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ABSTRACT

The study of data structures 1s an essential part of virtually everybody
in computer science field. An apprentice carpenter may want only a saw, but
a master craftsman employs many precision tools. Computer programming
like wise requires sophisticated tools to cope with the complexity of real
applications ,and only practice with these tools will build skill in their use.
Hence this structured problem solving is the process of data abstraction and
structuring,and comparative study of algorithms as fundamental tools of

program design.

The main structuring techniques are linear lists, trees and binary
trees. Distinction between sequential and linked allocation of storage ., the
number and types of pointers and the modes of data organization are all

important in planning software.

The goal of programming is the construction of programs that are
clear ,complete and functional. The process of data specification and
abstraction ,similarly ,comes before the selection of data structures and their

implementation.
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CHAPTER -1 Data Structures

Introduction :-

The problem to be solved 1-31; a computer pose several interrelated problems: These
problems may include development of algorithms, arrangement of data for input and output etc
Before developing a method for solution to a problem, one has to organize the input data very
carefully. Apart from organizing the input data, the need of planning the output cannot be
ignored. These objectives can be achieved only if a clear and thorough understanding of the
relationship between those data items, that are relevant to the solution of the problem, is known.
In other words, a thorough understanding about the data is must, otherwise there is every
likelihood of getting erroneous results irrespective of processing of this data either manually or
by a computer,

In general, data consists of elementary items such as integers, fractional numbers, bits or
characters. Before attempting to process this data, it has to be structur:ally organized . The
manner in which elementary data items are organized leads to "data structures”. Data structures
describes the representation of data and the operations that can be performed on the data .

A computer is a machine that manipulates information. The study of computer science
includes the study of how information is organized in a computer, how it can be manipulated,
and how it can be utilized. Thus it is exceeding]}'.impor‘[ant for a student of computer science to
understand the concepts of information organization and manipulation in order to continue study
of the field .

A desirable set of goals for a course in data structures is :

* To introduce the student to those aspects of data structures which are required in

subsequent computer SCience Courses.



* To motivate the student by illustrating the key concepts with various examples in
computer science.

* To increase the students intuitive understanding of concepts.

Finally, I would like to distinguish between data and information. The term-data refers to
the raw data or raw material whereas the information refers to the processed data .

Ex :- If we take the marks obtained in a subject by different students of a class as data then
finding the students list who have got the marks greater than 75 is called as an information.
Definition :-

The data may be organized in many different ways; the logical / mathematical model of a
particular organization of data is called as a Data Structure. The choice of a particular data
model depends on two factors, It must be rich enough in structure to mirror the actual
relationships of the data in the real world. On the other hand, the structure should be simple
enough that one can effectively process the data when necessary

The greatest room for variability in algorithm design is generally in the way in which the
data of the program are stored as :

* How they are arranged in relation to each other,

* Which data are kept in memory when necessary,

* Which are calculated when needed,

* Which are kept in files, and how are the files arranged.

To present several elegant, yet fundamentally simple ideas for the organization of data,
and several powerful algorithms for important tasks within data processing such as Sorting and

Searching,



1.1 Classification :-

Data structures can be classified based on their nature and construction. The classification

involves the following types : .

1. Fundamental / Elementary data structures or Linear data structures.

2. Complex data structures or Non-linear data structures.

DATA STRUCTURES

ELEMENTARY /LINEAR

ARRAYS

STACKS

QUEUES

LISTS

COMPLEX / NON-LINEAR

TREES

GRAPHS

Fig 1.1 :- Classification of data structures

As shown in the Fig 1.1, Fundamental / elementary data structures are primitive in nature

and are the building blocks used for the compiex structure construction. These data structures




encounter more frequently in the usage. Arrays, stacks, queues, lists fall under this category.
These are also called as linear data structures since their elements form a sequence.

Complex data structures are the data structures which are complex in nature and are
constructed using the elementary data structures. For some operations on data, the elementary
structures are not useful as well as efficient and in such cases, complex data structures can be
preferred. Graphs, trees fall under this category. These are also called as non-linear data

structures since their elements represents a hierarchical relationship between them.

1.2 Linear Data structures :-

Arrays :-

An array is a list of a finite number 'n' of homogeneous data elements (i e, data elements
of the same type) such that :
1. The elements of the array are referenced respectively by an index set consisting of 'n'
consecutive numbers.

2. The elements of the array are stored respectively in successive memory locations .

Sparse Matrices :-

Matrices with a relatively high proportion of *0” entries are called sparse matrices. i.e. the
number of non-zero elements are less. Two general types of n-square sparse matrices which
occur in various applications are

1. Triangular matrix

2. Tridiagonal matrix

The natural method of representing matrices in memory as 2-dimensional arrays may not
be suitable for sparse matrices. i.e. one may save space by storing only those entries which may

be non-zero.
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Ex - —

all 0
A =| a2l a22
a3l. a32 a33

DDl

In the above triangular matrix it would be wasteful to store those entries above the main
diagonal of A. Hence we store only the other entries of A in a linear array B as indicated by
B[1]=all, B[2] = a2], B[3] = a22 and so on. So, B will contain only elements which is about
half the elements as a 2-dimentional n*n array. The final representation of a sparse matrix will be
as follows ;

1. Number of rows as in the original matrix,

2. Number of columns as in the original matrix,

3. Number of non-zero elements.

Stacks :-

A stack is data structure in which items may be added / removed only at one end of the
stack called the tap of the stack. These are also called as Last In First Qut “LIF0O" lists. The
operations performed on a stack are PUSH, POP. PUSH - To insert an element into a stack.
POP - To delete an element from the stack . Other names are “Piles”, “Push down lists”.

Real life examples are ;-

*  Stack of dishes,

Stack of pennies,

*  Stack of folded towels,

Stack of coins,

Stack of trays in busy cafeteria,

Stack of books,



* Ralway shunting system.
Overflow and Underflow are the terms associated with the Push and Pop respectively.
The simplest way to represent a stack is by using a
1-dimensional array say stack(1:n). Where ‘n’ is the number of maximum allowable entries. The
first or bottom element of the stack will be stored at stack(1), the 2nd at stack(2) and the i at
‘the stack(i). Associated with the array will be available typically called TOP , which points to the
top elements in the stack. To test if the stack is empty we ask “if top = 0", If not, the top most
element 15 at stack(top).
QI]E[[CS =
Queue is a linear list of elements in which deletions can take place
only at one end, called the FRONT and insertions can take place only at the other end called the
REAR. These are also called as First In First Out “FIF(" lists. i.e. the order in which the
elements enter a queue is the order in which they leave, Queues abound in everyday life.
Ex:- 1. In a time-sharing system in which the programs with the same priority form a queue

while waiting to be executed.

b2

. Automobiles waiting to pass through an intersection form a queue.

. In Mathematical queueing theory.

Lid

4. Computer networks.

Real life examples -

1. Queue lines waiting for buses.

[ o]

. Queue lines waiting to be served at post office.
3. Queue lines waiting to be served at banks.

4. Queue at cinema theatre.



5. Queue at ration shops.

Circular Queues :-

An efficient queue representation is obtained by taking an array declared as Q( 0 - n-1)
and treating it as if it was a circular,
Q[1] comes after Q[N] in the array. We insert the item into the Q by
assigning ITEM to Q[1]. Instead of increasing REAR to N +1 we reset REAR = 1 and then
Q[REAR] =ITEM
Similarly, if FRONT = N and an element of Q is deleted then we reset FRONT = 1
instead of increasing FRONT to N+1.
If the Q contains only one element then
FRONT = REAR <= NULL
If that element is deleted then
FRONT = NULL and REAR = NULL to indicate that the Q is empty

Linked Lists :-

Linked list is a data structure which supports the logical adjacency of elements rather
than the physical adjacency. This logical adjacency is maintained by using pointers. There are

two types of linked lists. 1.Singly linked lists, 2. Doubly linked lists.

Singly linked lists :-

A Singly linked list is a linear collection of data elements called
nodes, where the linear order is given by means of pointers. This is also called as One way
linked list. 1.e. each node is divided into 2 parts . The first part contains the information of the
element, and the second part called the link field or next pointer field contains the address of

the next node 1n the list. The pointer of the last node contains the special value called the NULL



pointer which is any invalid address. This will denote the end of the list. A special case is the list
that has no nodes, such a list is called a NULL list.

Doubly Linked lists ;-

a Doubly linked list is a linear collection of data elements called
nodes where each node N is divided into 3 parts,
1. An information field “/NFO which contains data of N,
2. A pointer field “FORW” which contains the location of the next node in the list,
3. A pointer field “BACK” which contains the location of the preceding node in the list.
This is used for traversing a list in 2 directions. Hence it is called a 2-way list.
1.e. from the beginning of the list to end ( forward direction ) and
from the end of the list to the beginning ( backward direction )
One has immediate access to both the next node and the preceding node in the list. Using the
variable FIRST and the pointer field FORW we can traverse a 2-way list in the forward direction
and using the variable LAST and the list pointer field BACK we can traverse the list in backward
direction. Observe that the null pointer appears in the FORW field of the last node in the list and
also in the BACK field of the first node in the list
Suppose LOCA, LOCB are the locations respectively of nodes A & B in a 2-way
list. Then the way that the pointers FORW & BA.CK are defined gives us the following.
FORW[LOCA] =LOCB if and only if BACK[LOCB] =LOCA
i.e. The statement that node B follows node A is equivalent to the statement that the node A
precedes node B. To implement in memory requires 2 list pointer variables FORW, BACK,
Generally speaking, storing data as a 2-way list which requires extra space for the backward

pointers and extra time to change the added pointers as compared to a 1-way list.
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Two way lists may be maintained in memory by means of linear arrays in the same way as
one-way lists except that now we require two pointer arrays, FORW and BACK, instead of one
pointer array LINK, an;:I we require two list pointer vanables, FIRST and LAST, instead of one
list pointer variable START. On the other hand, the list of available space in the arrays will still

be maintained as a one-way list using FORW as the pointer field.

Operations on linked lists :-

Different types of operations can be performed on linked lists are
1. Sorting

2. Searching

3. Reversing

4. Maximum

5. Minimum

1.2.1 An Application :-

Recursion :-
It is defined as a function which calls itself repeatedly for solving a particular problem.
Ex 1:-The factorial function defined recursively as
n! =1, if n=0

n!=n*(n-1)!, if n=0

Ex 2:-Multiplication of natural numbers is defined recursively as
a™b=4a,ifb=1

a*b=a*(b-1)+a,ifb>1



One important requirement of a recursive algorithm is that it should not generate an
infinite sequence of calls on itself i.e. it should terminate after required number of calls to itself

The Towers of Hanoi problem :-

As shown in the Fig 3.2, there are three pegs A, B and C. Three disks of dif:f ering
diameters are placed on peg A so that a larger disk is always below a smaller disk. The objective
is to move the three disks to peg C using peg B as an auxiliary. Only the top disk on any peg may
be moved to any other peg, and a larger disk may never rest on a smaller one.

The solution is shown in Fig 3.3. To move 'n' disks from A to C using B as an auxiliary,

1. If n = 1, then move the single disk from A to C and stop.
2. Move the top (n-1) disks from A to B using C as auxiliary.
3. Move the remaining disk from A to C.

4. Move the (n-1) disks from B to C, using A as auxiliary.

A B C

Fig 3.2 :- Initial set up of Towers of Hanoi problem



A B
i |
I |
A B
_
A B

Fig 3.3:- Recursive solution to Towers of Hanoi problem
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1.3 Non-Linear Data Structures :-

Irees :-
A general tree is defined to be a non-empty finite set T of elements called nerdes such
that 1.T contains a distinguished element R called the root of T and 2. The remaining elements of
T form an ordered collection of zero or more disjoint trees T1,T2,T3... T, The trees T1, T2, T3
..., In are called sub trees of the root R and the roots of these sub trees are called successors of R.
The number of sub trees of a node is called its “degree”. Nodes that have degree zero are
called “leaf” or “terminal nodes”. The other nodes are “non-terminal” nodes. Children of the
same parent are called as “siblings”. The “ancestors” of a node are all the nodes along the path
from the root to that node The “height/depth” of a tree is defined to be the maximum level of any

node in the tree. A forest is a set of n >=0 disjoint trees.

Binary trees :-

A binary tree T is defined as a finite set of elements such that
1. T is empty or
2. T contains a distinguished node R called the root of T and the remaining nodes of T form an
ordered pair of disjoint binary trees T1,T2. T1,T2 are called as left and right sub trees
respectively.
The binary tree of depth k which has exactly 2" - 1 nodes is called a complete binary tree. The
sequential representation of is good for a complete binary tree. For skewed trees there is a waste
of space. The depth of complete binary tree T with n nodes is given by

D, = [logan + 1]

If K 15 a node in binary tree then the left & right children of K are 2K and 2K + 1 respectively.

[f the two binary trees have the same structure then they are called “ similar™. If the two binary



trees have the same contents at the corresponding nodes then those are called as * copies ™.
Graphs :-
A graph G consists of two things.
1. A set of V elements called vertices and
2. A set of E edges such that each edge e in E is identified with a unique pair [u,v] of nodes in V
denoted by ¢ = [u,v]. Hence G=(V,E).
Other names of a graph are linear graph, 1-complex, 1-dimensional complex.
Other names of a vertex are node, junction, point, zero cell, zero simple
Other names of an edge are branch, line, element, 1-cell, arc, 1-simplex.

An edge having the same vertex as both of its end vertices is called a “self loop™. More
than one edge associated with a given pair of vertices are called as “parallel edges™. A graph that
has neither self loops nor parallel edges is called a “simple graph”. A graph is said to be
“complete” if there is an edge between every pair of vertices. A graph with finite number of
vertices as well as finite number of edges is called a * finite graph”™ otherwise it s an “infinite
graph”. The number of edges incidenting on a vertex ' v ' with self loops counted twice 15 called
its “degree”. A graph in which all vertices are of equal degree is called a “regular graph™. A
vertex of degree one is called a “pendant vertex”. A graph without any edges is called a “null
graph”. A vertex with degree zero is called an “isolated vertex”. The number of vertices of odd-

degree in a graph is always even.

1.3.1 An Application :-

Backtracking :-

Backtracking is a problem solving method. This method is useful in situations where

many possibilities may first appear, but few will withstand after subjection to certain tests



Definition :-

Backtracking is a method which attempts to complete a search for a solution to a problem
by means of constructing partial solutions, always ensuring that the partial solution ren‘iain
consistent with the requirements of the problem

This method attempts to extend a partial solution towards completion of the problem, but
when an inconsistency with the requirements of the problem occurs, the method backs up or
backtracks by removing the most recently constructed part of the solution and trying for another
possibility.

Many problems which deal with searching for a set of solutions or which ask for an

optimal solution satisfying some conditions can be solved by using backtracking method

Eight queens problem :-

A classic combinatorial problem is to place 8 queens on an 8x8 chess board so that no two
of them are on the same row, column or diagonal. Let us number the row and columns of the
chess board 1 through 8 . The queens may also be numbered 1 through 8. Since each queen must
be on a different row, we can without loss of generality assume queen ' is to be placed on row
1", All solutions to the 8-queens problem can therefore be represented as 8-tuples (x1,x2, .. x8)
where x; is the column on which queen 1' is placv;d. The explicit constraints using this
formulation are Si={ 1,2, ... .8 },1<=1<=n Therefore the solution space consists of g
8-tuples. The implicit constraints for this problem are that no two x; can be the same and no two
queens can be on the same diagonal. The first of these two constraints implies that all solutions
are permutations of 8-tuple (1,2,...,8). This realization reduces the size of the solution space
from 8"-tuples to 8!-tuples. the second constraint can be formulated as follows. If we imagine

the squares of the chess board being numbered as the indices of the 2-dimensional array then we
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observe that for every element on the same diagonal which runs from the upper left to the lower
right, each element has the same "row - column" value. Also every element on the same diagonal
which goes frmm the upper right to the lower left has the same "row + column” value. Suppose
two queens are placed at positions (1,j) and (k,1) then by the above description they are on the
same diagonal only if

I ] e i b=kl wonn II

froml, j-1=i-k

fromIl, j-1=k-I

Therefore two queens lie on the same diagonal if and only if [ j-1|=|i-k|.
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CHAPTER-2 Sorting and Searching Algorithms

2.1 Sorting Algorithms:-

The operation of arranging data in some given order such as increasing or decreasing
with numerical / character data. This is frequently applied to a file of records with a given

primary key. There are 2 types of sorting. 1. Internal sorting 2. External sorting.

If the records to be sorted are in main memory then that type of sorting is called as an
internal sorting.

2.External sorting :-

If the records to be sorted are in auxiliary storage then that type of sorting is called as an
external sorting.

Stable sorting :-

A sorting is said to be stable if and only if the original list itself is in a sorted order before

applying any of the sorting method.
Linear Sort :-

Suppose an array A with ‘n’ elements in memory as A[1],A[2],A[3],...,A[n]. First find
the smallest element in the list and put it in t.hﬂ first position . Then find the 2" smallest element
in the list and put it in the 2" position, and so on,

Passl :- Find the location LOC of the smallest in the list of 'n' elements . A[1], A[2],...,A[n] and
then interchange A[LOC] and A[1], then A[1] is sorted .
Pass2? :- Find the location LOC of the smallest in the subset of n-1 elements A[2], A[3],...,A[n]

and then interchange A[LOCT and A[2] , then A[1], A[2] is sorted since A[1] <= A[2]



Pass n-1:- Find the location LOC of the smaller of the elements A[n-1], A[n] and then
interchange A[LOC] and A[n-1] then A[1], A[2], A[3],...,A[n] is sorted since A[n-1] <= A[n].
Thus A is sorted after n-1 passes. -
Bubble Sort :-

Suppose the list of numbers A[1], A[2], A[3],...,A[n] are in memory.
Pass] :- Compare A[1], A[2] and arrange them in desired order so that A[1] < A[2]. Then
compare A[2], A[3] and arrange them so that A[2] <A[3] continue until we compare A[n-1] and
A[n] and arrange them so that A[n-1] < A[n]. In this step there are (n-1) comparisons. During
this the largest element is “bubbled” up to the n™ position. After this step is completed A[n)
will contain the largest element.
Pass2 :- Repeat pass] with one less comparison. Now we stop after rearranging A[n-2] and
A[n-1]. This involves n-2 comparisons, after this step is completed the 2™ largest element will
occupy Aln-1].

Pass n-1 - Compare A[1] with A[2] and arrange them so that A[1] < A[2] . After n-1 passes the

list will be sorted in the ascending order.



Quick Sort :-

This is a divide and conquer method of algorithm A(1:n) becomes A[i] <= A[j] for all i
between 1, m and for all j between m+1,n for some m,1 <= m <= n. Thus the elem:ems in A[1,m],
A[m+1, n] may be independently sorted. The problem of solving a set is reduced to the problem
of sorting two smaller sets. The rearrangement of elements is accomplished by picking some
element of A, say t= A[s] and then reordering the other elements so that all elements appearing
before t in A[1:n] are less than or equal to t and all elements appearing after t are greater than or
equal to t. This rearrangement is called as Partitioning.

Insertion Sort :-

Suppose an array A with n elements A[1], A[2],...,A[n] is in memory. The insertion sort
algorithm scans from A[1] to A[n], inserting each element A[k] into its proper position in the
previously sorted sub array. A[1], A[2],... ,Alk-1] i.e.

Pass1 ;- A[1] by itself is trivially sorted .
Pass2 :- A[2] is inserted either before or after A[1] so that A[1], A[2] is sorted.
Pass3 :- A[3] is sorted into its proper place in A[1], A[2].That is before A[1] between A[1] and

A[2] or after A[2] so that A[1], A[2], A[3] 1s sorted.

Pass n :- A[n] is inserted into its proper place in A[1], A[2],...,A[n-1] so that A[1],A[2],...,A[n]
is sorted. This algorithm is used frequently when n is small. It is very popular with bridge players
when they are first sorting their cards.
Merge Sort :-

Another example of divide-and-conquer technique is merge sorting. Here we assume that

the elements are to be sorted in non-decreasing order . Given a sequence of n elements A[1],
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A[2]....,A[n] then the general idea is to imagine them split into two sets A[1], A[2],... . A[n/2]
and A[n/2+1], ...,A[n]. Each set is individually sorted and the resulting sequences are merged
to produce a single sorted sequence of n elements, Finally we combine the two sets into one
using merging.
Heap Sort :-

Suppose an array with n elements is given, then this algorithm consists of 2 phases.
Phase A :- Build a heap out of the elements of A.
Phase B :- Repeatedly delete the root element of H. Since the root of H always contains the

largest node in H, phase B deletes the elements of A in decreasing order.

2.2 Searching Algorithms :-

Searching :-

Searching refers to the operation of finding the location of a given item in a collection of
items. There are two types of searching algorithms.
Linear searching :-

Suppose DATA is linear array with 'n' elements, then to search for a given ITEM in
DATA is to compare ITEM with each element of DATA one by one, i.e. first we test whether
DATA (1) = ITEM and then we test whether DATA(2) = ITEM and so on .This method which
traverses DATA sequentially to locate ITEM is called linear / sequential search.

Binary Search :-

Suppose DATA is an array which is sorted in increasing order. During each stage of
algorithm the search for ITEM is reduced to a segment of elements of DATA
DATA[BEG], DATA[BEG+1],...,DATA[END]. We compare ITEM with the middle element

DATA[MID] where MID = INT({BEG + END)/2). Inmitially BEG =1, END =n



If DATA[MID] = ITEM, then the search is successful and we reset LOC = MID else
a) IF ITEM < DATA[MID] then ITEM can appear only in the left half of the segment
b) DATA[BEG],....DATA[MID-1]. So we reset END = MID -1 and begin searching again.
IF ITEM = DATA[MID] then the ITEM can appear in the right half of the scgr-ncnt
DATA[MID+1],..., DATA[END]. So we reset BEG = MID +1.
If ITEM is not in DATA then eventually we obtain END < BEG. This will signal that the
search is unsuccessful and in that case we assign LOC = NULL, i.e. NULL is a value that lies
outside the set of indices of DATA.
2.3 Performance Evaluation :-
Performance evaluation can be loosely divided into two major phases :
1. A priori estimates / performance analysis
2. A posteriori testing / performance measurement

2.3.1 Performance Analysis :-

This can be explained by the following factors :

1. Space complexity.

2. Time complexity.

Space Complexity :-

The space complexify of a program is the-amount of memory it needs to run to
completion. The space needed by every program is seen to be the sum of the following
components !

1. A fixed part that is independent of the characteristics of the inputs and outputs. This
part typically includes the instruction space, space for simple variables and fixed size component

variables, space for constants, etc.
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2. A variable part that consists of the space needed by component variables whose size is
dependent on the particular problem instance being solved, the space needed by referenced
variables and the recursion stack space.

Time Complexity -

The time complexity, T(P) of a program is the amount of computer time it needs to run to
completion. The sum of the compile time and the run time taken by a program P, i.e. the number
of steps taken by the program to compute the function it was written for.

A step is any computation unit that is independent of the characteristics. Thus 10 additions
can be one step; 100 multiplications can also be one step; but 'n' additions cannot. Nor can m/2
additions, p+q subtractions, and so on be counted as one step. There are three kinds of step
counts ;

1. Best-case :- The best-case step count is the minimum number of steps that can be
executed for the given parameters.

2. Worst-case :- The worst-case step count is the maximum number of steps that can be

executed for the given parameters.

3. Average-case -- The average-case step count is the average number of steps executed
on instances with the given parameters.

Asvmptotics :-

The word asymprotics means that the study of functions of a parameter »” as n becomes
larger and larger without bound.

The Biz Oh Notation :-

If f{n) and g(n) are functions defined for positive integers, then to write fin) = Ofg(n))
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logn

» X

n >
Fig 8.1 Growth rates of common functions

means that there exists a constant ¢ such that | fin) | <= c * | g(n) | for all n, n >= ny Under these

conditions we also say that " f{n) has order at most g(n) " or " f{n) grows no more rapidly than

g(n] ||.
When we apply this notation, fin) will normally be the operation count or time for some

algonthm, and we wish to choose the form of g(n) to be as simple as possible. We thus write
(J)(1) to mean computing time that is bounded by a constant, Jfn} means that the time is directly
proportional to n, and is called linear time. We call O(n’) as quadratic, O(’) as cubic, O(2")
exponential. These five orders together with logarithmic time Oflogn) and Ofnlogn), are the ones
most commonly used 1n analyzing algorithms. Fig 8.1 shows how these seven functions grow
with n. Notice how much slower log n grows than n, both the function 1 and the function log n
become farther and farther below all the others for large n. Also notice how much more rapidly
2" grows than any other functions. An algorithm for which the time grows exponentially with n

will prove usable only for very small values of n.
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2.3.2 Performance Measurement :-

Performance measurement is concerned with obtaining the actual time and si::ace
requirements of a program. These qua_ntities are dependent on the particular compiler and options
used as well as on the specific compﬁter on which the program is run. Certainly the space and
time needed for compilation are important during program testing. The focus is on measuring the
computing time of a program. To obtain the computing of a program, we need a clocking

function

2.4 Comparison of Methods :-

The best way to compare the different sorting methods is by the following factors
. Use of storage space
2. Use of computer time
3. Programming effort.
4. Statistical analysis,

W

5. Empirical testing.
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Chapter-3 Development of GUI Package

The development of software titled " GU/J Package On Data Structures " includes three

files namely, TOOLS.H, PROJ.CPP and HELP.TXT.

3.1 TOOLS.H FILE :-

TOOLS.H is the header file (user defined) which includes all the tools which are needed
for this thesis. All these tools are written using C++ and Graphics. The graphics has been
initialized in the tools h file, i.e the imitgraph() is initialized in this base class. Since a help is
included for every data structure, a help.txt file has been opened in read mode in tools.h. These
initializations have been written in a zero argument constructor tools(), i:rru‘ne:‘iiatne,lyr a destructor
has been written for de-allocating or releasing the memory that was allocated for the object by
the constructor. A destructor has the same name as the constructor but is preceded by a tilde
symbol

The tools h has the data members mx, my, button, scan, ascii, *fp declared in the
protecied access specifier. Protected members behave just like private members until a new class
is derived from the base class that has protected members. Protected members are public to
derived classes but private to the rest of the program.

The class fools is the base class of this thesis. The class datastru is derived from the base
class tools. A derived class inherits all the capabilities of the base class, but can add new features
of its own. By making these additions the base class remains unchanged. The TOOLS.H file has
been included as a header file. The public access specifier means that the protected members of
the base class are protected members of the derived class and the public members of the base
class are public members of the derived class. Different member functions which are present in

TOOLS H of public access specifier are as follows
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Int  inptexixy(int, int, int, int, int); This is member function which is used to get the
input from the user. It has 5 arguments namely the coordinates of x, y, font , size and the color of
the data which is entered through the keyboard. In this complete thesis to get the input for any
member function we have to use this member function only. -

Void textbox(ing, int, int, int, int, char *, int, int, int, int, int); A tool in TOOLS H
" textbox( ) " is a member function in TOOLS. H to draw a textbox with attributes x1, y1, x2,
y2, name of the textbox, i.e. a pointer to an array, font, size, color, fill color and border color.

Void helpscreen(int); This is a member function used to get the help whenever a user
presses Fl key and at the same time the key Esc is used to close the help screen. It is created
using the graphics command imagesize. This command will create a help screen of required
length using malloc() function. The size of the image is stored in the memory.

Int  showarmfing, int, int, int); Whenever the cursor highlights a rectangular text box, an
arm shape will be shown on the text box. This is used for this purpose only. The co-ordinates of
the mouse position are stored into one variable and that will be compared with all the four
arguments x1, y1, x2, y2 of the showarm() function. If the coordinates are within the boundary of
the mouse coordinates then the arm will be displayed.

Int  showplaces(int *, int, int, int); It has four arguments and the first one is a pointer to
an array. In this array the coordinates of the rectangular text box will be stored. The second
argument is the number of text boxes in that menu. The third text box is the starting number of
the text box and the last argument is the end number of the text box. Generally the fourth one is
used to return to the main program, 1.e. exit te the main program.

Void winmenu( ); This function is used to display the start menu of this thesis. This has

been written using different graphics commands such as line(), rectangle(), outtextxv().
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The usage of mouse as well as keyboard 1s included by using the interrupts of 8086
given by int86( ) function. Ex:- int22H is the number of the keyboard interrupt, int33H is the
number of the mouse interrupt.

GUIs and mouse go hand in hand. Though some GUIs do exist which manag-e the show
without a mouse, the mouse has more or less become a standard input device with any GUI
worth its name. A mouse is used to point at the icons which form the menu in a GUI-much like
the way a child points to something he wants,

These point-and-shoot means of GUI bring along ease and convenience along with all the
added agility of the real-life look alike of the mouse. As a result more and more packages today
are not only menu driven, but also mouse driven. The use of a mouse requires a program to sense
its presence. Load the device driver program that understands the mouse. A device driver is a
program which senses the signals coming from the port to which the mouse is attached. On
sensing the signals, the driver translates these into the related action on the screen. The following
member functions are all related to mouse functions. For all these functions the interrupt number
33h is issued using the int86() function. The mouse functions can be accessed by setting up the
AX register with different values or service numbers. The service number '0' is used to reset and
get the status of the mouse. Service number 'l' is used to show the mouse pointer, here it is an
arrow. Service number '2' is used to hide the mouse pointer, '3 is used to get the mouse position
Using all these service numbers the following mouse functions are performed such as
initmouse(), showmouse( ), hidemouse( ), getmousepos( ), clearmousestat( ), changecursor().

Void armcursor( J; This is used to display the arm shape on the text box whenever the
mouse pointer points to the text box.

Void arroweunrsor( ); In this function the bitmap of the arrow shape is stored in a 32-bit bit
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map. The 'I's in the bitmap indicate that the pixel would be drawn else the pixel is erased

Void click( int, imt, int, int, int); This member function is used to select the text box
Whenever the textbox is selected, a color with dots will be displayed around the text box. The 4
arguments are the co-ordinates of the text box and the fifth one is the border cnlt.;rr which is red
color here

Int getkey( ) In this function a standard library function kbhit() is used. So long as a key
is not hit, kbhit() keeps returning '0". As soon as the key is hit from the keyboard, kbhit() returns
a truth value Interrupt number 22h is issued using int86() and the variables ascii, scan have been
declared as global variables Once set these variables are accessible to other functions as well.

Let us now see the usage of the keyboard such as getkey( ). When a key is hit from the
keyboard, its ascii code and scan code get stored in the keyboard buffer. For normal keys like A,
B, Z, !, # etc, these are unique ascii codes, whereas for special keys like arrow keys, Home, End,
Pgup. Pgdn etc | the ascii codes are zero. Therefore to identify these special keys, their scan
codes are used, which are unique for every key present on the keyboard. The ascii and scan
codes of the key hit can be retrieved from the keyboard buffer by issuing the interrupt 22. This

number can be issued using int86( ).

3.2 PROJ.CPP FILE :-

PROJ.CPP file is the main C++ program file. The most powerful feature of object
oriented programming is the inheritance. Inheritance is the process of creating new classes,
called derived classes, here datastru class is a derived class from existing class. These existing
classes are often called as base classes which in this case is the tools.h. The derived class inherits
all the capabilities of the base class but can add new features and refinements of its own. By

adding these refinements the base class remains unchanged. Hence the inheritance will give the



most important advantage, i.e. the reusability of the code. Once a base class is written and
debugged, it need not be touched again but at the same time it can be adapted to work in different
situations. Reusing will save time, money and reliability of the program.

Void main( ) // This is the main menu of the thesis .

: flushall( ),
datastru ds;
ds.winmenu( );
ds.mainselect( ),
closegraph( );

i

The mainselect(} function is used to start the process of execution of all data structures. In
this function it includes all the classification of data structures like linear, nonlinear, sorting,
searching. This will be displayed using the text box() member function. The coordinates of all
these text boxes are stored into an array. By using the showplaces() function we select the one of
the options from the list of options. If the option 15 end number then the control will be
transferred to the main program, otherwise the corresponding member functions will be
executed. Assume that if the option is'l' then the member function /in(} is invoked and the same
procedure is repeated at here also. ds is an object of the class datastru, ds. winmenu() is used to
display the start menu of the thesis. A program clan declare objects of both the base and derived
classes. The two objects are of independent of one other. An object of a derived class cannot
access private or protected members of base class. Private members of base class cannot be
accessed by derived class member functions or objects of derived class. The functions lin(},
nenlin(), sorting(), searching() are used to display their corresponding sub menus.

Lin(} - This function is used to display the subme=nu consisting of linked list, stack, queue,
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arrays, back and exit by using the member function in tools. h such as text box() and
showplaces(). If the option is 1 then the link list() is selected, if the option is 2 then the
queuemain() 1s selected, if the option is 3 then the stack() is selected, if it i:s 4 then the array() is
selected, if the option is 6 then the control is transferred to the main program.

Link list() -In this function different linked lists and their operations are included such as singly,
doubly, operations. From this function the control next goes to the member function linkinsdel().
In this function there are 4 sub options and their linking to the singly linked, doubly linked and
the operations. If the item = = 1 then it is a singly menu if it is 2 then it is a doubly menu and for
3 it is about operations on lists.

In Create list() function a variable 1s assigned a value 'y', it is always compared with the letter
typed from the keyboard, if it is 'n' then a message is displayed like 'successfully created’ . If the
option is 'y' then list[i] = item and the next[i] = NULL , next[i-1] = i. Initially we assign i as zero
and next[i]= NULL. To display the messages we use the outtextxy().

Singlyinsert() function is used to insert an item in the list. First it will check for the presence of
the item, i.e. if the item = =list[i] then found = 1, i=next[i], next[i] = cnt, next[cnt] = temp. Now
we have to insert the item. List[cnt] = inptextxy(), where cnt is a variable.

Displaylist() function is used to display the final linked list. First we check whether the list[0] |=
NULL and next[i] '= NULL. Once these two are Isatisﬁed then using the line command we draw
the rectangle to represent he nodes and then assign i = next[i]. Now draw two other line
commands to draw the NULL symbol which is like a cross.

Non() function is used to display the nonlinear menu giving options such as tree, graph, back
and exit. The function sorting() is used to display the different text boxes for different sorting

methods which are linear, bubble, quick, insertion, merge and heap soris. Similarly searching() is
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used to display the different searching methods, such as linear search binary search these two
options have been written using the text box(), showplaces() member functions. In linear search
we find the location of an item in an array. First we set the item to] in the array, i.e. the first
location of the array and now the search starts to search the entire array for the item, if the item 1s
found then we display the corresponding location of it, otherwise a message will be displayed
stating that the item is not found in the list. For binary search first we assign beg =1, end =n and
we calculate the middle of the list of elements by mid = (beg + end)/2. Now we compare the item
to be found with the array of middle, if the item is below the array of middle then we assign end
=mid -1 and repeat the above procedure else assign mid +1 to beg variable, If the item = array of
the middle then the location of the item is the middle.
I guenemain() there are different queues list such as general and circular queues. In general
queues there are two options insert item and delete item. For inserting an item we first check
whether the queue is full or not, if the queue is not full then we increment the rear by 1 finally
the rear will take the item. Similarly, for deleting an item, first we check whether the queue is
empty or not, if the queue is not empty then front will be incremented by 1 and the item will be
assigned the value of front. The stack() is used to display the different operations on the stacks
such as push(}), pop() and recursion. For push() first we check the stack full condition, if the stack
is not full then the TOP will be incremented by l.l After this the TOP will take the item.
Similarly, for pop function first of all we have to check for the stack empty condition, if the
stack is not empty then the item is assigned the TOP element of the stack and then TOP will be
decremented by 1

The function datastru() is a single argument constructor, in this all the initializations have

veen declared such as list[0] = next[0] =NULL, row = -1, front = rear = sthiop =0, maxg =0,



maxstk =10, For constructors there is no return type is used. The constructor is a special member
function that allows us to set up values while defining the ubjact, without the need to make a
separate call to a member function. Thus a constructor is a member- function that is executed
automatically whenever an object is created.

The tree() is used to display the different sub options in this menu such as binary tree,
general tree and different traversal methods such as inorder, preorder and postorder. In a
general tree different properties were written like depth, siblings, root.

HELP.TXT is a text file which includes the help of all data structures. Whenever any user
presses F1 key, then the help about the corresponding textbox will be displayed completely. To
close the help screen we have to press Esc key. The user who does not know about any data

structure can get the help from this screen. In this way it is helpful to any end-user.



CHAPTER-4 Implementation of Linear Data Structures

Screen-1 - The screen-1 1s the first output screen of the thesis. It will give the name of the
thesis. When we press any key then the control will go to the main menu of the data structures.
This has been implemented using the winmenu() function. Different graphics commands such as
setcolor(), settextstyle(), outtextxy() etc. are used to display this menu.

Screen-2 ;- This is the second output screen after pressing a key in screen-1. In this screen
there are 4 options, which are /inear, nonlinear, sorting and searching. The fifth one is the exir
to exit into the main program, We can select any of these options using either a mouse or down
arrow of the keyboard as it was displayed on the screen. In this option the exit option is
highlighted. If we click on it using either Enter key or mouse click then the exit will be selected
and the control will be transferred to the main program.

Screen-3 :- In this screen the option /inear has been selected. The selection is through the
down arrow . mouse followed by a Enter key. So, in linear option there are 5 sub options namely,
linked lisis, queues, stacks, arrays and back. Now as shown in the screen-4, the linked list is
highlighted. If we press this button then we move on to the next screen.

Screen-4 :- There are 3 options in this screen. Which are singly, doubly and different
operations on the lists and back. Exit is common to all the screens to exit into the main program.

Screen-5 :- In this screen the singly {)ptiuﬁ has been selected and again there are five sub
options in that singly text box which are create list, insert item, delete item, display list and back
to go back to the screen-4

Screen-6:- In the screen-5 the option treate list has been highlighted. When the user
Enters against this option then the screen-6 will be displayed. In this screen first we have to enter

the item into the list. Next the user has been asked to continue or not. If the user types 'n' then the



34

message 'successfully created' will be displayed and by default the back option will be selected.

Screen-7 :- If we press back then we again go back to the menu of the singly list. In that
option the display list is selected and the enter is pressed to get this screen. It contains a singly
linked list and the last node is pointed to a null pointer, which is any invalid addrests.

Screen-8 ;- Similarly, we have to go back to the singly menu and select the insert option,
to insert an item into the list. Here the item 66 has been inserted into the list after '6' and finally
the list has been displayed affer insertion,

Screen-9 - In this screen the option delete item from singly menu has been selected. Here
the item '66' is being deleted and gone back to linked list menu,

Screen-10 :- The doubly linked list has been selected and the create list in doubly has
selected and created a doubly linked list as is done in the case of singly linked lists. But here a
double pointer is used to indicate that it is a doubly linked list.

Screen-11 :- This tells that insertion into a doubly linked list. So, the new item to be
inserted is '33' which is after'3"

Screen-12 - Displaying of a doubly linked list after the insertion operation as in the
screen-11. Now we press back to go to the previous menu

Screen-13 :- The third option in linked lists is that the operations on lists which are
sorting, searching, reversing, maximum and mininmem of a list. When a sorting is selected the list
becomes a sorted one. We can search an item, reverse a list also we can find the maximum and
minimum of the list,

Screen-14 - this is the second option in the linear menu. The sub options are guene,
circular quene and back Here the option queue has been selected

Screen-15 :- In this screen the general quene operations have been implemented. The
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pointers of rear / front will be incremented as per the insertion/deletion of items. The rear is now
at '4" and the front is at '0".

Screen-16 ;- This is a circular guene. In this if the rear = 6 then after insertion the rear
will be pointed to 1. Now one can insert at queue[1], since it is a circular queue.

Screen-17 :- This is the third option from the /inear menu. There are 4 sub options in this
menu, namely push, pop, recursion. The maximum stack length is 10. Now push has been
selected. When the user Enters a key against push then the top will be incremented by 1, if top
reaches to 10, again if we insert into the stack then the message overflow will be displayed.

Screen-18 :- In this screen the option pop has been selected so, the top most element on
the stack which was '77' has been popped from the stack and the top has been decremented by 1.

Screen-19 :- The third option in stacks is recursion. Here the user has been asked to enter
the number of disks. These disks have been moved from spindle to the to spindle using auxiliary
spindle. During moving disks the order should be same.

Screen-20 :- In the screen-19, when the user Enters a back option the control transfers to
the linear menu. In this screen the sparse mairices and its franspose has been implemented on

the right side of it.
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CHAPTER-5 Implementation of Non-linear Data Structures

Screen-1 :- By moving the down arrow of the keyboard or mouse pointer on to non-linear
option we get those 3 options namely free, graph, back. Currently the free is highlighted and
selected.

After pressing the Enter against the text box 'free’, the screen-2 will be displayed. This
screen has three sub menus as binary free, general tree and the back to go back to the non-linear
menu.

Screen-3 ;- From the previous menu we have selected binary free option, The different
options under this are create free, and different traversal methods, like inorder, preorder,
postorder and back. Now create tree option is selected to go on to the next screen

Screen-4 - In this screen the binary tree has been drawn. The maximum depth we can
give is up to 4, So, the number of nodes which can be displayed on the screen are 241 =15,
since it is a binary tree. Enter on the button back to go back to the bdinary tree menu. Now we can
traverse the tree using different traversal methods as follows :

Binarv tree traversals :-

There are three ways of traversing a binary tree T with root K.
1. Preorder - In this method of traversing

a) Process the root R.

b) Traverse the left sub tree of R in Preorder

¢) Traverse the right sub tree of R in Preorder.
2. In order - In this method of traversing

a) Traverse the left sub tree of R in In order

b} Process the root R.
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c¢) Traverse the right sub tree of R in In order .
3. Post order -

a) Traverse the left sub tree of R in Post order.

b) Traverse the right sub tree of R in Post order

¢) Process the root R,

The above algorithms are called as recursive algorithms and a stack is used to implement
the traversing.

Screen-5 ;- This shows a general free and its properties are listed. When a user Enters on
depih box then the corresponding depth of the tree is displayed. Similarly , the levels, siblings
and the root will be displayed.

Screen-6 - This screen is regarding the graph and its matrix representation, like
adjacency, path and the incidence matrices. In this graph there are five vertices and 6 edges and
the degree of this graph is 3. The fourth option is graph. Using this option any graph can be
drawn i.g. the generalization of the graph.

Screen-7 :- Here the first statement is the number of nodes given as the input to the graph
After this the adjacency matrix of the graph is displayed. The presence of an edge between two
nodes represents a 'l' in the adjacency matrix else a '0' is displayed. In the next step the
coordinates of the three nodes are displayed.

Screen-8 :- In this screen the final graph will be seen as per the adjacency matrix in the
screen-7. Firstly, from node'l to node'l’ and then node'd' to node'2', lastly from node'l’ to node'2'
the graph has been drawn.

Matrix representation of sraphs :-

1 Incidence matrix ;- It is defined as
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Sl S G : n
aj = 1, if j" edge is incidenting on i"" vertex.

= {). otherwise.
It is represented by the letter A(G) of a graph.

2. Circuit matrix :- It is defined as

by = 1, if i" circuit includes j™ edge.
= (), otherwise.
It is represented by the letter B(G).

3. Path matrix :- It is defined as

py = 1,ifj" edge lies in i path
= 0,otherwise.

It is represented by the letter P(vi,vj). Another name for the path matrix is" Reachability matrix ",

4. Adjacency matrix :- It is defined as

i = 1, if there is an edge between i" and j* vertices

Ex;

= (). otherwise.
It is represented by the letter X(G). Another name for the Adjacency matrix is " Connection
matrix "
Screen-9 ;- This 15 an 8-gueens problem solved using the backtracking method. There are
8-queens which are placed on an 8x8 chessboara so that no two queens are in the same row,
column, and the same diagonal, i.e. these 8-queens are non attacking queens. This is one of the

solution to the 8-queens problem.

Fhapar Institute of Engs. & Toe
PATIALA-1£7001
CENTRAL LIBRARY

e 0. é‘..?ﬁin...ff;;[%/ji;, ;



=
2
=
=

R
SRR

Rer (e o

& i

e
R




SLEEEH-35




el pyel = 1

il oVEL = 2

el =8

cyrueamsryef

SCREEN-5

T
e e H
e HM&}&WQ W¢

e Bl
i #mmm"sxmﬂﬁ

e
i e
e e

o
e

X

5
s

il
e
S

i

i gé"
gﬁ%ﬁﬁ -
".-5-.-\.-5-5..-5-\:\-!\. SO

A A

i
e

L

i

S
5




ot S
= R
ﬁ &xy o e &m.{@
= x m“oﬂ G o e e
e S R S
S e R s S
i S YQ’QKQ&KQMVJ\MNQY#KQ o e
s e R i S S S R
S s i R s
SR i SRS S S SE
G e e
S
i G SRS s s S
SRR R e e e CEen e Se s SR
i W e N s e S
A :' &% h':'s s? "” i SRERS 2L - S e oﬁvwv.oro.{okmmauvﬁvﬁwwwm’3v”ﬁ
s R S s
BHERETEEREEE SRR = o e S R
e e e SRR R
s i e = SRS
Sobbdi R s xo B WWMM f@{ ﬁzgwﬁwwo.oxg EV&ﬂ el WQ/@;;Q;&/;‘K
= - i o o e e G e e s
e e SR Frt AR SR ,,wwm.,,woxM.;oﬁwﬁmvoxoﬂmuom.ﬂ%wwoww
e .w\..w\.a\.g}-r" e w‘m;rowimoﬁ;-g#ﬁ SVﬁ'owdﬂA?:;_;svzﬁs:éio e &E
SESRIAE S S SRSREREE eRSeERR
o e e -coxo.coxoxoa.zivf& S e
rwww.cvuwa}3vw.wrw.w»—mwmm.mxoa A:ngwoxw.ﬁ.{ﬁ3 S 32-'3’9-\:\.?“# i e
RS wWW:t”WW“ SR e 2 o
e it e S o = SRR
MW??‘W L R i it S e
e R e 2 3 cEaes e e
e oeniges Piew Lol W i
" P o R o S e SR
e B S e B e
mxvmmo e A S S e S S
vo—oco:.o.{o Mo-c-.o-c-.o-c- SRR e e g s S SR ns SRR
R R . f ; e i e e SRS
%3 moe e d pois TGRS T i 3: e R S
iam LT e e g—ﬁ'wo—xm—mm e
s R A z;moxoxomﬂmox«m@- st S
R e e e =
~§3r3xox+mmvwi wwm&oMﬁVvaNM.co e e S
B e e e o i .
Gt e R TR
R i .e-a.a-m-e_
B S -
e e e SR 2
; B R ah S A s B B B B e el S e
e ] --<>> <-.-f- R R B e S e
St z-m-- T i Fgis i e R e e
gt chaindy R e o e e e S e S SR S
e wwmmﬂ-ﬂchverWWWwwwoxWMMﬂM%m S e s e e
e s S S SR e i 2
ngWwMM&o£°Wvﬁv+wwm R e R s i
heri e A e ies beouren Bosecr a6 A Poa S
B b R e B e s e o.o-m.<oA-.Ayowvvow;ﬂfxﬁﬁwwwﬁﬂfa
e S R eEoee
R e J\-'\f s i e
ke S mE nm*°~§wm.,xmﬁsﬁﬁ*“°§§mm ﬂm WH G
3§3ymxo.< = vauwﬁ ﬁomﬂﬂwﬂﬁ.ﬁ.xﬁ SR S SRR S
i mﬁwm e e SR e EEBSREARE R S S
iherck b R e L2 d "‘”‘"‘”‘"”"“m e R
e B R e e S e S S S R s S R S S S s
seiey SR o-o.ra-o.mnuvw e e e S S e e e
s R e R
xowmmwxorm?m Coa WWMM e e i
Fre _,-}f-.-u- prgessi ity v :“1-':35§:33Mvm”ﬁ\,xﬁﬂmszvhviuxf“ix:” SR s
Ry L e e e
e o e S e e
s oroxoxo—m—ox&wxoxoxoxoso S S s o
c.xzfm:3“mzﬁmmw»txwm“wmwmxm L R e R e
s = e SRR SRR 2
e e b o ohncs o N LA
e S S e s S .:-:.ﬁ?%?w S 2o e e e S
mmxrorwmoﬁvwmxowaom s s SRS Sl S S s
S S i e e SR
SR EREaE R *"momwﬁgh m e PR e s
FERE o e s e T S s
e b SERERCRES e e
e e
R e e S S = S
< e s e
b T = e =
A e e S
RS e e R
33 St G e
i e S

SRR -ommmﬁvﬁvﬁw o i

R
e
e 2 e o SRR e
e e R e °Km'“’3-§3wﬁﬁu%“ﬁ e p e e S o EEoeaees s e S i i s i e
e R s wvwwwzﬁmmﬂgwmmmm i e e e
S s e e s e e
R e e e R S
e s e 0 S e e R
B e N e e s e S
s mmo b e :-Q‘wm e Hm&ﬁ&m‘-’“’m o St &';3'\'3:: e ﬁ'bm f-c.i-c e -&W&-MMQQ’ﬁ:o,q-oé;imeQy;,{ﬁw
e 2 2 R S
R ‘- e o i e i e
S o i S e e S s R
R = S R %"‘” S eesseee e S S
= G 5 R o S
S e e SR S e e
i J\- s e e e e e Mm'{om e G E R o{vm
SEm e S i SRS s s e e
S R A G SEEEESRERE R SRR ﬁ/vw e
e e e o , e i e
R e ek e e Rt o J\-Q‘WMK e o s e e e rlx e
e e R R S %= S i s
S A#gv&v e SEsmessiem o 2
Q‘x@‘x‘@‘x@"{@‘ A Ao Ao e e e e M
e s e e e
P SEEEeE e s A
BEiEs S G S T
e MW%@M meﬂm# 0 Mé#w R S 5%
SR 2 S s
e S .-o-vwavav e ﬁgéis o «wam:_}w w.om»mmx
St RS Do o S i
B e e e S e T e
R = fo e s
i e e e S e s e e S e R e R G
G e B e S R S
e sst s St S e SRl s R e e Sp e S
e SEREEeES e S SeRy
s e P S it G
@'3-’5‘5-@‘@-" w‘x@ﬁ#ﬁ#@m o;ﬁg@ °¥Vwﬂx¢éﬁ£°ﬁ A e o ﬁ- e % G
SRR o SR i S i EaEe
SRS o-%_g—v;wwiw S m-i-;.ﬁmyoxuoﬁwm s i i S e
A e wEr e S e e e
i o S SRR SEna S R st Eomms e 2
e i B i b e
S ﬁ:vwﬂo{ﬂﬂor i W%th‘f o Vm&f WM.{QM &'\-- #:;‘03-@‘-{ e S e e e R S e
e G R JW G e :&::f;ﬂmx”3w33ﬁm"£ﬂﬁ R
RS S Ks::wmmmmm“g §§§3m¥3uﬂv B
puss e o R i e S iae
R R e e D G e B S
SR B S R
b e e N S S SR S e s %
e e e R e i
i e
e T
e e e
i o = S S
S 3% o e
B A@‘wivﬁwwk-.{#rvmw i s SHESast
s e e SR i
press i
e
22 i
S S e e
S e ) e
i R o SRR, i e e
S S SoRERE SoChERe e G SRR %
= R 5 e e
o s B 2 e
o e et 2 5 n
- g i - i S S
e o = e FRenas o i ow#w og’.{l‘”‘
o SR e iR i o S
S Em L e e -meﬂ T o
o SR e e e e R T
R S - e SRR ﬁ i
i i o '\f T e, va\.vaww
SR R s o e S ‘S:KMMM
SELSRERE SRS 22 % s ”313:%.” e
e Mmmxoxmmwww e S S e




SCREEN-9

"



L
Ln

CHAPTER-6 Sorting and Searching methods

Screen-1 :- This screen can be selected using the down arrow movement on the main
menu. If a user selects a sorting option then the different sorting methods will be displayed on
the screen, which are linear , bubble, insertion, quick, merge and heap sorting methods. Using
the down arrow key we select one of the sorting methods. Currently the /linear sort is selected.

Screen 2:- when a user Enters against /inear sort which is the currently selected option,
then this screen will be displayed. The user has been asked to enter the numbers from the
keyboard into the array as shown in the screen-2. After entering the numbers into the array there
will be options back and sort. Back is used to go back to the sorting methods menu. Sort is used
to sort the elements. The location of element in femp is also shown for each element as per the
algorithm of the linear sort.

Screen-3 :- This is the bubble sort menu as the heading is shown on top of the screen.
Here also the user has been asked to enter the elements , if a user presses a 'n’ key then the
entering of numbers will be stopped and the back, sort options will be displayed. As in the
screen-2 the location of the element in the femp will be shown for each element during the
comparison.

Screen-4 - In this screen of guick sort the user will enter the numbers as input, from that
list one pivot point will be selected and the parttti.oning will be done. So, there 1s no temp in this
screen. This is faster than all other sorting methods since the algorithm is a divide and conquer
technique.

Screen-5 - This sorting method is like the linear and bubble where there is a concept of
temp. During each comparison the location of femp is shown in the temp text box. After all the

numbers have been entered as input, we have to press the sorf button to sort the elements. This is



very good sorting method if the input is less.

Screen-6 :- The heading of the merge sort is displayed on the top of the screen. This is
also a divide and conquer technique. We assume that the numbers to sorted are in non-decreasing
order. Given array has been split into 2 sets and each set is individually sorted to produce a
single sorted sequence. Finally we combine the 2 sets into one using merging.

Screen-7 :- This is about the heap sort. Here the user will enter the elements in the array
and after the completion of entering the elements the there will be 2 options on the screen, which
are back and sort. The sort will be selected to sort the elements. The screen shows the elements
after applying the sorting method.

Screen-8 :- This screen can be selected from the main menu of data structures . There are
linear and binary search options in the searching methods. Back option is used to go back to the
main menu of the searching methods. To select one of the searching methods one can use the
down arrow or the mouse pointer.

Screen-9 :- This is the linear search screen. The user first enter the input into the array,
then the user has been asked to search a particular element in the list. The element to be searched
is compared with all the items in the list. If the matching is true then the corresponding location
will be displayed and giving the message like 'item is found' also seen on the screen. In this way
we can search any element in the list.

Screen-10 :- This is the final screen and it is the binary search algorithm. Here the
numbers have to be entered only in the ascending order, since it is a limitation. As per the
algorithm the begin will be assigned to 'l", end will be assigned to last element in the list. Mid
=(beg + end)/2. If the item 15 in the upper half of the list then the end will take the value of Mid-1

and the procedure will be repeated until the required item is found.
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