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Abstract. In this paper, an attempt is made to draw a legal demarcation between the concepts of background
concentration and conditional background concentration of pollutants in the water of a water body using a systematic
approach by analyzing the capts of determining background concentrations available in the arsenal of environmental
science and the formal legal interpretation of legal norms contained in regulatory legal acts regulating the environmental
sphere of legal relations.

Keywords: natural background concentration; anthropogenic background concentration; conditional background
concentration; environmental damage; damage to water bodies; maximum permissible concentrations (MPC); permissible
discharge standard®DS); permissiblexposure standard®ES.
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and fulFsemantic units systemsheseelementshow a obvioust e ndency for interactipn wit
primary bearers dEonjunctiorbcategory semantic¥hus,concerningmain factors and prospectslis multi-aspect process,
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As it is known, every discourse-text presents a regular structure and a coherent
system, functioning as a complete message, possessing its own content and organized by
one of abstract models, existing in the lan guage, characterized by some distinctive features
[11]. The very notion of Bontentdapplied to a text unity acquires its terminological use,
different from the notions: Bensedand Bneaningd So, coherence and cohesion can be treated
not only as semantic phenomena, being manifested as structural, semantic and
communicative integrity, Bnteracting as form, content and function d[1]. It's evident that
communicative integrity of a discourse-text is expressed in the relations of succession s
between its forming components, micro -segments, or super-phrasal units (SPU) [10].
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Otherwise, each following sentence of SPU (micro -text) is supported by a preceding one, what
produces various communicative chains, structuring a statement informatively in the direction:
from a known fact to a new one. All sentences, forming a (micro)text, are interlinked not only
by their thematic unity and the principle of communicative progression, but also by external
signals, indicating that all the components make up some structural complex. Such linking
elements can be presented by pronouns, articles, auxiliary verbs, particles, etc.

Discourse-texts of different styles can be also formed by means of special elements,
having got in the theory of linguistics the name of Bogical conne ctivesd[6]. These linking words,
or so called Bransitionsdcan both contribute to text unities structuring and comprehension. It's
obvious that depending on the functional -stylistic character of discourse -texts in question the
number and cast of connecto rs can considerably differ with certain types possible prevailing.
This fact can be explained by specific features of text fragments structural-composition al,
logical-semantic integrity. In its turn, that predetermines possibilities of more/less extensive
variation of syntactic relations and means of their realizing, what results in different units
contextual synonymy. Evidently, these tendencies are expressed distinctly in speech
statements characterized by high preciseness and logics of material presentin g, informative
density, what is particularly observed in scientific and official prose. Strict segmentation and
linear structuring, compositional unity of such texts necessitate constant use of (inter)phrasal
connectives with more or less expressed lexical semantics.

Considering a generally accepted in modern communicative pragmatic syntax theory
principle of Bransitionsdclassifying into three main types [3]: a) purely grammatical; b) lexical-
grammatical; c) purely lexical, it's necessary to define more precisely the actual scope and
content of sub-classes in question. Thus, the first group comprises copulative elements :
auxiliary verbs, conjunctions, prepositions, some parallel constructions, etc.; the second
division includes parenthesis-modal conjunctive words, whole sentences and their parts,
prepositional-substantive complexes, etc.; the third group covers various word doublings,
synonyms, antonyms, etc., with taking into account connective word combinations, phrase
segments and chains, such as: conjunction + conjunctive adverb, conjunctive adverb +
parenthesis element, part of a sentence + conjunctive adverb, conjunctive adverb +
conjunctive adverb, etc. One can easily guess that a special interest for research ers is
provoked by the second group units considered to be signals of sin-semantic relations,
markers of so-called Beft/right context d[1]. The cast of these elements is formed primarily by
parenthesis-modal adverbial-substantive elements: a) esides, more(over), furthermore,
again, likewise, certainly, then, next, nowd etc. (en.); 8naintenant, en plus, ensuite, encore,
alors, en effet, enfind et c. (fr.); PDausser dem, me h z , we i
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naechsted etc. (ger.), marking connective type relations; b) fowever, yet, still, (although,
henced etc. (en.); Pourtant, cependant, quand m dme, en mome tempsd et c . (fr.

noch, zumi ndest, obwohl d, et c. ( ger . Bhereforemar ki

thereupon, thus, accordingly d etc. (en.); Bonsi quemment, finalement, enfin, donc@ etc. (fr.);

BDdeschal b, folglich,det.qgam),anarking comsedquenbedypegatationsa i t

It s quite natural to suppose that all of them can easily correlate with primary and secondary
conjunctions as bearers of synonymic functional meanings, even replacing and supplementing
them in certain positions. So the elements of this kind are able to form particular peripheral
compound groups of words in the language system, combining morphological features of one
class with syntactic characteristics of another and are regarded as partial transforms, having
special localization zones in the functional -semantic field of ®onjunctiond[10]. In fact, most of
such lexical-grammar Bransitionsd are incorporated into syntactic complexes not only as
constructive elements, fixing contextual -logical connections between sentences and their
parts, but also as the markers of modal assessment, signals of actual segmentation [9]. The
ability of obtaining connective function s in a large syntactic context can be explained not only
by initial semantic similarity with so called Buredconjunctions and conjunctive words, i.e. the
absence of subject-conceptual content in their semantics, but also by a clear tendency for
Banguage economyd|6]. In fact, it is even considered to be the ground for their raising to a
special interclass sub-category of so called ®onjunctive adverbsdexisting in the language
system as a ®omplex group of non -changeable lexical units, differentiated by distri butive
characteristics d[3], a constant reserve for conjunctions total cast enlarging.

Acknowledging the possibilities of frequent parenthesis elements transpositions into
syntactic distributions favorable for acquisition a secondary conjunctive func tion, it is
necessary to mention the inner reasons and factors of this phenomenon. The main factor
predetermining the easiness of their position and functional charge change, apart from their
paradigmatic features, i.e. almost absolute morphological invari ability (with the exception of
some adverbial words ability to produce degrees of comparison forms, for example, #ikelyd,
is their semantics initial relativity [5]. Primarily different elements of adverbial-substantive and
other genesis thanks to their lexical semantics abstractness and largeness of their
manifestations scope are capable of marking the widest spectrum of semantic -syntactic
relation nuances in predicative structures, SPU: temporal, conditional, causative, concessive,
conclusive, contradic tory, etc. In fact, it causes a really strong trend for their constant
integration with purely grammar copulas, what results in possible partial or complete
functional-semantic complex transforming and correspondingly in their further moving first
into peripheral and then towards the central zones of fonjunction dfunctional-semantic field
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spheres [10]. Of course, this process of farenthesis-modald and ®onjunctiond functional-
semantic fields interaction is rather slow, characterized by a multi-stage course, what can be
shown schematically by the figures presented below.

Figure 1. The first stage of functional-semantic fields interaction

Remark:

A Dthe center of Barenthesis-modaldfunctional-semantic field sphere
B Dthe center of Bonjunction dfunctional-semantic field sphere

C Dthe point of functional -semantic fields integration

Figure 2. The second stage of functional -semantic fields interaction
Remark: C, D Dthe points, marking the border of functional -semantic fields integration zone.

Figure 3. The third stage of functional-semantic fields interaction

I nternational journal o] 33
- 11-2021


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attri bt
https://creativecommons.org/licenses/ by/4.0/d

Remark: The shaded segment marks the enlarged zone of functional-semantic fields
integration.

Figure 4. The fourth (final) stage of functional Dsemantic fields interaction
Remark: The circles inside mark the zones of parenthesis-modal Bransitionsd localization
adjacent to the centers of the functional -semantic field spheres.

Depending on the extent of Brelativityd component expr
general semantics, they can be localized in different circles of ®onjunctiond functional-
semantic field structure, more or less distantly from its central sections, wh at predetermines
the possibility of such units use as the basic construction material. Naturally, the group of so-
called secondary conjunctives can be formed in the periphery of adverbs class out of elements
mostly disposed to be syntactic copulas in complex sentences , SPU because of their
semantics Belativitydcomponent expression top extent [ 10]. For example, adverbial words and
combinations: #noreover, furthermore, however, therefored ,etc. (en.); #nsuite, encore,
pourtant, en plus, consiquemmentd etc. (fr.); Bwusserdem, weiteres, trotzdem, folflich,
demnachd etc. (ger.) are used for syntactic compl exes parts binding with the same intensity
as interrogative-relative adverbs (Bvhen, where, why, how, what d etc. (en.); ®juand, comment,
ol , pourquoi, qued etc. (fr.); Bvann, wo, warum, wie, was g etc. (ger.)). Other elements of this
group: Bneanwhile, instead, finally, hence, also, consequently, none/nevertheless, next, still,
then, otherwise, besides, thusd etc. (en.); Binalement, initialement, cependant, enfin,
contrairementd etc. (fr.); ®lann, naechste, noch, deshalbd etc. (ger.) are most frequently used
as discourse-text inter-sentential Bransitionsd together with prepositional-substantial
combinations, prepositional -conjunction contaminants and compound copulas.

For example: 1. Now the economies of English-speaking countries stand at different
stages of the cycle. However, despite periodic recessions or depressions, they have continued
to grow over time [2, p.126].
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2. Capital is also needed for salaries, credit extension to customers, advertising,
insurance and many other operations. Moreover, financing is essential for growth and
expansion of [2ap.ld7).mpany e

3. Horizontal mergers allow to secure low cost operation by realizing economies of scale
in manufacture and distribution. Besides, the combined organization may have access to
technical and financial resources, previously not available [2, p.128].

4. Pour dtre efficace, il faut que les moyens soient doubl is. En plus, il vaudrait mieux
augmenter le contrBe et adapter les textes, aujourd hui totalement d i passi s par les nouvelles
technologies [8, p.138].

5. Les transformations que la France a connues durant les anni es 60-80 ont entrayni des
ri formes profondes dans le domaine de I'enseignement. Cependant, les changements qui en
di coulent, maintiennent I'ini galiti sociale [8, p.126].

6. Quant aux nouvelles technologies, elles nous astreignent U une temporaliti assez
brive. Par suite, le diriglement de la temporaliti politique, Tconomique devient une simple
figure de la bdtise [8, p.154].

7. Classical economists believe that under these c ircumstances, the interest rate will fall,
causing investors to demand more of available savings. And an increase in savings will lead
to a rise in investment expenditures through a reduction of the interest rate [2, p.159].

8. Tout est affaire de perspectives et de structure de consommation, car on peut
observer Ula fois I'augmentation des co| ts de certaines dipenses contraintes; mais aussi la
baisse des co] ts de communication [8, p.147].

9. Universit¥re Bildung gehErte nach Auffassung der meisten nicht dazu, folglich muss
das System gel3ndert werden [4, p.138].

10. Die Ermittler hi3ten das Gebude nach neun Stunden wieder verlassen, meldete die
Nachrichtenagentur Anadolu. 7rotzdem haben die nichts gefunden [4, p.178]

11. Organisationen des Landes versammeln um sich stl3ndig ganze Reihen ihrer
AnhRnger, keine gleichgi Itigen Menschen, gerade deshalb ist es schon gelungen, sehr viele
scharfe Probleme auf einer positiven Grundlage zu |Esen [4, p.124].

12. Es gibt keine Garantie, dass die Gefahr auf Canterbury begr enlmd alle st ¢
NeuseelRnder mi ssen besonders wachsam sein”, hieh ese [4, p.167]

It's quite obvious that copulative words in above given phrases show certain difference
of semantic features expression extent. Thus, the adverbial -substantial elements #noreoverd
(en.),Bnplus@d bp ar (é.)) Washaldd(ger.) uniting syntactic complexes parts: (2), (4), ©6),
(11) bring into them lexical-semantic nuances of Bdditiond Bupplementd #ogical orderd
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Bonsequenced Buccessiond accentuating at the same time the most relevant information,
contained in the statements segments. Otherwise, they play both the roles of modal quality
explicators-modifiers [6] and communicative -pragmatic lexical intensifiers. One can guess,
that this position of Hliscursive elementsd that's of Beft/right side sin-semantic signalsd[12],
helps them to mark a passage from one (micro)theme to another, thus contributing to actual
segmenting of syntactic groups. As far as adverbial elements Bnoweverd(1), Bependantd(b),
Brotzdemd(10) are concerned, they probably add the lexical nuance of ®ontradiction dinto the
whole semantic-syntactic complex, functionally closely interacting with conjunction s Bnaisd
(8), ndd(12).

Of course, the very possibility of combining two functions at the same time Dof a binding
element/ an adverbial modifier, proves the independence and broadness of their base lexical-
grammar meaning with the lexical component obvious prevailing, its #onjunctiondelement
having much weaker manifestations. Thus, all this necessitates postulating the fact of
preserving initial semantic features by the adverbial-substantive Bransitionsd in question
despite their actual syntactic transpositions and Bwxiliarydfunctioning usual character. In case
(3) the adverbial-conjunctive word Mesidesd also acts as a copula joining two parts of a
complex phrasal unity, thus it realizes primarily the ®onjunctiond component potentially
contained in its base semantics and peculiar in any extent for most adverbial words. In fact,
this unit is not related concretely to any of phrase segments, what can be proved by the
impossibility of its combinations supposed excluding of syntactic complex es in case of
possible segmentation. That is an obvious sign of this Bransitiondsemantic dominant absence
and initial category features obvious transposition in given syntactic distributions [10]. Of
course, the common sign of paradigmatic invariability provides possibilities of their mutual
integration in the sphere of morphology.

It's quite clear, that the adequate idea of BRonjunctiondelement expression extent in a
language unit general semantic complex and possible transformation usual/occasional
character under given syntactic distribution s can be obtained only in case of its multi -aspect
comparing with specialized Bonjunctiond function bearers D purely grammar copulas. So,
considering the functional -semantic features of parenthesis-modal linking elements
Bnoreoverd Moweverd Bolglichd Brotzdemd #n plusd Rependantdand grammar copulas ndg
esidesd @ard Indd Bleshalbd etc. one can distinctly see their close interaction by the
meanings of Belativityd ®onjunctiond (1); (2); (3); (4); (5); (6); (7); (8); (9); (10), (11), (1Phe
similarity of Bransitionsdfunctional charge in above given examples is quite evident, still, their
obvious semantic differentiation is observed in the extent of lexical component s expression in
the general semantic complex. Surely, the conjunctions Bndd ®ard Exndg as well as adverbial-
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conjunctive word s Besidesd Bleshalbdbring into phrasal unities b purely grammar meaning of
Boiningdand entering them as linking elements they can't be considered their members. Thus,
they are totally (7), @), (12) or mostly (3), (11) deprived of any other functional charge and can
be omitted without any violation of phrases coherence and changes of their semantics.

For example: (8); 8! Tout est affaire de perspectives et de structurede c onsummat i on e
on peut observer Ula fois I"'augmentation des co) ts de certaines dipenses contraintes; e
aussi la baisse des co] ts de communication.

(11); 11 Die zivilgesellschaftlichen Organisationen des Landes versammeln um sich
stRndig ganze Reihen ihrer Anhnger, keine gleichgi Itigen Menschen, gerade e ist es schon
gelungen, sehr viele scharfe Probleme auf einer positiven Grundlage zu IEsen.

(12); 12%. Es gi bt keine Garanti e, dass die Gef al
Neuseelfnder mi ssen besonders wachsam sein”, hieh ese

At the same time, the omission of parenthesis words : Bnoreoverd(2), ®xoweverd(1), n
plusd(4), fpar suited(6), Bolglichd(9), Brotzdend(10) would probably cause a visible modification
of statements general semantic structure even in case of preserving their relative integrity.

For example: (1); 11. Now the economies of English -speaking countries stand at different
stages of the cycle. eDespite periodic recessi
grow over time.

(2); 2. Capital is also needed for salaries, credit extension to customers, advertising,

i nsurance and many aoandngis esseptial foagrowtb and expagsiort of a
companye

(3); 3. Horizontal mergers allow to secure low cost operation by realizing economies of
scale in manufacture and distribution. e the
technical and financial resources, previously not available.

4); 4*. Pour dtre efficace, il faut que les moyens soient doubl is. e il vaudrait mieux
augmenter le contrHe et adapter les textes, dipassis par les nouvelles technologies.

(5); 5. Les transformations que la France a connues durant les annies 60-80 ont
entrayni des riformes profondesdans | e domai ne d elesichargeane®sqgin e me n
en di coulent, maintiennent I'ini galiti sociale.

(6); 61. Quant aux nouvelles technologies, elles nous astreignent Uune temporaliti assez
brive. e le diriglement de latemporaliti politique, i conomique devient une simple figure de
la bdtise.

(9); 9%. UniversitRre Bildung gehErte nach Auffassung der meisten nicht dazu, € muss
das System gefndert werden.
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(10); 10*. Die Ermittler hi&ten das GebRude nach neun Stunden wieder verlassen, meldete
die Nachrichtenagentur Anadolu. € haben die nichts gefunden.

(12); 121, Es gi bt keine Garanti e, dass die Gefahr
Neuseelfnder mi ssen besonders wachsam sein®, hieh ese

The functional differentiation of Bransitionsdin above given examples becomes even
more evident, if one takes into consideration their location in syntactic unities. It is known, that
conjunctions can occupy a strictly fixed place corr esponding to their utilitarian destination and
thus any attempt to move them into some other position will cause an obvious sense violation.
For example: (8); 82. Tout &st affaire de perspectives de commerce, on peut observer Ula fois
car |'augmentation des co| ts de certaines dipenses contraintes, aussi la baisse mais des
co) ts de communication...

(12); 12°. Es gibt keine Garantie, dass die Gefahr auf und Canterbury begrenzt i st
Neuseelfnder mi ssen besonders wachsam sein", hieh ese

Moving the conjunction into the beginning of a phrase results in acquiring by it another
functional charge Dof a discourse-text connector with a previous context implied:

(11); 112. Deshalb die zivilgesellschaftlichen Organisationen des Landes versammeln
um sich stRndig ganze Reihen ihrer Anhnger, keine gleichgi Itigen Menschen, gerade ist es
schon gelungen, sehr viele scharfe Probleme auf einer positiven Grundlage zu IEsene

In fact, any moving of parenthesis-adverbial words in the frame of given statements
doesn't cause violations of their general semantic integrity. For example:

(2); 2°. Capital is also needed for salaries, credit extension to customers, advertising,
insurance and many other operations. e financing is moreover essential for growth and
expansion of a companye

(3); 3%2. Horizontal mergers frequently allow to secure low cost operation by realizing
economies of scale in manufacture and distribution. e t he ¢ o mpanizaeod may r
besides have access to technical and financial resources, previously not available.

(4); 42. Pour dtre efficace, il faut que les moyens soient doubl i's, e il vaudrait mieux en
plus augmenter le contrBe et adapter les textes, di passi s par les nouvelles technologies.

Of course, these experimental data and results of multi -aspect analysis carried out show quite
clearly real margins and points of different types parenthesis -modal discourse-text
Bransitionsdand grammar copulas possible seman tic-functional interaction , manifested in the
aspects of integration/differentiation.

In general, all this obviously proves the broadness of lexical -grammar parenthesis-modal
discourse-text Bransitionsdsemantics, what allows them to play both the role of intra-phrasal
copulas and sentence modifiers, bringing various lexical nuances into the total syntactic
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complexes meaning. Surely, it gives a real ground for stating their functional integration with

Buredcopulas by common meanings of Belativityd Bonjunctiondcontained in the semantic
complex. At the same time, they are obviously differentiated by the sign of lexical components

presence/absence in general semantics. This also proves a real poly-functionality of
parenthesis-modal conjunctive equivalents, permitting them to play the role of lexical

intensifiers and discursive modal markers in the frame of syntactic complexes. Discourse-text
Bransitionsdof various genesis create a parallel gradation of reality assessments (degrees of
reality) of a fact, exposed in each of complex syntactic units parts. They can be also treated
as explicators of text s modal quality and most informative segments, capable of bearing the

additional functional charge of actual segmentation means. Thus, one has an obvious reason
to consider lexical-grammar connectives an open-bordered group of poly-semantic
(functional) units with hybrid characteristics, localized at the crossing of Bnodalityd Bxdverbiald
Bubstantivedfields and occupying a separate open micro -field adjacent to (micro)fields of
conjunctions/conjunctive words. It is evident that the scope and frequency of parenthesis -
modal Bransitionsduse are stipulated by specific structural -compositional and stylistic features

of discourse-texts in question.

References

1. Arapoff N. The semantic role of sentence connectors in extra-sentence logical
relationships// Tesol Quarterly. New York: Academic Press, 1998. Issue 2. P. 167-178.

2. Dyukanova N. English for economists. Moscow: Infra -M., 1998. P.178-245.

3. Hall P., Harriel M. Reference guide to grammar and usage. New Jersy: Englewood
Cliffs, 1994. Issue 2. 568p.

4. Kulner F. Deutsch fi r das Studium. Freiburg, 2008. 276p.

5. Lebedeva M. The semantic and syntactic structure of a coherent text // Essays on text
linguistics. Pyatigorsk: University Press, 2001. Issue 2. P.113-121.

6. MoeschlerJ.Causal, inferential and temporal conn
causal connective in French ?// Marqueurs discursifs et subjectiviti. Rouen: Presses
Universitaires de Rouen et du Havre, 2014. Vol.6. P.97-114.

7. Nedbailk S. On functional-semantic characteristics of parenthe sis-adverbial
discourse-text transitions of logical type in modern French and English // Ancient and New
Romania (16) Saint-Petersburg: University Press, 2015. Issue 16. P.238-245.

8. Paris-Match. Paris, 2019. Vol. 9, 12. P.134 -167; P.112-173.

|l nternational journal o]

- 11-2021 39


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attri bt
https://creativecommons.org/licenses/ by/4.0/d

9. Pastukhova S. Consecutives in English languages and their functions in natural -
scientific writt en style// Collection of scientific works . Pyatigorsk: University Press, 2001. Issue
4. P.173-180.

10. Pravikova L. Coherent aspects of oral and written discourse //Collection of scientific
works. Pyatigorsk: University Press, 2001. Issue 4.P.181-189.

11. Zaitseva O. Adverbs functional characteristic in sentences and texts // Essays on
text linguistics . Pyatigorsk: University Press, 2001. Issue 3. P.124-187.

12. http ://www .spiegel.de/politik/ausland/neuseeland-will-nach-terroranschlag-auf-
moscheen-waffengesetze-verschaerfen-a-1258184.html

|l nternational journal o]

- 11-2021 40


https://creativecommons.org/licenses/by/4.0/deed.ru|
http://www.spiegel.de/politik/ausland/neuseeland-will-nach-terroranschlag-auf-moscheen-waffengesetze-verschaerfen-a-1258184.html
http://www.spiegel.de/politik/ausland/neuseeland-will-nach-terroranschlag-auf-moscheen-waffengesetze-verschaerfen-a-1258184.html

Professional science applies the Creative Commons Attri bt
https://creativecommons.org/licenses/ by/4.0/d

APPLI ED PEDAGOGY AND PS

ubC 37

Chagi naluk.mb.v al \Ean v ,&SeAny kM.na P. |
Fomki nainnwvSati ve educational te
teachifngat hol ogical physio

Chagina E.A.

Candidate of Medical Sciences, Associate Professor, Department of Normal and Pathological
Physiology.
FSBEI HE PSMU of Ministry of Health of Russia;

Turmova E. P.

Associate Professor, Department of Normal and Pathological Physiology. D.
in medical sciences.
FSBEI HE PSMU of Ministry of Health of Russia;

Ivanova A. Y.
Assistant in the Department of Foreign Languages.
FSBEI HE PSMU of Ministry of Health of Russia;

Semykina P.I.

student
FSBEI HE PSMU of Ministry of Health of Russia; Vladivostok, Russia;

Fomkina V.S.
student
FSBEI HE PSMU of Ministry of Health of Russia; Vladivostok, Russia.

Abstract. The modern trend in medical education is to integrate fundamental knowledge in the field of science with
its clinical application.

The most important feate of higher medical education in modern conditions is compébesed approach, the
essence of which lies in creating conditions for development of academic, professional and social competences i students [5,
The process of doctor training becomesgpeality-oriented, with clinical orientation of cognitive activity [2]. In this regard,
the main role of fundamental disciplines is aimed not only at the formation of students' system of knowledge, skills and
abilities, but also a set of basic competentéstellectual, communicative, informational, professional and other areas.
Innovativeness of educational work implies purposeful introduction of new methods and technologies into the educational
process that contribute to effective learning. [11,1#%Type of learning process focuses on introducing novelty into learning,
conditioned by the peculiarities of the dynamics of life and activity development, the specifics of learning and the needs of
personality, in the development of socially useful kadge and professionally significant competences, character traits and
qualities and behaviour experience among students [14,15].

At present, the problem of organizing forms of learning is one of the main ones in the theory of didactics and
methodology dieaching disciplines. Although, in the history of pedagogy, the system of forms of learning organization has
been known since antiquity, but the search for new learning technologies sets scientists even today the tasks of modernizatio
of organizationaldrms of learning aimed at the formation of a creative personality [4].

The basis of methodological innovations today is focused on the application of interactive methods and technologies of
education, which imply such an organization of the educationaepsy in which almost all students are involved in the
educational process, have the opportunity to understand and reflect on what they know and think. The application of such
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active and interactive methods in the learning process, unlike traditionakslaswhere the student is a passive listener, is
based on the involvement of all students of the group without exception, with each of them making their individual
contribution to the task set by means of active exchange of knowledge, ideas, wayt/¢8hctivi

Teaching methods can be divided into three generalised groups:

1. passive (traditional a learner acts as an "object" of training (listening and

In the traditional teaching model, students are offered to assimilate large amounts eheskdiknavledge [13]. In
this case, there is practically no need to develop projects, which are based on learning activities with other students.

2. active- student is a "subject” of learning (lecture, independent work,

creative assignments). The active methodilshioe understood as a form of interaction between students and teacher,
in which teacher and students interact with each other during the class and students are not passive listeners, but active
participants of the class. While a passive method impliesioritarian style of interaction, an active method is focused on
a democratic style.

3. interactive- interaction. The use of the interactive method implies simulation of life situations, the use of role
playing games, and joint problesolving. There is no dominance of any participant in the learning process or any idea. From
an object of influence the student becomes a subject of interaction, he/she actively participates in the learning process,
following his/her individual route [10].

Innovative educational technologies (hereinafter referred to as IET) are technologies focused on the creation and
use of such forms of learning activity organization, where the emphasis is placed on the forced activity of the learner (not
doing) andon the formation of systemic thinking and the ability to generate ideas when solving creative tasks [1,2].

The successful mastering of competences (according to FSES) is difficult without the use of innovative teaching
methods (educational technologiegjlsas business games, thematic quests, workbooks, case studies, virtual experiments [9].

Keywords: innovative educational technologi€ompetences, active methods, interactive methoeethodological
innovations.
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Materials and methods.

Experimental modelling is the key method of pathological physiology. Teaching
theoretical material on the basis of illustrative examples is a fundamental methodological
technique of medical educational activity.

The purpose of the application of educationa | technology of the educational discipline is
improving:

the quality of training by developing creative potential,

-analytical thinking, communicative skills

-capacity for self-learning in order to increase the level of formed competences

-Personal growth during the whole period of study and in the future professional activity

The objectives of the educational technology of the training discipline are:

-analysis of the problem situation

- ability to express one's own opinion based on arguments

- ability for independent learning

- improvement of practical skills
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Pathological physiology is a science that studies the most common patterns of
occurrence, development and outcomes of pathological processes, typical pathological
processes and diseases. The main purpose of pathological physiology is to establish the most
general patterns and laws that guide the development of pathological processes and disease.
The subject (object) of pathology study is human disease.

Virtual experiment (simulation technology). Following the concept of humane
use of animals and alternative methods of teaching in education, promoted by the International
Society for Humane Education "InterNiche", European Coalition for the Eradication of
Experiments on Animals, in the educational process it is also possible to use educational video
films with the experiment on the subject of the discipline "Pathological Physiology".

Let us demonstrate the use of a virtual experiment in a classroom lesson on
"Pathophysiology of the nervous system".

Stages of the session based on the results of the virtual experiment

Process of the lesson:

l.Introductory part of the lesson (10 min.) The practical importance of the theme of the
lesson in the system of training for professional activity is revealed in order to develop a motive
and, consequently, activation of cognitive activity of students.

I. The main part of the class (60 min.) Getting acquainted with the methodology of
the virtual experiment, completing the tasks of the experiment, completing the record,
presenting the results for evaluation, evaluating the performance of tasks in the record, solving
problems that arose during the perfor mance of tasks in the form of discussion (moderator -
teacher), the final control.

Assessment of individual achievements, identification of individual and typical mistakes
and their correction.

Objective of the lesson. To study typical disorders of the nervous system.

Methodology

The anaesthetised frog had its brain exposed and was wrapped in a bandage so that its
index finger could hold its head.

A transverse skin incision was made behind the nasal foramen. From the edges of the
transverse incision, lateral incisions were made along both sides of the skull. The resulting
trapezoidal skin flap was folded downwards.

A transverse cranial incision was also made behind the nostrils. Carefully open the cranial
cavity so as not to damage the brain.
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lllustration. Sechenov inhibition.

A - dissection of the frog's skull.

B - the frog brain:

1 - large hemispheres:

2 - optic tubercles;

3 - midbrain;

4 - cerebellum;

5 - medulla oblongata;

After opening the cranium, the brain was transected along the posterior edge of the large
hemispheres (Sechenov incision), leaving the optic tuberosities undamaged.

Suspend the frog on a tripod and after 5 - 7 min, determine the average Turk reflex time
by dipping the toes of the hind paw into a 0.5% sulphuric acid solution.

Carefully dry the surface of the brain slice with small cotton wools or filter paper. Place a
crystal of table salt on the slice of the optic tubero sities.
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Excitation
of a signal neuron

Sechenov inhibition

Inhibition
of the spinal neuron

Turk reaction time

Determine the reflex time 1-2 minutes after placing the salt crystals several times and
record the results.

Once a significant increase in reflex time has been recorded, remove the salt crystals
from the surface of the brain and wash off the salt crystals with physiological solution. Hold
the frog with its head downwards. Determine the reflex time again several times. Note the

gradual return of the reflex time to its original value.

Formalization of the protocol
1. Wirite down the result of the measurements in the protocol. Draw up the report in the

form of a table:
2.

Experience stage Reflex time

After the Sechenov cut
After overlaying the NaCl crystal
After removal of the NaCl crystal

3. Infer the change in vreflex timing and the reasons for the

change.
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4. Draw a diagram in your notebook illustrating the neurophysiological mechanism
of Sechenov's inhibition in the CNS.
Note the pathways of excitatory and inhibitory signals.

5. Explain the mechanism of Sechenov inhibition
6. State  the  significance  of  Sechenov's discovery  of  central
inhibition.

The indicative action framework (OOD) for the students' independent work during study
time is the evaluation of the peculiarities of the development of the pathological process
depending on the state of the organism's nervous system in the experiment.

[l.

V. Concluding part of the lesson (20 min.). Summing up the session. Evaluation of
the students' activities, defi ning the objectives of the lesson as a result of the experiment.
Evaluation of the level of competence formation of students is carried out on a point -rating
system.

Results. Throughout the educational process the general professional competences of
the students are being formed and developed. Training of pathophysiological analysis of data
on pathological processes, clinical syndromes and diseases using the knowledge of general
laws of their origin, development and their outcomes takes place.
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Conclusions. Improving teaching methods today is achieved through the use of
innovative methods of active and interactive learning and information technology.

The introduction of innovative methods of teaching, together with the improvement of
traditional pedagogical t echnologies, will optimize the educational process.

Interactive learning in the classroom when teaching the discipline "Pathological
physiology" is an effective and popular way of interactive learning for students, which
contributes to the development of all groups of competencies and the formation of t he
foundations of clinical thinking [7,8].
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Abstract. In endodontics, the importance of the microbiological aspect lies in the fact that in order to choose the correct
treatment metbd (in one or two visits, with what investment and for how long), it is necessary to know which microorganisms
caused pulpitis, periodontitis. The type of microbes means their relation to Gram stain, relation to aerobic or anaerobic
metabolism, relation toicroflora of primary colonization or secondary. Sometimes microbiology answers the questions

1. Why in some cases the treatment ends in success, and in others it fails?

2. Why are some cases symptomatic and others not?

Research materials: research ma#tions of domestic and foreign authors, professional dental literajatenals,
guides of endodontic congresses of the last 5 years.

Keywords: microbiology, endodont.
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Abstract . Swarmintelligence(Sl), an artificial intelligence (Al) approachiidely used in many complex optimization
problems models theollective behavior of social systems sudioasybeeand birds.This studyevaluateda collaboraive
swarm intelligenceapproachoptimization algorihm, namedthe particle bee lgorithm (PBA). The PBA isbased on a
particular aspect of birdparticle swarm optimizationPSO) and honeybee swariibee algorithm, BApehaviors that
integratestheir advanftiges and proposa selfparametetupdating techniqeto preventbeingtrappedinto alocaloptimum
in high dimensionalproblems.This study compares the performance RBA with that of differential evolution (DE)
evolutionary algorithms (EA) particle svarm optimization (PSO) andeealgorithm BA) for muti -dimensional numeric
problemsFor test problems carried out in this work, colony siamging from75 to100of PBAcan provide an acceptable
convergencepeed foan optimizationsearchBesideselite and best bee PS@ration sizes of (15, 9) to (30, 18)can provide
an acceptable convergerspeed foan optimizationsearch.Results show PBA performance to be comparabileatoof
mentioned algorithms, and the potential for its being efficiemtipleyed to solvbenchmark numericadroblens with high
dimensionality.

Keywords: Swarmintelligence Bee algorithmParticle swarm optimizationParticle bealgorithm.

D O 10.54092/25421085_2021_11 p p

laoaedhdaonaaai ebpy EPT ai-R bPRARMAIPSHI Bed B 1 4ebai éaed &P

ébfidéeluce T i T Racxdl OaPaATPEGEEEA A RUA&GAOET A NO6T a4
Oaaaibéueinc i i édal ¥R B odeed Awabdlicel  ROAAEEE Y
TiTieaeciel ¢ &RMA-4,6 0B I0RAAD P ReRael i PdaNéaeé ey

Tiii1ecieéic bPébadéeae ébPide (A EA T1 1 %E)

1. INTRODUCTION
Evolutionary algorithms (EAs), generally known as general-purpose optimization algorithms,
are often used to find, within a reasonable compilation time, near-optimal solutions to
numerical, real-valued test problems. Differential evolution algorithms (DEs) are one type of
recently introduce d EA (Price, etc. 2005). DEs have been proposed to overcome the poo r local
search ability of genetic algorithms (GAs)(Holland, 1975). Selection operations used represent
an important difference between GAs and DEs. For GAs, the chance of being selected as a
parent solution dependsont he r el evant s ol (Kitink eto,2804)finDOEs allss v a
solutions have an equal chance of being selected as parents, i.e., the chance does not depend
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on fitness values. After a new solution is produced using self-adjusting mutation and cross over
operations, the new solution com petes with its parent for the next generation, with the better
one winning the competition. In other words, a greedy scheme is applied to select one of the
two for the next generation. Using a mutation operation, which is able to self adapt, perform
crossover operations and make selections via a greedy process, makes DEs fast-converging
evolutionary algorithms (Krink, etc., 2004). This has made them the subject of significant
interest by researchers from a diverse range of fields, who have applied DEs to a variety of
real world problems (Price, etc., 2005; Krink, etc., 2004).

Swarm intelligence (Sl)has been of increasing interest to research scientists in recent years.
Swarm intelligence was defined by Bonabeau et al. as any attempt to design algorithms or
distributed problem -solving devices based on the collective behavior of social insect colonies
or other animals (Bonabeau, etc., 2004). Bonabeau et al. focused primarily on the social
behavior of ants (Dorigo, 1992), fish (Li, 2003), birds (Kennedy, etc., 1995) and bees (Pham,

etc., 2006) etc. However, t h ecantbe appliedensore @enendlly to refer to any
restrained collection of interacting agents or individuals. Although bees swarming around a
hive is the class i ¢ a | exampl e of & sasilybemiEended toathemsgsternsa n

with similar architectures.

A few models have been developed to model the intelligent behaviors of honeybee swarms
and applied to solve combinatorial type problems. Yang (2006) presented a virtual bee
algorithm (VBA) that is effective when applied to function optimization problems. However,
while the proposed algorithm was similar to GA, it was much more efficient due to the
parallelism of multiple independent bees. VBA was tested on two functions with two
parameters, single-peaked and multi-peaked, respectively. Results show the VBA as
significantly more efficient than GA. Karaboga et al. (2009) presented an artificial bee colony
(ABC) algorithm and expanded its experimental results (Basturk, etc., 2006). It has been
pointed out that the ABC algorithm outperforms GA for functions exhibiting multi -modality or
uni-modality. Pham et al. (2006) presented an original bee algorithm (BA) and applied to two
standard functional optimization prob lems with two and six dimensions. Res ults demonstrated
the BA able to find solutions very close to the optimum, showing that BA generally
outperformed GA. Ozbakir et al. (2010) developed a modified BA (Pham, etc., 2006) to solve
generalized assignment problems (GAP) that presented an ejection chain neighborhood
mechanism. This study found that the proposed BA offers the potential to solve GAP .
However, while BA (Pham, etc., 2006) offers the potential to conduct global searches and uses
a simpler mechanism in comparison with GA, it is weak in local searching and does not records
past searching experiences during the optimization search process.
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For instance, a flock of birds may be thought of as a swarm whose individual agents are
birds. Particle swarm optimization (PSO), which has become quite popular for many
researchers recently (Tsai, 2010; Parsopoulos, etc. 2007), models the social behavior of birds
(Kennedy, 1995). PSO is a population-based stochastic optimization technique that is well
adapted to the optimization of nonlinear functions in multi-dimensional space. PSO consists
of a swarm of particles moving in a search space of potential problem solutions. Every particle
has a position vector representing a candidate solution to the problem and a velocity vector.
Moreover, each particle cont ains a small memory that stores its own best position so far and
a global best position obtained through communication with neighbor particles. PSO
potentially used in local searching, and records past searching experiences during
optimization search process. However, it converges early in highly discrete problems
(Korenaga, etc., 2006).

Hence, in order to improve BA and PSO, Cheng (2012)and Lien (2012, 2014) proposed an
optimization hybrid swarm algorithm, named the particle bee algorithm (PBA), based on
intelligent behavior traits of bird and honeybee swarms. PBA has been successful applied to
many case studies (Cheng and Lien, 2012; Lien and Cheng, 2012, 2014). PBA integrates their
advantages and a self-parameter-updating technique to prevent becoming trapped in a local
optimum in high dimensional problems. This study compares the performance of the PBA
algorithm with that of DE, EA, PSO (Krink, etc., 2004) and BA (Pham, etc., 2006) for a set of
well-known test functio ns (Krink, etc., 2004). Also, the performance of PBA is analyzed under
conditions in which control parameter values change. In Section 2 and 3, bee algorithm (BA)
and particle swarm optimization (PSO) are described and then the particle bee algorithm (PBA)
is introduced in Section 4. In Section 5, the experimental study is described . Obtained
simulation results are presented and discussed in Section 6.

2. BEEALGORITHM (BA)

Bee algorithm (BA)is an optimization algorithm inspired by the natural foraging behavior of
honeybees as they work to find an optimal solution (Eberhart, 2006). The BA flowchart show s
in Fig. 1. The BA (Pham, etc., 2006) requires the setting of a number of parameters, including
number of scout bees (77), number of elite sites selected from n visited sites (€), number of best
sites out of n visited sites (6), number of bees recruited for elite e sites (17z), number of bees
recruited for best b sites (n2, number of bees recruited for other visited sites (), and
neighborhood (71gh) of bees dance search and stopping criterion.
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Fig.1. Bee algorithm flowchart

Step (3) Select elite sites (e) from scout bees
Bees that have the highest fithess are chosen as elite bees, and sites they visit are
chosen for neighborhood search.

Step (4) Recruit bees (1) begin neighborhood dancing search
The algorithm conducts searches in the neighborhood of selected sites, assigning
more recruit bees to dance near to elite sites. Recruit bees can be chosen directly

according to the fitness associated with dancing sites Eq. (1)
Xd (t +1) = Xq (t)3 (Rand- 0.5)3 2+ X (t)

ee.ee..eeeeee ..(l)

Commons

At tri bt

org/licenses/ by/4.0/d

where x;is th xand /= 1 to 77, dis dimension in x;and d = 1to D, tis iteration; Xj«(t+1)
is ain dimension in £ xand in #+1 iteration; xi«(?) is ain dimension in £ xand in ¢iteration;
Randis a uniformly distributed real random number within the range 0 to 1; nis number
of scout bees.
Step (5) Select best sites (b) from scout bees
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Otherwise, elite bees with the highest fithess are chosen as best bees, and sites they
visit are chosen for neighborhood search.

Step (6) Recruit bees (112) begin neighborhood dancing search
The algorithm conducts searches in the neighborhood of the selected sites, assigning
more recruit bees to dance near the best sites. Recruit bees can be chosen directly
according to the fitness associated with dancing sites Eq. (1).
Elite bees differ from best be es as the former focus on local search in order to search
the local optimum solution, and the latter focus on global search in order to avoid
missing other potential global optimum solutions. Alternatively, fithess values are used
to determine the elite/best bees selected. Dancing searches in the neighborhood of
elite and best sites that represent more promising solutions are made more detailed
by recruiting more bees to follow them than others.

Step (7) Recruit random bees (7) for other visited sites
The remaining bees in the population are assigned randomly around the search space
scouting for new potential solutions.

Step (8) Convergence?
Throughout step (3) to step (7), such differential recruitment is a key BA operation.
However, in step (8) only bees with the highest fithess for the current iteration will be
selected for the following iteration. While there is no such restriction in nature, it is
introduced here to reduce the number of points to be explored. These steps are
repeated until a stopping criterion is met that determines whether bees are to be
abandoned or memorized.

From Eq. (1), BA dependence on random search makes it relatively weak in local search
activities. Also, BA does not have past searching records of PSO capabilities.

3. PARTICLE SWARM OPTIMIZATION (PSO)

Particle swarm optimization (PSO) is an optimization algorithm inspired by the natural
foraging behavior of birds to find an optimal solution (Kennedy, 1995). In PSO, a population of
particles starts to move in a search space by following current optimum particles and changing
their positions in order to find the optim um. The position of a particle refers to a possible
solution of the function to be optimized. Evaluating the function by the partic led position
provides the fitness of that solution. In every iteration, each particle is updated by following
the best current particle solution achieved so far (local best) and the best of the population
(global best). When a particle takes part of the p opulation as its topological neighbor s, the
best value becomes a local best. Particles tend to move to ward good areas in the search
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space in response to information spreading through the swarm. A particle moves to a new
position calculated by the velocity updated at each time step ¢by Eg. (2). Eq. (3)is then used
to calculate the new velocity, as the sum of the previous position and the velocity .
Xg(t+)=x,(t)+vst+)e .¢ .ececeecceececeecceceecee .(

where x;is n xand /= 11to m; viis 4 v, dis dimension in x;or vand d=1to D, tis iteration;
Xie(?) is din dimension in th x and in titeration; vi(t+1)is din dimensionin t» vand in #1 iteration;
Xio(t+1) is an dimension in £ x and in #1 iteration; 77is number of particles.

Vig (L+1) = W2 v, (1) +G, @ Rand? [Py (t) - X, (1)] +¢,* Rand? [Gy () - Xy (1)] ......-(3)

where Vvidft) is adn dimension in 4 v and in ¢ iteration; w is inertia weight and controls the
magnitude of the old velocity viA?) in the calculation of the new velocity; P (fis ath dimension
in n local best particle and in ziteration; G«(?) is ain dimension global best particle in ¢iteration;
c1 and ¢z determine the significance of Pi(t) and G(t); Rand is a uniformly distributed real
random number within the range 0 to 1.

Furthermore, vig at any time-step of the algorithm is constrained by parameters vmax and
Vmin. The swarm in PSO is initialized by assigning each particle to a uniformly and randomly
chosen position in the search space. Velocities are initialized randomly in the range Vmax to
Vmin. Particle velocities on each dimension are clamped to a maximum v elocity Vmax. If the
velocity of that dimension exceed s Vmax O Vmin (USer-specified parameters), dimension velocity
is limited t0 Vimax O Vmin. Fig. 2 shows the PSO flowchart.

Start

|
(2) Initial particleswith
position and velocity (n)

A 4

(2) Evaluate fitness

v v
(3) Update Gbest particle (4)Update Pbest particles
NO 1 * 1]

(5) Update particles

6) Convergence “

Yes

End

Fig.2. Particle swarm optimization flowchart

|l nternational journal o] 60
- 11-2021


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attri bt
https://creativecommons.org/licenses/ by/4.0/d

Step (1) Initialize particles
The PSO starts with 7 particles being randomly introduced with respective positions
and velocities into the search space.
Step (2) Evaluate fitness
Start the loop and evaluate particle fitne ss.
Step (3) Update Gbest particle
The algorithm update s global best particle through problem iterations.
Step (4) Update Pbest particles
The algorithm update s local best particle s through the current problem iteration.
Step (5) Update particles using steps (3) and (4)
The algorithm updates particles using Eq. (2) and Eq. (3).
Step (6) Convergence?
The above steps are repeated until the stop criterion is met.

However, while PSO may be employed in local search and has a track record of experience
being used in optimization search processes, it tends to achieve early convergence in highly
discrete problems (Korenaga, 2006).

4. PROPOSED PARTICLE BEE ALGORITHMPBA)

In order to integrate BA global search ability with the local search advantages of PSO, Cheng
(2012) and Lien (2012, 2014) proposed an optimization hybrid swarm algorithm, the particle
bee algorithm (PBA), based on the intelligent behaviors of bird and honeybee swarms. For
improved BA local search ability, PSO global search ability and to seek recor ds past
experience during optimizatio n search process, this study reconfigures the neighborhood
dance search (Pham, etc., 2006) as a PSO search (Kennedy, 1995). Based on cooperation
between bees (BA) and birds (PSO), the proposed algorithm improves BA neighborhood
search using PSO search. Therefore, PBA employs no recruit bee searching around éeliteE
or EbestEpositions (as BA does). Instead, a PSO search is used for all elite and best bees. In
other words, after PSO search, the numberof @ e | i t e E,d eébreasnbedies sgtals the
number of scout bees.

In PBA, the particle bee colony contains four groups, namely (1) number of scout bees (1),
(2) number of elite sites selected out of n visited sites (), (3) number of best sites out of n
visited sites (6), and (4) number of bees recruited for the other visited sites (7). The first half of
the bee colony consists of elite bees, and the second half include s the best and random bees.
The particle bee colony contains two parameters, i.e., number of iteration for elite bees by
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PSO (Peitr) and number of iteration for best bees by PSO (Pbitr). Fig. 3 shows the PBA
flowchart.

Start

'

(2) Initial scout bees (n)

2) Evaluate fitness

v v
(3) Select Elite beesfrom (5) Select Best bees from
scout bees (€) scout bees (b)
v !

(4) PSO procedure (Peitr) (6) PSO proceduce (Pbitr)

(7) Random assign scout
bees (r)
|

A 4

(8) Self-parameter update

<_(9) Convergence 7

Fig.3. Particle Bee algorithm flowchart
Step (1) Initialize scout bees
The PBA starts with 77scout bees being randomly placed with respective positions and
velocities in the search space.
Step (2) Evaluate fitness
Start the loop and evaluate scout bee fitness.
Step (3) Select elite sites () from scout bees.
Elite sites are selected for each elite bee, whose total number is equal to half the
number of scout bees.
Step (4) Elite bees begin the PSO procedure using Peitr iteration.
In this step, Eq. (2)is used to produce new particle bees from elite and best bees. Elite
and best bees velocity update s are performed as indicated in Eq. (3).

Step (5) Select best sites (b) from scout bees.
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Best sites are selected for each best bee, the total number of which equals one-quarter
of the number of scout bees.

Step (6) Best bees begin the PSO procedure using Pbitr iteration.
In this step, new particle bees from elite and best bees are produced using Eq. (2).
Elite and best bee velocities are updated as indicated in Eq. (3).

Step (7) Recruit random bees () for other visited sites
The random bees in the population are assigned randomly around the search space
scouting for new potential solutions. The total number of random bees is one-quarter
of the number of scout bees.

Step (8) Self-parameter-updating for elite, best and random bees
Furthermore, in order to prevent trapping into a local optimum in high dimensional
problems, this study proposed a solution, namely a self-parameter updating
technique, the idea for which comes f rom Ref. (Karaboga, etc., 2009). Eq. (4)describes
the self-parameter updating equation.

Xidnew = Xiaurpt 2p(Rand-0.5p(XiaomDXxx) e eceee. . e. eee. ( 4)
Jj=int(RandUn) +leeeeeeeececee... eeee.e.ee ..

k=int (RandUd)+leeeeeeececeeceeeeee.e.ee..(6)

where x;is ith xand /= 1to 7, dis dimension in x;and d=1to D, xidcur)is din dimension
in /n x and in current solution; xi(new) is an dimension in 4 x and in new solution;
Rand is a uniformly distributed real random number within the range 0 to 1; /is the
index of the solution chosen randomly from the colony as shows in Eq. (5), kis the
index of the dimension chosen randomly from the dimension as shows in Eq. (6);, nis
number of scout bees.

In step (8), after elite, best and random bees are distributed according to fineness,
finesses are checked to indicate whether they should be abandoned or memorized
using Eq. (4). If finesses of elite, best or random bees are improved by Eq. (4) to a
degree that is superior to previous finesses, then these current finesses will be
memorized. This differential recruitment is a key operation of the PBA between steps
(3) and (8)
Step (9) Convergence?

In this step, only the bee with the highest fitness will be selected to form the next bee
population. These steps are repeated until the stop criterion is met and bees are
selected to be abandoned or memor ized.

In PBA, scout bees are used to classify both elite and best bees. Classification is controlled
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by scout bee fitness and optimized by control parameters ¢ a | | ReittEaml ©PbitrE which are
important PBA control parameters. In the PBA, the idea of Peitr for elite bees gives a higher
potential to search optimization solutions. The idea of Pbitr for best bees gives a second
opportunity to search optimization solutions because luck continues to play a role in resource
identification. Therefore, in this study, Peitr is always larger then Pbitr. In a robust search
process, exploration and exploitation processes must be carried out together. In the PBA,
while elite bees (Peitr) implement the exploitation process in the search space, best bees
(Pbitr) and random bees control this process.

5. EXPERIMENTS

In order to evaluate PBA performance, some classical benchmark functions given by Krink
(2004) are presented in Table 1. PBA results compare favorably with the DE and EA results of
Krink (2004). This study equalized the total number of evaluations to 100,000 for the first two
functions and 500,000 for the other three functions, as shown in Ref. (Krink, etc., 2004). In the
PSO and BA, cycles were designated as 1,000 for A and £ and 5,000 for A, & and £. In PBA,
maximum number of cycles was designated for Bitr, Peitr, Pbitr as, respectively, 1,000, 15,
and 9 for A and £ and 5,000, 15, 9 for A4, # and . The number of elite bees totaled 50 percent
of the colony and the number of best bees totaled 25 percent of the colony. In PBA, the number
of random bees is taken n-e-b from the number of elite bees and best bees. The PBA used in
the simulation studies and values assigned for the parameter settings of DE, EA, PSO in Ref.
(Krink, etc., 2004) and BA in the Ref. (Pham, etc., 2006) are given in Table 2. From the table,
it can see that assigned values for DE, EA and PSO in Ref. (Krink, etc., 2004) and BA in Ref.
(Pham, etc., 2006) are the same as recommended values in the literature for the associated
control parameters.

In experiments, £ is a 2 dimensional Schaffer function, %4 is a5 dimensional Sphere function,
f3(x), f4(x) and f5(x) are 50 dimensional Griewank, Rastrigin and Rosenbrock functions.
Parameter ranges, formulations and global optimum values of these functions are given in
Table 1. Schaffer and Sphere functions usually test for search performance as basic
optimization problems. Since local optima numbers increase with dimensionality, the Griewant
function is strongly multimodal. The multimodality d isappears for sufficiently high
dimensionalities (D>30) and the problem seems unimodal. The Rastrigin function is based on
the Sphere function with the addition of cosine modulation to produce many local minima.
Thus, the function is multimodal. Minima locations are regularly distributed. The difficult part
about finding optimal solutions to this function is that an optimization algorithm can easily
become trapped in a local optimum on its way toward the global optimum. The Rosenbrock
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function is well-known classic optimization problem. The gl obal optimum is inside a long,
narrow, parabolic shaped flat valley. Due to the difficulties in converging on the global optimum
of this function, variables are strongly dependent, and gradients generally do not point t oward

the optimum. Schaffer, Sp he®ri, ewan k ,

and contour line are shown in Fig.4 to Fig.8.

Numerical benchmark functions

Rast r i gfunctiors,nsdrfacke plat,e nbr o

Tablel

Functi

For mul a

Range Mini mDi men:

Schaff fl(;<)=0.5+

sin®(y X +X3) - 05

(1+0.00X%; +X3))*

- 5
Sphere f,(0=a%

d=1

. - 1
Gri ewa f,(x=

o
a0

4000c55;
. 50

Rastri f,09=8 (x;-10cosemx,)+10)
d=1

- 50
Rosenb f(X= alOQ)g(dJrl) - )ﬁi)z‘*()ﬁd - 1)?
d=1

100, :f(O=0 2

100, : f0=0 5

[5 .

~ 250 1005 -
a8 (%q - 10028' %)COS%OO@” [600, ¢ f,(1000=0 50
- =1 -

12, f0=0 50

[-50 50 ] f)=0 50

Note: wherei=1to n.

Parameter values used in the experiments

DE EA PSO BA PBA
n 50 n 100 | n 20 n 100 n 100
CF 08| Pc 10 | w 1.0~0.7 e nl2 e n/2
f 05| Pm 03 | v Xnn/l0~Xmax/10 | b n/4 b n/4
M 0.01 r nl4 r n/4
N 10 n 2 w 1.0~-0.7
12 1 4 Xmin/10~Xmax/10
Peitr 15
Pbitr 9

Table 2

m=population size (colony size), CF=crossover factor for DE; pc=crossover rate for EA;
pm=mutation rate; AM=mutation variance; A=elite size; /&scaling factor; w=inertia weight;
v=limit of velocity for PSO; e=elite bee number; b=best bee number; /=random bee number;
ns= elite bee neighborhood number; n=best bee neighborhood number; Pe/tr=PSO iteration
of elite bees; Pbitr=PSO iteration of best bees.

l nternati onal

© 11-2021

journal

0]

6 5


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attri bt
https://creativecommons.org/licenses/ by/4.0/d

Fig.4. Schaffer function Fig.5. Sphere function
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Fig.6. Griewank function Fig.7. Rastrigin function

PoEOE

¢

Fig.8. Rosenbrock function

6. RESULTS AND DISCUSSION
Each experiment ran for 30 runs, and average function values for the best solutions were
found and recorded. Mean and standard deviations of function values obtained by DE (Krink,
etc., 2004), EA (Krink, etc., 2004), PSO (Krink, etc., 2004), BA (Pham, etc., 2006) and PBA
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under the same conditions are given in Table 2. Values less than E-12 were reported as 0. For
A and £ functions, DE, EA BA and PBA found the optimum value within the given cycle
duration, while PSO could not. For A and f functions, while DE and PBA showed equal
performance, it found that optimum, EA, PSO and BA demonstrated relatively worse
performance. For the 7% function, PBA produced the best results. As seen from results
presented in Table 3, the PBA produced the best performance amongst all algorithms

Attri bt
org/licenses/ by/4.0/d

considered in the present investigation.

Table 3
The results obtained by DE, EA, PSO, BA and PBA
Functions A A A f 5
Methods Schaffer  Sphere  Griewank Rastrigin Rosenbrock
DE Mean O 0 0 0 35.32
Std O 0 0 0 0.27
EA Mean O 0 6.24E-3  32.67 79.82
Std 0 0 1.38E-3 1.94 10.45
PSO Mean 4.53E-3 2.5113E-8 1.55 13.12 5142.45
Std  9.00E-4 O 6.70E-2  1.45 2929.47
BA Mean O 0 88.27 0 48.65
Std 0 0 5.18 0 0.43
Mean O 0 0 0 10.71
PBA "std 0 0 0 0 1.70

In order to analyze its behavior, PBA was run using different population (colony) sizes and
Table 3 values. As shown in Table 4, best function value means obtained using different colony
sizes were 25, 50, 75 and 100 for all functions presented. The progress of mean best values
presented in Table 4 is shown in Figs. 9 to 13. From Table 4 and Figs. 9 to 13, it can be
concluded that, as population size increases, the algorithm produces better results. However,
once the colony size exceeds 75, any increment in fitness value will not significantly improve
PBA algorithm performance. For the test problems carried out in this work, a colony size of 75
to 100 can provide an acceptable convergence speed for the search.

Table 4
Mean of function values obtained by PBA under different colony sizes
Colony sizes
25 50 75 100
» Schaffer 1.46E-3 0 0 0
S Sphere 0 0 0 0
B Griewank 2.04E-9 0 0 0
S Rastrigin 6.64E-8 2.92E-11 0 0
" Rosenbrock 86.75  44.04 20.31 10.71
|l nternational journal o] 6 7
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Fig.9. Evolution of mean best values for Schaffer function on different colony sizes
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Fig.10. Evolution of mean best values for Sphere function on different colony sizes
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Fig.11. Evolution of mean best values for Griewank function on different colony sizes
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Fig.12. Evolution of mean best values for Rastrigin function on different colony sizes

Fig.13. Evolution of mean best values for Rosenbrock function on different colony sizes

Results of colony sizes ranging from 75 to 100 can provide an acceptable convergence
speed for search. In order to analyze PBA behavior, this paper has adapted 30 runs with
different elite and best bee PSO iteration sizes (Peitr, Pbitr). In Table 5, the mean of best
function values with different elite and best bees PSO iteration sizes vary as (15, 9), (30, 18)
and (60, 36) for the presented Rastrigin and Rosenbrock function. Progress of the mean best
values presented in Table 5 is illustrated in Figs. 14 to 17. From Table 5 and Figs. 14 to 17, it
can be concluded that , during the period in which elite and best bee PSO iterations increase
until (30, 18), the algorithm produces better results. However, after a sufficient value for
iteration size exceeds (30, 18), the fitness value does not improve, but rather worsens. For test
problems carried out in this work, elite and best bee PSO iteration sizes of (15, 9) to (30, 18)
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