvector object to the value of the resize
function’s argument.

apvector <int> List(100);

N = List.length();  // value of N = 100

list.resize(150);

N = List.length();  // value of N = 150 




You need to avoid using the resize function excessively.  There is a considerable time penalty in using this function.  Every time resize is used, space is allocated in memory for the new apvector object.  Values from the object’s previous memory location are then copied to the new location.  If the new size is smaller, some old values will be lost.  If the new size is larger, some space will have unknown values.  After the copy is made, the previous location is returned to memory for some other use.  This resizing process may not be so bad for an array with 50 to 100 elements, but it can be very process intensive if the array has thousands of elements.

	apvector resize Function Warning

	Avoid excessive function calls to resize with large array

structures.  The processing overhead in this function requires

a heavy time penalty with large data structures. 




18.6  Parameter Passing with apvector
You will find that parameter passing with apvector arrays is identical to the method shown with C++ records using struct.  The entire data structure is passed as a parameter by using the variable (object) name.  Reference parameters will use the ampersand (&) in front of the identifier.
	// PROG1805.CPP

// This program demonstrates apvector parameter passing.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

void EnterList(apvector <int> &List);

void ShowList(apvector <int> List);

void main()

{

   clrscr();

   apvector <int> List(5);

   EnterList(List);

   ShowList(List);

   getch();

}

void EnterList(apvector <int> &List)

{

   cout << endl << endl;

   int N;

   int K;

   N = List.length();

   for (K = 0; K < N; K++)

   {

      cout << "Enter an integer  ===>>  ";

      cin >> List[K];

   }

}

void ShowList(apvector <int> List)

{

   cout << endl << endl;

   int N;

   int K;

   N = List.length();

   for (K = 0; K < N; K++)

      cout << List[K] << endl;

}




	PROG1805.CPP OUTPUT

Enter an integer  ===>>  10

Enter an integer  ===>>  20

Enter an integer  ===>>  30

Enter an integer  ===>>  40

Enter an integer  ===>>  50

10

20

30

40

50




There is more to this parameter story.  The previous example defined an apvector object, List, to have five elements, in the main function.  It is quite possible that you want the program user to enter the size of the array.

The next program example, PROG1806.CPP shows that situation.  In this case the size of the array is entered in the EnterList function.  Do note that the List object is constructed in the main function, but it is constructed with the default constructor, which constructs an apvector object with only zero elements.  After function EnterList is called, the resize function gives the array its size.

	// PROG1806.CPP

// This program demonstrates vector size entered by the user.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

void EnterList(apvector <int> &List);

void ShowList(apvector <int> List);

void main()

{

   clrscr();

   apvector <int> List;

   EnterList(List);

   ShowList(List);

   getch();

}

void EnterList(apvector <int> &List)

{

   int N;

   int K;

   cout << endl << endl;

   cout << "Enter the size of the list  ===>>  ";

   cin >> N;

   cout << endl;

   List.resize(N);

   for (K = 0; K < N; K++)

   {

      cout << "Enter an integer  ===>>  ";

      cin >> List[K];

   }

}

void ShowList(apvector <int> List)

{

   cout << endl << endl;

   int N;

   int K;

   N = List.length();

   for (K = 0; K < N; K++)

      cout << List[K] << endl;

}




	PROG1806.CPP

Enter the size of the list  ===>>  6

Enter an integer  ===>>  11

Enter an integer  ===>>  22

Enter an integer  ===>>  33

Enter an integer  ===>>  44

Enter an integer  ===>>  55

Enter an integer  ===>>  66

11

22

33

44

55

66




Some people like user-defined types in parameter headings, and only use the apvector declaration once.  At least, once that is visible.  With typedef you can user-define your own type and use it from that point on.  This method of data structure parameter passing is shown in PROG1807.CPP.

	// PROG1807.CPP

// This program demonstrates using typedef with apvectors

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

typedef apvector <int> ListType;

void EnterList(ListType &List);

void ShowList(ListType List);

void main()

{

   clrscr();

   ListType List;

   EnterList(List);

   ShowList(List);

   getch();

}

void EnterList(ListType &List)

{

   int N;

   int K;

   cout << endl << endl;

   cout << "Enter the size of the list  ===>>  ";

   cin >> N;

   List.resize(N);

   for (K = 0; K < N; K++)

   {

      cout << "Enter an integer  ===>>  ";

      cin >> List[K];

   }

}

void ShowList(ListType List)

{

   cout << endl << endl;

   int N;

   int K;

   N = List.length();

   for (K = 0; K < N; K++)

      cout << List[K] << endl;

}




	PROG1807.CPP

Enter the size of the list  ===>>  4

Enter an integer  ===>>  123

Enter an integer  ===>>  456

Enter an integer  ===>>  789

Enter an integer  ===>>  123

123

456

789

123




18.7  An Array of Records

Several chapters ago, you were introduced to the record data structure, implemented with struct.  The record is an excellent data structure to store employee information, but you can only store the information of one employee in one record.  This chapter introduces the array data structure, implemented with apvector.  The array is very convenient for processing large quantities of data that are all of the same type.  The array definition specifies that each element of the array has to be of the same type.  This should include records.  Now do not get confused.  The record itself is not an array since the record has fields with different data types.  But if each array element is the exact same record, the array definition is still happy and satisfied.  Along the way you will have created a highly practical data structure, the array of records.  Declaring an array of records is syntactically speaking the exact same as declaring any other type of array with apvector.  The difference is that you need to declare the record first so that it can be used by the apvector declaration, like program PROG1808.CPP
	// PROG1808.CPP

// This program demonstrates using an array of records using

// apvectors and struct.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

#include "APSTRING.H"

struct Student

{

   apstring Name;

   double GPA;

};

typedef apvector <Student> StudentList;

void EnterList(StudentList &);  // note an identifier is not

void ShowList(StudentList );    // necessary in the prototypes

void main()

{

   clrscr();

   StudentList Students;

   EnterList(Students);

   ShowList(Students);

   getch();

}

void EnterList(StudentList &St)

{

   int N;

   int K;

   cout << endl << endl;

   cout << "Enter the size of the list  ===>>  ";

   cin >> N;

   cout << endl;

   St.resize(N);

   for (K = 0; K < N; K++)

   {

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

      cin >> St[K].Name;

      cout << "Enter Student GPA   ===>>  ";

      cin >> St[K].GPA;

      cout << endl;

   }

}

void ShowList(StudentList St)

{

   cout << endl << endl;

   int N;

   int K;

   N = St.length();

   for (K = 0; K < N; K++)

   {

      cout << St[K].Name << endl;

      cout << St[K].GPA << endl;

      cout << endl;

   }

}




	PROG1808.CPP OUTPUT

Enter the size of the list  ===>>  3

Enter Student Name  ===>>  Andy Aardvark

Enter Student GPA   ===>>  1.575

Enter Student Name  ===>>  Suzy Snodgrass

Enter Student GPA   ===>>  2.938

Enter Student Name  ===>>  Seymour Schmittlap

Enter Student GPA   ===>>  3.857

Andy Aardvark

1.575

Suzy Snodgrass

2.938

Seymour Schmittlap

3.857




18.8  Having Your Cake and const Too

Let us do a quick review on the reasons for using value and reference parameters.  At least, review those reasons that you learned back in the function chapters.  You are right.  Value parameters make a copy of the information that is passed by the actual parameters.  The consequence is that any changes to the function's  formal, value parameters will not alter the calling, actual parameters.  Now the reference parameters pass a reference to the memory address of the actual parameter.  Any changes in the reference parameters will make simultaneous changes to the calling, actual parameters since they occupy the same memory space.

So the choice seems simple.  If you want a function to alter values of variables somewhere outside the function, you use the reference parameter.  On the other hand, if you want to keep all data processing local to a function, you use the value parameter.  Simple, yes, but the story is not exactly complete.  Our motivations to use certain parameters can be quite different than a concern where information is used and changed.  There is also a memory and speed issue that becomes very significant with large data structures.

Imagine that you have a large data structure chewing up a hefty chunk of memory.  This is easily done with an array of records.  One employee record may only be a modest 50 bytes.  On the other hand, an array with 1000 records of 50 bytes each requires 50,000 bytes of memory.

Now keep up the imagination.  Consider also that this large array needs to be passed to a PrintData function, which prints all the employee information.  This is a situation where any processing of the PrintData function is not intended to alter variables anywhere else.  Based on our previous information, we would decide to use a value parameter to pass the information.

Now comes the punch line. . . . . NO, NO, NO . . . . . Using a value parameter of this large data structure will cause a double efficiency penalty.  (Remember efficiency from the program design chapter?)  First, it will require a considerable amount of time to copy 50,000 bytes of information.  Secondly, it will chew up another 50,000 bytes of memory.  In this scenario, it may be wise to use a reference parameter, even though you are not changing any information.

	Passing Data Structures as Parameters

	Passing a large data structure by value results in a double

efficiency penalty.

(
It takes time to copy a large data structure.

(
It takes twice the memory to copy data.

Large data structures should not be passed by value
for the reasons stated above.




Most students are not extremely concerned about this efficiency penalty business.  At the same time, the majority of students lose little sleep over possible side effects, which may be caused by using reference parameters for data that does not change.  All this may be true, but computer science types of the academic world and industry world care a great deal.  People who are directly involved with the consequence of a program’s accuracy and efficiency must consider efficiency.  

C++ has been very accommodating in this area.  You can have your cake and eat it too.  That is correct.  I am stating that you can have the memory efficiency of a reference parameter.  At the same time you can have the security of a value parameter.  How is this magic performed?  With an innocent little reserved word called const.  Now this const is not the same constant that can be used to attach a constant value to an identifier.  You can use const in a parameter heading, together with a reference parameter and you make a double statement:


(   Do pass information by reference


(   Do not allow the parameter to change

We have a strange crossbreed here.  It can be called a value parameter that has reference parameter properties or vice-versa.  Run program PROG1809.CPP first as it is shown.  Everything will work just fine.  Now run the program a second time, with the comment removed in function ShowRandomList.  What happens now to the program?

	// PROG1809.CPP

// This program demonstrates using a const reference parameter

// to save computer memory, yet avoid possible side effects.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

void CreateRandomList(apvector <int> &RandomList);

void ShowRandomList(const apvector <int> &RandomList);

void main()

{

   apvector <int> RandomList;

   CreateRandomList(RandomList);

   ShowRandomList(RandomList);

}

void CreateRandomList(apvector <int> &RandomList)

{

   clrscr();

   int N;

   int K;

   cout << "Enter random list size  ===>>  ";

   cin >> N;

   RandomList.resize(N);

   for (K = 0; K < N; K++)

      RandomList[K] = random(900) + 100;

}

void ShowRandomList(const apvector <int> &RandomList)

{

   cout << endl << endl;

   int N;

   int K;

   N = RandomList.length();

   for (K = 0; K < N; K++)

      cout << RandomList[K] << "  ";

   cout << endl;

// RandomList[1] = 999;

   getch();

}




	PROG1809.CPP OUTPUT

Enter random list size  ===>>  100

109  103  401  129  420  295  583  276  730  954  347  499  198  728  607  137

248  833  716  787  844  963  297  484  957  855  930  829  505  644  695  639

594  748  202  465  209  704  527  541  607  410  881  337  261  480  725  247

584  680  661  102  808  342  514  447  439  623  643  351  253  824  365  400

467  316  472  148  544  985  101  468  162  166  328  977  419  464  277  277

290  324  782  900  914  762  515  578  131  217  512  535  637  327  203  731

684  897  887  138




You might wonder how it is possible for the program to prevent any data structure alteration during program execution.  The C++ compiler takes a simpler attitude about that problem.  No attempt is made to control program execution.  It is easier than that.  During compiling, C++ detects statements that would alter the “const” parameter.  The compiler response is shown below.
	 PROG1809.CPP OUTPUT WITH COMMENT REMOVED

void ShowRandomList(const ListType &RandomList)

{

   cout << endl << endl;

   int N;

   int K;

   N = RandomList.length();

   for (K = 0; K < N; K++)

      cout << RandomList[K] << ”  ”;

   cout << endl;

   RandomList[1] = 999;

   getch();

}

__________________________________________________________________

Compiling PROG1809.CPP

Error PROG1809.CPP 47: Cannot modify a const object




	APCS Examination Alert

	The APCS Committee recommends that value parameters

are only used with simple data types.

All data structure information should be passed by reference.

Data structures that should not change in a function should

be passed as const reference parameters.




18.9  Using apvector in a Class
You know how a practical data structure can be created with an array of records.  Now if the element of an array can be a record, can you have a field in a record that is an array?  This is a good question, and the record definition does not indicate that fields must be simple types.  In this section we will not only show that an array can be a field of a record, but also how everything can be packaged conveniently in one class.

The previous section demonstrated a classic modular programming approach.  The data structure ListType stores the information, random integers in this case.  Functions CreateRandomList and ShowRandomList process the information of ListType.

We now make the switch to OOP and create a ListType class.  This class will contain the array List, as well as the two functions CreateRandomList and ShowRandomList.  After all, this is C++ and OOP is the name of the game.  We need to get with the program (pun intended) and start using classes and objects.

	// PROG1810.CPP

// This program demonstrates using a ListType class.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

class ListType

{

   private:

      apvector <int> List;

   public:

      void CreateRandomList();

      void ShowRandomList();

};

void main()

{

   ListType RandomList;

   RandomList.CreateRandomList();

   RandomList.ShowRandomList();

}

void ListType::CreateRandomList()

{

   clrscr();

   int N;

   int K;

   cout << "Enter random list size  ===>>  ";

   cin >> N;

   List.resize(N);

   for (K = 0; K < N; K++)

      List[K] = random(900) + 100;

}

void ListType::ShowRandomList()

{

   cout << endl << endl;

   int N;

   int K;

   N = List.length();

   for (K = 0; K < N; K++)

      cout << List[K] << "  ";

   cout << endl;

   getch();

}




	PROG1810.CPP OUTPUT

Enter random list size  ===>>  32

109  103  401  129  420  295  583  276  730  954  347  499  198  728  607  137

248  833  716  787  844  963  297  484  957  855  930  829  505  644  695  639




Alert students will object to the ListType class used in the last program.  Why? Data is stored in an array, tucked away in the private segment of the class.  Furthermore, functions are properly located inside the public segment of the class and everything is one neat package.  A neat package yes, but there is no constructor or destructor anywhere in sight.  You are correct.  Our program PROG1810.CPP was designed to be completely identical, in processing, to program PROG1809.CPP, and focus on using the apvector class inside another class.  The next program will satisfy the more particular students who want to see a constructor and a destructor.

	// PROG1811.CPP

// This program demonstrates using a ListType class.

// It uses an improper constructor and an unnecessary destructor.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

class ListType

{

   private:

      apvector <int> List;

   public:

      ListType();

      ListType(int,int);

      ~ListType();

      void CreateRandomList();

      void ShowList();

};

void main()

{

   clrscr();

   int Size;

   cout << "Enter random list size  ===>>  ";

   cin >> Size;

   ListType List(Size,0);

   List.ShowList();

   List.CreateRandomList();

   List.ShowList();

}

ListType::ListType()

{

   cout << endl << endl;

   cout << "DEFAULT CONSTRUCTOR CALLED" << endl;

   List.resize(0);

}

ListType::ListType(int Size, int Value)

{

   cout << endl << endl;

   cout << "SECOND CONSTRUCTOR CALLED" << endl;

   List.resize(Size);

   for(int K=0; K < Size; K++)

      List[K] = Value;

}

ListType::~ListType()

{

   cout << endl << endl;

   List.resize(0);

   cout << "DESTRUCTOR CALLED" << endl;

   cout << endl;

   cout << "ALL LIST MEMORY RETURNED" << endl;

   getch();

}

void ListType::CreateRandomList()

{

   cout << endl << endl;

   cout << "FUNCTION CREATE RANDOM LIST CALLED" << endl;

   int K;

   for (K = 0; K < List.length(); K++)

      List[K] = random(900) + 100;

}

void ListType::ShowList()

{

   cout << endl << endl;

   cout << "FUNCTION SHOW RANDOM LIST CALLED" << endl;

   cout << endl;

   int N;

   int K;

   N = List.length();

   for (K = 0; K < N; K++)

      cout << List[K] << "  ";

   cout << endl;

   getch();

}




	PROG1811.CPP OUTPUT

Enter random list size  ===>>  32

SECOND CONSTRUCTOR CALLED

FUNCTION CREATE RANDOM LIST CALLED

109  103  401  129  420  295  583  276  730  954  347  499  198  728  607  137

248  833  716  787  844  963  297  484  957  855  930  829  505  644  695  639

DESTRUCTOR CALLED

ALL LIST MEMORY RETURNED



There is something a little peculiar about the constructor in the last program, and the destructor also has some questions to answer.  You know that apvector is a class and since it is a class, apvector has its own constructor.  You have seen many examples where the size of the apvector object is indicates when a new object is constructed with a statement like ...

apvector <int> List(100);

Program PROG1811.CPP uses a ListType class, and an object of this class is instantiated with a parameter for the size of the required data storage.  Now the ListType class uses the apvector class to store information.  In other words, the parameter value that is used with the ListType constructor somehow needs to finds its way to the apvector constructor.  Do you see anything like that happening?  Is there evidence that an apvector constructor is called with information to indicate how large the object needs to be.  No, there is not any such thing and the only sizing you see is that the ListType constructor uses the resize function to make the apvector object manage the required data.  The resize command is followed by a loop that initializes every element of the newly sized apvector object.  This is all lovely, but that means that we first construct some apvector object somewhere and then resize it later.  Should we not be able to do this directly and construct the proper object size and initialization in the first place?  There is also the issue of using resize in the destructor to return allocated memory.

In the last chapter there was a short section on initializer lists.  The syntax for using initializer lists was shown and to you it looked like a second method to assign values to data members of an object.  You did not see much value in using this initializer business.  Back then you were told that the use would be explained later.  Well it is later, and the initializer list is custom designed for our present dilemma.  Precisely what is our dilemma?  The dilemma is that a ListType object cannot be constructed until an apvector object is first constructed, and we appear to lack the means to pass information to this nested constructor.

What comes to the rescue is the initializer list, which does a terrific job passing information, both to any current constructor or any other nested constructor.  Check out program PROG1812.CPP to see how this accomplished.  At the same time you will observe that the destructor is changed.  The resize statement is gone and there is now an empty function body.  Makes sense?  It does make sense if you want to prevent extra work.  The apvector class has its own destructor, and this destructor very nicely returns any memory that is no longer needed.  The approach of the previous program was to resize our ListType object to 0 and then in the background the apvector class does the same thing.  This is not necessary, and therefore the ListType destructor is correctly an empty function body.

	// PROG1812.CPP

// This program demonstrates using a ListType class.

// The constructor uses an initializer list and the ListType

// destructor lets apvector class do the destructing.

#include <iostream.h>

#include <conio.h>

#include "APVECTOR.H"

class ListType

{

   private:

      apvector <int> List;

   public:

      ListType();

      ListType(int,int);

      ~ListType();

      void CreateRandomList();

      void ShowList();

};

void main()

{

   clrscr();

   int Size;

   cout << "Enter random list size  ===>>  ";

   cin >> Size;

   ListType List(Size,0);

   List.ShowList();

   List.CreateRandomList();

   List.ShowList();

}

ListType::ListType()

   : List(0)

{

   cout << endl << endl;

   cout << "DEFAULT CONSTRUCTOR CALLED" << endl;

}

ListType::ListType(int Size, int Value)

   : List(Size,Value)

{

   cout << endl << endl;

   cout << "SECOND CONSTRUCTOR CALLED" << endl;

}

ListType::~ListType()

{

   cout << endl << endl;

   cout << "DESTRUCTOR CALLED" << endl;

   cout << endl;

   cout << "ALL LIST MEMORY RETURNED BY APVECTOR DESTRUCTOR" 

        << endl;

   getch();

}

void ListType::CreateRandomList()

{

   cout << endl << endl;

   cout << "FUNCTION CREATE RANDOM LIST CALLED" << endl;

   int K;

   for (K = 0; K < List.length(); K++)

      List[K] = random(900) + 100;

}

void ListType::ShowList()

{

   cout << endl << endl;

   cout << "FUNCTION SHOW LIST CALLED" << endl;

   cout << endl;

   int N;

   int K;

   N = List.length();

   for (K = 0; K < N; K++)

      cout << List[K] << "  ";

   cout << endl;

   getch();

}



	PROGRAM PROG1812.CPP OUTPUT

Enter random list size  ===>>  12

SECOND CONSTRUCTOR CALLED

FUNCTION SHOW LIST CALLED

0  0  0  0  0  0  0  0  0  0  0  0  

FUNCTION SHOW LIST CALLED

109  103  401  129  420  295  583  276  730  954  347  499

DESTRUCTOR CALLED

ALL LIST MEMORY RETURNED BY APVECTOR DESTRUCTOR




The syntax of the initializer list involves using a colon after the function heading followed by the identifiers that need to be initialized.  The ListType constructor is shown twice below to demonstrate two different formats that are syntactically identical.

	ListType::ListType(int Size, int Value)

   : List(Size,Value)

{

   cout << endl << endl;

   cout << "SECOND CONSTRUCTOR CALLED" << endl;

}




	ListType::ListType(int Size, int Value) : List(Size,Value)

{

   cout << endl << endl;

   cout << "SECOND CONSTRUCTOR CALLED" << endl;

}




	APCS Examination Alert

	Initializer list information passing is the only way to pass

information to the constructor of a class that is declared

inside another class.

Materials provided by the College Board, like the case study

and AP classes use initializer lists for all situations.  This

includes initializing "non-nested" constructor data.

The use of these lists is done for uniformity so that all

constructors initialize data in the same manner.  




18.10  Algorithm Introduction

We need to take a break from C++ syntax.  For the remainder of this chapter there will be no new C++ features introduced.  Do keep remembering that you are learning introductory computer science concepts and the language C++ is used to teach these concepts.  In high school we have used BASIC and Pascal in computer science before we switched to C++.  In college you will see a bigger variety in introductory computer science classes.  C++ is certainly popular, but so is Pascal, Scheme, Java and other languages, and the choice of the CS first-semester,  introductory language changes quite frequently.

This chapter will now switch focus to an area that does not have many changes: the algorithms used in computer programming.  The algorithms presented in this chapter that are essentially unchanged from earlier chapters in Pascal and BASIC books.  Sure the language syntax is different, but the essence of the algorithm is unchanged.  Do you remember what an algorithm is?

	Algorithm Definition

	An algorithm is a step-by-step solution to a problem.




You recall a previous chapter on Program Design, which devoted some space on creating algorithms.  In that chapter algorithms were discussed primarily as a step in the sequence of proper program development.  Right now our interest is in actual useful algorithms.  Algorithms are so important that an entire chapter is devoted at the end of the first year course.  However, the topic of algorithms is too critical to wait for the end of the year to introduce these concepts.  It is vital that you start learning and using some of the more basic algorithms today.

You have done quite a variety of program assignments at this stage and each program required the creation on an algorithm.  There were times when you repeated the same types of algorithms for different assignments.  In this array chapter we will look at a group of practical algorithms that are commonly used in array data processing.  

The study of algorithms needed to wait until you had done some work with data structures.  Algorithms that are frequently used in computer science, such as sorting and searching, require the use of data structures.  Niklaus Wirth, the creator of the programming language Pascal, made the following equation about data structures and algorithms.

	Programming Language Definition

	Data Structures + Algorithms = Programs




This chapter also emphasizes the recurring theme of computer science, not to reinvent the wheel.  If practical algorithms have been created for certain situations, use them, store them, and reuse them as some later date.  Time is too precious to start from scratch with every program when useful tools have already been created. 

18.11  Traversing an Array

This section is serious ho-hum.  Traversing an array probably is not a difficult part of your computer science curriculum.  Do consider that I am trying to start simple with this algorithm business.  You have already displayed - or traversed - every element of a one-dimensional array.  This section serves as a reminder.  What is the reminder?

	Array Traversing Reminder

	Use a single loop to traverse a one-dimensional array.

In most cases a for is the easiest method for array traversal.




	// PROG1813.CPP

// Traverse One-Dimensional Array algorithm

// This program creates a set of random integers and 

// displays them.

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "APVECTOR.H"

typedef apvector <int> ListType;

void CreateList(ListType &List);

void DisplayList(const ListType &List);

void main()

{

   clrscr();

   ListType List(12);

   CreateList(List);

   DisplayList(List);

}

void CreateList(ListType &List)

{

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      List[K] = random(9000) + 1000;

}

void DisplayList(const ListType &List)

{

   cout << endl << endl;

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      cout << setw(5) << List[K];

   cout << endl;

   getch();

}




	PROG1813.CPP OUTPUT

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998




The modest array traversal is not an exciting algorithm, but it is a very important start.  You have to know how to enter data in an array, and you need to know how to access this data.  It is also handy to know how to quickly fill an array with random numbers.  Random numbers are can be used for searching and sorting algorithms that will be presented in some later sections.

18.12  The Linear Search
Now let us look at what happens in the real world.  In a moment of weakness your mother or father gives you a credit card to do shopping at the local mall.  You are excited and tightly clutch the piece of plastic in your hands.  At the stores you hand the credit card for payment.  Is your new purchase now yours?  No it is not.  First you have to wait while the store clerk determines if your credit card can handle the purchase.  Is the card valid?  Does the card have sufficient credit left in its balance?  These questions can only be answered by finding the information record associated with your parents’ credit card.  In other words, a computer needs to perform a search to find the proper credit card record.

The credit card is but one example.  In an auto parts store, a clerk punches in some part number and the computer searches to see if the part exists in inventory.  And now in the modern Internet world searching takes on a new meaning when special programs, called search engines, look for requested topics on the ever expanding World Wide Web.

In other words, searching is a major big deal and in this chapter we start to explore various ways that you can search for requested elements in an array.  

There is not a simpler search than the inefficient Linear Search.  In this search you start at the beginning of a list and traverse to the end, comparing every element along the way.  A Boolean variable is set to true if a match is found.  Program PROG1814.CPP demonstrates this first searching approach.  In just a moment I will explain why this search is called inefficient.  This algorithm is called linear or sometimes sequential because it starts at one end and goes in a linear or sequential progression to the end.

	// PROG1814.CPP

// Inefficient Linear Search algorithm.

// This program uses a search algorithm that traverses the entire

// array, even after the indicated array element is found.

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "BOOL.H"

#include "APVECTOR.H"

typedef apvector <int> ListType;

void CreateList(ListType &List);

void DisplayList(const ListType &List);

void LinearSearch(const ListType &List);

void main()

{

   clrscr();

   ListType List(12);

   CreateList(List);

   DisplayList(List);

   LinearSearch(List);

}

void CreateList(ListType &List)

{

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      List[K] = random(9000) + 1000;

}

void DisplayList(const ListType &List)

{

   cout << endl << endl;

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      cout << setw(5) << List[K];

   cout << endl;

}

void LinearSearch(const ListType &List)

{

   cout << endl << endl;

   int SearchNumber;

   int N = List.length();

   int K;

   bool Found = false;

   cout << "Enter search number ===>>  ";

   cin >> SearchNumber;

   for (K = 0; K < N; K++)

     if (List[K] == SearchNumber)


  Found = true;

   cout << endl;

   if (Found)

      cout << SearchNumber << " is in the list" << endl;

   else

      cout << SearchNumber << " is not in the list" << endl;

   getch();

}




	PROG1814.CPP OUTPUT #1

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998

Enter search number  ===>>  2345

2345 is not in the list




	PROG1814.CPP OUTPUT #2

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998

Enter search number  ===>>  9549

9549 is in the list




Did you understand why the previous search algorithm is called inefficient?  What happens when the search number is the very first number in the list?  The loop still continues and compares every element in the array until the end.  This is flat silly.  Imagine that you are a car repair shop and after your file is found, the clerk continues to check every file.  

The next search algorithm is a more civilized Linear Search and uses a Boolean variable both to signal that the requested element is found as well as a loop condition to terminate the search.

	// PROG1815.CPP

// Efficient Linear Search algorithm.

// This search algorithm exits the loop the moment the search 

// item is found.

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "BOOL.H"

#include "APVECTOR.H"

typedef apvector <int> ListType;

void CreateList(ListType &List);

void DisplayList(const ListType &List);

void LinearSearch(const ListType &List);

void main()

{

   clrscr();

   ListType List(12);

   CreateList(List);

   DisplayList(List);

   LinearSearch(List);

}

void CreateList(ListType &List)

{

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      List[K] = random(9000) + 1000;

}

void DisplayList(const ListType &List)

{

   cout << endl << endl;

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      cout << setw(5) << List[K];

   cout << endl;

}

void LinearSearch(const ListType &List)

{

   cout << endl << endl;

   int SearchNumber;

   int N = List.length();

   int K;

   bool Found = false;

   cout << "Enter search number ===>>  ";

   cin >> SearchNumber;

   Found = false;

   K = 0;

   while (K < N && !Found)

   {

     if (List[K] == SearchNumber)


  Found = true;

     else


  K++;

   }

   cout << endl;

   if (Found)

      cout << SearchNumber << " is in the list at index" << K 

           << endl;

   else

      cout << SearchNumber << " is not in the list" << endl;

   getch();

}




	PROG1815.CPP OUTPUT

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998

Enter search number  ===>>  1095

1095 is in the list at index 0




18.13  Deleting from an Array
Arrays of information are dynamic in the real world.  Information is constantly altered, added and deleted.  Most of the examples in this chapter involve integer arrays.  Such arrays are short and the logic of the algorithm is put in easier focus for learning.  At the end of the chapter some more practical examples will be shown.  Right now you need to realize the process of deleting an array element.

There are two separate processes involved in array deletion.  First, you need to find the desired array element.  Second,  you need to remove the array element.  In practice this means to move every element to the “right” one array location to the “left”.  This process is shown in the diagram below.

Our mission is to find the array element 90 and remove it from the array.  We find 90 and its index is 5.  A loop is now required to shift every element starting with index 6 to the end, to the previous index location.

[0] [1] [2] [3] [4] [5] [6] [7] [8] [9]
	45
	54
	12
	67
	87
	90
	36
	28
	61
	18


[0] [1] [2] [3] [4] [5] [6] [7] [8] [9]
	45
	54
	12
	67
	87
	36
	28
	61
	18


	// PROG1816.CPP

// Delete Array Element algorithm

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "BOOL.H"

#include "APVECTOR.H"

typedef apvector <int> ListType;

void CreateList(ListType &List);

void DisplayList(const ListType &List);

void LinearSearch(const ListType &List, int &SearchNumber, 

                  bool &Found, int &Index);

void DeleteItem(ListType &List, int SearchNumber, bool Found, 

                int Index);

void main()

{

   clrscr();

   ListType List(12);

   int SearchNumber;

   int Index;

   bool Found;

   CreateList(List);

   DisplayList(List);

   LinearSearch(List,SearchNumber,Found,Index);

   DeleteItem(List,SearchNumber,Found,Index);

   DisplayList(List);

}

void CreateList(ListType &List)

{

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      List[K] = random(9000) + 1000;

}

void DisplayList(const ListType &List)

{

   cout << endl << endl;

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      cout << setw(5) << List[K];

   cout << endl;

   getch();

}

void LinearSearch(const ListType &List, int &SearchNumber,

                  bool &Found, int &Index)

{

   cout << endl << endl;

   int N = List.length();

   cout << "Enter number to be deleted ===>>  ";

   cin >> SearchNumber;

   Found = false;

   Index = 0;

   while (Index < N && !Found)

   {

      if (List[Index] == SearchNumber)


 Found = true;

      else


 Index++;

   }

}

void DeleteItem(ListType &List, int SearchNumber, bool Found, 

                int Index)

{

   cout << endl << endl;

   if (!Found)

      cout << SearchNumber


     << " is not in the list, and cannot be deleted."


     << endl;

   else

   {

      int J;

      int N = List.length();

      for (J = Index; J < N-1; J++)


   List[J] = List[J+1];

      List.resize(N-1);

      cout << SearchNumber << " has been deleted from the list."

           << endl;

   }

}




	PROG1816.CPP OUTPUT #1

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998

Enter number to be deleted  ===>>  5832

5832 has been deleted from the list.

1095 1035 4016 1299 4201 2954 2761 7302 9549 3473 4998




	PROG1816.CPP OUTPUT #2

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998

Enter number to be deleted  ===>>  5000

5000 is not in the list, and therefore cannot be deleted.

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998




	Warning About Array Resizing

	The program examples in this chapter do some casual 

resizing of an array whenever it becomes one element

smaller or larger.

For the small data structures examples in this chapter,

this is not problem.  For large data structures, you impose

a heavy processing penalty each time the array is resized.

This chapter focuses on the fundamental logic of a new

algorithm in its simplest form.  Future chapters will take

serious issue with memory and execution efficiency issues.

At that time we will investigate how to use algorithms such

that maximum efficiency is maintained.




18.14  Inserting into an Array

Removing elements from an array is a commonly used algorithm.  Inserting new elements is an equally common necessity in array processing.  Now I am not talking about adding a new element at the end of the array.  The practical situation occurs when a new element needs to be inserted at a specific location.  Normally, this occurs when the array is sorted already and a new elements needs to maintain the sort order of the array.

Like deletion from an array, this requires two processes.  First the insert location needs to be found.  Second, space needs to be created and the new element needs to be inserted.  This algorithm also makes us look at the linear search again.  Will this be the same linear search used earlier?  The answer is yes and no.  It is the same in a sequential searching sense, but the difference is that you do not look for an existing array element.  You can always find a location to insert.  You do not always find an element to delete.

	Searching Note

	The searches used for deletion and insertion algorithms

are not the same.

A search used for a deletion algorithm must find a match

with an existing element.  Without such a match, deletion 

is not a possibility.

A search used for an insertion algorithm only needs to

find a location between existing elements.  There is always 

a location that can be found to insert a new element.




The second part of the insertion algorithm is the opposite of the deletion process.  This time all array elements to the “right” of the insert location need to be shifted one location to the right.  This opens up one array location and a new element can be inserted.

The diagram below shows this process.  The first array shown is before the insertion.  A new element, 57, needs to be inserted.  The second array shows how every element to the right of index 4 is shifted, leaving space for the new element.  The third array shows the completed insertion process.

[0] [1] [2] [3] [4] [5] [6] [7] [8] 
	11
	26
	38
	41
	64
	73
	85
	90
	99


[0] [1] [2] [3] [4] [5] [6] [7] [8] [9]
	11
	26
	38
	41
	
	64
	73
	85
	90
	99


[0] [1] [2] [3] [4] [5] [6] [7] [8] [9]
	11
	26
	38
	41
	57
	64
	73
	85
	90
	99


	// PROG1817.CPP

// Insert Array Element algorithm

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "BOOL.H"

#include "APVECTOR.H"

typedef apvector <int> ListType;

void CreateList(ListType &List);

void DisplayList(const ListType &List);

void LinearSearch(const ListType &List, int &SearchNumber,

                  int &Index);

void InsertItem(ListType &List, int SearchNumber, int Index);

void main()

{

   clrscr();

   ListType List(12);

   int SearchNumber;

   int Index;

   CreateList(List);

   DisplayList(List);

   LinearSearch(List,SearchNumber,Index);

   InsertItem(List,SearchNumber,Index);

   DisplayList(List);

}

void CreateList(ListType &List)

{

   int K;

   int N = List.length();

   for (K = 0; K < N; K++)

      List[K] = K * 10 + 1000;

}

void DisplayList(const ListType &List)

{

   cout << endl << endl;

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      cout << setw(5) << List[K];

   cout << endl;

   getch();

}

void LinearSearch(const ListType &List, int &SearchNumber,

                  int &Index)

{

   cout << endl << endl;

   cout << "Enter number to be inserted ===>>  ";

   cin >> SearchNumber;

   int N = List.length();

   Index = 0;

   while (Index < N && SearchNumber > List[Index])

      Index++;

}

void InsertItem(ListType &List, int SearchNumber, int Index)

{

   int K;

   int N = List.length();

   List.resize(N+1);

   for (K = N; K > Index; K--)

      List[K] = List[K-1];

   List[Index] = SearchNumber;

}




	PROG1817.CPP OUTPUT #1

1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110

Enter number to be inserted  ===>>  1055

1000 1010 1020 1030 1040 1050 1055 1060 1070 1080 1090 1100 1110



	PROG1817.CPP OUTPUT #2

1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110

Enter number to be inserted  ===>>  500

500 1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110



	PROG1817.CPP OUTPUT #3

1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110

Enter number to be inserted  ===>>  1200

1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1200




18.15  The Bubble Sort

Searching will need to take a break for now.  Any additional improvement on searching algorithms will require that the data is sorted.  It is common to talk about sorting and searching algorithms and these algorithms show up is various orders.  I believe that nobody is interested in sorting.  Do not get me wrong, sorting is extremely important, but only because we desire searching.  File cabinets have files neatly alphabetized or organized according to account numbers or some other order.  These files are organized according to a sorting scheme for the purpose of finding the files easily.  It is the same with library books that are organized in categories and sorted according to some special library number. 

	Why Do We Sort?

	Sorting does not exist in a vacuum.  

The reason for sorting is to allow more efficient searching.




The first sort in this chapter is the Bubble Sort.  This sort gets a lot of bad press.  The poor Bubble Sort is banned from many text books and not allowed to be uttered in certain computer science environments.  Why?  It is probably the most inefficient sort in a large arsenal of sorts.  However, it also happens to be the easiest sort to explain to students first introduced to sorting algorithms.  Right now my aim is to get you started with a short, easy to understand, sort.  The Bubble Sort will do very nicely for that purpose.

There is a secondary motivation.  This chapter does not have as its primary motivation to study algorithmic efficiency.  You are only getting started.  This does not prevent a gentle introduction, and a small taste, of certain efficiency considerations.  Starting with an inefficient algorithm like the Bubble Sort helps to point out certain efficiency problems and how they can be solved.

The Bubble Sort has its name because data “bubbles” to the top, one item at a time.  Consider the following small array of five numbers.  It will be used to demonstrate the logic of the Bubble Sort step-by-step.  At every stage, adjacent numbers are compared, and if two adjacent numbers are not in the correct place they are swapped.  Each pass through the number list places the largest number at the top.  It has “bubbled” to the surface.  The illustration shows how numbers will be sorted from smallest to largest.  At the conclusion the smallest number will end up in the left-most array location, and all numbers will be ordered with the largest number in the right-most location.

	45
	32
	28
	57
	38


45 is greater than 32; the two numbers need to be swapped.

	32
	45
	28
	57
	38


45 is greater than 28; the two numbers need to be swapped.

	32
	28
	45
	57
	38


45 is not greater than 57; the numbers are left alone.

57 is greater than 38; the two numbers need to be swapped.

	32
	28
	45
	38
	57


One pass is now complete.  The largest number, 57, is in the correct place.

A second pass will start from the beginning with the same logic.

32 is greater than 28; the two numbers need to be swapped.

	28
	32
	45
	38
	57


32 is not greater than 45; the numbers are left alone.

45 is greater than 38; the two numbers need to be swapped.

	28
	32
	38
	45
	57


We can see that the list is now sorted.  The Bubble Sort does not realize this.

It is not necessary to compare 45 and 57.  

The second pass is complete, and 45 is the correct place.

The third pass will start.

28 is not greater than 32; the numbers are left alone.

32 is not greater than 38; the numbers are left alone. 

	28
	32
	38
	45
	57


The third pass is complete, and 38 is “known” to be in the correct place.

The fourth - and final - pass will start.

28 is not greater than 32; the numbers are left alone.

	28
	32
	38
	45
	57


The fourth pass is complete, and 32 is “known” to be in the correct place.

A fifth pass is not necessary.  28 is the only number left.

With 5 numbers there will be 4 comparison passes.

With N numbers there will be N-1 comparison passes.

	Bubble Sort Logic

	Compare adjacent array elements.

Swap the elements if they are not ordered correctly.

Continue this process until the largest element is in 

the last element of the array.

Repeat the comparison process in the same manner.

During the second pass make one less comparison,

and place the second-largest number in the second-to-last

element of the array.

Repeat these comparison passes with N elements

N-1 times.  Each pass makes one less comparison.




The logic of the Bubble Sort will now be shown in C++ code.  It will help to use a special Swap function to handle the continues array element swapping that occurs each time adjacent array elements are not in the proper place.  With the Swap function you can concentrate on the logic of the Bubble sort itself.  This variety of the Bubble Sort is often called the “dumb” Bubble Sort.  The algorithm is unaware of situations when the entire set of numbers is already sorted, as happened during the earlier illustration.

	// PROG1818.CPP

// Dumb Bubble-Sort Algorithm

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "APVECTOR.H"

typedef apvector <int> ListType;

void CreateList(ListType &List);

void DisplayList(const ListType &List);

void SortList(ListType &List);

void Swap(int &A, int &B);

void main()

{

   clrscr();

   ListType List(12);

   CreateList(List);

   DisplayList(List);

   SortList(List);

   DisplayList(List);

}

void CreateList(ListType &List)

{

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      List[K] = random(9000) + 1000;

}

void DisplayList(const ListType &List)

{

   cout << endl << endl;

   int N = List.length();

   int K;

   for (K = 0; K < N; K++)

      cout << setw(5) << List[K];

   cout << endl;

   getch();

}

void Swap(int &A, int &B)

{

   int T;

   T = A;  A = B;  B = T;

}

void SortList(ListType &List)

{

   int P,Q;

   int N = List.length();

   for (P = 1; P < N-1; P++)

      for (Q = 0; Q < N-P; Q++)


 if (List[Q] > List[Q+1])


    Swap(List[Q],List[Q+1]);

}




	PROG1818.CPP OUTPUT

1095 1035 4016 1299 4201 2954 5832 2761 7302 9549 3473 4998

1035 1095 1299 2761 2954 3473 4016 4201 4998 5832 7302 9549




Study the code of the SortList function carefully.  Earlier you learned that each comparison pass places one array element in the correct location.  This means that each pass makes one less comparison than the previous pass.  How is this accomplished?  Look at the loops above.  The inner loop continues while Q is less than N-P.  Since P is the loop control variable of the outer loop, P increments by one with each iteration through the outer loop.  The result is that the inner loop decrements by one as P grows larger.

Function SortList orders the array elements from smallest to largest.  Changing the relational operator from greater than  to less than will order the list from largest to smallest.
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