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AN APPLICATION FOR DEMONSTRATING AND COMPARING 
SORTING AND RETRIEVAL ALGORITHMS 

  
Author: Oleksandr Sokolskyi 
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Abstract. The use and information and communication of their technology and in
education is constantly increasing, including - when teaching professional disciplines in
high school. The study of algorithms for sorting and searching data is provided by many 
educational programs of the specialties of the field of knowledge "Information 
Technologies". Using the process of presenting these sections of the information and
communication means learning how a demonstration is application allows to better 
understand the essence of each algorithm, cf. ivnyaty them on specific examples. 

The purpose of the work is to develop a program (application) in the visual 
programming environment, which would allow students studying the algorithms for 
sorting and searching data , to observe the process and to analyze the advantages and 
disadvantages of a number of methods to better understand the principles of their work. 

The object of study - algorithms for sorting and searching data . The subject of the 
study is demonstration of a number of algorithms and their comparison. 
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The first section looks at some algorithms and sorts and retrieves data, and analyzes 
existing software systems. The second section is performed to develop object-oriented 
model of a software system means s visual design and UML notation functional model 
BPWin. The third section provides a user guide and an example of how the software 
system model is developed. 

Key words: algorithms, sorting, search, composition of the algorithm, 
computerization, application, uml modeling, functional modeling, functional meling, 
functional melening. 

I. Introduction
New information technologies occupy the most important place not only in

specialized but also in everyday spheres of life. Computers are used in business, 
management, trade, training and many other areas of human activity. Postiyno growing  
use  and  iformatsiyno and communication s technologies and in education , including - in
the teaching of professional disciplines of Higher ground school. 

The study of algorithms for sorting and searching data is provided by many
educational programs of the specialties of the field of knowledge "Information 
Technologies". Use during the presentation of these sections of the information and 
communication means learning how a demonstration is application allows to better 
understand the essence of each algorithm to equalize them with specific examples. 

The task was to create a program (application) to demonstrate and compare 
algorithms for sorting and finding data in order to better understand the principles of their 
operation. 

The object of study - algorithms for sorting and searching data . The subject of the 
study is demonstration of a number of algorithms and their comparison. 

The purpose of the work is to develop a program (application) in the visual 
programming environment, which would allow students who study sorting and data 
retrieval algorithms to observe the process and to analyze the advantages and 
disadvantages of a number of methods. In order to achieve this goal, it is necessary to
select algorithms for analysis, to carry out information system design (application) and to
carry out its computer implementation. 

II Analysis of data collection and search algorithms 
Although in the dictionaries the word "sorting" ( sorting ) is defined as the process 

of separation of objects by species or variety, programmers have traditionally used it in a 
very narrow sense, designating them as the rearrangement of objects in which they are
arranged in ascending or descending order. This process should probably would not call 
that sorting and ordering ( ordering ), but the use of the word would lead to confusion 
because of congestion word meaning "order." In the following we will use the word 
"sorting" in the narrow sense: "arrangement in order" [1]. 

The task of sorting is to find the following permutation of records p (1) p (2) ... p 
(N) with indexes {1,2, ..., N}, after which the keys would be arranged in descending order: 

             Kp (1) ≤ Kp (2) ≤ ... ≤ Kp (N),      (1.1) 

where Kp (i) is the ith key, 
N is the number of entries. 
Typically, sorting methods are divided into two classes: internal, when all records 

are stored in fast RAM, and external, when all records are not in it. Internal sorting 

are
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methods provide more flexibility in building data structures and accessing them, while 
external methods provide the desired result in “spartan” conditions of limited resources. 

A fairly good general algorithm spends time sorting N records in proportion to N 
log N; this requires about log N "passes" according to the data. This is the minimum time 
if the entries are arranged in random order and sorting is done by pairwise comparison of
the keys. If you double the number of records, then the time, all else being equal, increases 
slightly more than twice. On the other hand, if the keys are known to be random variables 
with some continuous distribution, then sorting can be performed on average in O (N) 
steps. 

There is a basic list of sorting algorithms: 
a) sorting by insertion method. The elements are viewed one at a time, and each new 

element is inserted into a corresponding place among the previously ordered elements; 
b) exchange sorting. If the two elements are not in order, they are interchanged. This 

process is repeated until the items are ordered; 
c) sorting by choice. First, the smallest (or largest) element is selected and in any 

way separated from the others, then the smallest (largest) is selected from the rest, etc .;
d) sorting by calculation. Each element is compared to all the others; the final 

position of the element is determined after counting the number of smaller keys; 
e) special sorting. It is well suited to the five elements specified in the task, but is

not easy to summarize if the elements are larger; 
e) a new sorting supermethod. These are substantially advanced known methods. 
There are many different sorting algorithms [2], co wives has its advantages and 

disadvantages, as he is better in some other configuration data and equipment. 
In developing our application program we will use the following algorithms: bubble 

sorting; sorting inserts; sorting by choice; merger sorting; quick sorting; shaker sorting; 
gnome sorting; sorting Shell; binary sorting; sequential search; binary search. 

Merge sort is a sorting algorithm that sorts lists (or other data structures that can
only be accessed sequentially, such as streams) [3-4]. Initially, the task is broken down 
into several smaller tasks. Then these problems are solved by recursive call or directly if
their size is small enough. Finally, their solutions are combined, and the solution of the 
original problem is obtained. The complexity of the algorithm is determined by the
formula O ( n * log ( n )) , where O (n) is a function of the time complexity of the
algorithm; n is the number of input data (array elements). 

Quick Sort works recursively , repeating the following steps: 
a) select the key index and divide the array into two parts. This can be done in

different ways, but in this work the array is split in half; 
b) transfer all key elements over the right side of the array, and all items less key - to

the left. Now the key element is in the correct position - it is larger than any element on the 
left and less than any element on the right; 

c) repeat the first two steps until the array is completely sorted. 
Shuffle sorting, or shaker sorting, or Cocktail sort, is a kind of bubble sorting [5]. 

The boundaries of the working part of the array (ie the part of the array where the 
movement occurs) are set at the last exchange location at each iteration. The array is
viewed alternately from right to left and from left to right. The best case for this sort is the 
sorted array, the run time is determined by the formula O (n). The worst case for this 
sorting is the array sorted in reverse order, the running time is determined by the formula. 
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Gnome sorting is based on the technique used by the ordinary Dutch garden gnome. 
This is the method by which the garden gnome sorts a line of flower pots. In the other 
looks at the next and previous garden pots: if they are in the correct order, he steps one pot 
forward, otherwise he swaps them and steps one pot back. Boundary Conditions: If there is
no previous pot, it steps forward; if there is no such pot, he is done. 

Sort of a Shell named after American scientist Donald Shell. At its core, this 
algorithm is an advanced “ Sort Insert ” algorithm . The meaning of the algorithm is to
compare not only the elements standing next to each other, but also at some distance. 
Originally selected for a rock - a gap through which will compare array elements on each 
iteration [6] . For the first iteration, the step is defined as the result of dividing the number 
of elements of the array by 2, then the step is divided by 2. That is, it gradually shrinks , 
and when equal to one , the last comparisons will occur , and the array will be sorted. The 
best case for this sort - sorted array, Mr. ayhirshyy case for this sort - sorted second 
backwards array. 

The pyramidal sorting method [7] , invented by D. Williams ohm , is an
improvement of traditional tree groups. The general idea behind pyramid sorting is that the 
pyramid is first constructed from the elements of the source array, and then the elements 
are sorted. We take the last element of the array as the current one. Replace the top
(smallest) element of the array and the current one. We sift the current element (it is now
the upper one) through the elemental pyramid. Then we take the penultimate element, etc. 

Besides sorting, even at dniyeyu and the major processing procedures are structured
information search. The search task has attracted a great deal of attention from scientists
(programmers) since the dawn of the computer age. Since the 1950s, the problem of
finding elements with a certain property in a given set has begun to be solved [8].

Sequential search is the search for the desired entry in a non-sorted list [9] . From,
the entire list is viewed before the record is found. It's the simplest m of search algorithms
, not very efficient, but it works on a random list.

B inarnyy ( or the method of dividing in half ) search data can be Apply of Old to
the sorted set of elements whose placement is made in the adjacent memory. The essence
of this method is as follows: the search begins with the middle element. When comparing
a target with an average sorted list item, one of three results is possible: a value equal to, a
target value less than a list item, or a target value greater than a list item. In the first, and
best of all, the search is complete. In the other two cases, we can drop half of the list. If the
target is greater than the middle element, we know that if it is in the list, then it is after that
middle element. This is enough to allow us to drop half of the list by comparison.

In this work, the algorithms for sorting and searching data are characterized by the
time of work and the number of iterations spent. For a better understanding of their work,
you first need to read a summary of each of them in the application program, as well as
begin the study from easier to learn algorithms to more complex. Since the amount of
memory consumed by the algorithm is not so important for understanding it and described
in the help, it will not be further considered in this work.

Next, we will analyze the existing software systems to solve the problem . An
application (application) for demonstrating the work of sorting and data retrieval
algorithms is created to facilitate understanding of how these algorithms work for the
target audience (1st year students).
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There are now quite a few websites that demonstrate the sorting and searching of
data. Let's look at some of them. 

The article "Algorithms and data structures for beginners: sorting" on the site 
"Tproger" [10] deals with bubble sorting, sorting by inserts, sorting by choice, sorting by
merging, quick sorting and swap method for permutation of elements (Fig. 1.1). 

Figure 1.1 - Consideration of bubble sorting on the Tproger site 

Also on the site are examples of code in C ++ to implement these algorithms. The 
main disadvantages include: lack of animation and an example of the operation of each of
the algorithms for only one arbitrarily filled array. 

Another article "Visualization of Sorting Algorithms" on the same site [11] provides 
the user with an already animated sorting process, but in turn does not have an example 
code and also allows the user to enter their own array of data to consider for example the 
best and worst cases (Fig. 1.2). 

An excellent example is the article "Insert Sorting" on the habr website [12]. It
includes the advantages of the previous two articles, but it has its own major drawback - 
only the algorithm for sorting inserts and improving them is considered (Fig. 1.3). 

The article is about sorting choices on the same site, which has similar drawbacks 
[13]. 

Another example of demonstrating sorting algorithms is the article "Sorting in GIFs: 
8 Most Popular Algorithms" on the proglib website [14]. 

Figure 1.2 - Another example of bubble sorting on the Tproger site 
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Its disadvantages: lack of accuracy of the algorithm description, and work with a 
single preset array. An example of a quick sorting demo from this site is shown in fig. 1.4. 

An interesting example of a demonstration of sorting algorithms is presented in the 
article "Sorting all the times and peoples" on the habr website [15]. This example is
implemented in Excel using macros. An example of work in Fig. 1.5. 

The obvious drawback is information overload. But the main drawback of all the 
examples above, except the last one, is the need for a permanent Internet connection. 
Therefore, the created application will focus on simplicity and autonomy. Borland Delphi 
7 is chosen as the programming language. It will be a great advantage to add multiple 
interface languages to reach a larger audience. 

Figure 1.3 - Consideration of sorting with simple inserts on habr site 

Figure 1.4 - An example of a quick sort demo on proglib 

Figure 1.5 - Demonstration of sorting in Excel 
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III. Design of an application program for demonstration of the 
algorithms of data sharing and search 

In just display will reflect and be only the number of iterations (step algorithm) as
real time algorithm too fig s, and the user does not have time to understand the principle 
along with his work. To solve this problem we must add the delay in following each step 
of the algorithm, which in turn significantly increase the count time. 

Working time is:
T = ti + td * N, (2.1)

where T is the total running time of the algorithm; 
ti is the time of one iteration; 
td - delay time; 
N is the number of iterations. 
When comparing the algorithms, such a problem will not occur, because the size of

the array will increase many times, and thus the time of work should be the same. 
Therefore, the delay can be removed. Then the running time shown will be real. 

For a better understanding of user interaction with the application will make the
UML- diagram Use Case (Eng. Use case diagram), showing the relationship between
actors and precedents, and is part of the model precedent [16].

The following options are available to the actor: working with algorithm
demonstration, comparing algorithms and customizing the interface. Working with
demonstration algorithms includes : selecting a sort algorithm and / or search algorithm,
populating an array, and viewing results. When using the search algorithm, you must
specify the desired item.

When comparing algorithms, the user is required to choose the fill option (best and
worst case, or random fill) and specify the size of the array that would then analyze the
results (by run time and by number of iterations).

Setting up the interface is to choose the language of the software (there are three
options: Russian, Ukrainian and English), and if necessary, get help on each of the
algorithms for sorting and searching, as well as the whole program as a whole. The
diagram of the variants of use is shown in fig. 2.1.

Figure 2.1 - Diagram of use cases
The purpose of the class diagram is a graphical representation of static structures

declarative system elements and element s behavior [17]. The constructed diagram of
classes is shown in fig. 2.2.
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Algorithm Demonstration and Algorithm Comparison classes depend on the
Interface class. Communication power of zero or more to one.

Figure 2.2 - Class diagram

The cooperative diagram [18-19] , which shows the messaging sequence , is
presented in Fig. 2.3.

Figure 2.3 - Diagram of cooperation

The component diagram is shown in fig. 2. 4.
In order not to overload the component diagram with unnecessary information, it did

not have all the files with Delphi configurations and basic settings. Since the certificate
and the application and information on the algorithms loaded with .txt files a total of 36
pieces, for simplification of the diagram were three components Images: «Sort.txt»,
«Search.txt» and «Program.txt».

Then give functional in a model b system in BPWin notation . The first level of the 
model in BPWin notation, which shows all input (left) and output (right) information 
flows, as well as mechanisms (bottom) and governing factors (top) is shown in Fig. 2. 5 . 
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Figure 2. 4 - Component diagram

The second level of the model reflects the three main parts of the software product 
divided by functional and visual representation on the working forms of the application 
(Fig. 2.6). 

Figure 2. 5 - The first level of the model in BPWin notation 

Figure 2. 6 - The second level of the model in BPWin notation 
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IV. Computer implementation of the software 
The scope of the software product is to use it to consolidate knowledge about the 

principles of sorting algorithms and data retrieval in first year students [20] . 
When implementing and using the software, requirements for the functional 

characteristics, system reliability, hardware parameters, information and software 
compatibility must be taken into account. 

Initially, the main form of the program is developed, which will demonstrate the 
work of algorithms for sorting and searching data. The form in development is shown in
fig. 3.1.

Figure 3.1 - Main form in development 

In this form, the user will be able to select sort and search algorithms from the drop-
down lists (ComboBox) and set an item to search in an array (Edit field) [21]. Array 
elements are represented by constituent objects (Edit and Shape). The run time, the 
number of iterations, and the index of the desired item are output to the appropriate Label 
component. The transition between forms, interface setup and array filling are represented 
by the corresponding items in the main menu of the program (MainMenu) [22] . The timer 
provides the calculation of the running time of the algorithms [23]. In Fig. 3.2 presents the 
second form of the program - help. 

Figure 3.2 - Help window 
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Similarly, the first form the user can choose the algorithm that it is interested in, and 
get brief information about it in the Memo. In the same field information about the 
program is displayed when you press the (Button) button "About". The largest third form 
for comparing sorting algorithms by run time and the number of iterations spent is
presented in Figs. 3.3. 

Figure 3.3 - Method Comparison Form 

In this form, the user will enter the size of the array (Edit), select the type of fill 
(RadioGroup) and run the simulation (Button) [24]. Timer provides timing of algorithms 
and number of iterations. Chart-type elements are used to construct bar charts, to better 
compare method performance, [25] . 

An example of a demonstration of the bubble sorting algorithm program is shown in
Fig. 3.4-3.7. 

Figure 3.4 - Initial data input
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Figure 3.5 - IR procedure verification at x neighboring values 

Figure 3.6 - Procedure yard permutation of x Neighbor 

Figure 3.7 - Results of algorithm execution 

An example of working with help is the output of information about the sequential 
search algorithm (Fig. 3.8). 
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Figure 3.8 - "Serial Search" help information 

An example of comparing sorting algorithms in a program by randomly filling an
array of 25,000 elements is shown in Fig. 3.9-3.10. 

Figure 3. 9 - The process of comparing algorithms 

Figure 3.1 0 - Comparison results 
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An example of changes in the main form when choosing English (Figure 3.1 1 ):

Figure 3.1 1 - The main form of the program in English 

Consider the typical sequence of work with the developed application. When you 
start the program, you open the main form, which houses the main menu of the program , 
responsible for all the basic functions of the program, array elements and fields for initial 
values. First of all, you must select the interface language (the fifth item in the main 
menu). Available and parameters: a) Ukrainian language; b) Russian; c) English. 

To demonstrate how the algorithm works, you need to fill in an array and select the 
sorting and / or search algorithms you are interested in. The array can be filled 
automatically - the second point Maine st available three options: the best and worst case, 
random fill. You can manually fill an array with arbitrary integers, select one of the array
elements with the mouse and enter the desired value. 

After filling in, the desired algorithm is sorted and / or searched from the
appropriate list. Available algorithms: bubble sorting; sorting inserts; sorting by choice; 
merger sorting; quick sorting; shaker sorting; gnome sorting; sorting Shell; binary sorting; 
sequential search; binary search. If a search algorithm is selected , you must specify the
search item in the box to the right of the list of sorting algorithms. 

To start the demo, select the first item in the main menu of the application. I n case 
and elected binary search as the initial data presented are not sorted second by not
reducing the array, the program sorts his own "fast" sorting. Time , spent it , will not be
taken into account when calculating the algorithm binary search. This is necessary , 
because binary search can only work with sorted arrays. 

Upon completion, the application outputs the running time of the algorithms, the
number of iterations, and the index of the search item if the search algorithm was used. If
the array does not contain the desired element, the index of the searched element will be
null. 

To compare sorting algorithms, select the third menu item. A new form will open in
which to select from the list one of the possible options for filling and enter the size of the 
array in the appropriate field. Then the work process is started - pressing the "Model" 
button. The operation time of the algorithms depends on the computing power of the 
computer, and when working with large arrays can take quite a long time. 

V. Conclusions 
 The paper analyzes a number of algorithms for sorting and searching data, existing 

software systems for solving this task. We have designed an application to demonstrate 
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sorting and data retrieval algorithms using UML and BPWin. The developed information 
model has received software implementation in Borland Delphi 7 environment. 

The created application allows to demonstrate work of a number of algorithms of
sorting and search of the data, and also to make their comparison by the criteria "Hours of
work" and "Number of iterations". So is the application could be an additional element of
information and communication means training in presenting relevant disciplines - for 
example, "Algorithms and Data Structures" for specialty 124 "System Analysis". 
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INFORMATION SYSTEM FOR WORKING WITH EDUCATION 
PROGRAMS AND HIGHER EDUCATION STANDARDS 

Author: Kateryna Didevych 
Supervisor: Oleksandr Melnykov 

Donbass State Engineering Academy (Ukraine) 

Abstract. Higher education standard is a set of norms that establish the main 
purpose and objectives of education, requirements for the content of education, the level of 
training of specialists, determine the way to diagnose the quality of higher education. 
Each institution of higher education, on the basis of an approved standard, develops, for 
each specialty, an educational (vocational, educational or scientific) program that can be 
approved or modified annually. Creating educational programs based on existing 
standards, comparing and improving them is a creative process, but the need to constantly 
update materials and conduct quality assessments requires the involvement of information 
systems and technologies.
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