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DEVELOPMENT OF PROTOTYPE FOR

USER INTERFACE OF INFORMATION

SYSTEM

3anpononosano cmpyxmypy inpopmanitinoi cucmemu 0is sMeHuen st iHhOPMayitnozo nepesanma-
HCEHHSL KOPUCTYBAUA NPU POOOMI 3 BEIUKUM YUCIOM Oxceper 0oKymenmis 3 inmepnem. [lan kopomxuil
CNUCOK NPpU3Hauenux 05 Kopucmyeaua icmopiti. Ompumanms doxkymenmis 8i00yeaemvcs 3a 00n0M02010
RSS-xananis. Inmeppetic cucmemu suxonanuii sx inmeiexmyaivia kapma (mindmap). Bubipxa 0oxy-
MEHMI6 05l 8Y3/i8 KAPMU BUKOHYEMBCSA HA OCHOBL npasu, sanucanux na SQL-nodibniii mosi sanumis.
Kmouosi cnosa: diazpama 36°a3xie, mindmap, iepapxiuna xiacmepusayis, ingpopmayiine nepesan-

magicenss, inmepgeiic xopucmysaua.

1. Introduction

The amount of information created and processed by
the humankind is continuously growing. This phenomenon
was named <«the information explosion». It was realized
as an actual problem in the last century. At that time,
it was a problem for comparatively small communities of
scientists and researchers. Today the constant work with
wide flows of information from open sources is necessary
for any intellectual activity.

Currently, the level of Internet penetration is high
enough both in developed and in developing countries [1].
The main part of information flows passes through the
Internet. In the last decade, a significant part of Internet
channels is built on the «Web 2.0» ideology. The audience
of Facebook, Twitter, and other social networks is growing
all over the world. Private individuals, entrepreneurs, busi-
ness, public organizations and government structures use
these networks.

The Internet network was initially created for using
links between HTML-pages. The ability to browsing through
links often leads to significant losses of working time. Ad-
vanced intellectual workers normally avoid unnecessary
web surfing.

Web sites and thematic channels of Web 2.0 often
show advertisements, «paid» posts and other unwanted
content. Context or banner adverts are added by com-
panies which own the info environment (social networks,
search engines, etc.).

Viewing of additional non-targeted information results
in unproductive time consuming, drawing of user’s atten-
tion and increasing fatigue. Cutting out irrelevant pages
will reduce the time lost and increase productivity. In
order to avoid showing irrelevant documents, first, we
need to automatically evaluate the relevance (usefulness)
of documents.

2. The ohject of research
and its technological audit

The object of research is the interface and structure
of the information system, which is designed to pre-filter
information flow on topics specified by the user.

Existing information systems can be divided into seve-
ral main types. The first one is the search engines [2]:
Google, Yandex, Bing, Baidu, etc. They scan all of the
Internet sources, perform a search in their index at the
user’s request. These systems are free and available on-
line. The second type is the Web 2.0 networks: Facebook,
Vk, Qzone, Twitter, etc. They work only with the user
content placed inside the network. These systems are free
as well, but user authentication is required for the full
access. The third one is represented by professional systems
for monitoring of Internet sources and document analy-
sis. A survey of monitoring systems is given in [3]. The
document analysis systems are described in [4]. Search
engines and social networks have hundreds of millions of
active users [5]. The professional system has up to tens
of thousands installations.

Let’s go to the list of the main disadvantages of above-
mentioned types of information systems. Search engines:
only text interface, a large list of search results, insuf-
ficiently effective filtering of irrelevant results. Web 2.0
systems: poor search capabilities, operating with internal
content only, insufficient accessibility of content beyond the
system. Professional systems: rather high costs, complexity
of customization, weakness of the built-in API (Applica-
tion Programming Interface).

3. The aim and ohjectives
of research

The main aim of research is to determine the type of
information system interface. This interface should simplify
and facilitate the user’s work.

To achieve this aim it is necessary to accomplish the
following tasks:

1. Define the structure of the information system. The
components of the system will be based on ready open
source software solutions.

2. Define the transformation of the mathematical graph
of the hierarchy of document clusters.

3. Describe the list of requirements for the user in-
terface.

4. Present the implementation of a user interface, which
meets the stated requirements.

.
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4. Research of existing solutions
of the prohlem

To protect the user from information overload, first
of all, it is necessary to evaluate the relevance of the
set of proposed documents. It should be done avoiding
showing this document set to the user. The next step is
to separate documents into clusters having similar topics.
After that, to generate the report on the set of documents
cluster. Finally, to represent the results of clustering in
an appropriate form.

The key task is the evaluation of document relevance
and the degree of its compliance with the user search
query. This task is solved by existing information retrieval
systems. The HTML meta tags are created for simple
metadata processing. However, without content analysis
of the text, they do not protect against the dishonesty
actions from the Internet site creators.

The first generation of content methods for relevance
evaluation is based on the linguistic and statistical charac-
teristics of the texts [2]. The next generation of methods
uses the analysis of an array of hyperlinks of the web [6].
These methods have allowed improving the quality of
search when a larger amount of sources is available. The
creators of Internet sites use a wide arsenal of search
engine optimization methods, for the higher ranking place
in the Search Engine Result Page [7].

The search engines can evaluate the content relevancy
based on the user behavior [8]. Analysis of user behavior
and the identification of similar user’s preferences allowed
to create the collaborative filtering methods [9]. Modern
search engines use a complex combination of these methods
to improve the quality of search results. The latest gene-
ration of methods for computing of document relevance
is based on semantic methods [10].

One of the most exciting issues of the work of modern
social networks is the algorithm of the newsfeed formation
by default. Usually, this algorithm is the secret and it is
known only in general. The most interesting thing is the
algorithm for making Facebook news [11] because this
network has the largest audience of users [5].

The known solution is preloading documents before
showing them to the user [12]. It was proposed in the
early years of the Internet development, when the main
problem was the waiting time. A good survey of the clus-
tering text documents methods is given in [13]. The clus-
tering method based on the user information request is
described in [14]. Therefore, the main task is to develop
a user-friendly interface of the information system.

5. Methods of research

Let’s use the constructive approach of the theory of
systems, so that the structure of the system is formed
by the set of functional parts of the system. Therefore,
the structure of the system is determined by the neces-
sary target result. According to the number of elements
of the system, it may be classified as a simple system.
To solve the research task, there is no need to formu-
late and analyze the mathematical model of the system.
Determination of the optimal system structure is out of
the scope of this paper.

During the information system design, it is also neces-
sary to determine the deployment scheme. The prospective

solution is the using of microservices architecture [15] in
the cloud. However, the simple prototype can be created
as a monolithic web-based solution.

During software development, it is necessary to cre-
ate the set of user interface requirements. Let’s make the
detailed descriptions of the user’s functional requirements.
At this level, there is no need to use the formal nota-
tion or UML diagrams. The methods for working with
user’s requirements are described in the Software Engi-
neering Body of Knowledge (SWEBOK), also known as
ISO/IEC TR 19759:2005 standard.

The proposed prototype of the user interface is based
on mind maps method of visualization. The initial view of
multiple documents can be obtained using automatically
methods of hierarchical clustering. Mathematical apparatus
of graph theory help to makes the transition from the
document clusters hierarchy to the connected network
of map nodes.

6. Research results

6.1. Structure of the information system. The structure
of the information system is shown in Fig. 1.

Receiving messages Texts User Interface:

and documents: preprocessing: — displaying

— websites pages; — style and subjects document clusters
— RSS-flows; definition; as Mind Map;

— social networks — documents — viewing

pages; clustering; documents and

— messengers — adaptation to the changing the map
channels user

- AN J

Fig. 1. The structure of the information system

The first block provides an interface with the sources
of documents or messages. These sources are sites, social
networks and messengers.

The most convenient mechanism for delivering the
frequently updated information to users is the RSS stan-
dards family. Unfortunately, the largest Web 2.0 envi-
ronments, such as Facebook and Twitter, do not support
external processing of the users content. Therefore, in
a long time, it is impossible to guarantee a steady receipt
of updates of information from such social networks. There
are solutions by third-party services, but they also do
not guarantee full functionality after new updating of
the content access policy. Therefore, the only available
palliative solution is creation of a separate application for
the each social network. However, an information divi-
sion to the several windows by the origin source will be
inconvenient for users.

Recently, online messengers have gained considerable
popularity. Business accounts, open API, the wide opportu-
nity of creating bots and a high level of user satisfaction
allow creating many channels with thousands of subscribers.
Viber, WhatsApp, Telegram, and others have become new
effective channels for information dissemination.

Today almost all professional media sources are sup-
porting several distribution channels. Therefore, in most
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cases, the information system can receive the information
from the sources.

The task of the second block is preliminary selection
of the most relevant messages (documents). It can be
done by document clustering. The mathematical methods
of clustering objects have been developed for more than
50 years [13]. The actual way of clustering is an adap-
tive approach based on neural network models. First, let’s
note the method [16] for automatic clustering of web
documents by relevance to the information needs, using
a hybrid neural network. A good survey of the approaches
of using neural networks for constructing clusters is avail-
able in [17]. So the fine-tuning of the neural network
parameters is needed for efficiently clustering for diffe-
rent initial data.

The third block of the information system provides a user
interface for viewing documents or messages clusters. The
idea of using effective visualization for convenient display
of large arrays of documents is well-known. For example,
in [18] it is proposed to use Kohonen self-organizing maps
to graphical display the category map in a conceptual
space for navigating the user in the set of search engine
results. The using of conceptual maps for processing of
knowledge and information is surveyed in [19]. In [20],
the usage of MindMap-visualization as an interface for
documents collections is described.

6.2. The hierarchy graph of document clusters trans-
formation. The result of the hierarchical clustering of a set
of documents is a connected acyclic graph — the binary
rooted tree Go. Tree leafs are separate documents. The
internal vertexes are the clusters. The root represents the
all entire set of documents.

A binary tree is convenient for computer processing.
However, it does not allow getting a compact clusters
visualization on the screen. It is well known that a hu-
man can effectively interact with only a small number of
objects. This value is in the range of 7+2 (the Yngve-
Miller’s number). The specific value may vary for different
people. So, the binary tree G, must be transformed into
the n-ary tree G, before rendering to the screen. Let the
user opportunity to specify the convenient value of n.

The depth of the tree should also be limited for the
same considerations.

We will use the hierarchical clustering method, which
generates a balanced tree. Then the initial number of docu-
ments should not exceed the value of n". Therefore, we
ignored this restriction, since a stronger restriction on the
documents quantity due to the computational complexity
O(n?) of hierarchical clustering methods.

The graph clusters transformation to the n-ary tree
is easily carried out for n=2% or n=23 The number of
hierarchy levels is reduced by 2 or 3 times, respectively.
If we select another value of n, several vertexes are drawn
to one vertex in the new tree. In the initial binary tree,
those nodes occupied several different levels. So for n=6,
two vertexes of level i+1, four at level i+2 and four ver-
texes on i+3 level will be contracted to one vertex of
level i (Fig. 2).

The number of documents is a random value, so it
is usually not a power of two. Therefore, the original
binary tree cannot be perfectly balanced. The selection
of the drawn branches will be made so that the result
tree gets more balanced.

Fig. 2. The set of graph vertexes that is drawn into one vertex, for n = B

6.3. The user interface. Development of an effective
interface begins with the creation of user scenarios (use
case). The information system will be used regularly to
review information messages of different subjects. New
topics (clusters) will usually be stored for repeated using
time after time. Therefore, the main user stories are: viewing
new documents and messages from this cluster. Other sets
of user stories: viewing the documents and messages, con-
figuring the clusters visualization and setting the view of
map. This is the list of the main user stories:

1. Viewing new documents and messages:

— selecting the cluster and showing the list of docu-

ments;

— checking source updates;

— marking and exporting the selected document;

— adding comments to the selected document.

2. Configuring the selected map node:

— viewing the list of sources;

— viewing the tag cloud, and cluster keywords;

— editing the rules for documents selection for the

current cluster;

— renaming the map node, adding comments to the

node.

3. Changing the nodes and map links:

— splitting the cluster into several ones, adding child

nodes;

— merging selected clusters into the one;

— changing the placing of map nodes.

The prototype of the information system interface is
shown in Fig. 3. This prototype made by JavaScript free
source code from [21].

First of all, the user selects the map branch for viewing.
All the child nodes in this active branch are displayed.
Each node shows (in square brackets) the number of
new, not scanned documents. In the rest map branches,
the nodes are hidden and the number of documents is
not visible.

The other user stories will start through the context
menu by left clicking the mouse.

There is no one-to-one correspondence between the
automatically generated clusters set and the set of map
nodes, determined by the user. Therefore, we need an op-
portunity for fine-tuning of map visualization. In particular,
the way to determine the rules for clusters creation. So,
the user will be able to specify the combination of clusters
and select their contents via the set of conditions (Fig. 3).

Use of the SQL language subset sing the subset is
proposed for setting the rules of selection. In the SELECT
statement, instead of the list of fields (table columns), let’s
write the identifiers of clusters and/or data sources. In
the FROM let’s write the identifier of the parent node
in the map tree. In the WHERE, let’s define the corre-
spondence of a set of attributes, for example, the substring
for searching in the text document. In the ORDER BY
let’s define the kind of sorting documents.

5
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Fig. 3. The prototype of mind map user interface

The last child node will collect all documents, which
were not added to any others child nodes by rules. In
Fig. 3 such nodes are «etc», «mentions» and <other». For
example, the node «other» includes all documents selected
in the «AlI» branch, but not selected according to the
rules of the nodes «deep neural networks» and «neural
networks». The user can set the name of the nodes. The
system will offer the default node name based on automati-
cally formulated tags derived from the document content.

6.4. The tasks for further research. The next stage
of research is the experiment series of tests with sets
of real data. At this time, there is no need to use all
possible types of sources. So it is necessary to use only
RSS feeds processing. Let’s use one of the open sources
free RSS readers, which is distributed free under GNU
General Public License. After the test results, the list of
user stories will be improved and redefined.

In addition, it is necessary to find the basic (the most
frequently used) templates for cluster creating rules de-
fined by users. They should be used for transmitting the
automatically generated clusters to nodes on a visual map.

In the future, it is necessary to adopt the elements
of machine learning for facilitating the adjustment of the
system to a specific user’s needs.

Tracking of user behavior will allow dividing the docu-
ments into following subsets:

a) documents selected by the user for detailed study;

b) documents that aren’t interested for user;

¢) documents that are closed very quickly after viewing.

There is no simple solution for defining and brief recor-
ding the patterns or rules for separation into these subsets.
The sets of these documents subsets can use for neural
network training. Then after some number of training
cycles, this neural network will be able to predict the
relevance of new documents. This will allow the sorting
new documents by relevance or automatically create a clus-
ter with the most interesting content.

7. SWOT analysis of research resulis

Strengths. The visual interface for the system is a two-
dimensional plane instead of a linear list. It will allow to:
1) reduce the time spent looking at irrelevant documents;

2) increase the information retrieval completeness, since
the user can view more documents that are necessary for
the same fixed time;

3) the above will improve the quality of the analytical
reports and management decisions made.

The structure of the information system involves the
use of existing solutions as parts of the system. This will
significantly shorten the time for creation and the costs of
software development. Therefore, it significantly reduces
the risks of project failure.

Rules for clusters remapping to the mind map nodes
will be written in the SQL dialect that allows to flexibly
configuring the knowledge map that is visible on the
screen. The user will be able to give the map a more
convenient appearance, which will reduce its fatigue and
increase the processing speed of information.

The created map can be saved. One-time setup and
regular re-use save users time and effort.

Weaknesses. The main weaknesses of the proposed so-
lution are:

— It takes the user much time to explore a new inter-

face, learn how to write down SQL rules, and so on.

— The automatic clustering system needs initial setting.

The cold start problem: adaptation of the system to

user by machine learning methods gives a result only

after time.

— The solution is created for intellectual workers who

are not specialists in monitoring information. They

will have to overcome the cognitive barrier and lack
of motivation for starting using this system.

Opportunities. The main opportunities for further im-
provement are in the Web 2.0 approach. Thousands of
other people will use the results of the first flow of users.
First of all, we are talking about identifying patterns of
strong selection SQL rules. The best rules, turned out to
be convenient and effective, will be used by default by
new users of the system.

The mind maps are successfully used for learning and
knowledge transferring and delivering. A map compiled
by a qualified expert will be very useful to other users.

An additional opportunity: to expand the area of ap-
plication of mind map concept to other areas of intellectual
activity, in particular, to manage corporate knowledge,
improve the skills of employees, etc.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/2(35), 2017

7 —)



IHPOPMAUTHHO-KEPYI0YI CHCTEMM:
( IHPOPMALIHHI TEXHOMOITI

I55N 2226-3780

Threats. The main threats include:

1. Popularity of AR and VR interfaces (Virtual Reality,
Augmented Reality), which it is necessary for solving other
task. The two-dimensional interface of the proposed system
may seem as «not progressive enough».

2. Lack of information culture. The new generation
of people with its «clip-on thinking» may not be able
to make efforts to systematize information flows.

3. Search engines and social networks can increase
access restrictions to content. Then it will be impossible
to receive updates of many important sources and the
purpose of the system will become unattainable.

1. This article presents the structure of the informa-
tion system, which is designed to improve the processing
efficiency of large information flows. The system consists
of three parts, which implements such tasks: obtaining
documents from sources, clustering documents, displaying
clusters with a mind map.

2. The transformation of the hierarchy graph of docu-
ment clusters is determined. It allows displaying the set
of documents in a user-friendly form.

3. The set of user interface requirements is created.
This set of simple user cases can be implemented in the
software product. These user stories describe working with
documents, setting up the selected map node and changing
the map.

4. The implementation of the user interface is pro-
posed. The prototype interface is written in JavaScript and
is available as a webpage on the user’s device screen —
computer, pad or smartphone.
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PA3PABOTKA NMPOTOTUIA MHTEPSEHCA NONL30BATENA
HHPOPMALHOHHOA CUCTEMBI

[Ipenoskena cTpyKTypa NH(GOPMAIIMOHHON CHCTEMBI 11T YMEHb-
meHuss UHGOPMAITMOHHOM MePerpysKy MoJIb30BaTe st pu paboTe
C 6OJ'II)LLII/IM YUCJIOM HUCTOYHHUKOB JOKYMCHTOB M3 MHTEPHET. ﬂaH
KPaTKHii CIIUCOK 10JIb30BaTeIbCKUX nctopuil. Ilomyyenne goxymen-
TOB MPOUCXOAUT ¢ 1omolpio RSS-kanamnos. Vnrtepdeiic cucremsr
BBIIIOJIHEH KaK MHTeJIeKTyanbHas kapra (mindmap). BeiGopka
JIOKYMEHTOB JIJIsI Y3JIOB KapThl BBIIOJHIETCS HAa OCHOBE IPABHI,
3anncanubix Ha SQL-110106HOM sI3BIKE 3aIIPOCOB.

Kmiouessie cnoBa: juarpaMma cBsseil, mindmap, uepapxuye-
cKas KJacrepusaius, nHMOPMAIMOHHAS Ieperpyska, unrepdeiic
10JIb30BATEJISI.
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