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Preface

Varia Informatica 2017, as Varia Informatica 2011 and Varia Informatica 2013, is
the result of international cooperation between European and Central Asia
universities.
The cooperation has been developed since 2006 through the different project
founded by the European Union under programmes TEMPUS and Erasmus+.
Due to the relatively large variety of theme, the book is addressed to various
groups of readers. A Master student, a researcher and a computer specialist from
industry can find here something interesting for himself. A special recipient of the
book is a Computer Science student, who wants to extend his knowledge in
informatics. Master studies require the use in education the results of research and
implementation activities in the field of Computer Science. The results of these works
and the descriptions of created systems are included in this book. A separate group
of subjects covered in the book are the educational aspects of Computer Science and
the use of information technology in education.
The book presents articles on the following actual areas: natural languages
processing and artificial intelligence - four chapters; space activities - three chapters;
modeling of applied systems - two chapters; teaching informatics and programming three chapters; investigation of models and methods in information systems - five
chapters.
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Due to the relatively large variety of theme, the book is addressed to various
groups of readers. A student, a researcher and a computer specialist from industry
can find here something interesting for himself.
The book was published due to high commitment of the chapters’ authors and
the reviewers. We want to express our thanks to everyone who has contributed to the
creation of this book, especially to the EU Education, Audiovisual and Culture
Executive Agency (EACEA) that funded our projects.

Marek Miłosz
Ualsher Tukeyev
Editors

1
Complex Technology of Machine Translation
Resources Extension for the Kazakh Language

The material is devoted to creating linguistic resources such as parallel corpora and
dictionaries for machine translation for low resourced languages. We describe manual
methods to building corpora, usage of Bitextor tool for mining parallel corpora from
online texts, usage of dictionary enrichment methodology so that people without deep
linguistic knowledge could improve word dictionaries. All describe methods were
applied to Kazakh, Russian and English languages with a task of machine translation
between these languages in mind.

1.1.

INTRODUCTION

Linguistic resources are an important part of any linguistic study. While languages that
have been subjects of computational studies for a long time have a lot of resources
ready to be used, other languages have an urgent need to develop such resources.
Linguistic resources such as monolingual and parallel corpora, electronic dictionaries,
and rule dictionaries are very important both for statistical and rule-based language
processing. Development of the resources requires a lot of effort and time. It is only
logical that low resourced languages need to take all possible opportunities to make
that process easier and faster. Here, we describe how to use on-line texts and
specialized tools to build and improve linguistic resources. With tools and approaches
described it is possible to create sufficient amount of different linguistic resources for
low resources languages.
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The contribution of this work consists of the following: it unites several
technologies of linguistic resources extension for parallel corpora and word
dictionaries; the combined technology is applied to Kazakh-English and KazakhRussian language pairs. The combination of the three technologies allows using their
results together for the improvement of each other. Larger corpora help to increase
coverage of dictionaries.

1.2.

RELATED WORKS

Creation of linguistic resources that are being considered in this work has been an
important task for all the languages. Techniques used in the work have been tried for
different language pairs, but not for Kazakh-English or Kazakh-Russian.
Development of parallel corpora using Bitextor has been described in following
works. [1] describes Bitextor and apply it for collecting Catalan–Spanish–English
parallel corpora. [2] describes the creation of English-French parallel corpus. [3] is
devoted to the Finnish-English parallel corpus. [4] deals with English-Croatian corpus.
There are also similar works on Portuguese-English, Portuguese-Spanish, SloveneEnglish and Serbian-English language pairs.
Dictionary enrichment methodology for people without deep linguistic knowledge
is described in [5] for Spanish and in [6] for Croatian. There are no similar works
performed for Kazakh or Russian.
The complex technology that is described in the paper has not yet been used as
such for one language pair. Only parts of it have been tested and applied to different
languages.

1.3.

MANUAL APPROACHES TO BUILDING CORPORA

In order to collect parallel text corpora we used three different approaches:
a) finding all significant ready to use aligned parallel texts;

Complex Technology of Machine Translation Resources Extension for the Kazakh…
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b) using scrips for crawling texts from websites that contain same texts in several
languages and using InterText tool with integrated hunalign tool for aligning
them;
c) using bitextor tool for crawling websites that contain same texts in several
languages and aligning them.
Approaches 2 and 3 seem to be similar to each other, but they have produced
different amount of results which is described below.
There are not many places to find ready to use parallel text corpora that have
Kazakh as one of the languages. In fact, there is one such place - the OPUS project
(opus.lingfil.uu.se). There is some parallel Kazakh-English texts collected from
Tatoeba and OpenSubtitles.
Another ready to use resource is the Bible. It has been repeatedly translated into
many languages. The Kazakh is also among them. There were several translations
prepared by several organizations. The most resent one is called "New World
Translation of the Christian Greek Scriptures" published on different media by
Jehovah's Witnesses. Despite the nature of the organization it is turned out to be a
great parallel resource since the text of the book has strictly numbered chapters and
verses across all translations.
The second approach is partially automated but also involves manual checking of
the results. It consists of following stages:


crawling parallel texts on the internet;



cleaning and formatting of gathered texts;



sentence splitting;



sentence alignment;



manual checking.

All stages except the last one can be automated. But the quality of the parallel text will
affect quality of the tasks to be solved with them. So in our opinion human involvement
is mandatory.
As a source for parallel texts we used web-sites http://www.akorda.kz/ and
https://www.ted.com/. Texts from the first one were collected using scripts links.pl and
extract_text.pl, that are available in Apertium project's repository using the following
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https://sourceforge.net/p/apertium/svn/59905/tree/languages/apertium-kaz/texts

/akorda/. Texts from the second site were collected manually.
After cleaning, formatting and sentence splitting we had two lists of sentences in
two languages that were translations of each other but the sentences themselves
were not aligned due to various translation reasons. To align them we used hunalign
tool. Hunalign has remarkably high quality: we got 6-8% of incorrectly aligned
sentences out of unaligned lists mentioned above. But low percentage still meant that
we had 2000-3000 alignment mistakes. It is quite many and that is why manual
checking was due. Parallel text alignment editor called InterText was used for that
(Fig. 1.1).

Fig. 1.1. InterText editor for aligned parallel texts
Source: own elaboration

Approach described above resulted in two text corpora:
1. Akorda - 24 148 aligned sentences.
2. TED - 6 120 aligned sentences.

Complex Technology of Machine Translation Resources Extension for the Kazakh…
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BUILDING BILINGUAL LINGUISTIC CORPORA USING BITEXTOR

Creation of multilingual parallel corpora is one of the important tasks in the field of
machine translation, especially for statistical machine translation. Today, the Internet
can be considered a large multi-lingual corpus, because it contains a large number of
websites with texts in different languages. Pages of the sites can be considered as
parallel texts (bitexts). Bitextor is the tool that is used to collect and align parallel texts
from websites.
Bitextor is a free open source application for collection of translation memories
from multilingual websites. The application downloads all HTML files from a website
then pre-processes them into a consistent format and applies a set of heuristics to
select the file pairs that contain the same text in two different languages (bitexts).
Using LibTagAligner library translation memories in TMX format are created from
these parallel texts. The library uses HTML-tags and length of the text segments for
alignment [1]. After cleaning the resulting translation memory from TMX format tags,
we receive a parallel corpus with sentences in different languages aligned with each
other.
Previous methods for aligning parallel texts were based on the length of
sentences [7]. Systems based on these methods show good results for languages
with a high correlation between the length of the sentences, but their disadvantage is
that many texts are not translated sentence-to-sentence. One sentence in the source
text may correspond to two or more sentences in the translation. Therefore, Bitextor
uses two methods to determine parallel texts: structure of HTML tags and length of
sentences.
A key element in Bitextor is the ability to compare file pairs and identify parallel
texts in them. To do this, first of all, it uses file metrics (they can be called
"fingerprints"), which are determined from numbered text segments. But before
comparing file metrics, a set of heuristics is used. After applying heuristics, Bitextor
does not need to process every pair of files to compare all of the metrics to each
other. Metrics comparison is performed only if the file pair meets all the heuristics. List
of heuristics:
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1. Comparison of a language of the text: if two files are written in the same
language, one cannot be a translation of the other.
2. Comparison of file extensions: if within the same site one file is a translation of
another file, they usually have the same extension.
3. File size coefficient: this parameter is relative and used to filter a pair of files
whose size is different from each other.
4. The total difference between lengths of the texts: this option has the same
function as the previous one, but it measures the size of the plain text of every
file in the symbols.
The process of creating corpora with Bitextor consists of several successive stages
described below.
During download stage, website files are copied onto a computer using HTTrack
application. This application downloads all HTML files from a multilingual website.
Doing that it maintains directory tree structure.
During the next stage, all downloaded files are pre-processed in order to adapt
them to the next stages. Bitextor uses LibTidy library to standardize possibly incorrect
HTML files into valid XHTML files. It guarantees that tag structure within these files is
proper. Original HTML file encoding is converted into UTF-8.
Once the files have been pre-processed, next step is to gather some information
needed to compare files and generating the translation memory, such as name and
file extension. The language of each text is determined using LibTextCat library. File
metrics are also determined in this step.
Information obtained from files is stored in a list, organized in accordance with a
position of analyzed file in the directory tree. It makes access to information easier, as
file comparison is done level by level.
On the stage of comparing files and translation memory generation, comparison
of files begins with a comparison of the levels. The user can limit the difference in
depth of the directory tree during the comparison. Parallel texts, as a rule, are at the
same level in the tree or at very close levels, so there is no need to compare each file
with all files at different levels.

Complex Technology of Machine Translation Resources Extension for the Kazakh…
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Generation of translation memory in TMX format is done using LibTagAligner
library. As with the metrics, Bitextor uses integer numbers for representing tags and
text blocks in TagAligner.

1.5.

RESULTS OF THE DEVELOPMENT OF BILINGUAL PARALLEL CORPORA
FOR KAZAKH-ENGLISH AND KAZAKH-RUSSIAN LANGUAGE PAIRS

Bitextor has beer run for following websites: http://www.kaznu.kz (Fig. 1.2),
http://www.bolashak.gov.kz, http://www.enu.kz, http://egov.kz, http://www.kazpost.kz,
http://www.archeolog.kz, http://e-history.kz, http://inform.kz, http://primeminister.kz,
http://tengrinews.kz and other, about 20 in total.

Fig. 1.2. An example of running Bitextor for www.kaznu.kz
Source: own elaboration
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As a result of Bitextor’s work from each site we obtained *.tmx file with the format
presented in Fig. 1.3.

Fig. 1.3. A format of obtained parallel corpus for Kazakh-Russian language pair
Source: own elaboration

In this format (Fig. 1.3), tag <tu> includes a pair of aligned segments (in this case sentences); tag <tuv> - separate sentences in two languages; tag <prop> - HTML file
addresses from which these sentences have been extracted; tag <seg> - sentences
themselves. In such *.tmx file sentence in one language corresponds to the sentence
in another language. It should be noted that comparison quality depends on the
website. Thus, we receive a file with parallel texts.
As it can be seen Bitextor allows saving human and time resources and obtaining
parallel aligned corpora from multilingual websites. The corpora then can be used for
ensuring dictionary coverage.
Bitextor is not the only way to gather parallel corpora. There are some other
approaches that also can be used. Two of them are:
a) finding all significant ready to use aligned parallel texts;
b) manually gather texts from websites that contain same materials in several
languages and using InterText tool with an integrated hunalign tool for aligning
them.

Complex Technology of Machine Translation Resources Extension for the Kazakh…
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All mentioned and described approaches can help to produce a significant amount of
corpora. All the raw text corpora described in this section are available at
https://drive.google.com/drive/folders/0B3f-xwS1hRdDM2VpZXRVblRRUmM.
Information about all the text corpora that we have gathered is provided in Tab. 1.1.

Table 1.1. Kazakh-English and Kazakh-Russian corpora stats.
#

Corpus

1 OPUS
2 New World
Bible
3 Lab IIS
4 Akorda
5 TED
6 Kaz-rus

1.6.

Languages
involved
Kazakh-English
Kazakh-English

# of sentence
pairs
4 480

Kazakh-English
Kazakh-English
Kazakh-English
Kazakh-Russian
TOTAL:

AUTOMATED

ENRICHMENT

32 358
5 925
24 148
6 120
14 290
87 321

OF

# of words
kaz
19 892

# of words eng /
rus
27 839

548 258
112 658
341 154
54 965
235 189
1 312 116

824 398
157 313
456 689
79 320
243 398
1 788 957

MACHINE

TRANSLATION

SYSTEM

DICTIONARIES

Dictionaries are necessary for translation of texts from one language to another. There
are thousands of translation dictionaries between hundreds of languages and each of
them can contain many thousands of words. Usually, paper version of a dictionary is a
book of hundreds of pages for which a search for the right word is a fairly long and
laborious process. Dictionaries used in machine translation may contain translations
into different languages of hundreds of thousands of words and phrases, as well as
provide users with additional features. Such as giving a user an ability to select the
languages and translation direction, provide a quick search for words, ability to enter
phrases, etc.
Today there are many methods of expanding dictionaries. We used method
realized in Apertium by Miquel Esplà-Gomis. We used the tool to fill dictionaries for
English-Kazakh, Kazakh-English language pairs in the free/open-source Apertium
machine translation system. English-Kazakh MT system has three types of
dictionaries: English monolingual, Kazakh monolingual and English-Kazakh bilingual
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dictionary. All dictionaries, except Kazakh monolingual, have XML format, each word
has tag showing which part-of-speech it is [8].
The method is used to assign stems and inflectional paradigms to unknown
words if unknown word's paradigm (word pattern) does not appear in dictionaries. The
tool needs a file with a list of unknown words that will be added into monolingual
dictionary, monolingual dictionary, new dictionary that will be created with the new
words added to special section marked “Guessed”, information about a number of
questions to be asked. For Kazakh language, it also needs the automation of secondlevel rules for MT system. The list of unknown words has to be pre-processed with the
collection of scripts provided with the tool. After the tool is launched a user can choose
among different combination of candidate stems and paradigms correct ones by
answering questions asked by system. When a user confirms that the words have
been detected correctly they get moved to appropriate dictionary section. In case
when the system finds more than one solution for a word all possible options are
written to the dictionary along with the number of found possible options.

Fig. 1.4. Example of using the method for adding words to English monolingual dictionary
Source: own elaboration

Complex Technology of Machine Translation Resources Extension for the Kazakh…
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Fig. 1.5. Generated dictionary entries
Source: own elaboration

We have been using this methodology to extend a number of words in dictionaries,
which mainly effects to the quality of the translation in machine translation. The
technology allows non-expert users who do not have a deep knowledge in
computational representation of morphology but understand the language being
developed participate in building dictionaries. That means more people can add
dictionary entries creating larger dictionaries in less time. As for the moment there are
33 174 entries in Apertium’s English-Kazakh dictionary and 31 189 entries in
Apertium’s Kazakh-Russian dictionary.

1.7.

EXPERIMENT RESULTS

After implementing the technologies described in the paper experiments on machine
translation quality for the language pairs have been conducted. Collected resources
were incorporated in Apertium machine translation platform. After that translation
quality was compared with Sanasoft and Google Translate – both machine translation
applications that support Kazakh-English and Kazakh-Russian language pairs. The
results of experiments are shown in Tab. 1.2-1.5.

Table 1.2. BLEU scores for Russian-Kazakh translation
MT Application
Google Translate
Sanasoft
Apertium

Unigrams %
18,1176
11,5294
18,9411

Bigrams %
6,7296
0,8403
4,8011

Trigrams %
2,6470
0
1,7352

Total %
9,1648
4,1232
8,4925
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Table 1.3. BLEU scores for Russian-Kazakh translation
MT Application
Google Translate
Sanasoft
Apertium

Unigrams %
11,4375
17,8125
12.6875

Bigrams %
3,6458
4,3229
4.3020

Trigrams %
2,9220
2,1306
0

Total %
6,0018
8,0886
5.6631

Table 1.4. BLEU scores for English-Kazakh translation
MT Application
Google Translate
Sanasoft
Apertium

Bigrams %
11,49
6,298223
43,87676

Trigrams %
4,9
0,9127744
30,24746

Total %
20,57
15,74
58,97

Table 1.5. BLEU scores for Kazakh-English translation
MT Application
Google Translate
Sanasoft
Apertium

1.8.

Bigrams %
23,3475
4,072844
18,077

Trigrams %
17,52087
0,4729024
5,6

Total %
33,08
13,97
34,5

CONCLUSION

We have described complex technology of building linguistic resources for lowresourced languages. We have shown how to create parallel corpora manually and
using Bitextor and a method of enriching dictionaries with new words without much of
linguistic knowledge. The results of applying described methods for Kazakh, Russian
and English languages show that they allow producing sufficient amount of linguistic
resources within a time period of several months and thus helping to support research
work in the field of natural language processing.
The work contributes to saving human and time resources when creating
linguistic resources for machine translation and has been applied to Kazakh-English
and Kazakh-Russian language pairs.

Complex Technology of Machine Translation Resources Extension for the Kazakh…
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2
The Structural Transformation of Sentences for
the Kazakh-Russian and Kazakh-English
Language Pairs in Machine Translation System

This work presents developed models, algorithms and programs for structural
transformations of sentences for machine translation systems for the Kazakh-Russian
and Kazakh-English language pairs. A model and a method for automatically
generating structural rules for converting sentences have also been developed.
Practical results applied to the free/open-source platform of Apertium machine
translation system are presented.

2.1.

INTRODUCTION

Active integration of Kazakhstan into the world community and the increasing volume
of information flows between our country and its foreign partners, a real need for
different segments of the population in the operational computer translation while
working on the Internet determines the urgency of questions of machine (computer)
translation of the Kazakh language into various leading world languages, such
English, Russian, French, German, and most recently, Chinese, as well as reverse
machine translation. The primary tasks for the information interaction of the population
of Kazakhstan with foreign partners and within the country are defined by interactions
in three languages: Kazakh, English and Russian. In this regard, highly effective
instrumental support for machine translation of such a trilingual language interaction is
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highly relevant. In connection with what is relevant are the research and development
of machine translation systems of industrial quality from Kazakh to English and
Russian and vice versa.
Kazakh language, as one of Turkic languages, belongs to an agglutinative
language, and it uses vowel harmony. Which means that translating text in Kazakh
language into other languages with simpler morphology, such as English or Russian
languages, with, for instance, statistical machine translation (SMT), will cause some
quality loss because of morphological segmentation.
Statistical methods and rules-based methods are complementary approaches in
machine translation (MT), which have different strengths and weaknesses. This
complementarity emerged as a result of growing interest in hybrid systems combining
statistical data analysis and linguistic approaches. A hybrid approach is a convenient
solution in the case when the number of bilingual resources available for a particular
pair of languages that are not big enough to use them for preparing a competitive
statistical system of MT, and for creating a rule-based MT system, not enough money
and time for its sustainable development.
Therefore, automatic generation of structural translation rules based on small
parallel corpora with further integration into rule-based MT system is a method that
helps to solve the above problem in less time and more efficiently. This method avoids
the need to manually write these rules by a person.
The question of the sentences structural transfer in the rule-based machine
translation (RBMT) can divided into two groups: the syntax structural transfer and the
transfer of word’s morphological structure into a phrase syntax structure. The second
group of transfers usually occur when made machine translation of languages with
complex morphology into languages with a simple morphology, for example, the
Kazakh language into Russian or English. In this case, some source language word’s
morphological structures transformed into target language phrase’s syntactic
structure. This second group of structural transfers is called as "morphological chunk
transfers”.
The question of automatic inferring of the structural rules of machine translation
from one language to another are rather actual for machine translation systems based

25
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on grammatical rules (RBMT). This is due to the time-consuming process of drawing
up the rules for RBMT.
Rule-based machine translation of natural language nearly always contains the
following steps [1] morphological analysis, part-of-speech (POS) tagging, translating
words into target language, execution of syntactic transformations and division into
phrases (or chunks), generating new lexical forms (word’s lemmas with lexical
categories) of target language words. In rule-based MT systems, most of these stages
are implemented by handwritten translation rules. The process of creating the
handwritten rules is very laborious process. Therefore, very actual is automatic
extracting of translation rules from bilingual corpora.

2.2.

EXTRACTING

CHUNKER

TRANSLATION

RULES

FROM

PARALLEL

CORPORA

Word alignment for bilingual pairs and extracting structural transformation rules is one
of the main steps of this method. The alignment pattern was first introduced in
statistical machine translation [2] as one of the special functions of the maximum
entropy model.
A hidden Markov model alignment (HMM). The alignment

can be

described by the following model:

(2.1)
Using the decomposition, there can be obtained three different probabilities: the
probability of the length
probability of lexicon (words)

, the probability of aligning

, and the

. In a hidden Markov model alignment is

assumed that the dependence of the first order to align
lexicon(words) depends only on the words in the position of

, and the probability of the
:
(2.2)
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(2.3)
Now, if everything will be put together, there can be got a simple model of
length:

The following basic decomposition

is based on HMM:
(2.4)

with a probability of alignment

and translation probability

In order to

make the alignment parameters independent of absolute word positions, it is assumed
that the probability of alignment

depends only on the width of the shift

Using non-negative parameters

there can be got the alignment probabilities

from the form:
(2.5)
This form ensures that the alignment probabilities satisfy the normalization of
constraints for each conditional position of the word
The original formalization of the alignment model based on the hidden Markov
models does not create an empty word that allows to generate the word of the source
language that does not have a straight-aligned word of the target language. The
model was extended by adding the
corresponding empty word

empty word

. The target word

has the

(the position of the empty word is encoded by the

previous target word). The following restrictions on transitions in the HMM network
(

) with the participation of empty words

are implemented:
(2.6)
(2.7)
(2.8)

The parameter

expresses the probability of an empty word transition, which should

be optimized by the information from the data.
The HMM is based on the first-order dependence
alignment distribution. IBM models 1 and 2 use zero-order relations

for the
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Model 1 uses the uniform distribution
(2.9)
Therefore, the order of words will not affect the probability of alignment.
From Model 2 it is got:
(2.10)
To reduce the number of alignment parameters, the dependence on J in the alignment
model is ignored and the distribution

is used instead of

.

In the first approach of inferring transfer rules will be used the method described
by Sánchez-Cartagena et al. (2015) [3], which was inspired by the work of SánchezMartínez and Forcada (2009) [4] where alignment templates were also considered for
structural transfer rule inference.

As a result, the calculation of word alignment consists of the following steps:
1. Training IBM 1 [5] in 5 iterations. In this model, the word order does not affect
the alignment probabilities.
2. Training model alignment HMM [6] in 5 iterations. This alignment model has
the property of calculating the probabilities of alignment, depending on the
alignment position of the previous word.
3. Training the IBM 3 model for 5 iterations. In this model, the probability of
alignment depends on the position of the aligned words and on the length of
sentences in the source and target language. In addition, IBM model 3 also
takes into account fertility levels. The productivity of a word is determined by
the number of words aligned with it in another language.
4. Training the IBM 4 model in 5 iterations. This model is identical to IBM 3
model, except that the model reorders phrases that can be moved as
separate units.
To increase the level of alignment [6] and use alignments for the structural transfer
phase in the machine translation, before alignment the text is transformed into a
transient representation using morphological analysis and determining the part of
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speech. Unlike the tagging method [7], the Apertium machine translation system was
used for the morphological analysis and the tagger of parts of speech.

2.3.

“CHUNKING” RULES FOR THE APERTIUM PLATFORM

As can be seen in Fig. 2.1, the Apertium modules consist of different stages, and the
translation from the source language to the target language. And each stage performs
certain work.

Fig. 2.1. The modular architecture of the Apertium MT platform
Source: own elaboration

A module of structural transfer consisting of three sub-modules:


The chunker module rules match words by gender and number in phrases. By the
rules of chunker different types of phrases are translated, for instance, from
Kazakh into Russian (and vice versa): NP (noun phrases: книга ученика –
оқушының кітабы), VP (verb phrases: я играю – мен ойнаймын), AdjP (очень
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умный – өте ақылды), AdvP (апта сайын - еженедельно), NumP (двадцать
один – жиырма бір). This module takes into account endings of words in phrases
(Fig. 2.2).


Interchunk rules are used to connect chunks. Interchunk module rules translate
phrases that consist of more than 4 words. This module takes into account the
order of words when translating phrases and sentences. For example: «мен
балалармен аулада ойнаймын – я с детьми в дворе играю».



Postchunk is used for internal fix after using interchunk rules.

Fig. 2.2. Example of chunk model consisting of three words for prepositional phrases
Source: own elaboration

Based on the structure of the Kazakh and Russian language proposals, the following
types of phrases were implemented:
1. A noun phrase – is chunk that is created from one part of speech together
with one or more nouns.
2. A prepositional phrase – is chunk that is created from one part of speech
together with a preposition.
3. An adjective phrase – is chunk that is created from the adjective and the
degree of the adjective.
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4. A verb phrase – is chunk that is created from the verb and the types of verb.
5. An adverb phrase – is chunk that is created from the verb together with the
adverb.

2.4.

EXTRACTING “CHUNKER” RULES FROM CORPORA

The previous method used by S'anchez-Mart'ınez and Forcada (2009) needs a
human-made set of lexical units [4]. This set consists of two lexical forms from the
target and the initial language (usually the corresponding closed lexical categories)
participating in lexical changes and which should not be generalized.
However, this new approach overcomes the main limitations of that by SánchezMartínez and Forcada (2009). This method consists of following steps:
1. Obtaining lexical forms by converting the two sides of the parallel corpus into an
intermediate representation using the Apertium machine translation system.
Intermediate representation consists of lexical forms of words from the corpus. For
example, the lexical form w, for example, garden N-gen: ε.num: sg.case: nom,
consists of:


lemmas λ(w), that is λ(w)=garden,



Lexical category



Set



Attribute value

of

attributes

of

morphological

inflexions

Some morphological attributes may not be assigned, and denoted by an empty
symbol ε, for example, there are no nouns in the English language, so the value will
be as follows: v (w, gen) = ε.
The lexical form of the source language is translated into the target language
using the Apertium’s bilingual dictionary. One word can have several translations, in
this case the rules of the constraint grammar (Constraint Grammar - CG) [8] or the
speech element tagger based on the Hidden Markov Models (HMM), for solving the
morphological polysemy, and the lexical selection rule for solving lexical ambiguity [9].
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2. For alignment, IBM models 1, 3 and 4 [6] and the HMM equalization model [7] are
used for the 5-iteration implemented in the Giza++ program for two translation
directions [10].

3. Calculation of the Viterbi alignment, according to the models for the two directions
of translation.

4. Synchronization of two sets of Viterbi alignments by finding the intersections by the
method of Och and Ney (2003) [10] to obtain word-aligned pairs of sentences.

5. Extract bilingual phrases corresponding to these alignments [11, 12] (Fig. 2.3).

Fig. 2.3. English-Kazakh bilingual phrase pairs
Source: own elaboration

6. Extract generalized aligned templates (GAT). Summarizing the morphological
information and constraints from each class of words of the source language and
applying them for the target language classes, GAT z = β (p) is generated from each
bilingual phrase p. Also information about alignment of the bilingual pair A 'is copied
into the alignment of GAT A: A ← A'. Fig. 2.4 illustrates how the GAT z is extracted
from the bilingual phrase p.
Limitations of r are added by checking each lexical form of the source language
from the bilingual dictionary as follows:
,

(2.11)
(2.12)
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7. Obtaining more generalized GATs by removing lexical forms from bilingual phrases.

8. Finding the optimal GAT by minimizing GAT, by comparing attributes and
constraints at different levels, using the search algorithm for beam search.
9. Generate rules using a list of tags and attribute groups of the corresponding
language pairs.

p:

z:

Fig. 2.4. English-Kazakh bilingual phrase (p) and GAT (z), obtained from it through
the function β
Source: own elaboration

To adapt the method by Sánchez-Cartagena et al. (2015) for the English–Kazakh
language the following steps were performed:
1.

Building English–Kazakh parallel corpora by using Bitextor, a web crawler for
parallel texts, and manually collected texts from fiction literature. Manually
collected corpus consist of ~3200 parallel sentences, and with crawled texts,
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parallel English-Kazakh corpus contains 5625 sentences. Experiments were done
on a corpus consisting of 140 sentences, and big corpus is used for testing and
for tuning.
2.

Creating tag groups file for the Kazakh language. Sánchez-Cartagena et al.
(2015) method had not been tested on Turkic languages, which have richmorphology. As a result, this file for the Kazakh language will have more
morphological tag groups. Groups have the following format, for instance, group
for numerals: numtype:ord,coll,year:num, where numtype is name of variable
used to identify different types of numerals ord (first, second),coll (using in Kazakh
to identify number of objects or subjects without followed noun: two person – eki
adam(екі адам), two came – ekey keldi (екеуі келді)),year (numerals, coming
after prepositions: in 1992), and at the end after “:” is put name of part of speech
“numeral” – “num”. If some tags belong to several part of speeches, they are put
after “:” and is divided by comma: tense:present:vblex,v. This file will be used to
generate an appropriate group of tags for each part of speech of English and the
Kazakh language side, all necessary tags could be found from morphological
analyses of English–Kazakh MT system on Apertium platform [13].

3.

Creating a tag sequences file, where the defined tag groups are combined into
appropriate sequences of tags, accordingly to morphological analysis. The
sequences will be used to generate target language sequences of tags, which are
the lexical categories of each lexical forms. If the morphological analysis of word
“do” is: do<vbdo><pres><p3><sg>, in format of tag sequence it will be look like as
follows: vbdo:verbtime,person,numberat, where vbdo is name of lexical category,
and verbtime,person,numberat name of tag groups, defined in tag group file.

4.

Adapting the rule extraction script: defining installed the English–Kazakh
language pair on Apertium machine translation system, morphological and
bilingual dictionaries, size of corpora.

Problem of adapted method of extracting chunker rules from corpora: some MT
systems, like English-Kazakh machine translation system on Apertium, uses threestage structural transfer, which means that adapted method needs improvement,
because the rule learning algorithm is designed to work only with 1-level Apertium
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transfer (only apertium-transfer module and not apertium-interchunk). Generated
chunks have no special phrases (it generates “LRN” phrases), as NP, VP, etc., this
fact prevents correct usage of this phrase in interchunk stage.

2.5.

AUTOMATIC DETECTION OF CHUNK TYPE

To improve quality of translation and to do work of generated rules more usable in
interchunk stage additional step was added: detect name of phrase for generated
chunks. For instance, if chunk named “__n__” and deal with nouns, “NP” phrase
should be assigned.
To assign a phrase to each chunk, first, there are defined part-of-speech
sequences to each phrase and will consider sequences of POSes by using X'-theory
[14], where has been defined the X'-equivalences as Table 1.

Table 2.1. X'-Equivalences
X
N
V
A
P
INFL

X'
N'
V'
A'
P'
S(I')

X"
NP
VP
AP
PP
S'(IP)

As can be seen from Tab. 2.1, there are defined five phrase. First level defined as X,
next levels are will modified with other grammatical constituents function as the
specifiers: X’ defines X+X phrase and X’’ could define X+X’ or X’+X’ phrases. There
are could be defined next primary priority of POS [8]:
Primary POS priority: V > N > A > P
According to this priority, for example, for English-Kazakh language pair, POS
sequences will be defined for each phrase as in Tab. 2.2, and POS priority for EnglishKazakh pair will be looked like that:
Primary POS priority: P > V > N > A
Choosing that priority based on highest score got from evaluation and also on that Pprepositions could be only modifiers of noun and in Kazakh they will transform into
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postpositions or case. In that case, PP phrases include noun in their structure that
took them in priority before N.

Table 2.2. POS sequences for X'-Equivalences
X
pr

vblex,
vbser, vbhaver, vbmod
n,
det,
prn
adv
adj

X’
X+n, X+adj+n,
X+num+n,
X+det+n
X+det+adj+n
X+adv

X’’
PP

adj+X, num+X,
num+adj+X

NP

preadv+X
more/the
most+X
less+X

AdvP
AdjP

VP

Described phrases are written in additional file, where user can specify phrases by
priority, accordingly to each language pair’s features. First, user writes name of
phrase, then part-of-speech, which defines this phrase: VP, vblex, vbser, vbhaver,
vbmod. Phrase detection program reads this file and generated file with rules, and
assigns phrases. To do this application more usable, templates of rules were changed
by adding one-word rules.
Results of improved method are performed by using English-Kazakh MT system
on Apertium. From GATs, extracted from corpora with 140 sentences, 13 rules are
generated. In the next table, some of the translation rules obtained with handwritten
and extracting processes are compared:

Table 2.3. Comparing translation
Input sentence
in the garden

play

Handwritten rule
бақшада - ^prepnom<PP><sg><p3><PXD>
<loc>{^бақша<n><2><4> <5> $}
ойнайды - ^persverb<VP><ND><PD><aor><PXD><
NXD><CD>{^ойна<v><tv><6><4><
5><3><2><7>$}$

Generated rule
бақшада ^__n_<LRN>{^бақша<n><loc>$}
ойнайды - ^__vblex_<LRN>{^
ойна<v><tv><aor><p3><sg>$}
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As can be seen from Tab. 2.3, a few generated rules work correctly, but number
of generated rules is not big, because of small volume of corpus. The main differences
between rules are that in handwritten rules some of tags undetermined (<PXD>,
<ND>, <PD>, <NXD>) or could be changed in next interchunk stage, whereas
generated rules assign all tags constantly.
In the Tab. 2.4 is showed translated sentences by Sánchez-Cartagena et al.
methodology and by proposed improved methodology:

Table 2.4. Translated texts
Evaluated
phrase
types in
generated
rules
Default
phrases
(LRN)

Input
sentenc
e

Chunker stage

Interchunk stage

Output

Dog
plays in
the
garden

^__any__<LRN>{^Ит<n>
<sg>$}$
^__vblex_<LRN>{^ойна<
v><tv><aor><p3><sg>$}
$^*executedtule11$
^__pr___det___n_<LRN
>{^бақша<n><loc>$
}$^.<sent>$

Ит
ойнайды
бақшада

Specific
phrases (NP,
VP, etc.) and
improved
rule
templates

Dog
plays in
the
garden

^__n__<NP>{^Ит<n><sg
>$}$
^__vblex_<VP>{^ойна<v
><tv><aor><p3><sg>$}$
^__pr___det___n_<PP>{
^бақша<n><loc>$
}$^.<sent>$

^__any__<LRN>{^Ит<n
><sg>$}$
^__vblex_<LRN>{^ойн
а<v><tv><aor><p3><s
g>$}$^*executedtule11
$
^__pr___det___n_<LR
N>{^бақша<n><loc>$
}$^.<sent>$
^__n__<NP>{^Ит<n><s
g>$}$
^__pr___det___n_<PP
>{^бақша<n><loc>$ }$
^__vblex_<VP>{^ойна<
v><tv><aor><p3><sg>
$}$^.<sent>$

Ит
бақшада
ойнайды

After chunker stage, input text is transfer into sequences of tags, where phrase type
tags in bolt. In the interchunk stages, as can be seen from the fourth column, chunks
with phrase types “<LRN>” did not changed their position, whereas specified phrases
NP, VP, PP changed as follow: NP VP PP  NP PP VP. The last columns show
output of translation. In the result, new method performed right sequences of phrases,
verbs phrase in italic in the end of the sentence. Proposed improvement of
methodology of extracting grammatical translation rules from corpora allows improving
of machine translation quality.

The Structural Transformation of Sentences for the Kazakh-Russian…

37

The challenges of using an approach, based on the alignment of parallel corpus
for automatically generate the structural rules for machine translation, consist of the
following:


for obtaining sufficiently complete set of machine translation rules it is need to
process very large parallel corpora;



there are difficulties in the adaptation of existing methods for deep difference level
languages such as Kazakh and English languages.

To solve difficulties described above, the second approach of inferring transfer rules
was developed.

2.6.

INFERRING OF THE MORPHOLOGICAL CHUNK TRANSFER RULES ON THE
BASE OF COMPLETE SET OF KAZAKH ENDINGS

This approach is based on the construction of machine translation rules, in particular,
the structural transfer rules, on the base of the complete set of endings of one of the
language in a language pairs of machine translation [15, 16]. This method allows
generating a complete system of morphological chunk transfer rules for deep
difference level languages pair of RBMT.

2.7.

CREATION OF THE COMPLETE SET OF KAZAKH ENDINGS

Consider a system of Kazakh word endings: nominal endings (nouns, adjectives,
numerals) and verbal endings (verbs, participles, gerunds, mood and voice) [17].
The nominal endings of the Kazakh language have four types base affixes: Plural
affixes (denoted by K); Possessive affixes (denoted by T); Case affixes (denoted by
C); Personal affixes (denoted by J).
Consider all types of base affixes placements (affixes sequence) variants: of the
one type, of two the types, of the three types, and of the four types. Number of
k

placements determined by the formula: Аn = n!/(n-k)!.
Then, the number of placements will be determined as follows:
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1

2

3

4

А4 = 4!/(4-1)!=4, А4 = 4!/(4-2)!=12, А4 = 4!/(4-3)!=24, А4 = 4!/(4-4)!=24.
All possible placements number is 64.
Consider what placements are semantically valid. The endings placements of one
type (К, T, C, J) are semantically valid.
The endings placements for two types are the following:


KT, TC, CJ, JK



KC, TJ, CT, JT



KJ, TK, CK, JC.

The analysis of the semantics of the two types of endings placements shows that bold
placements are valid, and the remaining placements belongs to unacceptable.
Thus, the number of valid (correct) placements of two types of endings is 6.
The semantic permissible endings placements of the three types is 4 from
possible 24 endings placements: KTC, KTJ, TCJ, KCJ.
The semantic permissible ending’s placements of the four types will be 1 (KTCJ)
from possible 24 endings placements .
Total permissible ending’s placements of one type of - 4, of two types - 6, of three
types - 4, four types - one. So, the total number of valid types of ending’s placements
in the nominal words is 15.
The set of endings of Kazakh language to the verbal stems includes the following
types: - system of verb endings; - system of participles endings; - system of verbal
adverbs endings; - system of moods endings; - system of voices endings.
The system of endings of verbs include the following types: - tense (9 tense); person (4 types). Then, the number of possible types of verb endings is - 36.
The system of participle endings includes the following types: - participle’s base
affixes (denoted R); - plural affixes (denoted K); - possessive affixes (T); - case affixes
(denoted C); - personal affixes (denoted J).
Then, having considered possible variants of affixes types sequences (participle’s
base affixes for all variants is the same) on the semantic permissibility:
- one type permissible affixes sequences: RK, RT, RC, RJ;
- two type permissible affixes sequences: RKT, RTC, RCJ, RKC, RKJ;
- three type permissible affixes sequences: RKTC, RKCJ;
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- four type affixes sequences: 0.
Thus, the quantity of permissible types of the endings of participles is 11.
Let's consider types of the endings of verbal adverbs. They are represented by
the endings of transitive future time for which follows personal endings: PJ, where P the base ending of a verbal adverb, J - personal endings. For the given class it shall
be allocated only the following base endings: - ghany,-geli, -qaly, -kelі. Thus, after
counting, that quantity of types of the endings of a verbal adverb is 1.
Let's consider the endings of moods, namely, conditional, imperative, desirable.
The endings of an indicative mood coincide with the endings of verbs in the present,
the past and the future.
The type of the endings of declinations is similar adverbs, i.e. the base endings of
moods which personal endings follow. Thus, it is considered that there are three types
of the endings of moods: conditional, imperative, desirable.
Types of the endings of voices, namely, reflexive, passive, joint and compulsory,
also are determined under the previous scheme: the base endings of voices for which
follow personal endings. And, types of the endings of voices are 4.
So, the total of types of the endings of words with verbal bases is 59.

The total of the endings of words with nominal bases plus total of types of the
endings of words with verbal bases equal 74.
Statement. Derived system of endings types in Kazakh language is complete.
The proof of this statement is based on the derivation scheme by the
consideration of all possible sequences of basic system of affixes types in Kazakh
language and output the set of semantically valid endings types, which presented
above.
Usage of complete set of Kazakh endings [18] guarantees that rules, are built
from this system, will be also complete and technology, where usage of human's work
will be less than in RBMT, because of automatically rule generalisation.
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2.8.

TECHNOLOGY

OF GENERATING RULES FROM COMPLETE SET OF

KAZAKH ENDINGS
Application for rules generation, based on the complete set of Kazakh endings, used
templates in the following format:
<n><pl><nom>|<n><m><nn><pl><nom>
Where left side is source language and on the right side is target language phrase's
morphological analysis.
This template has some disadvantages:


To get morphological analysis user has to use additional application;



Template should be built by hand;



Only one phrase could be used in one time.

To fix these issues new technology of generating rules was proposed: to do
morphological analysis will be used a free/open-source machine translation platform
Apertium. There are several reasons:


Apertium is open source, which means that code of this project could be used or
modified to insert to previous extraction application.



This project has morphological analyzer for Kazakh, Russian and English
languages,

monolingual

resources,

such like English,

Kazakh,

Russian

dictionaries would be used in process to get template.


New workflow of generating rules, includes several steps:



Two files are created: first file, which contains part of phrase in source language
and in translation is of phrase is put to second file.



Apertium platform is used to get morphological analysis of phrases from created
files.



Morphological ambiguity is also solved with Apertium instruments, such like
constraint grammar module [8]. If phrase is translated from English, additionally
part-of-speech tagger, based on the hidden Markov model will be used [19].



To create template from both analysis, simple script(CreateTemplate.jar) was
built. This script reads two analysis from source and target language phrase
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translations and creates another file with name of rule to be created and on the
second line template itself, for instance:
S-K
<n><pl><nom>|<n><m><nn><pl><nom>


Finally, application (Template.jar), which will generate the rule, reads name of
chunk and template from "template" file.



All process ends with generating one file in .xml format containing rule, which
could be used in transfer stage of Apertium platform.

To develop workflow, described above, was used Apertium platform with installed
apertium-kaz [20], apertium-rus [21], apertium-eng-kaz [22] machine translation
systems, application to create templates and application to extract rules from template
itself. For instance, let's consider that there is going to build rule for plural form of
nouns, which chunk is named as "S-K". Firstly, as was mentioned above, user has to
prepare two files: file, containing phrase in source language(SL.txt) and file with
translation of this phrase in target language (TL.txt). Then, content of SL.txt will be: «in
garden»; TL.txt: «бақшада».
Afterwards, user will be start script to extract rules, which starts all the process
described above. In the result, rule.xml file will be created.
This rule could be easily integrated into first stage of structural transfer of
Apertium – chunker level [23], because in the generating script additionally user
should add name of pharse, for instance, noun phrase – NP.
The workflow of rule generation, which was performed above, shows that
application of rule generation provides automatic way to get rules for structures from
the complete system of Kazakh endings. Usage of Apertium system helps to reduce
amount of hand-work and human participation in whole process of generation.
In conclusion, the performed two methods of structural transfer rules have their
own pros and cons. The first approach of automatic detection of “chunks” type
improved the methodology of Sánchez-Cartagena et al. (2015) of extracting
grammatical translation rules from bilingual corpora. Results could be used for other
languages with rich morphology, furthermore, proposed improvement of methodology
of extracting grammatical translation rules from corpora allows integrating these rules
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with three level transfer in Apertium platform, but to reach higher quality this
methodology needs big bilingual corpora. The performed second technology of
construction the chunk transfer rules, is based on the complete set of Kazakh endings,
and could be used for language pairs, where one of them is Kazakh. Technology,
besides using developed application to generate rules, uses morphological analyzer of
Apertium platform, which helps to do process of rule generation and integration more
easily.

REFERENCES
[1]

Hutchins W. J. and Harold L. S. (1992) An introduction to machine translation.
Vol. 362. London: Academic Press.

[2]

Och F. J. and Ney H. (2004) The alignment template approach to statistical
machine translation. Computational linguistics, 4/30, pp.417-449.

[3]

Sánchez-Cartagena V., Pérez-Ortiz J., and Sánchez-Martínez F. (2015) A
generalised alignment template formalism and its application to the inference of
shallow-transfer machine translation rules from scarce bilingual corpora.
Comput. Speech Lang., 32(1), pp.46–90.

[4]

S´anchez-Mart´ınez F. and Forcada M. L. (2009) Inferring shallow-transfer
machine translation rules from small parallel corpora. Journal of Artificial
Intelligence Research, 34(1):pp.605–635.

[5]

Vogel S., Ney H., and Tillmann C. (1996) HMM-based word alignment in
statistical translation. In Proceedings of the 16th conference on Computational
linguistics - Volume 2, COLING ’96, pp. 836–841, Copenhagen, Denmark.

[6]

Och, F. J. and Ney H.(200) A comparison of alignment models for statistical
machine translation. Proceedings of the 18th conference on Computational
linguistics-Volume 2. Association for Computational Linguistics.

[7]

Toutanova K. (2002) Extensions to HMM based statistical word alignment
models. Proceedings of the Conference on Empirical methods in Natural
Language Processing. – Pennsylvania, Philadelphia, pp. 87-94.

The Structural Transformation of Sentences for the Kazakh-Russian…

[8]

43

Karlsson F., Voutilainen A., Heikkilä J., and Anttila A. (1995) Constraint
Grammar: A language independent system for parsing unrestricted text. Mouton
de Gruyter.

[9]

Tyers F. M., Sánchez-Martínez F., and Forcada M. L. (2012). Flexible finitestate lexical selection for rule-based machine translation. In Proc. of the 16th
Annual Conference of the EAMT, pp. 213–220, Trento, Italy.

[10]

Och F. J. and Ney H. (2003) A systematic comparison of various statistical
alignment models. Computational Linguistics, 29(1), pp.19–51.

[11]

Covington M. A. (1996) An algorithm to align words for historical comparison.
Computational Linguistics. 22(4), pp. 481-496.

[12]

Xu Y., Ralphs T. K., Lad´anyi L., and Saltzman M. J. (2009) Computational
experience with a software framework for parallel integer programming.
INFORMS Journal on Computing, 21(3), pp.383–397.

[13]

Forcada M. L., Ginestí-Rosell M., Nordfalk J., et al. (2011) Apertium: a
free/open-source platform for rule-based machine translation. Machine
Translation, 25(2), pp. 127–144.

[14]

Sells P. (1985), Lectures on Contemporary Syntactic Theories, Lecture Notes.
No. 3, CSLI.

[15]

Kuang-hua Chen and Hsin-Hsi Chen. (1994) Extracting noun phrases from
large-scale texts: a hybrid approach and its automatic evaluation. In
Proceedings of the 32nd annual meeting on Association for Computational
Linguistics (ACL '94). Association for Computational Linguistics, Stroudsburg,
PA, USA, pp.234-241.

[16]

Bektayev K.: Big Kazakh-Russian and Russian-Kazakh dictionary, Almaty,
“Altyn Kazyna”. 704 p. (in Kazakh and Russian).

[17]

Tukeyev U. A. (2015) Automaton models of the morphology analysis and the
completeness of the endings of the Kazakh language. In Proceedings of the
International Conference “Turkic languages processing”, TURKLANG-2015,
Kazan, Tatarstan, Russia, pp. 91-100.

[18]

Tukeyev U., Sundetova A., Abduali B., Akhmadiyeva Zh., and Zhanbussunov N.
(2016) Inferring of the morphological chunk transfer rules on the base of

44

Varia Informatica 2017

complete set of Kazakh endings. In Proceedinds of 8th International conference
ICCCI 2016. Halkidiki, Greece, pp. 563-574.
[19]

Cutting D., Kupiec J., Pedersen J., and Sibun P. (1992) A Practical Part-ofspeech Tagger. Proceedmgs of ANLP-92. Trento, Italy.

[20]

https://svn.code.sf.net/p/apertium/svn/languages/apertium-kaz

[21]

https://svn.code.sf.net/p/apertium/svn/languages/apertium-rus

[22]

https://svn.code.sf.net/p/apertium/svn/staging/apertium-eng-kaz

[23]

Sundetova A., Forcada M. L., Shormakova A., and Aitkulova A. (2013)
Structural transfer rules for English-to-Kazakh machine translation in the
free/open-source platform apertium. In Proceedings of the International
Conference on Computer processing of Turkic Languages, pp. 317–326.

3
Independent Computer Presentation of Adverbs
in Natural Languages

We put the problem of completely independent presentations of natural languages
(definitions of underlined words see below). Combining ideas of [1], [2] and [3] we
gave suggestions and have developed elements of such presentations [4], [5], have
implemented a primary version of an algorithmic language for such purposes [6], [9],
proposed presentation of a language as whole [7], [10] including verbs, nouns,
adjectives, prepositions and some abstract notions [9], [11].
To meet the common demands of testing (validity, objectivity and reliability) and
to improve efficiency of testing we involved the following principles: generativity;
uniqueness; concreteness.
The aim of this chapter is to propose possible ways of independent presentation
of some adverbs of manner in a natural language.

3.1.

DEFINITIONS AND HYPOTHESES

One of main tasks of present day informatics is developing of interactive computer
presentations of all familiar real and virtual objects to offer the user the opportunity to
master them safely and effectively before real treating.
Definition 1. If a computer presentation of an object does not depend on the
user’s knowledge and skills on similar objects then we call it independent.
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In our opinion, such presentations are more effective because the user can learn
inductively - without referencing other objects in mind. In regards with learning a
language, the user begins to thinking in it, without translation in mind.
The following notions are used by us in computer testing.
Definition 2. Generativity means that a complete task must not exist before the
testing and must be generated (randomly). Generatively is used also for presentation
of notions with random auxiliary objects.
Definition 3. Uniqueness means that all examinees must obtain different
versions of tasks.
Definition 4. Concreteness means that the user’s respond may be: number,
word, short phrase, action. The following definitions describe a language (both human
and computer) from our standpoint.
Definition 5. If low energetic outer influences can cause sufficiently various
reactions and changing of the inner state of the object (by means of inner energy of
the object or of outer energy entering into object besides of commands) at any time
then such (permanently unstable) object is an affectable object, or a subject, and such
outer influences are commands.
Definition 6. A system of commands such that any subject can achieve desired
efficiently various consequences from other one is a language.
Hypothesis 1. A human's genuine understanding of a text in a natural language
can be clarified by means of observing the human's actions in real life situations
corresponding to the text.
Definition 7. Let any notion (word of a language) be given. If an algorithm acting
at a computer: generates (randomly) a sufficiently large amount of instances covering
all essential aspects of the notion to the user, gives a command involving this notion in
each situation, perceives the user's actions and performs their results clearly on a
display, detects whether a result fits the command, then such algorithm is said to be a
computer interactive presentation of the notion.
Certainly, commands are to contain other words too. But these words must not
give any definitions or explanations of the notion.
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Definition 8. If all words being used in Definition 3 are unknown to the user
nevertheless s/he is be able to fulfil the meant action (because it is the only natural
one in this situation) then the notion (word of a language) is said to be primary. If the
user has to know supplementary words to complete the action then the notion is said
to be secondary. Thus, there is a natural hierarchy of notions. Using this method we
can present not only real notions (objects and actions) but also notions which have
imaginary concepts. Also, some computer games can be adapted to develop an
“adequate” representations of fictional and abstract concepts or objects.
Hypothesis 2. A person learning a natural language without references to any
other ones, hearing a notion in various situations begins to form a kind of
mathematical model in mind corresponding to this notion by means of trial and error
method and attempts to fulfil operations similar to mathematical ones: closing and
compactification. After successful completing such operations, the human feels
“mastering” this notion.
Hypothesis 3. Any notion has a minimalistic model (involving minimal number of
entities in Occam’s sense).

3.2.

ENTITIES AND THEIR PROGRAMMING

As all features of the existing world can be represented by a computer and by a
language and there ought to be a closer correlation between them. We propose the
programmer to implement such correlation by means of entities:
Time – is obvious and implemented as a sequence of actions and conditions.
Subset, disconnected sets (primary verbs: PUT, TAKE, ENTER, GO OUT).
Plurality (CHOOSE, FIND, GATHER; is implemented as an array.
1D (line) (PULL, LENGTH, BETWEEN) is implemented as a real number - coordinate.
2D (plane) (ENTER, GO OUT, AREA, BOUDARY, INTERIOR, EXTERIOR) is
implemented as a pair of real numbers - coordinates.
Multilayer-2D (COVER, OPEN, SHIFT) is implemented as a triple of pair of real
numbers – coordinates and a natural number of layer.
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3D (space) (TIE, UNTIE, VOLUME, SURFACE) and implemented as a triple of real
numbers – coordinates.
Animated (SHOW, GIVE, STRONG) is programmed as a stirring object.
Motion (STOP)
Person (ENTER, GO OUT, CLEVER, BRAVE, COWARD) is used as an avatar.
Attraction (including gravitation) and repelling

(FALL, RISE, UP, DOWN,

VERTICAL, HORISONTAL, HIGH) are implemented on vertical plane by motion
(slow falling down), also up.
Size (LITTLE, BIG, THIN, THICK, SHORT, LONG).
Colors. Physically, they are reduced to differences in lengths of light waves but due to
human’s perceptions they are to be an entity.
Topological transformations (CUT, GLUE, CONNECT).
Sufficient transformation – includes physical and chemical ones.
Tale (imaginary world) – since references to worlds with other laws and
transformations (tales, science fiction and mathematical objects) exist in the
language they ought to be presented too.

3.3.

WAYS AND EXAMPLES OF DEFINE NOTIONS NON-VERBALLY

Some of the following ways imitate the way young children form notions: Naturalness
(there exists the only natural action in this situation fitting the command); Possibility
(the only object can be used to fulfil the action); Presence (both the object and the
corresponding word appear simultaneously); Similarity (two objects have a same
property and the corresponding word is repeated twice too); Using an etalon;
Extrapolation (the user is to imagine the future or the past by observation of a video
clip).
Examples:
Verbs: MOVE, WORK, WRITE, GIVE, TAKE OFF, PACE, PUT; nouns: MAN,
FLOWER, CAP, FLAG.
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5.1. SLOWLY. Some persons wearing caps are moving at the display, one of them is
sufficiently slower than others.

“TAKE THE CAP OFF THE MAN WHO IS

MOVING SLOWLY!”
5.2. QUICKLY. Some persons are moving at the display, one of them is sufficiently
quicker than others. A flower is apart. “GIVE THE FLOWER TO THE MAN WHO
IS MOVING QUICKLY!”. The man takes the flower and nods.
5.3. WEAKLY. Some persons wearing caps are pulling or drawing similar things, one
of them is sufficiently weaker than others. “TAKE THE CAP OFF THE MAN WHO
IS WORKING WEAKLY!”
5.4. STRONGLY. Some persons are pulling or drawing similar things, one of them is
sufficiently stronger than others. A flower is apart. “GIVE THE FLOWER TO THE
MAN WHO IS WORKING STRONGLY!”
5.5. ELEGANTLY. Some persons are writing same words, all except one are doing not
elegantly. A flower is apart. “GIVE THE FLOWER TO THE MAN WHO IS
WRITING ELEGANTLY!”
5.6. BRAVELY. Some persons are pacing. A dog begins to bark. The only person
continues pacing, others begin to move irregularly. A flower is apart. “GIVE THE
FLOWER TO THE MAN WHO IS PACING BRAVELY!”
5.7. SECRETLY. Some persons begin to write on sheets but one of them closes his
sheet with his left hand. All persons are writing making similar motions with their
right hands. A flag is apart. “PUT THE FLAG NEAR THE MAN WHO IS WRITING
SECRETLY!”
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4
Recognition of Kazakh Speech in Smart
University Strategy

Currently, we are developing the intelligent e-learning. Intelligent-Education System
consists of the following subsystems:
1. Intelligent Electronic University (IEU), considered in this work.
2. Intelligent Electronic College.
3. Intelligent Electronic School.
Intelligent Electronic University (Smart University) – a new paradigm of high
education. If static electronic resources replaced by dynamic smart-tutors, e-learning
on smart-earning, and computer testing on intelligent knowledge assessment, the
quality of e-learning is certainly rise. IEU has the following properties: Adaptive
interface; Knowledge representation and processing; Self-learning; Self-verifiability;
Smart interface – online reference agent having the possibility of written and spoken
dialogue with users; Smart-tutor – can examine and evaluate students' knowledge
regardless of tutor. This research needed to learn Smart interface to understand oral
and respond to users' questions. Without speech recognition smart interface not
understand the spoken language. He should be able to convert the audio signal into a
written text. Further, it is necessary to use natural language processing, but it has
already will be described in other papers. We have conducted the analysis of the
technology used in speech recognition. We have described the technique of research
using hidden Markov models. We have used the method of Baum-Welch to adjust the
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parameters of the acoustic model. We have made the calculation context-dependent
acoustic model. Compiled acoustic material for the calculation model. Described the
architecture of the computer system for calculating the acoustic model. We have a list
of questions for the construction of tree triphones.

4.1.

AN

ANALYSIS OF EXISTING TECHNOLOGIES

AUTOMATIC SPEECH

RECOGNITION
The technological arsenal of automatic speech recognition generally was formed, the
problem is to select the most appropriate technology for the successful
implementation of the project Smart University [1-2]. Consider in more detail, what
represents speech recognition. There are the following types systems of automatic
recognition [3]:
1. Dependent on the speaker when the system is set to a particular person's
voice. These systems are the most simple and accurate, respectively, but are
limited in applicability, inflexible.
2. Independent from the speaker, is set to understand speech any of the
speaker in the specified languageIt is considerably more expensive than the
previous one, more difficult to implement, it is not as accurate, but is more
flexible.
3. Adaptable for the speaker, when the system beforehand is trained by voice
of the speaker.
Great importance is the size of the dictionary, which affects recognition accuracy and
scope of application. For example, telephony, a small dictionary of several dozen
words is enough, but the text dictation systems require very large dictionaries.
Currently, there is the following classification of dictionaries:
1. Small dictionary – a few dozen words.
2. Middle dictionary – a few hundred words.
3. Great dictionary – a few thousand words.
4. The ultra-large dictionary – tens of thousands of words.
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Typically, the probability of error increases with the size of the recognition dictionary.
For example, ten digits from "0" to "9" can be identified relatively easily, but
dictionaries of 200, 5 000, 100 000 words may have a error level accordingly 3%, 7%,
45%. Moreover, problems may occur with small dictionary. For example, 26 letters of
the English alphabet, viewed as a dictionary of the 26 "words" is difficult to recognize,
since the series characters are difficult to distinguish in sound. For the so-called group
E – B, C, D, E, G, P, T, V, Z error of 8% is considered good.
Sectoral and linguistic constraints and rules. The recognition quality is
dependent on the area of application. For example, airport reference should ignore the
hypothesis of the «how much are the apples». There are semantic constraints such as
ignoring the hypothesis «apple was serious» or syntactic constraints – «apple was
green». Typically, these limits are organized in a grammar which filters meaningless
sentences. All of the grammar are characterized by the complexity or the degree of
branching – the average number of words, that can follow any of given word. The
complexity of the recognition problem closely connected with this number than the
size of a dictionary.
External noise. The recognition quality is also dependent on the level of external
noise – noise of the street, cars, echo, poor acoustics, quality microphone, heavy
emphasis on speaking etc.
Recognition process. Typically, the recognition process begins with digitizing
the speech signal. Next stage – acoustic processing signal. Most of the methods
include various types of spectral analysis, such methods LPC, MFCC and etc.
Next stage – recognition of individual phonemes, groups of phonemes and words.
In this step apply methods such as dynamic (Dynamic Time Warping) DTW [4],
Hidden Markov Models (HMM), neural networks (NN), expert systems, and
combinations thereof. Nowadays, the system based on HMM, proved to be the most
successful. Most systems use language skills to improve the quality of recognition.
Fig. 4.1 shows a typical speech recognition process.
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Fig. 4.1. Speech recognition process
Source: own elaboration

Preprocessor. The preprocessor converts the original acoustic wave into an
intermediate compressed form for subsequent processing. Typically, the preprocessor
may compress speech information 10 times by isolating the feature vectors from the
speech signal, that contain information about talking message.
Depending on the shape of the acoustic model, there are various methods of time
alignment:
The approach based on the patterns, in which an unidentified speech put into
correspondence with the previously recorded words (patterns) in order to find the best
match. The advantage of this approach is the presence of a completely accurate
model of speech, but in practice, due to variations in pronunciation have to stock up
multiple patterns for each word that brings to the applicability of this technique.
Dynamic deformation in time is a typical example of this approach. In this case
pattern consists of a representative sequence of feature vectors for the respective
words. The basic idea in alignment of delivered phrases with each of the word
patterns and then selecting the "best" match. For each pronunciation of the distance
between the pattern and the observed characteristic vector is calculated using some
metric, and these distances are assembled together for each alignment trajectory. The
trajectory with the least distance gets top marks the appropriate pattern becomes
recognized words.
Expert systems. In this approach creates a knowledge base about the variations
of speech, and all the rules are coded in the system in advance. But experience has
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shown, that the construction of such base and the success it to use is very difficult, so
we went to look for ways machine learning.
Statistical approaches, in which the variation in a speech modeled statistically,
by using automatic, statistical procedures of training, usually hidden Markov models
(HMM). This approach is recognized as the most successful in nowadays. The main
drawback of statistical models is that they should do a priori model assumptions,
which may be unreliable and have a negative impact on the quality of the system.
HMM eliminates the need to prepare the patterns through the use of probabilistic
acoustic models. Instead, the pattern for each word (part of the word) HMM
determines the distribution of probability for allegedly stationary speech segments
within each class of words. The advantage of probabilistic representation is that the
distribution of data within each class can be learned automatically from a set of
educational offerings. In addition, the probabilistic representation is much better suited
to represent the variations of the voices. All modern commercial recognition system
used is an approach based on HMM [5-6]. Analysis presented above allowed to opt for
the HMM as a tool for creating an automatic speech recognition system for the Kazakh
language [7].

4.2.

DESCRIPTION OF RESEARCH METHODOLOGY

From the point of view of the theory of recognition, it is the sequence encoded
symbols language. Each character is encoded by a set of sound vibrations. We see
the sequence of sound vibrations, it is necessary to determine the sequence of
symbols of language that it represents. Therein lies the problem of recognition.
Speech is a sequence of symbols of the language encoded in the form of sound
vibrations. To solve the problem of decoding a continuous speech signal is divided
into sufficiently small time intervals of length of the order of 10-30 ms frames. Within
each segment of the audio signal is regarded as stationary and converted by known
methods into a vector of numerical parameters. In the resulting speech signal to the
input recognition system is converted into a sequence of vectors parameters.
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Now, uttered speech can be represented as a sequence of vectors.
Z= {z1,z2, …, zT }

(4.1)

which, in accordance with the terminology of hidden Markov models will be called
observations [8]. In order to simplify the presentation we consider the problem word
recognition of a limited set of words – dictionary:
C ={С1, C2,…, Cn}

(4.2)

Each word Сi in the dictionary has its own sequence zi Is intuitively clear that this is
not mutually to-one correspondence, as a result of great number of variations in the
pronunciation of the same word (speed of speech, gender and age of the speaker,
accent, speech defects, excitement, background noise, etc.) to the same word Ci will
match hundreds of sequences Z. Thus, the problem of speech recognition is
inherently probabilistic and lies in the fact to find a word Сi from dictionary C, for which
the conditional probability P(Ci|Z) that the observed sequence Z corresponds to the
word Сi, maximum. Formally, this statement can be written as the following formula:
(4.3)
Known Bayesian ratio significantly simplify the calculation of probabilities [9]:
(4.4)
From the formula follows that the probability P(Ci|Z) that the word sounded Ci, it
depends only on the probability P(Z|Ci) that the given word Ci corresponds
pronunciation Z, with known a priori probabilities of words P(Ci). However, the direct
calculation of the probabilities of the formula (4.4) is unrealistic because of the huge
number of parameters in the sequence Z. We need some simple model, which
generates a sequence Z, on one side, and has a limited number of parameters to be
estimated, on the other side. Currently recognized as the most successful model
based on hidden Markov models. HMM has a finite state automaton, which at any
given time t can move from one state i to another state j with a certain probability aij. In
the transition to a new state j generated vector of acoustic parameters zt with the
density of probability bj(zt). Fig. 4.2 shows an example of HMM models from 6 states,
undergoing a process of transition X=1,2,2,3,4,4,5,6 to generate a sequence of z1 to
z6.
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Fig. 4.2. Example of HMM model
Source: own elaboration

In this model (Fig. 4.2), the initial and final states do not generate a vector of
parameters, they are used for joining of the neighboring HMM models. The cumulative
probability that the model generates the observed sequence is calculated simply the
product of the probabilities of transition and the probabilities of generation:
P(Z,X|M) = a12*b2(z1)*a22*b2(z2)*a23*b3(z3)

(4.5)

In practice, known only to the observed sequence and parameters of the model are
hidden, hence the name – hidden Markov models. Therefore, the probability is
calculated by adding all the possible transitions:
(4.6)
If for each word Ci constructed a model Mi, then P(Z|Ci) = P(Z|Mi). The recognition
problem will be solved, if there are known factors of model – aij, bj.
To find these coefficients model train on multiple instances Z for each word Ci
from the dictionary C. Before the training process will be described, it is necessary to
specify the general form of the formula for calculating the quantities bj(zt). In fact, this
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value is a continuous random of a function. Many physical processes in nature are
described by a random functions of certain class – functions defined by a Gaussian
probability distribution or a normal distribution. In the case of the speech signal is
taken into account not only the vector of acoustic parameters, but also his first, second
derivatives and the logarithm of the signal energy. Furthermore, each of said streams
of parameters is simulated mixture of several normal distributions, that is, we do not
have one «bell», but a few «bells» in the graph of the random variable bj(zt).
In summary, the formula for bj(zt) is see as follows:
(4.7)
where: s – number of streams (s=4), Ms – number of components in the mixture of
normal distributions for each stream of parameters, cjsm – weight of m components in
the mixture. N(z;µ,∑) – multivariate normal of Gaussian distribution with the median
vector µ and covariance matrix ∑:
(4.8)
where n – the dimension of the parameter vector. Value γs is sets the weight of stream
and is an empirical parameter. A result we obtain the task of estimating the
coefficients aij, cjsm, medians vectors µjsm, covariance matrices ∑jsm for the solution of
the equation (4.3). This problem is solved by the method of Baum-Welch.

4.3.

BAUM-WELCH

METHOD FOR SETTING THE PARAMETERS OF THE

ACOUSTIC MODEL

This method consists in the fact that the given initial values of the parameters, and
then construct an iterative process of maximizing value P in equation (3). The initial
value can be set on the assumption, there is only one state of the model. Then for µ
and ∑ calculation formulas take a very simple form:
(4.9)
(4.10)
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All initial values of the unknown parameters are calculated according to formulas 9
and 10. It then calculates the sequence of states with maximum probability of using
the procedure Viterbi, are reassigned the corresponding vector of state parameters
model, are calculated new values medians and covariance matrices from formulas 9,
10. The iterations are repeated as long as the value does not stop change. Since the
total probability of each sequence of observations zt based on the summation of all
possible sequences of states, Each observation vector contributes to the calculation of
parameters that maximize the probability for each state of j. Thus, instead of assigning
a vector of observed parameters state of the given model, each vector of observation
is assigned to all possible states of the model in the proportions, corresponding to the
probability of observing the given parameter vector in this state. If Lj(t) is the
probability of being in state j at time t, then 9-10 formula will take this type:
(4.11)
(4.12)
Equations 11-12 are the Baum-Welch formulas for calculation median and covariance
HMM model. Similar formulas can be obtained for calculation the probabilities of
transitions between states. To use the formulas 11-12 you need to know the values
Lj(t). These values are calculated using the so-called procedure of «forward-back».
Let the direct probability of a αj(t) for some model M with N state is defined as follows:
αj(t)=P(z1,z2,…zt,x(t)=j|M)

(4.13)

That is to say, αj(t) we have a joint probability of observing the first t vectors of
parameters and stay in state j at time t. This probability can be calculated by the
following recursive formula:
(4.14)
Initial conditions are as follow:
α1(1)=1

(4.15)

αj(1)= a1jbj(z1), for 1<j<N

(4.16)

Final conditions:
(4.17)
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From the definition of αj(t) it follows that
P(Z|M)=αN(T)

(4.18)

that is, we obtain the required probability.
Inverse probability βj(t) is given by the formula:
βj(t)=P(zt+1,…,zT,|x(t)=j,M)

(4.19)

As in the case of direct probability, this value is calculated using a recursive formula:
(4.20)
with the initial condition:
βi(T)= aiN, for 1<i<N

(4.21)

and the final condition:
(4.22)
From the above definition of probability implies that:
αj(t)βj(t)=P(Z,x(t)=j|M)

(4.23)

here:
Lj(t)=P(x(t)=j|Z,M)=

(4.24)

Ultimately, the calculation algorithm looks as follows:
1) for each vector/matrix of parameters, which requiring recalculation, allocated
memory (accumulators) to store the numerators and denominators in the
formulas 4.11,4.12;
2) calculate the direct and inverse probabilities for all states j and moments of
time t;
3) use the final values of accumulators for the calculation of the new values of
the parameters;
4) if the value P=P(Z|M) does not exceed the value obtained in the previous
iteration, then the calculation is finished, otherwise, the steps are repeated
again.
Currently, there are several specialized software packages, that implement algorithms
like the Baum-Welch algorithm. The practical problem of the calculation was to choose
a suitable software package and formalization of phonetic, morphological and
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syntactic features of the Kazakh language as a set of phonemes, phonetic dictionary,
a language model, finished as input data for the calculation procedures.

4.4.

CALCULATION OF A CONTEXT-DEPENDENT ACOUSTIC MODEL

Recognition of continuous speech on orders more complex as recognition of individual
words. Hence we immediately understood the complexity of the problem of continuous
speech recognition, because even for the two-word phrases and vocabulary of 10 000
words to get a rough estimate of the number of combinations of 100 million! To speak
of simple sentences of 5-7 words: even taking into account grammatical limits the
number of combinations sorted out quickly goes beyond reasonable approach. To
solve this problem, you must turn to the phonetics. All the sounds of speech are
reduced to a rather small set of basic sounds – phonemes, from which you can make
any word of the given language, for each natural language issued phonetic
dictionaries, where every written word of language is associated the phonemic
transcription, which gives notion of how the word sounds in question.
Phoneme – is sound elementary component of human speech. Phoneme – the
same basis of speech, as the letter – basis on written. But, there is no mutually one
correspondence for the simple reason that we do not always read as well as write.
And this is not grammar mistakes, but is realities of life. For example, written –
“балалар”, hear – “балдар”. In English, the alphabetic mismatch presentation of the
word to his pronunciation very pretty often. To solve the problem of finding the
correspondence between the printed word and its pronunciation is serves a phonetic
dictionary. Dictionary is represents two-column. In the first column are the words, the
second – their pronunciation recorded by phonemes. Another important aspect – the
list of phonemes. We have analyzed the experience of local and international
linguistics. As a result, we have chosen a list of phonemes, in which to each letter of
the alphabet corresponds a phoneme displayed in the Tab. 4.1.
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Table 4.1. Phoneme of alphabet
А
Б
В
Г
Д
Е
Ё
Ж
З
И
Й
К
Л
М
Н
О
П
Р
С
Т
У

A
B
V
G
D
E
E
ZH
Z
EE
I
K
L
M
N
O
P
R
S
T
U

Ф
Х
Ц
Ч
Ш
Щ
Ъ
Ы
Ь
Э
Ю
Я
І
Ғ
Қ
Ң
Ү
Ұ
Һ
Ә
Ө

F
HA
C
CH
SH
SCH
YE
HI
Y
EA
YU
YA
IE
GH
KH
NG
YO
UY
H
AE
OE

This approach is consistent, in fact, to the historical realities of the 20-of the last
century. At this time, the transition of the Kazakh language was held on the basis of
Cyrillic,

and

selection

of

the

characters

is determined

primarily phonetic

correspondences. Sound, unique to the Kazakh language, were mapped to the new
symbols – 9 special characters of the Kazakh language. As a result, the phonetics of
the Kazakh language has developed in such a way that the sound of the words of the
Kazakh language is almost always correspond to letter writing.
Thus, for the continuous speech object modeling is not the word, it is a phoneme.
At the same time, to calculate the HMM phoneme models is require a much larger
acoustic material, than in the case in word by word models, because in the real
speech is necessary to consider the effect of coarticulation, when the pronunciation of
one phoneme depends on the preceding and following phonemes, a typical example
of the word второй, in pronouncing clearly audible фторой, then there is a clear
influence of the subsequent phoneme. Another example is when a noticeable effect of
the previous phoneme: in a word волейбол heard валейбол, in word “о” is read as “о”
without changing. Therefore, to continuous speech recognition is necessary to make a
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model of context-dependent, while stressing the left and right nearby phoneme [10].
Due to this, the concept of triphones as the oriented triple phonemes. Generalized
notation for writing triphones looks as follows: [a-b+c], which means that the phoneme
b precedes phoneme a and after phoneme b follows phoneme c. In the case of an
incomplete context of legitimate notation [a-b] or [b+c]. The number of possible
triphones is estimated as the cube of the number of phonemes, for the Kazakh
3

language, for example, will turn out approximately 40 or 64 000 triphones, that is
triphones model is much more difficult as model of a single phoneme. Of course, not
all triphones exist in the real speech, such an option [a-a+a] does not exist in many
world languages. However, even if cut unnecessary combinations, it is clear that for
training context-dependent model will require significantly more acoustic material,
because the number of estimated parameters to be much higher. To simplify the
calculations, usually apply method of parameters clustering HMM models of triphones,
when a certain set of parameters is common to a group of triphones. For example the
left phoneme in triphones [m-…] and [n-…] equally affect on the central phoneme,
therefore, their parameters can be combined. Here, the parameters are understood
Gaussian distributions, associated with states HMM models.
HMM model represents a set of vector states, matrix of transition probabilities,
and the probability distribution for each state. Phonetic analysis allows to allocate
similar in acoustic sense the part of various triphones and on this basis to perform
clustering parameters HMM models triphones [11]. The basis for the construction of
the system triphones of Kazakh language is modeled on the English language. The
fact that phonetic of the most modern languages have much in common in their
structure. The concept of a vowel, consonant, sonorous, dull, hissing sounds exists in
many languages. Human larynx arranged equally among people of all races and
nationalities and the physics of sound generation, one for all. Therefore, classification
underlies on clustering, enough is international: it is have the phonetic nature. Process
clustering of triphones is organized in a binary tree of choice.
The tree is constructed for each state of each phoneme (the initial state of the
phoneme ih). Branching a tree is carried out by determine: whether is have the left or
right neighbor certain phonetic property; nasal, fricative, dull, sonorous, hissing, etc.
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Ultimately, each state of each phoneme adjudged to a certain group triphones –
cluster, where the states of phonemes have common phonetic features.
The process of training triphones occurs as follows: at each iteration on each
node n of the tree it is found out each of possible questions q. For each of these
questions it is found out, how will affecting the new clustering on acoustic probability of
the training data. The algorithm compares the current probability to that obtained, if
you accept the new clustering. The algorithm selects that question q, and that node of
the tree n, which gets the highest probability. The algorithm continues to run until, it
comes to each leaf of the tree, and on each leaf does not reach below the threshold
number of examples.

4.5.

GATHERING THE ACOUSTIC MATERIAL FOR CALCULATIONS OF MODELS

The main experimental material for research are acoustic recordings of Kazakh
speech together with text. Text content of the speech should have include the lexicon
of newspaper and magazine articles, news and everyday speech, that is, what is
called the common lexicon. It should be noted that to record voice not makes high
demands on acoustic quality, similar records music or singing. This is understandable,
because in reality, the recognition process takes place in noisy conditions, when the
system should be able to filter noise components of the signal. In addition, we use the
extensive experience of acoustic research in the field of noise reduction – there are
dozens of available software and hardware tools for this purpose. Another, much more
serious demands – the system should be speaker-independent. This requirement has
a statistical nature, which in turn means, that sizes acoustic base must be huge –
hundreds of hours of speech, hundreds of voices of male and female, kilometers text.
The material for the acoustic model has been obtained from different sources:


Voice recording on the ready text;



Download voice archives from websites of news television channels;



The purchase of audiobooks.
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The quality of the acoustic material is determined by a variety of voices for one and
the same text content. Phonetic completeness or representation of the database was
checked by a special program verify_all from the package Sphinx. As a result of
reports, performed by the program, is carried out the adjustment of procedures for the
collection of acoustic material.
For the record used a standard computer USB microphone. For the collection of
audio material was developed special software based on the language Microsoft
Visual C++, class library wxWidgets 2.8, specialized library for working with sound
PortAudio.
After downloading the archive files, they are converted to audio files with the
parameters:


16 kilohertz frequency;



16 bit digitization;



wav file format.

Downloaded from the site along with audio files also downloaded the text record.
Thus, the acoustic database is a set of pairs of files – audio file and the corresponding
text file with transcript of speech. The text file must be recorded in the coding UTF-8
and in a specific format:
From the text to be excluded all symbols and sequences, not listed in the
phonetic dictionary, usually it is punctuation characters, numbers, brackets, etc.
Next wav format files are converted to a format mfc using the program
make_feats from the package Sphinx. The obtained mfc-files along with the transcript
files are input information for the calculation of the acoustic model.

4.6.

THE

ARCHITECTURE OF A COMPUTER SYSTEM FOR CALCULATING

ACOUSTIC MODEL

The calculation of acoustic models for system of recognition continuous speech
requires large computational resources. For example, for acoustic base in 20 hours
takes a few hours of work of a powerful a personal computer, and calculation
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hundreds of hours requires several days of continuous operation. Therefore for
experiments were accepted a configuration in the form of computing network of
computers, pooled in the standard Ethernet local network with a bandwidth of
1.0Gbit/sec. The operating system for the cluster has been selected Ubuntu Server
10, jobs manager – torque by company Adaptive Computing, for the acoustic
calculations was chosen system Sphinx of Carnegie Mellon University. This
configuration allowed to parallelize computation process and thus significantly speed
up the calculation model [12].
Before performing calculations, were conducted experiments to determine the
optimal allocation of calculation by computing network nodes. For of this case
conducted one and the same calculation of context-independent model on
configurations with different number of available nodes. Tab. 4.2 presents the results
of experiments.

Table 4.2. Experimental results
№
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Number of
nodes
1
2
3
4
5
6
7
8
9
10
15
20
30
40
50
60
70
80
90
100

Time calculation per
second
1856
1247
719
583
541
471
387
349
329
288
219
201
159
149
201
204
140
139
460
492

The same table more clearly displayed on the chart Fig. 4.3.
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The duration in seconds

The duration of calculating depending
on the number of nodes
2000
1800
1600
1400
1200
1000
800
600
400
200
0
0

50
100
Number of nodes

150

Fig. 4.3. Results of experiments on the graph
Source: own elaboration

The chart shows that there is an optimum number of partitions of data to the
proportion, further which there is no increase in performance of computing scheme.
This is caused by that increasing the overhead of the accumulation results of
calculation nodes to the collection point, and at some moment is begin to eat away the
benefits of parallel data processing.
The procedure itself calculation includes the following steps:
1. Data verification.
2. The calculation of cepstral coefficients of audio files;
3. Initialization of the initial structure and parameters of the HMM models for
context-independent acoustic model.
4. Training context-independent acoustic model – calculation of parameters of
HMM models the initial data using the Baum-Welch procedure.
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5. Training context-dependent acoustic model – calculation of parameters of
HMM models the initial data using the Baum-Welch procedure.
6. Construction of the tree triphones in order to clustering HMM models.
7. Pruning unnecessary branches of the tree triphones to optimize the number
and size of clusters of parameters.
8. Training context-dependent acoustic models with clustered parameters –
calculation of parameters of HMM models the initial data using the BaumWelch procedure.
9. Verification model on test data using a Viterbi decoding procedure.

4.7.

CONCLUSIONS

The development of a language model based on statistical analysis of the Kazakh
text. Texts mainly collected from the web-sources and represent the social and
journalistic articles, prose, newspaper news and commentary. Appointment of the
language model lies in the fact order to correctly construct a sequence of symbols,
based on the grammar of a particular language. There are several of methods for
constructing grammar for the purpose of recognition. They can be divided into two
broad categories – deterministic (based on the formalization of the rules of the
language) and stochastic (based on a statistical analysis of large arrays of text
information). In the present research used the latter approach. The task consists in
constructing vectors of the transition probabilities from symbol to symbol, if you know
the previous symbols. Such vectors are referred to as N-grams, where N–1 of the
previous symbol is known. Here under the symbol means the word, syntactic
category, etc. The vector is calculated based on the fact, that the probability of a
particular N-gram in some unknown text can be estimated from the frequency of their
observations in some known training text.
The process of building a model consists of three stages. First, the training text is
scanned and counts the frequency of each character of language and the resulting Ngrams is recorded in the database. Further received records are grouped into classes.
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In a third step frequency used to compute the probability of N-grams. The quality of
the language model evaluated directly in the process of recognition of test audio files.
Test results of recognition which given above, show sustained improvement in the
quality of the language model with the growth of the volume of training material.
Currently, the amount of lexical material is more than 11 million words. The model has
proved its working capacity on a series of tests using real audio news channels.
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5
Development of Algorithms for the Magnetic
Attitude Control of Small Spacecraft

Main problems of development of magnetic systems of satellite attitude control i.e.
complexity of achievement of small spacecraft three-axis orientation; variability of
magnetic field creating difficulties in development of attitude control laws with constant
feedback coefficients; residual magnetic torque significantly influencing to the
orientation of small satellites are considered.

5.1.

INTRODUCTION

Currently small satellites (up to 100 kg) are widely used in space branch that gives the
opportunity of solving various scientific and technological tasks with the lowest
expenses as well as small satellites have relatively low cost and short terms of
development. Experience of other countries having the program of small satellite
development shows, that small satellites can fully replace large satellites when solving
the tasks of detailed cartographic survey of the Earth, can solve the tasks of fire
detection, carry out the survey of disaster zones, conduct the ecological monitoring,
weather observations, also such satellites are designed to processing of new
technologies and conduction of experiments in space.
However, in view of small mass and dimensions such satellites in a large extent
are subjected to external influences provided by the Earth gravitational field, Earth
atmosphere, solar pressure. Because of limitation of sizes and energetic resources
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saving it is practically impossible to use mechanical actuators (such as reaction
wheels) on many small satellites as a part of attitude control system that are
necessary for the provision of required angular position of the satellite and
compensation of external influences. In connection with this fact magnetorquers
generating controlling torque at the expense of interaction of own generating magnetic
torque with the Earth magnetic field got a lot of popularity for the development of
attitude control systems of low Earth orbit small satellites. Magnetorquers are more
reliable in comparison with mechanical actuators due to the absence of mechanical
elements and can be widely used for the achievement of required orientation of the
satellite as well as for unloading angular momentum.
At this moment several schools in Russia and countries for a far abroad conduct
their researches in the field of development of satellite attitude control system on the
basis of magnetorquers that are always called as magnetic attitude systems and used
their results on already launched satellites [1]-[2].
Small satellite TNS developed by Institute of applied mathematics named after M.
Keldysh has successfully launched from the International space station board in 2005
year [3]. The satellite was equipped with passive magnetic attitude system consisting
of strong permanent magnet placed along satellite symmetry axis and the set of
hysteresis rods.
One of the missions of this satellite is the conduction of experiments on
verification of satellite control technologies with the help of magnetorquers. Specialists
of Institute of applied mathematics named after M. Keldysh have widely studied the
task of the development of magnetic attitude systems including the attitude control
laws on the basis of modern techniques.
Small satellites based on the CubeSat standard that are equipped with magnetic
attitude system and that were active on the orbit during several years were developed
in the laboratory of intellectual space systems of the Tokyo University [4]-[5].
Classical as well as modern methods of control system synthesis are used for the
development of control laws of change of magnetic torque of these satellites
magnetorquers.
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The main factor affecting to the control development process for magnetoquers is
their type, satellite parameters and orbit character.
By the results of applicability analysis of various control synthesis methods for the
magnetic attitude systems it was determined that when developing linear control laws
for magnetorquers the following peculiarities should be considered [6]:


standard methods of linear control systems synthesis can be used for control
synthesis used on short terms due to the non-linearity of mathematical model of
satellite motion controlled by magnetorquers;



developing control law should compensate all influencing to the satellite external
disturbances;



developing control law should provide the robustness in the conditions of
presence of uncertainties provided by change of moments of inertia and the
accuracy of mathematical model of the Earth magnetic field;



the great difficulty is in the realization of control laws with variable coefficients of
feedback onboard of the satellite;



for the production of magnetic torque of magnetorquers electrical currents only in
definite range can be used as a result of which there can arise a problem of
magnetorquers saturation, especially when working with large deviations from
required orientation.

Synthesis methods of nonlinear control laws in comparison with linear ones allow to
consider lots of given above peculiarities and develop more flexible control systems.
In this work as a result of research of various linear and nonlinear methods for the
control system synthesis there were chosen two techniques that can be adapted for
the development of magnetic attitude systems of small satellites: synthesis technique
of linear control law on the basis of PD-regulator and synthesis technique of nonlinear
control law on the basis of usage of control theory with sliding mode. Modification of
these control laws taking into account peculiarities of the Earth magnetic field and
magnetorquers allowed to achieve a full controllability of the small satellite.
In many tasks performed by small satellites it is required a provision of three-axis
orientation, accuracy of which depends on its mission. Magnetorquers are widely used
for the attitude control of the satellites and their use is especially beneficial when there
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are serious constraints on mass, cost, energy consumption of satellite. In connection
with this fact small satellites are often equipped with magnetic attitude control.
However, accuracy of orientation and maneuverability of satellites with magnetic
attitude systems is relatively smaller than control systems with mechanical actuators.
Control quality in this case can be improved at the expense of enhancement of
mathematical apparatus of satellites control. In connection with this the task of
development of control for small satellite with magnetic attitude system is relevant and
presents the scientific interest during last several decades.
The main area of research concentrated on development of control law for the
provision of three-axis attitude of small satellite with required accuracy using
magnetorquers and on assessment of residual magnetic torque that significantly
influences to the dynamics of small satellites and work of control algorithms.
In this work there are considered main problems of development of magnetic
systems of satellite attitude control: complexity of achievement of satellite three-axis
orientation in case of near zero angle between directions of magnetic induction vector
and magnetic torque vector of the satellite; variability of magnetic field creating
difficulties in development of attitude control laws with constant feedback coefficients;
residual magnetic torque significantly influencing to the orientation of small satellites.

5.2.

ALGORITHMS FOR THE MAGNETIC ATTITUDE CONTROL OF SMALL
SPACECRAFT

For describing the motion of a spacecraft the following coordinate systems are used:


OEx E y E z is an inertial coordinate system (ICS), the origin of the system
coincides with the Earth’ center of mass, the z axis coincides with the axis of
rotation of the Earth and is directed to the north pole. The x axis connects the
Earth's center of mass and the point of the vernal equinox, the y axis
complements the system;
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CS x S y S z is an associated coordinate system (ACS), the origin of the system
coincides with the center of mass of the spacecraft, the axes coincide with the
main central axes of inertia of the spacecraft;



CPx Py Pz is a coordinate system of guidance (CGS), the origin of the system
coincides with the center of mass of the spacecraft, one of the main axes of inertia
of which is directed to a point on the surface of the Earth.

5.3.

THE ALGORITHM OF ATTITUDE CONTROL ON THE BASE OF PDREGULATOR

Dynamics and kinematics of rotational motion of small spacecraft is described by
equations (5.1), (5.2):













bib  I 1 bib  ( Ibib )  M b grav  M b a  M b res






 bib  2Qbi*  Qbi



(5.1)
(5.2)

where



 bib

is an angular velocity vector of the small spacecraft,

I is an inertia tensor of a small spacecraft,

M b grav is a gravitational torque vector of the small spacecraft,

M b a is a control torque,

M b res is a residual magnetic torque,
Q bi is a quaternion that specifies the angular position of the small spacecraft in the
inertial coordinate system,
*
Qbi is a quaternion, inverse to Q bi ,

 is a multiplication of quaternions.
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The torques in the right side of equation (5.1) has the form:


 
M ba  m B



M b res  mres  B

(5.3)
(5.4)

where


m is a magnetic moment of electromagnetic actuator,


mres is a residual magnetic moment of spacecraft and B is the geomagnetic induction
vector.

The geomagnetic induction vector according to [7] is determined by the formula:



B  0 H

(5.5)

where


H is the vector of the geomagnetic field strength,

 0  4  10 7 кг  м  А 2  с 2 is the magnetic constant.
The vector of the geomagnetic field strength is determined through the negative
gradient of the potential function [8]:


H  V

(5.6)

The formulation of potential function in (6) depends on the model of geomagnetic field.
Depending on the requirements for the control system, different models of the Earth's
geomagnetic field can be adopted for the synthesis of the magnetic orientation
system. There are three most commonly used models of the Earth's geomagnetic
field: the International Geomagnetic Reference Field (IGRF) [9] developed by the
International Association of Geomagnetism and Aeronomy (IAGA); The world model of
the Earth's geomagnetic field is WMM (World Magnetic Model) [10] developed by the
US National Agency for the Processing of Spatial Geodata, the National Center for
Geophysical Data of the USA, and the British Geological Prospecting Society; The
global geomagnetic field model - BGGM (The BGS Global Geomagnetic Model) [11],
developed by the British Geological Prospecting Society. The IGRF model is updated
every five years and it is recommended to use for orbits of spacecraft with a height of
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up to an altitude of 600 kilometers [8]. In this work, the IGRF model is used, since it
most fully describes the geomagnetic field.
The expansion in the row of the field potential which is used in this model was
proposed by K.F. Gauss and has the following form [8]:

R
V (r ,  ,  )  R  
n 1  r 
k

n 1 n

 g

m 0

m
n



cos m  hnm sin m Pnm ( )

(5.7)

where

r ,  ,  are the spherical coordinates of spacecraft in ICS,

R  6371.2 10 3 m is the average radius of the Earth,
g nm and hnm are Schmidt coefficients [9],

Pnm are Schmidt adjoint Legendre functions.
The values of the coefficients are determined empirically by means of
measurements of the magnetic field produced by the satellites.
The components of the geomagnetic field strength vector in the spherical
coordinate system have the form [8]:
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sin m   mhnm cos m  Pnm  ,

In the orbital coordinate system the geomagnetic induction vector can be written in the
form:



B o  Rbo B b .

(5.9)

In accordance with the principle of constructing a PD controller, we will consider the
function of changing of the control torque as [12]:
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M ba  ux ,u y ,uz ,





u  K p e  Kd

de
dt

(5.10)

(5.11)

where

K p , Kd

are unknown proportional coefficient and differentiation constant,

respectively,

et  is a misalignment of the angular position of small spacecraft.
Angular position of the small spacecraft is given in the form of a quaternion

Q bi ,

then the misalignment with respect to the angular position of the small spacecraft is
given in the form

Q as the difference between the current angular position and the

required one and the control signal will take the form:

 K 1p

u   0
 0


0
K p21
0

0
0
K 3p

K d1
0
0

0
K d2
0

q1 
q 
2 
 K 1p q1  K d1 1 
0 
 q3  

2
2
0 
   K p q 2  K d  2  (5.12)

K d3   1   K 3 q  K 3  
p
3
d
3 
 2  


 3 

where

q1 , q 2 , q3 are components of the vector part of the quaternion which describe
deviation small spacecraft current orientation from the desired,

Q  [q 0 , q] ; 1 , 2 , 3 are components of the vector of the deviation of the
current angular velocity of the small spacecraft from the required.
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The required orientation of the small spacecraft is given as a quaternion
corresponding to the angular position of the small spacecraft when it is directed to the
Earth. We call this quaternion as a required quaternion
Misalignment

Qr .

Q between the small spacecraft current angular position Q bi

and the required angular position

Q r can be determined using the quaternion

multiplication:

Q  Qr

1

 Qbi .

(5.13)

The required quaternion characterizing the orientation of the longitudinal axis of
the survey equipment on the survey object is obtained as follows. We define a unit
vector specifying the axis of rotation of the small spacecraft on the survey object as:



 rМКА  R
 rМКА  R

,

(5.14)

where

R  r  rМКА ,
r is a radius - the vector of the current point of the survey route in the ICS.
We define the rotation angle around the axis  by the formula:




 r ,R
  arccos  МКА
 rМКА R

Then

 .



(5.15)

Qr takes the form:


 
Qr  cos , sin  .
2
2


(5.16)
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It can be seen from formula (5.12) that to include the PD controller in the control
system, it is necessary to determine the unknown coefficients K p , K d [13]. An
approach based on the optimal arrangement of the roots of the characteristic equation
of a closed-loop control system is used in this work to determine the coefficients.
Fig. 5.1 shows the results of modeling the orbital orientation of the small
spacecraft using a PD controller with tuning coefficients based on the optimal
arrangement of the roots of the characteristic equation of a closed-loop control
system.

Fig. 5.1. Results of modeling the orbital orientation of the small spacecraft using a PD controller
for determining the magnetic moment when adjusting its coefficients by means of the optimal
arrangement of the roots of the characteristic equation of a closed control system
Source: own elaboration
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THE ALGORITHM OF ATTITUDE CONTROL ON THE BASE OF THEORY OF
SLIDING MODE CONTROL

Another important approach in controlling the orientation of a spacecraft with a
magnetic orientation system is based on nonlinear methods. We will consider a
strategy for controlling the orientation of a spacecraft on the basis of a theory of sliding
mode control [14].
We consider the problem of turning the small spacecraft from an arbitrary angular
position to the required [14]. Assume that the desired angular position
angular velocities

r

and

 r

Q r , required

are given. Then the dynamics and kinematics

equations of the small spacecraft with respect to the deviation of the current
orientation of the small spacecraft from the required orientation are given in the form:

I  bib  bib  I bib  M a  M dis ,

(5.17)

1
Q  (Q) ,
2

(5.18)

where

I is a diagonal (3x3) matrix of the small spacecraft inertia tensor,

 bib is an absolute angular velocity vector of the small spacecraft in the projections on
the axis of the associated coordinate system CS x S y S z ,

M a is a vector of the control torque in the projections on the axis of the associated
coordinate system,

M dis is a vector of the disturbing torque in the projections on the axis of the
associated coordinate system,

Q is a quaternion characterizing the deviation of the current angular position of the
small spacecraft from the required,
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 is a deviation of the angular velocity of the small spacecraft from the required,
  bib   r .
q E  [q]
(Q)   0

 q т


 0
[q]   q 3
 q 2

 q 3
0
q1

q 2 
 q1  .
0 

(5.19)

(5.20)

The synthesis of control algorithm based on the control theory with sliding mode
consists of two steps [14]:
1. The construction of a surface


S(, Q, t )  0 along which a point characterizing

the state of the control system should move. If this point is on the surface


S(, Q, t )  0 when the small spacecraft moves, the motion of the small
spacecraft is considered asymptotically stable.
2. The construction of a control providing motion along a given surface.
Usually the surface is given in the form [14]:

S    K q q

(5.21)

where

K q is a constant, K q  0 .
It must be taken into account that two types of control actions must be obtained
when developing a control based on the control system with a sliding mode. The first
of them u 'eq must provide movement on a given surface, as soon as the point
characterizing the state of the control system reaches the specified surface. The
second control action

u 'к must ensure the achievement of a point characterizing the

state of the control system, a given surface:
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(5.22)

The motion of the system along the given surface is characterized by the following
equations:

S  0, S  0

(5.23)

u  u 'eq

(5.24)

and

With account of the equations of the small spacecraft motion the second equation of
(5.23) takes the form:





1
S    K q q   bib   Т  K q q 0 Е  [q]  
2
 I 1 [ bib ]I  bib  I 1 u 'eq  I 1 M dis   Т 



(5.25)



1
K q q0 Е  [q]   bib  Т   0.


2
Then u 'eq can be obtained directly from (5.24):





1
u 'eq  [bib ]I bib  M dis  I Т  K q I q0 Е  [q]  bib  Т .


2

(5.26)

Until the point characterizing the state of the control system reaches the surface:

S  0, S  0

(5.27)

and u  u 'eq  u k .
As

u k we use the proportional control law:
u k  S

(5.28)

where

 is a constant,   0 .
Fig. 5.2 shows the results of the simulation of the orbital orientation of the small
spacecraft using a sliding control for specifying the law of the change in the magnetic
moment of the small spacecraft.
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Fig. 5.2. Results of the simulation of the orbital orientation of the small spacecraft using a sliding
control for determining the magnetic moment
Source: own elaboration

5.5.

CONCLUSIONS

There was developed an algorithm of three-axis attitude control of small satellite on
the basis of linear control law taking into account the compensation of residual
magnetic torque.
There was developed an algorithm of three-axis attitude control of small satellite
on the basis of control theory with sliding mode taking into account compensation of
residual magnetic torque.
Obtained results on developments of algorithms of three-axis attitude control of
satellite taking into account the compensation of residual magnetic torque can be used
as the base for the creation and implementation of orbital orientation algorithm of
small satellite at periodic effect of residual magnetic torque.
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6
Algorithms Development of the Attitude
Determination and Control of the Low-Orbit Small
Satellites

In many cases for the execution of different problems which are assigned within the
mission of small satellite, it is necessary to provide the required accuracy of its
orientation although the small satellite is more influenced by the external disturbances
due to its small mass. The main sources of the disturbances for the attitude of small
satellites are the torques of external forces, however there are no less impact of the
disturbances caused by the faults of sensors and actuators of small satellite and
disturbances caused by the various uncertainties. In this connection for the solution of
the assigned to the small satellite tasks, it is necessary to develop the algorithms of
high-accuracy attitude determination and algorithms of attitude control that are stable
to different disturbances. There are many different theories and techniques of attitude
determination and control for small satellites that are developed by many authors [17]. However, not all these techniques can be used with respect to any satellite due to
the fact that the all satellites are unique by its content of components of control
system. In this connection, this theme of research is relevant during the last few
decades.
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6.1.

INTRODUCTION

The purpose of work is the development of algorithms for precise attitude
determination of the small satellite in conditions of inaccessibility of full vector of
measurements and development of algorithms of attitude control of small satellite
taking into account the external disturbances, disturbances caused by the faults of
actuators and uncertainties of the inertia moments of the small satellite.
The work is dedicated to the development of algorithms of attitude determination
and control of small satellite during orbital orientation mode in case of incomplete
vector of measurements and existence of faults and uncertainties:


the non-linear control for the maintenance of orbital orientation of small satellite in
case of incomplete vector of measurements is developed;



the robust linear control for the maintenance of orbital orientation of small satellite
taking into account the parametric uncertainties of inertia moments of small
satellite and faults of actuators (reaction wheels) is developed;



the linear attitude control that is tolerant to the faults of actuators (reaction wheels)
of small satellite is developed.

Orbital orientation mode here is considered as the control mode of a small satellite
when the axes of the body coordinate system superposed with the axes of the orbital
coordinate system.
For the development of non-linear attitude control law for small satellite and
determination of its feedback coefficients the Lyapunov function method is used.
Tuning of input data of Kalman filter algorithm is conducted during the numerical
analysis of convergence and accuracy of Kalman filter using the different input data.
The development of linear robust control is conducted on the basis of

Н -

control theory taking into account additional conditions on the pole placement.
Small satellite the prototype of which is nanosatellite on the basis of CubeSat3U
platform

with

the

mass

of

4.2

kg

and

inertia

moments

J  [0.04088; 0.04088; 0.1116] kg  m 2 is considered in this work. The orbit of
considered satellite is sun-synchronous with the height of 560 km.
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The three-axis gyro sensor, three-axis magnetic sensor, two-axis sun sensors
and three reaction wheels are the main components of attitude determination and
control system of the considered small satellite.

6.2.

MATHEMATICAL MODEL OF ROTATIONAL MOTION OF SATELLITE

For the description of satellite motion there are used several coordinate systems: fixed
inertial coordinate system
coordinate system

Ox i y i z i with the origin at the Earth center of mass; body

Cx b y b z b with the origin at the satellite center of mass, axes of

given coordinate system coincides with the principal central axes of inertia of satellite;
orbital coordinate system

Cx o y o z o with the origin at the satellite center of mass, the

Cx o axis coincides with the direction of satellite motion, Cz o axis is

direction of

directed to the Earth center from the satellite center of mass,

Cy o axis complements

the system to right-handed system. The description of orientation of the axes of the
body coordinate system related to the axes of other coordinate systems is performed
using quaternions.
Gravity-gradient torque and residual magnetic torque are considered as the main
external disturbances acting on the satellite. Sun pressure and aerodynamic
disturbances are not considered because of the small middle cross-section of satellite.
Dynamic Euler equations are used as the equations of dynamics of the satellite and
kinematic equations in quaternions are used as the equations of kinematics [8], [9]:

 bib  J 1   bib  ( J  bib  hab )  M cb  M eb  ,




where J  J x , J y , J z



(6.1)

 - diagonal (3х3) matrix of small satellite inertia tensor; 

angular velocity of small satellite in the body coordinate system;

b
bi

-

hab - angular moment
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of reaction wheels;
coordinate system;

M eb - moment of external forces in the projections to the body
M cb - control moment of reaction wheels.
*
b
 bo
 2Qbo  Q bo

where

(6.2)

Q bo - quaternion that sets the current angular position of the small satellite in

the orbital coordinate system; Qbo

*

- quaternion that is inverse to

Q bo ,

Qbo  q0bo  q bo ;  - the operation of multiplication of quaternions.
*

b
b
ωbib  ωbo
 ωoib  ωbo
 Rbo ωoio ,

(6.3)

o

where Rb is the direction cosine matrix represents the rotation between the orbital
and body coordinate system;

ωoio  0   0 0 is the angular velocity of the orbital
T

coordinate system relative to an inertial coordinate system.

6.3.

THE

NON-LINEAR CONTROL FOR THE MAINTENANCE OF ORBITAL
ORIENTATION OF SMALL SATELLITE IN CASE OF INCOMPLETE VECTOR
OF MEASUREMENTS

In this chapter let us consider the problem of development of the algorithm for
determination of the angular position and angular velocity of the small satellite on the
basis of measurements of sun and magnetic sensors and develop attitude control law
providing the stability of its orbital orientation.
Nonlinear control law is derived in this work with feedback on the angular position
and angular velocity of the satellite:

M cb   K    K Q q   o a 2  h

(6.4)
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b
b
, h  ha , Qbo  Q , and
   bo



a 2  2(q1 q 2  q 0 q3 )

q 02  q12  q 22  q32



T

2(q 2 q3  q 0 q1 ) .

Stability investigation of attitude determination and control system with the control
law in the form (6.4) is carried out using the Lyapunov functions method.
According to Lyapunov's theorem for the asymptotic stability of the attitude
determination and control system of the small satellite it is sufficient that the time
derivative of the Lyapunov function
negative definite function, i.e. for all

~
~ ~
V(~, Q) ( 
 [0 0 0], Q  [0 0 0 1] ) be the

~
~
~, Q
 (
~, Q  0 V
)0

[10].

In our case the Lyapunov function is derived in the form:
T
1 T
1
V(, Q)   J    02 a 2 J a 2  2(1  q 0 ) .
2
2

It is apparent that Lyapunov function
given angular position:

(6.5)

V(, Q)  0 and becomes zero only at the

~

~  [0 0 0], Q  [0 0 0 1] .

The time derivative of the Lyapunov function (6.5) with account of the equations
of motion (6.1), (6.2) and (6.4) has the form:

 (, Q)   T K    T K q   T q  K  T    T q( K  1) .
V

q

q

(6.6)

Assuming that K q  1 (6.6) will has the form:

 (, Q)  K  T 
V

The obtained function will be negative at

(6.7)

K  0 .

Thus, in result of stability investigation of small satellite attitude determination and
control system it is found that at K q  1 and

K   0 control law (6.4) provides the

stability of satellite orbital orientation.
The value of the coefficient

K  is determined using the theory of optimal

synthesis of linear-quadratic regulator.
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The simulation results of small satellite angular motion under the action of nonlinear control are given in the pictures below. Initial angular position and angular
velocity

of

the

small

satellite

are

accepted

as:

Q bo  [0.9169;0.1179; - 0.2339; 0.301]  , ωbib  [0.09;-0.01; 0.03] rad/sec . The
required angular position and angular velocity of small satellite are accepted as:

Qob  [1.0;0.0; 0.0]  , ωbib  [0.0;0.0; 0.0] rad/sec .

Fig. 6.1. Angular position obtained as a result of using the non-linear control with state feedback
Source: own elaboration

Fig. 6.2. Angular position obtained as a result of using the non-linear control with state feedback
Source: own elaboration
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Fig. 6.1 – 6.2 shows the variation of the angular position and angular velocity of
satellite with time. Here the feedback coefficient
the theory of synthesis of linear

К  is determined as result of using

H 2 - control, К   0.4347 .

As it can be seen from Fig. 6.1 – 6.2, the developed nonlinear attitude control
provides the stability of small satellite orbital orientation and sufficiently high quality of
transient characteristics of the considered attitude determination and control system.
For accurate determination of angular velocity and the angular position of the
small satellite in the absence of measurements of the angular velocity sensor there is
developed an algorithm on the basis of Kalman filter which operates by the principle
prediction-correction.
Predicted values of angular velocity and angular position of small satellite are
determined at the first stage of algorithm in the process of solving the linearized
equations of motion with the initial conditions determined as the output parameters of
the Kalman filter, obtained at the previous time step:

x  F ,

(6.8)

where

x  [ˆ k1 , Qˆ k1 ] ,

[ J ˆ ]  [ˆ ]J  [h]  K

F
1

I 3x 3

2

K q  2 K  [ oib ]  2[h][ oib ]
.

 ˆ 


 

At the first stage it is also determined the current deviation of the estimated state
vector from its true value which is characterized by a covariance matrix P :

Pk- 1   k Pk  Tk  N ,
where  k  e

FT

(6.9)

 1  FT  ( FT ) 2 / 2!... , N - matrix of system noise.

For obtaining the predicted values of orientation parameters of satellite and
covariance matrix it is required their corrected values be known at the current step.
This fact is one of the main problems of implementation of the Kalman filter. The
choice of initial orientation parameters of small satellite and the covariance matrix

94

Varia Informatica 2017

affects the convergence and accuracy of the Kalman filter. For the solution of this
problem in each case, there are used different techniques of determination of initial
input parameters of Kalman filter – parameters of orientation and covariance matrix.
In this work for determination of initial values of the orientation parameters there
is proposed the algorithm of rough estimate of the small satellite orientation
parameters on the basis of sun sensor measurements: suppose that on the basis of
measurements of sun sensors we can obtain the angular position of satellite relative to
s

the sun, given by the matrix R b . Also on board of the satellite there is a model of the
motion of the sun, which allows to determine the position of the sun relative to the
s

orbital coordinate system defined by the matrix R o . Then, the angular position of
b

satellite relative to the orbital coordinate system, characterized by a matrix R o , we
can determine on the basis of matrix expression:
1

R ob  R sb  R so .
b

(6.10)

The obtained matrix R o can be converted into a quaternion

Q ob . After conducting

the rough estimate of the angular position of the satellite, its angular velocity is
determined with help of kinematic equations (6.2), where
basis of the difference of measurements

Q bo is calculated on the

Q ob on time step t k and t k -1 .

As it is seen from (9), the predicted value of the covariance matrix depends on its
corrected value obtained in the previous time step and the matrix of system noise. The
determination of initial covariance matrix P and matrix of system noise

N , that

contributes the obtaining of the least time of convergence of Kalman filter and higher
accuracy of determination of satellite orientation parameters, is conducted as a result
of several "runs" of Kalman filter at the different initial values of matrices P ,

N and

analysis of the obtained results.
At the second stage of the algorithm after receiving the measurement vector

z k 1

from magnetic and sun sensors it is calculated the corrected values of satellite
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Pk1 by formulas that

are known from Kalman filter algorithm.
The simulation results of the algorithm of determining the satellite orientation
parameters are given in the figures below.
Initial angular position and angular velocity of the small satellite are obtained as a
result of rough estimation based on the sun sensor readings:

Q bo ( t 0 )  [0.9109;0.1578; - 0.2678; 0.2712] 
ωbib  [0.0899;0.01003; 0.03005] rad/sec

,

(6.11)

The initial error covariance matrix is defined in the course of several numerical
experiments of determination of satellite orientation parameters, as a matrix, at which
there is achieved the highest accuracy of determination of orientation parameters:

0.001
 0

 0
P(t 0 )  
 0
 0

 0

0
0
0
.
0 
0 1 0 

0 0 1 

0
0
0
0.001
0
0
0
0.001 0
0 0
1
0 0
0 0

0
0
0
0

(6.12)

Results of comparison of the estimated orientation parameters (red dot line) of satellite
with their true values (blue bold line) are given in Fig. 6.3 – 6.4. It can be seen from
the figures that angular velocity and angular position of small satellite estimated by
means of a Kalman filter have a small deviation from their true values.
Results of small satellite angular motion modeling under the action of nonlinear
control (6.4) with the feedback angular velocity and angular position obtained by using
algorithm on the base of Kalman filter are shown at the Fig. 6.5 – 6.6.
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Fig. 6.3. The results of comparison of estimated angular position of satellite with its true value
Source: own elaboration

Fig. 6.4. The results of comparison of estimated angular velocity of satellite with its true value
Source: own elaboration
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Fig. 6.5. Angular position obtained as a result of using the non-linear control with output
feedback
Source: own elaboration

Fig. 6.6. Angular velocity obtained as a result of using the non-linear control with output
feedback
Source: own elaboration

Comparing Fig. 6.2 and 6.6 it can be seen a slight deviation of the final angular
velocity of the satellite, the value of which is of order 10

6

. But in general we can

conclude that using of developed non-linear control and algorithm for determination of
satellite orientation parameters solves the problem of maintaining the orbital
orientation of satellite in condition of unavailability of angular velocity measurements.
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ROBUST

LINEAR CONTROL FOR THE MAINTENANCE OF ORBITAL
ORIENTATION OF SMALL SATELLITE TAKING INTO ACCOUNT THE
PARAMETRIC UNCERTAINTIES OF INERTIA MOMENTS OF SMALL
SATELLITE AND FAULTS OF ACTUATORS

In this chapter it is given the methodology of synthesis of satellite robust attitude
control to solve the problem of maintaining the satellite orbital orientation in the
conditions of actuator faults, inertia moments uncertainties and external disturbances.
The linearized equation of angular motion with account of external gravitational and
magnetic disturbances for the considered problem can be written as:

F p  H p  Q p  Gd w  Gu u ,
where

(6.13)

p  q1 , q2 , q3  , u  [ J rx rx ,  J ry ry ,  J rz rz ] - vector of controlling

torques of the reaction wheels; w  [m x , m y , m z ] - vector of external disturbances.

J x
F   0
 0

0
Jy
0

4 ( J y

Q
0

0

2
0


0
0
0  0 (J x  J z


0 , H  
0
0
0
 0 ( J x  J z  J y ) 0
J z 
0

1
2

 Jz)
0
0


3 02 ( J z  J x )
0
,
G

 u 0

0
3 02 ( J y  J x )
0



 0
 1
G d   B zo
 2
 1 Bo
 2 y

1 o
By
2 
1 o 
B x ,
2

0 


1 o
Bz
2

0
1
2
0


0

0 ,

1
2 



0


 J y )

,



1 o
Bx
2

(6.14)

where B  [ B x , B y , B z ] - the magnetic induction vector of the magnetic field of the
o

o

o

o

Earth in the orbital coordinate system.
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To simulate the uncertainties of satellite moments of inertia we assume that the
finite value of satellite moments of inertia can be considered as the sum of their
nominal values

~ ~ ~
J x , J y , J z and disturbances:

~
~
~
J x  J x  J x  x , J y  J y  J y  y , J z  J z  J z  z ,
where

(6.15)

J x , J y , J z - the value of deviations of the satellite moment of inertia;

 x ,  y ,  z - normalized parametric uncertainties of the satellite moments of inertia,
 x ,  y ,  z  1.
Then in the right side of (6.13) includes the additional term representing the
disturbances due to the uncertainty of the moment of inertia of satellite:

~ ~
F p  H p  Q p  Gd w  Gd w
 Gu u ,
F  F0  LM  M PM ,

where

H  H 0  LD  D PD ,

(6.16)

Q  Q0  LK  K PK ,

~
~  ~
G d  [ LM L D L K ] , ~
z  [ PM p, PD p , PK p] , w
z.
To simulate the faults of actuators caused by changes of their effectiveness or
various other types of faults in this thesis it is proposed to consider the equation of
angular motion in the form:

F p  H p  Q p  Gd w  Gu Lu ( I  Pu  u )u
where

(6.17)

Lu - matrix of parameters characterizing the change in the efficiency of

actuators,

 u - matrix representing normalized parametric uncertainties, Pu - matrix

giving restrictions on

u .

In this work for the synthesis of robust linear control taking into account the
uncertainties of satellite moment of inertia and external disturbances it is proposed to
use the theory of synthesis of

H  -control. For the application of this theory equations

(6.13), (6.16), (6.17) are reduced to:
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x  A x  B1 w  B2 u,
z  C1 x  D11 w  D12 u,

(6.18)

y  C 2 x  D21 w.
And robust control is obtained as a function
of transfer function

Twz



from

w to z , or provides the following:
Twz

J  ( K )  Twz
where

u  K  (s) y that minimizes H  - norm





 ,

(6.19)

 z

 2

 sup
: w  0 ,
w

 2


(6.20)

  1,   const .

According to the theory of synthesis of
the conditions (6.19) the

H  - control for the system (6.18) with

H  - controller can be determined in the form:
K  (s)  Dk  C k (sI  Ak ) 1 Bk .

if the following matrix inequality is satisfied for some

 AclT X   X  Acl

BclT X 


C cl


X  Bcl
 I
Dcl

(6.21)

X  0:

C clT 

DclT   0 ,
 I 

(6.22)

where

 A  B2 Dk C 2 B2 C k 
 B  B2 Dk D21 
, Bcl   1
,
Acl  
Bk C 2
Ak 
Bk D21



C cl  (C1  D12 Dk C 2 , D12C k ),Dcl  D11  D12 Dk D21.

(6.23)

Thus, synthesis problem of robust control in the form of (6.21) is concentrated in
determination of

X  and K  ( s) that satisfies to the inequality (6.22). To solve this
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problem, one can apply the known techniques, for example, offered by P. Ghainet and
P. Apkarian [11].
The results of simulation of satellite angular motion under the action of robust

Н  -control taking into account external disturbances and uncertainties of moments of
inertia are given in the figures below. To evaluate the effectiveness of the developed
robust control there is conducted a comparison of the results of its work with results
obtained for the linear-quadratic regulator ( Н 2 - control).
Fig. 6.7 shows the graphs of changes of some components of quaternion with
time under the action of

Н 2 - control (green line) and robust Н  - control (red line),

that is used for compensation of external gravitational and magnetic disturbances
caused by the influence of constant residual magnetic moment of the value

m  [0.2; - 0.06; 0.01] А  m 2 .

Fig. 6.7. Change of components of quaternion in case of using

Н 2 - and Н  - control

Source: own elaboration

It is seen from Fig. 6.7 that the effectiveness of

Н  - control relative to the

compensation of external disturbances is higher in comparison with

Н 2 - control.

Furthermore, the use of Н  - control allows to achieve the required orientation of
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satellite with the accuracy of order 10 4 during 12 seconds, while using of

Н2 -

control for this 17 seconds are required.
Fig. 6.8 shows the graphs of changes of some components of quaternion with
time under the action of

Н 2 - control and robust Н  - control taking into account

external gravitational, magnetic disturbances and disturbances caused by the inertia
moments uncertainties of satellite (red line) and graphs of changes of some
components of quaternion with time under the action of

Н 2 - control and robust Н  -

control without account of the disturbances caused by the inertia moments
uncertainties of satellite (blue line). For the numerical calculations there is accepted
that the value of variations of moments of inertia from its nominal values is

J  [-10%J x ; 10%J y ; - 10%J z ] . The Fig. 6.8 show that inertia moments
uncertainties does not affect the efficiency of the of

Н  - control in comparison with

Н 2 - control.

Fig. 6.8. Change of the component

q2

of quaternion in case of using the
control

Source: own elaboration

Н 2 - and Н  -
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THE LINEAR ATTITUDE CONTROL THAT IS TOLERANT TO THE FAULTS OF
ACTUATORS

For the development of control that is tolerant to the actuators faults of the satellite it is
proposed to use

Н  - control, the reliability of which will be provided by keeping the

poles in a particular regions of the complex half-plane.
The basis for this assumption is the fact that the condition (6.19) can be regarded
as a condition of providing stability of control system to various disturbances. Imposing
in the synthesis of control the additional conditions on the pole placement of the
closed-loop control system will limit the value of

Н  -norm of system and the amount

of control in a certain range.
In this work the region of complex half-plane in the form of a disc
the origin in the point q and radius

f D (q, r ) with

r is used as the constraints on the pole

placement for closed loop system. Conditions on the pole placement within the area

f D (q, r ) are determined in the form of inequality:
 - rX

T
 qX  XA

qX  AX 
  0,
- rX 

X  0.

Based on the conditions of the existence of robust

(6.24)

H  -control for the system

described by equations (6.13), (6.16) we define the conditions of the existence of
robust

H  -control system described by equation (6.17):

H  -controller in the form (6.21) which provides stability of the system (6.17) to the
faults of actuators in the conditions of pole placement within the region

f D (q, r ) may

be determined in case of existence of matrices satisfying the inequalities (6.24) and
(6.22) respectively.
For the determination of matrices X , X  and

H  -controller in the form of (6.21)

it can be used one of the known methods, offered for example by M. Chilali and P.
Ghainet [12].
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The simulation results of satellite angular motion under the action of

Н  - control

with account of actuator faults are given in the figures below. To evaluate the
effectiveness of the developed robust control there is conducted a comparison of the
results of its work with results of work of

Н  - control synthesized without account of

actuator faults.
Fig. 6.9 shows the graphs of change of one component of quaternion with time
under the action of

Н  - control (red line) and Н  -control synthesized with account

of actuator faults and pole placement constraints (violet line) that is used for the
compensation of actuators effectiveness degradation on 30%.
As it is seen from Fig. 6.9

Н  - control (red line) and Н  - control synthesized

with account of actuator faults and pole placement constraints (violet line) allow to
compensate the change of effectiveness of actuators successively. However, from the
characters of the given graphs it can be noted that

Н  - control with pole placement

constraints provides better dynamical characteristics of the control system such as the
overshoot, in comparison with

Fig. 6.9. Change of

Н  - control.

q 2 - component of the quaternion in case of using the Н 
Н  - control with pole placement constraints
Source: own elaboration

- control and
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CONCLUSIONS

In this work the following main results was obtained:
1. Non-linear control with the feedback on the angular velocity and angular
position of small satellite for the maintaining of its orbital orientation in
conditions of unavailability of full measurement vector (unavailability of the
measurement of the gyro sensor) is developed. For precise determination of
satellite angular velocity and angular position it is developed the algorithm on
the basis of Kalman filter that uses the measurements of the angular position
sensors (sun sensors and magnetic sensor). For the improvement of accuracy
of given algorithm it is performed the tuning of matrix of system noise and
covariance matrix, as well as the initial rough estimate of the angular velocity
and the angular position of satellite on the basis of the angular position
sensor.
2. Robust linear

Н  - control for the maintenance of small satellite orbital

orientation in the conditions of influencing of external gravitational, magnetic
disturbances and disturbances caused by the uncertainties of satellite inertia
moments and actuator faults is developed.
3. Small satellite attitude control that is tolerant to the faults of actuators
(reaction wheels) is developed on the basis of

H  -control theory with the

restriction on the placement of poles in the specified region of complex plane.
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7
The Earth’s Remote Sensing for Exploration of
Mineral Resources of the Kyrgyz Republic

Exploration of mineral resources of Kyrgyzstan using satellite data is considered in
this paper. In now days due to modern aerial surveys and Earth’s sensing from space
complex cognition of the Earth’s surface and depths, natural resources forecasting,
and the environment state and variations study became real. The methods of remote
sensing opened wide prospects for geographic, geology-geophysical, hydrological,
soil, and landscape researches and predetermined the ways of thematic cartography
development. The results of the eastern Issyk-Kul geological researches are given

7.1.

INTRODUCTION

Remote sensing is the science of collection, processing, and interpretation of images
and respective data, obtained from satellites and aircraft, which record the interaction
between the matter and electromagnetic energy. Remote sensing images are used for
mineral resources exploration in two directions: 1) creation of geological map and a
map of breaks and fissures which localize ore deposits; 2) recognition of hydrothermal
variations of rocks on their spectral characteristics.
Remote Earth’s sensing (RES) — is the observation of the Earth’s surface by
aircraft and space means, equipped with different kinds of survey equipment. Working
range of the wavelengths received by the survey equipment makes from some shares
of a micrometer (visible optical radiation) to some meters (radio waves). Sensing
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methods can be passive, i.e. with using natural reflection or secondary thermal
radiation of objects on the Earth’s surface, stipulated by solar activity, and the active
ones — using stimulated radiation of objects, initiated by the artificial source of direct
action. RES data, obtained from the satellite, (S), are characterized by significant
dependence on the atmosphere transparency. Therefore, on satellites the multichannel equipment of passive and active types is used, recording electromagnetic
radiation in different ranges.
Space diagnostics is historically realized by spectral features. This circumstance
is connected with that that space images had small resolution capability. The multispectral survey of locations allowed solving problems not only of decipher of surveys
of small resolution capability, but also of the process automation, that is very important
at those volumes of information coming by communication channels from space.
Classification of spectral features acquired in our days industrial character. The
proposed technologies of data processing enter standard modules of software
environments (geoinformation systems). The peculiarity of these environments is that
that they have to be slaved under specific peculiarities of the environment of region
under study.

7.2.

HYPER-SPECTRAL IMAGING IN ENVIRONMENT MONITORING

It is known that for ecological monitoring of the environment a wide range of target
classes is needed for recognition of optico-spectral information during interpretation.
But limited number of spectral channels at survey, connected with the receiving
equipment technical parameters, poses a problem of space features dimension
optimization for the pointed classes selection.
For its correct solution the essential retrieval of spectral characteristics of objects
is needed. Then a stage of development of data processing algorithms, information
structurization, its storage and presentation follows.
On different spectral channels, each element, depending on its reflectivity, leaves
a unique spectral signature, which is also called the spectral reflection curve. Different
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materials are recognized by the general shape of the spectral curve, as well as the
location and brightness of the absorption bands. The reflection spectra of materials
whose composition is known are calculated in the laboratory, and then collected in a
library of spectra, which facilitates the analysis of hyperspectral images. In the public
domain there are several libraries containing the spectra of reflecting natural and
artificial materials. These libraries provide information that facilitates the interpretation
of hyper- and multispectral images.
Hyper-spectral images, like other spectral images, collect and process
information from the entire electromagnetic spectrum. Since the human eye sees
visible light in three bands (red, green and blue), the spectral image divides the
spectrum into many bands. This method of dividing the image in the bands can be
extended beyond the visible. Engineers develop sensors and processing systems to
provide such an opportunity for application in agriculture, mineralogy, physics and
observation. Hyper-spectral sensors remove objects using a large part of the
electromagnetic spectrum. Some objects leave unique "fingerprints" in all ranges of
the electromagnetic spectrum. These "fingerprints", known as spectral signatures and
allows you to identify the materials that make up the inspected object. For example, a
spectral signature for oil helps minerals find new oil fields.
Hyper-spectral imaging is a part of the methods class, which is usually called
spectral imaging or spectral analysis. Hyper-spectral imaging refers to the multispectral one. The difference between hyper- and multi-spectral imaging is sometimes
based on a random “number of fringes” or a measurement type, which suits for this
purpose. Multi-spectral imaging is divided with several images into discrete and some
narrow fringe. Being “discrete and some narrow” is a property that distinguishes the
multi-spectral imaging in the visible from the color photography. Multi-spectral sensor
can have many groups enveloping a spectrum from the visible to a long-wave infra-red
area of spectrum. Multi-spectral images do not generate a “spectrum” of the object.
The photo Landsat is an excellent example of multi-spectral images.
Hyper-spectral imaging divides narrow spectral fringes in continuous spectral
range and generates spectra of all pixels in the photo. Thus, the sensor with only 20
fringes can be also hyper-spectral when it envelopes a range from 500 to 700 nm with
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20 fringes each and 10 nm of width (while the sensor with 20 discrete fringes of the
cover VIS, NIR, SWIR, MWIR and LWIR will be considered as multi-spectral).

Fig. 7.1. Spectral graphs of different minerals (the dependence of reflection coefficients (vertical
axis) on the wave-length (horizontal axis))
Source: own elaboration

Projects in which hyper-spectral shots are used t solve the following tasks:


Object (object) detection: selecting an object from a variety of similar objects or
detecting objects that are smaller than the nominal pixel size.



Material Recognition: analysis of hyper-spectral images to identify unknown
materials. Drawing up of maps of materials with the indication of geographical
zones of their distribution.



Differentiation of materials: discrimination of materials with similar spectral
characteristics.



Surface display: Displays surface features that are not recognizable in other
images.
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Hyper-spectral images contain a huge amount of information, but it's not easy to
decipher them. For this, it is necessary to know exactly which characteristics of the
materials are determined, and how they correspond to the measurements performed
by the hyper-spectral sensor. Although the potential for hyper-spectral shots is
enormous, the following aspects should be considered when analyzing / processing
these unique images:


Precise corrections (correction factors) for atmospheric conditions



Availability of spectral libraries



Mixing spectra

Studies related to the use of high-resolution spectral images for various tasks in the
field of mapping of earth resources and the state of the environment, and risk
monitoring have been conducted for two decades. Analysis of hyper-spectral images
has become one of the most effective and rapidly developing remote sensing
techniques. Today, hyperspectral images, unlike other remote sensing data, allow us
to extract more accurate and detailed information.
Data from multiple channels on the spectra of reflecting objects on the earth's
surface provide extensive material for detailed analysis. Among the next-generation
optical sensors, hyperspectral sensors will have an important role to play. The
successful use of such devices is determined by the ability to detect small changes in
the spectral properties of one or more displayed objects and the integrity of the sensor
calibration process.
These requirements helped improve the signal-to-noise ratio, system stability and
levels of controlled spectral and radiometric calibration. As new sensors supply more
and more hyperspectral images and new image processing algorithms are being
developed, hyperspectral images will in the future become an effective tool for
scientific research, mineral exploration and monitoring of natural resources and their
sustainable development.
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SATELLITE IMAGES

Space images from the ASTER device are delivered in the HDF EOS format, which is
a special case of the HDF format (hierarchical data format), designed to store complex
and voluminous scientific research data. The main advantage of the HDF format is
that it supports the ability to display structures that subordinate storage in additional
metadata structures.
Data structure of ASTER HDF EOS format is presented in Fig. 7.2. The
"metadata" block contains information about the structure of a particular file. Block
"spectral data of channel i» contains all information regarding a particular spectral
channel: metadata, coordinates of reference points, actually measured data and the
data relating to the orbital parameters of the satellite carrier.

Fig. 7.2. The ASTER HDF EOS satellite image data structure
Source: own elaboration

With each polygon object, the signal intensity value of the corresponding pixel is
related, i.e., the multilayer functional layer has an attribute in which the signal intensity
values for the individual spectral channel are stored. The representation of objects,
unlike the raster representation of space images, expands the possibilities of their
work. A polygonal object occupies a certain area in two-dimensional space, within
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which it has some functional (computational) "rights". In the case of raster
representation, a separate spectral channel of the satellite image is given in the form
of a raster image, and the set of several spectral channels is in the form of a
synthesized raster image. Raster images in GIS are considered as objects consisting
of a set of elements (pixels), which, however, as objects are not considered. The
bitmap pixel "does not know" its position in space. Fig. 7.3 shows the general
algorithm for importing space image data from ASTER format HDF EOS. The
coordinates of the control points allow to automatically "tie" the image of the satellite to
the map of the territory.

Fig. 7.3. Algorithm for importing the ASTER HDF EOS satellite image into GIS
Source: own elaboration

To do this, based on the metadata, coordinates of the reference points and matrix of
grid nodes, the coordinates of the polygonal objects for an individual spectral channel
are calculated. Based on the data of the signal matrix and the radiometric correction
matrix, the true values of the signal intensity for all the pixels of the individual channel
are calculated. For each spectral channel, a separate layer of polygonal objects is
generated based on the calculated coordinates of the polygonal objects and the true
values of the signal intensity. Then all polygonal layers with the help of special
functions of spatial analysis (intersection, merging) are combined into a single layer of
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polygonal objects. Each polygon object of the combined layer has the signal intensity
value of all those spectral channels (polygonal layers) that were used to create this
combined layer. The developed procedure for importing space images into GIS can
also be used for images of other space systems, for example, Landsat. Fig. 7.4 shows
the algorithm for importing Landsat GeoTIFF space images into a merged layer of
polygonal objects. Since Landsat satellite images of the GeoTIFF format are "tied" and
do not require radiometric correction of the signal, the algorithm does not have the
corresponding stages of calculating coordinates and correcting the signal.

Fig. 7.4. Algorithm for importing Landsat GeoTIFF space images into GIS
Source: own elaboration

In Fig. 7.5 and 7.6 are illustrations showing successive stages of the procedure for
importing ASTER HDF EOS satellite images into the layers of polygon GIS objects.
The structure of the combined layer, which is shown in Fig. 7.6, and the attributive
table corresponding to it in the GIS are shown in Fig. 7.7 and 7.8 respectively.

Fig. 7.5. The relationship of individual layers of polygonal objects of VNIR spectral channels:
individual layers of polygonal objects for the spectral channels Band1, Band2
and Band3N, respectively
Source: own elaboration
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Fig. 7.6. Formation of a combined layer of polygonal objects of VNIR spectral channels on the
background of separate layers:
individual layers of polygonal objects; Merged
layer of polygon object
Source: own elaboration

Fig. 7.7. The structure of the combined layer of VNIR spectral channels
Source: own elaboration

Fig. 7.8. Attributive table of the combined layer of polygonal objects of spectral channels of the
range SWIR
Source: own elaboration

116

Varia Informatica 2017

7.4.

REMOTE SENSING FOR MINERALS EXPLORING

Remote sensing is basically used for minerals exploring, especially concerning
regional outlining, local destructions representation, which can manage separate ore
sites, for detection of hydro-thermal variations of rocks connected with ore deposits,
and for presentation of the main geological data. To study mineral resources of the
eastern part of Issyk-Kul lake different digital procedures of images processing were
used as ratioing, PC. ETM + spectrum 3 (Band3) ratio to spectrum 1 (Band 1) (3/1)
results in dark-gray or light-gray color of major part of the area, that corresponds to
zones of significant hematite (red iron ore) variation. Spectral range of weathered iron
minerals has weak reflections in a blue area (Band 1) and significant reflection
capability in a red area (group 3), so high value of ratio 3/1 can be used for ferric
oxide. Coefficient 4/2 is similar to 3/1, but appeared light areas are shifted. This can
be explained by available vegetation or organic materials.
Absorption is stipulated by the fact that the kaolinite, montmorillonite, and clay
minerals result in a low reflection in range 7 and in a high reflection in range 5. Thus,
the correlation of spectra 5/7 has bright inscriptions for clay minerals. Not changed
rocks in bands 5 and 7 are identical on brightness. This brightness is equal in one
case to ratio of image for black minerals; the best ratio of spectrum is 5/4.
For making the map of lithologic and hydrothermal variations the ratios of images
fringes were used in this research. They were obtained by division of digital number
(DN) in one group into respective DN in other group for every pixel, stretching a
resulting value for building new values in a view of image. This method is used in
order to retrieve spectral information from multi-spectral patterns. Color composition of
ratio of spectra 3/1, 5/7, 3/5 (RGB) expresses the most geological information and
provides higher contrast between blocks than usual color images (Fig. 7.9).
Red color in Fig. 7.10 is presented by tuf (light, cemented, porous mountain rock),
while a rose color is presented by Madhala basalt. Limestone appears in a greenish
color.
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Fig. 7.9. Color composition of ratio of spectra 3/1, 5/7 and 3/5, obtained from Landsat ETM +,
expressing basic geological formations
Source: own elaboration

Fig. 7.10. Ratio of spectra 5/3, 3/1, and 7/5 for obtaining general lithological information
Source: own elaboration
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Table 7.1. Possible combinations of spectra ratios for geological analyzing
Ratio
5/7
3/1
1/2, 2/1
3/1, 3/2
4/1, 4/2
3/4
7/5
5/7

Description
Enhances rocks rich with Al-OH
Enhances hydrothermal and red ferric oxides
Enhances suspended sediments and stones rich with ferric oxides
Enhances vegetation and water objects
Enhances vegetation and water objects
Enhances the barren land and urban areas
Enhances rich clay rocks
Enhances ferric oxides

The ratio of images to increase the spectral contrasts between the bands considered
in the distribution and is successfully used in mapping hydrothermal zones (Tab. 7.1).
Using theoretical knowledge about the spectral properties of the main rocks and
minerals, TM bands 3/1 and 5/7 were chosen for iron oxides and hydroxyl bearing
minerals, respectively. While the ratio of the 5/4 bands was calculated to increase the
possible black oxides.
Based on the above mentioned spectral features of iron and hydroxyl bearing
mineral resources, which are rich in hydrothermally altered rocks, are used to obtain
images of false colors using composite composites of bands 5/7, 5/4 and 3/1 in R, G
and B, respectively (Fig. 7.11 a).
Another composite image ratio was obtained using the bands 5/7, 3/1 and 4/3 in
R, G and B, respectively (Fig. 7.11 b). Although this combination of image ratios
seems to be quite different from the previous one, the end result remains the same,
thus confirming the previous conclusion. Surface control of the data from the
described areas of wall-mounted altered rocks revealed the existence of a quartz
stockwork that contains gold and non-ferrous sulphide mineralization metals. Fig. 7.12
shows that the spectral profiles of the two relationships are mirrored.
After obtaining the transformed images they are superimposed on electronic
geological map for further analysis.
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(b)

Fig. 7.11. The image of the relations obtained with the help of the following combinations of
spectra: (5/7), (3/1) and (4/3) in R, G and B, respectively (a). The image of the relations
obtained with the help of the following combinations of spectra: (5/7), (5/4) and (3/1) in R, G and
B, respectively (b)
Source: own elaboration

Fig. 7.12. The spectral profiles of the images of the ratios (5/7), (5/4), (3/1) and (5/7), (3/1), (4/3)
Source: own elaboration

As a result of the color composition of the ratio of the spectra of 3/1, 5/7, 3/5 images
from remote sensing, three main geologic formations were obtained in shades of
green, red, pink shades that correspond to certain segments of the electronic map
(Fig. 7.13).
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Fig. 7.13. Superposition of spectral image on a geological map
Source: own elaboration
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8
Mathematical and Computer Modeling of Spillway
Medeu

A mathematical and computer-based model of the Medeu dam is considered in this
chapter. The features of solidification of the solid phase of mudflow are given and the
necessity of automation of spillway management processes is reasoned by different
important factors. As the result, the SCADA system is described as a system of
controlling valves of the spillway Medeu.

8.1.

INTRODUCTION

In the designing, construction and study of hydraulic structures, the main factors are
the radius of the shaft, flow coefficient, capacity and volume, the magnitudes of the
channel, the structure of the vortex and its intersection with collective mine, the
kinematic characteristics of flow. In order to get an adequate computing and drawing
scheme for engineers and designers, it is used literatures about calculating high-flow
hydraulic structures.
However, in the works of American scientist-hydraulic D. F. Kennedy since the
80-s of the 20th century except simple literature data was also used computer
methods of data or information searching. In turn, this method showed that the
capabilities of computers are insufficiently used in experiments and research works. In
searching for more rational construction of spillway structures it is important to pay
attention to the hydrological situation of the river, topographic and engineering-
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geological structure of the riverbed, the properties of the materials used in the
construction of the reservoir. In addition, factors such as the profitability of
construction, convenience of operation mode of hydrological object and its strength,
the volume of capital consumption for the construction play an important role.
Below are the easy requirements for construction of spillway mines:


The earthly soil of the surrounding area should be high and gorges should not
require spending large amounts for the construction of spillway construction of
other types.



The area should be convenient for the construction of ring water drop.



The basis of the reservoir should be construction distributor of water.



The reservoir of the dam should be built with local materials.

A simple spillway mines require that the size of water receiving part should be big, but
vortex spillway mine requires smaller water receiving part. During construction of
spillway structures of Medeu reservoir against mudflow, these requirements played a
major role. Here water-receiving part was designed as tunnel that will turn the
direction of water, but in the beginning it was projected as spiral vortex. At the end, to
this construction was given the name spillway mine vortex with tangential vortex (Fig.
8.1).

Fig. 8.1. Spillways of Medeu reservoir and 3-dimensional structure of a curved tangential vortex
Source: own elaboration

Also, when the spillway has a tangential turning capacity will be less than that of the
spillway with a spiral chamber. However, during construction of spillway of Medeu
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reservoir it was indicated upper limit of the tangential vortex. Below given a table of
values with capability of spillway vortex mines with whirls of different types (Tab. 8.1).

Table 8.1. Technical description of spillway vortex mines
Name of the
facility
Narni, French
Kurban, French
Groto Camporano,
Italy
Milwaukee, USA

Type of
the vortex
C
C
C

d,
m
6.0
7.31
4.5

Q,
m3/s
180.0
140.0
100.0

H,
m
30.0
107.0
40.2

Appointment

D

4.54

94.0

7.15

Montemaggiore,
Italy
Quito, Ecuador

C

3.5

59.0

27.2

Turning storm
sewer
Spillway

C

4.0

49.5

21.3

Paris, French

B

2.83

4.5

30.2

Pittsburgh, USA

A

0.21

1.98

2.74

Lima, Peru

B

3.0

51.0

15.2

Spillway
Spillway
Spillway

Turning storm
sewer
Turning storm
sewer
Turning storm
sewer
Turning storm
sewer
Spillway of
mudflow

Medeu reservoir
D
3.5
30.0
120
against mudflow,
Kazakhstan
The reservoir in
C
1.6
30.0
8
Vortex slope
the Issyk lake
Note: A - round camera, B - spiral vortex, C – spiral camera, D – tangential vortex

Description of expenditure tangential vortices is low, but their superiority is compact.
This fact makes it possible to reduce the build time of Medeu reservoir and leads to
cost effectiveness.

8.2.

THE

MAIN DIFFERENTIAL EQUATION OF

MEDEU

RESERVOIR AGAINST

MUDFLOW PHASE

As a universal model in the hydraulic model is сconsidered model "contiuum". The
results of numerical simulations shown in the paper, here was used the general
equations of conservation of mass and momentum:
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The forces acting on the solid from the liquid are shown below:
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The results of the evaluation of the mode of operation of hydraulic structures of
practical importance was shown in this work. In this case, full movement system
changes to two differential equation system in closed form.
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The result of analyzing the equation (8.7) shows that the equation of the lifting phase
can be solved independently from the equations of motion of rigid bodies.
Three-dimensional computer model of the experimental vortex spillway - the
emergence of flow symmetrical relative to the axis in the initial caliber spillway mine.
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As an analogue, it is possible to consider the water in the bathroom leaking through
the hole. In the Fig. 8.2-8.4 this phenomenon is visualized in a circular vortex.

Fig. 8.2. Three-dimensional computer model of the experimental vortex spillway of S. Drioly and
his students

Fig. 8.3. Three-dimensional computer model of the circular vortex
Source: own elaboration
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Fig. 8.4. The flow of tangential vortex in Medeu reservoir against mudflow
Source: own elaboration

Further, in the cylindrical coordinate system, presented the equations of
continuity and tangential, axial components of the velocity vector:
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here, V1 ,V2 ,V3 | w  O1 and V1 ,V2 | EXIT  const .

8.3.

COMPUTER MODELING OF THE VORTEX WORK

During the analysis of the vortex flow uses the following computer methodology [1, 2].
These methods calculate the hydraulic regime of the flow inside the vortex. This
theoretical proposal restricts the operation of the spiral vortices. The kinematic forces
acting on the fluid particles and the scheme shown in Fig. 8.5.
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Fig. 8.5. The kinematic forces acting on the particles and the scheme
Source: own elaboration

Substituting equation Navier-Stokes:

  2u 1 u u 
u  2
h
u 
  g   2 
 2  ,
r r
r
r

r

r
r 


(8.10)

We get this equation. If you consider that the radial and the axis component of
velocity at uniform rotation is equal to zero, u    0, then:

2
g *r



h
,
r

(8.11)

It was experimentally shown that part of the circle of distribution law depends on:

 *rk  C .

(8.12)

By integrating, and height h = H, radius r = R

hH
here,
R – vortex radius,

C2
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 R 2k  r 2k

2k
 r


 ,


(8.13)
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H - the depth of the channel,
C - the intensity of the rotation,
V - the flow rate in the channel.

If k = 1 then this formula corresponds to the formula of the surface of an ideal
liquid in a stream. In practice, the surface tension of the vortex k = 0.8, but it depends
on the stickiness of the liquid. In some papers the range of changes in the values of k
are from

lg 2 gH  lg V
to 1.
R
lg
rk

By substituting values to formula (8.13):

hH

v 2  R 2k  r 2k

2 g * k  r 2 k


 ,


(8.14)

If n  0 , r  rB then:

H

v2
R
(( ) 2 k  1) ,
2 g * k rB

(8.15)

Then the transcendental equation for k can be obtained using the logarithm of the
equation (8.11):

ln 1  k
k

2 gH

R
ln
rB

2 ,

(8.16)

To determine the radial, axis and circular components of velocity, when r  R0 :

tg 
here, tg  w / u , tg  
Then,


g *r

dh
dr ,

(8.17)
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2
g *r

,

(8.18)

substituting the value of the circular component of velocity, radius and flow

u

Q
we get following:
2 *  * g * r 2( k 1)

w

c 2Q
,
2 *  * g * h * r 2( k 1)

(8.19)

Here, c - the intensity of the rotation.
So, to determine the u, v and w components of velocity we need to use (8.18)
and (8.19) formulas. The initial value of axis component of the velocity can be
calculated using following formula:

w0 

c 2Q
,
2 ( k 1)
2 *  * g * h0 * r0

(8.20)

From here, the axis component of the sliding velocity:

w  w0  m 2 g (h0  h) ,

(8.21)

Here, m – proportional coefficient.

m

Q  w0 ( R02  rb2
,
 ( R02  rb2 ) 2 gh0

(8.22)

Table 8.2. Calculations of the vortex, the different components of velocity
Radius

Height

Axis velocity

Radial velocity

0.110
0.106
0.101
0.097
0.092
0.088
0.083
0.079
0.074

0.032
0.031
0.029
0.026
0.024
0.021
0.018
0.014
0.009

0.029
0.036
0.046
0.059
0.079
0.110
0.160
0.260
0.470

0.081
0.084
0.088
0.092
0.097
0.101
0.107
0.113
0

Tangential
velocity
0.620
0.647
0.675
0.706
0.741
0.779
0.820
0.867
0.919
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These calculations play important role in the work of “Spillway”.

8.4.

THE

DESIGN PRINCIPLES OF GRAPHICAL ADDITIONS

“SPILWAY”

WORKPLACE AUTOMATION

In order to do engineering using computer simulation, we will analyze the different
types of 3D editors.

Fig. 8.6. Algorithm of 3D editors
Source: own elaboration

The algorithm of this process closely associated with the process of converting the
coordinates in writing form to graphical coordinates.
In our case, it is advantageous to use parametric method of spiral direct

 X  R cos 

 Y  R sin  ,
 Z  2 RZ '


(8.23)

YX
 ~
 X  X0 
,
2

~

Y  Y0  Z   (Y  X )

(8.24)
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here, X and Y are current coordinates of the graphical screen, there were shown the
initial coordinates respectively.

Fig. 8.7. Network where the calculated currents tangential vortex reservoir
Source: own elaboration

The last version of this vortex is shown in Fig. 8.8. Here you can see the
advantageous of the circle flow.

Fig. 8.8. The cut in the space of flow spillway
Source: own elaboration
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In countries such as USA, Germany and Peru circularly-vortex spillways are
widely distributed. Its upper part looks like a round bath. The main technical feature of
this technique is the axial symmetry.

8.5.

THREE-DIMENSIONAL

COMPUTER SIMULATION OF A SWAMP-ROCK

FLOW AT THE MEDEU MUDFLOW

Environment equipment 3D Studio Max gives you the opportunity to design in threedimensional space of the problem concerning hydraulics and experiments – Fig. 8.9.
After opening the program 3D Studio Max in the side panels inside the tab
"Standard Primitives" using various objects we will build the model of the reservoir –
Fig. 8.10-8.12.

Fig. 8.9. Graphical components of the circular vortex
Source: own elaboration
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Fig. 8.10. The initial model of the local landscape
Source: own elaboration

Fig. 8.11. Rendering of the mountain massif of Medeu landscape
Source: own elaboration

By simulating solid and liquid particles, we modeling the mudflow and see how the
spillway and the pond can be beneficial – Fig. 8.13. We only can make a threedimensional model of mudflow, because it is not possible to guess where the mudflow
will enter.
In the result, you can see two circulating streams, they can lower the energy of
the mass of mudflow, and gradually switch to stationary mode.
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Fig. 8.12. Rendering of a landscape
Source: own elaboration

Fig. 8.13. Location of mass of mudflow
Source: own elaboration

8.6.

THE FRACTAL TECHNOLOGY FOR VISUALIZATION COMPLEX SURFACE

In projects before these the technologies of complex plane visualization made up in
3ds Max. This is the vision of an object, for example: to take a picture of rough walls,
and a program that imports 3D into an editor. The video reference of modeling the
specific plane and it is carried out through the increasing and decreasing of
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roughness, and smoothing, sharpening it with help of 3D Max function [3].This brings
to the same level a modeling roughness plane with reference. This is an easy and
reliable method, which does not require a lot of laser measurements of volumes; also
it gives opportunity to take 3D plane of complex configuration in laboratory.
The technology of three-dimensional scanning of concrete walls in the new
method is important project for evaluation of hydraulic resistance of water. The fractal
landscape importance is not evaluated in association of hydraulic simulation of
channel processes with flood zones in physical three-dimensional editors which
conducted in the laboratory. But editors of 3D landscape design widely uses for virtual
animation of computer games and films’ landscape which based on 3D fractal
methods of landscape design with complex hemophilic landscape.
In briefly, the collection of points in the cloud Leica Cyclone leads to mode of
operation of 3D. When it comes to construction a transport connection, the view
relative to the horizontal, means creation of cartograms and counting of volume. To
take this results in first stage needs creating TIN plane. Features of the Cyclone Leica
software: it cannot visualize planes in Cyclone Leica, from that for analyzing plane
properties needs to export information to AutoCAD Civil 3D.
Therefore, in order to visualize the algorithm, it is necessary to perform the
following:
Step 1: Removing the scan point with help of Smooth Surface function.
Step 2: Create a TIN surface.
Step 3: Civil 3D to accelerate the work will need to be pressured by rarefaction.
Step 4: Export the plane to LandXML.
Step 5: Import LandXML to Civil 3D.

According to Leica Cyclone and AutoCAD Civil 3D, the creation of cross-section of
solid points programs has a number of features of the algorithm [7] and it depends on
the management of construction of buildings and geometrical structures in the
scanning mode of tachometry.
In this case, the algorithm of operation is simple: survey, unification and cloud
points measurement. But according to an experienced builder in this case, more
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important, the actual volume than the correct geometry. Moreover, the description of
the terrain and the accuracy of the geometry are important in determining the zone of
flooding of buildings.
Object procedure allows determining the amount of standard software Leica
Cyclone, for example, road construction. The algorithm for calculating the objects
volume is much more complicated (for example, such as a stand). In Leica Cyclone
software (cylinder, parallelepiped triangular), suitable for measuring the volume and
creation of solid for simple cross-section, and for the complex surface Leica Cyclone
cannot create a complex configuration of solid.
To prevent the above difficulties for creation of cross-section in program software
Leica Cyclone, to create solid with complex configuration in AutoCAD Civil 3D it is
necessary to perform the following algorithms:
Step 1:

Create the Leica Cyclone software along the axis of the project;

Step 2:

Direct the Z-axis perpendicular to the longitudinal axis of the coordinate
system;

Step 3:

Divide the object into two parts, passed through the points of the plane with
the longitudinal axis of the cloud;

Step 4:

Create and link them to each part of the section;

Step 5:

Export the section to AutoCAD ;

Step 6:

Create a solidity AutoCAD section.

As mentioned above, the main problem to create technology for importing threedimensional object Bryce 7 to 3D fractal editor [14]. Its configuration in AutoCAD is
installed. The Landscape Fractal Editor does not have an option, but installed a list of
objects for the editor of a complex configuration, for example, rocks, trees, fog, and so
on. But, in AutoCAD there are not standard libraries and extensions. It is originally
associated with futuristic landscapes to 3D modeling in computer games of program
software Bryce 7.
The technology consists of 7 steps for importing a complex configuration of
extraneous objects in the Bryce editor [4].
In the author's works [4, 5], it is shown imaging technology composite plain in
3DS MAX. The feature of rendering is that the object, for example, the uneven edge is
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removed on the picture, and then imported into three-dimensional editor. Simulation of
the exact plain uses the video standard and a function of 3ds Max in order to increase
or decrease the roughness peaks, to smooth the roughness, or vice versa [5].
Equalize the degree of roughness peaks with the etalon, using this. This method is
easy and proven, does not require large laser sizes and gives you the opportunity to
take a 3D plain complex configuration in a lab.
To determine the modulus of area irrigation in the initial stages of landscape
tasks can use 3ds Max, but to build complex computer modeling landscape goals
need to use a specialized three-dimensional fractal editors. The results is shown in
Fig. 8.14 and 8.15.

Fig. 8.14. Integrated in Bryce-7 before rendering
Source: own elaboration
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Fig. 8.15. The reference body after rendering in Bruce-7
Source: own elaboration

8.7.

AUTOMATED

SYSTEM CONTROL OF THE PROCESS OF BLOWING THE

TOP WATER RESERVOIR MEDEU

The popularity of management development due to the rapid trends in the modern
system of the microcontroller the connection of the object with a computer and
despierto in the SCADA system. Modern software and hardware devices available and
new information and telecommunication technologies also software products of
popular firms to control the hydraulic trends give the possibility to build relatively
cheap CONTROL information system [6].
Mostly closely combine such processes with automated control, as they enable to
reduce costs, such as environmental and socio-cultural in technogenic emergency
situations. Emergency case of debris flow in the circumference of the Medeu valley in
1973 led to the loss of flow safes, and to restore the required large amounts of capital,
increasing the volume of flow storage, and the new structure of the water faucet. But
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for obvious reasons needed a new update the structure of the water tap, also a
method of management in cases of flow.
Modern sensors and SCADA system is the basis in the control system of
automated processes in flow store and water tap. As practice shows, in this way there
is a big future in development of process water use and process watering.
As it was mentioned above, the flow is a very fast process and has the following
levels that need automated and accurate order:


loss of flow mass;



concentration of liquid and strong phase in a stream in which stones and marshes
are mixed;



the level of distribution of large stones in the field of flow storage;



weight and measurability description of flow for evaluation of deposition time in the
flow storage and for statutory of phases;



evaluate the level of upper-water radiation and determine the influence of
measured particles to the destruction of concrete walls of water drainage;



in hydraulic engineering a widely used method of manually adjustment;



the design of hydraulic gates that have manual mechanical drives;



level measuring and analog screwdrivers for calculating the flow loss;



visually monitor the radiation of the water of the river, which appeared from large
and sucking stones.

Reducing of the technological order by measurement with small accuracy,
incorrect measurement of the loss of flow, which leads to the destruction of the
streams, errors of measurement of phase mass and others affected to the appearance
and increase of debris in the walls of swimming pools. Consequently, this leads to a
decrease in the water level, to a decrease in the conductivity in the channels.
In the method that we are considering, in the management of technological
processes the use of water will increase the non-product loss of water, pools, a
reservoir for water, a water tap.
Therefore, in the calculation, recommended concepts of introducing an
automation environment that are able to use the useful properties of hydraulic
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engineering and the hierarchical control of the three-dimensional value in the
measurement.
The control system of blowing the top water reservoir Medeu can be divided into
three levels of management. The first level consists of sensors and devices for
monitoring process parameters, also, from the operating mechanisms and tuned
devices.
New methods of control the following devices, sensors and tools for first degree
were considered and optimized based on the following criteria:


Direct control of the lifting mechanism, hydraulic flat gate with asynchronous
motor.



Convenient methods to control losses for varying degrees of opening of the valve.



Vector control of induction motor lifting mechanism.



Ultrasonic measurement of the degree.



The laser sensor light source of the river flow.



Temperature sensors, color loss, pressure.

The second level is a modern microcontroller device that collect analog data from the
middle levels of the sensors and mechanisms of the first degree, as well as the ability
to analyze and control mechanism on selected criteria.
A hardware / software controller SIMATIC S7-300 manufactured by Siemens
company is used in a non-standard cases where the algorithm, a suitable
mathematical model that can output the control signals [4, 7, 8].
The third level of management (SCADA) gives the possibility of constructing an
intellectually automated desktop for engineers and hydrologists (AWS) and is used a
modern microcontroller as the circuitry also uses a separate computer in order to
monitor and dispathcing.
The devices give opportunity to the execution of the control of the operation of
lifting device with a water flow gate, opportunity to control the main dynamic
descriptions of the physico-technical traditions, opportunity to show the basic water
flow structure and mode of operation in a graphical form to the screen display, Small
Almaty gives opportunity to design a discharge phase, which affects to its tailrace and
to warn about unplanned situations.
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The third level automation system can make integration into the analysis system
in the Medeu pool flow position and allows you to control all the parameters of this
method. At work in the level of the initial project for the stratification of the descent of
phase particles that affect to the lower reaches of the Little Almaty River and for
security a test device is made that easily solves the problems of building control
information systems of the first, second and third levels.
Based on the research, recommended the automation of workplaces for the
control of hydrotechnical construction in the Medeu pool. The functional scheme of the
projected "water drain" control information systems is shown in Fig. 8.16.
As we see, the list of questionnaires of the OPC-server configuration, which
connects the controllers in the video control loop, the sensors that estimate the
radiation levels of maintaining the influential phases in the storage stream and the
entrance gate of the water drain portal, the kinematic flow parameters in the elements
of the water drain structure are set up at the locations of the server drives, which are
confided by control information systems. This method will change the conceptual
method of water drain regime in the Medeu pool and needs:


Install a customizable metal gate.



Update the materials that we use to use the entrance portal of water drain in the
Medeu pool.



Use finance to update the construction management system to protect the city
from the flow.

Fig. 8.16. The functional scheme of the "water drain" control information systems in Medeu pool
Source: own elaboration
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The system of automated control of the flow conservation in the Medeu pool using the
tuned gates, sensors and dispatching system, will qualitatively change the
management and reception of this structure. The system for automating the drainage
of water in the surface of a weighted medium in an operational and catastrophic mode
in a catastrophic situation makes it possible to make a useful decision in an online
mode. This method actively ensures the safety of flows in the city of Almaty and its
villages and provides innovative security.

8.8.

CONCLUSION

So, the heterogeneous mudflow mass moving in Medeo dam spillway is a complex
movement of multiphase environment, which consists from water, stones, clay, rocky
soil, etc. Addition of the effective viscosity by Boussinesq coefficient allows getting rid
of problem of moving mudflow to simplified Navier-Stokes equations. In this case the
concentration of solid phase where viscosity of carried phase is considered on 10-30
percentage upper water viscosity. It allows take into account the influence of solid
phase to changing of water flow in spillway shaft. Severe abrasion wear of shaft
concrete surface related with presence in carried environment the split granite, stones,
gravel and sand can lead to divergence geometrical parameters of HTC and initiation
some of risks for spillway.
Operating experience spillways in mode of surface water release of catastrophic
mudslide in 1973 showed that there was a "blockage" spillway shafts and "draining" of
mudflow storage reservoir carried out through the top of the dam only after 3-4 days,
after delivery of powerful pumps and spillway setting up. During this time, the firm
phase had time to settle to the bottom of mudflow storage reservoir, and a pump is
pump out the water with low concentration of sand.
The proposed method of surface water release via Medeo dam spillway allows
continuous increasing the escape water quantity mass up 3-5m3/s. This will provide
secure mode of surface water release of mudflow that stopped in mudflow storage
reservoir for 3-4 days after mudflow avalanching. Conducted research changes the
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conceptual approach to Medeo dam spillway exploitation. This requires regulated
metal settle seals and updating existing directory materials by exploitation intake
portals of Medeo dam spillways.
The use of automated control system with regulated seals and appropriate sensor
during surface water seals of carried environment of Medeo mudflow storage
reservoir, allows increasing security of Medeo dam and keeping unique nature
boundary.
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9
Simulation Systems

The chapter considers the basic paradigms of simulation modeling such as agent
based modeling, system dynamics and discrete-event modeling. Also a brief overview
of modern simulation tools is given.

9.1.

INTRODUCTION

Modeling is a method of solving a problem in which the system under investigation is
replaced by a simpler equivalent object called a model.
Modeling is used in cases when experiments on a real system are performed
either impossible or impractical for the following reasons: for example, because of the
high cost of physical realization or because of the duration of the experiment in real
time, etc.
There is physical and mathematical modeling. An example of a physical model is
a reduced copy of an airplane blown in a stream of air. When using mathematical
modeling, the behavior of the system is described by means of formulas. A special
kind of mathematical models are imitation models.
The simulation model (Fig. 9.1) is a model that describes the structure of the
system under study and its real time behavior. The simulation model allows you to
obtain detailed statistics on various aspects of the system's operation, depending on
the input data combination.
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Fig. 9.1. Simulation model
Source: own elaboration

Simulation modeling of the system is a preferable form of research in comparison with
the implementation of a physical experiment for the following objective reasons:


Cost. The implementation of a physical experiment, as a rule, requires large
expenditures in comparison with the simulation model.



Time. In reality, to assess the effectiveness, for example, of a new distribution
network or a modified warehouse structure, it is possible only in months or even
years. The simulation model allows you to determine the optimality of such
changes within minutes required for the experiment.



Repeatability. Modern life requires organizations to react quickly to changes in
the market situation. For example, the forecast of the volume of demand for
products should be drawn up on time, and its changes are critical. Using the
simulation model, you can conduct an unlimited number of experiments with
different parameters to determine the best option.



Accuracy. Traditional mathematical calculation methods require a high degree of
abstraction and do not take into account important details. Simulation modeling
allows us to describe the structure of the system and its processes in a natural
way, without resorting to the use of formulas and strict mathematical
dependencies.



Visibility. The simulation model has the ability to visualize the process of the
system's operation in time, to schematically specify its structure and output the
results in a graphical form. This allows you to visually present the solution and
bring the ideas embedded in it to the client and colleagues.
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Versatility. Simulation modeling allows solving problems in various spheres of
human activity: production, logistics, finance, healthcare, military industry, biology,
etc.

Fig. 9.2. Role of simulation paradigm

In each case, the model simulates, reproduces, real life and allows you to conduct a
wide range of experiments without affecting real objects, and therefore without any
real consequences.

9.2.

SIMULATION SYSTEM PARAGIGMS

At present, in modeling simulation, three main approaches and paradigms (Fig. 9.3)
can be distinguished:


System dynamics;



Discrete-event modeling;



Agent based modeling.
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Fig. 9.3. Types of simulation

The first two approaches are traditional methods of simulation, which appeared in the
50-60's. Agent modeling is a relatively new method, which received wide practical
distribution only after 2000, but has already found wide application. System dynamics
and discrete-event modeling consider the system from the top down, working on the
so-called system level. Agent modeling is a bottom-up approach: the creator of the
model focuses on the behavior of individual objects.
If we consider the essence and orientation of these methods, the system
dynamics presupposes a high level of abstraction and is used mainly for strategic level
tasks.
The discrete-event (process-oriented) approach is used mainly at the operational
and tactical level.
The spectrum of application of agent models includes tasks of any level of
abstraction: the agent can represent the company in the market, the buyer, the
project, the idea, the vehicle, the pedestrian, the robot, etc.
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The essence of modeling is abstraction and simplification, and the optimal level of
abstraction and the level of simplification (detailing) depend specifically on the
problem being solved, and not on the simulation tool.
It is possible to use system dynamics to simulate the behavior of stand-alone
entities, but there is no need to introduce an additional level of abstraction and
relevant assumptions, since agent-based modeling can be used?
Conversely, there is no need to use discrete-event modeling for continuous
regularities when there is system dynamics. In other words, in those cases:


When individual object data is available, use agent modeling



When the system can be described as a process, discrete-event modeling



When there is information only about global dependencies - apply system
dynamics



When the system has all of these features - combine various methods of
simulation.

9.3.

AGENT BASED MODELING

From the point of view of practical application, agent modeling can be defined as a
method of simulation modeling that examines the behavior of decentralized agents
and how this behavior determines the behavior of the entire system as a whole. When
developing the agent model, the engineer enters the parameters of the agents (this
can be people, companies, assets, projects, vehicles, cities, animals, etc.), determines
their behavior, places them in an environment, establishes possible connections, after
Which triggers the simulation. The individual behavior of each agent forms the global
behavior of the modeled system
An agent is a hardware or software entity that can act in the interest of achieving
the goals set by the user. Agents are described by a number of properties that
characterize the concept of an agent:


reactivity - the property of the agent to adequately react to changes in the
environment;

150



Varia Informatica 2017

autonomy - the agent works as an independent program, regardless of the owner
performing the actions to achieve the goals;



adaptivity - the agent has the ability to learn and develop their knowledge;



collaborative behavior - an agent can interact with other agents in several ways,
for example, acting as a provider and / or consumer of information;



activity (pro-activity) - the ability to generate goals and perform actions to achieve
goals;



communicative ability ("knowledge-level" communication ability) - the ability of
agents to communicate with each other, and in a language more reminiscent of
human "conversational acts" than the symbolic software protocols;



inferential capability - agents may have partial knowledge or withdrawal
mechanisms, such as knowledge of how to bring data from different sources to the
same species.

Agents can specialize in a particular subject area. In accordance with their properties,
individual agents can be characterized by their own:


goals,



beliefs,



desires,



commitments,



and intentions before other agents.

The term "multi-agent systems" (MAC) is used to refer to systems consisting of a
number of autonomous agents that interact with each other (Fig. 9.4). In such
systems, agent interaction is implemented by a platform that ensures their
asynchronous operation. It is customary to distinguish three main classes of
architectures:


deliberative (deliberative);



reactive;



hybrid.

To date, commercial companies and government organizations have accumulated a
huge amount of data in their CRM, ERP and HR databases, but these data are still
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very poorly used. Agent modeling is a natural way to use this data and make it work.
Since agent models are object-oriented, they can be a population.

Fig. 9.4. Agent based modeling

The agent models used in practice are very diverse, but there are some "patterns" for
modeling agent systems that simplify the creation of the model:


Standard architecture



Agent synchronization ("steps")



Status (continuous or discrete), mobility and animation



Agent communications (networks, for example social) and communication



Dynamic creation and destruction of agents
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DISCRETE-EVENT MODELING

To analyze the processes taking place in the world, sometimes it is convenient to
consider them as a sequence of separate important moments - events. The approach
to the construction of simulation models, suggesting to present real actions by such
events is called discrete event modeling.
The term "discrete event modeling", however, is usually used in a narrower sense
to mean "process" modeling, where the dynamics of the system is represented as a
sequence of operations (arrival, delay, resource capture, separation, ...) over certain
entities (entities, In Russian - transactions, applications) representing customers,
documents, calls, data packets, vehicles, etc. These entities are passive, they do not
control their dynamics themselves, but they can have certain attributes that affect the
process of their processing (for example, the type of call, complexity of work) or
accumulating statistics (total waiting time, cost). Process modeling is used at the
middle or low level of abstraction: each object is modeled individually, as a separate
entity, but many details of the "physical level" (geometry, acceleration / deceleration)
are omitted. This approach is widely used in modeling business processes,
production, logistics, health, etc.

Fig. 9.5. Discrete-event simulation

If the simulated system is complex, it makes sense to break its model into components
(subprocesses). You can define the inputs and outputs from the subprocess, place
them on the external interface of the object, and hide its implementation. At the upper
level you will operate with such objects as blocks, connecting their inputs and outputs.
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You can create multiple instances of an object with different parameters, including in
other projects.
The Process Modeling Library is tightly integrated with the AnyLogic animation
tools and allows you to animate processes of any complexity, including hierarchical
and with several 2D or 3D perspectives. For example, you can look at the production
process globally, visualizing only high-level processes, or you can animate specific
operations in detail.

9.5.

SYSTEM DYNAMICS

System dynamics is a method for studying complex systems that are subject to
change over time. Modeling takes into account the cause-effect relationships between
the elements of the system, special attention is given to the feedback between them
(Fig. 9.6). At the heart of system dynamics lies the assertion that the structure of the
system predetermines its behavior. Those, after the model is built, you can make a
simulation of numerical indicators, which in the form of a graph or table will show the
behavior of the system. At the same time, a very important point is that the model not
only has to reproduce the behavior of the system in real conditions, but to do this on
the basis of the same reasons that exist in reality. Models in system dynamics can be
divided into conceptual (qualitative) and quantitative (with the possibility of simulating
numeric indicators).
The conceptual model shows the structure of the problem and how one element
of the system depends on the other. There are two forms of relationship (polarity)
between two variables: positive and negative.
System dynamics is mainly used in long-term, strategic models and takes a high
level of abstraction. People, products, events and other discrete elements are
represented in the System Dynamics models not as separate elements, but as a
system as a whole. Thus, system dynamics as a method allows to take into account
the fundamental interrelations between the elements of the system, the time delays in
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the dynamics of its development, which helps to more structurally look at complex
problems and ways of their solution.

Fig. 9.6. System dynamics modeling process

9.6.

SIMULATION TOOLS

To build a simulation model, you can use universal programming languages, such as
C or C ++, or use the simulation packages (Fig. 9.7). A comparison of the advantages
of these two approaches is given in [2]. It is clear that in order to solve the problem of
investigating distributed AIS, when it is necessary to describe a variety of devices and
subsystems, to derive a variety of statistics of work on interesting parts of the model,
and also to repeatedly change the parameters of blocks (devices) for conducting
simulation experiments, it is expedient to use simulation packages in which
Implemented the necessary functionality.
In the process of evolution of simulation tools, many software packages have now
appeared, which usually use objects, properties, queues and resources in the model
structure.
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Fig. 9.7. Basic concepts and instrumental solutions of simulation modeling

These packages are divided into two main types: object-oriented modeling programs
(model building with the help of a graphical interface) and simulation languages
(writing program code). Among the whole variety of software solutions, the most
interesting are GPSS World, Extend, Arena, Simulink.
GPSS World is a general-purpose computer simulation environment that allows
you to describe a model in the language of GPSS, submit the characteristics of the
system to the input, and obtain statistics on the results of the experiments at the
output. GPSS World is a very flexible tool that can be adjusted to any task thanks to
the work directly with the program code. The system also has rich functionality for
building reports and outputting statistical data.
Extend is a graphical simulation environment where a variety of system
configurations can be represented as blocks, configured and created using the internal
ModL language. Developers implement the inheritance mechanism and the ability to
create a hierarchy in the model. The package is supplied by Imagine That, Inc.
Arena – supplied by Systems Modeling Corporation. The modeling constructions,
called in the package by modules, are combined into the templates Basic Process,
Advanced Process and Advanced Transfer. Modules that have their own settings and
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settings are implemented in the form of blocks displayed in the window of working with
the model. The package supports Microsoft Visual Basic for Applications (VBA), which
allows you to read data from other applications and write to other applications (for
example, Excel). Thus, you can create convenient interfaces for entering model
parameters and generating reports of a given format.
Simulink is a graphical simulation environment that allows you to build models of
discrete and continuous systems using block diagrams in the form of continuous
graphs. The program has an extensible library of standard blocks and a rich
functionality for carrying out simulation experiments. The main feature of this system is
its integration into the Matlab environment, which provides the user with almost
unlimited possibilities for processing the input and output data of the model.
The choice of a system for solving a research problem in globally distributed AIS
is not obvious, since these systems have a number of features, such as:


the set of the devices united in subsystems;



the presence in some subsystems of autonomous, affecting the loading of devices
of the global AIS;



a set of merging and branching points that assume the birth of new transactions
(entities) in the simulation model, and the allocation of their new attributes
(parameters).

To take into account all the features of the development of the simulation model and
conduct experiments on it in the process of analyzing simulated simulation packages,
it is necessary to compare their quality with the specified criteria.
The quality of a system is the totality of its properties, essential for solving a
particular task or class of tasks. Based on the comparison of the weights of the
qualities, a more optimal (with a greater weight of quality) system is chosen. The
concept of quality forms a multi-level structure of properties, most often a tree, and to
evaluate the quality of an object, it is necessary to aggregate the results of measuring
properties that are at the lower level of the structure. [3] describes a methodology for
assessing the quality of systems by aggregating measurement results in a hierarchical
structure. Aggregation is understood as the construction of generalized estimates of
objects according to the characteristics given by the hierarchical structure. As
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hierarchical structures are usually considered tree or network. The concept of the best
is determined by using a generalized quality indicator and finding the object for which
the given indicator reaches an extreme value (max - if the indicator characterizes profit
or profit, min - if loss). The corresponding object is called optimal for a given indicator.
When choosing software, it is necessary to take into account all the opportunities
provided by them, which can be combined into the following groups [2]:


main characteristics;



compatible hardware and software;



animation;



means for obtaining and processing statistical data;



documentation;



reports with output data and graphs.

9.7.

CONCLUSION

Simulation modeling is used when:


Expensive or impossible to experiment on a real object;



It is impossible to construct an analytical model: the system has time, causal
connections, consequence, nonlinearities, stochastic (random) variables;



It is necessary to simulate the behavior of the system in time.

The aim of simulation is to reproduce the behavior of the system under investigation
on the basis of analysis of the most significant interrelations between its elements or in
other words - the development of a simulator (simulation simulation) of the subject
area under study for carrying out various experiments.
At present, successful activity in almost all spheres of human activity is not
possible without modeling the behavior and dynamics of the development of
processes, studying the features of the development of the objects under study, and
considering their functioning under different conditions. Competent use of the entire
modern arsenal of simulation tools is the key to successful implementation of projects
of any complexity.
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10
Introducing Informatics Topics to Students in ISC

The aim of the PROMIS project [6] is to establish a master program „Informatics as a
Second Competence” (ISC) in ten universities of five countries in Central Asia. This
Master has been created at the University of Grenoble-Alps already in 1985 to bring
Information Technology competences to students already having passed a Bachelor in
another discipline. This master has proven to be successful for the employability of the
students. Students are equipped with a double competence, the one of their bachelor
studies and informatics. This double competence makes them particularly appropriate
to develop software at the intersection of two disciplines as any field in our society
nowadays is supported by information technology in one way or the other. It is
challenging for such students to reach a master level in informatics after two years of
studies only. Their maturity compared to students fresh from high school as well as
their motivation play a crucial role. Nevertheless, teaching has to be particularly
practically oriented and activating, so that students can assimilate this new knowledge
efficiently, see [1]. In this chapter, we expose how the teaching of three seminars has
been adapted to serve this purpose. These seminars have been held in Khujand
Technical University, Tashkent National University, Eurasian National University and
Osh Technical University in 2016; each of them lasted 10 hours delivered over one
week.
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13.1. SEMINAR DATA MINING
Data Mining has multiple definitions. In this section, we adopt a definition given by
Tan, Steinbach, and Kumar: Data Mining is the “exploration & analysis, by automatic
or semi-automatic means, of large quantities of data in order to discover meaningful
patterns” [8]. A typical course on Data Mining includes basic knowledge about data
and data exploration and presents techniques in the three main areas of this field:
prediction, clustering, and associations. Prediction is the task of predicting the value of
one feature of some object knowing its values in other features. As an example,
consider predicting the exam mark of a student knowing all her/his marks in
assignments and characteristics of her/his participation in forums during the semester.
Participation in forums can be characterized by the number of posts read, of posts
written, the number of words read, of words written and so on, see [3] for an example
of such a characterization. Another example would be to predict whether a patient is
likely to develop a certain form of cancer knowing her/his medical records. Clustering
is the task of grouping objects into clusters so that objects in the same cluster are
similar to each other and different from objects in other clusters. As an example,
consider persons represented by their measurements: total height, the length of arms,
the length of legs, waist size, neck size and so on. Clustering these objects will bring
persons with similar measurements in the same cluster. Such clusters can then be
labelled by typical sizes such as small, medium, large or extra large. Associations are
relationships between items; a simple form is known as basket-analysis: “customers
who buy beer buy also diapers”. The work in [5] analyses data from students stored by
a logic tutoring system. Associations that were found had the form “if students make
mistake A while solving an exercise, they also make mistake B”.
In a seminar of 10 hours, it is impossible to cover a full course on Data Mining. To
enable students to put into practice what they learn, it is important to select carefully
the themes that will be taught. Only when they master well enough some knowledge
and skills, can they transfer them to other areas. Because the basis of any Data
Mining algorithm is to extract patterns from data, basic knowledge of data as well as of
data exploration has to be covered. Further, it was decided to present a broad
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introduction to the three areas, as to give to students an overview of the field, and then
to focus on the clustering area. Thus, the main contents of the seminar were:
To understand and explore data,
To understand different clustering algorithms, their properties, strengths, and
weaknesses.
Data exploration and clustering were supported by the use of the free software
RapidMiner Studio [7].

Fig. 10.1. Exercise on Data Cleaning
Source: own work

Understanding data means to understand the different forms or types of data that are
available, and therefore, the operators that can be used with them. This part bears
similarities with data types in programming. An important step before applying any
Data Mining algorithm is to make sure that the data are correct and in the right form.
Data cleaning and transformation have not been covered by a classical lecture, but by
a series of exercises solved and discussed in groups to make the students discover by
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themselves the different concepts involved in that part, see Fig. 10.1 for an exercise
about data cleaning.
Four clustering algorithms have been introduced: K-means, X-means, EMclustering and hierarchical agglomerative clustering. All these algorithms share a
number of properties and pitfalls. When data is numerical, the distance between two
objects is usually measured with the Euclidean distance. Euclidean distance is
sensitive to the order of magnitude. Features with the bigger order of magnitude will
influence clustering, while features with a lower order will have almost no influence. To
avoid this problem, all attributes should be normalized. Another property is that
outliers or extreme values tend to form they own cluster. One pitfall is that these
techniques always returns a set of clusters, even if the data are random and do not
cluster naturally. X-means, a variant of K-means that estimates an optimal number of
clusters, is implemented in such a way that it returns always at least two clusters,
even if data is uniform. These aspects were not lectured classically. Instead, students
had to discover them with exercises using the tool RapidMiner. Students had to
explore several datasets, look visually for some natural clustering in the data using
plots, run the algorithms, inspect the clusters and evaluate them with average within
centroid distance, a facility provided by the tool RapidMiner. Three such datasets are
given in Fig. 10.2 and represent points with their coordinates.
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Fig. 10.2. Three datasets to investigate properties and pitfalls of clustering: left the normal
values for the two features; in the center, y-values have been scaled and have a bigger order of
magnitude than x-values; the last element of the dataset right is an outlier
Source: own work
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A comprehensive exercise involving data transformation, feature selection, data
exploration, and transformation as well as clustering completed this seminar. As a
further reading, the work in [2] presents a case study using clustering with educational
data.

10.2. SEMINAR SEMANTIC WEB TECHNOLOGIES
Semantic Web is also known as the third generation of the web, in which the
processing is data-centered. The semantic web can be seen as a huge decentralized
database of data which are machine-accessible and human-readable. Tim BernersLee gave 1998 a vision of the semantic web [9]: “The dream behind the Web is of a
common information space in which we communicate by sharing information... The
web of human-readable document is being merged with a web of machineunderstandable data. The potential of the mixture of humans and machines working
together and communicating through the web could be immense.” A typical course on
semantic web technologies includes the parts: data and knowledge representation,
ontology languages and query languages. For the knowledge representation the
Resource Description Framework (RDF) is used. RDF statements follow a simple
schema, knowledge is expressed by RDF-triples, that consist of subject, predicate and
object. Thus RDF is a Triple-Model as well as a Graph-Model, which consists of
vertexes and edges. There are different serialization forms for RDF like XML, JSON or
Turtle. Ontology languages are used to define classes, additionally they allow class
instantiation. RDF-Schema (RDFS) is the basis ontology language for the semantic
web. With RDFS it is possible to define classes, properties, property restrictions,
hierarchical relationships between subclasses and superclasses as well as between
subproperties and superproperties. Nevertheless RDFS lacks of concepts like
disjunctive classes, class combinations, cardinality constraints, negation etc. Thus the
web ontology language OWL was introduced, to deal with these problems. OWL is
based on RDFS and offers a wide range of concepts. As query language for the
semantic web the SPARQL Protocol and RDF Query Language is used. SPARQL
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offers concepts for querying RDF data as well as RDFS and OWL ontologies. In
SPARQL a query is performed via a SELECT-statement. The SELECT-statement
returns the query result as a table. There are lots of similarities with the query
language for relational databases SQL. But SPARQL is not only a query language.
SPARQL allows the construction of a RDF-graph from a pattern. The SPARQL Update
specification describes how to add data, to delete and update data of given datasets
and several implementations support it.
In a seminar with only 10 hours, it is impossible to cover all the topics of a full
course on semantic web technologies. In addition, it could not be assumed that the
students have sufficient knowledge in the areas XML and databases. Therefore some
measures have been taken to deal with these problems: development of a quick start
example to give an overview of the concepts, usage of simple and easy to use open
source or web tools, combination of seminars and exercises, additional introductions
into xml and xml-schema.
The aim of the lecture was to share some pedagogical principles like different
types of conducting lectures as well as the laboratory seminars and exercises. After
the lecture students should be able to apply the theoretical concepts in practical
exercises. For the preparation of exercises they should install some tools, which are
free of charge or open source. It was also possible to work with tools on the Internet.
The idea of the exercises was to prepare the students to independent continuation of
self-study exercises later and to know about tools and web resources. The main
content of the lecture included:


Understanding the principles and techniques of constructing XML-documents;



Understand the main elements of the language XML Schema, which is often used
to define the structure of elements and attributes of XML-documents;



Understanding the motivation for developing the semantic web and;



Learning the main principles of semantic web technologies like the use of URI’s,
the construction principles for so called triples, the main elements of the Resource
Description Framework (RDF) and the language RDF-Schema as well as the
structure of the query language SPARQL.
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In the quick start example address data from persons were used (Fig. 10.3). With this
triple set, which is locally stored in a file, it is possible to learn the main concepts of
RDF and the query language SPARQL as well as the need for schema expressions.

Fig. 10.3. Triples for quick start example
Source: own work

As a simple and easy to use open source tool we introduced ARQ, which is part of the
apache jena framework [10]. Within the command line the triple set and the query file
are named: >arq –data=examples/example01.ttl –query=/examples/example02.rq. A
simple SPARQL query that shows all information of persons with an email-address
containing the substring „gmail” is given in Fig. 10.4.
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Fig. 10.4. SPARQL query with the quick start example and ARQ
Source: own work

With the knowledge of the quick start example and the main concepts of the semantic
web it is possible, to query huge data sets from the linked open data cloud [LOD], as
DBpedia. During the exercises the SPARQL explorer for DBpedia Snorql [12] was
used. It was particularly interesting for the students to find queries concerning their
own hometown, country, major of the city, favorite actor, writer, musical group etc. Fig.
10.5 shows a query with the Snorql webform.

Fig. 10.5. SPARQL query on DBpedia with snorql
Source: own work

Introducing Informatics Topics to Students in ISC

167

A comprehensive exercise involving data definition, using of existing ontologies like
the DBpedia-ontology, as well as querying completed this seminar.

10.3. SEMINAR GRAPH ALGORITHMS
The seminar „Graph Algorithms“ covered parts of a classical course about graph
algorithms. In a usual syllabus about graph algorithms first the notion graph as well as
some other important notations as path, cycle etc. are introduced. Furthermore, the
usual realisations of graphs – adjacency matrix and adjacency list – are presented. In
order to analyse the running time of the algorithms, the O-notation has to be explained
as well as some necessary data structures as stack, queue and priority queue. Then a
selection of the variety of relevant graph algorithms has to be chosen.
In a seminar with 10 hours, only a part of the most important graph algorithms
can be introduced. However, one main goal of the seminar could be pursued in this
limited time. The students should get some insights and experience in algorithmic
thinking. Graph algorithms are suitable for this purpose because


In most cases graph algorithms can be graphically visualised.



Graph algorithms often orient themselves on natural behaviour.



With exception of the runtime analysis graph algorithms hardly need any prior
knowledge.

Furthermore, graphs are suitable for modelling real world problems. This property is
very useful for a practical oriented study program.
However, because of the limited time the runtime analysis of most algorithms had
been omitted.
First of all the students got sensitised to the importance of the usage of models.
As well-known examples, a two-dimensional floor plan of a house was shown and a
three dimensional view of a house. The students should recognise that the choice of a
model depends on the task to be solved. Then based on the most important graph
notations a practical example for modelling a problem as a graph problem was given:
In a map countries with a common border should be coloured differently. This problem
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can be transformed into a graph problem. For modelling this problem each country
corresponds to one vertex. If countries have a common border their corresponding
vertices are connected by an edge, see Fig. 10.6. Thus, the colouring of a map has
been transferred to the colouring of the vertices of a graph, such that no pair of
neighboured vertices has the same colour. This problem is known as the vertex colour
problem, see Fig. 10.7.

Fig. 10.6. Transform map to graph

Fig. 10.7. Colour vertices

Source: own work

Source: own work

Fig. 10.8. Colour the countries corresponding to colour of their vertices
Source: own work

If the countries get the colours of their corresponding vertex, then countries with a
common border have different colours, see Fig. 10.8.
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Many graph algorithms are based on the two strategies for graph traversal:
breadth-first-search and depth-first-search. These strategies were introduced by a
more or less practical problem. There is given a labyrinth with entrance A and exit B.
The problem is: find a way through the labyrinth from A to B (see Fig. 10.9). Most
participants of the seminar found a strategy which is well known from the Greek
mythology (labyrinth at Knossos). This strategy is comparable to the depth-first-search
strategy. The second strategy for graph traversal, known as breadth-first-search, was
deepened by a similar algorithm, Dijkstra-Algorithm. Dijkstra’s algorithms doesn’t only
find ways or paths between two locations, furthermore, it finds the shortest paths.
Besides Dijkstra’s algorithms two additional shortest paths algorithms were
introduced: the Bellman-Ford-Algorithm and the Floyd-Warshall-Algorithm. These
three algorithms are based on a similar technique and the students got the knowledge
which of these algorithms should be applied in which situation.

Fig. 10.9. Find way from A to B
Source: [14]

The next considered graph problem, the determination of a so-called minimum
spanning tree, is also solved with a strategy oriented on natural behaviour. This
strategy is called greedy strategy and in the seminar this strategy was introduced first
with the help of a simple problem: a certain amount of money should be given by the
smallest number of bills and coins. A greedy strategy always chooses the bill or coin
with the largest amount less than or equal to the amount still to be paid out. This
approach works for most currency systems but not for all. Then the students were
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asked to develop a greedy strategy for the minimum spanning tree problem. Due to
the natural approach, the students were able to transfer the greedy approach to the
minimum spanning tree problem. Since there are two ways to follow the approach, the
students recognized that there are different possibilities to implement a greedy
algorithm. Furthermore, they saw that the greedy approach doesn’t achieve for all
problems an optimal solution.
In all parts of the seminar the students got the possibility to control their
understanding of the introduced algorithms with some small exercises. Furthermore,
most of these exercises had to be done in some kind of tables instead of directly
applying the algorithms on the graph visualisations, which had been used for
introducing the algorithms. This measure gave the opportunity to apply the same
algorithm in two different ways. As consequence, the students deepened the insight
into the algorithms and into algorithmic thinking.
In courses about graph algorithms with more time the students should program
the algorithms to get a third point of view on the algorithms. At the Beuth University of
applied science Ripphausen-Lipa has developed a small graph library written in Java
which enables the students to transform the algorithm given in pseudo-code easily into
a Java program. Furthermore, the runtime of the algorithms would have been
analysed. However, there are excellent books (i.e. [13]) covering all these details,
such that the students could learn these details in self-studies. The seminar in
Khujand was designed to arouse the students' interest in algorithmic thinking and
provide them with some basic techniques, especially in graph algorithms for solving
real world problems.

10.4. CONCLUSIONS
Acquiring basic and advanced skills in informatics in two years is a challenge. First of
all, the master program takes advantage of the fact that master students are more
mature than bachelor students in the way they learn. However, usual teaching needs
to be adapted to this targeted population, and targeted aim and needs to be always
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improved. This adaptation and incremental improvement are implemented in the
seminars of the PROMIS project as we showed in this chapter. Seminars included
exercises to make students active and deal creatively with the subject already during
lecture. It should be noted that this teaching method is rewarding for lecturers as well,
as they can appreciate on the spot whether what they want to transmit is understood
by the attendees.
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11
Optimal Stabilization of Continuous Linear
Systems with Constrained Control on a Finite
Time Interval

A problem of optimal control of continuous time-varying linear systems having free
right ends of the trajectories is

considered. The quadratic objective functional

depends on the control and the state of the object. A new approach is proposed for
designing a regulator for continuous automatic control systems with the constraints on
the control value. The problem is solved with using of a special type Lagrange
multipliers.

11.1. INTRODUCTION
The works in the field of automatic control enclose various examples of mathematical
formulation and methods of solving optimal control problems. The first analytical
solution of linear-quadratic problem without constraints on the control and with free
right end trajectories was obtained by R.E. Kalman [12] and A.M. Letov [16].
The core of optimal control problems solving for the construction of
programmable control based on the Pontryagin’s principle of maximum [18]. The
solution to the same problem in the form of synthesis of optimal feedback control
based on the Bellman’s method of dynamic programming [5], or using V.F.Krotov’s
sufficient optimality conditions [13], and V.I.Gurman’s extension principle [11].
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Various mathematical formulation of the optimal control problems, as well as their
classification given in [4, 6, 7, 9]. A thorough review of the models and methods used
in the modern theory of optimal control, one can find in [2, 3, 10, 14, 18]. Many
problems that are studied throughout the history of the theory of extreme problems are
discussed in [2]. In this work the main attention is paid to the Lagrange principle with
use of necessary and sufficient conditions.
The optimal control problem is a subject of a large number of the theoretical and
applied works. In [8] the linear-quadratic optimal control problem (LQP) for dynamic
systems with the convex objective functional and constrained control is investigated.
This problem is of permanent interest for the theory of optimal control and has many
applications. In case optimization without constraint there was developed number of
algorithms for optimal control synthesis in form of programmed control and a feedback
control. As noted in [8], in the general case, regular algorithms solving LQP are
unknown. Thus the development of various methods of constructing the regulators
and respective control algorithms with the necessary properties for the application in
view of the constrained control actions is one of urgent task of modern information
technologies.
In this paper we consider the optimal control problem with free right ends
trajectories and constraints on the control value. A new approach of designing a
regulator for automatic control systems and the proper control algorithm based on
feedback principle, with constraints on the values of controls are proposed.

11.2. PROBLEM STATEMENT
We suppose that controlled linear time-dependent system is described by the vector
differential equation:

x  A(t ) x  B(t )u  f (t ), t  [t 0 , T ], x(t 0 )  x0 ,

(11.1)

u(t )  U (t )  {u |  (t )  u(t )   (t ), t  [t 0 , T ];  (),  ()  C[t 0 , T ]}, (11.2)
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where
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x  x(t ) is a (n  1) -vector of the controlled object state; u  u(t ) is a

(m  1) -vector of piecewise continuous control actions; A(t ) , B(t ) are matrices of
dimensions

(n  n) , (n  m) respectively; f (t ) ,  (t ) ,  (t ) are continuous,

bounded functions; x 0 is a given vector;

t 0 , T are given initial and terminal values of

time t .
We’ll assume that system (11.1) is controllable. Denote (t 0 , T ) the set both of
all admissible controls, satisfying the condition (11.2), and the corresponding
trajectories

x(t , u) of system (11.1) defined on the interval t 0  t  T , i..e. the set of

all admissible pairs

{x(t ), u(t )} :

(t 0 , T )  {( x, u ) | u (t )  U (t ), x (t )  A(t ) x(t )  B(t )u (t )  f (t ),
t  [t 0 , T ], x(t 0 )  x0 }.
Suppose that on the set (t 0 , T ) is given the following functional:
T

J ( x, u ) 

1 
1
x (T ) Fx (T )   [x  (t )Q(t ) x(t )  u  (t ) R(t )u (t )]dt ,
2
2 t0

where R(t ) is a symmetric positive definite matrix;

(11.3)

F , Q(t ) are symmetric positive

semidefinite matrices; symbol * denotes a transposition.
It is required to find synthesizing control u ( x, t ) such that the corresponding pair

{x (t ), u (t )} gives the minimum of the cost-functional (11.3), where x (t ) is the
solution of the differential equation (11.1) and the control

u (t )  u ( x (t ), t ) satisfies

the constraint (11.2).
In the automatic control theory exist various methods of shaping the control. It is
possible to realize the positional control based on feedback principle, and also
proportional-integral or proportional-integral-differential control.
In many cases, it is enough to accurately introduce the extended state vector of
the system and make the proper conversion of the control actions, and obtain a
standard optimal control problem of type (11.1)-(11.3). It should be noted that the task
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of the design is to choose such control method, where the transient processes in the
system meet the specified quality characteristics and constraints.
The method based on using of special form of Lagrange multipliers [1] was
employed for solving the optimal control problem (11.1)-(11.3).

11.3. PROBLEM SOLUTION
To solve the problem we add to the equation for the functional (11.3) a system of
differential equations (11.1) with a multiplier

0 ( x, t )  K (t ) x  q(t ) , and also the

following expression

1* (t )[ (t )  u(t )]  *2 (t )[u(t )   (t )]  *3 (t )[ x(t )  W 1 (t )q(t )  z(t )],
where

1 (t )  0, 2 (t )  0. As result of this we get the functional:
1 
1
1
x (T ) Fx (T )    x  (t )Q(t ) x(t )  u  (t ) R(t )u (t ) 
2
2
2
t0 
T

L ( x, u ) 

 [ K (t ) x(t )  q(t )] [ A(t ) x(t )  B(t )u (t )  f (t )  x (t )] 
 1* (t )[ (t )  u (t )] 

(11.4)



 *2 (t )[u (t )   (t )]  *3 (t )[ x(t )  W 1 (t )q(t )  z (t )] dt ,
where

q(t )

is

a

n -vector;

K (t )

is

a

(n  n) -matrix.

Multiplier

0 ( x, t )  K (t ) x  q(t ) eliminates the constraints on the admissible pairs

{x(t ), u(t )} in the form of a system of differential equations (11.1); functions

1 ( x, t ), 2 ( x, t )
3 (t )

eliminate the constraints (11.2) on the control values; multiplier

retains the properties of the system to determine the boundary conditions.

Such design of the functional (11.4) allows to convert the original conditional
extremum problem to an unconditional extremum.
To convert the functional (11.4) we consider following functions:
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V ( x, t ) 
M ( x, u , t ) 

1 
x K (t ) x  x  q(t ),
2
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(11.5)

1 
1
x Q(t ) x  u  R(t )u  [ K (t ) x  q(t )] [ A(t ) x  B(t )u 
2
2

 f (t )] 
1
 x  K (t ) x  x  q (t )  1* (t )[ (t )  u (t )]  *2 (t )[u (t )   (t )] 
2
 *3 (t )[ x  W 1 (t )q(t )  z (t )],

V1 ( x(T ), T ) 

1 
x (T ) Fx (T )  V ( x(T ), T ).
2

(11.6)

(11.7)

Now the functional (11.4), with the introduced functions (11.5)-(11.7) can be
represented as follows:
T

L( x, u )  V ( x(t 0 ), t 0 )  V1 ( x(T ), T )   M ( x(t ), u (t ), t ) dt.

(11.8)

t0

Now we choose a control
and

u so that the function L( x, u)

reaches a minimum by

u

x. The necessary conditions for a minimum are the following:

M ( x, u, t )
 R(t )u  B  (t )[ K (t ) x  q(t )]  1 (t )  2 (t )  0,
u

(11.9)

M ( x, u, t )
 Q(t ) x  K (t )[ A(t ) x  B(t )u  f (t )] 
x
 A (t )[ K (t ) x  q(t )]  K (t ) x  q (t )  3 (t )  0,

(11.10)

V1 ( x(T ), T )
 [ F  K (T )]x(T )  q(T )  0.
x(T )

(11.11)

From (11.9) we find:

u   R 1 (t ) B  (t )[ K (t ) x  q(t )]  R 1 (t )[1 (t )  2 (t )].
Conditions (11.10) considering equation (11.12) can be written as

(11.12)

178

Varia Informatica 2017

M ( x, u, t )
 [ K (t )  A (t ) K (t )  K (t ) A(t )  K (t ) B1 (t ) K (t )  Q(t )]x 
x
 q (t )  A1 (t )q(t )  K (t ) f (t )  K (t ) B(t ) R 1 (t )[1 (t )  2 (t )]  3 (t )  0,
where

A1 (t )  A(t )  B1 (t ) K (t ),
B1 (t )  B(t ) R 1 (t ) B  (t ).
Suppose that the matrix

K (t )

is a solution of Riccati’s equation:

K (t )   A (t ) K (t )  K (t ) A(t )  K (t ) B1 (t ) K (t )  Q(t ), K (T )  KT (11.13)
and the vector

q(t )

satisfies the differential equation

q (t )   A1 (t )q(t )  K (t ) f (t )  W (t ) B(t ) (t ),
where

 (t )  R 1 (t )[1 (t )  2 (t )] , and the multiplier 3 (t )

(11.14)

is equal to

3 (t )  [ K (t )  W (t )]B(t ) (t ).

(11.15)

Then the stationarity conditions (11.9)-(11.11) are satisfied, and differential equation
which determines the motion of the system (11.1), with the control (11.12), is as
follows:

x (t )  A1 (t ) x(t )  B1 (t )q(t )  B(t ) (t )  f (t ), x(t 0 )  x0 .

(11.16)

It should be noted that the determination of the initial condition for the differential
equation (11.14) can be obtained from the relationship:

q(t )  W (t )[ x(t )  z(t )], t  [t 0 , T ] ,
where the matrix

W (t )

satisfies the matrix differential equation

W (t )   A1* (t )W (t )  W (t ) A1 (t )  W (t ) B1 (t )W (t ),
W (T )  F  K T
and the vector

(11.18)

z (t ) is a solution of the differential equation
z(t )  A1 (t ) z(t )  [ I  W 1 (t ) K (t )] f (t ), z(T )  0,

where

(11.17)

I is an identity matrix.

(11.19)
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Hence, using the solutions of equations (11.18) and (11.19), from (11.17) we can
determine the initial condition for the equation (11.14):

q(t 0 )  W (t 0 )[ x(t 0 )  z (t 0 )].

(11.20)

w( x, t )   R 1 (t ) B  (t )[ K (t ) x  q(t )]

(11.21)

Now we denote

and determine the multipliers

1 (t )  0, 2 (t )  0, and control u~(t ) so as to satisfy

the conditions:

R(t )[u~(t )  w( x(t ), t )]  1 (t )  2 (t )  0,

(11.22)

1* (t )[ (t )  u~(t )]  0, *2 (t )[u~(t )   (t )]  0.

(11.23)

To do this, we calculate the values of the following vectors:

10 (t )  max {0,  (t )  w( x(t ), t )},

(11.24)

02 (t )  max{ 0, w( x(t ), t )   (t )}.
Using (11.24), determine the components

1i (t ), 2i (t ), u~i (t ), (i  1, m) of the

required vectors as follows:


if

10i (t )  0, 02i (t )  0, then take 1i (t )  0, 2i (t )  0, and the control value

u~i (t ) is determined from the equation (11.22);


if 10i (t )  0, 02i (t )  0, then take

2i (t )  0 ,

determine

1i (t )

from (11.22)

~ (t )   (t ) ;
and the control value as u
i
i


if

10i (t )  0, 02i (t )  0, then take 1i (t )  0 , determine 2i (t ) from (11.22)

~ (t ) 
and the control value as u
i

 i (t ) .

The above results can be formulated as the theorem.

x (t ), u~(t ))  (t 0 , T ) is optimal if and only if the trajectory
Theorem 1: The pair ( ~

~
x (t ) satisfies the differential equation:
x(t )  A1 (t ) x  B1 (t )q(t )  B(t ) (t )  f (t ), x(t 0 )  x0
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and control

u~(t ) is determined as follows:

u~(t )   R 1 (t ) B  (t )[ K (t ) ~
x (t )  q(t )]   (t ) ,
where matrix

K (t ) is a solution of equation (11.13), vector q(t ) satisfies the equation

(11.14) with initial condition (11.20), and the function

 (t ) is calculated by the formula

 (t )  R 1 (t )[1 (t )  2 (t )] .
Proof: Necessity. The necessary condition for the minimum of the cost-functional
(11.8), which have the form (11.9)-(11.11) are satisfied if the matrix
of equation (11.13), and the vector

K (t )

is a solution

q(t ) satisfies the equation (11.14). The function

~
x (t ) is a solution of the differential equation (11.1) by the control (11.12).
x (t ), u~(t )) satisfies the conditions of the theorem.
Sufficiency. Suppose that a pair ( ~
Then for each fixed time t  [t 0 , T ] functions

M ( x, u, t )

and V1 ( x(T ), T ) reach the

minimal values:

1
1
M min (t )  M ( ~
x (t ), u~(t ), t )    (t ) R(t ) (t )  q  (t ) B1 (t )q(t ) 
2
2

1

~
 x (t )W (t , T ) B(t ) (t )  q (t ) f (t ), t  (t 0 , T ),

1
V1 min (T )   x  (T )[ F  K (T )]x(T ).`
2
Then the functional

L( x, u)

from (11.8) possesses the minimal value, that is:
T

inf L( x, u )  L( ~
x , u~)  V1 min (T )  V ( x0 , t 0 )   M min (t ) dt

( x , u )

(11.25)

t0

Let ( x(t ), u(t ))  (t 0 , T , x0 ), t  [t 0 , T ] is arbitrary admissible pair which is
determined by the formula:
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T

L( x(), u ())  V ( x(t 0 ), t 0 )  V1 ( x(T ), T )   M ( x(t ), u (t ), t ) dt.

(11.26)

t0

Then, using (11.25) and (11.26) we obtain:
T

L( x(t ), u (t ))  L( ~
x (t ), u~ (t ))   [ M ( x(t ), u (t ), t ) M ( ~
x (t ), u~ (t ), t )] dt 
t0

 V1 ( x(T ), T )  V1 ( ~
x (T ), T )  V ( x0 , t 0 )  V ( ~
x0 , t 0 ) 
T

  [ M ( x(t ), u (t ), t )  M min (t )] dt 
t0

 V1 ( x(T ), T )  V1 min (T )  V ( x0 , t 0 )  V ( ~
x0 , t 0 )  0.
This implies that:

L( ~
x , u~)  inf {L( x, u), ( x, u)  (t 0 , T , x0 )}.

11.4. ALGORITHM FOR SOLVING THE PROBLEM
We describe below one algorithm for solving optimal control problem (11.1)-(11.3),
which is convenient for implementation on a computer.
1. Integrate the system of differential equations (11.13) and (11.18), (11.19) to
determine matrices
terminal

K (t ), W (t ) and the vector z (t ) on interval [t 0 , T ] with the

conditions

K (T )  K T ,

W (T )  F  K T ,

z (T )  0.

Then find

K (t 0 ), W (t 0 ), z (t 0 ) .
2. Set the initial condition

x(t0 )  x0 .

Calculate q(t 0 ) using the formula (11.20).

3. Integrate the system of differential equations (11.13), (11.14), (11.16), (11.18) on
the interval [t 0 , T ] with the initial conditions K (t 0 ) , W (t 0 ) , x(t 0 ) , q(t 0 ) . The
optimal trajectory ~
x (t ) and optimal control u~(t ) are determined in the process of
integration.
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Repeat steps 2 and 3 if it is necessary to make calculations for the new value of the
initial state of the object x(t 0 )  x0 .

11.5. EXAMPLE
As an example, explore problem of the two fluids mixer optimal control, the fluid flows
of which are controlled by valves [15]. The inputs of this streams are denoted by

F1 (t ) and F2 (t ) respectively. Fluids have constant concentrations of substances
dissolved therein,

c1 and c 2 . Mixing of fluids occurs in the tank at the bottom of which

located an outlet for discharging the mixture. The output flow
height

h(t )

F (t ) depends on the

of the mixture in tank. One else output variable is the concentration

c(t )

of the resulting mixture.
Suppose that in the steady-state process those input and output variables have
the following values:

F1  F10 , F2  F20 , h  h0 , c  c0 .
Deviations from the steady-state values denoted by

u1 (t )  F1 (t )  F10 , u 2 (t )  F2 (t )  F20 ,

x1 (t )  h(t )  h0 , x2 (t )  c(t )  c0 .
Then the linearized equations of the process can be written as

x(t )  A(t ) x(t )  B(t )u(t ),
where

x(t )  ( x1 (t ), x2 (t ))

is state vector of the object,

vector of control. In this example, the matrixes
form:

(11.27)

u(t )  (u1 (t ), u 2 (t ))

is

A(t ) and B(t ) are fixed and have the
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 F10  F20

0


2h0 S

,
A(t )  A 
F10  F20 

0


h0 S 

1 
 1


S
S  , t  [0, T ],
B(t )  B   c 
 1 c0 c 2  c0 
 hS
h0 S 
 0
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(11.28)

where S is cross-section area of the tank.
The flow

F (t ) of the mixture and its concentration c(t ) are controlled at the

outlet of the system and the required values of these variables are determined through
the parameters

F0 and c 0 . The outlet discharge depends on the flow velocity of the

mixture through a hole in the bottom of tank , which depends on the height of the
mixture level in the tank. The height

h0 of the mixture surface in the tank,

corresponding to the required outlet flow

F0 , can be calculated by the formula

h0  F02 /( 2s 2 g ) , where S is cross-sectional area of the hole in the tank bottom, g
is acceleration of gravity. The condition of the balance of input and output streams:

F10  F20  F0 , has to be satisfied in the steady state mode.
Suppose we want to minimize the quadratic objective functional of the form (11.3),
where

0 
 5000
 0.1 0 
 , Q(t )  Q  
 ,
F  
10000 
 0
 0 0.04 

 20 0 
 .
R(t )  R  
 0 2

Numerical calculations have been performed for the following parameters:

F10  0.015 m 3 /s,

F20  0.005 m 3 /s,

F0  0.02 m 3 /s,

c0  1.25 kmole/m 3 , c1  1 kmole/m 3 , c 2  2 kmole/m 3 ,
h0  1 m, S  1 m 2 , s  0.45  10 4 m 2 .
The matrices (11.28) at these values of the parameters have the form
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0 
1 
  0.01
 1
 , B  
 .
A  
 0.02 
 0
  0.25 0.75 
The initial values of phase variables were

x1 (0)  0.01 m, x2 (0)  0.2 kmole/m 3 ,

constraints on the control values are given as the follows:

| u1 (t ) |  0.005 m 3 /s, | u 2 (t ) |  0.005 m 3 /s
on the time interval

(11.29)

t  [0, T ] , where T  50 s.

Thus, we have the problem of optimal control for a linear second-order system
(11.27) with two-dimensional control and constraints (11.29). The quadratic objective
functional (3) is represented as a Bolza’s functional with terminal and integral terms.
The right ends of the trajectories of the system are free; “penalty” for deviation phase
variables from the required state values in finite time are given in the form of terminal
item in the objective functional.
Since in this example, the optimal control problem is of steady-state nature then
it is possible for the Riccati’s differential equation (11.13) to select the final condition

K (T )  K T , such that K (t )  K T , t  [t 0 , T ]. Then by solving an algebraic
Riccati’s equation

 A KT  KT A  KT BR 1 B  KT  Q  0,
we find

 0.58566501  0.29443132 
.
K T  
  0.29443132 0.56192140 
The results of numerical calculations are presented in Fig. 11.1 and 11.2. As seen
from the graphs, found optimal control
and provide a stabilization

u1 (t ) and u 2 (t ) satisfy the constraints (11.29)

of the system on a finite time interval. As result of

numerical calculations, the following final values of phase variables were obtained:

x1 (T )  0.59  10 5 m, x2 (T )  0.45  10 5 kmole/m 3 .
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Fig. 11.1. Graphs of the phase trajectories
Source: own elaboration

Fig. 11.2. Graphs of the control values
Source: own elaboration
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11.6. CONCLUSION
In this paper, constructive algorithm is proposed for constructing regulators, based on
the principle of feedback with constraints on the control value. The problem is solved
using the Lagrange multipliers of a special type, depending on the phase coordinates
and time. By proper selecting the function

0 ( x, t )  K (t ) x  q(t )

is possible to

construct the optimal control using the feedback principle, and the multipliers

1 (t )  0

and

2 (t )  0

are determined in such a way that satisfy the conditions of

complementary non-stiffness in the method of Lagrange multipliers.
The proposed approach has the advantages of the construction of feedback
control for steady-state systems: one can set the terminal condition

K (T )  K T so

that the stationary property remained for an optimal control system as well. An
example of optimal stabilization system on a finite time interval with constraints on the
control is considered.
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12
Development of Information Systems for the
Simulation of Urbanization Processes in Almaty

In this chapter we consider the problem of modeling the process of urbanization in
Almaty, collected and structured statistical data, on the basis of which defining the
major factors influencing to this process. As a result of work was developed
information system, which run a multiple regression and analysis of variance to
assess, evaluate the quality of the regression equation with Fisher criterion and to
assess the statistical significance of the regression coefficients and the correlations
are calculated Student's t-test. In the process of creation an information system for the
simulation of urbanization used web-technology and a text editor JetBrains PhpStorm.
To retrieve information from another site feature is designed for robot-parser
technology. The created information system allows us to make reliable forecasts of
the urbanization process for the next years, which is important for companies that
implement long-term projects in our country.

12.1. INTRODUCTION
Urbanization issues are becoming increasingly relevant in connection with the
formulation of the task of Kazakhstan's entry into the list of 30 highly developed states
of the world [4]. In the Address of the President of the Republic of Kazakhstan, the
people are told about the need to ensure the dynamic development of the
infrastructure triad - agglomerations, transport, energy. Agglomerations are regarded

190

Varia Informatica 2017

as the framework of the knowledge-based economy of Kazakhstan. The first modern
urban centers of Kazakhstan should be Astana, Almaty, Shymkent and Aktobe.
Specific instructions have been given to the Government to develop, by the end of
current year, draft strategies for the formation of agglomerations in the cities of Astana
and Almaty for the period until 2030 [1, 4].
The first part of the thesis contains the meaning and importance of the process as
well as a report for the achievement of the goal. In the second part, a model of the
urbanization process was created, and a regression model in the tabular processor
was developed. In the third part the practical implementation of this work, the features
of the information system of the urbanization process model was considered.

12.2. THE PROCESS OF URBANIZATION
Urbanization tends to correlate positively with industrialization. With the promise of
greater employment opportunities that come from industrialization, people from rural
areas will go to cities in pursuit of greater economic rewards. Urbanization is relevant
to a range of disciplines, including geography, sociology, economics, urban planning
and public health. The phenomenon has been closely linked to modernization,
industrialization and the sociological process of rationalization. So urbanization can be
quantified either in terms of, the level of urban development relative to the overall
population, or as the rate at which the urban proportion of the population is increasing.
The process creates enormous social, economic and environmental changes [1].
Urbanization is not merely a modern phenomenon, but a rapid and historic
transformation of human social roots on a global scale, whereby predominantly rural
culture is being rapidly replaced by predominantly urban culture. Rural inhabitants
come to the city to seek their fortune and alter their social position. Businesses, which
provide jobs and exchange capital, are more concentrated in urban areas. Whether
the source is trade or tourism, it is also through the ports or banking systems,
commonly located in cities, that foreign money flows into a country.
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Fig. 12.1. Processes leading to urbanization
Source: [1, 2]

Demographic aspects of the process are determined by the population of the city.This
figure differs in each country. For the integration of data, a certain number of people in
the region will be given. For example, the United Nations projected that half of the
world's population would live in urban areas at the end of 2008. It is predicted that by
2050 about 64% of the developing world and 86% of the developed world will be
urbanized. That is equivalent to approximately 3 billion urbanites by 2050, much of
which will occur in Africa and Asia. Notably, the United Nations has also recently
projected that nearly all global population growth from 2017 to 2030 will be absorbed
by cities, about 1.1 billion new urbanites over the next 13 years.
The main aspect of the current urbanization process is determined by the number
of people in urban areas. Australia, Europe and North America are facing a high
number of people in urban areas. Countries in Europe that provide a high level of
urbanization: Great Britain - 91%, Belgium 72%, and 77% urban population of the
United States of America, Canada, 76%.
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Fig. 12.2. Urban Level Chart
Source: [5]

The growth of the population, the structure and location of modern processes lead to
numerous difficulties. In recent years, the whole world has been paying great attention
to the development of the urbanization process. In this regard, the modeling of
urbanization processes is underway in many developed countries [2].

12.3. FACTORS AFFECTING THE URBANIZATION PROCESS
The process of urbanization, the growth of cities, have an impact on the formation of
national economic growth and development. Factors that lead to the growth of cities
will be divided into three levels: people, culture and globalization. A person defines a
modern description of the process of urbanization, or the level of quality of life in the
city. The quality of life in the city, the natural and climatic conditions, the quality of life
in terms of living standards, housing, health, transport, education, culture, the
environment are factors in the development of the urbanization process [3].
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Fig. 12.3. Factors affecting the urbanization process
Source: [2]

The role of demographic factors, population, migration, urban settlements are
determined by the results of calculations. The main factor for modeling urbanization
processes is the demographic index.

Table 12.1. Demographic indicators in Almaty, thousands of people

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

1 247.9

1 278.3

1 324.7

1 361.9

1 390.7

1 413.5

1 449.8

1 475.4

1 507.5

1 642.3

1 703.5

Years

Almaty
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Fig. 12.4. Demographic indicators in Almaty
Source: [6]

Economic factors include changes in the structure of employment, concentration of
production and cross-border economic development. Tab. 12.2 shows the standard of
living in Almaty from 2005 to 2015, the average nominal monthly, and the
unemployment rate in Tab. 12.3 and Tab. 12.4 shows the result of 10 years of price
index in the city.

Table 12.2. The standard of living of the population in Almaty, tenge

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

39 614

49 201

59 240

78 021

90 239

95 139

106 597

121 674

134 378

142 310

155 242

Years

Almaty
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Fig. 12.5. Standard of living in Almaty
Source: [6]

Table 12.3. Unemployment rate, percentage

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

8.8

8.4

8.2

7.8

7.4

7.7

6.3

5.6

5.6

5.6

5.5

Years

Almaty

The unemployment rate is one of the factors affecting the urbanization process.
Nevertheless, the demographic value of the index, and the unemployment rate are
inversely proportional to the value of the index values.The unemployment rate has
decreased, the number of urban population growth is increasing, which is an indicator
of the development of the urbanization process [4].
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Fig. 12.6. Unemployment rate in Almaty
Source: [6]

Table 12.4. Consumer price index, percentage

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

112.0

127.1

110.7

107.5

108.0

106.8

106.1

104.4

107.0

114.8

Almaty

109.6

Years

Fig. 12.7. The level of the price index in Almaty
Source: [6]
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Economic factors, such as additional aspects of health care, transport and housing,
can be attributed to factors [5]. The quality of life in the city, the natural and climatic
conditions, the quality of life in terms of living standards, housing, health, transport,
education, culture, the environment are factors in the development of the urbanization
process.

Table 12.5. Health of Almaty city, registered for the diagnosis of diseases,
1000 per capita

2015

728.8
2015

28.0

2014

725.2
2014

24.4

2013

753.6
2013

20.8

2012

752.7
2012

20.3

2011

780.1
2011

19.5

2010

733.5
2010

19.3

2009

757.0
2009

19.1

2008

778.5
2008

18.6

2007

781.3
2007

18.5

2006

624.
2006

18.4

2005
2005

16.7

Almaty

695.9

Years

Fig. 12.8. Health of Almaty city
Source: [6]

Table 12.6. Provision of housing per capita

Years

Almaty
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Fig. 12.9. The level of housing in Almaty
Source: [6]

Table 12.7. Freight turnover of transport, mln.ton

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

5 843.6

6 260.9

7 418.9

8 024.8

8212.0

8591.3

11476.8

16130.5

17957.6

18928.4

21780.3

Years

Almaty

Fig. 12.10. Freight turnover of transport in Almaty
Source: [6]

Today, environmental factors of overcrowding in urban areas, the population of the
city and suburban areas determine the level of industrial development. In particular,
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the process of urbanization is properly carrying out environmental pollution, which
leads to environmental problems.

Table 12.8. The volume of harmful substances in the atmosphere,
thousands of tons

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

6

8

8.7

10.1

10.6

18.2

11.0

11.7

12.1

12.4

43.5

Years

Almaty

Mobility in urban and rural residents is the main factor affecting the strengthening of
communication. By combining economic, environmental, and social sustainability,
cities will become equitable, resilient, and more appealing than urban sprawl that
overuses land, promotes automobile use, and segregates the population economically
[6].

12.4. CREATION

OF A MATHEMATICAL MODEL OF THE URBANIZATION

PROCESS

Requirements and stages of creating an urbanization process model
Multiple regression is an extension of simple linear regression. It is used when we
want to predict the value of a variable based on the value of two or more other
variables. The variable we want to predict is called the dependent variable (or
sometimes, the outcome, target or criterion variable). The variables we are using to
predict the value of the dependent variable are called the independent variables.
Many techniques for carrying out regression analysis have been developed.
Familiar methods such as linear regression and ordinary least squares regression are
parametric, in that the regression function is defined in terms of a finite number of
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unknown parameters that are estimated from the data. Nonparametric regression
refers to techniques that allow the regression function to lie in a specified set of
functions, which may be infinite-dimensional.
In general, the multiple regression equation of Y on X1, X2, …,Xk is given by:

y   ' 1 ' x1   2 ' x2  ...   p ' x p   ,

(12.1)

here b0 is the intercept and b1, b2, b3, …,bk are analogous to the slope in linear
regression equation and are also called regression coefficients. They can be
interpreted the same way as slope. Thus if bi = 2.5, it would indicates that Y will
increase by 2.5 units if Xi increased by 1 unit. Determining the parameters of the
regression equation is the most widely used method of least squares. The purpose of
the regression equation by the

method and the values of the dependent variable

is to minimize the sum of the root-mean-square deviation.  ' , 1 ' ,  2 '...,  p ' the
parameters are random variables, the regression equation, that is, the process model
is not immediately apparent [9]. Therefore, instead of the theoretical regression
equation, the empirical regression equation is used:

y  a  b1 x1  b2 x2  ...  bp x p  e ,

(12.2)

a, b1 , b2 ,..., bp -  ' , 1 ' ,  2 '...,  p ' -the empirical or theoretical value of the regression
coefficients of the regression equation, е –is a measure of the fluctuationsε. The
expression can be computed:

y  a  b1 x1  b2 x2  ...  bp x p .

(12.3)

The parameters of the regression equation to determine the number of
parameters must be greater than the number of observations and must describe the
formula n 

p 1.
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Independent variables n   p  1 are transmitted in the form:

1
1
X 


1

x11
x21

xn1

x12  x1 p 
x22  x2 p 
.
  

xn 2  xnp 

(12.4)

Empirical equation:

Y  XB  e ,

(12.5)

where: B –vector parameters, X –set of values of independent variables.

- random

deviation vector:

e  Y  XB .

(12.6)

In accordance with the method of least squares Q   ei2 :

Q  e' e  Y  XB ' Y  XB  .

(12.7)

In accordance with the method of least squares Q and В vectors is expressed as
follows:

Q
 2 X 'Y  2 X ' X B ,
B

(12.8)

(12.8) gives the expression defines the parameters of the regression equation for the
vector:

B   X ' X  X 'Y .
1

(12.9)

Multiple linear regression analysis of the empirical equation.It is determined by the
importance of the quality of the parameters of the statistical regression equation.
In order to check the quality of the regression equation, the determination
coefficient R2 is used, the ratio is calculated as follows:

R2  1

e

y

2
i

 y

2

i

.

(12.10)

The value of the coefficient is from 0 to 1, each value is closer to 1 indicates the
importance of the equation y.
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The statistical significance of the coefficient of determination, that is, F is the
statistic calculated by the following formula:

F

R 2 n  p 1

p
1 R2

(12.11)

if F = 0, then the coefficient of determination R2 = 0 equals the regression will be
decisive. With Ftable(α; p; n-p-1) the null hypothesis is verified. If the table has the value
F> Ftable, so the statistical significance of the coefficient R2 is [7].

Fig. 12.11. Stages of multifactorial regression analysis
Source: own work

All major statistical software packages perform least squares regression analysis and
inference. Simple linear regression and multiple regression using least squares can be
done in some spreadsheet applications and on some calculators. While many
statistical software packages can perform various types of nonparametric and robust
regression, these methods are less standardized; different software packages
implement different methods, and a method with a given name may be implemented
differently in different packages. Specialized regression software has been developed
for use in fields such as survey analysis and neuroimaging.
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Mathematical model of the urbanization process
Econometric regression analysis is carried out in several stages:
During the initial data preparation phase (Tab. 12.9) the following symbols are
used:
- n – count of experimential data between 2005 and 2015 years ;
- Y – demographic indicators in Almaty between 2005 and 2015 years;
- X1 - the standard of living of the population in Almaty, tenge
- X2 - unemployment rate, percentage;
- X3 - consumer price index, percentage;
- X4 -registered for the diagnosis of diseases, 1000 per capita;
- X5 - provision of housing per capita;
- X6 - freight turnover of transport, mln.ton;
- X7 - the volume of harmful substances in the atmosphere, thousands of tons.

Table 12.9. Table of performance indicators and factors
N

2005
2006
2007
2008
2009
2010
2011
.2012
2013
2014
2015

Y
(tho,
people)
1247.9
1278.3
1324.7
1361.9
1390.7
1413.5
1449.8
1475.4
1507.5
1642.3
1703.5

X1
(tg)

X2
(%)

X3
(%)

X4
(1000)

X5
(sq.m)

X6
(mln ton)

X7
(tho, ton)

39614
49201
59240
78021
90239
95139
106597
121674
134378
142310
155242

8.8
8.4
8.2
7.8
7.4
7.7
6.3
5.6
5.6
5.6
5.5

109.6
112
127.1
110.7
107.5
108
106.8
106.1
104.4
107
114.8

695.9
624.8
781.3
778.5
757
733.5
780.1
752.7
753.6
725.2
728.8

16.7
18.4
18.5
18.6
19.1
19.3
19.5
20.3
20.8
24.4
28

5843.6
6260.9
7418.9
8024.8
8212
8591.3
11476.8
16130.5
17957.6
18928.4
21780.3

6
8
8.7
10.1
10.6
18.2
11
11.7
12.1
12.4
43.5

Determining the parameters of the equation by using the method of least
squares.The vector of the regression parameters is calculated by the formula

B  X ' X  X 'Y .
1

The regression equation is:

204

Varia Informatica 2017

y  496,43  0,0019 x1  12,02 x2  1,08 x3  0,23x4  31,8 x5 
 0,00053x6  1,89 x7

(12.12)

The coefficients of the regression equation X3, X5 and X7 are negative (see (12.12)).
As well as factor X2 is greater than the value of the standard error rate results [8]. The
value of the remaining three factors is derived from the regression analysis .

Table 12.10. Table of Source Data
N
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Y(tho, people)
1247.9
1278.3
1324.7
1361.9
1390.7
1413.5
1449.8
1475.4
1507.5
1642.3
1703.5

X1(tg)
39614
49201
59240
78021
90239
95139
106597
121674
134378
142310
155242

X4(1000)
695.9
624.8
781.3
778.5
757
733.5
780.1
752.7
753.6
725.2
728.8

X5(sq, m.)
16.7
18.4
18.5
18.6
19.1
19.3
19.5
20.3
20.8
24.4
28

The regression equation and the equation are determined by the results of an analysis
based on the forecast.

Table 12.11. Table of performance indicators and factors
Years
N
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Demographic
indicator
Y
(tho, people)
1247,9
1278,3
1324,7
1361,9
1390,7
1413,5
1449,8
1475,4
1507,5
1642,3
1703,5

Average monthly
volume
X1
(tg)
39614
49201
59240
78021
90239
95139
106597
121674
134378
142310
155242

Volume of housing
provision
X5
(sq, m)
16,7
18,4
18,5
18,6
19,1
19,3
19,5
20,3
20,8
24,4
28
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The results of the regression analysis show the factors had positive coefficients,
Therefore, the factors included in the parameters of the regression equation, but the
factor X4 is greater than the value of the standard error rate. The values of X1 and X5
as a result of the analysis of factors included in the regression equation [6].
The period of estimating the parameters of the equation by means of the method
of least squares.The vector of the regression parameters is calculated by the formula

B  X ' X  X 'Y .
1

1

1
1

1
1

X= 1

1
1

1
1

1

39614 16.7
49201 18.4
59240 18.5
78021 18.6
90239 19.1
95139 19.3
106597
121674 20.3
134378 20.8
142310 24.4
155242 28









,

19.5 







1247.9 


1278.3 
1324.7 


1361.9 
1390.7 


Y= 1413.5  .


1449.8 
1475.4 


1507.5 
1642.3 


1703.5



The matrix X consists of the value of each factor that affects to the process.
1
1
1
1
1
1
1
1
1
1 
 1


X T   39614 49201 59240 78021 90239 95139 106597 121674 134378 142310 155242 
 16.7
18.4
18.5
18.6
19.1
19.3
19.5
20.3
20.8
24.4
28 


XT*X matrix is determined by determining the average of the quadratic deviation

1071655
223,6 
 11


X X  1071655 119358312113 22836556,5  \
 223,6
22836556,5
4647,3 

T

The value of the coefficient vector of the regression equation is calculated by:

 812,001 



Y(X) = (XTX)-1XTY =  0,000745  .

 20,694 
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The regression equation is given in (12.13):

y  812,001  0,000745x1  20,694 x5 .

12.5. IMPLEMENTATION

(12.13)

OF THE INFORMATION SYSTEM FOR MODELING

URBANIZATION PROCESSES

A programming tool or software development tool is a computer program that software
developers use to create, debug, maintain, or otherwise support other programs and
applications.
Table data processing will be divided into three groups of processes in our work:


Regulation, automatic filter, advanced filter to generate data processing;



Solution of optimal problems;



Statistical processing of data, analysis and forecasting.

In our work we used the following software tools:


PHP is a server-side scripting language designed primarily for web development,
but also used as a general-purpose programming language.



MySQL is an open-source relational database management system. MySQL
Fabric is an integrated system for managing a collection of MySQL servers, and a
framework on top of which high availability and database sharding is built. MySQL
Fabric is open-source, and supports procedure execution in the presence of
failure, providing an execution model usually called resilient execution. MySQL
client libraries are extended so they are hiding the complexities of handling
failover in the event of a server failure, as well as correctly dispatching
transactions to the shards.



AJAXis a set of Web development techniques using many Web technologies on
the client side to create asynchronous Web applications. With Ajax, Web
applications can send data to and retrieve from a server asynchronously (in the
background) without interfering with the display and behavior of the existing page.



Robot Parser is the process of analysing a string of symbols, either in natural
language or in computer languages, conforming to the rules of a formal grammar.
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The traditional grammatical exercise of parsing, sometimes known as clause
analysis, involves breaking down a text into its component parts of speech with an
explanation of the form, function, and syntactic relationship of each part. This is
determined in large part from study of the language's conjugations and
declensions, which can be quite intricate for heavily inflected languages. To parse
a phrase such as 'man bites dog' involves noting that the singular noun 'man' is
the subject of the sentence, the verb 'bites' is the third person singular of the
present tense of the verb 'to bite', and the singular noun 'dog' is the object of the
sentence. Techniques such as sentence diagrams are sometimes used to indicate
relation between elements in the sentence [7].
Structure of the information system
The information system operation scheme is shown in Fig. 12.12.

Fig. 12.12. Information system operation scheme
Source: own work
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Data processing consists of four operations. Information on factors that affect the
processing of data in the process of urbanization factors is the processing of tabular
data and diagrams.
Regression data processing is an important part of the system, news processing
is necessary for forecasting.These data are carried out with the help of robot parsing.
For more information about database factors, the parsing table of data consists sets of
data, in the form of news. The information obtained from the syntactic analysis of the
factor is processed and used to predict the factors identified in the assessment.
Processing technology, the architecture is shown in Fig. 12.13.

Fig. 12.13. Syntactic analysis of architecture
Source: [12]

The syntactic architecture for other sites using the HTTP protocol, using the interface
of the JNDI application and the WML data of the minimum unit, to send information to
the server [13].
The database of the system consists of the relationships between the main five
tables. The database model is shown in Fig. 12.14:

Development of Information Systems for the Simulation of Urbanization Processes…

209

Fig. 12.14. The database schema
Source: own work

The table in the database contains information about the factors that influence of
urbanization process. The current_info table in the database contains information
about factors.
Web-based information system interface
An information system is an organized system for the collection, organization, storage
and communication of information. More specifically, it is the study of complementary
networks that people and organizations use to collect, filter, process, create and
distribute data. The information system of the urbanization process
created in PHP, in the text editor PphStorm [12].

model was
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Fig. 12.15. Main page of the system
Source: own work

The forecast of information is in the main function of the system menu. Regression,
correlation analysis is carried out in this menu. The analysis is carried out on the basis
of a mathematical model.

Fig. 12.16. Analysis window
Source: own work
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By pressing the button, performing the regression analysis calculates a complete
regression analysis [13]. The final indicator of the correlation analysis determines
factors and factor relations.

Fig. 12.17. Results of the correlation analysis
Source: own work

The regression analysis developed by the program after creation the final regression
equation. The regression equation is shown in Fig. 12.18:

Fig. 12.18. Regression equation
Source: own work

The program created as a result of the regression analysis model performs the
forecasting function based on 2016 [8].
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Fig. 12.19. Forecast based on formula PREDICT
Source: own work

The program allows you to automatically create a regression analysis. If you need a
number of factors and changes in the number of checks, the program automatically
creates a regression and correlation analysis.
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Fig. 12.20. Automatic regression analysis
Source: own work

Fig. 12.21. Robot-parser’s statistics
Source: own work

In linear regression, the relationships are modeled using linear predictor functions
whose unknown model parameters are estimated from the data. Such models are
called linear models.The advantage of PHP programming language is multifunctioning, one of which is the technology of the robot parser. Due to the use of
technology, the function processes information from other sites. Parsing algorithms for
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natural language cannot rely on the grammar having 'nice' properties as with manually
designed grammars for programming languages. As mentioned earlier some grammar
formalisms are very difficult to parse computationally; in general, even if the desired
structure is not context-free, some kind of context-free approximation to the grammar
is used to perform a first pass.

12.6. CONCLUSIONS
Urbanization is to organize the gradual and continuous transformation of information
system to simplify it, to optimize its added value and to make it more responsive and
flexible towards strategic business changes, while relying on technical opportunities of
the market. Urban planning defines rules and a coherent, stable and modular context,
in which different stakeholders are referring to any investment decision in the
Information System.
We created Informational model of the urbanization process in this work. The
urbanization mathematical model was based on regression analysis.The coefficients
of the model determined by the method of least squares. The significance of the
specified factors and coefficients were tested using Fisher and Student criteria.
Demographic indicators and calculated values of the autocorrelation of Darbin
Watson's criteria were determined on the basis of the forecast using the linear trend
model.
Enterprises are now living in a fast changing business environment, subject to
commercial, financial and technical evolutions that can occurs in only one or two
years. So, this information system is useful for use by enterprises that want to
implement long-term projects in Almaty. The new urban Multipo-lar paradigm provides
an interesting metaphor to help us moving from a function-based static urbanization to
a flow-based dynamic one.
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13
Correction of Incomplete and Incorrect Time
Series for Traffic Prediction

Traffic sensors from the city of Dresden are creating incomplete measurements in
nearly 5 percent of the cases. Machine learning methods can handle incomplete data
insufficiently and therefore generate inaccurate traffic predictions. To use the data of
the sensors for machine learning methods, this chapter examines cleansing methods.
Thus, the missing values can be calculated and inserted into the gaps (missing values
for a specific time window). The research results are used in a program to treat these
caps in the sensor data. Afterwards, prediction algorithms for traffic conditions, traffic
parameters and congestions are possible based on the corrected and completed
sensor data sets.

13.1. INTRODUCTION
We are living in the era of big data. There exist large data volumes in different areas
and these data sets are analyzed for predictions. Companies such as Facebook,
Google and the geo data company Here collect data about humans, machines and
automobiles. More and more data is generated from heterogeneous sources,
therefore the data volume and data variety increase [4]. The mass of the new data
enables

innovative

business

areas

and

divers

data

Unfortunately, the amount of incorrect data is also increasing.

analysis

possibilities.
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In the research project ExCELL (funded by the Federal Ministry for Economic
Affairs and Energy) mass data from the traffic management system VAMOS [1] of the
city of Dresden is available. The aim of the project is the development of a logistic
platform which will offer mobility services for small and medium sized companies.
VAMOS is operated at the Technical University Dresden and generates big
anonymized amounts of data from diverse data sources such as sensors from road
traffic and floating car data from a taxi service. Therefore, in the project ExCELL exists
more than 500 GBytes of traffic data from the city of Dresden which was produced
from 2009 until 2017.
The data is used to control and optimize the traffic flow on the inner-city streets.
The traffic sensors register and analyze the current traffic flow and estimate
predictions. With the help of targeted traffic light circuits, congestion and overcrowded
crossing are prevented. The data could be used for applications in the area of private
transportation, for example route recommendations that are adapted to the current
traffic situation. Because of the good spatial coverage in Dresden and the high
measuring frequency, sensor data is perfect as a data basis for traffic analysis, see
Fig. 13.1.

Fig. 13.1. Distribution of the traffic sensors in Dresden
Source: own work
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Maintenance work or downtimes of the traffic sensors result in incomplete data.
However, many data analysis and data processing methods for example pattern
matching or traffic prediction heavily rely on complete data sets. One important
question arises: “How to generate complete and high-quality data sets from
incomplete sensor data?”

13.2. PROBLEMS WITH INCOMPLETE AND INCORRECT SENSOR DATA
Incomplete series of measurements are a problem for data analysis tasks because
many statistical methods require complete data series [5]. In the sensor data sets from
the Dresdner traffic management system VAMOS approximately five percent of the
data is missing. There exist almost 1300 sensors distributed in the entire urban area of
Dresden, the positions are shown in Fig. 13.1. For example, measurements from the
traffic sensors in the city of Dresden often show gaps (missing measurements) which
are caused by sensor failures, maintenance intervals or transmission errors [1].
A constant stream of data is required for correct predictions of the measurements.
A time series analysis based on these sensor data possibly calculates wrong results
which could have massive consequences on following data mining processes.
How do the data structures of the sensor data look like? Most of the traffic
sensors send a data value every minute in the following format:


Sensor id.



Timestamp.



Aggregated occupancy value (number of vehicles per time unit).



Average speed.

From the occupancy values und the average speed values, conclusions concerning
the traffic state in Dresden can be made. This behavior is especially interesting for
traffic analysis. The measurements of all traffic sensors at a certain time slice
effectively depict the traffic state in the city of Dresden. A future value for the traffic
flow or congestions in the city of Dresden can be predicted from a stream of these
traffic sensor data.
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Fig. 13.2 depicts an overview over the missing data. It can be seen that the
failure rate is dependent on the sensor location. The X-axis defines the weekday and
the Y-axis the sensors with corresponding sensor ids. Specific traffic sensors exhibit a
high failure rate, whereas other sensors hardly generate any incomplete
measurements. Especially the sensors with a high failure rate are problematic for data
analysis tasks.

Fig. 13.2. Overview of the sensors with the proportion of missing measurements
Source: own work

In order to use the data from the traffic sensors, without completely removing time
series data with gaps, we examine different cleansing methods in this article. With the
help of these cleansing methods missing values are estimated and filled into the gaps.
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The findings are incorporated into a computer program for the automatic treatment of
these missing values.
The omission of incorrect data sets is the easiest possibility to cope with the
problem of missing data. Thereby, only complete time series data are used for the
analysis. For example, the explanatory power of the data mining algorithms reduces, if
data from important traffic sensors at traffic hub can’t be used for the prediction of
congestion. Therefore, we evaluate methods which can insert estimates into the gaps
and finally create complete data sets for traffic analysis. This process is called
imputation [2].

13.3. ALGORITHM FOR THE CORRECTION OF SENSOR DATA
In the first step a test data set was created to verify the cleansing methods. This data
set consists of 16 sensors from April to December 2014, so historical sensor data.
From this complete data set synthetic values are removed and marked as missing. For
the evaluation of the individual methods, several runs with different gaps and varying
gap densities are performed. The gaps are randomly distributed over the considered
period. A comparison with the measured and synthetically removed values is for
verification purposes possible because of the existence of a complete test data set.
The final goal is to create an R program for the traffic sensors that is able to
repair all gaps in the sensor data. In Fig. 13.3 there is an example data set with a
missing value for the sensor with the sensor id 285. On 06th April of 2014 at 9:30 am
no occupancy and speed values were recorded for this sensor. With the help of a
program, a repair based on average speed, spatiotemporal dependencies or other
methods must be carried out fully automatically.
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Fig. 13.3. Example for missing data of the sensor with the id 285
Source: own work

The gaps are cleansed by applying an appropriate strategy. The resulting estimated
values are compared with the original values from the described test data set to
calculate the average error. Here, the Normalized Root Mean Squared Error (NRMSE)
[3] is used as the evaluation criteria for the cleansing algorithm. This error formula is a
combination of the Root Mean Square Error and the standard deviation as shown in
formula (13.1):
(13.1)
The Root Mean Square Error (RMSE) correspond to the standard deviation of the
original values. Because of squaring the error, higher differences get a larger weight,
see formula (13.1). Through the normalization of the RMSE the imputation results of
different sensors as well as different variables are comparable. Normalization occurs
on the standard deviation

of the observed variable. The Normalized Root Mean

Squared Error (NRMSE) is defined as follows:
Through the normalization of the RMSE the imputation results of different sensors
as well as different variables are comparable. Normalization occurs on the standard
deviation

of the observed variable. The Normalized Root Mean Squared Error

(NRMSE) is defined as follows:
(13.2)
For the evaluation of the results, the average error of each method is calculated per
sensor and gap length applying the NRMSE, see Fig. 13.4. The illustration depicts an
overview over the errors of all methods in dependence of the gap length. For short
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time gaps until two hours, the usage of a basic structural model is suitable. Thus, the
time series is modeled using the components trend, seasonality and rest. Finally, a
Kalman filter calculates the missing values. For longer gaps, the time series is
inaccurate, so it is recommended to insert values of the average week. For this
purpose, the trend is calculated from all known data from a sensor, whereby public
holidays are also taken into account. Gaps are filled with the corresponding average
values. The methods Weighted MA (Moving Average) and linear interpolation supply
acceptable result for short time gaps.

Fig. 13.4. Comparison of cleansing methods
Source: own work

The illustrated methods can efficiently determine estimated values. On the one hand,
the methods that use average values deliver constant precision for the gap lengths.
On the other hand, the remaining approaches loss precision with increasing gap
length. The method Weighted Moving Average produces good result for window sizes
of 5 to 10 minutes. The methods Last Observation Carried Forward, Mean Imputation
and Weighted Moving Average exhibit poor results with bigger window sizes. Due to
the high accuracy for small time gaps, the method Basic Structural Model is applicable
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for adjusting gaps up to two hours (occupancy) or up to one hours (speed). In bigger
gaps the values of the average week including celebration days are inserted.
With the help of the results from the tests and analyzes is was possible to implement
an R package that can automatically select the adequate cleansing methods for
different time gap sizes. As a result, there are correct and complete data sets for
subsequent machine learning algorithms.

13.4. TRAFFIC PREDICTION FOR THE CITY OF DRESDEN WITH
THE HELP OF CORRECTED SENSOR DATA
The corrected measurements of the traffic sensors can be used for traffic predictions
and congestion forecasting. Fig. 13.5 shows the prediction pipeline including the
cleansing stage in a uniform process. All the following analyzes and prediction models
are based on the same cleansed data basis. Whereby, the results are comparable and
the various machine learning methods can be evaluated efficiently. In the project
ExCELL, simple prediction model for occupancy and average speed values of the
sensors exist in a prototypical stage. Additionally, more complex models for the
prediction of congestion in certain city areas respectively at sensors are in a test
phase.

Fig. 13.5. Prediction pipeline with data cleansing
Source: own work
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For the prediction of traffic parameters and congestion on the adjusted sensor data,
three different machine learning methods are applied:


Neural networks (feedforward and recurrent neural networks) with Deeplearning4j
;

and TensorFlow


Spatiotemporal prediction models such as STARIMA with the Python-library
pySTARIMA



;

Support Vector Machines with Apache Spark.

These methods can be executed on the high-performance computing cluster of the
Beuth University of Applied Sciences. On the one hand, the goal of the prediction
pipeline is to discover the machine learning algorithm with the lowest error rate. On
the other hand, it is important to evaluate the method with an efficient tradeoff
between a low error rate and a modest resource and energy consumption. Depending
on the prediction requirements, the best machine learning algorithm should be found
and applied. A fair comparison requires a consistent and high-quality data set. This
data set was delivered by the R package mentioned in this article to repair missing
values.

13.5. SUMMARY
The sensor data from the traffic management system VAMOS in the city of Dresden
exhibit substantial gaps in the measurements. These incomplete data sets cause large
problems during the training of machine learning algorithms for traffic forecasting or
congestion prediction because many machine learning approaches can only work on
complete measurements. Tests have identified that various cleansing methods are
required for different gap lengths. In this chapter, a procedure for a fully automatic R
package has developed which repairs incomplete data sets by selecting appropriate
cleansing methods. Subsequent machine learning methods can consume these data
sets. As a result, there are correct and complete data sets for machine learning
processes. Precise predictions of congestion and traffic parameters are thus possible.
In the case of the predictions, data sparseness and cost aspects of the calculation for
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training machine learning methods should be taken into account. Currently, methods
such as Autoregressive Integrated Moving Average (ARIMA), Support Vector
Machines (SVM), and neural networks are tested for their efficiency.
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14
Aspects of EEG Acquisition Process

Like in many areas of research, electroencephalogram (EEG) has been applied to
many fields. However little research has been done to explore what EEG can do in
favor of information security and cryptography. This review highlights the pre-study
that can be done before proceeding into the extraction of a cryptographic key out of a
brainwave sequence in some very specific conditions. In this paper, the effect of the
state of mind in an examination is explained in details, all along with the examination
process and the artifact correction.

14.1. INTRODUCTION
Few researchers have been done in finding a meeting point between cryptography
and brainwaves, a combination that will, for sure, guarantee a high level of security to
the data. Brainwaves are about the electrical potentials on the skull following a mental
activity. They are unique to each individual and can assure a high level of uniqueness
when used in a cryptographic key. Meanwhile, cryptography is the equivalent of both
integrity and confidentiality that makes things even harder to be conceived and
handled.
The brain has always been a mystery to researchers, and the need of discovering
it and tracking its activity has always been a temptation. Neurons are interconnected
with each other through the multiple extensions coming from the neuron cell bodies
that are called dendrites. Hence, they generate electrical impulses that vary
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depending on the brain activity itself. Researchers have succeeded tracking it as it has
got the form of waves - from which the term brainwaves had occurred [1]. Those
waves can be tracked by medical equipment such as EEG that has succeeded in
tracing the brainwaves detected on the scalp surface.
Another classification of EEG signals is done in terms of how 1) Rhythmic or 2)
Transient the activity is. As shown in Fig.14.1 the bands of frequencies are the ones
responsible for defining each rhythmic activity.

Fig. 14.1. EEG sub-bands
Source: [2]

On another hand, the mental state of the subject is a lead character in defining the
frequency, which leads to giving a wave classification that is highly related to the state
of mind of the subject [3]. According to Tab. 14.1, the tracked brainwaves of a subject
in a calm state of mind is widely different from the one of a subject that is highly using
his mind in solving a mathematical problem [3].
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Table 14.1. Classification of waves depending on their frequency
Wave
Gamma

Frequency
27 Hz & higher

Beta
Alpha
Theta

12Hz – 27Hz
8Hz-12Hz
3Hz-8Hz

Delta

0.2Hz-3Hz

Mental states
Formation of ideas, language,
memory processing and
various types of learning
Wide awake
Awake but relaxed
Light sleep and extreme
relaxation
Deep dreamless sleep

Source: [3]

In 1929, Hans Berger did the first noninvasive measurements of bioelectrical activities
inside the brain. During the past 70 years, EEG has been established as a tool for
monitoring brain functions and dynamics. As a way to connect the EEG tool to a
computer, the need of a Brain Computer Interface (BCI) system is quite important. The
electrical signals that are caught by the EEG tool are converted into patterns by the
BCI system [4].
Since the invention of the EEG based BCI systems life has become much easier
for physically disabled people. It has offered them more independence and hope in
life. This technology is a huge help in other applications such as gaming, predicting
web users click intentions, personal authentication, cryptography [5], [6] etc.
While medicine has been the number one target of EEG signals’ analysis for
decades, using EEG outputs in cryptography has found a way to experiment and
application. Cryptography has one major problem that is finding a way for a string key
that stands tall against all kind of compromising actions. Usually, a strong
cryptosystem is defined by its ability to maintain strength when everything about it is
known except from the key [1]. This makes the key the number one factor that should
be well taken care of. This has led to putting forth the algorithms that support long
keys that are hard to memorize. Hence, database storage is an alternative that
requires tokens for the sake of authentication. The problem with that is the
vulnerability to which tokens are exposed (shared, lost or stolen). With the several
attempts of finding a three in one kind of keys, meanwhile strong, unique and
unpredictable. Biometrics is a good solution for data repudiation problems,
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remarkably, it is difficult to reproduce, imitate and share biometrics comparing to
passwords [7]. Thus, it is proved that biometric-based key generation systems can
provide a secure cryptographic key [8].
A human being can be uniquely identified by a limited set of biometrics notably,
fingerprints, facial features, and iris scans. Compromising of these features is not an
easy task, but hard does not mean impossible. There are no alternatives in the case
when this uniqueness is compromised and that’s a major problem. Thus, the need for
a unique, frequently available biometric resource is appealing. Here stands the
efficiency of an EEG based secret information that can be used later in the creation of
a cryptographic key. The fact that EEG signals meet these criteria makes them a
perfect base for neuro-cryptography, and that is what will be discussed later in this
study.

14.2. EEG LABORATORY CONFIGURATION
In the process of a brainwave measurement, the subject has to put on a cap, as
presented in Fig. 14.2, that should fit exactly with his head size. Electrodes are placed
in some universally specified positions for the sake of collecting the desired
information from the right source that provides it in the human scalp. The electrodes
are connected afterward to an amplifier that serves as an intermediate between the
subject and the BCI.
EEG equipment
To conduct EEG examination a set of equipment is necessary. The main elements of
the system are described below.
EEG electrodes
Metal discs made of tin steel portions that are either gold or silver based material. This
being said is coated with silver chloride. The electrodes are placed on the scalp
according to the international 12/20 system. The electrodes are labeled with a letter
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and a number, the letters refer to the brain part and the numbers define whether it is
the left or the right side.

Fig. 14.2. A cap for patient examination

According to the article [9], the number and the position of electrodes is a major factor
in defining the quality and the output of the brainwave measurement. Therefore
adapting the feature (cap) to each subject individually is a must for assuring the
integrity of the collected data to each individual separately.
Electrode gel
The conductive gel should be injected into the cap’s cavities, it is a malleable
extension of the electrodes, and its main function is helping to produce fewer artifacts
since we are talking about an environment in which the electrodes movement can
produce artifacts. It features maximizing the skin contact for a better recording. The
conductive gel solves one of the electrical restrictions of EEG electrodes namely the
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impedance. The gel application helps lowering it from the range of 150 to 200 KΩ to
the range of 5 to 10 KΩ [10].
Electrode positioning
The International 10-20 system [11] is commonly used for EEG electrode placement
and for correlating external skull locations to underlying cortical areas.
Electrode positioning is widely defined by the International 10-20 system [11]
which is used as well for correlating external skull locations.
This system is built over the distance in percentages of the range 10-20 between
Nasion-Inion and fixed points. Namely Frontal pole (Fp), Central (C), Parietal (P),
occipital (O), and Temporal (T) the midline electrodes are marked with a z, which
means zero (Fig. 14.3).

Fig. 14.3. Positions of electrodes in the international 10-20 system in order to collect data from
EEG
Source: [12]
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Brain computer interface
Brain–computer interfaces (BCI’s) give their users communication and control
channels that do not depend on the brain’s normal output channels of peripheral
nerves and muscles. The interest in BCI development rises from the extra value it
would hopefully add to the life of those with extreme disabilities -disabilities that stop
them from benefitting from conventional augmentative technologies, which indeed
demands voluntary muscle control. (Assessing features for electroencephalographic
signal categorization IEEE) Over the past five years, the volume and pace of BCI
research have grown rapidly [3].

14.3. EXAMINATION PROCESS
Before an examination, the subject is asked to get in a comfortable position. The
examiner helps the subject in putting on the cap, applies the conducting gel and starts
attaching the electrodes depending on the brain areas he wants to track. An amplifier
is set to deliver the signal in a proper way to the computer. With the help of the BCI,
the electrical activity in the brain is shown as waves or brain mappings that can be
easily analyzed.
The subject may be asked to perform some taxes during the test depending on
the aim of the examination. For instance, blinking fast, breathing fast, looking at a light
or a picture or even sleeping. This kind of activities gives the examiner a wide range of
possibilities to study and understand much more about the subject.
Because the brain is a complicated mechanism, the waves it gives are very likely
to be affected by various factors. Therefore, the subject has to take some precautions
for better results.
Caffeine is a mainspring in affecting the brain activity, so avoiding food and drinks
that include it such as coffee, tea, cola, and chocolate, is a must before an
examination [13].
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A clean hair is also a helping asset in assuring reliable results. The electrodes are
attached to the scalp that should be oil free. Subsequently, the subject has to avoid
putting oil, creams, sprays, hair conditioner after the shampoo [14].

14.4. EEG SIGNAL FORMATS
Before processing, extracting data from an EEG file can be done in one of the
standard formats as presented in Tab. 14.2.

Table 14.2. Format of EEG signal storage

ASCII

Easiness to
understand
+++

DAT

Binary

EDF

UDF

+++

High, ++

Size of data

Depends on the
hardware and
file systems
+
Depends on the
hardware and
file systems
+
Depends on the
hardware and
file systems
++
Depends on the
hardware and
file systems
++
Depends on the
hardware and
file systems
Medium, +
Low

Read/write speed

Efficiency

+++

+++

++

+

+++

++

++

+++

+++

+++

Source: [15], [16]

14.5. ARTIFACTS CORRECTION
The need of artifacts correction arouses from the amount of data lost with the
contaminated EEG activities by either eye movement, blinks, cardiac signals or
muscle noise.
The EEG consists of 22 signals, recorded by unipolar electrodes at a sampling
rate of 256Hz [17].
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EEG is a combination of neuron potentials that is presented as waves. However,
the purpose of having signals from the brain is almost impossible to meet, because
there are many sources of disturbance and therefore the signals we get are mainly the
potentials of the skull. The only way to get pure exact signals from the brain is placing
the electrodes directly on the brain which requires a surgery that will put the subject’s
life in danger [18].
A detailed EEG artifacts survey and its several measurements of analysis in time
domain, frequency domain, time-frequency and nonlinear techniques were proposed
in [19]. Getting deeply than the survey, the linear methods of PCA (Principle
Component Analysis) and ICA (Independent Component Analysis) will be explained
below.
Principle Component Analysis
PCA is an established method that gives the possibility to highlight the statistic linear
relations between the variables by extracting the features and reducing the
dimensions of the data. Its aim is to reduce the degrees of freedom, space and time
complexities. However, its direct implementation to data retrieved from a dynamic
system will not reveal the exact relationships between those variables. Ku and Al. [20]
proposed an extension called the dynamic PCA, which consists in applying PCA to a
matrix of augmented data containing the different time-shifted system variables. Later,
Li and Qin [21], then Wang and Qin [22] proposed extensions of the dynamic PCA
close to subspace identification methods to eliminate possible bias on the model
parameters [23].
PCA is mostly used in order to segment signals from multiple sources. The
theoretical approach of PCA is the following:
1.

Computing the full data set of the d-dimensional vector µ and d*d covariance
matrix R.

2.

Name the eigenvectors e1 with eigenvalue λ1, and e2 with eigenvalue λ2…
etc.

3.

Subsequently, the largest k in the eigenvectors is chosen.
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While in practice, we seek the spectrum of eigenvectors. Mostly, a dimension implies
the inherent dimensionality of the subspace that governs the signal. The rest of the
dimensions is nothing but noise. From a k*k matrix, A whose columns consist of the k
eigenvectors, the data gets preprocessed according to the following formula:
.

(14.1)

This representation minimizes the squared error criterion. More details are discussed
in Cao et al. [24] study.
Independent component analysis
Independent component analysis (ICA) was proposed by Hyvärinen and Oja in [25].
Let’s assume that we observe n linear mixtures x1,...,xn of n independent components:
for all j.

(14.2)

In equation (14.2):


Time has been dropped



Each mixture xj, as well as each independent component sk, is a random variable,
instead of a proper time signal



Both the mixture variables and the independent components have zero mean.
(14.3)



X is the random vectors of the elements from the mixtures x1,...,xn



A is the matrix containing the elements aij



s is the random vector with the components s1,…, sn.
(14.4)

Equation (14.4) is the same as the previous one (14.3), it could be more useful there
is the need of studying only some elements of the matrix A.
(14.5)
ICA is clearly modeled in equation (14.5). This model describes very well how the
observed data is generated by a process of mixing the components si.
Independent components cannot be observed directly, and the mixing matrix is
unknown. The only concrete part is the random vector X which leads us to:


Estimate A and s.
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To start the ICA the following steps are required:


The assumption that the components si are statistically independent.



The assumption that the independent component must have nongaussian
distributions.



The supposal that mixing matrix is square.



Reverse A and get W.

14.6. CONCLUSION
EEG signals are not only used to observe diverse mental states and diseases related
to the brain but can also be used to guarantee a more secure user authentication to
protect sensitive data. Therefore, this review takes place to collect all the necessary
data concerning the EEG and its environment as the first step in order to lead more
efficiently to a research about creating a new algorithm that consists of generating a
cryptographic key using the brainwaves. This work highlighted the equipment required
as well as the procedure to follow in order to proceed a successful examination. Then,
it discussed the different EEG signal formats and a brief comparison between them.
Finally, it concluded with the algorithms that will be used to correct the artifacts
included in the data received from several activities done by the subjects.
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15
Composition Problem in Programming Language
Java

15.1. THE PROBLEM DESCRIPTION
As is known in programming language Java there is no concept of the pointer. That is
all not primitive types (arrays, strings, objects of any class) are realized as pointers,
but they appear without specifying, that they are pointers. Thus, to created strings,
arrays and all objects created as instances of classes it is possible to address only
through pointers. Fields, variables, parameters of methods and created anonymous
quantities contains (in the memory allocated under it) either primitive value, or the
structure address, on what they refer.
Thereby Java solves the acute problems associated with pointers. The problem
of dangling pointers is one of commonly encountered problems in programming
languages and demands excessive time in process of debugging. A garbage problem
(the object where there is no reference) though not commonly encountered problem,
but if it happens a memory overflow in very inconvenient moment the consequence
will be pitiable. These problems do not arise in Java because the programmer
obviously does not work with pointers. Memory management (garbage collection) – a
problem of the program runtime environment and the programmer does not interfere
with this process.
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But Java elegantly resolving the above-stated problems, complicates to resolve
one problem of a design stage - an aggregation problem. In process of designing
somehow or other are modelled real entity or processes. Each real entity has
corresponding properties and naturally defined operations which apply on entity of
given type. If some entity’s property is difficult, that is in turn is entity, in programming
languages such modelling (and the given relation between these objects) is called as
aggregation. In the text it is used the word “object” as some model of entity of the real
world. Thus, the object which aggregates - is called whole, and object-property - as a
part. For example, the document aggregates its contents, the computer aggregates
the device - the processor, the car aggregates the engine etc.
Though the object included in aggregation is understood as the object part, some
such objects-parts can physically contain not in the including object. For example, the
author of the book is out of the book, the person has the bank account, not including it
physically in itself, the shareholder exclusively owns the actions, but they do not enter
into it physically, car registration certificate can appear out of the car etc. These
relations, undoubtedly, are aggregation relations, but rather conceptual, than physical
in nature. The including object still means whole, but its part, contained in whole
indirectly.
In languages with pointers [1] the relationship of the whole and its indirect part
(the property) is implemented by pointers, the object-part of this relationship is named
as a part-pointer or part-link. Properties physically included within the whole
implemented directly allocating (expanding) memory for the part of a whole, included
in this relationship the object-part is named as a part-value or expanded part. Thereby
it is determined the physical boundary of the whole object in these languages.
Everything, that within object (within the boundaries), that is physically consisted in it
- included (deployed) in it as part of its values, and everything, with whom the object
has aggregation, but does not physically consisted into it, that is not contained within
the (border) of the object - included inside it as pointers to the corresponding values.
In [3] the types of objects, the values of which are deployed inside another object, are
called as a expanded types.
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In object-oriented design language UML [2], in the diagram of classes, there are
two relations of association for modeling of such relations. The aggregation relation is
used to specify the reference (not included within the boundaries of the whole) of a
relationship with the part. The composition relation is used to indicate the relationship
between the whole and its expanded part (see Fig. 15.1) [2].

Class A

Class B

Class A

Class B

Aggregation

Composition

Fig. 15.1. Aggregation by reference (top) and the by value (bottom)
Source: [2]

In fact, instead of a pointer, you can use the record key on this object in the database
objects of this class. It is also aggregation, but without a physical inclusion.
The concept of the physical boundaries of the object is necessary in order to
determine the perform semantics of some basic operations on the object. These
operations are the creation, assignment, copying (cloning), comparison and deletion.
For example, if you copy an object, for the parts - values should be copied to these
objects-parts (values), and for parts-pointers should be copied pointers to objectsparts, that is should be copied addresses of the parts. In addition the physical
boundary is needed to determine whether the object part is shared between multiple
objects, or it is only a property of its owner - the object-whole. There are many
examples where the parts are divided among several entities - the owners, for
example, other book can point to this author, that is, two books have one and the
same author, so both books refer to one and the same author. Bank accounts book
can point to a given customer account, database in the traffic police to this registration
certificate etc.
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If the object value changes, the change is reflected in all objects that share this
object as a part of them and refer to this object through a pointer. In real life, it really
should be. Indeed, if we change the personal data of the author of the book, then is
changed the data for all books of this author. Similarly, if you change the balance or
the state in the bank account, this is reflected in the customer and the bank's books of
accounts. If the registration certificate of the car data is adjusted based traffic police
data (for example, after painting), this change is reflected in the car's registration
certificate.
Conceptually, the above operations (creation, assignment, ...) on the objects
based on two tests: an identity verification and equivalence checking. Checking
identity - is to check whether the objects are the same object in the real world. Objects
of the same class always differ from each other as the entity. Testing for equivalence checking on whether the objects have the same state [3].
On the assumption of this reason, in languages with pointers above abovementioned operations on objects are defined by standard operations naturally, within
the limits of physical border of this entity. When working with parts-pointers it is
necessary keep in mind, that the object-whole and object - part live separately from
each other, it is possible to create and to destroy instance of corresponding classes
independently, and parts-values "is born" together with whole, "lives" in it, he (whole)
unique object which to it has access, and "dies" too together with the whole.
In these languages, at creation of object the object is created within the limits of
its physical borders. For parts-values is allocated the place for object of a
corresponding class, and for parts-pointers is allocated the place only for the pointer,
without dependence to what class this concerns this part. At comparison the entities
are compared also within the limits of their physical borders: parts - values are
compared as comparison of objects, for a parts - references are compared the
addresses (value of the pointers). The assignment operation is implemented also
within the limits of physical borders: parts-pointers is copied as value of the pointer,
that is is copied the address, and for parts-values is copied the object. Copy operation
is implemented also just as assignment operation.
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For languages with pointers, along with the above-stated benefit for delimitation
an entity borders, the natural approach to aggregation designing, there are problems
which need to solve. Except problems of dangling references and garbage there are
following moments: to avoid structural dependence through references it is important
to adhere to any arrangement concerning creation and destruction of objects, the
reference on which can contain in different places. It is necessary, that it someone did
one. Besides, it is impossible to refer (to establish aggregation under the reference)
from other object on object which is included as a part of other object. At class
designing it is debared (direct or indirect) recursive aggregation of objects by value
with type of the class.
In Java language the above-stated problems disappear of itself. But a following
question arises, very actual to provide exact modelling at designing [3]: how to define
entity border in Java? Ex facte the answer - in no way. All properties with primitive
type are realised as a field of such type, and all not primitive - as pointers.
In Java the aggregation relation (modelling of parts-pointers) is realised without
problems because this relation is based on the pointer. The problem concerns only to
the composition relation, to be exact - definition of physical border of modelled object.
Further just this relation is considered, that is part-value realisation is considered not
by expansion of object-part in whole, but in another way.
Actually, if to look memory structure (to take snapshot) during Java program
runtime, looking on object and on its part is no way to distinguish this is a part-value or
a part - pointer because all parts are connected with the whole object through
pointers.
There is the philosophical point of view [8], based that the relation - primary,
entity - secondary. The entity in the real world can present as some relation between
infinite quantity of components of this relation. At designing are used real world
models and abstract models. From this point of view, for example, the point on a plane
is the relation of two real numbers, the book can be modelled as some relation
between the name, publisher, the author and a content, the person - as the relation
between name, a birthdate, the address of residing and the social identifier, the car as the relation between the body, the engine, electric system, running gear and
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registration certificate. All theory of relational databases (relational data model) [7] is
based on it.
It follows that from this philosophical point of view, the physical border specifies
not solidity (indivisibility of incorporating parts) of whole object, and is tightly coupling
of these incorporating parts, that is with close interaction of parts of this object
between itself and with covering whole object. These interactions rather are strong,
than interactions between parts of different objects. The interaction interface,
supporting these relations is fixed. Thus it is possible to tell about a modular design of
the whole. Each part is the module has a interface, responsibility. It is possible to
replace a part entering into the whole object with other part if replacing part supports
that interface.

15.2. EXPANDED OBJECTS
In languages with pointers there is the concept - expanded objects. This concept is
used to model complex objects, parts of which are "deployed" within the physical
boundaries. Deployed objects inside of a not fully support modularity - namely, the
dynamic interchangeability. The complex object "borned" with deployed inner parts
may not replace inner part to another object implementing the same interface in
runtime. In the example of C ++ (Fig. 15.2), can say that the polymorphism is broken.
#include <iostream>
using std::cout;
using namespace std;
class A {
private:
int x;
public:
A() {}
int getX() {return x;}
void setX(int i) {x=i;}
};
class B : public A {
private:
int y;
public:
B() { }
B(int i) { y = i;}
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int getY() {return y;}
void setY(int i) {y=i;}
};
class C {
private:
A a;
int i; // some field
public:
C() { }
A* getA() {return &a;};
void setA(A a1) {a = a1;}
};
int main() {
C c = C();
B b1;
b1.setX(10);
b1.setY(12);
cout << "Object field's values before polymorphous assignment:" << endl;
cout << "Value of the b1.x: " << b1.getX() << endl;
cout << "Value of the b1.y: " << b1.getY() << endl;
// polymorphous assignment
c.setA(b1);
// declaring a pointer and type conversation from A* to B*
A * a = c.getA();
B * b2 = (B*)a;
cout << "Object field's values after polymorphous assignment:" << endl;
cout << "Value of the b2.x: " << b2->getX() << endl;
cout << "Value of the b2.y: " << b2->getY() << endl;
while (true) {};
return 0;
}

Fig. 15.2. Example 1
Source: own work

The program from Fig. 15.2 gives the following result:
Object field's values
Value of the b1.x:
Value of the b1.y:
Object field's values
Value of the b2.x:
Value of the b2.y:

before polymorphous assignment:
10
12
after polymorphous assignment:
10
65535

Here it is declared the three classes: Class A, its subclass B, and class С, having
expanded part-value (named a). In body of main function it is created an object of
class C (named c). During the creation, inside of this object (of class C) it’ll be
expanded an object of class A (field named as a). Further, it is created object of class
B (named b1) and values 10 and 12 will be assigned to corresponding fields of b1.
These three values will be printed on the console. Further, by way of c.setA(b1) in
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the field a (of type A) of the object c it polimorphic is assigned the object of the class B
(named b1). Through A* a = c.getA() will be created the pointer a referencing to
the field с.a. So as the pointer a actually references to the object of the class B, it
can be casted to pointer referencing to object of class B (named b2) . The values of
the fields of this object have to be same with values of corresponding fields of b1, but,
as seen from the program output the value of the field y is difference (not 12, but
65535).
This situation isn’t surprisingly, so as in time of creating the object c a memory under
this object is allocated taking into account the expanded object a. Then, in time of
polymorphic assignment of the object b1 to the object of a, the value of the field y is
not fit in allocated space for the object a. Output value 65535 – is result of ordinary
trick (weak type control) of C++.
So, at working with expanded objects polymorphism don’t work, but modularity,
reusability, and object oriented programming in general, needs polymorphism.
Actually, modern aggregated devises are made by modularity principles. For
example, a care although contains engine inside of its phusical boundaries, it can be
replaced engine with another one, for example by more modern one, having addition
engine components. It is essential, a new engine must fit into space of the old one and
it must be possible to turn on all of interface items of engine with remainder parts of
the care. For a computer, replacement of the RAM or disk memory, CPU –
everywhere are applied. Today it can be say about artificial organs for man. Above
mentioned examples say that physical boundary doesn’t mean monolithic nature or
wholeness, most likely it means inside of boundary of the devises relationships
between items are more closer and external relationship between items of inside
physical boundary and external world are weak.
Physical boundary emphasizes, that part is also object, and in principle it can be
regarded as independently. Membership of some components of the relationship to
the covering object statically nowhere

is indicated. This is determined by the

semantics of the above mentioned operations of creation, assignment, copying
(cloning), comparison and deletion.
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As seen above, for languages with pointers correct modeling of the physical
boundaries (composition) can’t be implemented with expanded parts. It turns out that
in Java all well conceived, because the composition is realized on the basis of
indicators.
Many books on the Java language [4, 5] avoid this design problem. In books such
as [6], dedicated to the design, did not disclose the implementation methods of
composition and aggregation. Michelle Yaiser [9] discusses the composition and
simple aggregation, based only the creation operation.

15.3. AGGREGATION
Aggregation and composition must be implemented with pointers. When pointer-part is
implemented (simple aggregation), it is created separately and is passed by
parameter (or in some other way) to constructor during create a whole – see example
2 in Fig. 15.3.
class A {
private int x;
public A() {}
public A(int x) {this.x = x;}
public int getX() {return x;}
public void setX(int x) {this.x = x;}
};
class B extends A {
private int y;
public B() { }
public B(int y) {this.y = y;}
public B(int x, int y) { super(x); this.y = y;}
public int getY() {return y;}
public void setY(int y) {this.y = y;}
}
class C {
private A a;
private int c; // some field
public C(A a) {this.a = a;}
public A getA() {return a;};
public void setA(A a) {this.a = a;}
public static void main(String[] args) {
B b1 = new B(10,12);
C c = new C(b1);
System.out.println("Object field's values before changing:");
System.out.println("Value of the x: " + ((B)c.getA()).getX());
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System.out.println("Value of the y: " + ((B)c.getA()).getY());
System.out.println("Object field's values before changing:");
b1.setX(24);
b1.setY(48);
System.out.println("Object field's values after changing:");
System.out.println("Value of the x: " + ((B)c.getA()).getX());
System.out.println("Value of the y: " + ((B)c.getA()).getY());
}
}

Fig. 15.3. Example 2
Source: own work

The program from Fig. 15.3 gives the following result:
Object field's values before changing:
Value of the b1.x: 10
Value of the b1.y: 12
Object field's values before changing:
Object field's values after changing:
Value of the b1.x: 24
Value of the b1.y: 48
Object field's values before changing:
Value of the b1.x: 10
Value of the b1.y: 12
Object field's values before changing:
Object field's values after changing:
Value of the b1.x: 24
Value of the b1.y: 48

Here, if you look at the class C code, you can see that when you create an object of
class C it is necessary to pass to the constructor an object of class A. Object of the
class C with its field named a included in the aggregation relationship (part-pointer).
As can be seen from the main code, we can instead of an object of class A,
polymorphic pass an object of class B (named b1), because class B is a subclass of
class A. If we change values of the b1 fields, values of the fields to which we can
access through c.getA() will be changed also.

15.4. COMPOSITION
As discussed above, in the composition, we need to implement a physical boundary to
define the semantics of the operations of creation, assignment, copying (cloning),
comparison and deletion. We consider these operations in more detail.
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Construction (creating) of composition
In terms of composition, object is "born" with his physical boundary, that is, all its parts
are created with the object of covering them. Parts of the whole should not have other
links from outside. Composite object can be created by passing to the constructor as a
parameter all its parts. Let p1 of type P1, p2 of type P2, ..., pn of type PN - are
separate parts of an object of class C and in addition objects of this type have no other
part. Then, the template from Fig. 15.4 can be used for the C class constructor.
class C {
private P1 p1;
private P2 p2;
…
private PN pn;
public C(P1 p1, P2 p2,…, PN pn) {// Constructor initializing parts
this.p1 = p1.clone();
this.p2 = p2.clone();
…
this.pN = pN.clone();
}
public C(…,P1 p1, P2 p2,…, PN pn, …) { // Another constructors
C(p1,p2,…,pn);
…
}
}

Fig. 15.4. Example 3
Source: own work

All constructors must call the class constructor that initializes the parts. To prevent
links from other objects there are not set references to the passed parameter objects,
instead set a link to the clones of these objects. This constructor assigns clones of the
object-parts to the fields of the object. Cloning policy of the objects p1, ..., pn define
respective classes P1, ..., PN.
Comparison
Assignment operations, comparison and copying (cloning) are binary operations and
in the operation involved two objects.
Operation comparison’s result has boolean type. Thus, this operation is a binary
equivalence relation.
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Programming languages for data comparison commonly use the operation "==" (or "="
in Pascal like languages). In languages with pointers by this operation are compared
all of the values for the parts-values, for the parts-pointers compares the values of
these pointers. As previously mentioned, in this manner is determined the physical
boundary of the object. In C ++ the concept of string (in its physical boundary)
includes line contents, therefore, due to the fact that the strings in C ++ implemented
as a pointer, operation "==" is overridden and compares the contents of the string, and
in the C language for this aim is used strcmp function. In the Java language this
operation is used to compare the primitive data objects For objects, using of of this
operation has the semantics of comparing the address of objects, rather than their
value. To compare strings (String type objects) is used methods equals,
equalsIgnoreCase and compareTo:


boolean equals(Object other) is used to compare strings on the exact
match their content. It returned false, if the strings do not match. It overrides the
inherited method from Object. this method in detail will be discussed further.



boolean equalsIgnoreCase(String other) – current string and string
given as parameter are checked on matching without taking into account the
register.



int

compareTo(String

other) - current string and string given as

parameter are checked by the lexicographical order. If the string is less than,
returns -1 if it is greater then 1, otherwise (if they are equal), then 0.
Next, we consider the objects comparison in Java more generally.
In the book [4], in Section 5.2, devoted to the Object class was talked about the
equals method. This method is inherited by all the classes and when it will be
necessary to compare the current object, say Class A, with some object, is used this
method. Semantics of comparision (what will be compared, with what and how) will be
disclosed in this method, that override the inherited method. Test pattern, based on
[4], is as in Fig. 15.5.
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public boolean equals(Object o) {
// a quick test to see if the objects are identical
if (this == o) return true;
// must return false if the explicit parameter is null
if (o == null) return false;
// if the classes don't match, they can't be equal
if (getClass() != o.getClass()) return false;
// now we know otherObject is a non-null Employee
A other = (A)o;
// test whether the fields have identical values
return // checking the object fields;
}

Fig. 15.5. Example 4
Source: [4]

Object, that should be compared, say named o passed to the method by parameter of
type Object.
Normally, for a particular class when this method will be overriding, only the fields
comparison will be different. What will be compared with what and how will be defined
here. Suppose some (comparing) object of class A has some other object of class B
inside its physical boundaries (included in the composition relationship) as a part,
referenced suppose by field f. Then we compare this part with the corresponding parts
of the comparable object by:
...
& getFieldF().equals(o.getFieldF())
...

where getFieldF() returns the pointer to the object with the name of the f.
It is not allowed to compare parts, not included inside object's physical boundary.
Usually do not necessarily compare their owner when comparing two computers,
where purchased, etc. Comparing the two cars do not normally need to compare their
data sheets, recording address etc., of course, if these data are not included in the
physical boundary of the car. Comparison should be implemented based on the entity
model, where should be clearly stipulated the physical boundary of the object.
In addition, comparison is based on the properties of equivalence relations in the
mathematical sense:


reflexivity property: x.equals(x) == true;



symmetry property: x.equals(y) <=> y.equals(x);



transitive property: x.equals(y) & y.equals(z) => x.equals(z);
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consistency property: different calls x.equals(y) return the same result if no
change happened with the values of magnitude used in equals between the calls;



nonemptiness property: x.equals (null) == false.

In [4] it is said that when it comes to the hierarchy of classes and it is necessary to
compare the object of a class with the object of its subclass, in order to not violate the
property of symmetry, it is necessary to determine the semantics of the comparison of
the object of the subclass. If the semantics do not change, that is, the equivalence of
the objects of the subclass is exactly the same as in the superclass, then the equals
method of the superclass must use the instanceof predicate and must have a final
qualifier. If the semantics changes, then the subclass overrides the equals method,
and in the superclass, the getClass() method is used to check the identity of the
classes.
The above comparison method can be referred to as object equivalence in the
sense that an object compares itself with another object based on the semantics of its
class equivalence. But we can talk about abstract (class) equivalence, where two
objects are compared from some abstract point of view. For example, you can
compare a pencil and a wooden stick to their length and thickness, a car and a
capsule on the ferris wheel to account for the number of seats, etc. For this
comparison, a class is created that corresponds to this abstraction, and in this class,
the equals method will be implemented. This method compares objects in terms of the
semantics of equivalence of this class. In addition, if special methods of accessing
values are required for comparison, an interface is created that declares these access
methods for comparison. The objects of any classes that implement this interface can
be compared from the point of view of this class.
Example 5 from Fig. 15.6 shows both the object and abstract comparison.
interface ExistX {
int getX();
}
class EqualByX {
public static boolean equals (ExistX o1, ExistX o2) {
return o1.getX() == o2.getX();
}
}
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class SuperClass implements ExistX {
private int x;
public SuperClass() {}
public SuperClass(int x) {this.x = x;}
public int getX() {return x;}
public void setX(int x) {this.x = x;}
public boolean equals(Object otherObject) {
// a quick test to see if the objects are identical
if (this == otherObject) return true;
// must return false if the explicit parameter is null
if (otherObject == null) return false;
// if the classes don't match, they can't be equal
if (!(otherObject instanceof SuperClass)) return false;
// now we know otherObject is a non-null SuperClass object
SuperClass other = (SuperClass) otherObject;
// test whether the fields have identical values
return x == other.x;
}
public static boolean equals (Object o1, Object o2) {
if (!((o1 instanceof SuperClass)&&(o2 instanceof SuperClass)))
false;
SuperClass s1 = (SuperClass)o1;
SuperClass s2 = (SuperClass)o2;
return s1.getX() == s2.getX();
}

return

};
class SubClass extends SuperClass {
private int y;
public SubClass() {}
public SubClass(int y) {this.y = y;}
public SubClass(int x, int y) { super(x); this.y = y;}
public int getY() {return y;}
public void setY(int y) {this.y = y;}
public boolean equals(Object otherObject) {
if (!super.equals(otherObject)) return false;
// super.equals checked that this and otherObject belong to the same class
if (!(otherObject instanceof SubClass)) return false;
// if (getClass() != otherObject.getClass()) return false;
SubClass other = (SubClass) otherObject;
return this.y == other.y;
}
}
class Equals implements ExistX {
private SuperClass a;
private SubClass
b;
private int x;
public Equals(int a, int b, int x) {
this.a = new SuperClass(a);
this.b = new SubClass(a, b);
this.x = x;
}
public
public
public
public

SuperClass getA(){return a;}
SubClass getB(){return b;}
int getX() {return x;}
static void main(String[] args) {
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Equals e = new Equals(10, 12, 10);
System.out.println("---- Equalence of a and b in
System.out.println("Object a is equal with object
e.getA().equals(e.getB()));
System.out.println("Object b is equal with object
e.getB().equals(e.getA()));
System.out.println("---- Equalence of a and b in
System.out.println("Object a is equal with object
EqualByX.equals(e.getA(), e.getB()));
System.out.println("Object b is equal with object
EqualByX.equals(e.getB(), e.getA()));
System.out.println("---- Equalence of a and e in
System.out.println("Object a is equal with object
EqualByX.equals(e.getA(), e));
System.out.println("Object e is equal with object
EqualByX.equals(e, e.getA()));
System.out.println("---- Equalence of a and e in
");
System.out.println("Object a is equal with object
SuperClass.equals(e.getA(), e.getB()));
System.out.println("Object e is equal with object
SuperClass.equals(e.getB(), e.getA()));
}
}

object means ----");
b:" +
a:" +
object means ----");
b in ExualByX means:" +
a in ExualByX means:" +
in ExualByX means ----");
e in ExualByX means:" +
a in ExualByX means:" +
static equals method ---e in ExualByX means:" +
a in ExualByX means:" +

Fig. 15.6. Example 5
Source: [4]

The program from Fig. 15.6 gives the following result:
---- Equalence of
Object a is equal
Object b is equal
---- Equalence of
Object a is equal
Object b is equal
---- Equalence of
Object a is equal
Object e is equal
---- Equalence of
Object a is equal
Object e is equal

a and b in
with object
with object
a and b in
with object
with object
a and e in
with object
with object
a and e in
with object
with object

object means ---b:true
a:false
object means ---b in ExualByX means:true
a in ExualByX means:true
in ExualByX means ---e in ExualByX means:true
a in ExualByX means:true
in static equals method ---e in ExualByX means:true
a in ExualByX means:true

In the code from Fig. 15.6, it is declared one interface (ExistX) and classes
EqualByX, SuperClass, SubClass and Equals are declared. Consider the
process that is deployed in the main method of the Equals class.
An object e (of the Equals class) is created, where the objects of the
SuperClass and SubClass classes (with the names a and b) are aggregated. In
addition, there is also a field-value x. The received object scheme is shown in Fig.
15.7.
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Equals

SuperClass

a

SubClass

b
x

10

x

10

y

12

x

10

e

Fig. 15.7.
Objects scheme,
based
on above program
from. Fig. 15.6
Рис.
2. Схема
объектов,
получаемая
программой.
Source: own work

By using e.getA().equals(e.getB()), the object that being indicated by the field
a is compared with the object being indicated by the field b. Objects are compared
based on the SuperClass class. In this class, the equals method of the Object
class is overridden. In this case, is passed by parameter the object of its subclass
SubClass for comparision. When comparing is used following algorithm:
1. If the addresses of the objects are equal, then the objects are equivalent
2. If the compared object is empty, the objects are not equivalent
3. If the type of the compared object is not polymorphic to SuperClass, then
the objects are not equivalent
4. Otherwise, the compared object is treated as an SuperClass object and the
values of the x field (the comparison semantics of the SuperClass class) are
compared. Here does not use the exact match of classes to allow a
polymorphic comparison of subclass objects.
This comparison returns an affirmative result after checking the 4th comparison item,
that

is,

the

compared

objects

are

equivalent.

Further,

by

using

of

e.getB().equals(e.getA()), seemingly symmetric comparison is performed the object indicated by the field b is compared with the object indicated by the field a.
The objects are compared on the basis of the SubClass class, which redefined the
comparison method in the SuperClass class, where the comparison will be
accomplished already by following algorithm:
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1. If they are not equivalent by the equals method of the SuperClass class,
then the objects are not equivalent
2. If the type of the compared object is not polymorphic to SubClass, then the
objects are not equivalent. Here does not use the exact match of classes to
allow a polymorphic comparison of subclass objects.
3. Otherwise the compared object is treated as SubClass and the values of the
y field are compared (semantics of the SubClass class comparison).
Based on the values specified in the program, the objects are not equivalent, because
the object of the SuperClass class, that passed by the parameter does not have a
field with the name y. It should be reminded that these two relations are not the same,
the first relation is the comparability of two objects based on the SuperClass class,
the second is the comparability of two objects based on the SubClass class, so there
can’t

be

a

symmetry

here:

SuperClassEqualence

(a,

b)

≠

SubClassEqualence (A, b).
By means of EqualByX.equals (e.getA (), e.getB ()), the objects
indicated by the fields a and b, respectively, are compared in an abstract manner from
the point of view of the EqualByX class. This class can compare objects of type
ExistX. Since both the SuperClass class and the SubClass class implement this
interface, their objects can be compared with the comparison semantics of this class.
Both objects have a field x and the value of this field is the same, so they are
equivalent from this point of view. The following comparison - EqualByX.equals
(e.getB (), e.getA ()) is a symmetric comparison for the above comparison,
both comparisons are performed on the basis of the EqualByX class and hence they
will give the same result.
The following two comparisons are also abstract, based on EqualByX, but here the
whole object (e) is compared to its part (a) using the comparison semantics of the
ExistX class. From this point of view, both (direct and symmetric) comparisons will
give an affirmative result.
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In the last comparisons, the objects indicated by the fields a and b are abstractly
compared from the point of view of the SuperClass class. This class except the
standard method of comparing equals, inherited from Object and redefined in itself,
has a static method of comparing equals, to which two objects of type Object are
passed. The algorithm for comparing is following:
1. If the types of compared objects are not polymorphic SuperClass, then the
objects are not equivalent
2. Otherwise, the objects are treated as SuperClass and the values of the field
x (the comparison semantics of the SuperClass class) are compared. Here
does not used the exact class match test to allow a polymorphic comparison
of subclass objects.
These comparisons (direct and symmetrical) will give an affirmative result.
In the standard java library - java.util.Arrays, the static method static
boolean equals (type [] a, type [] b) is implemented to compare arrays
of primitive types, that is, type - int, long, short, char, byte, boolean,
float, double).

Assignment and copying (cloning)
Assigning and copying objects are similar operations. In C ++, there is a default
assignment where all the expanded parts of the object are copied, but you can
override this operation, giving it different semantics. The semantics of assigning
objects and passing parameters by value are identical. The default copy operation
(the default copy constructor) and assignment have the identical meaning. You can
also override the default copy constructor.
In Java, only the address of the object is copied when assigning. In the following
fragment:
A original = new A();
A copy = original;

the original and copy variables refer to the same object – Fig. 15.8.
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original
A

copy

Fig. 15.8. Variable’s pointers when simple copying
Source:
own work
Fig. 3. Variable's pointers
when
simple copying

In order to copy the parts entering the physical boundary (clone), you must use the
protected (protected) method clone()of the Object class or use serialization
(linearization). Let's look at these approaches separately.
According to the standard JDK8 documentation [10], the clone method has a following
signature:
protected Object clone() throws CloneNotSupportedException

To clone an object of a certain class, it is necessary that this class implements
the Clonable interface. This interface does not oblige the class to implement any
method, it's just necessary to check that the formal implementation of this interface in
the specified class (this check is performed in the clone() method) was successful.
The call to x.clone() creates a new copy (clone) of the specified object pointed to
by the variable x, but the exact meaning of this cloning depends on the class of the
object pointed to by x. According to the above documentation, when you override this
method, the returning clone must be obtained by super.clone().
Then the following expression is executed:


x.clone() != x. // This is provided by the Object class.



x.clone().getClass() == x.getClass()



x.clone().equals(x)
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In the documentation [10] and Java books, for example [4], is speak of deep and
shallow cloning. In fact, in the process of construction, it is necessary to clone an
object within its physical boundary.
In order to provide the independence of the cloned object from the source within
the physical boundary of the object, in case of need, may be necessary to perform
some "alteration" of the received object after super.clone(). If an object has a
subobject that doesn't been included its physical boundary, then it is not necessary to
do anything, otherwise, that is, if the subobject enters its physical boundary, then copy
this part and set the pointer from the cloned object (Fig. 15.9).
In Fig. 15.9, in the original "original" object, rectangles with green represent parts
of this object that are part of its physical boundary. These parts are indicated by a
dashed green line. The yellow color indicates objects that are not part of its physical
part. The result of cloning is indicated as "clone").

original

clone

- Physical boundary

Fig. 4. Cloning of
complex
Fig.a15.9.
Cloningobject
of a complex object
Source: own work

The Example 6 (Fig. 15.10) shows cloning within the physical boundary.
package Examples;
public class ForClone implements Cloneable{
private int intField;
public ForClone (int i) {
intField = i;
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}
public ForClone clone() throws CloneNotSupportedException {
ForClone cloned = (ForClone)super.clone();
return cloned;
}
public void setInt (int i) {intField = i;}
public int getInt() {return intField;}
}
package Examples;
public class Cloning implements Cloneable{
private double doubleField;
private ForClone forField;
public Cloning (int i, double d) {
forField = new ForClone(i);
doubleField = d;
}
public Cloning clone() throws CloneNotSupportedException {
Cloning cloned = (Cloning)super.clone();
cloned.forField = forField.clone();
return cloned;
}
public static void main (String[] args) throws CloneNotSupportedException {
Cloning sc = new Cloning(12, 12.12);
Cloning scNew = (Cloning)sc.clone();
scNew.doubleField = 24.24;
scNew.forField.setInt(24);
System.out.println("Original = "+sc.doubleField);
System.out.println("Clone = "+scNew.doubleField);
System.out.println("Original = "+sc.forField.getInt());
System.out.println("Clone = "+scNew.forField.getInt());
}
}

Fig. 15.10. Example 6
Source: [4]

The main (main) method is created (sc) and it is cloned (scNew). After cloning, the
clone fields are corrected: with a simple double (doubleField) type and a
ForClone type (forField). Since the forField field enters the physical boundary
of this object, it is also cloned. To do this, the clone method of this object is called
and he knows how to clone.
As you can see from the result, the adjustment affects only the clone, and the
fields of the original object do not change their values:
Original = 12.12
Clone = 24.24
Original = 12
Clone = 24
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When working with arrays, you can also apply clone() to arrays. In this case,
the values of the array element are copied to the newly created array. Thus, if the
elements of the array are of primitive type, then this primitive value is copied, if - the
object (that is, the pointer) then the pointer is copied, thereby pointing to the same
object from the original and cloned elements. As an example, the fragment from Fig.
15.11 can be cited: continuation of the main method.
Cloning[] scArr = new Cloning[4];
scArr[0]= sc;
scArr[1]= sc;
scArr[2]= sc;
scArr[3]= sc;
for (Cloning c : scArr) {
System.out.println("Source: double = "+c.doubleField);
System.out.println("Source:
forField.int = "+c.forField.getInt());
}
Cloning[] scArrClone = scArr.clone();
scArrClone[1].doubleField = 36.36;
scArrClone[1].forField.setInt(36);
for (Cloning c : scArr) {
System.out.println("Original: double = "+c.doubleField);
System.out.println("Original: forField.int = "+c.forField.getInt());
}
for (Cloning c : scArrClone) {
System.out.println("Clone: double = "+c.doubleField);
System.out.println("Clone: forField.int = "+c.forField.getInt());
}

Fig. 15.11. Example 7
Source: [4]

Here, after cloning the array, the values of the 1st element of the cloned array are
corrected. After that all elements of the original and cloned arrays are highlighted. As
you can see from the result, the original array also changes:
Source: double = 12.12
Source:
forField.int =
Source: double = 12.12
Source:
forField.int =
Source: double = 12.12
Source:
forField.int =
Source: double = 12.12
Source:
forField.int =
Original: double = 36.36
Original: forField.int =
Original: double = 36.36
Original: forField.int =
Original: double = 36.36
Original: forField.int =

12
12
12
12
36
36
36
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Original: double = 36.36
Original: forField.int = 36
Clone: double = 36.36
Clone: forField.int = 36
Clone: double = 36.36
Clone: forField.int = 36
Clone: double = 36.36
Clone: forField.int = 36
Clone: double = 36.36
Clone: forField.int = 36

When cloning arrays, the entire responsibility to "follow" the physical boundary
lies on the class, that contains the array inside itself.
Another approach to cloning lies through linearization. When linearizing, the
object is first converted to an array of bytes and will be re-created an object. The
resulting object will be a clone of the source object. The class whose object is cloned
(the enclosing object) and all classes whose objects enter the physical boundary of
the enclosing object as part must implement the Serializable interface. This
interface does not oblige the class to implement any method in the same way as the
Cloneable interface, but the only difference is that when cloning it was necessary to
override the clone() method, and when you linearize, you do not need to redefine
anything. The Example 7 (Fig. 5.11) is realized by linearizing by code from Fig. 5.12.
package Examples;
import java.io.Serializable;
public class ForClone implements Serializable {
private int intField;
public ForClone (int i) {
intField = i;
}
public void setInt (int i) {intField = i;}
public int getInt() {return intField;}
}
package Examples;
import java.io.*;
import java.util.*;
public class Serializing implements Serializable{
private double doubleField;
private ForClone forField;
public Serializing (int i, double d) {
forField = new ForClone(i);
doubleField = d;
}
// The Clone tool
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public Object clone() {
try {
// save the object to a byte array
ByteArrayOutputStream bout = new ByteArrayOutputStream();
ObjectOutputStream out = new ObjectOutputStream(bout);
out.writeObject(this);
out.close();
// read a clone of the object from the byte array
ByteArrayInputStream bin = new ByteArrayInputStream(bout.toByteArray());
ObjectInputStream in = new ObjectInputStream(bin);
Object ret = in.readObject();
in.close();
return ret;
} catch (Exception e) {
return null;
}
}
public static void main (String[] args) throws CloneNotSupportedException {
Serializing sr = new Serializing(12, 12.12);
Serializing srNew = (Serializing)sr.clone();
srNew.doubleField = 24.24;
srNew.forField.setInt(24);
System.out.println("Original doubleField = "+sr.doubleField);
System.out.println("Clone doubleField = "+srNew.doubleField);
System.out.println("Original forField.intField = "+sr.forField.getInt());
System.out.println("Clone forField.intField = "+srNew.forField.getInt());
}
}

Fig. 15.12. Example 7 modified
Source: [4]

The result is the same as in the previous example:
Original doubleField = 12.12
Clone doubleField = 24.24
Original forField.intField = 12
Clone forField.intField = 24

15.5. CONCLUSION
For Java, deleting composite objects is very easy because of the automatic garbage
collection. When none of the pointers points to the object, the object is automatically
deleted. We can say that for a Java programmer such a task does not arise at all.
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16
Some Joint Applications of the Bootstrap and
Kernel Density Estimation Methods

One of the main objectives of an actuary is to prepare a claims reserve. Indicators that
are represented by the insurance reserves category are of particular importance
among all financial and statistical indicators that characterize insurance companies
activities. Its size determines the extent of future insurance payments, which allows
one to assess how successful is the insurance company today. In particular, insurance
reserves are formed in the case if an adverse event would happen, so that the
insurance company is guaranteed to be able to cover the obligations to the insured
person.
There are several well-known methods for estimating the claims reserve: the
Chain Ladder method, the Bornhuetter-Ferguson method, its modification etc. Though
all of the methods mentioned above have the same deterministic approach (a point
method), obviously this is just a forecast of the future values of payments, and thus, it
can be made with a certain degree of accuracy.
Currently, a stochastic modeling is said to be frequently used in practice,
especially compared to a deterministic approach. A stochastic model is a
mathematical simplification of a process, in which certain input parameters are
random variables. The stochastic models major goal is to simulate the distribution of
possible outcomes, which reflect the randomness of input parameters in the model.
Using of stochastic modeling and modern computers allow actuaries understand and
analyze company’s complex risk profiles. In addition, several problems can be solved
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using stochastic modeling: evaluation and calculation of a cost of an insurance
product, financial planning and evaluation of the future business strategy, etc.
In this chapter, the Bootstrap stochastic method was used to calculate the claims
reserve; the initial data were taken from the annual reports of the real Kazakhstani
insurance company by the CL vehicle owners class.

16.1. THE BOOTSTRAP METHOD
The Bootstrap method is based on the assumption that there is a model, which one
can construct to get a company’s development of claims forecast close enough to the
actual data. It is also assumed that the difference between the forecast value and the
actual historical data serves as an indicator of how much the actual data may differ
from the simulated one. This is taken into account when calculating the balances
based on this difference. Thus, all residual values are reduced to a single set of
possible residuals that are the source for future sampling. Next, in Fig. 16.1, the stepby-step implementation of the Bootstrap method [1] is illustrated.
Such set of residues is an additional element of modeling. On its basis, new
versions of simulated future claims are modeled. Consequently, a complete
calculation of the final value of future claims for each new simulation is carried out. If
simulations are performed 10,000 times, we will obtain corresponding 10,000 values
of future unpaid claims, which form an empirically estimated distribution.
In the above considered method, information about paid claims (presented in the
triangle form) is used. The lines indicate the quarters in which the observed claims
occurred, and the columns refer to the quarters with corresponding insured events.
Tab. 16.1 provides information about the accumulated claims.
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Fig. 16.1. Algorithm for implementing the Bootstrap method
Source: [1]

Table 14.1. Classification of waves depending on their frequency
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The bootstrap method is based on the idea that one can create a lot of "similar"
triangles with a certain kind of simulation while having just one actual development
triangle. In fact, all these triangles are random (and equally likely) perturbations of the
same "regular" triangle. Thus, if in the beginning we had only one triangle ("how it
actually happened"), after the simulations we will be able to get several thousands of
the "similar" triangles. The method explicitly describes how these simulations are
constructed, and also offers several modifications of the process [2].
In this method, it is known that an intrinsic distribution of a random variable can
be well approximated to the empirical, if a number of observations is large enough. In
our case, a random value is a claims reserve. Having several thousands of the
"similar" triangles, we can make several thousands of point estimates of the claims
reserve (these will be our "observations"). As a result, an empirical distribution can be
constructed. Using such distribution as a theoretical probability distribution, it is
possible to generate a virtually unlimited number of pseudo-samples of arbitrary size
using a pseudo-random number generator, for example the same as for the original
one. On a variety of pseudo-samples, it is possible to estimate not only the analyzed
statistical characteristics, but also to study its probability distributions. For instance,
one could estimate the variance or quantiles for any statistics, regardless of its
complexity. This method is a nonparametric statistics method. In particular, the point
estimate of the claims reserve will be the sample mean.
The distribution of expected losses obtained using the bootstrap method looks as
in Fig. 16.2.
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Fig. 16.2. Final claims distribution (using Bootstrap)

Histograms are commonly used when estimating a density of a function. In our case,
the histogram estimation of losses was conducted for a given initial data. Though the
histogram method is widely applied due to its simplicity and clarity, it has a number of
disadvantages, such as low reliability for small sample sizes or instability.
Furthermore, sometimes it is almost impossible to define a distribution type for an
observed histogram of losses or insurance payments. A histogram of losses on a Fig.
16.3 is a good example of this problem.

Fig. 16.3. Histogram of losses
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We would like to consider another important method called the Kernel Density
Estimation. The key idea when conducting a successful nonparametric estimation
consists of selecting an appropriate “window” width for an observed problem. This
method plays a vital role in the calculations provided in this paper, since the main
advantage of KDE method (also called the Parzen-Rosenblatt estimation) is in
maintaining the differentiability and smoothness of the obtained estimations.
Let us now refer to the Univariate Kernel Density Estimation.

16.2. THE ROSENBLATT DENSITY ESTIMATOR
for i = 1, 2,…, n be a sequence of independent and identically distributed

Let

(iid) random variables defined on the probability space ( , F, P). We denote the
distribution function of Xi by F(x) =

and assume that

where f is the density function of Xi. Depending on the context

,
may also

represent a sequence of values (observations) for the random variables Xi.
be a non-stochastic positive scalar depending on n = 1, 2, … ,

Definition 1.[5] Let

be a measurable function. Then, given a set of observations
we define
.

(16.1)

Remarks.
1.

is called the Rosenblatt density estimator or the kernel density estimator.

2.

The estimator can be motivated using the empirical distribution function and
Calculus. Given a set of observations on a sequence of iid random variables
, the empirical distribution function is given by
is the indicator function for the set A. Since
, by the measurability of
Large numbers,

for all

we have, by Khinchin’s Law of
. From Calculus we have that
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for every point x at which f is continuous. Hence, for
hn “close” to zero we have

. Replacing F with Fn we have
,

where

. The estimator in Definition 1 allows K to be a generic
measurable function. Restrictions on K that go beyond measurability are imposed
to obtain properties of .
3.

Commonly used kernels are:
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Fig. 16.4. Shapes of commonly used kernels

Theorem 1.

Proof. For a fixed n, since
sequence,

is a measurable function and

is an iid

forms an iid sequence of random variables. Thus, given b.2)
.
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Letting

, we have
.

Given b.3)
Therefore,
=
.
Note that in general

indicating that

is a biased estimator for

.

Theorem 2.
Let
1; c) K →0 as → ;d)hn>0 for all n and

Theorem 3.
Let
1; c) K →0 as → .If hn>0 for all n, hn→0 and nhn→

Proof. Note that,

.

as n→

then Ef(x)

x2→0
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By Theorem 2,

as

.

Distribution function estimation

It is natural to define an estimator for the distribution function at

by integrating

. Hence, we have:

Definition 2: Let

be the kernel density estimator. The kernel distribution function

estimator is given by
.

(16.2)

Definition 3: We say that the kernel function K is of order

with

if

.

Theorem 4: Assume that

is an iid sequence and that K is a density function.

Then,
(16.3)
and

Where
.

(16.4)

Bandwidth choice
Minimizing Integrated Squared Error
It should be apparent by now that bandwidth choice is an important part of
nonparametric density estimation. Intuitively, we would like to select a sequence hn so
that a suitably defined distance between

and

is as small as possible over the
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set where the random variable Xi takes values. We are here searching for a global
criterion for the choice of hn.
Distances in function spaces can be defined in various ways, subject to some
mathematical technicalities. Here, we search for hn that will minimize
(16.5)
In the statistical literature this integral is called the Integrated Square Error (ISE) of ,
and we write ISE( ). Note that ISE( ) does not depend on where the estimator
being evaluated, but it does depend on the sample

is

, hence ISE( )is itself a

random variable. It is clear that minimization of ISE( ) is equivalent to the minimization
of

.
From the definition of

where

The integral

clearly depends on

,which is

unknown, hence to render the criterion for choosing hn operational we need a suitable
approximation for

. Note that,

and that
,
where the expectation is taken with respect to the joint density of two independent and
identically distributed random variables. Note also that

suggesting the following approximation for

which can be

minimized with respect to hn,
.
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Since K is known, hn that minimizes

can be chosen by a numerical optimization

procedure.
Minimizing Mean Integrated Squared Error
One of the remarks made regarding ISE was that it depends on the sample

.

One can imagine a process of repeated sampling that induces a distribution on ISE.
Hence, we might be consider,

fx)dx=

Note that

and if
Hence,

we have that
can be

written as

Let

so that
+

Let the

that minimizes the first two terms of
or

which implies
.

be denoted by

. It satisfies
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Remark. The simplest procedure to estimate
that

279

is to assume, at this stage,

belongs to a parametric family of densities. For example, if we assume that
then

where

can be estimated by the sample standard deviation. The resulting bandwidths

are normally referred to as rule-of-thumb bandwidths.

16.3. PRACTICAL APPLICATION OF KERNEL DENSITY ESTIMATION

Gaussian kernel (manual calculations)
Since Normal distribution has “convenient” properties, it is frequently used as a kernel
density estimator, that is

where

is a Standard Normal density function.

Since

and

, the density function for

Gaussian kernel is calculated as:
(16.6)
So hn for Gaussian kernel is calculated as follows:

Example 1 (Gaussian kernel):
Let us take a look at Company 1’s claims from 2014 to 2016 (by quarters) at a Tab.
16.2.
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Table 16.2. Claims and bandwidth by periods
N

year. Q

Sn (€mln)

hn

1
2
3
4
5
6
7
8
9
10
11
12

2014.1
2014.2
2014.3
2014.4
2015.1
2015.2
2015.3
2015.4
2016.1
2016.2
2016.3
2016.4

7842
8075
8781
9072
8810
9378
9591
9278
8543
8868
9652
-

1.06
0.92
0.85
0.8
0.77
0.74
0.72
0.7
0.68
0.67
0.66
0.64

Same data of total claims is distributed in the Fig. 16.5 as a histogram.

Fig. 16.5. A Histogram of claims

Now, using all the given information above, let us explicitly construct the distribution
function for the claims of a Company 1 (presented in the Table 16.3).
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Table 16.3. Gaussian Kernel Density function for the Example 1
Value of
0

Interval

)

+
)

+

+
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+

+

0

Elsewhere

Now we have to calculate a mathematical expectation for the given data, using
classical definitions of mathematical expectation. Recall the following definitions:
Definition 4: If X is a continuous random variable and f(x) is the value of its probability
distribution at x, the expected value of X is
.

(16.7)

Definition 5: The Gaussian integral, also known as the Euler-Poisson integral is the
integral of the Gaussian function

over the entire real line. It is named after the

German mathematician and physicist Carl Friedrich Gauss. The integral is:
.

(16.8)

Let us now calculate the expected value of X on each interval separately (using
integration by parts method).
1)
2)
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1,06 7842 01exp( y22)dy=

0,376 1,062 01exp y22d( y22)+ 0,376 1,06 7842 2

=

7834, 66.
3)

4)
=
=
= 9108,2.
5)

–

6)
Remark In this interval and later on, we omit the integral
relatively small value of –

due to the

on each of the intervals.

+
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.
7)

18572,3+18660+18144+16959+9378 0,74 2 =9942.
8)

.
9)

exp 9278 x220,72)dx)=0,07 (20781,3+18572,3+18660+18144+16959+17349,3+1
= 10077, 7.
10)

exp 9278 x220,72+exp( 8543 x220,682))dx)=0,065 20781,3+18572,3+18660+18
144+16959+17349,3+17264+16237+0,68 8543 2 =10301,85.
11)
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=
10400,16.
12)

exp 9278 x220,72+exp( 8543 x220,682)+exp( 8863 x220,672)+exp( 9652 x2
20,662))dx)=

= 10409, 41.

Let us now calculate EX as follows:

Thus, expected net sales for the given company should be €96 400 000.

16.4. JOINT APPLICATION OF THE BOOTSTRAP AND KDE
The Bootstrap method's procedure is a universal algorithm that can be used in
combination with other methods and models. Therefore, to the abovementioned
obtained results of the Bootstrap method we apply KDE, i.e. we want to calculate
values of the density function by the method of a nonparametric smoothing. In order to
simplify the calculations, 1000 final values of claims were divided into 16 and 30
intervals.
Among these 1000 claims maximum value is 414 635 625 KZT and minimum
value is 99 624 983 KZT. In terms of simplicity, we divided our data first on 30, and
then on 15 intervals as follows:
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,

.

Let us denote new values by Sn, where n = 0, 1, 2, …17. Here, S0 = 0, and S1 = min,
Sn = Sn-1 +di (i=1,2).
It is generally considered that a larger number of intervals in a partition provides a
more accurate valuation. However, it is shown in the Fig. 16.6 that splitting information
into 16 and 30 intervals give similar results, so we will observe a smaller division.

Fig. 16.6. Distribution histograms

Further, in order to apply the Kernel Density Estimation for the initial data, we must
consider each interval separately, and find its kernel. The above figure shows that the
Gaussian Kernel was used to obtain correct estimates (mathematical expectation and
standard deviation).
A package of applied programs (and the same programming language) MATLAB
is used for numerical realization in this work in order to solve technical computation
problems.
The MATLAB function [f, xi] = ksdensity (x) is used to calculate the
values of the density function

of the random variable

by the method of

nonparametric smoothing with respect to the initial sample

. The sample of the

original data

is given as a vector.
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The output parameters
The vector
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will be represented as vectors of 100 elements each.

is calculated with a constant step. The Normal density function is used

as a basic smoothing function.

Fig. 16.7. Kernel Density Estimation for the whole distribution

For instance, let us now consider the interval 534 209 500 <X

555 928 032$

(hereinafter referred to as Interval 13), since this interval fits the normal distribution the
most:
X = [540280942; 539052124; 544580863; 547891358;
553843165;
534842728;
549457283;
535259017;
551136673; 549352008; 544485381; 534751808;
546496896; 543267772];
x_min = 534209500; x_max = 555928032;
[f,xi] = ksdensity(X);
plot(xi,f); mean(xi); std(xi)

534728891;

537683601;
543718771;
540057700;

As a result, we get the value of the mathematical expectation for Interval 13, i.e. The
average loss in this interval is 544,290,000, and its standard deviation is 13,540,000.
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Fig. 16.8. Distribution on the Interval 13

Next, for comparison, consider now another interval 469053902 <X ≤ 490772435
(hereinafter referred to as Interval 10), which does not quite fit the normal distribution,
and we get the results in Fig. 16.9.

Figure 9: Distribution on the Interval 10

This example clearly illustrates that not all intervals can fit a normal distribution. The
same computations were made for all intervals, and the results are illustrated in Tab.
16.4.
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Table 16.4. Calculations for all intervals
Interval
№
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Total

147650000
305390000
327000000
350670000
371730000
393050000
414740000
458230000
436480000
479880000
501510000
523420000
544290000
563650000
587130000
608760000
438 348 750

441460000
14658000
12078000
11275000
10482000
11929000
11415000
11851000
11553000
12804000
12392000
11737000
13540000
12935000
18100000
14534000
39 546 437

Let us now compare results obtained by Bootstrap and KDE in the Tab. 16.5.

Table 16.5. Comparison of values obtained with the Bootstrap and KDE
Method

Bootstrap
427 489 190
51 273 781

KDE
438 348 750
39 546 438

In Tab. 16.5 it is clearly shown that though the results presented by the Bootstrap and
KDE are quite similar, the standard deviation obtained by KDE method is significantly
smaller than the one obtained by the Bootstrap. Since

is referred to as an

indicator of risks, it is good to have a smaller value for a standard deviation when
evaluating risks for a company.

16.5. CONCLUSION
This study shows that the operating with one of the known existing methods is not
always sufficient for a proper valuation of a claims reserve. So, the novelty of this
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scientific work consists of the combined use of the Bootstrap method and the Kernel
Density Estimation method to calculate the claims reserve in insurance. Namely, first
using the Bootstrap we get a forecast for development of the company's claims, which
would be close enough to the actual data, and then obtained modeled data is
estimated with the KDE. This approach is unique, since it leads to favorable estimates
in cases when relatively small samples of a company’s claims history are presented.
Despite the fact that the Kernel Density Estimation method is already widely
applied in such areas as Statistics, Econometrics and signal processing, it was
proposed for the first time that KDE could be successfully used in insurance for
obtaining results of a high accuracy. In conclusion, a meticulous analysis of the above
method has shown that Kernel Density Estimation has been providing the most
adequate estimation of reserves so far.
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17
A Comparative Study of the Static Code Quality of
Different PHP Frameworks

The comparative analysis results of the analysis of static code quality of PHP
frameworks are presented in this chapter. Three different CodeIgniter, Yii 2.0, and
CakePHP frameworks were analyzed. For each framework the study of static PHP
code have been conducted. The study of code quality was achieved by calculating of
different static code metrics. The results of the study allowed formulating conclusions
concerning the frameworks benefits and also they application

17.1. INTRODUCTION
At the present time, PHP - the high-level programming language is one of the most
commonly used programming languages. According to the TIOBE ranking [1], PHP is
steadily ranked fourth after C, Java and C ++. PHP is in the top ranked web
programming languages. This is because the PHP language has many advantages
comparing to other languages used to create web applications [1].
There is currently a large number of different PHP frameworks, and developers
may find it difficult to know and choose the best one - choosing the best can cost a lot
of time and effort [2].
Static analysis of the code allows checking the quality of the code to meet the
whole series of rules and values, which are often heuristic. To designate them
different types of metrics are used. Code metrics allow project managers to examine
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the complexity of developed or even being developed projects, evaluate the scope of
work, the style of created programs, and the effort put by each developer into
implementing one or another solution. However, metrics may not always be a decisive
element in measuring code as a result of developer work. For example, if a developer
wrote a small number of lines of code or made a small number of structural changes,
that does not mean he or she did not do much [3].

17.2. ADVANTAGES AND DISADVANTAGES OF FRAMEWORKS
Software developed using the framework has a much better structure and reliability.
Frameworks provide developers with ready-made and proven tools.

The main advantages of using PHP frameworks are:


great flexibility - modern frameworks provide a large number of functional modules
that can be integrated (or configured) according to the needs of the developer;



highly efficient code creation - the framework provides ready-made functional
modules, and the developer creates new code for specific functionality only, so
using the framework means reducing the amount of code being created;



high reliability - frameworks are usually well tested;



improved code quality - good structure (usually variant of MVC model) and
framework logic support high quality code generation.

The main disadvantages of using frameworks include:


high complexity - modern frameworks provide a very large number of ready-made,
advanced modules and configurations;



high cost (time) of learning how to use framework modules - it results from the
complexity of this type of tools;



reduced application performance - results from the fact that the framework
provides a large number of flexible tools not necessarily needed in a given
application.
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By the end of 2015, SitePoint conducted a survey among its users to determine
the most popular framework - Fig. 17.1.

Fig. 17.1. Popularity of PHP framework by SitePoint
Source: [4]

From a large number of frameworks for further research, three were selected:
CodeIgniter, Yii, and CakePHP.

17.3. CODE QUALITY METRICS
Code quality metrics are used to evaluate the quality of software based on an analysis
of its code rather than its testing process. It is a tool for improving the quality of code,
and thus facilitating its management, testing, reducing its complexity, and increasing
re-use of existing modules. Different software engineering researchers, by analyzing
good practices and patterns of software development, have presented their own
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measures to gauge how the code generated meets some heuristic principle. The most
important metrics are:


McCabe's cyclomatic complexity,



measures of Halstead,



metrics from the MOOD kit (from Metrics for Object-Oriented Design),



metrics by Robert C. Martin,



CK metric set (from: Chidamber and Kemerera).
Cyclomatic Complexity McCabe (CC) is a metric that has been developed for

structural programming languages but is currently used to identify difficult-to-test and
maintenance-oriented programming languages [5]. The principle of calculating this
measure is to determine the number of execution paths for a given piece of software
[5].
Halstead metrics refer to the functions and arguments of a particular software
module [6]. Halstead presented five measures: Program Vocabulary, Program Length,
Volume, Difficulty, and Effort.
Metrics for Object-Oriented Design (MOOD) is a set of six metrics such as:
Polymorphism Factor (PF), Attribute Hiding Factor (AHF), Method Hiding Factor
(MHF), Attribute Inheritance Factor (AIF), Method Inheritance Factor (MIF) and
Coupling Factor (CF). MOOD metrics enable software quality assessment [6]. MOOD
metrics allow measuring program elements such as encapsulation, polymorphism,
inheritance, and class relationship. Six existing metrics are responsible for measuring
individual components of object-oriented programming paradigms [7].
Robert C. Martin's Metrics is a collection of five metrics. These are metrics [7]:
Affarent Coupling (Ca), Efferent Copling (Ce), Abstractness (A), Instability (I) and.
Normalized Distance from Main Sequence (Dn). These metrics relate relationships
between classes in a project. The most important are the distinction between internal
and external connections.
Chidamber and Kemerer metrics (CKs) are currently one of the most popular sets
of metrics to measure class complexity [8]. It contains six metrics related to different
aspects of objectivity: inheritance, class complexity, class relationship and cohesion.
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These metrics allow evaluating code quality in object-oriented programming
languages. The set of CK metrics includes [8]: Weighted Methods per Class (WMC),
Response for a Class (RFC), Depth of Inheritance Tree (DIT), Number of Childre of
Class (NOC), Coupling Between Objects (CBO) and Lack of Cohesion in Methods
(LCOM).

17.4. CODE QUALITY ANALYSIS TOOL
There are many programs available to measure code created in different programming
languages. These are programs that are independent or integrated with software
development environments. For analysis of the code created in PHP most commonly
used is a tool called PHP Depend.
PHP Depend is a small program that performs static code analysis on every
stage of program development. Static code analysis means that PHP Depend first
downloads the source code and parses it in an easily workable internal data structure.
This data structure is called AST (Abstract Syntax Tree). The generated AST is then
processed - measured.
PHP Depend sets values for the following code quality metrics [9] in three
categories:
1. Inheritance:


Average Number of Derived Classes (ANDC);



Average Hierarchy Height (AHH), which describes the average depth of the
inheritance hierarchy;

2. Size and Complexity:


Extended Cyclomatic Complexity Number (CYCLO);



Lines Of Code (LOC);



Number Of Methods (NOM);



Number Of Classes (NOC);



Number Of Packets (NOP);

296

Varia Informatica 2017



CYCLO to LOC ratio - describes the average number of code lines that have
one branch in the if, for, foreach;



LOC to NOM ratio - determines the average number of code lines for one
method;



NOM to NOC ratio - determines the average number of methods in one class;



NOC to NOP ratio describe the average number of packages in each class.

3. Coupling:


Number of Fanouts (FANOUT);



Number of Method or Function Calls (CALLS);



FANOUT to CALLS ratio - describes the relationships between the various
parts of the program;



CALLS to NOM ratio - describes the average number of method calls.
The recommended values for each static metric quality code are shown in Tab.

17.1. Values between low and high indicate the correct code quality.

Table 17.1. Set of nominal metric values
Metric
CYCLO/LOC
LOC/NOM
NOM/NOC
NOC/NOP
CALLS/NOM
FANOUT/CALLS
ANDC
AHH
Source: [9]

Low
0.16

Average
0.20

High
0.24

7
4
6
2.01
0.56
0.25
0.09

10
7
17
2.62
0.62
0.41
0.21

13
10
26
3.2
0.68
0.57
0.32

PHP Depend generates three types of reports:
1. XML (eXtensible Markup Language) report.
2. Graphical report in the form of graph - Fig. 17.2.
3. Graphical report in the form of pyramid - Fig. 17.3
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Fig. 17.2. PHP Depend report in the form of graph
Source: [10]

Fig. 17.3. PHP Depend report in the form of pyramid
Source: [9]

In Fig. 17.2, the X axis represents the Abstraction Ratio values and Y - Instability
Ratio. The diagonal line represents the optimal ratio between these factors
The data are displayed in the form of a pyramid, and on its outer walls are values
calculated as the ratio of a feature from a given level to a value from a lower level.
Colors differentiate the correct (i.e. those within the ranges defined in Tab. 171) and
the incorrect parameters values (i.e. in excess of low or high values). The individual
parts of the pyramid contain code quality metrics in all three categories – Fig. 17.4.
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Fig. 17.4. Structure of the pyramid metric generated by PHP Depend
Source: [9]

17.5. THE

PLAN AND RESULTS OF CODE QUALITY RESEARCH OF SELECTED

PHP FRAMEWORKS
The experiment consisted downloading the current versions of PHP frameworks:
CodeIgniter 3.1.4, Yii 2.0.11 basic and CakePHP 2.5.3, and analyzing them using
PHP Depend.
The results are shown in Fig. 17.5-17.7 in the form of pyramids.

Fig. 17.5. Metric pyramid of CodeIgniter 3.1.4 code
Source: own work
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Fig. 17.6. Metric pyramid of Yii 2.0.11 basic code
Source: own work

Fig. 17.7. Metric pyramid of CakePHP 2.5.3 code
Source: own work

17.6. DISCUSSION AND CONCLUSIONS
Quality code metrics values for surveyed PHP frameworks were shown in Tab. 17.2.
This allows comparing the code quality of the particular programs. Metric values that
fit within the recommended ranges (Tab. 17.1) are indicated with green background
and bold font in the Tab. 17.2. The white font on the red background stands out values
above the reference (Tab. 17.1) and the values shown in other manner are too low.
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Table 17.2. Comparison of PHP code frameworks metrics

Metric
ANDC
AHH
CYCLO/LOC
LOC/NOM
NOM/NOC
NOC/NOP
FANOUT/CALLS
CALLS/NOM

CodeIgniter
0.667
0.304
0.236
16.821
12.399
23
0.016
3.096

Yii
0.566
0.358
0.141
15.707
5.824
8
0.131
3.03

CakePHP
0.865
0.593
0.112
22.394
6.51
10.275
0.065
4.282

Source: own work

The best code quality was delivered by CodeIgniter – in Tab. 17.2 four quality
metric values are in the reference range indicated in the Tab. 17.1. The next one is Yii
(3 values) and the worst - CakePHP.
CodeIgniter also features the best values of the Extended Cyclomatic Complexity
Number - CYCLO = 6793, as opposed to e.g. Yii with CYCLO = 44587. This means
that CodeIgniter code is easier to test and modify. CodeIgniter also features a small
number of LOC, NOC and NOM. It is therefore simpler and programs that use it
should work faster.
Yii, with its very large number of classes and methods, offers the programmer
undoubtedly the greatest functionality. This makes it difficult to learn, but it profits in
big projects.
Comparing fairly large-scale programs using only quality metrics indicates only
one aspect. It does not take into account functional and architectural diversity of
frameworks.
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