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22.1  Introduction

We need to take a C++ break with 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 introductory computer science programming language changes quite frequently.

This chapter, however, focuses on a an area that does not have many changes: the algorithms used in computer programming.  Algorithms are 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.  In this chapter our interest is in the actual implementation of useful algorithms.

You have done quite a variety of program assignments at this stage and each program required the creation of an algorithm.  There were times when you repeated the same types of algorithms for different assignments.  The aim of this chapter is to look at a group of practical algorithms that are commonly used in computer science.  

The study of algorithms was briefly introduced in the one-dimensional array chapter.  Certain fundamental algorithms had to be used with the introduction of the array data structure.  The algorithms shown in the array chapter will be repeated here to provide one organized resource of common computer algorithms used in the AP Computer Science A-Level course.  Now that you have a much better understanding of data structures, a thorough look at algorithms is possible.

	Niklaus Wirth’s Programming Language Definition

	Niklaus Wirth, the creator of the programming language Pascal, made the following equation about data structures and algorithms.

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 too start from scratch with every program when useful tools have already been created.  By the end of this chapter it is hoped that your programming tool box will be considerably expanded.

22.2  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 create a somewhat complete and comprehensive chapter on introductory algorithms.  You have already traversed every element of both one and two-dimensional arrays.

	Array Traversing Reminder

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

Use two loops (one nested inside the other) to traverse

a two-dimensional array.




The next two program examples demonstrate traversing a one-dimensional array and two-dimensional array respectively.  These programs also use a function to enter random numbers into an array in a convenient manner.

	// PROG2201.CPP

// Traverse One-Dimensional Array algorithm

// This program creates and displays a set of random integers.

// Functions CreateList and DisplayList will be used repeatedly

// in future program examples.

#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();

}




	PROG2201.CPP OUTPUT

1095 1035 4016 4201 2954 5832 2761 7302 9549 3473 4998 




	// PROG2202.CPP

// Traverse Two-Dimensional Array algorithm

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "APMATRIX.H"

typedef apmatrix <int> MatrixType;

void CreateMatrix(MatrixType &Matrix);

void DisplayMatrix(const MatrixType &Matrix);

void main()

{

   MatrixType Matrix(5,6);

   CreateMatrix(Matrix);

   DisplayMatrix(Matrix);

}

void CreateMatrix(MatrixType &Matrix)

{

   int NR = Matrix.numrows();

   int NC = Matrix.numcols();

   int R,C;

   for (R = 0; R < NR; R++)

      for (C = 0; C < NC; C++)


   Matrix[R][C] = random(9000) + 1000;

}

void DisplayMatrix(const MatrixType &Matrix)

{

   cout << endl << endl;

   int NR = Matrix.numrows();

   int NC = Matrix.numcols();

   int R,C;

   for (R = 0; R < NR; R++)

   {

      for (C = 0; C < NC; C++)


   cout << setw(5) << Matrix[R][C];

      cout << endl;

   }

}




	PROG2202.CPP OUTPUT

 1095 1035 4016 1299 4201 2954

 5832 2761 7302 9549 3473 4998

 1980 7283 6078 1373 2486 8339

 7169 7879 8448 9635 2974 4841

 9573 8555 9308 8297 5059 6442




22.3  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 PROG2203.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.

	// PROG2203.CPP

// Inefficient Linear Search 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);

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();

}




	PROG2203.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




	PROG2203.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.

	// PROG2204.CPP

// Efficient Linear Search 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);

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();

}




	PROG2204.CPP OUTPUT #1

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

Enter search number  ===>>  1095

1095 is in the list at index 0


	PROG2204.CPP OUTPUT #2

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

Enter search number  ===>>  2000

2000 is not in the list


22.4  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 side” 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 left, which is identified by 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


Index [9] is rather oddly swinging in the breeze.  This is done intentionally to demonstrate that there is now no longer a "logical" value at that location.  The truth is that is really contains value 18.  When the array elements are shifted to the previous index location, copying occurs.  In other words, it is not the case that every value stands up, moves over, and sits down in the adjacent location.  The nature of computer science is that memory location values are replaced with new values.  During the shifting process a number of values were copied "on top" of existing values.  Technically, this means that at index [9] value 18 is still located.  However, the deletion process was done correctly and the program will view index [9] as available some future new value storage.

	// PROG2205.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;

   }

}




	PROG2205.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



	PROG2205.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.




22.5  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 element needs to maintain the sort order of the array.  Like deletion 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 a 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 side” 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 on the next page 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


	// PROG2206.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;

}




	PROG2206.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




	PROG2206.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




	PROG2206.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




22.6  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.  This sort was already introduced back in the array chapter.  In this chapter we will look at the Bubble in greater detail.

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 illustrations show how numbers will be sorted from smallest to largest.  The smallest number will end up in the left-most array location, and the largest number will end up 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.

	// PROG2207.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]);

}




	PROG2207.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




The Smart Bubble Sort

Maybe you are bothered by a sort routine that keeps right on “sorting” when a list is already sorted.  There has to be some clever way to identify if a list is sorted.  For starters the outer for loop has to go.  The for loop is fixed and forces N-1 passes in a Dumb Bubble Sort, regardless of the sort status of its elements.  What is needed is a conditional loop.  So the next question is how do you know if a list is sorted?  Well consider this.  How many swaps are made in a list that is already sorted?  None, exactly.  So here is the trick.  Assume that a list is sorted and sets a Boolean variable, Sorted,  to true.   If a comparison determines that a swap needs to be made, Sorted becomes false.  Continue this process until an entire pass is made without any calls to the swap function.

Program PROG2208.CPP is not shown as a complete program.  It is identical to the previous program; only the SortList function is now a “smart” Bubble Sort.  You may be surprised that variable P (used previously for the outer loop) is used here as well.  In the “dumb” Bubble Sort the outer loop variable P is also used to decrease the number of comparisons of the inner loop with N-P.  Now that the outer loop is gone, there is still the need to decrease the number of comparisons.  That is why P is included and incremented inside the conditional loop.  Note that the variable Sorted is reset to true each time inside the outer loop.

	// PROG2208.CPP  Smart Bubble-Sort Algorithm

void SortList(ListType &List)

{

   int P,Q;

   bool Sorted;

   int N = List.length();

   P = 0;

   do

   {

      Sorted = true;

      P++;

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


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


   {


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


      Sorted = false;


   }

   }

   while (!Sorted);

}


You may be tempted to check how much faster the improved Bubble sort is?  Do not expect to note any difference with a small list of numbers.  Today’s fast computers will require a substantial list - 5000 or more numbers - to experience any difference in execution performance.

22.7  The Selection Sort

One improvement in our sorting introduction has been made.  So is it possible to create any other improvements?  Consider one part of the Bubble Sort that is very time consuming.  Every time that a set of adjacent numbers is out of order, a swap  needs to be made.  Swapping executes three statements.  Three statements are no big deal, but consider the following arithmetic in a list of 10,000 numbers.  Consider the worst scenario where all 10,000 numbers are in reverse order.  

This means that every number will need to be swapped in every location.  You start with 9,999 swaps on the first pass and end up with 1 swap on the last pass.  This will be an average of 5000 swaps for almost 10,000 passes for a total of 50,000,000 swaps.  Since there are three statements in a swap routine that means that 150,000,000 program statements will need to be executed in this case.  Even on a very efficient computer, the execution of 150,000,000 statements will take a considerable time penalty.  This penalty becomes worse if the same algorithm is used frequently during the execution of a program.

So what is the point?  The point is that we can avoid all this swapping business and improve execution time.  Let us take another look at that list of five numbers used to demonstrate the Bubble sort and follow a different set of rules to sort those numbers.

	45
	32
	28
	57
	38


We start by picking the first number, 45, as the smallest number.

Compare 45 with 32;  32 is smaller;  make 32 the smallest number.

Compare 32 with 28;  28 is smaller;  make 28 the smallest number.

Compare 28 with 57;  28 is smaller;  keep 28 as the smallest number.

Compare 28 with 38;  28 is smaller;  keep 28 as the smallest number.

Swap the smallest number, 28, with the first number, 45.

	28
	32
	45
	57
	38


Repeat the comparison process for a second pass; start with the second number.

Pick 32 as the smallest number.

Compare 32 with 45;  32 is smaller;  keep 32 as the smallest number.

Compare 32 with 57;  32 is smaller;  keep 32 as the smallest number.

Compare 32 with 38;  32 is smaller; keep 32 as the smallest number.

No swapping is required on this pass.  The smallest number is in the correct place.  

	28
	32
	45
	57
	38


Repeat the comparison process a third time; start with the third number.

Pick 45 as the smallest number.

Compare 45 with 57;  45 is smaller;  keep 45 as the smallest number.

Compare 45 with 38;  38 is smaller;  make 38 as the smallest number.

Swap the smallest number, 38, with the starting number, 45.

	28
	32
	38
	57
	45


Repeat the comparison process a fourth time; start with the fourth number.

Pick 57 as the smallest number.

Compare 57 with 45;  45 is smaller;  make 45 the smallest number.

Swap the smallest number, 45, with the starting number, 57.

This is the fourth and final pass.  The numbers are sorted.

	28
	32
	38
	45
	57


This matrix shows the final, and completely sorted array.

	Selection Sort Logic

	Set the first number as the smallest number.

Compare the smallest number to each number in the list.

If any number is smaller, it becomes the smallest number.

After every number is compared, swap the smallest 

number with the first number.

The smallest number is now in the correct location.

Repeat the comparison process in the same manner.

During the second pass start with the second number

and make it the smallest number.  At the conclusion

of the comparison pass swap the smallest number

with the second number.

Repeat these comparison passes with N elements,

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




When you look at the code of the following program you may find that variable, Smallest does not store the smallest value.  It stores the value of the index of the smallest number.  This approach is simpler and takes less code.  The logic of the sort is precisely as it was just described.  Once again the outer loop variable, P is used to decrease the number of comparisons of the inner loop.

	// PROG2209.CPP

// Selection Sort Algorithm

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "APVECTOR.H"

#include "BOOL.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 Smallest;

   int N = List.length();

   for (P = 0; P < N-1; P++)

   {

      Smallest = P;

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


   if (List[Q] < List[Smallest])


      Smallest = Q;

      if (List[P] != List[Smallest])


   Swap(List[P],List[Smallest]);

   }

}




	PROG2209.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




22.8  The Insertion Sort

Let us stop and take a little sorting inventory.  We can take a set of random numbers and sort them with the Bubble Sort.  This works, but if the list is partially sorted it will certainly help to use the improved “smart” Bubble Sort.  We can also gain some efficiency by using the Selection Sort and cut out a whole bunch of swap business.  With a large set of numbers this will make lots of sense.

There are sorting requirements besides a list that is randomly arranged and a list that is almost sorted.  What happens if you need to add a few new elements to a list that is already sorted.  You saw earlier in this chapter that we used a special type of Linear Search and an Insertion algorithm to add a new element to an ordered list.  You may not have realized it, but insertion is a sorting routine.

The earlier algorithm inserted one element in an existing array.  However if this process is repeated for every number in some set of numbers, you will end up with a sorting algorithm.

Now do understand something straight from the beginning.  The example shown here goes through a loop with a bunch of numbers.  The whole intention of this sort is to place the correct number in the correct place, one at a time.  Such a process is ideal in the real world for a dentist, a doctor, a lawyer, a car repair place.  Any business, which gains a few new customers each day.  New file folders added to existing file cabinets are inserted in their right place.

It will not be necessary to illustrate the logic of this algorithm with drawings.  Imagine alphabetizing a set of index cards.  The first card is in the right place.  The second card is placed in front or behind the first card.  You search the growing deck with each card to find the proper location and the insert the new card.  Basically we are using logic that was shown earlier and now we make it into a sorting algorithm.

	Insertion Sort Logic

	The Insertion Sort uses two separate functions.  

The first function is a search, which identifies the proper

insertion location.

The second function shifts array elements and makes space

for the new element.

This sort is ideal for situations where a few elements

need to be added to an existing list that is already sorted.




	// PROG2210.CPP

// Insertion Sort algorithm

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include "BOOL.H"

#include "APVECTOR.H"

typedef apvector <int> ListType;

void CreateSortedList(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;

   CreateSortedList(List);

   DisplayList(List);

}

void CreateSortedList(ListType &List)

{

   int K;

   int N = List.length();

   int SearchNumber;

   int Index;

   for (K = 0; K < 12; K++)

   {

      SearchNumber = random(9000) + 1000;

      cout << setw(5) << SearchNumber;

      LinearSearch(List,SearchNumber,Index);

      InsertItem(List,SearchNumber,Index);

   }

}

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)

{

   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;

}




	PROG2210.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




22.9  The Binary Search

We can say good bye to sorting for a while and return to the important business of searching.  It was mentioned that searching can benefit from sorting, which is why the whole sorting issue became a big deal in the first place.  We now have sorted a variety of ways and this means you are anxious to see what you have gained with all this newly found knowledge.

Imagine a thick telephone book.  It has 2000 pages.  Do you perform a sequential search when you look for a phone number?  I sure hope not.  Such an approach would be horrendous.  You approximate the location of the number and open the book.  Now there are three possibilities.  You have the correct page; the number is on an earlier page; the number is on a later page.  You repeat the process of guessing until you find the correct page.  

Now imagine that you have a really bad guessing ability.  Who knows, maybe you are alphabetically challenged.  All you know how to do if find mid points by splitting pages in two.  So consider the following arithmetic.

Start with a 2000 page telephone book.

Split in two, and ignore 1000 pages and search in the remaining 1000 pages.

Split in two, and ignore 500 pages and search in the remaining 500 pages.

Split in two, and ignore 250 pages and search in the remaining 250 pages.

Split in two, and ignore 125 pages and search in the remaining 125 pages.

Split in two, and ignore 62 pages and search in the remaining 62 pages.

Split in two, and ignore 31 pages and search in the remaining 31 pages.

Split in two, and ignore 15 pages and search in the remaining 15 pages.

Split in two, and ignore 7 pages and search in the remaining 7 pages.

Split in two, and ignore 3 pages and search in the remaining 3 pages.

Split in two, and ignore 1 page and search in the remaining 1 page.

This splitting in half is telling us that even with a bad guessing techniques, and splitting each section in half, will at most require looking at 11 pages for a book with 2000 pages.  This is a worst case scenario.  With a sequential search starting at page 1, it will take looking at 2000 pages in a worst case scenario.  This is quite a difference, and this difference is the logic used by the Binary Search.

Let us apply this logic to a list of 12 numbers and see what happens when we search for a given element.

    [0]  [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9]  [10] [11] [12] [13] [14]
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60
	65
	70
	75
	80


Suppose we wish to find element 55.  

We take the first and last element index and divide by 2.  (0 + 14)/2 = 7

We check List[7].

    [0]  [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9]  [10] [11] [12] [13] [14]
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60
	65
	70
	75
	80


We see that List[7] = 45 and realize that the List[0]..List[7] can now be ignored.

We continue the search with List[8]..List[14].

We take the first and last element index and divide by 2.  (8 + 14)/2 = 11

We check List[11].

We see that List[11] = 65 and realize that the List[11]..List[14] can be ignored.

We continue the search with List[8]..List[10].

We take the first and last element index and divide by 2.  (8 + 10)/2 = 9

We check List[9].

We see that List[9] = 55.  We have found the search item.

	Binary Search Logic

	The Binary Search only works with sorted arrays.

Start by making the smallest index Small and the

largest index Large.

Find the midpoint index with (Small + Large) / 2

Compare the midpoint value with the search item.

If the value is found you are done.

Otherwise re-assign Small or Large.

If the SearchItem is greater you have a new Small,

otherwise you have a new Large

Repeat the same process.

Continue the process until the SearchItem is found or

Large becomes less than Small.




	// PROG2211.CPP

// Binary Search 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 BinarySearch(const ListType &List);

void SortList(ListType &List);

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

void main()

{

   clrscr();

   ListType List(12);

   CreateList(List);

   SortList(List);

   DisplayList(List);

   BinarySearch(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 Swap(int &A, int &B)

{

   int T;

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

}

void SortList(ListType &List)

{

   int P,Q;

   int Smallest;

   int N = List.length();

   for (P = 0; P < N-1; P++)

   {

      Smallest = P;

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


 if (List[Q] < List[Smallest])


    Smallest = Q;

      if (List[P] != List[Smallest])


 Swap(List[P],List[Smallest]);

   }

}

void BinarySearch(const ListType &List)

{

   cout << endl << endl;

   int SearchNumber;

   int N = List.length();

   bool Found = false;

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

   cin >> SearchNumber;

   Found = false;

   int Small = 0;

   int Large = N-1;

   int Middle;

   while (Small < Large+1 && !Found)

   {

      Middle = (Small + Large) / 2;

      if (List[Middle] == SearchNumber)


   Found = true;

      else


   if (List[Middle] > SearchNumber)


      Large = Middle-1;


   else


      Small = Middle+1;

   }

   cout << endl;

   if (Found)

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

           << Middle << endl;

   else

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

   getch();

}




	PROG2212.CPP OUTPUT #1

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

Enter search number  ===>>  5000

5000 is not in the list



	PROG2212.CPP OUTPUT #2

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

Enter search number  ===>>  3473

3473 is in the list at index 5




22.10  Sorting and Searching Records

We have been sorting and searching on nothing but arrays of numbers.  In real life dealing with numbers can perhaps be associated with account numbers, social security numbers, part numbers, etc.  You certainly recognize that there is plenty of other data to be processed.  How about sorting and searching in an alphabetical list?  And let us get more practical; you really do very little searching and searching with an array of just one data type, like a number.  It is much more likely that processing is done with an array of records.

In this section you will see an array of student records.  Each record contains a name, age, GPA and gender.  Sorting and searching will be demonstrated according to name.  Keep in mind that processing is not exactly the same as it was done previously in this chapter.  The array of records brings some special considerations that might be easily overlooked.  Entering record information can be tedious so a data file has been created that will enter the record information to be processed.  Look at the entire program, and output first.  After that we will take a closer look at the sort function.
	// PROG2212.CPP

// Records Sorting with Smart Bubble-Sort Algorithm

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include <fstream.h>

#include "APSTRING.H"

#include "APVECTOR.H"

#include "BOOL.H"

struct StudentType

{

   apstring FirstName;

   apstring LastName;

   int      Age;

   double   GPA;

   char     Gender;

};

typedef apvector <StudentType> ListType;

void EnterList(ListType &List);

void DisplayList(const ListType &List);

void SortList(ListType &List);

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

void DisplayRecord(StudentType X);

void main()

{

   clrscr();

   ListType List;

   EnterList(List);

   SortList(List);

   DisplayList(List);

}

void EnterList(ListType &List)

{

   ifstream InFile;

   InFile.open("STUDENTS.DAT");

   int N;

   InFile >> N;                   // # of records in file

   List.resize(N);

   int K;

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

   {

      InFile >> List[K].FirstName;

      InFile >> List[K].LastName;

      InFile >> List[K].Age;

      InFile >> List[K].GPA;

      InFile >> List[K].Gender;

      DisplayRecord(List[K]);

   }

}

void DisplayList(const ListType &List)

{

   cout << endl << endl;

   int N = List.length();

   int K;

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

      DisplayRecord(List[K]);

}

void DisplayRecord(StudentType Student)

{

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

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

   cout << "GPA:    " << Student.GPA << endl;

   cout << "Gender: " << Student.Gender << endl << endl;

}

void Swap(StudentType &A, StudentType &B)

{

   StudentType T;

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

}

void SortList(ListType &List)      // Smart Bubble Sort

{

   int P,Q;

   bool Sorted;

   int N = List.length();

   P = 0;

   do

   {

      P++;

      Sorted = true;

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


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

//     if (List[Q].Age      > List[Q+1].Age)

//
 if (List[Q].GPA      < List[Q+1].GPA)

//
 if (List[Q].Gender   < List[Q+1].Gender)


 {


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


    Sorted = false;


 }

   }

   while (!Sorted);

}




There are important considerations when your program processes an array of records.  For starters, you must understand that it is not possible to compare two records.  It is only possible to compare fields within a record that are simple data types.  The SortList function has multiple comparison statements.  Three are commented out.  It is possible to sort according to different fields.  Right now the function will sort alphabetically according to name.

Notice the Swap function.  Be careful not the make the mistake of swapping the comparison fields.  Record fields are used to sort in a desirable fashion, but swapping is done with an entire record.  Previously, you swapped adjacent array elements.  That logic is still true, but now the array element is an entire record.
	void Swap(StudentType &A, StudentType &B)

{

   StudentType T;

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

}

void SortList(ListType &List)      // Smart Bubble Sort

{

   int P,Q;

   bool Sorted;

   int N = List.length();

   P = 0;

   do

   {

      P++;

      Sorted = true;

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


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

//       if (List[Q].Age      > List[Q+1].Age)

//
   if (List[Q].GPA      < List[Q+1].GPA)

//
   if (List[Q].Gender   < List[Q+1].Gender)


   {


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


      Sorted = false;


   }

   }

   while (P < N-1 && !Sorted);

}




You can experiment with this program by commenting different comparison statements.  You may even think of a way to add a parameter to the sort function that specifies the method of  comparison to be used.

Binary Searching an Array of Records

The same logic will be used when searching is done with an array of records.  The binary search is logically the same.  It is just a matter of making sure that searching is done by comparing a specific record field.  Only the Binary Search function will be shown.  The rest of the program is identical to the previous program.

	// PROG2213.CPP

// Binary search with an array of records

struct StudentType

{

   apstring FirstName;

   apstring LastName;

   int      Age;

   double   GPA;

   char     Gender;

};

typedef apvector <StudentType> ListType;

void BinarySearch(const ListType &List)

{

   cout << endl << endl;

   apstring SearchStudent,FirstName,LastName,TempStudent;

   int N = List.length();

   bool Found = false;

   cout << "Enter Student Name  [ first <sp> Last ]  ===>>  ";

   cin >> FirstName >> LastName;

   SearchStudent = LastName + FirstName;

   int Small = 0;

   int Large = N-1;

   int Middle;

   while (Small < Large+1 && !Found)

   {

      Middle = (Small + Large) / 2;

      TempStudent = List[Middle].LastName + 

                    List[Middle].FirstName;

      if (TempStudent == SearchStudent)


   Found = true;

      else


   if (TempStudent > SearchStudent)


      Large = Middle-1;


   else


      Small = Middle+1;

   }

   cout << endl;

   if (Found)

      DisplayRecord(List[Middle]);

   else

      cout << FirstName << " " << LastName 

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

   getch();

}




22.11  An Algorithm Library
Every program in this chapter was designed to demonstrate some new algorithm, or stage of an algorithm.  In the process, the functions included output statements and other program statements that might not typically be used in a normal program environment.  For instance, a Binary Search function should not include statements that the search item is found or not.  It is the job of the programmer using the search function, to decide if some statements need to be made when the searchitem cannot be found.

I have rewritten the algorithms presented in this chapter into two files, called ALGORTHM.H and ALGORTHM.CPP.  Each function is stripped to its essential program statements.  I have also included preconditions and postconditions to help clarify how each function behaves.  These functions are not the final answer for all situations.  The sort functions only sort arrays of integers.  The intention of this section is to focus on the essence of each algorithm.  It also makes the function in a more practical - ready to use - library.  You can always make changes that are appropriate for your own use.  


	// ALGORTHM.H

#ifndef _ALGORTHM_H

#define _ALGORTHM_H

#include <iostream.h>

#include <conio.h>

#include <stdlib.h>

#include <iomanip.h>

#include <fstream.h>

#include "APSTRING.H"

#include "APVECTOR.H"

#include "APMATRIX.H"

#include "BOOL.H"

typedef apvector <int> ListType;

typedef apmatrix <int> MatrixType;

void CreateRandomList(ListType &List, int N);

// Precondition:   List is instantiated empty

// Postcondition:  List is resized to N elements in range [1000..9999]

void DisplayList(const ListType &List);

//  Purpose:  Displays elements of one-dimensional List

void CreateRandomMatrix(MatrixType &Matrix, int NR, int NC);

//  Precondition:   Matrix is instantiated empty

//  Postcondition:  Matrix is resized to NR rows and NC cols

//                  containing elements in range [1000..9999]

void DisplayMatrix(const MatrixType &Matrix);

//  Purpose:  Displays elements of two-dimensional Matrix

void LinearSearch(const ListType &List, int SearchNumber, int &Index);

// Precondition:   List is instantiated with N integer elements

// Postcondition:  If (List[K] == SearchNumber)

//                 Index returns K, otherwise Index returns -1

void DeleteItem(ListType &List, int Index);

// Precondition:   List is instantiated with N integer elements

//                 List[Index] needs to be removed

// Postcondition:  List[Index] is removed

//                 List is resized to N-1 elements

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

// Postcondition:  Integers A and B are exchanged

void BubbleSort(ListType &List);

// Precondition:   List is instantiated with N random integers

// Postcondition:  List is returned with N integers in ascending order

void SelectionSort(ListType &List);

// Precondition:   List is instantiated with N random integers

// Postcondition:  List is returned with N integers in ascending order

void SearchPosition(const ListType &List, int SearchNumber, int &Index);

// Precondition:   List is instantiated with N integer elements

// Postcondition:  Index returns the search position

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

// Precondition:   List is instantiated with N integer elements

// Postcondition:  List[Index] = SearchNumber

//                 List is resized to N+1 elements

void InsertionSort(ListType &List, int AddItem);

// Precondition:  List is instantiated with N elements in ascending order

// Postcondition: List is resized to N+1 elements

//                AddItem is inserted, such that List maintains

//                ascending order

void BinarySearch(const ListType &List, int SearchNumber, int &Index);

// Precondition:   List is instantiated with N integer elements

// Postcondition:  If (List[Middle] == SearchNumber)

//                 Index returns Middle, otherwise Index returns -1

#include "ALGORTHM.CPP"

#endif




	// ALGORTHM.CPP

void CreateRandomList(ListType &List, int N)

// Precondition:   List is instantiated empty

// Postcondition:  List is resized to N elements in range [1000..9999]

{

   List.resize(N);

   int K;

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

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

}

void DisplayList(const ListType &List)

//  Purpose:  Displays elements of one-dimensional List

{

   int N = List.length();

   int K;

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

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

   cout << endl;

   getch();

}

void CreateRandomMatrix(MatrixType &Matrix, int NR, int NC)

//  Precondition:   Matrix is instantiated empty

//  Postcondition:  Matrix is resized to NR rows and NC cols

//                  containing elements in range [1000..9999]

{

   Matrix.resize(NR,NC);

   int R,C;

   for (R = 0; R < NR; R++)

      for (C = 0; C < NC; C++)


 Matrix[R][C] = random(9000) + 1000;

}

void DisplayMatrix(const MatrixType &Matrix)

//  Purpose:  Displays elements of two-dimensional Matrix

{

   int NR = Matrix.numrows();

   int NC = Matrix.numcols();

   int R,C;

   for (R = 0; R < NR; R++)

   {

      for (C = 0; C < NC; C++)


 cout << setw(5) << Matrix[R][C];

      cout << endl;

   }

}

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

// Precondition:   List is instantiated with N integer elements

// Postcondition:  If (List[K] == SearchNumber)

//                 Index returns K, otherwise Index returns -1

{

   int N = List.length();

   int K;

   bool Found = false;

   K = 0;

   while (K < N && !Found)

   {

     if (List[K] == SearchNumber)


Found = true;

     else


K++;

   }

   if (Found)

      Index = K;

   else

      Index = -1;

}

void DeleteItem(ListType &List, int Index)

// Precondition:   List is instantiated with N integer elements

//                 List[Index] needs to be removed

// Postcondition:  List[Index] is removed

//                 List is resized to N-1 elements

{

   int J;

   int N = List.length();

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

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

   List.resize(N-1);

}

void Swap(int &A, int &B)

// Postcondition:  Integers A and B are exchanged

{

   int T;

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

}

void BubbleSort(ListType &List)

// Precondition:   List is instantiated with N random integers

// Postcondition:  List is returned with N integers in ascending order

{

   int P,Q;

   bool Sorted;

   int N = List.length();

   P = 0;

   do

   {

      Sorted = true;

      for (Q = 0; Q < N-P-1; Q++)


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


 {


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


    Sorted = false;


 }

   }

   while (!Sorted);

}

void SelectionSort(ListType &List)

// Precondition:   List is instantiated with N random integers

// Postcondition:  List is returned with N integers in ascending order

{

   int P,Q;

   int Smallest;

   int N = List.length();

   for (P = 0; P < N-1; P++)

   {

      Smallest = P;

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


 if (List[Q] < List[Smallest])


    Smallest = Q;

      if (List[P] != List[Smallest])


 Swap(List[P],List[Smallest]);

   }

}

void SearchPosition(const ListType &List, int SearchNumber, int &Index)

// Precondition:   List is instantiated with N integer elements

// Postcondition:  Index returns the search position

{

   int N = List.length();

   Index = 0;

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

      Index++;

}

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

// Precondition:   List is instantiated with N integer elements

// Postcondition:  List[Index] = SearchNumber

//                 List is resized to N+1 elements

{

   int K;

   int N = List.length();

   List.resize(N+1);

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

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

   List[Index] = SearchNumber;

}

void InsertionSort(ListType &List, int AddItem)

// Precondition:  List is instantiated with N elements in ascending order

// Postcondition: List is resized to N+1 elements

//                AddItem is inserted, such that List maintains

//                ascending order

{

   int K;

   int N = List.length();

   int Index;

   SearchPosition(List,AddItem,Index);

   InsertItem(List,AddItem,Index);

}

void BinarySearch(const ListType &List, int SearchNumber, int &Index)

// Precondition:   List is instantiated with N integer elements

// Postcondition:  If (List[Middle] == SearchNumber)

//                 Index returns Middle, otherwise Index returns -1

{

   cout << endl << endl;

   int N = List.length();

   bool Found = false;

   int Small = 0;

   int Large = N-1;

   int Middle;

   while (Small < Large+1 && !Found)

   {

      Middle = (Small + Large) / 2;

      if (List[Middle] == SearchNumber)


 Found = true;

      else


 if (List[Middle] > SearchNumber)


    Large = Middle-1;


 else


    Small = Middle+1;

   }

   if (Found)

      Index = Middle;

   else

      Index = -1;

}




22.13   Future Algorithms
What is Next?  This chapter is Algorithms I.  You know there will be more algorithms at a later stage.  This was a good practical introduction, made possible with the recent data structure chapters.  For data processing of large data files, sorting takes on a different meaning and the sorting algorithms in this chapter will not do the job.  Right now you do not have the tools required to investigate other sorting routines.  Many algorithms use recursion, which will be explained in the next chapter, and some future chapter as well.

Right now, make sure to become completely familiar and comfortable with the algorithms in this chapter.  They are fundamental algorithms and an understanding and command of their logic will be necessary building blocks for all the future algorithms that you will learn.  In the mean time, you will find that the display, searching and sorting algorithms presented here are quite adequate for many applications.

This chapter will finish with a sneak preview of an algorithm that sorts data in a manner that is far  more efficient than the Bubble Sort, Selection Sort or Insertion Sort.  It is only a sneak preview and you will be shown how this algorithms, called the Merge Sort, works at the logical - or abstract - level.  We are not concerned with implementation and C++ code right now.  
Understanding Merge Sort at the Logical Level
Let us demonstrate the Merge Sort by actually sorting an array of eight numbers without looking at any program code.  All we want to see are pictures and the process by which the numbers become sorted.

The logic of the merge sort starts with the notion that two sorted list can become one, large sorted list by merging the smaller lists.  Keep in mind that merging looks somewhat like the operation of a zipper, but that is not totally correct.  The head elements of two lists are compared and one element moves on to the sorted, larger array.  Another array elements now steps forward to be compared.  The point is that it is quite inefficient to takes two sorted lists and treat them as one random list that needs to be sorted from scratch.

Now it is usually easy to understand the concept of merging --- provided you have two sorted lists.  The real question is where do these sorted lists come from.  Furthermore, exactly  what do you do when you have one totally random list, and you wish to use the efficiency of a merge sort?  Maybe some pictures will help.

We start with a list of eight, unsorted, numbers, shown in figure 1, and then proceed to manipulate these numbers by some logical fashion until the list is sorted.  If we can discover a method for eight numbers there may be a good chance that it will work for larger arrays as well.

Figure 1


First we need to split the array into two parts and check to see if each half of the array can be merged into one larger array.  We know that sorting is possible if we have access to two lists that are sorted already.

Figure 2


Figure 2 shows how the array splits into two lovely halves.  We have a merge function available, but correct merging requires that the lists to be merged are already sorted.  All we have right now are two smaller arrays of four elements, and each smaller array is still unsorted.  Merging at this stage will only rearrange the array in some useless, unsorted, fashion.  How about splitting each one of the smaller arrays?  Perhaps that will help.

Figure 3


Well this is just terrific.  Figure 3 has four smaller arrays, and surprise, each one of the arrays is as unsorted as when we started.  We do not have one big problem now, we have four little problems.  We are doing very little merging, but we are sure splitting very well.  Hang on, and just for fun humor us and split one more time.  Maybe, just maybe, something useful will happen.

Figure 4


Figure 4 probably does not create tremendous excitement.  We have now managed to split the original array so far that no more splitting can be done.  This brings up an interesting question.  Is a list with one element sorted?  The question may seem peculiar, but the idea is very significant.  Keep in mind that we have the capability of merging lists, provided they are sorted.  We have not managed to do any merging, because we have not had any sorted lists to work with.  A list with one element is very small, and it is also sorted.  This mean that now we can merge, and let us do this with eight lists and merge them into four sorted lists.

Figure 5


Now we are getting somewhere.  Four little merges have been performed, and each one of the merges created a small, but sorted array of two elements.  We are now seeing something really useful because the four small lists in Figure 5 can be merged into two sorted lists of four elements.

Figure 6


Some serious celebration can start right about now.  It appears that Figure 6 shows two sorted lists.  We are only one merge process away from having the whole works sorted.  What you see here is custom ordered for our Merge function.  We have two lists, and they are both sorted.

Figure 7


Success in Figure 7.  We performed three merge passes and the whole list is sorted.  Keep in mind that this was strictly abstract.  Many students will be scratching their heads wondering how this can be placed into C++, or any other type of code.  Right now that will not be shown.  Some later chapter, in the second course will demonstrate those details.

The whole purpose of this last algorithm section is to make you think about efficiency, and about different solutions to the same problem.  You should realize now that the solving of a problem does not need to start with the immediate details of coding some program.
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NOTE:





These two algorithm files are not programs that will compile.





The files are provided as a collection


of algorithms placed in one location


that were presented in this chapter.





A program needs to be written to use


these functions, and some functions


may need to be altered to work


properly with the logic of your program.
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