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USEFULNESS OF SCIENTIFIC CONTRIBUTIONS

Krassimir Markov, Krassimira Ivanova, Vitalii Velychko

Abstract: The prevailing role of counting citations over the added scientific value evaluating distorts the scientific
society. As result, the scientific work becomes a kind of business, for instance, to obtain as more citations as
possible. It is important to counterbalance the role of counting citations by using additional qualitative criteria.
The aim of this survey is to discuss an approach based on measure of ‘usefulness of scientific contribution”
called “usc-index” and published in [Markov et al, 2013]. It is grounded on theory of Knowledge Market. In
accordance with this, we remember main elements of this theory. After that we recall some information about
Bibliometrics, Scientometrics, Informetrics and Webometrics as well as some critical analyses of journals’ metrics
and quantity measures. Finally, we outline the approach for evaluation usefulness of the scientific contributions.

Keywords: Information Market, Knowledge Market, Usefulness of the Scientific Contributions

ACM Classification Keywords: A.1 Introductory and Survey

Introduction

The main goal of this paper is to continue the investigation of Knowledge Markets started in [Ilvanova et al, 2001;
Markov et al, 2002; Markov et al., 2006; Ivanova et al, 2006].

Now, our attention will be paid to the Usefulness of the Scientific Contributions (USC).
What is “scientific contribution™? May be the most popular understanding is:
(1) The added scientific value of the published researcher’s results;
(2) Its impact on obtaining new scientific results registered by corresponded citations.
It is very difficult to measure the added scientific value.
Because of this, in recent years, it became very popular to measure the second part — the citations.

There are a number of ways to analyze the impact of publications of a particular researcher. A longtime favorite
has been ISI's (Social) Science Citation Index, which has come to the web as Web of Science. The web has
introduced a number of other tools for assessing the impact of a specific researcher or publication. Some of these
are Google Scholar, Scopus, SciFinder Scholar, and MathSciNet among many others. In addition, Publish or
Perish uses data from Google Scholar, but it automatically does analysis on the citation patterns for specific
authors. After searching for an author one can select the papers to analyze and to get metrics such as total
citations, cites per year, h-index, g-index, etc. [Peper, 2009]. In the same time, a negative tendency appears.

The prevailing role of counting citations over the added value evaluating distorts the scientific society.
As result, the scientific work becomes a kind of business, for instance, to obtain as more citations as possible.
For examples see [Harzing, 2012].

It is important to counterbalance the role of counting citations by using additional qualitative criteria [DORA, 2012;
ISE, 2012].
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In an early work (1964) Garfield suggested 15 different reasons for why authors cite other publications (reprinted
in [Garfield, 1977]). Among these were: paying homage to pioneers; giving credit for related work; identifying
methodology; providing background reading; correcting a work; criticizing previous work; substantiating claims;
alerts to a forthcoming work; providing leads to poorly disseminated work; authenticating data and classes of fact
— physical constants, etc.; identifying original publications in which an idea or concept was discussed; identifying
original publication or other work describing an eponymic concept; disclaiming works of others and disputing
priority claims.

Similarly, the textual function of citations may be very different. In a scientific article some of the references will
represent works that are crucial or significant antecedents to the present work; others may represent more
general background literature. For example, reviewing the literature published on this topic during 1965-1980,
Henry Small identified five distinctions: a cited work may be

1) Refuted;
2) Noted only;
3) Reviewed;
4)  Applied;
5) Supported by the citing work.
These categories were respectively characterized as [Small, 1982]:
1) Negative,

2) Perfunctory,

3) Compared,

4) Used;

5)  Substantiated.

Thus, the different functions that citations may have in a text are much more complex than merely providing
documentation and support for particular statements [Aksnes, 2005].

The aim of this survey is to discuss an approach for evaluating the “usefulness of scientific contribution” called
“usc-methodology’ [Markov et al, 2013]. It is grounded on theory of Knowledge Market. In accordance with this,
the next chapter remembers main elements of this theory. After that we recall some information about
Bibliometrics, Scientometrics, Informetrics and Webometrics as well as some critical analyses of journals’ metrics
and quantity measures. Finally, we outline the approach for evaluation usefulness of scientific contributions. In
more details, the chapters of the paper concern:

— Basic concepts of Knowledge Markets’ Theory;

— Structure of the Knowledge Market;

— Science, Publishing, and Knowledge Market;

— National and International Knowledge Markets;

— Bibliometrics, Scientometrics, Informetrics and Webometrics;
— Citation tracking and Evaluation of Research;

— Journal metrics;

— Quantity measures;

— Disadvantages of journal metrics and quantitative measures;
— Evaluation of Scientific Contributions;
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Basic concepts of Knowledge Markets’ Theory

Information society

At the stage of social growth, called “information society”, the information and information activities get decisive
value for existence of the separate individuals or social teams. Certainly, at earlier stages of development of
mankind, the information had important value too. But never, in all known history, other means for existence have
been so dominated by the information means as it is in the information society [Markov et al., 2006].

From the origin, human society has been "information" one, but levels of information service differ in different
periods of existence of societies. It is possible to allocate following levels of information society:

— Primitive (people having knowledge, letters on stones etc.);

— Paper based (books, libraries, post pigeons, usual mail etc.);

— Technological (telephone, telegraph, radio, TV, audio- and video-libraries etc.);

— High-Technological (computer systems of information service, local information networks etc.);

— Global (global systems for information service, opportunity for everybody to use the information service
with help of some global network etc.).

The information society does not assume compulsory usage of the information services by a part or all
inhabitants of given territory. One very important feature thus is emphasized: for everyone will be necessary
diverse and qualitative (from his point of view) information, but also everyone cannot receive all necessary
information. The enterprising experts will accumulate certain kinds of information and will provide existence
through favorable to them information exchange with the members of the society. Thus, in one or other form, they
will carry out payable information service (carrying out information services for some income)
[lvanova et al, 2001]. This is the background of Information Market.

Knowledge Information Objects

The usual understanding of the verb "to know" is: "to have in the mind as the result of experience or of being
informed, or because one has learned"; "to have personal experience of something” etc. The concept
"knowledge" usually is connected to concepts "understanding” and "familiarity gained by experience; range of
information" [Hornby et al, 1987] or "organized body of information" [Hawkins, 1982].

V.P. Gladun correctly remarks that the concept “knowledge” does not have common meaning, especially after
beginning of it's using in technical lexicon in 70-ies years of the last century. Usually, when we talk about the
human knowledge we envisage all information one has in his mind.

Another understanding sets the “knowledge” against the “data”. We talk about data when we are solving any
problem or are making logical inference. Usually the concrete values of given quantities are used both as data
and descriptions of objects and interconnections between objects, situations, events, etc.

During decision making or logical inference we operate with data involving some other information like
descriptions of the solving methods, rules for inference of corollaries, models of actions from which the decision
plan is formed, strategies for creating decision plans, and general characteristics of objects, situations, and
events.

In accordance with this understanding, the “knowledge” is information about processes of decision making, logical
inference, regularities, etc., which, applied to the data, creates any new information [Gladun, 1994].

The knowledge is a structured or organized body of information models, i.e. the knowledge is information model,
which concerns a set of information models and interconnections between them.
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Let remember, in general, the information model is a set of reflections, which are structured by Subject and, from
his point of view, represents any entity [Markov et al, 2001].

The information objects, which contain information models, are called “knowledge information objects”.

Knowledge Market

The growth of societies shows that the knowledge information objects become important and necessary articles
of trade. The open social environment and market attitudes of society lead to arising of knowledge customers and
knowledge sellers, which step-by-step form "Knowledge Markets" [Markov et al, 2002)].

As the other markets, the Knowledge Market is organized aggregate of participants, who operate following
common rules and principles. The knowledge market structure is formed by a combination of mutually-connected
elements with simultaneously shared joint resources.

Staple commodities of knowledge market are knowledge information objects.

The knowledge information bases and tools for processing the knowledge information objects, such as tools for
collecting, storing, distributing, etc., form the knowledge market environment. The network information
technologies enable to construct uniform global knowledge market environment. It is very important, it to be
friendly for all knowledge market participants and open for all layers of the population without dependence from a
nationality, social status, language of dialogue, place of residing. The decision of this task becomes a crucial step
of humanization of all world commonwealths.

In the global information society, on the basis of modern electronics, the construction of the global knowledge
market, adapted to the purposes, tasks and individual needs of the knowledge market participants is quite
feasible, but the achievement of this purpose is connected to the decision of a number of scientific, organizational
and financial problems. For instance, the usual talk is that at the Knowledge Market one can buy knowledge.
But, from our point of view, this is not so correct.

In global information society, the e-commerce becomes fundamental for the Knowledge Market. The advantages
of e-commerce are obvious. In the same time there exist many risks for beginners at this kind of market. From
this point of view, the society needs to provide many tasks for training the citizens to use properly opportunities of
the new environment [Markov, 1999]. Let consider an example.

When an architect develops any constructive plan for future building, he creates a concrete “information object’.
Of course, he will sell this plan. This is a transaction in area of the Information Market.

Another question is: from where does architect have received the skills to prepare such plans? It is easy to
answer — he has studied hardly for many years and received knowledge is the base for his business. Textbooks
and scientific articles are not concrete information for building concrete house, but they contain the knowledge
needed for creating such plans.

The scientific books and papers written by the researchers (lecturers) in the architectural academy are special
kind of “information objects” which contain special generalized information models. They are “knowledge
information objects” which have been sold to students and architects.

Here we have a kind of transactions at the “Knowledge Market’.

We have to take into consideration the difference between responsibility of architect and lecturer (researcher).

If the building collapses, the first who will be responsible is architect, but never lecturer!
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In beginning of the XX-th century, the great Bulgarian poet Pencho Slaveikov wrote:

"The speaker doesn't deliver his thought to listener, but his sounds and performances provoke thought of the
listener. Between them, a process performs like lighting the candle, where the flame of the first candle is not
transmitted to another flame, but only cause it."

If one buys a candle what does he really buy — "wax" or "light" of candle? The light is not for sale in the store...
But one really may see the example how the candle works and how it may be used. Based on this he/she may
decide whether to buy the candle or not.

We came to the main problem we need to point — the authors and publishers are not responsible for what they
sold to the customers. Pros and Cons of (electronic) Publishing are discussed many times (see for instance
[NLC, 2004]). From customers' point of view, it is difficult to discover what really we will receive if we will buy one
(electronic) publication. The title and announcement of the publications are not their content. The customers
could not claim damage if the content is not what it is needed. To regulate this process we need specialized rules
and standards for knowledge markets as well as corresponded laws for authors' and publishers' responsibility.

The scientific work usually is reported as series of publications in scientific journals. The practice is to delegate
social rights to editors and reviewers to evaluate the quality of reported results.

And here we see serious problem - is their evaluation enough? Of course, it isn’t!

Because of this, counting of citations became important. But, the citations may be of different types including
negative ones. We need methodology for evaluating Usefulness of the Scientific Contributions (USC).

Structure of the Knowledge Market

The Structure of the Knowledge Market was presented in [Markov et al, 2002]. The updated scheme of the basic
structure of Knowledge Market is outlined on Figure 1 below.

Let's remember basic elements of the knowledge market.

Employer (Er) is the initial component of the Knowledge Market whose investments support providing the
scientific research. The concept of Employer means men or enterprise, which need to buy manpower for the
purposes of the given business. A special case is the government of the state which may be assumed as
representative of the society as Employer. In addition, different scientific or not scientific foundations, social
organizations, etc., may invest in scientific activities and this way to become Employers.

The concept of the Employee (Ee) means a man who is already taken as a worker in the given business or is
potentially to be taken in it. The main interest of the employee is to sell his received knowledge and skills. The
main goal of the Employee is to receive maximal financial or other effects from already received knowledge and
skills. This means that the Employee is not internally motivated to extend them if this knowledge and skills are
enough for chosen work activity. From other point of view the Employee motivation closely depends to future
expectations for his social status. The Employee became as converter of the learned knowledge and skills into
real results of his workplace. Let remark, that scientific organizations, institutes, groups, etc. may be employed to
fulfill some scientific projects and to be in the role of Employee at the KM.

In other words, Employer hires Employees. During the work processes, the knowledge and skills of Employees
are transformed in real products or services. This process is served by the Manpower Market. Employees, even
owning a high education level, need additional knowledge to solve new tasks of the Employers. Still, they are
customers of new knowledge, who arouse necessity of the Knowledge Market, which should rapidly react to
the customers’ requests. In other words, the Manpower's Market causes activity of the Knowledge Market (KM).
These two members of KM are main its components — the knowledge customers.
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Information Modelling

Figure 1. Structure of the Knowledge Market

It is clear that the business needs the high-skilled workers. The employer buys the final result of the cycle in the
Knowledge Market - the educated and skilled workers. The continuous changing of technological and social
status of the society leads to appearance of new category — industrial Researchers (R) — peoples/organizations,
who have two main tasks:

— To invent and/or promote new technologies to Employers in convenient way to implement them in

practice;

— To determine the educational methods for training the staff for using the new technologies.
The educational process is carried out by the Lecturers (L), who transforms new scientific knowledge into
pedagogical grounded lessons and exercises. During realizing concrete educational process, Lecturers are
assisted by Tutors (T) who organize the educational process and supports the Employees to receive the new
knowledge and to master theirs skills. At the end of the educational process, a new participant of KM appears —
Examiners (E) — who test results of education and answer to the question "have the necessary knowledge and
skills been received".

These six components of the Knowledge Market, which contact each other via global information network, form
the first knowledge market level called “information interaction”. As far as these components are too much and
distributed in the world space, the organization and co-ordination of theirs information interaction needs adequate
“information service”. It is provided by a new component called Administrators (A). Usually the Administrators
are Internet and/or Intranet providers or organizations. They collect, advertize and sell knowledge objects,
sometimes without understanding what really they content.
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The rising activity of knowledge market creates need of developing new general or specific knowledge as well as
modern tools for the information service in frame of the global information network. This causes the appearance
of high knowledge market level, which allows observing processes, as well as inventing, developing and
implementing new knowledge and corresponded systems for information service. This is the “information
modeling” level. It consists of two important components — the academic researchers called here Scientists (S)
and the Publishers (P). In this paper we will discuss more deeply characteristics and activities of both of them.

Of course, the Knowledge Market as a kind of Market follows rules and laws given by social environment. The
interrelation between government, social structures, and Knowledge Market need to be studied in separate
investigation. In several papers we have already investigate different problems of the Knowledge Market
[lvanova et al, 2001; Markov et al, 2002; Ivanova et al, 2003; Markov et al, 2003].

For years we have seen that the Knowledge Market is very important for growth of science and in the same time
it is important scientific area and need to be investigated.

Science, Publishing, and Knowledge Market

Preparing this survey, we have collected more than hundred definitions of terms “science” and “scientific
methodology”. Analyzing them we chose the one of the Britain's Science Council, which has spent a year working
out a new definition of the word “science”. The Science Council is a membership organization that brings together
learned societies and professional bodies across science and its applications. It was established under Royal
Charter in October 2003 and was registered as a charity with the Charity Commission in September 2009. The
principal activity of Science Council is to promote advancement and dissemination of knowledge and education in
science, pure and applied, for public benefit [BSC, 2013].

The Science Council definition focuses on the pursuit of knowledge rather than established knowledge. It may be
the first "official definition of science" ever published. Here's what they've come up with:

"Science is the pursuit of knowledge and understanding of the natural and social world following
a systematic methodology based on evidence" [BSC, 2013].

It defines science as a pursuit, an activity, related to the creation of new knowledge, rather than established
knowledge itself. Science is seen as a species of research.

Scientific methodology includes the following [BSC, 2013]:

— Objective observation: measurement and data (possibly although not necessarily using mathematics as
a tool);

— Evidence;

— Experiment and/or observation as benchmarks for testing hypotheses;

— Induction: reasoning to establish general rules or conclusions drawn from facts or examples;
— Repetition;

— Critical analysis;

— Verification and testing: critical exposure to scrutiny, peer review and assessment.

The last point is closely connected to publishing activities which are the main way to provide critical exposure to
scrutiny, peer review and assessment. In addition, previous published research results have to be taken in
account and current results have to be compared and evaluated in accordance to them.
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Due to very great number of results to be published, scientific publishing activities became an industrial branch.
Nowadays, the scientific publishing companies (Publishers “P” on Figure 1) compete with others at the
knowledge markets in two main areas:

— Collecting original scientific results to be published;
— Market shares where the publications may be sold.
The basic difference between knowledge markets and other kinds of markets consists in the following.

To publish the results of their research is an obligation that professional scientists are compelled to fulfill
[Merton, 1957b]. New knowledge, updated by researchers, has to be transformed into information made available
to the scientific community. Not only do scientists have to make their work available to the public at large, but they
in turn are supposed to have access to the work of their peers. Research is carried out in a context of “exchange”.
Even so, the fact that the system of scientific publication has survived in modern science is due, paradoxically, to
scientists’ desire to protect their intellectual property. New scientific knowledge is a researcher's personal
creation, and claim to its discovery can be laid only through publication [Merton, 1957a].

The ‘reward system”, based on the recognition of work, merely underscores the importance of publication: the
only way to spread the results of research throughout the world is to have them published. Publication therefore
has three objectives: to spread scientific findings, protect intellectual property and gain fame [Okubo, 1997].

The academic researchers (Scientists “S” on Figure 1) who produce the new knowledge (presented by
knowledge objects to be published) are, in the same time, main clients. In other words, the source and target
groups partially coincide but they are distributed all over the world. Because of this, information about the
published results is accumulated by knowledge market organizers (Administrators “A” on Figure 1) who, using
special kinds of data bases, serve the interactions between scientists and publishers as well as between both of
them and the rest participants of the knowledge markets.

Due to serious competition between publishers, the administrators play an extra role — to range those using
different criteria and this way to control the knowledge objects’ flows. This is a play for billions of Dollars, Euros,
etc. Let see an example from our practice.

We were invited to write a chapter in a scientific monograph to be published by a leading scientific publishing
company [Markov et al, 2013a]. The book was published and it became as a staple commodity at the knowledge
market. Depending of the format, its price varies between $195 and $390 [Naidenova & Ignatov, 2013]. We were
glad to understand that our chapter was evaluated as a good one to be included in an encyclopedic four volumes
comprehensive collection of research on the latest advancements and developments [Markov et al, 2013b].
Again, depending of format, the price of the collection varies between $2050 and $4100 [AIRM, 2013].
Let see what income will be received if we assume that the editions have only 250 exemplars and if the editions
have 1000 exemplars sold.
In the case with 250 exemplars sold, the income is:

— min: 195x250 + 2050x250 = 48750 + 512500 = 561250 USD;

— max: 390x250 + 4100x250 = 97500 + 1025000 = 1122500 USD.
In the case with 1000 exemplars sold, the income is:

— min: 195x1000 + 2050x1000 = 195000 + 2050000 = 2245000 USD;

— max: 390x1000 + 4100x1000 = 390000 + 4100000 = 4490000 USD.
Concluding this hypothetical accounting we may say that expected income may vary between 500 thousands

and 4.5 millions of Dollars. Because of this, it is very important to be a “leading” publisher who publishes new
and useful results which can be sold. Unfortunately our income from these editions was 0 (zero) cents.
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National and International Knowledge Markets

One may remark that for our scientific work we had received salaries, society spend resources for supporting our
research via buildings, service workers, etc. Yes, it is truth. But let analyze the situation according the scheme on
Figure 1. Two variants of knowledge markets are shown on Figure 2 and Figure 3. The first one is “national’ KM
and second — “international’ KM. Let analyze them step by step.

The National knowledge market (Figure 2) is included in the clear boundaries and all processes are connected.
1. The society, via government subsidies and/or concrete national projects, provides financial and
organizational support of the scientists and their work.
2. The received results are published and indexed again on the base of financial and organizational
support of government subsidies and concrete national projects.

3. Selling the results as printed publications and implementations in practical realizations as well as via the
tax mechanism, the society receives some income which in some degree covers the initial expenses.

Information Modeling

Figure 2. National Knowledge Market

The International knowledge market (Figure 3) is distributed in the boundaries of separated societies and all
processes are financially disconnected.
1. The Society 1, via government subsidies and/or concrete national or international projects, provides
financial and organizational support of the scientists and their work.
2. The received results are published in Society 3 and indexed in Society 2 on the base of financial and
organizational support of government subsidies and concrete national or international projects.

3. Selling the results as printed publications and implementations in practical realizations as well as via the
tax mechanism, the Society 3 receives some income which covers its initial expenses and realizes some
profit.
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4. Selling informational services based on indexed publications, Society 2 covers its initial expenses and
realizes some profit.

5. Only Society 1 has no profit but some losses because it spends resources for supporting its scientists
but the surplus value of their work is accumulated in Society 2 and Society 3.

6. Finally, Society 1 became poor and slowly perishes, but Society 2 and Society 3 became rich and grow.

Society 1 Sociefy 2 Society 3

0P .

el

Information Modelling

Figure 3. International Knowledge Market

It is important to comment the role of international scientific projects. They give some financial support to the
Society 1 but in the same time they orientate scientists towards interests of sponsoring society, usually it is
Society 2 or Society 3, both two societies together or one and the same society which plays both roles. As result,
the national knowledge market of Society 1 will be destroyed and its rebuilding becomes impossible. In opposite,
the national knowledge markets of other societies will grow.

Now the main question is “How to influence to the Society 1 to participate in such unequal battle?”
The answer is: By using the power of

— Developed national knowledge markets;

— Advertising, mainly indirect.

The best influence is the developed national knowledge market with participants who are high level specialists
in their area. This generates the willingness to join, to be part of them. As more people are involved so great is
the influence to other societies. Opening the national knowledge market is very important step. Possibility to be
published on such authoritative level is a possible dream. And the result is total influence. In addition, opening the
manpower market for specialists from abroad make this dream reality and many scientists start working following
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the rules of this national knowledge market to ensure possibility for immigration. Finally, they influence on
developing the own national knowledge markets to be organized in the same manner and rules as of the
prototype one without taking in account the national specifics and interests.

The advertizing (mainly — indirect) of developed national knowledge markets increase their influence.
Advertising was originated from a Latin term — “advertire”, which means — “to turn to”. The American Marketing
Association (AMA) has defined Advertising as — the placement of announcements and persuasive messages in
time or space purchased in any of the mass media by business firms, nonprofit organizations, government
agencies, and individuals who seek to inform and/or persuade members of a particular target market or audience
about their products, services, organizations, or ideas [AMA, 2013].

Indirect advertising is a form of marketing that does not use the formal everyday methods such as newspapers
and magazines. This type of advertising uses: a product in a television show; giving a product away for free;
sponsoring of events or activities (= paying for them); etc. [Jeeves, 2013; CBED, 2013].

“Audience reach measures” have been used to determine how many people see the advertising and how often.
Measurement systems exist across the globe that determine how many people in total read certain magazines
and newspapers, watch TV programs, listen to radio stations, etc.

For instance, in the US, Roy Morgan Single Source shows that, in year 2005, television is still the most widely
used medium (see Figure 4). However, magazines, as a group, reach as many people as ‘free to air’ TV, and
more people than newspapers or the Internet. Of course, specific magazines or genres of magazines often
outperform specific television ‘shows’ [Levine et al, 2005].
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Any Radio on an average weekday
Weekday Television in last 7 days

Free-to-Air Television in last 7 days
Any Magazine |

Weekend Television in last 7 days

Read any Catalogue (4 Weeks)
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Cable Television in last 7 days
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ABC programs

TV News

CBS programs

NBC programs

FOX programs
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TV Comedy
Been to Cinema (4 Weeks) |
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Home, Garden & Lifestyle Mag

TV Sport

Business, Financial & Airline Mag
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Roy Morgan Single Source: USA March 2003 - February 2005

Figure 4. Media Usage in USA for year 2005

One of the movements happening on the internet is that of indirect marketing and advertising. Publishers and
manufactures are catching on to what customers want, which is proof that they must invest having a business.
Indirect advertising and marketing is often a technique to obtain this, as in most circumstances it supplies
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something of worth upfront for totally free. You are going to see this with no cost eBooks, blogs, and videos all
dedicated to helping the visitor.

If the content delivers enough enable, the visitor may just check out the rest of the site and sign up for
membership region or buy their premium book. Indirect marketing makes use of a funnel pointing toward the
location where the business can make money. Another instance is often observed with no cost apps tied to
movies. By downloading the app, you might just want to go see or obtain the movie [EzineMark, 2013].

In order to determine how to create an effective advertising campaign decision makers in the industry use a range
of measures to try to predict the outcome of the campaign. Those who make decisions each year about where to
place billions of dollars in advertising have focused in the past primarily on audience or “opportunity-to-see”
measures — the task being to create chance that target audience will see advertisement with assumption that
everything else will run its course.

Bibliometrics, Scientometrics, Informetrics and Webometrics

The advertisers need to know their audience and to measure results achieved — shifts in sales or shifts in
attitude among the intended audience. Today all marketing and advertising people are judged by the overall
performance of their company, each quarter of every year. Research and information is not a substitute for
ingenuity. But ignoring intelligent and reliable research and information altogether is a luxury nobody can afford!
[Levine et al, 2005]. At the knowledge markets there are two main kinds of indirect advertizing:

— Ranging selected journals and this way to raise the income of publishers of these journals and Society 3;

— Counting citations and computing scientific indexes based only on digital libraries of collected papers
from selected journals and this way to raise income of administrators of these libraries and Society 2.

Measuring science has become an ‘“industry”. Governments and their statistical offices have conducted regular
surveys of resources devoted to research and development (R&D) since the 1950s. A new science had raised —
Scientometrics.

“‘Scientometrics” is the English translation of the title word of Nalimov’s classic monograph “Naukometriya” in
1969, which was relatively unknown to western scholars even after it was translated into English. Without access
to the internet and limited distribution, it was rarely cited. However, the term became better known once the
journal “Scientometrics” appeared in 1978 [Garfield, 2007] and term has grown in popularity and is used to
describe the study of science: growth, structure, interrelationships and productivity [Mooghali et al, 2011].

Scientometrics is related to and has overlapping interests with Bibliometrics and Informetrics. The terms
Bibliometrics, Scientometrics, and Informetrics refer to component fields related to the study of the dynamics of
disciplines as reflected in the production of their literature [Hood & Wilson, 2001]. A whole community of
researchers concerned with counting papers and citations called themselves bibliometricians [Godin, 2005].

Among the many statistical analyses of scientific publications, bibliometrics holds a privileged place for counting
scientific papers. Bibliometrics is one of the sub-fields concerned with measuring the output of scientific
publications. Bibliometrics owes its systematic development mainly to the works of its founders V.V. Naliv, D.J. D.
Price and Eugene Garfield in the 1950s. Since 1958 Bibliometrics has evolved as a field, taught in library and
information science schools and it emerged as a tool for scientific evaluation for a number research groups
around the world. This process was made possible by the work of Eugene Garfield and his “Science Citation
Index”. Castell, an American psychologist, was credited with the launching of Scientometrics, when he produced
statistics on a number of scientists and their geographical distribution, and ranked the scientists according to their
performance. He introduced two dimensions into the measurements of science, namely, quantity and quality. The
term informetrics was introduced by Blackert, Siegel and Nacke in 1979, but gained popularity by the launch of
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the international informertics conferences in 1987. A recent development in informetrics called the
webometrics/cybermetrics, has become a part of the main stream library and information science research area.
The term webometrics refers to the quantitative studies of the nature of scientific communication over the internet
and its impact on diffusion of ideas and information. The inter-relations between Infor-, biblio-, sciento-, cyber-,
and webometrics are illustrated on Figure 5 [Thelwall, 2006].
Dirk Tunger gave the next definitions [Tunger, 2007]:
— Bibliometrics is a study or measurement of formal aspects of texts, documents, books and information;
— Scientometrics analyses the quantitative aspects of the production, dissemination and use of scientific
information with the aim of achieving a better understanding of the mechanisms of scientific research as
a social activity;

— Informetrics is a sub-discipline of information sciences and is defined as the application of
mathematical methods to the content of information science;

— Webometrics is the application of informetrical methods to the World Wide Web (WWW).

informetrics

bibliometrics

Firure 5. Infor-, biblio-, sciento-, cyber-, and webometrics.
The sizes of the overlapping ellipses are made for sake of clarity only. [Thelwall, 2006]

Citation tracking and Evaluation of Research

Citation tracking is very important. It allows for tracking of authors own influence, and therefore the influence of
organization. It allows tracking the development of a technology, which may be the basis for progress undreamt
of when a paper is written. Citation tracking provides information on other organizations and authors who are
doing similar work, potentially for collaboration, and identifies publications that cover similar topics. Finally,
tracking back in time can find the seminal works in a field [Fingerman, 2006].

The use of scientometric indicators in research evaluation emerged in the 1960s and 1970s, first in the United
States and then also in various European countries. Before that time, research evaluation had not been
formalized other than through the peer review system, on the one hand, and through economic indicators which
could only be used at the macro-level of a national system, on the other.

The economic indicators (e.g., percentage of GDP spent on R&D) have internationally been developed by the

Organization of Economic Co-operation and Development (OECD) in Paris. For example, the Frascati Manual for
the Measurement of Scientific and Technical Activities form 1963 (or its new edition [Frascati Manual, 2002]) can
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be considered as response to the increased economic importance of science and technology which had become
visible in economic statistics during the 1950s.

The idea that scientific knowledge can be organized deliberately and controlled from a mission perspective (for
example, for military purposes) was a result of World War II. Before that time the intellectual organization of
knowledge had largely been left to the internal mechanisms of discipline formation and specialist
communications. The military impact of science and technology through knowledge-based development and
mission-oriented research during World War Il (e.g., the Manhattan project) made it necessary in 1945 to
formulate a new science and technology policy under peacetime conditions.

In 1945, Vannevar Bush'’s report to the U.S. President entitled The Endless Frontier contained a plea for a return
to a liberal organization of science. Quality control should be left to the internal mechanisms of the
scientific elite, for example, through the peer review system. The model of the U.S. National Science
Foundation from 1947 was followed by other Western countries. For example, the Netherlands created its
foundation for Fundamental Scientific Research (ZWO) in 1950. With hindsight, one can consider this period as
the institutional phase of science policies: the main policy instrument was the support of science with institutions
to control its funding [Okubo, 1997].

The attention for the measurement of scientific communication originated from an interest other than research
evaluation. During the 1950s and 1960s, the scientific community itself had become increasingly aware of the
seemingly uncontrolled expansion of scientific information and literature during the postwar period. In addition to
its use in information retrieval, the Science Citation Index produced by Eugene Garfield’s Institute of Scientific
Information came soon to be recognized as a means to objectify standards [Price, 1963; Elkana et al, 1978]. The
gradual introduction of output indicators (e.g., numbers of publications and citations) could be legitimated both at
the level of society - because it enables policy makers and science administrators to use arguments of economic
efficiency - and internally, because quality control across disciplinary frameworks becomes difficult to legitimate
unless objectified standards can be made available in addition to the peer review process [Leydesdorff, 2005].
In 1976 Francis Narin’s pioneering study “Evaluative Bibliometrics” [Narin, 1976] was published under the
auspices (not incidentally) of the U.S. National Science Foundation. In 1973 Henry Small had proposed a method
for mapping the sciences based on the co-citations of scientific articles. While Small's approach tried to
agglomerate specialties into disciplinary structures, Narin focused on hierarchical structures that operate top-
down [Carpenter & Narin, 1973; Pinski & Narin, 1976]. This program appealed to funding agencies like the N.S.F.
and N.I.H. that faced difficult decisions in allocating budgets across disciplinary frameworks [Leydesdorff, 2005].
Recent years have seen quantitative bibliometric indicators being increasingly used as a central element in the
assessment of the performance of scientists, either individually or as groups, and as an important factor in
evaluating and scoring research proposals.
These indicators are varied (see [bibliometric, 2012]), and include e.g.:

— Citation counts of individual papers published by researchers;

— Journal metrics (the impact factors of the journals);

— Measures that quantify personal research contributions over an extended period.

Journal metrics

Journal metrics measure the performance and/or impact of scholarly journals. Each metric has its own
particular features, but in general, they all follow the theories and practices of advertizing and aim to provide
rankings and insight into journal performance based on citation analysis (very similar to “audience reach
measures” and rankings).
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They start from the basic premise that a citation to a paper is a form of endorsement, and the most basic analysis
can be done by simply counting the number of citations that a particular paper attracts: more citations fo a
specific paper means that more people consider that paper to be important.

Citations to journals (via the papers they publish) can also be counted, thus indicating how important a particular
journal is to its community, and in comparison to other journals. Different journal metrics use different
methodologies and data sources, thus offering different perspectives on the scholarly publishing landscape, and
bibliometricians use different metrics depending on what features they wish to study [Elsevier, 2011].
For example, let remember four metrics:

— Journal Impact Factor (IF);

— SCImago Journal Rank (SJR);

— Eigenfactor;

— Source-Normalized Impact per Paper (SNIP).
Journal Impact Factor; is a measure of a journal’s average citations per article. The impact factor was computed
by dividing the number of citations by the number of articles contained in the journal. This made it possible to
eliminate any bias stemming from a journal’s size, rendering citation proportional to the number of articles.
The Impact Factor (IF) is the brainchild of Dr. Eugene Garfield, who devised a system of quantifying the number
of times a manuscript is referenced in the literature [Teixeira da Silva & Van, 2013]. As indicated by Thomson
Reuters (http://thomsonreuters.com/products services/science/free/essays/impact factor/), the IF is calculated as
an extremely simple equation:

Year impact factor IF = C/N, where C = Cites to articles published in two previous years (Year-1) and (Year-2)
(this is a subset of total cites in current Year); N = number (sum) of articles published in Year-1 and Year-2.

Developed by Professor Félix de Moya, SCImago Journal Rank (SJR) [SCI, 2013] is a prestige metric based on
the idea that “all citations are not created equal’. With SJR, the subject field, quality, and reputation of the journal
have a direct impact on the value of a citation. This means that a citation from a source with a relatively high SJR
is worth more than a citation from a source with a lower SJR.

The essential idea underlying the application of these arguments to the evaluation of scholarly journals is to
assign weights to bibliographic citations based on the importance of the journals that issued them, so that
citations issued by more important journals will be more valuable than those issued by less important ones. This
"importance" will be computed recursively, i.e., the important journals will be those which in turn receive many
citations from other important journals [Gonzéalez-Pereira et al, 2009].

SJR assigns relative scores to all of the sources in a citation network. Its methodology is inspired by the Google
PageRank algorithm, in that not all citations are equal. A source transfers its own ‘prestige’, or status, to another
source through the act of citing it. A citation from a source with a relatively high SJR is worth more than a citation
from a source with a lower SJR. A source’s prestige for a particular year is shared equally over all the citations
that it makes in that year; this is important because it corrects for the fact that typical citation counts vary widely
between subject fields. The SJR of a source in a field with a high likelihood of citing is shared over a lot of
citations, so each citation is worth relatively little. The SJR of a source in a field with a low likelihood if citing is
shared over few citations, so each citation is worth relatively much. The result is to even out the differences in
citation practice between subject fields, and facilitate direct comparisons of sources. SIR emphasizes those
sources that are used by prestigious titles [Elsevier, 2011].
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The Eigenfactor® score of a journal is an estimate of the percentage of time that library users spend with that
journal. The Eigenfactor algorithm corresponds to a simple model of research in which readers follow chains of
citations as they move from journal to journal. Imagine that a researcher goes to the library and selects a journal
article at random. After reading the article, the researcher selects at random one of the citations from the article.
She then proceeds to the journal that was cited, reads a random article there, and selects a citation to direct her
to her next journal volume. The researcher does this ad infinitum.

The amount of time that the researcher spends with each journal gives us a measure of that journal’s importance
within network of academic citations. Moreover, if real researchers find a sizable fraction of the articles that they
read by following citation chains, the amount of time that our random researcher spends with each journal gives
us an estimate of the amount of time that real researchers spend with each journal. While we cannot carry out
this experiment in practice, we can use mathematics to simulate this process [Bergstrom, 2007].

Source-Normalized Impact per Paper (SNIP) corrects for differences in the frequency of citation across
research fields. SNIP measures a source’s contextual citation impact. It takes into account characteristics of the
source’s subject field, especially the frequency at which authors cite other papers in their reference lists, the
speed at which citation impact matures, and the extent to which the database used in the assessment covers the
field’s literature. SNIP is the ratio of a source’s average citation count per paper, and the ‘citation potential’ of its
subject field. It aims to allow direct comparison of sources in different subject fields.

A source’s subject field is the set of documents citing that source. The citation potential of a source’s subject field
is the average number of references per document citing that source. It represents the likelihood of being cited for
documents in a particular field. A source in a field with a high citation potential will tend to have a high impact per
paper.

Citation potential is important because it accounts for the fact that typical citation counts vary widely between
research disciplines — they tend to be higher in Life Sciences than in Mathematics or Social Sciences, for
example. If papers in one subject field contain on average 40 cited references while those in another contain on
average 10, then the former field has a citation potential that is four times higher than that of the latter. Citation
potential also varies between subject fields within a discipline. For instance, basic journals tend to show higher
citation potentials than applied or clinical journals, and journals covering emerging topics tend to have higher
citation potentials than periodicals in well established areas.

For sources in subject fields in which the citation potential is equal to the average of the whole database, SNIP
has the same value as the ‘standard’ impact per paper. But in fields with a higher citation potential - for instance,
a topical field well covered in the database — SNIP is lower than the impact per paper. In fields in which the
citation potential is lower — for instance, more classical fields, or those with moderate database coverage — SNIP
tends to be higher than the impact per paper. In this way, SNIP allows you to rank your own customized set of
sources, regardless of their subject fields [Elsevier, 2011].

Concluding this chapter we have to remember that a metric in business is a measure used to gauge some
quantifiable component of an organization’s performance, such as return on investment (ROI), or revenues.
Metrics are part of the broad area of business intelligence used to help business leaders make more informed
decisions. Organizations often use metrics to develop a systematic approach to transform an organization’s
mission statement and strategy into quantifiable goals, and to monitor the organization’s performance in terms of
meeting those goals [GPM, 2010]. At the knowledge market, the journal metrics are aimed for quantitative
evaluation the popularity and importance of the journals as well as their impact. These metrics have to be used
carefully. They are useful for publishers, librarians and administrators, but are not applicable for evaluating of
personal scientific contributions. At first, the quantity personal measures were introduced to achieve this goal.
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Quantity measures

Quantity measures that quantify personal research contributions over an extended period are based mainly on
the idea of [Hirsch, 2005]. Several papers related to research indices were proposed to assess the quality of the
academic research publications. Each one of those indices has its own strengths and weaknesses. The idea of
having research indices started when J. Hirsh proposed the H-index [Hirsch, 2005].

Although the H-index has many limitations and seems biased or unfair in many cases, the other proposed indices
such as: G-, H(2)-, HG-, Q2 -, AR-, M-quotient, M-, W-, H,- ,E-, A-, R-, W-, J-index, etc. considered H-index as a
suitable base to produce those other indices with some behavioral enhancements in order to overcome its
limitations. In fact, all the other indices are calculated based on the number of citations (originally proposed in H-
index) which the authors’ papers received. The differences between those indices can be shown through how the
index deals with the citations number, as in H-index, G-index, W-index, or in adding new attributes such as time,
average...etc as in Contemporary H-index, M-quotient, and AR- index [Maabreh & Alsmadi, 2012]. A review
focused in h-Index variants, computation and standardization for different scientific fields is given in [Alonso et al,
2009]. Following [Bornmann et al, 2008] in Table 1 below we remember some definitions of popular indexes.

Table 1. Definitions of the h index and its variants [Bornmann et al, 2008]

Index Definition
Niyr Total number of publications (N) divided by years of publishing (yr)
Nor/yr Number of peer-reviewed publications (N,) divided by years of publishing (yr)
Cit Total number of citations (Cit) received by an author
Cit/N Citations per publication
H index A scientist has index h if h of his or her N, published papers have at least h citations
[Hirsch, 2005] each and the other (N, - h) papers have fewer than < h citations each”
M quotient h where h = hindex, y = number of years since publishing the first paper
[Hirsch, 2005] y
G index “The highest number g of papers that together received g2 or more citations”
[Egghe, 2006]
H(2) index ‘A scientist's h(2) index is defined as the highest natural number such that his h(2)
[Kosmulski, 2006] most-cited papers received each at least [h(2)]? citations”
Aindex 1L .
[Jin, 2006] —ZCItj where h = hindex, cit = citation counts
j=1
M index The median number of citations received by papers in the Hirsch core (this is the papers
[Bornmann et al, | ranking smaller than or equal to h)
2008]
R index [ h
[Jin et al, 2007] Zcitj where h = hindex, cit = citation counts
j=1
AR index [ cit,
[Jin et al, 2007] Za—’ where h = hindex, cit = citation counts, a = number of years since publishing
j=1 9
Hyw index %
[Egghe & Rousseau, citj where cit = citation counts, r, = the largest row index j such that ru( j ) < cit;
2008] j=1
Creativity index (C,) N, c(n.,m)
[Soler, 2007] Z# where: N,=Number of published papers; n=Number of references for
i=1 i
paper “i"; m=Number of citations for paper “i"; a=Number of authors for paper “i’;
c=not clearly defined in reference
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Disadvantages of journal metrics and quantitative measures

At the first glance, the variety of scientific measures seems to be very great and with great differences.

Really, they all are based on counting the citations and similar formulas based or not on additional criteria like
prestige of the journals, time periods, number of authors, etc.

The indexes for quantifying personal research contributions are based on same idea of the Hirsh with
modifications.

The subject of limitations in research indices is still evolving and with all proposed indices, there are still
limitations and weaknesses. Moreover, the large number of available indices may lead to the dispersion of the
evaluation, and therefore produce differences in values among research communities or even countries [Maabreh
& Alsmadi, 2012].

References may also be negative. An author may be cited for research of a controversial nature or for an error of
methodology. Here too, citation does not always measure the quality of research but rather the impact of a
particular piece of work or of an individual scientist [Okubo, 1997].

At the end, if an academic shows good citation metrics, it is very likely that he or she has made a significant
impact on the field. However, the reverse is not necessarily true. If an academic shows weak citation metrics, this
may be caused a lack of impact on the field. However, it may also be caused by: working in a small field;
publishing in a language other than English (LOTE); or publishing mainly (in) books [Harzing, 2008].

Sites and tools that are interested in the evaluation of researchers and research publications may have to
calculate and display all the indices, and this may cause two issues [Maabreh & Alsmadi, 2012]:

— Large number of indices, if used, may clutter pages and make them unreadable;

— Since most likely values will be different among those indices, and in some cases they may even
contradict with each other, such information will be misleading to the reader rather than being helpful or
informative.

From the beginning, the quantitative measuring of scientific work has been criticized due to problems raised
during evaluation of scientific results. Let point one of the earliest papers “Why the impact factor of journals
should not be used for evaluating research” [Seglen, 1997]. Its arguments are still valid:

Problems associated with the use of journal impact factors [Seglen, 1997]
— Journal impact factors are not statistically representative of individual journal articles;
— Journal impact factors correlate poorly with actual citations of individual articles;
— Authors use many criteria other than impact when submitting to journals;
— Citations to “non-citable” items are erroneously included in the database;
— Self citations are not corrected for;
— Review articles are heavily cited and inflate the impact factor of journals;
— Long articles collect many citations and give high journal impact factors;
— Short publication lag allows many short term journal self citations and gives a high journal impact factor;
— Citations in the national language of the journal are preferred by the journal's authors;
— Selective journal self citation: articles tend to preferentially cite other articles in the same journal;
— Coverage of the database is not complete;
— Books are not included in the database as a source for citations;
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— Database has an English language bias;

— Database is dominated by American publications;

— Journal set in database may vary from year to year;

— Impact factor is a function of the number of references per article in the research field;
— Research fields with literature that rapidly becomes obsolete are favored;

— Impact factor depends on dynamics (expansion or contraction) of the research field;
— Small research fields tend to lack journals with high impact;

— Relations between fields (clinical v basic research, for example) strongly determine the journal impact
factor;

— Citation rate of article determines journal impact, but not vice versa;

Summary points [Seglen, 1997]:

— Use of journal impact factors conceals the difference in article citation rates (articles in the most cited
half of articles in a journal are cited 10 times as often as the least cited half);

— Journals' impact factors are determined by technicalities unrelated to the scientific quality of their
articles;

— Journal impact factors depend on the research field: high impact factors are likely in journals covering
large areas of basic research with a rapidly expanding but short lived literature that use many references
per article;

— Article citation rates determine the journal impact factor, not vice versa.

These problems still exist and are object for current discussions. For example, the major disadvantage of the
Web of Science is that it may provide a substantial underestimation of an individual academic’s actual citation
impact. This is true equally for the two functions most generally used to perform citation analyses - for the
“‘general search” and for the Web of Science “cited reference”. However, the Web of Science “general search”
function performs more poorly in this respect than the “cited reference” function. There are a number of reasons
for the underestimation of citation impact by Thomson ISI Web of Science, for instance [Harzing, 2008]:

— Web of Science General Search is limited to ISI-listed journals - In the General Search function Web of
Science only includes citations to journal articles published in ISI listed journals [Roediger, 2006].
Citations to books, book chapters, dissertations, theses, working papers, reports, conference papers,
and journal articles published in non-ISI journals are not included;

— Web of Science Cited Reference is limited to citations from ISI-listed journals - In the Cited Reference
function Web of Science does include citations to non-ISI publications. However, it only includes
citations from journals that are ISI-listed.

Both Google Scholar and Thomson ISI Web of Science have problems with academics that have names including
either diacritics (e.g. Ozbilgin or Olivas-Lujan) or apostrophes (e.g. O'Rourke) [Harzing, 2008]:

— In Thomson ISI Web of Science a search with diacritics provides an error message and no results;

— In Google Scholar a search for the name with diacritics will generally not provide any results either.

— For both databases doing a search without the diacritic will generally provide the best result.
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The popularity and the wide use of the h-index have raised a lot of criticism.

The most notable and well-documented example of critical view on the h-index (and other “simple” measures of
research performance) is the report by the joint Committee on Quantitative Assessment of Research [Adler et al,
2008]. In this report, the authors argue strongly against the use (or misuse) of citation metrics (e.g., the impact
factor or the h-index) alone as a tool for assessing quality of research, and encourage the use of more complex
methods for judging scientists, journals or disciplines, that combine both citation metrics as well as other criteria
such as memberships on editorial boards, awards, invitations or peer reviews. With regard to the h-index (and
associated modifications), specifically, [Adler et al, 2008] stress that its simplicity is a reason for failing to capture
the complicated citation records of researchers, loosing thus crucial information essential for the assessment of a
scientist’s research. The lack of mathematical/statistical analysis on the properties and behavior of the h-index is
also mentioned. This is in contrast to the rather remarkable focus of many articles to demonstrate correlations of
h-index with other publication/citation metrics (i.e. published papers or citations received), a result which
according to the authors is self-evident, since all these variables are essentially functions of the same basic
phenomenon, i.e. publications [Panaretos & Malesios, 2009].

Besides the above-mentioned works, there are many more articles referring to disadvantages of the h-index. In
what follows we list some of the most important disadvantages of the h-index [Panaretos & Malesios, 2009]:

— The h-index is bounded by the total number of publications. This means that scientists with a short
career (or at the beginning of their career), are at an inherent disadvantage, regardless of the
importance of their discoveries. In other words, it puts newcomers at a disadvantage since both
publication output and citation rates will be relatively low for them;

— Some authors have also argued that the h-index is influenced by self-citations. Many self-citations would
give a false impression that the scientists’ work is widely accepted by the scientific community. Both self-
citations and “real” (independent) citations are usually used in the calculation of the h-index. In this
context, the emerging problem is that scientists with many co-operating partners may receive many self-
citations, in contrast to scientists that publish alone;

— The h-index has slightly less predictive accuracy and precision than the simpler measure of mean
citations per paper;

— Another problem is that the h-index puts small but highly-cited scientific outputs at a disadvantage. While
the h-index de-emphasizes singular successful publications in favor of sustained productivity, it may do
so too strongly. Two scientists may have the same h-index, say, h = 30, i.e., they both have 30 articles
with at least 30 citations each. However, one may have 20 of these papers that have been cited more
than 1000 times and the other may have all of his/hers h-core papers receiving just above 30 citations
each. ltis evident that the scientific work of the former scientist is more influential;

— Limitations/differences of the citation data bases may also affect the h-index. Some automated
searching processes find citations to papers going back many years, while others find only recent
papers or citations;

— Another database related problem often occurring with a significant effect on the correct calculation of
the h-index, is that of name similarities between researchers. It is almost impossible to find a scientist
with a unique combination of family name and initials while searching the most known citation
databases. As a result, in many cases the h-index will be overestimated, since in its calculation the
works of more than one researcher are added;

— It seems that the h-index cannot be utilized for comparing scientists working in different scientific fields.
It has been observed that average citation numbers differ widely among different fields;
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General problems associated with any bibliometric index, namely the necessity to measure scientific
impact by a single number, apply here as well. While the h-index is one 'measure’ of scientific
productivity, some object to the practice of taking a human activity as complex as the formal acquisition
of knowledge and condense it to a single number. Two potential dangers of this have been noted:

(a) Career progression and other aspects of a human's life may be damaged by the use of a simple
metric in a decision-making process by someone who has neither the time nor the intelligence to
consider more appropriate decision metrics;

(b) Scientists may respond to this by maximizing their h-index to the detriment of doing more quality
work.

This effect of using simple metrics for making management decisions has often been found to be an
unintended consequence of metric-based decision taking; for instance, governments routinely operate
policies designed to minimize crime figures and not crime itself.

The disadvantages of the h-index may be seen in the indices which inherit its properties. For instance, some
advantages and disadvantages of quantity metrics were outlined by [Thompson, 2009] (see Table 2).

Table 2. Some advantages and disadvantages of quantity metrics [Thompson, 2009]

Metric Advantages Disadvantages

N/yr

Measures gross productivity Definition of “publication” can be arbitrary;

No insight into the importance or impact of
published works

Norlyr Measures gross productivity No insight into the importance or impact of
Eliminates marginal publications published work

Cit Measures total impact of a body of work Can be inflated by a small number of papers with

high citation counts.

Cit/N Measures total impact of a body of work | Tends to reward low productivity
normalized by the number of published | Can penalize high productivity
papers.

h-index Combines quantitative (publication numbers) | Insensitive to highly cited work

and impact (citation counts) into a simple
whole number. Identifies a set of core, high
performance journal articles (“Hirsch core”)

M quotient | Allows h-index comparisons between faculty | Insensitive to highly cited work

that differ in seniority

G index

Once a paper makes the Hirsh core, | Gives more weight to highly cited papers
additional citations in this group are not
counted further; the g index takes these
further citations into account

H(2) index | Since h(2) index is always smaller then h- | Possibly overly sensitive to a few highly cited

index, it is less open to problems of citations | papers
accuracy
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Metric Advantages Disadvantages
Aindex Calculates the average number of citations in | Emphasizes more of the impact of the Hirsch core
the Hirsch core than quantity. Can be very sensitive to a few
highly cited papers
M index Median value may be a better measure of | Emphasizes more of the impact of Hirsch core

central tendency because of the skewed | than the quantity.
nature of citation counts

R index Involves the Hirsch core but does not “punish” | Emphasizes more of the impact of the Hirsch core
an author for having a high h-index unlike the | than quantity. Can be very sensitive to a few
a-index highly cited papers

AR index Normalizes the r index by the number of years | Similar to r index
publishing allowing comparison of younger
and more seasoned faculty

Creativity | Only scholarship metric that proposes to | Insufficient data to validate this metric at present.
index (Cs) | measure creativity The calculation of the creativity index is not
simple, however the author of paper has a free
download of a program that will calculate the
index

Very important disadvantage of quantitative measures is that they are applicable only to cited papers.

In 1991, David A. Pendlebury of the Philadelphia-based Institute for Scientific Information had published the
startling conclusion that

55% of the papers published in journals covered by ISI's citation database did not receive a
single citation in the 5 years after they were published [Hamilton, 1991].

In his further publication, Pendlebury gave more concrete data. He had written [Pendlebury, 1991]:

“The figures -- 47.4% un-cited for the sciences, 74.7% for the social sciences, and 98.0% for the arts and
humanities -- are indeed correct.

These statistics represent every type of article that appears in journals indexed by the Institute for Scientific
Information (ISI) in its Science Citation Index, Social Sciences Citation Index, and Arts & Humanities Citation
Index. The journals' ISI indexes contain not only articles, reviews, and notes, but also meeting abstracts,
editorials, obituaries, letters like this one, and other marginalia, which one might expect to be largely un-cited.
In 1984, about 27% of the items indexed in the Science Citation Index were such marginalia. The comparable
figures for the social sciences and arts and humanities were 48% and 69%, respectively.

If one analyzes the data more narrowly and examines the extent of un-cited articles alone, the figures shrink,
some more than others: 22.4% of 1984 science articles remained un-cited by the end of 1988, as did 48.0% of
social sciences articles and 93.1% of articles in arts and humanities journals.

If one restricts the analysis even further and examines the extent of un-cited articles by U.S. authors alone, the
numbers are even less "worrisome."

Only 14.7% of 1984 science articles by U.S. authors were left un-cited by the end of 1988.
We estimate the share of un-cited 1984 articles by non-U.S. scientists to be about 28%” [Pendlebury, 1991].
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Authors from developing countries

Whatever performance metrics we may use, it appears that authors from developing countries do face certain
constraints in terms of achieving higher performance indices and therefore recognition for themselves and their
country. It is quite possible that authors from advanced countries may tend to cite publications from organizations
located in their own countries, leading to a disadvantage for authors working in difficult situations, with less
funding opportunities Since there is a limited page budget and increased competition in many “high-profile”
journals, it is not always possible to publish in these journals.

One way to overcome this problem is to encourage and give value to papers published in national journals. There
are many scientists from developing countries such as India working in highly developed countries with advanced
scientific infrastructure and huge funding. These scientists should seriously consider publishing their work in
journals originating from their native countries. This will bring an international flavor to the national journals,
attracting more international authors and ultimately making them mainstream international journals. When these
journals become more visible and easily accessible through their online versions, there is a chance that papers
published in these journals are more often cited [Kumar, 2009].

In other words, developing national knowledge markets became mission important and considerable.

Mentoring abilities

In addition, we should measure the mentoring abilities of a scientist. Scientists do research and also mentor
younger colleagues. Good mentoring should be a significant consideration of one's contribution to science.
The h-index might measure research productivity, but currently there does not appear to be a "mentoring index"
[Jeang, 2008]. If the coauthors of a scientist are his or her own trainees or students and if they continue to make
a scientific impact after leaving their supervisor, it does point to the quality of the mentoring by the scientist and to
the impact made by the scientist, as a result of his/her mentoring abilities, in a given area during a given period.
This is a very important but totally neglected aspect of the contribution made by a scientist or an academic.

However, we do not yet have a well-worked out formula to measure such mentoring abilities [Kumar, 2009].

Evaluation of Scientific Contributions

The products of science are not objects but ideas, means of communication and reactions to the ideas of others.
While it is possible simultaneously to track scientists and money invested, it is far more difficult to measure
science as a body of ideas, or to grasp its interface with the economic and social system. For now, indicators
remain essentially a unit of measure based on observations of science and technology as a system of activities
rather than as a body of specific knowledge [National Science Foundation, 1989].

Research papers and publications are important indicators for the ability of an author or an education community
to conduct research projects in the different human science fields. In general, the number of publications and the
increase in this number is a direct indicator of the size or the volume of research activities for a particular author
or university. Nonetheless, the number of publications merely, is showed to be a limited indicator to show the
impact of those publications. The number of citations for a particular paper is shown to be more relevant and
important in comparison to the number of publications. This is why early citation indices such as H-index and
G-index gave more weight and important to the number of citations in comparison to the number of publications
[Maabreh & Alsmadi, 2012).

Each indicator has its advantages and its limitations, and care must be taken not to consider them as “absolute”
indices [Atanassov & Detcheva, 2012; Atanassov & Detcheva, 2013]. The “convergence” of indicators has to be
tested in order to put the information they convey into perspective [Martin & Irvine, 1985]
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Usefulness of Scientific Contribution
The Main Phases of the Science are
(1) Creation of a Scientific Result;
(2) Registration of the Scientific Result;
(3) Implementation and Using of the Scientific Result.

The bibliometric indexes analyze the second phase - registration of scientific result as (primary) publications and
as (secondary) citations. The first and third phases are out of bibliometric scope. This way the evaluating of
scientific work became partial and not significant. Practically, the evaluation of scientific results is closed in the
contours of the Knowledge Markets (KM) shown at Figure 2 and/or Figure 3, i.e. without taking in account the
main knowledge customers of the KM.

A possible step, to counterbalance and to extend consideration to all KM elements shown at Figure 1, is to
analyze the publications and citations from point of view of the third phase — implementation and using the
scientific results by the members of KM.

A wide spread understanding is that only high qualified academic researchers (Scientists (S), Figure 1) can
evaluate published ideas. They have knowledge and skills to continue research and developing of proposed
ideas and via citations they recognize previous research done by other scientists or by themselves. In
accordance to usefulness of cited ideas, we may separate academic citations on three main groups:

— Substantial citations, which applied or supported the citing work indicating implementation and using
the citied results, including “mentoring impact”;

— Casual citations, which noted only or reviewed the citing work;

— Refuting citations, which indicate that the citing work (possibly) has no scientific added value.

Regarding industrial researchers (Researchers (R), Figure 1) we may make the similar consideration. They
have knowledge and skills to implement the published ideas and to evaluate their usefulness for industrial
applications. Here the citations are mainly in two groups:

— Substantial citations, which applied or supported the citing work indicating implementation and using the
citied results, including “mentoring impact”;

— Refuting citations, which indicate that the citing work (possibly) has no scientific added value to be
implemented.
Further analysis of the KM-scheme concerns the educational cycle done by Lecturers ((L), Figure 1), Tutors
((T), Figure 1) and Examiners ((E), Figure 1). Their main goal is to assist Employees in learning of the published

ideas. In this cycle, the citations are in text-books, methodical or other supporting publications, and educational
learning materials. All such citations we may classify as:

— Casual citations, which noted only or reviewed the citing work.

The Employees ((Ee), Figure 1) may use the received knowledge in their everyday activities. During educational
process they may create some new knowledge information objects with or without new ideas. For instance, they
may prepare different theses, surveys, guides, papers, etc. In such case, the types of citations may vary, i.e. it
may be:

— Substantial citations, which applied or supported the citing work indicating implementation and using the
citied results, including “mentoring impact’;

— Casual citations, which noted only or reviewed the citing work;
— Refuting citations, which indicate that the citing work (possibly) has no scientific added value.
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The Employers ((Er), Figure 1) are the most important members of KM. They invest both in developing man
power as well as in research activities. In both cases the evaluation of usefulness of scientific results is not by
citations in papers but by amount of invested assets. This way their citations may be classified only as

— Substantial citations, which applied or supported the citing work indicating implementation and using the
citied results, including “mentoring impact”

if the amount of investments is over some normalized limit. Usually the investments are provided by scientific or
educational projects and because of this we may assume that one project corresponds to one substantial citation.

At the end we have to pay attention to two main distributors of knowledge Publishers ((P), Figure 1) and
Administrators ((A), Figure 1). After first publishing of the knowledge information objects (papers, books, efc.),
Publishers start selling and corresponded advertizing. Main part of advertizing activities is indexing of published
materials by different scientific digital libraries and data bases which are inherent for Administrators. All their
citations may be classified as:

— Casual citations, which noted only or reviewed the citing work.

Transitive citations

The useful scientific results may cause a chain of publications which further use and develop them. This way,
transitive citations will exist. Citation chain has to start from a substantial citation and to continue by same type
citations because casual citations could not generate such citation chain.

The influence of the scientific ideas is greatest when citation chains exist. Because of this, the transitive
substantial citations have to be counted as native characteristic of the scientific publications. It is correct to
assume that a transitive substantial citation is equal to direct one.

Temporal dimension

There is also a temporal dimension to the citation process. An article may first be cited for substantial reasons
(e.g., its content has been used). Later when a paper is widely known and has obtained many citations the
importance of the other mechanisms will increase (authors citing authoritative papers, the bandwagon effect,
etc.). In other words, visibility dynamics become more important over with time because of the self-intensifying
mechanisms that are involved. This explains why the relative differences in citation rates between poorly cited
and highly cited papers increase over time. Another temporal effect is the phenomenon termed “obliteration by
incorporation”, meaning that basic theoretical knowledge is not cited anymore. As a consequence, the most basic
and important findings may not be among the most highly cited papers because they have been rapidly
incorporated into the common body of accepted knowledge [Aksnes, 2005].

Concluding this short survey we have to draw attention to one very important fact.

A great number of publications have no chance to be viewed and further studied because they are published in
media with limited and/or payable access. In this case only well-known authors have chance to be recognized
and possibly — cited.

Only what is needed is publications to be included in different digital libraries with open access and as more such
libraries exist in the world so greatest chance these publications have to become useful. The variety of digital
libraries and index data bases with open access to scientific publications and reviews is a crucial factor for further
grow of the science. One may say that such practice will destroy the knowledge markets. This is partially true.
The societies invest in science by direct or indirect financing and further business with scientific results is not
admissible
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USC-methodology

Following considerations discussed above, we assume that for evaluating of usefulness of scientific contributions
more-less important are:

—  p - Number of the papers;

— g - Number of monographs;

— s —Number of the substantial citations;

— ¢ —Number of the casual citations;

— r— Number of the refuting citations;

— Y=ye-yp+1-Length of the interval of publications;
— Z=Yc-Yp— Length of the interval of citations,

— yp — starting year (beginning) of the period of publications;
— Ye—last year (end) of the period of publications;
— Y- last year (end) of the period of citations.

In this list we have three different types of values which we have to reduce to common measurement unit. We
propose to use “paper” as such unit because it may be assumed that one paper represents a single idea.

In accordance with this, we propose to use four coefficients of correlation:

— m - coefficient of the monograph correlation:
= m: 1 monograph = m papers; example: if 1 monograph = 5 papers than m = 5;
— a- coefficient of the substantial citation correlation:
= a: 1substantial citation = 1/a paper; example: if 5 substantial citations = 1 paper than a=5;
— b - coefficient of the casual citation correlation:
= b : 1 casual citation = 1/b paper; example: if 10 casual citations = 1 paper than b = 10;
— v - coefficient of the refuting citation correlation:
= v :1refuting citation = 1/v paper; example: if 10 refuting citation = 1 paper than v = 10.
This way we have the methodological formula for Usefulness of Scientific Contributions (usc-index):

This formula is only a formal representation of the understanding that the scientific contributions have to be
evaluated completely taking in account as more parameters as possible. All types of publications have to be
included in the evaluation process as well as mentoring activities, learning materials, and all types of citations
including transitive citations, implementations, scientific projects, received funding, efc.

Special comment is needed for substantial self-citations. They are indicator that the scientists provide longtime
investigation and step by step publish new results. This is normal cycle of science. Ignoring this means that we
expect receiving the results in one “genius” invention. In addition, mentoring students and young researchers lead
to publishing of co-authored papers which cause substantial citations from co-authors in further their
independent work and publications. As the received knowledge is more qualitative so more important are the
further citations from co-authors. Ignoring this means that we do not acknowledge the high level skills and leading
ideas of the advisors.
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Example

Results from an experiment with real data taken from DBLP (http:/dblp.uni-trier.de/) are presented in Table 3.
In the real data there was no data for monographs and refuting citations. Because of this the corresponded
columns contain zeroes.

Table 3. Experimental data for usc-index

scientist | usc Yo Ye Ye Y|z | mja|b v P |q]| s c r
S1 26.07 | 1991 | 2011 | 2009 | 21 |18 | 5 | 5|10 | 10 | 405 |0 | 15 | 1215 0
S2 13.74 | 1983 | 2011 | 2011 [ 29 |28 | 5 | 5| 10| 10 | 109 | 0 | 208 | 2200 0
S3 13.52 | 1995 | 2011 | 2011 (17 |16 | 5 |5 10| 10 | 110 | 0| 32 | 975 0
S4 11.66 | 1981 | 2011 | 2011 {31 |30 | 5 | 5| 10| 10 | 181 |0 | 50 | 1406 0
S5 8.48 | 1999 | 2011 | 2010 |13 |11 | 5 |5 |10 | 10 | 44 |0 | 8 537 0
S6 823 | 1972 | 2011 | 2011 |40 {39 | 5 |5|10| 10 | 98 |0 | 66 | 1789 0
S7 6.68 | 2000 | 2011 | 2007 |12 | 7 | 5|5 |10 | 10 | 53 | O | 10 | 182 0
S8 5,57 | 1985 | 2011 | 2011 |27 |26 | 5 |5 |10 | 10 | 68 | O | 22 | 520 0
S9 436 | 2007 [ 2011 (2010 | 5 | 3 |5 |5[10| 10 | 16 |0 | 1 26 0

S10 3.87 | 1991 | 2010 | 2010 |20 |19 | 5 |5 |10 | 10 | 44 |0 | 1 142 0
S11 3.71 | 2003 | 2011 | 2008 | 9 | 5 | 5 |5|10| 10 | 26 |0 | O 24 0
$12 362 | 2004 | 2009 | 2011 | 6 | 7 | 5 (5(10| 10 | 8 |0] O 67 0
S13 3.62 | 1983 | 2009 | 2011 |27 |28 | 5 (5 (10| 10 | 47 |0 | 2 223 0
S14 3.54 | 1973 | 1986 | 2008 |14 |35 | 5 |5 |10 10 | 11 |O| 2 32 0
S15 333 [ 2009 (2011 (2010 | 3 | 1 |5 |5[10| 10| 8 [0 1 8 0
S16 3.16 | 1995 | 2009 | 2011 |15 |16 | 5 (5(10| 10 | 18 |0 | 2 130 0
S17 242 | 1986 | 2011 | 2006 | 26 | 20 | 5 (5 (10| 10 | 34 |0 | 2 85 0
S18 235 (2008 [ 2011 [ 2011 | 4 | 3 |5 |5[10| 10 | 6 [0 1 2 0
S19 1.63 | 2001 | 2011 | 2008 {11 | 7 | 5 |5|10| 10 | 10 [ O] 1 7 0
S20 0.96 | 1991 | 2006 | 2001 | 16 (10 | 5 | 5| 10 | 10 5 0] 1 1 0

USC-index reflects the dynamics of scientific development during the analyzed period. For instance, scientist S2
has more long scientific career and more citations than S1 but his usc-index is less than that of S1 due to less
number of papers for longer period.

It is important to remark: periods have different lengths (column Y) and for further analysis it has to be accounted.

It is complicated to compute usc-index for all scientists of a given organization and many times more complicated
to do this for all researchers from given scientific area. Because of this, the computer linguistic analysis of the
scientific publications (to obtain values of the main parameters of usc-index) is serious scientific problem which
has to be solved. Some preliminary considerations about possibility for solving it may be done. For instance, it is
typical that the introduction of a scientific article is structured as a progression from the general to the particular.
References have been found to be most frequent in the introductory section of paper. Thus, in the introduction, an
article typically refers to more general or basic works within a field. The net effect of many articles referring to the
same general works, therefore, is that such contributions get a very large number of citations. References to
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highly cited publications seemed to occur more in the introduction than anywhere else in the articles. Similarly,
since most scientific articles contain a methodology section in which the methods applied in the study are
documented, authors typically cite the basic papers describing these methods. This may explain why some
papers containing commonly used methods sometimes receive a very large number of citations [Aksnes, 2005].

Conclusion

Starting point of our consideration was the introduction of the “Information Market” as a payable information
exchange and based on it information interaction. In addition, special kind of Information Markets - the Knowledge
Markets (KM) were outlined. Basic understanding of our work is that we have to evaluate the usefulness of
scientific contributions from point of view of those for whom the results are created. This is not simple task
because the KM customers are of many kinds.

The identifying of the staple commodities of the knowledge markets was a step of the process of investigation of
contemporary situation in the global knowledge environment. Investigation of the staple commodities of the
knowledge markets is very difficult but useful task. We have introduced them as kind of information objects, called
“knowledge information objects”. The main their distinctive characteristic is that they contain information models,
which concerns sets of information models and interconnections between them.

We belong to the modern knowledge market and perhaps we shall agree that “a la marché comme a la marché”
("at the market as at the market"). In the world of science, there exist commercial interests that set the trends to
redistribute the money given for science by the societies. Unfortunately, for instance, the "impact factor" is just
such trend, borrowed from advertising industry, to force scientists to invest in selected retailer chains.

It is not permissible to replace the quality of a scientific publication, with qualities of the media in which it
has been published.

In science, the incorrect management decisions lead to a decline in its development. If a complete scientific
"industry” is not developed, the "complete" administrative attitude to science grows, which inevitably will kil it.
Exuberant dependence on single numbers to quantify scientists’ contribution and make administrative decisions
can affect their career progression or may force people to somehow enhance their h-index instead of focusing on
their more legitimate activity, i.e., doing good science. Considering the complex issues associated with the
calculation of scientific performance metrics, it is clear that a comprehensive approach should be used to
evaluate the research worth of a scientist. We should not rely excessively on a single metric [Kumar, 2009].

Although the use of such quantitative measures may be considered at first glance to introduce objectivity into
assessment, the exclusive use of such indicators to measure science “quality” can cause severe bias in the
assessment process when applied simplistically and without appropriate benchmarking to the research
environment being considered. Funding agencies are aware of this, nevertheless experience shows that the
reviewing of both individuals and projects on the national and European level is still relying excessively on the use
of these numerical parameters in evaluation. This is a problem of much concern in the scientific community, and
there has been extensive debate and discussion worldwide on this topic [bibliometric, 2012].

Since the very first applications of bibliometric indicators in this way, scientists and science organizations have
taken strong positions against such purely numerical assessment. Various organizations in Europe have
published studies on their potential adverse consequences on the quality of funded scientific research. A prime
example is the publication of the Académie des Sciences of the Institut de France that has presented clear
recommendations on the correct use of bibliometric indices [IDF, 2011]. Other publications have addressed the
role of peer review in the assessment of scientists and research projects e.g. the European Science Foundation
Peer Review Guide published in 2011 [ESF, 2011a] with recommendations for good practices in peer review
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following an extensive European survey on peer review practices [ESF, 2011b]. Other recent examples are a
study of peer review in publications by the Scientific and Technology Committee of the House of Commons in the
UK [STC, 2011], the peer review guide of the Research Information Network in the UK [RIN, 2010] and the
recommendations formulated at a workshop dedicated to quality assessment in peer review of the Swedish
Research Council [SRC, 2009].

A common conclusion of these studies is the recognition of the important role of peer review in the quality
assessment of research, and the recommendation to apply bibliometric performance indicators with great caution,
and only by peers from the particular discipline being reviewed [bibliometric, 2012].

A considerable step toward this goal is The San Francisco Declaration on Research Assessment (DORA),
[DORA, 2012] initiated by the American Society for Cell Biology (ASCB) together with a group of editors and
publishers of scholarly journals, who recognize the need to improve the ways in which the outputs of scientific
research are evaluated. The group met in December 2012 during the ASCB Annual Meeting in San Francisco
and subsequently circulated a draft declaration among various stakeholders. DORA as it now stands has
benefited from input by many of the original signers. It is a worldwide initiative covering all scholarly disciplines.

A special press release of Initiative for Science in Europe (ISE) called “Initiative to put an end to the misuse of
the journal impact factor (JIP)” has been published [ISE, 2012]. We have kind permission of ISE to reprint text:

‘Major European science organizations have joined the "San Francisco Declaration On Research
Assessment" which was released today by the American Society for Cell Biology (ASCB). Signatories in
Europe include the European Mathematical Society, EUCheMS, European Sociology Association,
European Education Research Association, FEBS, EMBO and other societies and organizations that are
organized under the umbrella of the Initiative for Science in Europe (ISE).

The increasing reliance on journal based metrics for research assessment, hiring, promotion or funding
decisions has been criticized by experts for a number of years. The "San Francisco Declaration On
Research Assessment" for the first time unites researchers, journals, institutions and funders to address
the problems of an overreliance on the journal impact factor and to work for change of the current
system of research assessment.

The declaration formulates concrete recommendations for different stakeholder groups. It calls
publishers to "greatly reduce emphasis on the journal impact factor as a promotional tool", funding
agencies and institutions to consider "the value and impact of all research outputs" for purpose of
research assessment, "including qualitative indicators of research impact" and researchers to make
"decisions about funding, hiring, tenure, or promotion, [..] based on scientific content rather than
publication metrics" when involved in assessment committees. It also invites organizations that supply
metrics to "[b]e open and transparent by providing data and methods used to calculate all metrics".

The San Francisco Declaration on Research Assessment was drafted by a group of editors and
publishers of scholarly journals that met at the Annual Meeting of The American Society for Cell Biology
(ASCB) in San Francisco in December 2012. It has since developed into a worldwide initiative
welcoming all scientific disciplines including the social sciences and humanities.

Scientists and institutions alike are invited to express their commitment and support for the initiative at
http://ascb.org/SFdeclaration.html” [ISE, 2012].

Endorsing DORA, the Association for Computers and the Humanities (ACH) remarked that it is a set of
recommendations for applying more nuanced, accurate ways to evaluate research than the Journal Impact Factor
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(JIF). DORA makes eighteen recommendations for researchers, funders, research institutions, organizations that
provide metrics, and publishers, such as focusing evaluation on the content of a paper, applying article-based
rather than journal-based metrics, incorporating research outputs such as datasets and software in evaluating
impact, and promoting the reuse of reference lists through the adoption of Creative Commons Public Domain
Dedication licenses.

In addition, we have to underline that the variety of digital libraries and index data bases with open access to
scientific publications and reviews is a crucial factor for further grow of the science. One may say that such
practice will destroy the knowledge markets. This is only partially true because the societies invest in science by
direct or indirect financing and further business with scientific results is not admissible

Following the considerations given above, this paper was aimed to present a new usc-methodology for evaluating
the scientific contribution of a scientist or a scientific group (organization).

It consists in proposing three main groups of citations: Substantial citations, Casual citations, and Refuting
citations, which all have temporal dimensions.

In addition, due to existence of different types of values (for monographs, papers and citations), a common
measurement unit (“idea” or “paper”) and four coefficients (for monographs, substantial, casual, and refuting
citations) of correlation to measurement unit (paper) have been proposed.

The problem of automatic linguistic analysis of scientific publications, in accordance with usc-methodology and
computing of its usc-index for different target scientific structures has been outlined.

Finally, we have to underline, that usc-methodology is aimed only to turn process of evaluation of scientific
contributions back to human responsibility of authors, reviewers, and publishers. Modern science is distributed all
over the world and concentration of any it’s part in one or two monopolies is absolutely inadmissible. To ensure
growing of science we are obligated to provide for growing of variety of possibilities for doing science - financial
resources, publishing opportunities, scientific indexing systems, and distributing organizations.

In addition to all printed universe we are obligated to take in account the variety of possibilities for direct contact
between scientists in a single place like conferences, seminars, and workshops or distributed geographically like
tele-conferences, electronic mailing lists, blogs, etc.

Special comment was done for substantial self-citations. They are indicator that the scientists provide longtime
investigation and step by step publish new results. In addition, mentoring students and young researchers lead to
publishing of co-authored papers which cause substantial citations from co-authors in further their independent
work and publications. As the received knowledge is more qualitative so more important are the further citations
from co-authors. Ignoring this means that we do not acknowledge the high level skills and leading ideas of the
researchers and advisors.

This usc-index is only a formal representation of the understanding that the scientific contributions have to be
evaluated completely taking in account as more parameters as possible. All types of publications as well as
mentoring activities, learning materials, and all types of citations including substantial self-citations, substantial
citations from co-authors, transitive citations, implementations, scientific projects, received funding, etc. have to
be included in the evaluation of usefulness of scientific contributions.
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RISKS IN USING BIBLIOMETRIC INDICATORS
FOR PERFORMANCE EVALUATION OF SCIENTISTS

Douhomir Minev

Abstract: The issues being discussed in this article are the consequences of the use of specific (journal — or
article - and researcher-based) metrics (“bibliometric indices”) for assessment of the performance of scientists
and research proposals.” The analysis is focused on the potential of the use of such indices to operate as a
mechanism for control over the production of knowledge.

The methodology is based on the complexity of relationships between sciences as systems for production of
knowledge and their surrounding social environment. In these interactions arise motives for control and impact
over knowledge production. The effects of these motives are expanding mechanisms for control over sciences
and the knowledge they produce. The impact of the control mechanisms distorts knowledge and co-generates
non-knowledge. When societies use distorted knowledge they face expansion of the so called ‘new risks”.

On this basis “bibliometric indices” are identified as components of larger (in many cases - supranational) system
for control over knowledge production (sciences’ dynamics) and as generators of distorted knowledge and
unexpected and negative consequences (new risks) for societies.

Keywords: control (over sciences and knowledge); crisis of sciences; social knowledge; distorted knowledge,
non-knowledge; new risks; bibliometric; academic assessment.

Introduction

Although the use of journal-based and other (article- and researcher-based) metrics is not a radical innovation in
assessing the work of scientists, the practice of assessments experienced important changes during the last
decade — a trend of strengthening the impact of the metrics through: a) expanding the scope of the metrics’
application - use not only for the award of academic degrees and titles (the pursuit of individual scientific careers),
but also in regularly conducted appraisals of scientists and evaluation of research projects; b) applying them often
is compulsory (special standards have been set up and sometimes - by law ); c) a key driver of this change are
the governments (state institutions) etc.

The combination of these changes outlines a trend - the extensive introduction of a new system for performance
evaluation of scientists.

As a result of the pressure of governmental institutions and other key actors, the trend spread in many countries
in short period of time, despite the skepticism and criticism of scientists and their organizations?2.

1 Two earlier versions of this article were presented at two seminars on the use of bibliometric indices during assessments of scientist’
performance — one of them organized by the Union of Scientists in Bulgaria and the other one — by a department at the Institute of
Mathematics & Informatics at BAS, 2013.

2 For instance, the American Society for Cell Biology (ASCB) together with a group of editors and publishers of scholarly journals launched
a new initiative — the San Francisco Declaration on Research Assessment (DORA) - to make academic assessment less reliant on the
impact factor.
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Obviously, the system is given special importance because the objections were rejected and did not dissuade its
introduction.

When, despite the doubts about the adequacy of the indicators per se and objections to the manner of their use,
the institutionalization of the new system is imposed by dogged decision making centers, a number of questions
arise: why the system is being so stubbornly introduced; what are the motives for introduction; what could be the
implications thereof?

The State of Science and Production of Knowledge

“If there is such a thing as a Durkheimian conscience collective existing on a global scale, it is perhaps best
represented by the widely held sentiment that we are living in a time of unprecedented danger. Although the
chances of premature death or disability are probably no greater today than in any other periods of human
history, the dangers we currently face are unique in two respects - they are caused by humans and their impact
on us has a collective, rather than individual nature” [Lyng, Stephen, 2008, p. 106].

Many researchers search for the causes of these dangers in the existing knowledge, respectively - the state of
science and the way they produce knowledge. Today is a widespread view that the systems of production of
knowledge are experiencing crisis and produce uncertainty and ignorance rather than knowledge, and that if this
trend continues, the future of societies will be determined more by ignorance and non-knowledge rather than
knowledge. Among the proposals in response to this problem are identified two main ideas: either to slow down
the production of knowledge or to reconstruct radically sciences and move on to post-academic (post-normal)
science. The differences between the two proposals arise from the different diagnoses of the causes of the crisis
in the production of knowledge.

The first proposal is based on the view that the cause of the crisis is the too rapid advancement of knowledge (too
intensive production), therefore a slowdown in production is proposed and the most effective means of delay is
reduction of resources or reduction in efficiency.

The second proposal (for reconstruction of sciences) stems from another cause of the crisis - the very ‘means of
production’ of knowledge is already obsolete. The said obsolesence is due to a lack of connections with the moral
values and the knowledge generated beyond the borders of science. It is therefore proposed a transition to a
post-academic (post-normal) science, which operates based on the close relationship between scientists and the
public [Funtowicz S. and Ravetz J., 1992]. Nevertheless, the question arises of the cause for breaking the links
between moral values and knowledge that is created and exists outside of science itself? Many studies show that
the problem is a fundamental and most common feature of today's production of knowledge - distorted
relationships between power and knowledge, and more precisely - hypertrophied power control over the
production of knowledge (some speak of vicious union between power and knowledge, other - of symbolic power,
etc.) The reason for control is quite simple — as far as everything that people do intentionally depends on their
knowledge, the control over creation of knowledge, allows to control everything that people do, and without them
knowing that they are controlled (Note 1). Today this control mechanism has reached enormous proportions and
complexity, but it is poorly studied, although remarkable minds are engaged in one or other sides of the power-
knowledge relationship (mostly - Bourdieu, but also Foucault, Merton, Guldner and many researchers of risks).
The mechanism has been extended and enhanced, especially intensively during the second half of 20th century,
and it is what deforms sciences per se and the knowledge that they create. The problem is that control submits
the creation of knowledge to one main goal - stability of the existing social order, in particular — preservation of
positions of power elites who control society, and thus the created knowledge is inevitably distorted.
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The Mechanism’

Central component of the mechanism are specific groups of scientists operating within science and influencing
the way it functions, so that science creates knowledge, which meets certain requirements for the stability of the
social order. Although they are difficult to distinguish from ordinary cliques commonly found in the sciences, these
groups were noticed long ago (Alvin Guldner called them ‘old people’, P. Bourdieu — ‘conservative ideologues’,
etc.) as a kind of ‘proxies of power’ in science. Influence that conservative ideologues have on knowledge
production occurs along several lines: a) through influencing the basic elements constituting science itself as a
system for production of knowledge (paradigms, theories (available or missing), approaches, principles, methods,
sub-disciplinary structure, validation methods (recognition of obtained results as scientific), mechanisms for
performance evaluation and therefore — also for shaping the scientific careers of researchers, etc.)?; b) impact on
the choice of the main problematic areas of research interests; c) influence on the preferred interpretations of
available data etc.

The second important component of the mechanism is the external support for the ‘conservative ideologues’ in
science. The main channels through which these external effects run are science policies (defining research
priorities and funding of sciences); special forms of support for ‘conservative ideclogues’ especially - financial
support3 and occupying key positions in the hierarchy of research structures; support for private research centers
and (albeit rare) private funding of research in public institutions.

Effects of Control Mechanism

Continuous effect of the control mechanism has given rise to a number of ‘extra’ effects, among which may be
mentioned in particular:
— Distortion of incentives for research and the evaluation of the contribution of individual scientists;
— Establishment and a very strong influence of informal networks and groups where central position
occupy the ‘conservative ideologues’;
— Formal internal hierarchies become too ‘strong’ and generate a deficit of democracy in the work of
scientific organizations;
— Weakening of the impact of basic moral values on the modus operandi of scientific communities and
organizations, etc.

The final effects of the above features are undermining the scientific communities and their work, and increasing
dysfunctions of scientific organizations.

The effects of control and the relationship between them were noted long ago. Here is, for example, what
Norbert Wiener wrote about some of these factors, already in 1947: ‘It is clear that the demotion of the position of
the scientist from an independent thinker to a servant who is employed in a science factory and is morally
irresponsible, has happened much faster and in a much more devastating way than | expected. This

1 Different sciences have different effects on the structures of power and domination. Some sciences contribute to consolidate the groups
exercising power through the development of technologies in the economy, technologies of war and technologies of monitoring and control
over their own population. The effect of social sciences is quite different. Therefore, the outlines of the control mechanism most clearly
stand out exactly in social sciences. But this does not mean that there are no similar problems in other sciences.

21t is not hard to assume, and there are series of indications confirming the assumption, that such groups are also particularly active
promoters of the new system for assessing the performance of scientists.

3 The noticed by R. Merton ‘Matthew effect’ (accumulation of funding with the same scientists and groups) is usually an indicator for
intensive financial support of conservative ideologues.
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subordination of those who have to think to those who hold administrative power is destructive to the morale of
the scientist’ [Wiener, N.1947; Salomon, Jean-Jacques, 1970, pp. 308-309].

Moreover, demoralizing the scientists and hierarchies has far-reaching effects - it upsets scientific communities
and their activities. Scientific communities are group (collective) mechanisms for production of knowledge and
assessment of the scientific validity and relevance of results. The above effects of control (mainly - hierarchies
and demoralization) weaken the capacity of communities to create knowledge.

Furthermore, ‘conservative ideologues’ and joining opportunists form their inner circles, groups, networks,
cliques, which gradually conquer key positions in scientific organizations, gain significant influence and
dominance in decision-making and submit the organization to the purposes of the dominant groups instead to the
common organizational and social objective for which an organization is established and exists.

Under the influence of the above changes organizations lose the capacity to produce adequate knowledge, to
regulate and govern themselves and become particularly susceptible to external influences flowing through
informal networks and hierarchies.

Under the influence of the control mechanism (the key positions of ‘conservative ideoclogues’; distorted incentive
system; demoralization of communities, etc.) scientists quickly learn what efforts and results are the best
rewarded and concentrate on to them. That is how variances occur in the process of knowledge creation.

Generator of Risks

Distortion of created knowledge has different aspects, but the main ones are: slow production of (for example - a
strong lag behind of social sciences), creation of limited knowledge, creation of knowledge, whose scientific and
social relevance are disputable [Simon, H., 1957, xxiv]; knowledge that may be more useful for society is not
created.

A certain dynamics can be seen in these processes. For example, in the 50s, the Nobel Prize winner, Herbert
Simon stated as an issue the production of irrelevant, unusable, unnecessary and useless knowledge. But today
(the beginning of the second decade of the 21st century), knowledge is not just useless - Stefano Zamani already
indicated the harmful effects of the research and not of peripheral researchers, but of the last ten winners of the
Nobel Prize for economics.

It is not a coincidence that an increase of fraud in science is noticed (particularly evident for the award of
academic degrees and titles, but also in the creation of new knowledge). And that exactly is the generator of
hazards unknown to the society.

Search for a Solution

From this point of view, there may be two main alternatives to the creation of knowledge: maintaining and even
expanding controls over the process or refusal of the old strategy, dismantling of control mechanisms and
redeeming the production of knowledge. Supporters of the delay in the production of knowledge, tend to the first
option. Supporters of the reconstruction of sciences are closer to the second alternative, because in essence they
propose substitution of the knowledge - power alliance with a new one - between professional knowledge
producers and public.

Where does the new scientists’ performance evaluation system tend to?

Technology of Control

There are several signs that the system possesses capacity to strengthen and enlarge the control over production
of knowledge.
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First important sign, for example, is the identification of research work (i.e. creation of new knowledge) with
publication activity, i.e. dissemination of already created knowledge. Although the publication activity of scientists
has always been used to assess their work and performance, in the new system scientists can no longer present
the results of their research that are not published or were not published in ‘prestigious’ journals, cannot submit
the respective documentation proving that these results have been successfully tested for their scientific
relevance and validity within a scientific community and cannot use these results in appraisal or for promotion in
their career. Even if the results are very good, this does not affect directly the evaluation of scientists because of
the compulsory requirement for a specific form of presentation - through publications and at that in certain (so-
called prestigious) journals and editions. In fact, the main change is that the results obtain approval of another
‘validation center’.

However, the first objection is that in this way research work is not only identified with publication activity, but the
one is substituted by the other. Such substitution is not only devoid of solid arguments, but also gives rise to a
series of negative effects. Important questions in this regard remain unanswered: why dissemination of created
knowledge is imposed as an obligation of the researchers (often - without asking their consent or just at least their
opinion, and sometimes - despite their objections); why their performance appraisal should be more dependent
on the fulfillment of this obligation incumbent upon them than by direct and substantive assessment of the way
scientists perform their primary duty - to produce adequate new scientific knowledge; whether such substitution
would not cause a decline in the usual, long tested and established procedures for verification of the scientific
validity and relevance of the results achieved and how this (possible) decline would affect the knowledge
produced and the societies that use it.

This substitution gives rise to several important effects. Firstly, is reduced the role of essential, direct and
qualitative evaluations of scientific validity and relevance of the created knowledge, carried out in the relevant
scientific communities. Direct substantive judgments of communities are replaced with indirect evaluations based
on publication activity. Secondly, arises a kind of ‘disempowerment’ of scientific communities (respectively - the
organizational structures in which they operate) because their judgments are substituted by journals (respectively
— their editors and reviewers). Thirdly, emerge new ‘centers of influence’ with regard to the scientists and their
work — the editors and their editorial apparatus. Thus, the substitution of substantive direct evaluation of scientific
results with indicators based on publication activity actually shifts centers of judgment: from scientific communities
(their organizational structures) to the editorial boards of the journals and then - not all editorial boards but mainly
those with the highest rating?. Moreover, the location of these new centers of influence can be easily 'lifted' — at
supranational level - by encouraging publications in foreign and international journals. Thus arises a sort of
‘globalization’ of the control (actually - centralization), whose reasons are not clear (scientists are increasingly
sharing their results regardless of this system), but some of the consequences are pretty clear. Fourthly, where
attributes (rating) of the journals in which research is published affect the performance evaluation of the scientist,
this generates pressure to publish in appointed journals.

The biggest problem posed by these effects is that publication activity and publication success of scientists (i.e.
the creation of knowledge) are in relationships that are (or at least - can be used as) technology for control over
the production of knowledge. The technology is based on the possibility of the creation of knowledge to fall under
the influence of factors of not strictly scientific nature. Some factors may even have anti-scientific nature.

1 Major role here has the well known impact factor, but sometimes the scientist's appraisal system includes also other
indicators for ranking, for example whether the journals are national, foreign or international.
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The falling of scientific work evaluation, and thus the scientific work per se, under the influence of non-
scientific and even anti-scientific factors is not only evidence of the exercise of extra-scientific scrutiny,
but inevitably leads to distortions in the production of knowledge.

Components of the Technology - ‘Predispositions’ of Selectors

Scientific journals can significantly influence the work of scientists. This possibility arises from the fact that in
addition to the formal requirements of the journals to published materials there is also a wide range of informal
requirements, which are not presented and are not formally put forward, but are applied quite strictly. These
requirements are of cultural, ideological and political nature. Experiencing the pressure from the new evaluation
system, scientists are beginning to adapt their work to the informal, unannounced requirements of the publication
sphere (the journals). And in this way production of knowledge is influenced by non-scientific, even anti-scientific
factors.

The system of informal requirements arises because the setting up of editorial boards of journals (respectively -
circles of reviewers) and the way they work, stay far away from monitoring, participation and control by the
scientific communities. In any case, it is possible (and this exactly happens) journals to selected authors and
publications expressing certain views, predispositions, biases and even prejudices.

A remarkable fact illustrates the problem very well: many years ago, a legend in the economic analysis — V.
Leontief (Nobel Prize winner), noted that the market theory has lost its connection with economic realities and
that this poses a major risk for the very science of economics and economic policy and for the economies
themselves. In protest against this distortion in knowledge, Leontief ceased to publish in the ‘prestigious’
economic journals because they were premeditated (uncritical) of the theory and especially contributed to the
dominance of this mainstream of economic analysis. Thus, they contributed to the occurrence of the gap between
theory and reality, through intensive dissemination of theoretical achievements of market theorists who are now
more often called ‘market fundamentalists’.

Another famed case also illustrates the above. Alan Sokal, a physicist at New York University, perceiving certain
characteristics in the work of the journals, perpetrated a special hoax to highlight them. He submitted to a
scientific journal (Social Text) an article entitled: "Transgressing the Boundaries: Towards a Transformative
Hermeneutics of Quantum Gravity".

The article was nonsense, deliberately compiled of fawning references structured around the silliest quotations he
could find about mathematics and physics, but the magazine published it. The reasons for this, according to
Sokal himself are two: “it sounded good and flattered the editors' ideological preconceptions”. Knowledge
researchers believe that this experiment of Sokal proves that ‘the selection of articles to be published is highly
dependent on political, social and cultural elements’ [Bucchi, M. 2004, p. 95].

It is because of these dependencies, scientific journals of the highest rank often distort the most powerful tool for
evaluating scientific results — the peer reviews. The above listed scientific organizations and their best practices in
peer reviews show that the results of this evaluation procedure of scientific achievements are much better if the
procedures are carried out within the scientific communities - especially where corresponding results are
established.

However, particularly this adequate tool does not yield good results when applied in journals. A ruling on this
issue was issued by no other than the U.S. Supreme Court. In one of its judgments it enacted that ‘peer reviews’
in journals can present deformed, distorted judgment. The same, only more emphatically, claim and scientists
themselves. Chubin and Hackett point out a research, which shows that only 8% of the members of the Scientific
Research Society (USA) have expressed the opinion that the method of peer review in journals gives good
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results. Obviously, arises the question of why the same tool gives different results in journals and in academic
communities? The answer seems to lie in the fact that those who select works for publication in journals select
them according to their ideological, political, and cultural predispositions.

Summarizing the above, it can be said that by the ratings of journals can be created (and are created) invisible
hierarchies, hierarchical tiers in the publishing system, and these hierarchies are transferred to the very
production of knowledge in the sciences themselves. When this happens, in practice are arranged hierarchically
strands of research paradigms, theoretical constructs, methods, scientific communities and groups, and what is
especially important - ultimately hierarchically are arranged also scientific results, various segments of created
knowledge. This hierarchy is different and may have completely opposite structure to the real alignments based
on the essential, direct evaluation of validity and relevance of research results. There are empirically established
facts that confirm this statement.

The Australian Research Council has published the results of comparisons between the official (formal) values of
the impact factor and the special expert assessments of the impact factor of one and the same journals. Large
groups of experts have been involved for this purpose from various scientific organizations, including the
Australian Academy of Science.

170 journals with impact factor in Applied Mathematics were subject to such appraisals. The results of the
comparisons are quite eloquent.

It turned out that the impact factor values hardly corresponded to the evaluation of the experts. There were
examples of journals that have a higher impact factor than others, but according to the expert assessment the
values of the factor were found to be at a much lower level. Out of 10 journals with the highest values of the
impact factor, only two journals have received the highest expert assessments. And the journal, which by its
impact factor was considered the best in applied mathematics, according to expert assessment proved at a much
lower level. This remarkable discrepancy between the impact factor of journals and expert assessment of their
quality is usually explained by inaccuracies in the calculation and even deliberate falsification of the impact factor
[Amin M. & M.Mabe, 2000, p. 3].

When the differences between the two evaluations of the validity and significance (usefulness) of created
knowledge - formal bibliometric evaluation and substantial expert evaluation - go beyond a certain threshold, the
normal, socially beneficial development of sciences themselves is blocked and deep distortions occur in the
created knowledge.

Here are some more details about the risks of placing the performance of scientists, i.e. production of knowledge,
under the strong influence of the above features of the publication sphere.

Promotion of Correct Scientists and Knowledge - "Conservative Ideologues”, Networks and Self-Citations

The new system for performance evaluation of scientists gives special chance to the networks of ‘conservative
ideologues’. Studies of the new system often identify them as clusters (cartels) for self-citation and define them as
follows: “Group of authors who have agreed on specific scientific or research methods, definitions or conclusions
and cite only themselves or authors agreeing with them and ignore authors who disagree with their preferred
methods, definitions or conclusions”. These clusters are not simply mechanisms for trading on the deficiencies of
a thoughtless and weak system of performance evaluation of scientists. They are much more dangerous
phenomenon that has the potential to have a negative and a strong influence on the process of knowledge
creation and on the result of this process - the knowledge itself. And there is evidence that they exert such
influence and give rise to serious distortions in the structure of published knowledge, and through it - on the
directions of scientific research.
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Opportunities for such influences increase dramatically when the cartels establish close connections with (or
conquer through their representatives) editorial boards and publishers of journals of ‘high prestige in the
publication market'. Over time, they inevitably begin to control not only publication, but the entire production of
knowledge in a given field, directing it to the track of their group preferences.

For the increasing influence of self-citing cartels on the production of knowledge can be judged also by studies
that show that the introduction of bibliometric evaluations intensifies the ‘Matthew effect’ — who follows the
dominant ‘fronts’, receives the adequate reward.

Therefore, ultimately placing bibliometric indicators in the foundation of mandatory regular appraisals and
evaluation of projects not only allows but also reinforces the capacity of organized networks (groups, clusters,
cartels, cliques, etc., i.e. forms of organizational structures of ‘conservative ideologues’) to influence: the direction
of research, dominant paradigms, scientific tools used to create knowledge, and therefore - to influence the
process of knowledge creation, and hence - on the actual content and structure of the created knowledge. These
are the outlines of a broad system for controlling knowledge and therefore - for its manipulation.

And this is a total failure in the creation of knowledge - control brings forth the change that was mentioned -
institutionalized and specialized systems for the production of knowledge begin to produce indeterminacy and
ignorance rather than knowledge. There are many signs for such dynamic.

The European Society of Life Sciences states that “the annually published impact factors of the referenced
journals are averages based on many publications and publishing in a journal with a high impact factor does not
guarantee that each publication is cited equally often”. Critics of Hirsch index produce many data showing that the
index stimulates the establishment of networks of authors who cite each other. But that is not all. Prof. Georgi
Angelov emphasizes that a few years ago in the ranking of life sciences according to the indicator ‘number of
citations per one paper’ Bermuda was at the top, followed by Panama, Gambia and Gabon at the leading places.
This ranking may be contrary to common sense, but it shows what the rules for registration of citations are
capable of. Moreover, even if the rules were perfect, it is evident that the ultimate judgment of the scientific
relevance of performance can be manipulated in other ways. Therefore, deep doubts arise regarding the
adequacy of registration rules and whether they reflect only the scientific relevance of certain research results or
registration is influenced by other, poorly known (perhaps even - completely unknown) factors.

Professor Anne-Wil Harzing of the University of Melbourne focuses her analysis on the published by Thomson
Reuters Highly Cited Papers List covering 1% most cited papers in a given discipline in a given period and
illustrates the effect of the List with a case, which he called “super author”. The latter has collected 512 citations,
reflecting references to his work in 169 papers of other authors or networks of authors. Therefore, each paper
that has cited the super author has cited at least three of his publications. Although repeated references in a
paper to the work of one and the same author are not uncommon, more than three references seem pretty much.
Even more interesting is that citing authors form narrow and highly self-referencing clusters. Moreover, the
percentage of self-citation of the super author is also quite high - about 30%.

Professor Harzing wonders whether “this is a success story of a highly productive author or rather more complex
and disturbing story of systemic impact of a series of ‘innovative’ and in a sense - abnormal decisions that seem
to have the potential to change the very nature of the way in which scientists and the academic are perceived and
evaluated?” The question is of course rhetorical. The truth is that this is a system that allows rapid scientific
"successes" (respectively careers) regardless of the scientific validity and social relevance of the achieved
scientific results. In the center of the system stands a consolidated network for self-citation. Harzing also points
out the main components of the model of (self-) citations: a) exceptionally high proportion of self-citation of
journals - 85% of the 512 super author citations are in the same journal in which he himself has published his
works. As for his 10 most cited papers that percentage is 93. It is also quite interesting that his 10 most cited
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articles are not cited in other journals nor have only one citation; b) exceptionally high proportion of self-
citation of publishing companies. 94% of the 169 papers citing the work of the super author are from the same
publisher (Academic Journals). Only 10 citations were made in journals published by other publishers. Seven out
of these 10 citations were made in a journal from the network ANSI Network's journals (another publisher with
open access, which analysts consider "predatory"); c) mutual citation authors - you cite me, | cite you. Those
169 papers that cite the super author were cited in turn in other 165 papers. Only 7 papers out of those 165 do
not cite papers by the super author. Thus, 158 of these 165 articles cite both the super author and the papers that
have cited him.

It is especially important that ‘the cartel of citation’ managed to declare papers of the ‘super author’ an important
line of research (a research front) and the effect is the resulting implicit requirement - if you want to be a
successful scientist, follow the ‘front’ - either this one or some other that may be formed in the same manner.

Journals, Control and Deformation of Knowledge

It is often argued that the scientific quality of publications in journals with high impact factor is also very high
because the results proposed there are subject to precise and highly qualified reviewing. We have seen that this
statement can be deeply misleading and in many cases it really is. Indicators themselves really seem objective,
but the factors that determine the values of these indicators are hardly ‘objective’ - they may be subject to
targeted, ‘subjective’ effects i.e. to manipulation. Therefore, several observations suggest that, in fact, objective
evaluation is not achieved and that achieving such an evaluation is difficult.

When the selection of material for publication is heavily dependent on “political, social and cultural elements”, this
simply means that the journals perform selection depending on the ideological, political and cultural
predispositions of their editorial boards and reviewers they attract for their Peer Reviews. Hence, the judgment of
the reviewers and editorial boards of journals in the U.S. is so distrusted that even the Supreme Court has
registered this fact. But when the performance of scientists is evaluated according to its relevance to the
‘predispositions of publishers', the selection mechanism turns into a mechanism of control - censorship. Then the
selection of materials accepted for publication will not depend on scientific validity and societal relevance of the
results, but will depend on the ‘predisposition’ of selectors. This distorts the whole process of publication in which
some results become public with advantages arising not from their scientific value but from other factors.

When this distortion of the publication process is combined with the forced inclusion of scientists in it (and the
strong influence of successful inclusion on the evaluations scientists get and on their career), the result is clear -
the work of scientists is ‘distorted’ and more precisely - the process of creating knowledge is distorted.

In general, distortions in the selection and dissemination of knowledge (publication process) become distortions in
the production of knowledge - whoever wants to be published must produce results that meet certain extra-
scientific requirements. Therefore, scientific journals (and the strong requirements to publish therein) can play a
key role in the distortion of creating knowledge. And (especially in social sciences), the journals really play such a
role, moreover, there is strong interest in the intentional distortion of knowledge about societies. How far this gap
has gone, for example, between economic realities and dominant trends of economic analysis and the
consequences thereof, can be seen very clearly in the economic crisis since 2008.

The Bibliometric ACTA

Obviously, the impact factor and other bibliometric indicators are not at all sound and ‘objective’ indicators for
assessing the performance of scientists as it is claimed by their ‘promoters’. The latter are either ignorant or just
cheat, pursuing certain goals of their own.
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In fact, the above weaknesses in formation of bibliometric based evaluations indicate that the new system for
performance evaluation of scientists has great potential to enhance control over the research and with this to
cause an extremely negative trend for the substantive evaluation of scientific validity and relevance as well as of
the social usefulness of scientific results to lose its significance and be replaced by indirect and subject to
manipulation ‘objective’ indicators that can direct the creation of knowledge even at supranational level. As a
result, scientists and scientific communities ‘adapt’ to the demands made on them (and take advantage of their
weaknesses); research careers are less and less dependent on achievement and are more and more developed
under the influence of surrogates, which in turn reflect the influence of other factors of non-scientific nature
(mostly - expectations and predispositions of those who control the journals).

Sokal's hoax is not an isolated case and reveals the effect of a comprehensive mechanism for biasing the
process of dissemination of knowledge.

It is not hard to notice three main tiers in the system of control over the production of knowledge. At the first tier
(individual scientific institutions) a central role play the statutory systems for individual performance evaluation
scientists — appraisals based mainly on bibliometric indicators related to their publication activity. The second tier
comprises evaluation of the scientific organizations themselves. At this level governments (respectively -
ministries) create a regulatory framework for a national system for performance evaluation of scientific institutions
- universities and research centers. Both the national and the individual systems have the same pillars -
bibliometric indicators. The third tier is supranational and covers all countries that have joined the system. At this
level operate international scientific journals with various rating (especially those with high and very high impact
factor). An important component of this level is a private rating agency, which gains tremendous opportunities to
control the creation of knowledge as it ultimately decides what knowledge (which results) will receive the stamp of
scientific validity and which will not be validated. Thus, a private corporation may determine the main directions in
which knowledge will be created; the structure of this knowledge; the results that are acceptable or not — and
against criteria only they are aware of.

Since practically they will issue certificates of scientific validity of research results and will control and direct the
creation of knowledge, private rating corporations usurp (monopolize, ‘privatize’) a function with fundamental
societal importance - the function to determine the development (direction of progress) of knowledge and the
structure of general knowledge — the shares of individual sciences and the knowledge they create within this
structure; the share of the different directions in various sciences and sub-disciplines and also - what will be the
impact of different paradigms, theories, empirical data etc.

The three tiers are connected in a complete system through the same indicators. Since high scores at the first
two levels (organizational and national) receive only those scientists and scientific organizations that have been
approved at supranational level (i.e. publish in prestigious selected journals), it could be said that it is over-
centralized system for controlling and directing the production of knowledge.

This system is essentially an analogue of the famous Anti-Counterfeiting Trade Agreement (ACTA) - a large
scale system possessing capacity for control and restriction of freedom?, but in our case — for control, direction
and restriction of knowledge creation and especially — restriction of social knowledge. It is natural that such a
system raises concerns.

Not only the components of the system described above raise concerns, but also the way in which it is being
deployed - in parts, at the different levels, quietly, not described as a complete system, without an explicit formal

1 The initiators of ACTA pretended to establish international standards for intellectual property rights enforcement. Additionally, this
international legal framework aimed at creation of a new governing body outside existing forums.
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document (as was the ACTA) that officially states: “we are setting a new system for evaluation and steering the
development of science and knowledge, the reasons for its introduction are these, we expect to obtain the
following effects of its introduction”. Instead, the system is developed silently, in the dark and the participants see
only the parts of the whole, but do not link them together. At the ministry is developed a document for a national
evaluation of research units (naturally - based on impact factors and citation indices); at universities and institutes
is introduced a system of individual appraisal (again - impact factors and citation index) and at supranational level
is created the mechanism that forms the indicators i.e. will issue certificates for proper science and correct
knowledge.

Side Effects of the System - Deformations of the Publication Field
The bibliometric evaluations raise certain deformities in the publication field.

A) The emergence of "predatory journals”. One particularly deformed phenomenon that arose from a
hypertrophied role of bibliometric-based evaluations is the emergence and rapid growth of ‘dark sector’ journals
(predatory journals), whose main purpose is to profit from the pressure that is exerted on scientists to publish as
much as possible in foreign journals. The system for performance evaluation of scientists and the results thereof,
literally push scientists to these journals. A practice was born as a result, called "bait-and-switch" - scientists
receive attractive invitations to publish in a journal, but then it becomes clear that they have to pay considerable
sums for publication (reasons for asking for payment are different). Particularly easy victims are scientists from
peripheral countries, where the pressure through requirements for publications in foreign (mostly - international
and therefore ‘by definition’ - prestigious) journals is particularly strong. A typical example: “Nigerian scientists are
particularly pleased with these invitations because the National Universities Commission (NUC) now require for
promotion of lecturers to status of professors to publish some of their work in international academic journals”.
And of course add that the requirement affects very badly the Nigerian academic community. The same could
easily be written for the Bulgarian academic community and for any other community that is placed in similar
circumstances.

Of course, these journals publish everything that has been duly paid for and are less concerned about the
adequacy of the knowledge that comes through in their published articles. Scientists report the case of a teacher
at the Benue State University, who in an interview with The Guardian (Guardian, July 28) announced that in an
article published in a scientific journal he presented a solution to a 262 - year old math puzzle. As it turns out, the
journal (its editorial board and reviewers) was not very concerned about the trustworthiness of the proposed
solution.

However, even very sound journals that do not belong to the above group ask their authors to pay some amount
to provide open access to their publications. This request has a very good reason and it can not be seen only as
a ‘deviant behavior’ of journals. But this practice still shows how scientists are burdened with costs when
publication activity becomes of too high importance for their valuation and becomes incumbent upon them.
Moreover, as the number of citations depends on access, paying for open access ultimately affects the evaluation
of the scientist. And this factor in the evaluation is definitely of no scientific nature. Naturally, the ‘most cited’ are
the most solvent and solvent are those who have access to generous funding (projects). In turn, access to
projects (Bulgarian experience is a good example) is often organized in a special way for special players,
especially in the social sciences.

B) Scientific journals that are designed to meet the new requirements. Cases as the above are not found
only in the journals - money making machines. The binding nature of ‘bibliometric evaluations’ in combination with
their strong influence on the careers of researchers may give rise to similar effects in ‘normal’ journals designed
for other purposes. For example, in the literature we find the case of Journal of Applied Pharmacy, published by
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Intellectual Consortium of Drug Discovery & Technology Development from Saskatoon (Saskatchewan). The
journal is not a money making machine, but was set up by Pakistanis living in Saskatoon to help Pakistani
scientists to gain the necessary levels of ‘bibliometric indicators’ that are required by the Higher Education
Commission in Pakistan. The journal became famous because of the case of a young and very active researcher
who achieved very high ‘bibliometric values’ through articles published in that same journal. A review of her
articles, however, showed extensive repetitions in "various articles" and "borrowings" whose sources were not
indicated. In one of the articles the author in question claimed that some plants were not harmful and even had
beneficial effect, but the problems in her own publications have led scientists to doubt whether her scientific
‘discoveries’ could be trusted. And what might have been the consequences if they were? Obviously, such
practices can create a false scientific validity and relevance of the achievements of a scientist.

C) Prestigious journals and their rating. The main prerequisite for the occurrence of the above problems in
publication of scientific results is that the impact factor of journals could be subjected to manipulation and, as
shown by numerous observations, these opportunities are widely used. Even journals that do not fall into the
above two categories and are considered prestigious use them - staggering facts of such falsifications have been
found and at that for journals in the area of exact and life sciences. The above mentioned experiment conducted
by the Australian Academy of Science is clear evidence of such deviations associated with the use of ‘objective’
bibliometric indicators in the field of mathematics. And what happens in the journals in the field of social
sciences? The same, of course, but it is many times worse.

D) Forgetting the overall aim

The dissemination of research results through ‘high prestige journals’ is prone to adopt an increasing profit
orientation that transforms the publication area into a large-scale private industry. The tendency is definitely in
incompliance with the fact that many of the journals in one extent or another is supported by donations. This
criticism is made by no other than The Economist [14 April 2012], which poses the question why funds from
donations are used for the formation of a large private industry making profit. The criticism of "The Economist"
highlights the important role played by private corporate body (e.g. Thomson Reuters Corporation) in the
maintenance of database on registration (counting) of publications abroad and the citations networks.

Actually, The Economist points also to another, more important issue that ‘promoters’ of the performance
evaluation system of scientists have forgotten - that the knowledge created in social sciences should be freely
available to the public and not a commodity used for making huge profits because in this way it becomes difficult
to access (R. Merton long ago paid attention to this already well-forgotten fact). Transformation of social
knowledge into such commodity not only transforms the process of production of knowledge on society but also
distorts the knowledge itself. Distorted knowledge raises inconceivable serious consequences because in its
essence it is intentionally generated and maintained ignorance and non-knowledge.

The above stated explains why the striving to replace the system of direct and substantive evaluations of created
knowledge with ‘bibliometric’ surrogates gives way also to the usual effect (and indicator of problems in science) -
a growing number of scientific fraud. These have always existed, but in the recent decades they grew explosively.
There is an abundance of cases like the one with A. Sokal or the teacher, who solved the 262 - year-old
mathematical puzzle, or the mentioned assertive worker on the scientific front, lavishly publishing the inventions
of the medicinal properties of various plants.” But an increase in fraud is still the lesser trouble - these are subject
to relatively easy detection. The big trouble is another one - creation of social mechanisms for systematic control

1 Disclosure of such fraud began to affect individuals with academic degrees from the highest ranks of political power — such scandals
caused a sensation in Germany.
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and distortion of knowledge continues - particularly in the social sciences, and these mechanisms are difficult to
identify and the consequences are severe.

Social Sciences - a Particularly Vulnerable Field for Bibliometric Evaluation

Undoubtedly, the above-described system presents a serious threat to all sciences, to the knowledge created and
to society that use that knowledge. This threat is particularly strong for social sciences and the knowledge created
by them, because of their high vulnerability to such a system. And it is no chance that social sciences are
considered the most inappropriate field for use of bibliometric evaluations - that has been emphasized both by
scientific organizations, and individual researchers. As main reasons for social sciences’high vulnerability can be
pointed as follows:

A) Unlike other sciences the knowledge generated in the social sciences can influence directly and strongly to
social change and sustainability of the social order. Therefore, these sciences are exposed to particularly strong
interest in the control of the created knowledge and control inevitably and automatically distorts the created
knowledge. Thus emerged a specific model of development of social sciences, which may be called Preventive
Model, because its nature is to adapt the creation of knowledge to requirements for stability of the social order by
controlling and limiting the creation (and dissemination, transfer) of knowledge on certain aspects of social
realities. The model covers all social sciences but it is especially noticeable in sociology, the most general social
science. Preventive Model includes several components: the internal structure of science, the activity of specific
groups of scientists, external influences on the process of knowledge creation (scientific policies turned the social
sciences into Cinderella in the family of Sciences).

The traces of interventions through which the model was built are particularly evident in the internal structure of
sociology (the set of paradigms, theories (present or missing), approaches, principles, sub-disciplinary structure,
the rules of scientific work, including methods of validation (recognition of results of research), mechanisms for
evaluation, and therefore - for the development of the scientific careers of researchers, etc.). These components
comprising the science itself have gradually been constructed in such a way that science create knowledge
maintaining the protective shell of non-knowledge about key aspects of social realities. Thus, through the very
instruments for creating knowledge, knowledge has been actively restricted (ignorance supported) on the central
aspects of societies.

B) Due to the above, in social sciences are particularly well developed and are unusually active groups of
scientists whose primary role is to support the creation of “appropriate” knowledge, which stabilizes the social
order. It is they who steer the mainstream of research and they are the main reason that made Norbert Elias to
notice long ago that sociologist experiencing some ‘inexplicable love’ to the existing social order. Today these
groups form particularly strong 'clusters (cartels) of citation’ and are particularly clearly visible in the face of so-
called ‘think tanks’. No less dangerous form of their existence are also the informal networks in research
organizations. Bibliometric evaluations are especially beneficial for these groups as they are able to not only act
as cartels of citation, but to use the support of special scientific journals and external financing bodies.
Academics, who do not belong to the network of cartels will be quickly forced to join in the game, otherwise they
will end up with lower grades than the members of these structures;

C) Compared to other sciences, social sciences have less possibilities (approaches, criteria, procedures) for
verification of the scientific validity of created knowledge and are therefore less ‘protected’ against major
distortions thereof. This gives an unusual freedom of all ‘guiding influences’ - policies, publishing institutions,
networks of cartels of citations etc.
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D) The above characteristics have given rise to specific “Standard Model” of social research, spotted by
Reynolds, Turner and many others. Steven Pinker also emphasized on the existence of standard model of social
research and indicated the main effect of it: “Leading social researchers can say any nonsense as long as they
conform to the standard model of the social sciences. .... hard to believe that the authors believe in what they say.
Statements are made without regard to whether they are true. They are part of the Catechism of the century. ...
Modern social comments remain based on archaic concepts ...“ [Pinker, S. 1997; p. 57]. The model expands and
‘normalizes’ an effect, which the economist (and Nobel Prize winner) Herbert Simon had long ago noticed and
discussed - the production of knowledge about secondary, minor issues i.e. irrelevant, useless, unnecessary,
contradictory and uncertain knowledge (Note 2). Recently (April 19, 2012) The Guardian identified the same
problem again. Looking through the site of the British Sociological Association, the author of the article found that
there was not a single message related to the crisis in the EU and UK. Instead, the Association has published the
‘fundamental results’ from a study that “older bodybuilders can change the way young people perceive those who
are older than 60 years.” The author of the article has also checked the sites of three journals with quite high
impact factor: American Sociological Review, Sociology (the leading sociological journal in the UK) and the British
Journal of Sociology, having run a search on the keywords "finance", "economy" and "markets" for the entire last
decade. In ten years, the first magazine has published 9 articles (another question is what exactly they contained)
in the second were published 3 articles containing these keywords and in the third - one. In short, the three
journals and have not been able to publish anything substantial on the issue that is essential for whole Europe.
The central problem is referred to in the title of the article: “The Crisis is a Failure of Academic Elites”.

Exactly here are the roots of other problems noted by risk analysis — the already mentioned generation of
ignorance and the ‘politicization’ of knowledge; the falling behind of social sciences in comparison with others; the
crisis of sociology; the emergence of a rift between the social realities and their scientific representations.

Therefore bibliometric evaluations are not able to restrict the creation of low quality, socially irrelevant, lacking in
capacity for positive social functionality (even meaningless) knowledge. Moreover, such knowledge can be
considered as knowledge with a reasonable degree of scientific validity and positive social relevance precisely
because of the hypertrophied use of ‘bibliometrics’. As pointed out by the said article into The Guardian -
scientists embroider pieces for prestigious journals while a deep crisis shakes societies that scientists are called
to study.

The above leads to the conclusion that bibliometric evaluations expand and institutionalize the Preventive Model

for control over the created knowledge and therefore have the potential to further deteriorate the situation of
social sciences. This in turn gives rise to unknown threats to society.

Conclusion: Threats to Societies

The widespread opinion that the financial and economic crisis is a failure of the academic elites was confirmed by
the same academic elites on a special occasion, which quickly became known throughout the world. Visiting the
London School of Economics the Queen of Britain asked why scientists have failed to foresee the crisis.
Professors from the School failed to answer at the moment, but in the ensuing debates, one of them gave the
obvious answer: “People do what they are paid for.” This brings to the front the issue of the elaboration of science
policies and research programs that fund research irrelevant to the most important risks to society.

The case is just a small example of a bigger trouble - these policies, together with the factors considered above
have caused the ‘discrepancy’ between social research and knowledge on the one hand, and social realities
(including the most acute problems of societies) on the other hand. This societal irrelevance and futility of the
leading mainstream of social analysis is extremely dangerous phenomenon - it simply means that the connection
with social realities is lost, i.e. societies do not have enough knowledge about themselves. And the loss of such a
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connection contributes to the stabilization of the social order, but on the other hand gives rise to decline in the
rationality of societies, understood as the capacity of societies to identify risks in time and to set up adequate
systems to neutralize them, to achieve development and to expand the boundaries of dignified human life.
Therefore, the natural result of the decline in capacity to cope with risks is a blast of risks and the damage they
cause to individuals and societies (Note 3).

Introduction of bibliometric evaluations in social sciences seems to be further enlargement of the control over
sciences and knowledge and its effects will further aggravate the already very serious situation in the social
sciences and the threats it poses to the societies themselves.

Therefore, it is the duty of the organizations of scientists, especially in the field of social sciences to warn
societies about these dangers and make the necessary efforts to reduce them.

Notes

Note 1 The historical milestones that marked the recognition of the fact that control over knowledge is essential to
control societies are well visible. Only a few names are sufficient to outline the gradual awareness of the potential
practical use of control over knowledge to stabilize the social order: from Machiavelli (who clearly understood the
importance of social differentiation of knowledge - the secret to maintain and exercise power); through Bulenvile
(who expanded the idea, stressing the importance of control over knowledge to preserve power), Nietzsche (who
was convinced that the "will to knowledge" is only a "will to power") to the explicit statement of social scientists
published in scientific journal in the middle of the 20th century that "ignorance can be useful and potentially
positive for maintenance of the social order" [Wilbert and Tumin, 1949].

Note 2 H. Simon gives the example of establishing a correlation between the number of unmarried older women
in rural areas and yield clover crop. It was found that older unmarried women in rural areas often keep cats, cats
hunt field mice and field mice feed on bumblebees that pollinate clover. Thus a larger number of older single
women is associated with a larger number of cats, less mice and higher yield of clover seed. The conclusion was
that possible decline in the production of clover must be assessed before decisions are made for payment of
benefits on marriage or family allowances in rural areas. Simon points out that such knowledge should be
rejected and restricted because it creates unnecessary ‘noise’ hampering and even misleading the making of
adequate decisions [Simon, 1957].

Note 3 A typical examples: almost immediately prior to the crisis of 2008, Citigroup ordered a large-scale survey
aimed to determine whether the ongoing concentration of income is not in any way a threat to the stability of the
financial system. Researchers noticed that in many countries about 20% of the population receive a significant
portion of the income and have a decisive influence on the dynamics of saving, investment, on the structure of
consumer spending, and therefore — on the market and production, i.e. - on the whole economic dynamics. Yet
the conclusion from these observations was that there was no danger to the banking business, and the
researchers explicitly acknowledged that they were not guided by any moral judgments.

The financial crisis occurred shortly after the completion of the survey. When the property market crashed,
venture securities suffered billions in losses - 27.7 billion for Citigroup and had to ask for 45 billion from the
Federal Reserve. The corporation shares collapsed by 77% in one year. Shareholders suffered losses of 700
million dollars. In October 2007, one share of Citigroup was worth 47 dollars. But in 2009 the price was already 2
dollars. Because of the losses, the shareholders brought a claim and sentenced Citigroup to pay them 590 million
dollars.
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APPENDIX

EUROPEAN PHYSICAL SOCIETY RECOMMENDATIONS
On the use of bibliometric indices during assessment, V - 11 June 2012

Recent years have seen quantitative bibliometric indicators being increasingly used as a central element in the
assessment of the performance of scientists, either individually or as groups, and as an important factor in
evaluating and scoring research proposals. These indicators are varied, and include e.g. citation counts of
individual papers published by researchers; the impact factors of the journals in which they publish; and
measures that quantify personal research contributions over an extended period such as the Hirsch Hindex, and
variants with corrections such as the G-index.

Although the use of such quantitative measures may be considered at first glance to introduce objectivity into
assessment, the exclusive use of such indicators to measure science “quality” can cause severe bias in the
assessment process when applied simplistically and without appropriate benchmarking to the research
environment being considered. Funding agencies are aware of this, nevertheless experience shows that the
reviewing of both individuals and projects on the national and European level is still relying excessively on the use
of these numerical parameters in evaluation.

This is a problem of much concern in the scientific community, and there has been extensive debate and
discussion worldwide on this topic (see for instance [ARC, 2010]).

Since the very first applications of bibliometric indicators in this way, scientists and science organizations have
taken strong positions against such purely numerical assessment. Various organizations in Europe have
published studies on their potential adverse consequences on the quality of funded scientific research. A prime
example is the publication of the /Académie des Sciences of the Institute de France /that has presented clear
recommendations on the correct use of bibliometric indices [Bibliometrie, 2011]. Other publications have
addressed the role of peer review in the assessment of scientists and research projects e.g. the European
Science Foundation /Peer Review Guide /published in 2011 [ESF, 2011] with recommendations for good
practices in peer review following an extensive European survey on peer review practices [ESF, 2011a]. Other
recent examples are a study of peer review in publications by the Scientific and Technology Committee of the
House of Commons in the UK [STC, 2011], the peer review guide of the Research Information Network in the UK
[RIN, 2010] and the recommendations formulated at a workshop dedicated to quality assessment in peer review
of the Swedish Research Council [SRC, 2009].

A common conclusion of these studies is the recognition of the important role of PEER REVIEW in the quality
assessment of research, and the recommendation to apply bibliometric performance indicators WITH GREAT
CAUTION, and only by peers from the particular discipline being reviewed.

The European Physical Society recognizes and takes note of these recommendations for unbiased assessment
procedures, and emphasizes in the following those aspects that are particularly important (in some cases unique)
in the context of the assessment of the performance of the work of physicists, and of the quality and originality of
physics research projects.

1. Evaluation should exclusively be carried out by peers, who must be independent and must have no conflict of
interest with the evaluation process. They must strictly respect a published code of conduct. Whilst recognizing
the role of confidentiality in some forms of peer review, the names of evaluators should normally be made public,
either before or after the assessment procedure as appropriate to the evaluation being carried out.

2. An unbiased assessment of the scientific quality of individual researchers or their projects using bibliometric
indices must take into account many factors such as: the scientific content; the size of the research community;
the economic and administrative context; and publishing traditions in the field. Publishing habits and traditions
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significantly vary between different fields of physics research, and are reflected for example in areas such as the
name order in the list of authors and the particular choice of the journals in which to publish. A special example is
publishing in the field of physics with large facilities where traditions are very different from many other fields. For
example, accelerator physicists publish their work essentially in conference proceedings, while only a small
percentage of their work appears in peer-reviewed journals. Another example is the publication policy of the large
collaborations of physicists in the field of experimental particle and astroparticle physics. These collaborations
apply strict procedures for the assessment and endorsement of results by every member of the collaboration prior
to the internal publication of results. The external publication of results is also endorsed by the full collaboration.
As a consequence of this policy, their articles in refereed journals often have long author lists published uniquely
in alphabetical order.

3. The annually-published impact factors of refereed journals are averaged over many papers, and publishing in a
high impact journal does not guarantee that every individual article is equally highly cited. Such quantitative
measures based on the number of publications and/or citation statistics of researchers are one aspect of
assessment, but they cannot and must not replace a broader review of researchers’ activities carried out by
peers.

The European Physical Society, in its role to promote physics and physicists, strongly recommends that best
practices are used in all evaluation procedures applied to individual researchers in physics, as well as in the
evaluation of their research proposals and projects.

In particular, the European Physical Society considers it essential that the use of bibliometric indices is always
complemented by a broader assessment of scientific content taking into account the research environment, to be
carried out by peers in the framework of a clear code of conduct.
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TOWARDS A NOVEL DESIGN OF CREATIVE SYSTEMS

Vladimir Jotsov

Abstract. The topic of the presented investigation is the automation of creative processes via one Synthetic Mata
Method (SMM) and few analytic methods considered in the paper and used under SMM control. The prevention
of contemporary web threats is discussed at an agent/application level. Advantages and disadvantages of
synthetic data mining methods are investigated, and obstacles are revealed to their application in contemporary
systems. Novel results for juxtaposing statistical vs. logical data mining methods aiming at possible evolutionary
fusions are described. Recommendations are made on how to build more effective applications of classical
and/or presented novel (meta) methods: SMM, KALEIDOSCOPE, FUNNEL, PUZZLE, and CONTRADICTION.
The usage of ontologies is investigated with the purpose of information transfer by sense. Practical aspects of
agent applications, intrusion detection, intrusion prevention, cryptography applications, multiple software and
other research results are mentioned aiming to show that intelligent and classical technologies should be carefully
combined in one software/hardware complex to achieve the creative goals. It is shown that all the demonstrated
advantages may be combined with other known methods and technologies.

Keywords: automation of creative processes, human-machine brainstorming methods, knowledge discovery,
data mining, web mining, ontology, information security systems, intrusion detection, intrusion prevention, human-
centered systems, knowledge management, agent, collective evolution.

1. Introduction

There exist a plenty of philosophy - or psychology-based research on creative systems [1] but the technically-
oriented papers like [2] are rather scarce. On the other hand, creative systems are welcome to the field where
contemporary statistical, data mining, web mining systems are still not efficiently used, especially in the dynamic
environments of information security systems. Methods which in my opinion are essential to every creative
system or to next generation knowledge discovery system are discussed. One of them, a conflict resolution
method, allows the agent or other application element to be really autonomous or reinforces the possibilities of
the contemporary systems.

Contemporary Information Security Systems (ISS) and especially the web-based systems represent a wide field
for applications of modern creative methods and technologies. The need to create sufficiently effective and
universal tools to protect computer resources grows every year in systems for detection and prevention from
intrusions (Intrusion Detection Systems IDS, Intrusion Prevention Systems IPS). For this reason different
applications of intelligent data processing are initiated based on a combination of methods from statistical and
logical information processing [3, 4]. Other elaborations with growing influence in this domain are artificial immune
systems and multiagent systems [5, 6]. The unifying factor is the longer life cycle, elaborations require bigger
teams and time for introduction. Due to the complex structure the prevention from direct attacks against these
systems is very challenging.

Modern applications of statistical methods are effective and convenient to use at the expense of information
encapsulation. In other words, it is impossible to construct tools to acquire new knowledge or to solve other
problems of logical nature in this area. If we split methods in two groups (quantitative and qualitative) then
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statistical methods belong to the first group and logical ones belong to the second group. For this reason, their
mechanical union is of no perspective. We do not attempt to propose any isolated solutions; instead we offer a
combination of novel methods that is well adjustable to the existing ones. Our research includes a new
evolutionary meta-method for joint control of statistical and logical methods where the statistical approach is
widely applied on the initial stage of the research when the information about the problem is scanty and it is
possible to choose the solution arbitrarily [7]. The accumulation of knowledge makes logical applications more
and more effective and more universal than the probabilistic ones, as well as fuzzy estimates and similar
applications. The paper introduces the SMM (Synthetic Meta-Method) meta-method to control the process of
consecutive replacement of applications by other ones and is synthetic by nature. The difference from the
classical analytic methods is in the fact that the design of systems controlled by synthetic (meta) methods is not
just science, sometimes it is an art. If we make an analogy with the set of traditional methods and fashion clothes
then the synthetic method will apply the design of the display window with the fashion clothes. In the common
case during intelligent data processing, there is no convergence of the results but this does not hamper practical
applications of these systems. In other words, bad and good designers will arrange the display window in quite
different ways and there is no guarantee that every user understands the technology and that his access to the
system will have positive results.

The cited innovations are made and demonstrated here for the following reason. The problems presented above
show that there is a need to introduce elements of machine creative work in ISS. It is demonstrated in the paper
that this goal is accessible, if the usage of possibilities for human-machine contact and a set of comparatively
simple intelligent technologies are done in the right way. On the other hand, the innovations can hardly be
described in a single paper using the traditional academic style. For this reason, in the paper we avoided when
possible the technical details and formalizations, and for the sake of the contents reduction descriptions by
analogy are used, illustration visual aids and other nonstandard approaches.

How can security agents operate autonomously? In the first place this is because of the usage of neural networks
where the agent most conscientiously copies the acts of the teacher. At that the agent itself does not understand
the sense of teacher's transfer of knowledge; it operates as universal approximator instead. It is shown
schematically at Fig. 1 in the following way.

~

Figure 1. Approximation of teacher’s activities

Teacher's acts are principally presented as a dotted curve. The neural network approximates this curve via a
continuous line on the same figure; the deviation between the two lines must not exceed 3%. One of the main
disadvantages of this approach is related to the necessity the agents in ISS to apply the learned knowledge in a
rather creative way because frequently they operate in unexpected by the teacher situations. And as they are
poorly trained or they are not at all trained how to act in unexpected situations, this approach as a whole is not
very effective in its classical appearance. The presented approaches in anomaly ISS are combined with statistical
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applications which count for the normal traffic and other mean statistical values related to the operation of the
guarded place. In Fig. 2 this process is schematically shown in the following way.

S
Figure 2. Anomaly detection

The normal traffic is presented via a continuous line and the dotted line shows a case with drastic deviation from
the normal traffic which is considered as an anomaly and it is analyzed whether it is a consequence from an
intrusion. One of the disadvantages of this approach lies in the fact that intruder(s) know the principles of
operation of such systems and they can fit’ in the constraints of the normal traffic.

There is a variety of other applied approaches when the system is overloaded by heuristic information but they
are not discussed here due to their evident weakness for ISS.

Here we introduce a new way for agents’ operation. Best of all is the usage of ontologies to model the domain but
this is not obligatory. On the other hand, as it is shown in the next section, the multiagent system functions more
effectively if a system of ontologies is included.

But ontologies also do not contribute to a great extent in order to understand the sense of matters by the agents
or with respect to transmit the sense of matters during communications between the agents. On the way to
produce an analogy to how agents think we offer evolutionary methods to process data or knowledge because
thinking (and understanding) is an evolutionary process. The problem is how to direct evolutionary methods with
no exaggerations of heuristics, statistical information and other relative methods. Our approach is rather
untraditional. We have elaborated for more than twenty years methods to detect and to resolve contradictions. A
method for machine learning is built based on them. Searching and solving conflicts and contradictions the agent
improves its knowledge and at the same time it may solve other problems. Detection of contradictions is based on
using models of contradictions that can also be improved gradually. The agent may request an external help to
solve the conflicts but this takes place only in extraordinary situations. At the same time it is shown how to
change the reasoning component of security agents. Different logical methods are used that are rather analogous
to means-ends analysis, constraint satisfaction, variable fitness function, brainstorming, and cognitive graphics.
The combination of new methods to a great extent mechanizes creative efforts and also it serves agents’
operation to improve the abilities of security experts working with similar types of systems.

Suggested innovations serve the more effective application of data mining, Web mining, collective evolutionary
components in multiagent systems. They are very well combined especially for applications of evolutionary
approaches with classical neuro-fuzzy, statistical applications, genetic algorithms, and etc. methods for the
domain. For example such systems critically accept teacher’s acts in cases of supervised learning (Fig. 3): they
may precise or argue teacher’s acts and in this way they can learn more effectively and deep.

A wide application of intelligent agents is forecasted in the field of information security systems. This will lead to
the situations when the agent has no possibility to learn from the expert (teacher) but should swiftly learn from
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other agents or should self-learn without teacher. Then the role of the above considered critical learning will
significantly increase.

Knowledge
Conflict ?

Figure 3. Example of supervised learning by using critical analysis

2. Synthetic Methods: a Necessary Background to Future Creative Systems

A synthetic meta-method (SMM) is elaborated and applied aiming at application of a set of ‘creative’ elements in
agent environments. They work most effectively as a system, but even particular elements of them, let's say,
applied in semantic reasoners, are proved to be very useful. Their principles are easy-to-be explained: bind the
unknown knowledge from the goal with the knowledge from the knowledge base, apply a flexible contraint system
to manage a system of variable fitness/goal functions, make the goals automatically via self-improvement of the
existing knowledge, etc. The consize goals are better applied in the intelligent agents. The set of methods
necessary to every creative system is considered in this Section. The coordination activities under the control of
SMM is discussed in Section 3. Ontologies and other applications are represented in Sections 4 and 5.

2.1 PUZZLE Method

The basic methods of the suggested meta-method SMM are presented below. Let the constraints connected to
the defined problem form a line in the space described by the equation (1).

X-X; _y-Yi _ z-2 )]

X2 =Xy Y2—Yu Zy, —7,

For example if a bachelor who has graduated our university SULSIT lives in Sofia and he/she does not want to
work anywhere else, then the line restricts the search space and in this way a lot of unnecessary work is avoided.
It is also possible to inspect a case when the constraint is defined as a type of surface but as a result a more
general solution is obtained where a special interest is provoked by the boundary case of the crossing of two or
more surfaces. When the common case is inspected in details, then in the majority of cases the problem is
reduced to exploring the lines of type (1) or to curves with complicated forms obtained as a result of crossing
surfaces by constraints. Therefore, below we investigate the usage in systems of constraints by lines of first or
higher orders.

If the mentioned curves have common points of intersection and if they lie in a common plain so that a closed
figure (triangle, tetragon, etc.) is formed then the search space is significantly reduced and it is searched much
easier. The practical usage of the classical technology, as well as the constraint satisfaction, is complicated by
the following. The viewed plains are not only nonlinear in the common case but they also include fuzzy estimates.
The usage of fuzzy logic significantly raises the algorithmic complexity of the problem and it can make the
application ineffective. Even when the usage of constraints significantly reduces the number of the inspected
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solutions, for example up to 10, this does not mean that the problem is solved and that all that must be done is to
explore the possibilities one by one.

Let's admit that ki € K are the elements of the solution, or, same, of the objective goal G, and w(k;) are the

weights of the elements on the condition that the weight of the goal equals to one. In different situations a
concrete measure is chosen and that is why the order of weights’ processing is different. A popular example is
measuring the length to the goal and then w(k;) equals to the length of the piece ki from the segment G. Then S

from the next formula shows the reliability of the inference 'G is true'. If ki e K are continuous values then there

integral calculus must be applied:
>k,

5= 1—lei

It follows from the above formula that the bigger part of the goal G is confirmed by the knowledge, the easier is
the goal confirmation. The detection of point of intersection between the available knowledge and the unknown
goal uses an original method of the PUZZLE that binds the unknown knowledge (the goal) to the known
knowledge (the accumulated up to the moment information).

The following example below shows how the search process is reduced via using ontologies. Let's admit that the
search space is presented on fig. 4 where statistical data about ISS are generalized about the regions depending
on their price and quality. It is necessary to select an acceptable ISS to our project.

In fig. 5 a subset of feasible solutions is chosen without ISS designed outside Europe. The space of feasible
solutions is to the left of the separating surface that is depicted on the figure in blue color.

In fig. 6 another surface in green is shown delimiting the search space of the solutions. In our case it is ‘systems
with unknown principles of operation’. It is accepted that in the data bases there is no clear distinction related to
the presented criteria so the search of the feasible solutions is nonlinear of high dimensionality and practically it
cannot be solved using traditional methods. Nevertheless, by applying ontologies analogous to the ones from the
previous section the problem is solvable via the PUZZLE method.

Quality

Quality

Price Price

Region

Region

Figure 4. Example of a space of solutions Figure 5. Nonlinear space division(s) of the region
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There are two red dots on the same fig. 6 in its left corner. Each of them is a kind of constraint but of another type
which we name a binding constraint and it is introduced by us. Its semantics is the following: it is not a solution
but it resides close to the searched solution. For example we have the information that Fensel’s elaborations are
a good solution to the problem and that they define the left dot; the right dot has semantics of some other type. By
introducing new constraints, our goal is to show that it is possible to use causal links that are different from
implications.

Quality

Price Price

L. .
Region Region

Figure 7. Two nonlinear intersections best executed by

Figure 6. Binding and other constraints . .
using ontologies

The same situation is presented on fig. 7 but some of the solutions are absent and this is evident in comparison
to the images from the previous figures. It will be demonstrated below that the pointed incompletenesses are

often met often and, even in this situation which is an obstacle for other existing methods, we offer an effective
solution. In Section 3 it is discussed that the nonlinear surfaces could be efficiently represent by ontologies.

2.2. FUNNEL Method

Below, we discuss in brief the next proposed FUNNEL method. Fig. 8 presents the main elements of the method:
a system of constraints in the form of a funnel around a center which is a goal (fitness) function which points to
the desired direction for information output or to search for new knowledge.

Figure 8. A funnel-type system of constraints
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As it is evident, the goal of this method is the gradual narrowing of the space of the feasible solutions, together
with the progress of the dynamic information processes. Usually the FUNNEL method operates properly when
combined with the other methods introduced here and that is why its peculiarities are viewed in detail in the next
section where the interactions between the methods are examined. For example, it is convenient to concentrate
on fig. 7 shown above over one of the peek values of the diagram by fixing a funnel above it.

2.3. Conflict Resolution Method and its Machine Learning Applications

Any lack of collaboration in a group of agents or intrusion could be found as an information conflict with existing
models. Many methods exist where a model is given and every non-matching it knowledge is assumed as
contradictory. Let's say, in an anomaly intrusion detection system, if the traffic has been increased, it is a
contradiction to the existing statistical data and an intrusion alert has been issued. The considered approach is to
discover and ftrace different logical connections to reveal and resolve conflict information. The constant
inconsistency resolution process gradually improves the system DB and KB, and leads to better intrusion
detection and prevention. Models for conflicts are introduced and used, and they represent different forms of
ontologies.

Let the strong (classical) negation be denoted by ‘—" and the weak (conditional, paraconsistent) negation [8, 9,
10] be *~. In the case of an evident conflict (inconsistency) between the knowledge and its ultimate form-the
contradiction-the conflict situation is determined by the direct comparison of the two statements (the conflicting
sides) that differ one from another by just a definite number of symbols ‘—’ or *~’. For example: A and —A; B and
not B (using — equivalent to ‘not'), etc.

In the case of implicit (or hidden) negation between two statements, A and B can be recognized only by an
analysis of preset models of the type of (2)

{U}n: A, B, 2
where 1 is a type of negation, U is a statement with a validity including the validities of the concepts A and B, and
it is possible that more than two conflicting sides may be present. It is accepted below that the contents in the
figure in brackets U is called unifying feature. In this way, it is possible to formalize not only the features that
separate the conflicting sides but also the unifying concepts joining the sides. For example, the intelligent

detection may be either automated or of a human-machine type but the conflict cannot be recognized without the
investigation of the following model

{detection procedures}[—: automatic, interactive].

The formula (2) formalizes a model of the conflict the sides of which unconditially negate each another. In the

majority of the situations, the sides participate in the conflict only under definite conditions: 1, y2, ...xz.

- * - * ok - (3)
{Ulm: AvAz,. A <™ ™. x>,

where y~ is a literal of y, i.e. x~ =y or y~ =ny, * is the logical operation of conjunction, disjunction or

implication.

The present research allows a transition from models of contradictions to ontologies [11] in order to develop new

methods for revealing and resolving contradictions, and also to expand the basis for cooperation with the

Semantic Web community and with other research groups. This is the way to consider the suggested models

from (2) or (3) as one of the forms of static ontologies.

The following factors have been investigated:
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T-  time factor: non-simultaneous events do not bear a contradiction;

M- place factor: events that have taken place not at the same place, do not bear a contradiction. In this
case, the concept of place may be expanded up to a coincidence or to differences in possible worlds;

N-  a disproportion of concepts emits a contradiction. For example, if one of the parts of the contradiction
is a small object and the investigated object is very large, then and only then it is the case of a
contradiction;

O- identical object. If the parts of the contradiction are referred to different objects, then there is no
contradiction;

P-  the feature should be the same. If the parts of the contradiction are referred to different features, then
there is no contradiction;

S-  Simplification factor. If the logic of user actions is executed in a sophisticated manner, then there is a
contradiction;

W- Mode factor. For example, if the algorithms are applied in different modes, then there is no
contradiction;

MO - contradiction to the model. The contradiction exists if and only if (iff) at least one of the measured
parameters does not correspond to the meaning from the model. For example, the traffic is bigger than
the maximal value from the model.

Example: We must isolate errors that are done due to lack of attention from tendentious faults. In this case we
introduce the following model (4):

{ user : faults }[~: accidental, tendentious ] <T,—M,0;—S>. 4)

It is possible that the same person does sometimes accidental errors and in other cases tendentious faults; these
failures must not be simultaneous on different places and must not be done by same person. On the other hand,
if there are multiple errors (e.g. more than three) in short intervals of time (e.g. 10 minutes), for example, during
authentications or in various subprograms of the security software, then we have a case of a violation, nor a
series of accidental errors. In this way, it is possible to apply comparisons, juxtapositions and other logical
operations to form security policies thereof.

Recently we shifted conflict or contradiction models with ontologies that give us the possibility to apply new
resolution methods. For pity, the common game theoretic form of conflict detection and resolution is usually
heuristic-driven and too complex. We concentrate on the ultimate conflict resolution forms using contradictions.
For the sake of brevity, the resolution groups of methods are described schematically.

The conflict recognition is followed by its resolution. The schemes of different groups of resolution methods have
been presented in Fig. 9 to Fig. 12.

In situations from Fig. 9, one of the conflicting sides does not belong to the considered research space. Hence,
the conflict may be not be immediately resolved; only a conflict warning is to be issued in the future. Let's say, if
we are looking for an intrusion attack, and side 2 matches printing problems, then the system could avoid the
resolution of this problem. This conflict is not necessary to be resolved automatically; experts may resolve it later
using the saved information. In Fig. 10, a situation is depicted where the conflict is resolvable by stepping out
from the conflict area. This type of resolution is frequently used in multi-agent systems where conflicting sides
step back to the pre-conflict positions and one or both try to avoid the conflict area. In this case a warning on the
conflict situation has been issued.

The situation from Fig. 11 is automatically resolvable without issuing a warning message. Both sides have
different priorities, say side 1 is introduced by a security expert, and side 2 is introduced by a non-specialist. In
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this case, side 2 has been removed immediately. A situation is depicted on Fig. 12 where both sides have been
derived by an inference machine, say by using deduction. In this case, the origin for the conflict could be traced,
and the process is using different human-machine interaction methods.

Side 1 Side 1

Step Out

B G

Figure 9.Avoidable (postponed) conflicts when Side Figure 10. Conflict resolution by stepping out of the
2 is outside of the research space. research space (postponed or resolved conflicts).

Side 1 Side 2
| | out Side 1

pa—

Side 2

Figure 11. Automatically resolvable conflicts Figure 12.Conflicts resolvable using human-machine
interaction

Knowledge bases (KBs) are improved after isolating and resolving contradictions in the following way. One set is
replaced by another while other knowledge is supplemented or specified. The indicated processes are not
directed by the elaborator or by the user. The system functions autonomously and it requires only a preliminary
input of models and the periodical updates of strategies for resolving contradictions. Competitions to the stated
method may be methods for machine supervised — or unsupervised — learning. During supervised learning, for
example by using artificial neural networks, training is a long, complicated, and expensive process, and the
results from the applications outside the investigated matter are unreliable. The ‘blind’ reproduction of teacher’s
actions is not effective and it has no good prospects except in cases when it is combined with other unsupervised
methods. In cases of unsupervised training via artificial neural networks the system is overloaded by heuristic
information and algorithms for processing heuristics, and it cannot be treated as autonomous. The presented
method contains autonomous unsupervised learning based on the doubt-about-everything principle or on the
doubt-about-a-subset-of-knowledge principle. The contradiction-detecting procedure can be resident; it is
convenient to use computer resources except for peak hours of operation.

The unsupervised procedure consists of three basic steps. During the first step, the contradiction is detected
using models from (2) to (4). During the second step, the contradiction is resolved using one of the resolution
schemes presented above, depending on the type of conflict situation. As a result from the undertaken actions,
after the second stage the set K is transformed into K’ where it is possible to eliminate from K the subset of
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incorrect knowledge WcK, to correct the subset of knowledge with an incomplete description of the object
domain IcK, to add a subset of new knowledge for specification UcK. The latter of cited subsets includes
postponed problems, knowledge with a possible discrepancy of the expert estimates (problematic knowledge),
and other knowledge for future research which is detected based on the heuristic information.

In cases of ontologies, metaknowledge or other sophisticated forms of management strategies, the elimination of
knowledge and the completion of KBs becomes a non-trivial problem. For this reason the concepts of
orchestration and choreography of ontologies are introduced in the Semantic Web and especially for WSMO [12,
13]. The elimination of at least one of the relations inside the knowledge can lead to discrepancies in one or in
several subsets of knowledge in K. That is why after the presented second stage, and on the third stage, a check-
up of relations is performed including elimination of modified knowledge and the new knowledge from subsets W,
N, I, U are tested for non-discrepancies via an above described procedure. After the successful finish of the
process a new set of knowledge K’ is formed that is more qualitative than that in K; according to this criterion it is
a result from a machine unsupervised learning managed by models of contradictions defined a priori and by the
managing strategies with or without the use of metaknowledge.

2.4. KALEIDOSCOPE Method

The next SMM method is called KALEIDOSCOPE [6]. It is used to visualize the results. The difference from other
analogical methods is the usage of cognitive approaches to human-machine communication. Similarly to the
classical caleidoscope, the machine makes things that it performs better than humans: it arranges knowledge, it
searches repeated elements and other regularities in the data, it presents the results to the humans. It is the user
that makes the results creative and interesting for other researchers in the domain; the machine just assists
him/her analogously to the caleidoscope which cannot estimate the beauty and the interest in the drawings
produced during rotations and the arbitrary movements of the glass pieces inside of it. In both cases the human
estimates the results and the developers apply methods to attract the user’s attention and to make the work with
the system equipped with elements from games, less boring and consequently more effective. The below
application is from Number Theory, it is used to reveal the way of automatic detection of regularities, their
research, automatic or manual, leads to very deep theoretic knowledge.

KALEIDOSCORPE consists of a visualization approach, a method for information transfer-by-sense and applied
approaches to maintain a natural-style dialog. It is shown in [6] how different machine-done visualized patterns
lead to student’s perceptions that cannot be represented by the machine and when this is helpful during the
educational process. Aiming to show domain independent approaches, the examples are introduced from
Number Theory to language expressions and nonclassical logic applications. For example, on fig. 7 and 10 are
shown multiplication cycles for numbers 9 and 11 in a set of 8 arithmetic series leaving after filtering out the first
three prime numbers and their co-multipliers as well. The figures provoke questions why the images are repeated
periodically across 11, or, respectively 19 rows, why their tour sequence is in a reverse order related to an
imaginary center — the series 15 + 30k and many other questions the answers to which led us to interesting
theorems from Number Theory together with cryptology applications. In the case of CALEIDOSCOPE the
machine performs mechanical arrangement searches of repeated elements, etc. by presenting the results in a
dialog with the human; it is expected that the human will see the unformal elements of the picture and will draw
his/hers conclusions. The correct organization of the dialog and the presentation of the results is the essence of
the CALEIDOSCOPE method.

The last one from the methods discussed here is the inference from contradictory information. This method is
presented in details in [16]. On the first stage, based on the check for preliminary input knowledge as models for
contradictions, the system determines whether there is a contradiction. If the sides of the contradiction are more
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than two, then the problem is reduced to the resolution of a set of 2-sided contradictions. Depending on the
situation, the methods for the solution are automatic or interactive.

It is the inference method from contradictory information that allows to eliminate the incompletenesses from
situations similar to the one depicted on fig. 13, and also to correct insignificant elements and/or to present the

situation more clearly.

In this chapter basic methods of the synthetic meta-method SMM are presented. The next chapter is dedicated to
the coordination of their operation under the control of SMM.
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Figure 13. Cycle 11 in a set of 8 arithmetic
progressions containing all primes =7
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Figure 14. Repeating regularities similar to represented
on Figure 13

3. Method coordination

Comparisons to well-known analogs may be given. Superiority of PUZZLE over classical case of constraint
satisfaction, of CALEIDOSCOPE over cognitive graphics and other human-centered methods, of
SMM/CONTRADICTION/FUNNEL applications over evolutionary fitness functions (variable or not, or a system of
fitness functions), and of CONTRADICTION over conflict resolution methods may be discussed via comparisons
of the above presented information to the well known cases. Altogether the advantages will allow construction of

creative systems in future.
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SMM is a synthetic method. Results from synthetic methods are more influenced by the coordination and the
control among the components than by the components themselves. Usually the components of the synthetic
methods are various algorithms from traditional analytic methods but we also investigated communications
between several synthetic methods under the control of one synthetic meta-method. It is possible to make an
analogy with the design of a display-window: if clothes are really good but the designer is not skillful enough, then
the effect from the display-window dress make fail. The effect from an unqualified control in the domain of
information security is even more significant and it leads to a complete crash.

It is recommended that at any time during the operations with SMM a direct control of the user’s activities should
be possible. For example, to detect the causes that led to a breakthrough in the system, the user inputs a
{PUZZLE, FUNNEL, KALEIDOSCOPE, CONTRADICTION} and in this way he/she engages all resources to
detect the cause. The cited sequence of commands is applied by default. In this case, every method operates
independently, computer resources are allocated equally and it is the user intervention that may change the
course of the investigation. It is provided that the results can be collected in two ways. The first way is the
blackboard option. Here results are transferred between different methods and also to the user via a central node
that is called the blackboard. In the second option methods from multiagent systems are used and results are
transferred via the so called pheromones. This is information left by the agent which is kept intact for some time
and which may be read only by agents that are close enough in space. The second option is especially good for
transfer of operative information. Multiagent applications are discussed at the end of this section.

Another version for coordination is based on the use of statistical data and the personalization of information. For
example, let's assume that statistics show that user X works most effectively with the PUZZLE method and also
that he/she is interested least of all of the data visualization. In such case for him/her it is just the PUZZLE
method that must be executed with the top priority, and the KALEIDOSCOPE must be activated only on special
demands. On the other hand, as based on experts’ estimates there must be a common system of priorities tied to
the presented methods where the priorities are linked to the number of successive runs of the respective method.
In this case the methods with higher priorities will occupy more computational resources.

The role of tests for contradiction(s) and the KALEIDOSCOPE method play a special role in the system.
KALEIDOSCOPE is a visualization tool for results by constructing special modes for the human-machine contact.
Therefore it must be activated after terminating the execution of any other method under the control of SMM. If
the results do not require special technologies for their representation, then the method may be disabled
manually. In the example presented below the set for coordination {FUNNEL-KALEIDOSCOPE} is used in a way
shown on fig. 15 and 16. Let's assume that the goal function or the fitness function which are equivalent in the
terms of evolutionary computation be marked by a central (red) line on fig. 15. Let's assume that the solution
process of the defined problem is presented by a dotted trajectory on the figure. The intelligent data processing
from the example is a type of approaches that are data driven. One of the properties of these approaches is the
one that the solution may deviate from its way to the goal when lateral unexpected solutions are sufficiently
interesting. A case with a deviation from the predicted trajectory is presented in the following way. Let the function
G be denoted by the central (red) line on fig. 15.

The set of data accumulated in the system and knowledge M is filled via applying various logical inference rules,
machine learning and/or other ways for knowledge acquisition. Each inference and any other change in the set M
is traced via the gradient of information where the coordinate system is tied to the goal direction G.

The sum of gradients is shown on the figure via the dotted line. In the case when the change of M is inconsistent,

for example the gradient calculus often change their direction because there are not enough significant
intermediate results, then the dotted trajectory will change its direction when it reaches the funnel edge or, in
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other words, new knowledge will be searched only in the direction delimited by the position of the solution in the
funnel which is presented for the point — an intermediate solution Y in (5):

A< grad(Y)<B. )

........
.ee

Figure 15. Funnel is not working Figure 16. Funnel adjustments to work

The influence of G over the process of changes in M may be compared to the one of the gravity. Gravity is by no
means the strongest force on Earth and we overcome it by walking, etc. On the other hand elevating (a motion
along the antigradient) requires a lot of energy. If energy is not saved then the first cosmic speed is reached i.e.
the earth attraction is completely overcome. Therefore limitations A and B from (5) are useless if in the flow — the
dotted trajectory in fig. 15 there is much accumulated moment of inertia. There is an equivalent of the inertia in
the case linked to the dotted trajectory in fig. 15. The following relations are introduced in relation to the problem
defined. Let s; be an intermediate solution that is interpreted as a point from the trajectory and then by analogy
with (5) the following constraints (6) are introduced:

Aﬁigmd(sj)SB. ©
j=l

This is based on the following explanations. Gradients were the necessary interval between A and B for steps
from the first up to i —1-th. Then, the bigger i —1 is, the bigger the inertial property ad hoc the solution s, will

be. When i is greater than an a priori threshold value then the constraints of the FUNNEL change their effect.
If the sum of gradients is bigger than an a priori set threshold value 7}, then the cited limitations may be

overcome (7):

f (7
Zgrad(sj)z T.
j=1
The next version includes a new constant 7, and a solution s~ which is different from the defined goal G but
which is marked by experts as sufficiently interesting. It can also be marked by the machine because for example,
it is the missing link to solve other earlier defined problems. s does not participate in the series of s; but if the
distance between them is calculated via an additional p-adic metrics, then it is possible to avoid the limitations
given by the FUNNEL.:

H s*—siHSTz. ®)
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In the three cases, cited above the ‘inertia stream’ pierces the FUNNEL under conditions given in the formulas as
it is shown in fig. 15. Otherwise, all consecutive solutions will be inside the FUNNEL as it is presented in the
description of the method above. In the case of a break, the FUNNEL stops running. Therefore, if the FUNNEL
method does not adapt to the new conditions of the information flow as it is shown on fig. 16, then the method
ceases to perform its main function and starts to gradually narrow the limitations to direct the set of dynamically
changing information to the required place. During the tuning from fig. 16, this problem does not exist. On the
other hand, by solving the problem from fig. 15 and 16 we had to construct more than one system of fitness
functions where the first (classical) function is directed downwards and the second one operated temporarily only
between the beginning and the end of the depicted FUNNEL. In this way, conflicts are avoided between classical
evolutionary methods and the requirements of contemporary intelligent data processing.

4. Ontologies

Intelligent data processing by itself is a complex process of transforming data into knowledge. If data and the
knowledge accumulated in the system are not structured in advance, then in the majority of cases their
processing will be ineffective or it will produce poor results. For this reason, ontologies are used [11]. The tool to
create and manage ontologies is Protégé OWL [14]. In the majority of cases ontologies are presented as graphs.
For example, the fragment of ontology from fig. 17 illustrates the types of ISS: intrusion detection systems,
intrusion prevention systems and others. The presented ontologies give an idea about the links between the
objects and the relations between them.

ISS
(
is-a is-a is-a
Applied
IDS IPS et iy
is-a is-a
Antivirus
software SpyWare
is-a is-a
Ad-Aware SpyBot
| Price | | Downloads | | Reputation |
| Lowl |Free| |Large numberl | High |

Figure 17. An example of ISS ontology

The relations on fig. 17 use the standard type ‘is-a’, and the taxonomy of the ‘ancestor-successor’ type is built
based on them. The presented graphs are widely used to search information on the Internet, e.g. if the keywords
are ISS then there is no need to write ‘anomaly detection’ because the machine will make the necessary links
between the concepts. Another widely used relation is ‘has-a’ meaning ‘the object possesses the properties ...".
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Examples of these relations are the meanings of the attributes in the lower part of the figure, e.g. ‘low cost’.
Based on these two relations there are many applications of descriptive logics for the needs of the Semantic Web
[13] and others. Recently various other relations are introduced in the KAON projects and other initiatives [15]
that include operations with quantifiers and other logical operations.

The proposal to structure information is as follows. We propose the usage of tools close to the so called means-
ends analysis. For this reason we introduce relations like WHY, HOW, WHAT FOR. In this way, new possibilities
are formed to operate with knowledge that can be applied by traditional tools. For example, let's propose an input
in the system with a large number of differential equations. Let's have a relation ‘WHAT FOR’ applicable to this
block: ‘descriptions of trajectories during signal processing'. Using the relation WHY, we shall determine that ‘this
way is more effective than traditional methods because ...”; via the relation ORIGIN we shall be able to compare
the offered fragment of knowledge with other popular methods, tools and approaches and so to discover the
reasons for the problem. Applying the relation ‘WHAT IS THE WAY’, we shall discover texts with explanations
how to use the differential method and other technical information. Using the enumerated tools, there will be a
better structuring of information and prerequisites will be created for its more qualitative processing: in this way,
we shall be to able more effectively operate with large blocks of formalized knowledge without going in technical
details.

The usage of ontologies is not only building large sets of them. In the Web services, it goes through application of
tools of the W3C consortium like WSMO and others [12]. The technology of these applications is more
complicated. It includes specific concepts like orchestration and choreography. However, this is the way to apply
a contemporary ontology processing - addition, deletion or update without breaking the links with other knowledge
that is input in the system. In this way, the problems connected to the semantics of the problem are taken under
consideration. Any other knowledge may change its meaning depending on the context, the point of view, etc.
The version of Protégé-OWL is used in the creation of ontologies.

The necessity to introduce the following new relations in ontologies for intelligent applications of security is
demonstrated. For example there is a large number of differential equations introduced in the system. A new
relation ‘what for’ is introduced for this block: ‘to describe trajectories for signal processing’. The relation ‘why’
determines that ‘this way is more effective than traditional methods because ...’; the relation ‘origin’ will be able
to compare the objective fragment of knowledge with other known methods, tools and approaches to determine
the cause for the problem; the relation ‘in what way’ will assist during localizations of explanatory texts about the
usage of the concrete differential method and other information. It will be possible to structuralize information in a
better way in the presented tools, and prerequisites will be created for its more qualitative processing. So we may
operate with large blocks of formalized knowledge more effectively without deepening in technical details; at the
same time we shall avoid much too detailed formalizations, i.e. here ontologies contribute to use good practice in
educational processes. The more relations are examined, the more precise categorization of objects will be.
Substantially all other used for the moment relations just illustrate this: in what way the relation arguments are
connected , otherwise ‘R; links the arguments (the objects) from A to N in a way determined in the definition”:
Ri(A,B,C,D...N). 9

The set of R; is used to determine that ‘A is connected with C’, etc. and the way of connecting is set in the
definition of R.. It is suggested to introduce such Ri(A, B, C, D ... Z), the usage of which will form automatically
answers not only of the type ‘B is connected with T’ but why ‘B is connected with T', in what way, when the
pointed link is actual, etc. Innovations do not deny previous ontological elaborations, they just supplement them;
so the sense of matters is shown much more clearly, unambiguously that can be changed by the context. Also
another ontology is introduced: ‘important’. At the first sight this type of information is subjective: the importance
of knowledge is determined by the situation, the object, etc. But if information is not graded by importance then
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the agents will ‘drown’ in this sea of information provided the knowledge is not well structured; in the case
structuring is performed best of all via the introduced new relation ‘important’.

Same as proposed ontologies may be used in the opposite direction of human-computer interaction: what is the
reason to the question, in what way it is connected to the investigated goal G, why the user thinks the answer is
important, etc. The new relations improve the human-machine interations and lead to human-machine
brainstorming methods [6], one of the best ways to apply creative systems.

Part of ontologies may be succesfully shifted by PUZZLE and/or other applications of methods from Section 2. In
the represented research is introduced that in some cases the graphic itself of the partly received resolve from
figure 18 is enough to take decision from the side of the consumer or the expert.

Figure 18. Graphic presentation of the linguistic material

The different variants of the modeling knowledge, consisted in the figure 18, represent resources for presentation
of the things which are difficult to discover verbally. It is not unusual for the Chinese to use the aphorism “a
picture replaces thousands words”. Here should to be added: “...and it is understood and remembered better”.
Below are given different linguistic equivalents of the combinations of interpretations similar to that one from the
figure 18 and received through the proposed and graphically described method of the puzzle.

The things are moving to the way that...

It is neither...nor...but it is too close to... (Without dilutions!)

Look from the other angle ... Other conclusions...

The object can be represented as crossroad of the two dynamically developed areas...

In the future these two concepts have to be used together...

The pointed naturally linguistic fragments can be represented and in direct text to the students but below is shown
that trough the method of the puzzle this can be done significantly better. Modeling through the use of the method
of the puzzle helps for the emotional contact with the audience. For example on the fig. 19 and fig. 20 is
represented other example for the use of the method of the puzzle when are clarified particular processes and
connections between the objects.

On the fig. 20 the system from different types of limitations, described in the second chapter, helps for discovery
of the casual connection between M and N at the same time between them not existing any connection on the fig.
19. The connection is displayed in the impose of additional limitations on the fig. 20. The process is dynamic as
nature and it is almost impossible to be correctly transferred by words only.

5. Other applications

The presented system source codes are written in different languages: C++, VB, and Prolog. It is convenient to
use the applications in freeware like RDF, OWL, Ontoclean or Protégé. Many of the described procedures rely on
the usage of different models/ ontologies in addition to the domain knowledge thus the latter are metaknowledge
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forms. In knowledge-poor environment the human-machine interactions have a great role, and the
metaknowledge helps make the dialog more effective and less boring to the human. The dialog forms are divided
in 5 categories from 1="informative’ to 5=silent' system. Knowledge and metaknowledge fusions are always
documented: where the knowledge comes from, etc. This is the main presented principle: every part of
knowledge is useful and if the system is well organized, it will help us resolve some difficult situations.

Y
Vs
V3
M-N connection
Figure 19. M and N are not connected but located Figure 20. Discovery of the connection between
using linear contraints two objects M and N

We rely on nonsymmetrical reply ‘surprise and win’, on the usage of unknown codes in combination with well
known methods, and on the high speed of automatic reply in some simple cases e.g. to halt the network
connection when the attack is detected. If any part of ISS is infected or changed aiming at reverse engineering or
other goals, then the system will automatically erase itself and in some evident cracking cases a harmful reply will
follow. The above presented models of users and environment are used in the case. Therefore different SMM
realizations are not named IDS but ISS because they include some limited automatic reply to illegal activities.

Conflict situations occur when the agent can't execute its goal in an acceptable time or in other situations. Say,
the agent’s way to the goal is interrupted by a route for many other agents. The standard way frequently quoted in
multiagent systems is ‘step out’ for all conflicting agents. Then another routes should be found, otherwise same
conflicts will repetitively occur. Meanwhile some goals may be lost. In contemporary dynamic environments
consisting of hundreds and thousands of agents the old-fashioned ‘step out’ strategy leads to creation of new
conflicts rather than to their resolution. On the other hand, one or more of conflict resolution methods considered
above resolve the problem using well known class Agent methods halt(); suspend(); activate(); getState();
move(Location where); and sometimes clone(Location where, java.lang.String newName). Several libraries for
class Agent had been used. All of them comply to FIPA standards.

Upon the formulation of goal G, few variants of control strategies could be applied. Most of the presented
methods are data driven, and the user may trace the intermediate results and interrupt or change the resolution
process if necessary. Also he may apply his personal plans because the goal is seldom formulated without any
plan or rough idea how to resolve it. It is possible to write the plan like ‘use the FUNNEL method in direction X,
then use PUZZLE and in the end KALEIDOSCOPE to represent the result’. This example of methods interaction
is interpreted in Fig. 4 where the solution is located in spot E, the dashed lines are linear constraints, and the
spotted lines give us the parts of the solution as described in the PUZZLE section above. If we compare the
results represented on figures from Section 2, we may conclude that PUZZLE method works better in
combination with FUNNEL because we need less constraints using the fitness function f, and narrow search in
FUNNEL helps to locate the goals. The same conclusion is to be applied to combinations with other existing
methods from the scope: combining any of the above methods with other statistical or data mining methods is a
way to better applications. The only obstacle here is the overall complexity of the obtained combinations. Almost
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the same result could be reached under SMM automatic control. The FUNNEL usage narrows the resolution
process direction but in the beginning it doesn’t exclude unpredictable results, hence the best possibilities for
data-driven methods are obtained. If no interesting results have been obtained, then PUZZLE is activated to bind
the goal to knowledge related to it.

6. Conclusions

The main conclusion is that to overcome the shortcomings of contemporary creative-related methods and
systems, methods and applications are considered concerning the logical parts of knowledge discovery and/or
human-machine creation of a brainstorming type. Special attention is paid to methods for identification and
resolution of conflicts, and to machine (self-) learning based on them. The role of the above methods to the
creation of more autonomous agents is discussed.

Analysis is represented for methods used for machine learning in intelligent agents, for sending information by
sense, and for understanding the semantics of the information, all the parts essential to every creative system.
Common disadvantages for different existing groups of contemporary applications are revealed. Ways for method
coordination under a synthetic method SMM are discussed.
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WHOOPMALIMOHHBLIE MALLUUHbI:
HEKOTOPbLIE KATEFTOPUW ®YHKLIMA U KOMMOHEHT

MepxBuHCKUN AHaTonuih AnekcaHapoBuY

Abstract: OmmeyeHo, Ymo pa3sumue meopuu UHOPMamuKU noka He npugesno K eduHcmey onpedeneHul
omnuyarowe2ocs HaubonbwuMm 06bEMOM NOHAMUS UHOPMauUuoHHble MawuHbl (MM). Lenb cmambsu -
gbl0eneHue kameaopuli akmyanbHbIX KOMNOHEHM U pa3pabomka 0606uwieHHol cxemb! VIM, osepwieHcmeosaHue
OHMonoauu. Ha ocHoge aHanu3a e3aumodelicmeuti 06bekmoe NPUBOASIMCS KOHUENUUs CMpyKMypbl, OCHO8HbIE
KomMnoHeHmb! U onpedeneHue MM kak podogo20 NOHAMUS KOMNBLIOMEPHBIX U UHGOPMAUUOHHBIX CUCMEM.
MMokasaHo, Ymo 0Onsi ecex munos e3aumodelicmeuli KomMnoHeHm WM xapakmepHbiM ecmb (heHOMEH
npucymemeusi  Hocumenel 83aumodelicmeull 8 8ude BeWeCmBEHHbIX UMU 3HEP2EMUYECKUX NOMOKO8,
Ha3gaHHbIX KOMMYHUKamamu. B koHuenyuro cmpykmypbl M geedeHo yHusepcanbHoe NnoHsimue onepaHm:
peanusamop onepayuti 1106020 yposHS, Ha4yuHas om npocmeliux - onepayuli ¢ KOMMyHUKamamu - 00 caMbIX
CIIOXHbIX - CO 3HaHusMu. [lo aHamoeuu C NOHAMUSIMU «NUKCENb», 80KCeNb U Op. 88€deHO U onpedeneHo
NoHMUe UKcenu - npocmeliwue MamepuasbHble ANIEMEHMbI, peanusyroujue npeobpasosaHue KOMMyHUKamMos
8 UHGhopMayUOHHble 00beKkmbl U Haobopom, a makXe 6bINoHsWUe onepayuu (hukcayuu, XpaHeHus,
omobpaxeHusi u nepedadu uHgopmayuu. o aHamozuu ¢ ukcerem onpedenieHa yHugepcarnbHas cmpykmypa:
agpeeam "¢husuyeckuli 06bekm — UHhopMauyUoHHbIU 06bekmy», kpamko ®MO6. MHoxecmeo azpezamos
npedcmasneHo Auazpammoli domeHos 00bEkmMo8 Kamez20pull R MamepuanbHO20 Mupa U OmpaxeHul
MamepuarnbHbiX 00bekmos U MeHmanbHoU desimenbHOCMU. 3asepuieHHble  akmbl  83aumodelicmeus
KOMMYHUKaHmMOo8, N0 aHanoauu ¢ noauyeckol eduHuuel pabomsi ¢ OaHHbIMU, onpedeneHbl Kak mpaH3akyuu. B
coomeemcmeuu ¢ unocmackto agpezama, MamepuasnbHol R unu uHghopmayuoHHol, onpedesneHbl Kameaopuu
mpaH3akyul Kak <RxI>, knaccb! UHGOPMaUUOHHbIX (codep)alyux I-06bekmbl), HEUHHOPMAUUOHHBIX MaWUH (He
codepxawjux l-o6vekmsi) u komnoHeHm VM.

Knioueenie cnosa: MHOOPMALMOHHAS MALLMHA, ®YHKLIMOHAILHAS LIEMb, B3AMMOLEACTBUS,
KOMMYHWKAT, OINEPAHT.

ACM Classification Keywords: Theory of the Information. Philosophy and Methodology of Informatics.

BBeaeHue

Co3gaHne BbIMMCTIUTENbHBIX CPELCTB HOBOMO MOKONEHWS BKIOYAeT paspaboTky OHTOMOrMi 6a3 3HaHui,
OHTOMNOrOyNpaBnseMbIX KOMMbOTEPHbIX CUCTEM, CO3[aHME KaTeropuanbHbIX KapkacoB npegMeTHbix obnactei
(MaO) BepxHero ypoeHs [ManaruH, 2012]. Ycnexw Teopun noka He NpUBENM K €OMHCTBY ONpeaeneHui
OTIIMYALLErocst HanbonbLLMM 0ObLEMOM NOHIMUSI UHGhOPMAaUUOHHbIE MawuHbI. B ogHux cnyyasx noHstue VM
CBA3bIBAETCA C aBTOMATM3aLUMEl MbICIUTENLHON [AEATENbHOCTM, B ApYrMX - € (DYHKUMAMM W 3apavamu
obpaboTkn Oonblumx o6bemoB uMHGopmauun [BCI, 1976]. W3BecTHble NOHATUA MawuHa ThlopuHea,
abcTpaktHble aBTomat Munu n Mypa (aHrn. Mealy machine, Moore machine) — abctpakuyum, cogepxalime
TOMbKO MHOPMALIMOHHBIE BXOAb! 1 BbIXOAb! M HE OTpaxatoLLme MaTepuanbHbiX BO3AENCTBUN.
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Llens cmambu — BblgeneHue KaTeropuit akTyanbHbIX KOMMOHEHT M paspabotka obobuieHHoit cxembl UM,
COBEPLUEHCTBOBAHME OHTOMOrMM W TakcoHomun WM Ha ocHoBe oblero aHamusa B3aWMOLENCTBUNA
MaTepuanbHbIX U MHEOPMALMOHHBIX 0OBEKTOB.

CornacHo [FOCT, 1984] koMNOHEHTaMU MalLWH SBNSIOTCA (hYHKYUOHATbHbIE Yacmu W (DyHKUUOHaNbHbIE Uenu.
McTopuyeckn CNOXMNOCh TaKk, YTO B TEXHUYECKOW W HayyHOW nuTepaType npeuMyLLecTBEHHO YAEnsnoch
BHUMaHWe Teopun (PYHKUMOHaNbHbIX Yyacmel WM; Teopusi xe (yHKUMOHAMbHBIX yenell orpaHnymunacs mMano
CBSI3aHHbIMM APYr C APYrOM TEOPUSMU SMEKTPUYECKUX W OMTOBOSIOKOHHbLIX NIMHMIA CBS3W, TEOPUSIMM Pagmno U
rMOPONOKaLMK, OMMCAHMSMU KOHKPETHbIX WMHTEPGENCOB. TepMUH npoyeccop MO3ULMOHMPYETCS B MEPBYIO
oyepedb Kak yHKUMOHamNbHas 4actb 06paboTku nporpammbl OBM, a He Kak ycTpoicTBO 0BpaboTku
WHGopMaLwmn unu peanusatop kakoro-nubo npouecca Boobuwe. OTcyTcTBYeT 06LLias Teopus yCTPOMCTB BBOAA-
BbIBOZA, CBSi3aHHas C BBOAOM 00pas’oB MaTtepuanbHblX OOBLEKTOB BHELWHEro Mupa M npeobpa3oBaHWeM
WH(OpMaLmK B BO3LENCTBUS HA MaTepuarbHble 0ObekTbl. Mcnonbayemble B MPaKTUKE MOHATUS 71EKMPOHHO-
8bMyUCTIUMENbHas MallUHa, hpoepaMHO-annapamHbil KOMNIIEeKC, KOMNbIOMepHas cucmemMa Mano CBsi3aHbl C
POZOBLIM MOHATUEM MaWUHbLI, MallUHbl, KaK CPEACTBa BLIMOMHEHUS OMpedeNeHHbIX OENCTBAN C LENbio
YMEHbLUEHUS HAarpy3Kki Ha YenoBeKka UM NonHOM 3aMeHbl YenoBeKa Npu BbINOMHEHUN KOHKPETHON 3adauu. Tak B
TOMKOBOM cCroBape Mo MHopmaTuke abcTpakTHas MalnHa — npedcmaeneHue o6 3BM 8 mepmuHax
UHGbOPMaUUOHHKIX pecypcoe u onepayull, docmynHeix npoepamme [Mepmkos,1991].

CuctemHas Mogenb B3aMMOAEeNCTBUN 00LEKTOB B npupoae u TexHuke

MMpn paccMOTPEHWM CYLLHOCTM CBSI3el MaKpOOOBHEKTOB KPOME MaTepuarnbHbiX B3aWMOAENCTBUIA aKTyarbHb
Takke MHopmaLmoHHble B3anmogencTans [Markov, 2007], B KOTOPbIX BELLECTBEHHbIE U SHEPreTU4ECKUE NOTOKM
ABASKOTCA  HOCUTENSAMK  "OTpaxeHun" peanbHoro mupa [MepxeuHckuin, 2009]. BaHeAwWM CBOWCTBOM
MakpoOGBLEKTOB SBNSAETCS CMOCOBHOCTL 0BMeHMBATLCA €O cpedon V U apyrumu matepuarnbHbiMu obbekTamu
BewecTBoM G W aHepruen E, B yacTHOCTY n3nyyeHuem I pasHoin npupoabl [MepxauHckuia, 2011].

HenocpeacTBeHHble  B3auMoOAeMCTBUA W CBA3W. Baanmopenctue  MakpooObLekToB B (pusmke
paccmaTpuBaeTcsi kak OOMEHHbI MpoLecc, Kak nepepada OT oAHOro o6bekTa K ApYromMy KMHETUYECKOW 1
noTeHumManbHoi aHeprum u Bewlecta [KaHapes, 2007]. BO3MOXHOCTM HENOCPEACTBEHHOMO AEMCTBUS OAHOr0
MaTepuanbHoro obbekTa Ha Apyron onpeaensioTcs usn4ecKUMn cesa3amu Mexay MatepuarnbHbIMu 06bekTaMu
- XapaKkTepucTMkamMu UCXOASLLEro MaTepuanbHOro NOToKa M OrpaHNYeHUsMIU Cpefbl B OKPECTHOCTU OOBEKTOB.
®opmManbHO €BS3b MOXET ObiTb ONMCaHa MOLENbI0 MexaHW3Ma nepefays BO3AEMCTBUS OOHOr0 00bekTa Ha
apyron. Takum oBpasom, HenocpeacTBEeHHas €es3b 9TO Mmapa: ucnyckaeMbill Nomok v cpeda, onpeaenstowas
BO30ENCTBUE UChycKaeMo20 nomoka Ha 00bekTbl. Kaxabii 00bekT MeeT CBOW YpOBEHb YyBCTBUTENBHOCTH, TO
€CTb BHYTPEHHME W3MEHEHWs1 NPOUCXOLAT, KOorga BHEWHee BRMSHWE nexwuT B npedenax obnactu
4yBCTBUTENBHOCTK 0ObekTa. CBS3M C OOHOW CTOpOHbI 0DEcneyvnBaloT, a ¢ ApYroi - orpaHnyMBatoT ceobomy
B3aMMOLencTBus 06bEKTOB CUCTEMDI.

OnocpeacTBOBaHHbIE B3aUMOAENCTBUA BO3HWKAIOT C Y4ETOM BO3AEUCTBUMA, CCHOPMMPOBAHHBIX HEKOTOPbLIM
obbekToM-nocpeHnkoM. CornacHo NpUpoAe 1 ponu npu AenCTBAM OOHOMO MaTepuanbHOro obbekTa Ha Apyron
CYLHOCTb MpoLecca OMoCPeACTBOBAHHbIX B3aMMOLENCTBUIA B MPOCTPAHCTBE M BPEMEHW MoOxeT ObiTb
oTobpaxeHa B BuOe (YHKUMOHANbHOM cxembl Ha puc.1 [MepxsuHckuin, 2009]). Ctpenku o0603Ha4aoT
HanpaBnexve AencTBus.

BsanmogeincTaue, B YaCTHOCTH MHAOPMALMOHHOE, MEXAY OTNPaBUTENEM U NOMyYaTeNieM BO3MOXHO Ha pasHbIX
YPOBHSIX CTPYKTYPbl MOTOKOB M C NOMOLLbHO OTIMYAIOLLMXCS CPEACTB, HanpuUMep, C MOMOLLbIO 3NIEKTPOMArHUTHbIX
WNW 3BYKOBbIX CWUrHanoB. [lOHATWe cueHanm OYeHb LUMPOKOE (CUrHambl TpaHcmopTa U Ap.), HO B Teopuu
WHGOpMaLMK 1 CBS3M - JOCTATOMHO Y3KOE: OcBeluaowmii otorpadmpyemeit 0ObEKT BUAMMbINA CBET, MOTOK
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YepHUN CTPYWMHOrO npuHTEpa Ha Oymary, TBepAble HOCWUTENW TEKCTOB HE WMEHYKTCA CurHanamu. Hwke
npegnaratcs  u3noxeHHole B [MepxsuHckui, 2009] cregylowme NOHATUS M cneumanbHble  TEPMUHBI,
no3sonsiolwmMe O4HO3HAYHO TPAKTOBATh y‘-iaCTHI/IKOB B3aUMOZENCTBUN COrMacHo ponsim 06bEKTOB.

Oobvexm-
ungaroanm A Obbpamuas
C8A3b
Ob6vexm-
KOMMYHUKAM A, < O6vexm-
Obverm- KOMMYHUKAM 0
KOMMYHUKAMop p Obvexm-
KOMMYHUKQAM 0
Obvexm
Ob6vexm — peyunuenm q
O6wexm- onepanm ¢
KOMMYHUK am Cpena
A Cpena peyunuenma v:
KOMMYHUKamopa v,

Puc.1 Cxema onocpeficTBOBAHHOIO BO3LENCTBUS KOMMYHUKamopa Ha peyunueHm

KomMmyHuKkaHm - y4aCTHUK KOMMYHVKaLuK, 3a4eiACTBOBAHHbIA B KOMMYHWKAaTUBHOM akTe B3aMMOAENCTBUS
MexXay KOMMYHWKaTopoM W peuunueHToM. KommyHukamop (VIcmoyHUK) - y4acTHUK B3aUMOZENCTBIS, KOTOPbIN
MOXeT NOpOXaTb BeLIeCTBEHHbIE, 3HEpreTUyeckne Unu nonesble NOTOKU (KOMMyHUKambl). KomMMyHukam -
BELLECTBEHHbI, 3HEPreTUYeCKUn UK NONEBOM NOTOKM, Y4acTBYIOLLME BO B3aUMOZENCTBUN 06bEKTOB. B obiuem
cnyyae 3to MoryT 6bITb NOTOKM N0BOI Npupodbl (MaTepuanbHble, UHGOPMALUMOHHBIE), KOTOPble CMOCOGHLI
OCYLLECTBNATb  BO3AENCTBME HA PELUNUEHTa CTPYKTYPHbIMWA  9nemMeHTamu noToka. PeyunueHm -
XapaKTepu3yeTcsl COCTOSIHUEM W COBOKYMHOCTbIO peakuuit. OnepaHm - MaTepuanbHblil O6BEKT, KOTOpbIN
obecneunBaeT B3aUMOAENCTBME MeXOY KOMMYyHUKaHMamu, B 4aCTHOCTW, ONOCPeACTBOBAHHOE BO3[EeNCTBUE
00beKMO8-  KOMMYHUKamopo8 Ha  00bekmbI-peyunueHmsl. AKkmaHmbl — [EACTBYIOWMNE  Y4aCTHUKM
B3aumogencTauin. Cpefa — T0, YTO OKPY)KaeT 0OBEKT M OKa3bIBAET Ha HEro BNSHNE

UnpopmayuoHHble npoyecchbl. MaTtepuanbHbli 06BEKT MOXET paccMaTpuBaTbCs B MNOCTack u3n4eckoro
HocuTenst MHdopMauuu, roe MHdopmaums - 310 "oTobpakeHne" HEKOTOPOH MaTepuanbHOM HEOAHOPOAHOCTM
(o6bekTa-npomomuna) B COBOKYMHOCTb 9NEMEHTOB [pYrod MaTepuanbHOM HeogHopogHocTh (o6bekTa-
omobpaxeHusi). B TexHuke CTpykTypa W (pusmdeckne CBoicTBa 0ObEKTa-0mobpaxeHusi BblOMpaOTCs B
COOTBETCTBUM C TEXHOMOMMEN (POPMUPOBAHNS OMObpaxeHus, NpUpoaoH obbekTa-omobpaxeHusi N ucxoas u3
TpeboBaHun ¢pukcayuu nmbo eusyanudayuu oTobpaxaemon MHGopmauuu. [ns onucaHns MmatepuarnbHbIX
HEOAHOPOAHOCTEN CTPYKTYpbl 00beKTa-omobpaxeHusi Ha HWKHEM YPOBHE OOBbIYHO WCMONb3YKTCH Takue
TEPMUHbI KaK NuUKcesb, 8OKCenb, hepuoduyeckue KonebaHusi Hocumerns; B Apyrux Cry4yasx a1o 6onee cnoxHole
KOHCTPYKLMK — 3rIeMEHTbI NaMATH, PETUCTPbI U MaTPULbI NaMATK.

B nutepatype otcyTcTBYeT 0000WAIOWMA TEPMUH, MMEHYIOWMA NPOCTENLNIA omobpaxarwull dnemeHm
0bbekTa-0mobpaxeHusi HE3aBUCUMO OT TOTO, YTO SABMSETCS HOCUTENEM: KOMMYHukam, npeobpasoBaTesb WUnu
3NeMeHT namsaTu. Mo aHanorMu ¢ ynomsHyTbIMU TEPMUHAMW NUKCEb (HAMMEHBLLIMA MaTepuarnbHbIn SNEMEHT
BU3yanusauun) u ceHcenb (0T sensor element - WyBCTBUTENbHbIA 3MEMEHT) ANS UMEHOBaHUS SneMeHTa
HEOOHOPOAHOCTEN HE3aBUCUMO OT HocuTENs BBegeM 0606LLatoLLmin TepMiH ukcenb (ixel — cokpalleHme oT icon-
element). KoHCTpyKuun ukcenell MOTyT BKIOYaTb BCMOMOraTenbHble MaTepuanbHble 3NeMEHTbl: 3alUTHbIe
Crou, NoBbIWEHNS HagexHocTn u ap. CocTosHue ukcens hopMUpyeTcs B pesynbTaTe AEUCTBUS Ha HEro
KoMMYHUKama. Ukcenb ompaxeHusi onpefenimM Takxe kak MaTepuanbHbIi SNeMeHT, pearnmuaylowwuin yHKLUK
ukcayuu, xpaHeHus, omobpaxeHus U nepedayu WHopmauun (puc. 2, Tabn. 1).
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Wkcenb 3nemeHT 3nemeHT
OTD2XEHNA |« OTpaXeHust > npeobpas3oBaHust
Wkcenb Wkcenb Wkcenb Wkcenb
cukcaumm namaTu ~ OTOBpaAXeHN!s nepegaqu dnemeHT
nepenayu
¥
- Hocutenb
Mpocreitwmii konebarys (Cocragroii | | CeHcerb | | Aryarop
l v l
Mukcenb Bokcenb Hocutenb Tekcenb i 3ercenb
cnekipa | e e

Puc. 2 Ukcenn — maTepranbHble HOCUTENM MHGOPMALMOHHBIX 0ObEKTOB

Tabnuua 1. Mpumepbl 1 OnepaLuy UKCene OTpaxeHus

HaumeHoBaHue Mpumep peanusaumu ®yHKumA
oTobpaxeHus*
Vikcenb dukcaumm OMUTTEpHbI  MOBTOpUTENb,  3MeMeHT  u3obpaxenuns | i(t) =f(r(t)
BUAE0CceHcopa

Vkcenb namaTu Tpurrep, koHgeHcaTop, eppuToBas s4elka i(t)=f(r(to))
Wkcenb oToBpaskeHus (mukcenb) OneMeHT TekcTa unm u3obpaxenus Ha bymare, Ha akpaHe | r(t)=f(i(to))
Vkcenb nepepaum cTatmyeckui OneMeHT perucTpa casura iti1)=f(i(t;))
Wkcenb nepepaun guHammnyeckuin | nemeHT curHana s(X,t)=f(s(x-xo,t-to))

*rae i- MO, t- Bpems, r- maTepuanbHblii 06bEKT, fp — NCXOAHBIA MOMEHT BpeMeHul, j- Homep paspsiaa perucTpa, x-
KoOpAMHaTa NUHWW Nepefayn, Xo — HavanbHas KoopauHaTa

Wkcenu omobpaxeHus — NpoCTedas MaTepuanbHasi CTPYKTypa HEKOTOPOTO  HOCWTENS,  KOTOPbIW
XapaKTepu3yeTcs HenmpepbiBHbIM NINO0 AWUCKPETHBIM 3HAYeHUEM (PU3NYECKOW BeNNYMHbI BOCTPUHUMAEMON
opraHamu YyBCTB (SIPKOCTW, MPO3PaAYHOCTH, CrekTpa...). BusyanbHo BocnpuHUMaemble omobpaxaroujue ukcenu
00bIYHO pPeanuayroTcs Ha TBepAbIX HocuTensax (Oymare, NONOTHE, KEpaMUKE, MIOMUHECLIEHTHBIX Crosix). Mkcesnu
nepedayu — NpocTeas eauHuLa CTPYKTYpbl KOMMYHUKama — MmatepuarbHOM CTPYKTYpbl NepeHoca OTpaXeHuit
(mons, noToka YacTu, B obLyem cnyvyae matepuanbHbix 06bekToB). U3 ukcenel moryT BbiTb CHOPMUPOBaHDI
fonee cnoxHble CTPYKTYpbl, HANpUMep mekcesbl (CoKpalyeHue OT aHrn. Texture element) — MUHUManbHbIE
eaMHMLbI TEKCTYPBI.

Bygem mcxoguTb W3 TOrO, YTO BOCMPUHUMAIOLLMIA BO3AEICTBUE UKCE/b, KaK SMIEMEHT OMpaXeHus, UMeeT ABe
unoctacu (popmbl MPOSIBIIEHNS)) MaTepuanbHyd M MHAOPMALMOHHYKD. B nepBoM cnyyae OH MOXET ObiTh
onucaH M3nNYECKUMIU CBOACTBAMM:

—  OblITb CTATU4ECKUM MO0 AMHAMMYECKUM (B 3aBMCUMOCTU OT HOCUTENS);

— CnoCoBHOCTLIO NpU (PU3NYECKMX BO3AEACTBUSX MPUHUMATL OHO M3 HECKOMbKWX Pa3nuyatoLmxcs
COCTOSIHUI.
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Bo BTOpOM cnyyae - MHOPMALMOHHbBIMY:

— cofepxaTb OfuH UH(hopMayUOHHbID anemeHm (U3), KOTOPbIW, Kak U MaTepuasbHbl UKCesb, MOXeT
WMETb TO e KONMYECTBO COCTOSIHUIA (B Cny4ae ABYX cocTosHuin U3 sensetcs 6um);

—  WU3MEHSATb COCTOSIHWE MOJ BNUSIHUEM MHAOPMALMOHHBIX BO3AENCTBUA.
113 N3n0XeHHOro BbITEKAOT ABE KATErOpUM OTAMYAIOLLMXCA NO NpUpoae YHKUWA ukcened:
— A - lpeobpa3oBaHne MaTepuanbHOr0 BO3AENCTBUSA Ha UKCENb B COCTOSIHWE UKCESs, T.e. B COCTOSIHWE
no;
— b - BoinonHeHue onepauuit Hag U3: ¢hukcayus, xpaHeHue, omobpaxeHue u nepedada U13.
C y4yeToM eCTeCTBEHHOCTM 06paTHOroO NpeobpasoBaHns YHKLWIA kaTeropum A, MOXHO 4aTb Takoe onpeaeneHue
WKCens Kak arperara:

Ukcenu - npocTenune matepuanbHbie CTPYKTYpbl NpeobpasoBaHns BO3AENCTBYIOLMX MaTEpUanbHbIX 0ObEKTOB
(BXOAHBIX KOMMYHUKamos) B MH(OPMaLMOHHbIE 06BeKTbl W, HaobopoT, NpeobpasoBaHUs WHPOPMALMOHHBIX
00beKTOB B MaTepuanbHble 00beKTbI (BbIXOAHEIE KOMMYHUKamB!).

AGcTpakTHas cxema MHGOPMALMOHHON MaLIMHBI

PeanbHble VM oyHKUMOHMPYIOT B Cpeae M3 MaTepuanbHblX OOBLEKTOB, B3aWMOAEMCTBME C  KOTOPbIMM
obecneynBaeTcs onpegeneHHbIMM Bbllle KOMMYHUKamamu, No3TOMy KOMMOHEHTbI 1 oyHKUMOHanbHble Lenu VM
MOryT BbITb NPeACTaBneHbl B Buae 0606LLIEHHON CXeMbI Kak Ha puc. 3.

BosgencrayioLune MatepuanbHble 00bekTbI, Ha
MaTepuanbHble 00bekTbl 3 KOTOpble BO3AENCTBYIOT 6
o T2

CeHcopbl 1 Mawsts 7 AxTya- Y

TOpbI 4
HdbopMaLmoHHbIn
KommyHuKaTb1 9 hopmaly KommyHukaTbl 12
onepaHT 13

WuTepdeiic WHTepdeiic
nons3oeatens 8 ceteson 10

Puc. 3 AbcTpakTHas cxema MHGOPMALMOHHOM MALLNHBI

Hocutenn cBOMCTB MaTepuarnbHbiX 0ObEKTOB, HanpUMep, MOTOKM YacTUL, 3NeKTPOMAarHUTHbe 6O 3BYKOBbIE
n3nyyeHns popmmupyemble camum OGBEKTOM, UM M3NYYaeMble B pesynbTaTe 30HAMPOBaHUS 06bekTa Apyrum
WCTOYHUKOM M3Ny4yeHus (puc.3, 4), COrnacHO M3MNOXEHHOW Bbille TEPMUHOMOTUM YYACTHUKOB B3aMMOLENCTBUN
SBNSAIOTCA KOMMYHUKamamu. TapaMeTpbl KOMMyHUKama 2, BbIXoaswne oT obbekTa-npomomuna 3 - aMniuTyaa,
yacToTa, ¢hasa, - MOryT 3aBMCETb, Hanpumep, OT TakMX CBOMCTB 0BObeKkTa-npomomuna, Kak Temnepatypa,
CKOPOCTb, CNOCOBHOCTb OTpaxaTth, nepemelyeHne, 1 T.n. GopmanbHO KOMMYHUKamamu MOryT BbITb M NOTOKM
BELLECTBEHHbIX 0BbEKTOB-NEPEHOCUMKOB, HANPUMEP, NOYTOBLIE KOHBEPTbI C MMCbMaMMU.

MepBUYHBbIMM NpeoBpasoBaTenamMi HEOAHOPOAHOCTE OGLEKTOB MaTepuanbHOro Mupa (CBOWMCTB OGBLEKTOB-
npomomunos) B HeOOHOPOOHOCTU YYBCTBUTENbHBIX 3MEMEHTOB 0OBEKTA-0mobpaxeHus SBNAKTCA CeHcenu,
BXoAslMe B cocTaB ceHcopos 1. CeHcenu MpeBpalLaloT OnpedeneHHble napameTpbl KOMMyHukama 2 B
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aHanoroBbI UMW OUCKPETHBIA CUrHan (3NeKTPUYEeCKU, ONTUYECKUIA, 3BYKOBOW), YAOOHBIN ANs BO3OENCTBUS Ha
OpYyrue YyBCTBUTENbHbIE SMEMEHTbI, HanpuMep, YCUIMTENMU, Nopo2osbie anemeHmbl. CeHcopbl CHabXeHHble,
Hanpumep, aHanoro-umgposbiM npeobpasoBaTenemM, npeobpasoBbiBalOT CUrHan K yaobHow ans paboTsl
Unchposon popme. Kaxabin aNeMeHT HEOOHOPOAHOCTU 0ObEKTa-0mobpaXxeHuss B NPOCTENLLEM Cly4Yae MOXET
XapakTepu3oBaTbCs YUCIIEHHBIM 3HAYEHMEM COOTBETCTBYIOLLEA PU3NYECKON BENUYMHBI. [anbHenLnMin nepexos
OT YKCenN K cumgosiam - B CBOe BpeMs Lar passutisg MM - nossonun CTaBuTb B COOTBETCTBIE CUMBOSIAM ftobble
00beKTbI, OnNpeaensTb onepauuu Hapg rpynnamu 06bekToB, pa3paboTaTb MalUWHHbIE anropuTMbl PeLLeHMUs
3apau, NpuBen K Co34aHMI0 annapaTHbIX 1 MPOrpamMMHbIX CPEACTB X peanu3aLum.

dnemeHT »| KommyHukat

nepenayn \‘\‘

Mons Monst MoToku yacTiy MoTOKM OBBLEKTOR -
NepEHOCUVKOB

NOCTOAHHbIE nepemMeHHble

Puc. 4. KOMMyHMKaTbI — MatepuarbHbl€ HOCUTENWN NepeaaBaemMoro VIH(*)OpMaLU/IOHHOFO obbekTa.

Akmyamops! 4 (achekmopbI, UCNONHUMENbHbIE MeXaHU3MbI, opydus mpyda) - ntobas CTPYKTypa uiv BELLECTBO,
KOTOpblE B COOTBETCTBMM C COCTOSHUEM W3 (hopMUPYOT NOTOK KOMMYHUKamog 5 W3MEHSIOLMA COCTOsHME
MaTepuanbHoro obbekTa 6.

MamaTtb 7 koHkpeTHO MM MoXeT copepxartb, Hanpumep, 6a3sbl 3HaHUI KOHKPeTHbIX a0 1 apyre BCTPOEHHbIE
CTPYKTYPUPOBaHHbIE MH(DOPMALMOHHBIE PECYPChbI  HAKOMMEHHble 0OLECTBOM; 4TODObl OTpa3nTb  TaKyt
BO3MOXHOCTb, NAMATb YaCTUYHO BbIHECEHA 3a Npedenbl onepaHTa 13.

WHTepdeiic nonb3oatens 8 BkNYaeT CpeacTBa BBOAA AaHHbIX W 3aAad, CPeACTBa BM3yanu3auun CTaTu4eckon
1 AMHAMWUYECKO MHGOPMALMK C NMOMOLLbI0 KOMMYHUKama 9.

InHum, kaHanbl nHTepdiercos 8 n 10, ceTn cBsa3u 11 nepegade curHanoB KNaccUULMPYIOTCS Ha (HM3UYECKOM
YPOBHE MO TUNy KoMMyHukamog 9, 12 W cpedbl pacnpoCTpaHeHUs: NEKTPOHHbIE; akyCTUYecKue; OnTUYeckue,
WHEpaKpacHble, paamo, NoYTOoBbIE.

MHopmaLmMoHHbIn onepaHm 13 - 00WMA (PYHKUMOHANBHBIA KOMNOHEHT WM, CTpyKTypa KOTOPOro MOXET
COCTOSTb M3 COBOKYMHOCTW MOCNeAoBaTeNbHO W NapannenbHo COEAMHEHHbIX YHKUMOHAMBHBIMK  LEensmMu
0NepPaHmMOo8 HMKHIX YPOBHEN. BaxkHEMLLMIA napameTp onepaHmos — CKOPOCTb BbINOSTHEHUS onepaLnit.

OueBnaHO, YTO Ha YPOBHE MKCENen MOXET ObiTb peanuaoBaHa 06paboTka NOTOKOB KOMMYHUKama C NOMOLLbH
TaK1X onepavLuii:

e 06beduHeHUe NOTOKOB KOMMYHUKama, HanpuMep, NOTOKOB SMEKTPOHOB, POTOHOB, 3NEKTPOMArHUTHbIX
nonen ans peanusauun dyHkUmn 1 n U,

e ynpaerneHue napamempamu KOMMYHUKama (Konu4ecmeeHHoe, KoMMymauyusi, uHeepcus ¢pyHkyus HE);

e ObHapyxeHue w onpedefieHue KOMUYECMBEHHbIX XapakmepucmuK KOMMYHUKamoe C MOMOLLbIO
YYBCTBMTENbHbIX ~ 3MIEMEHTOB:  (DUMbTPOB,  YCUNIWUTENeW, MOPOrOBbIX — 3NEMEHTOB  (KBAHTOP
CYLLECTBOBaHMS);
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e (Obpabomka WHOpMALMX NOS BO3QENCTBMEM KOMMYyHUKama (3anucb, XpaHeHue, CTUpaHue) Ha
HEKOTOPOM UKcerTe.

OnHOMMEHHbIE NPMBEAEHHbIM onepaunsam dNnemMeHTbl MOXHO OTHECTWN K aneMeHTHoN Oase KOMMYHUKamHo20

ypoBHSA. O4eBMAHO, YTO 3TW 3rnemeHTbl peanuaytoT noruyeckue yHkumm W UMW, HE Bxogswwue B cocTtas
(OYHKLMOHAMBHO NOSTHOM CUCTEMBI SIEMEHTOB, M Ha HWX MOTYT BbITb peann3oBaHbl Bonee CroXHbIE YHKLMA.

AnnapaTHo-MH(pOpMaLMOHHbIN arperat — 6a30BbIi KOMMNOHEHT MHOTFOCNIOMHOIO NpeAcTaBneHuns
MH(OPMaLIMOHHBIX YCTPOUCTB

W3 npuseneHHbix anementoB W, WIIW, HE cTtposTes, Hanpumep, KOMMbIOTEPbLI CTPYKTYpbl (hoH HeilMaHa, B
KOTOPbIX BXOAHAs MHGOpMaLWS — MHGopMaLWs, NpeacTaBneHHas B CUMBOMNAax 8X00H020 anghaguma (YMCnoBas,
TEKCTOBas, rpacuyeckasl, anekTpuyeckne curHanbl v T. n.) [OnekTpoHHbI yuebHuk, 2013]. CesasbiBaTh Yepes
B3aMMOJENCTBUS 3MEMEHTbI CTPYKTYPbI KOMMbIOTEPa ¢ MaTepuanbHbiMu 06beKTaMW He NPUHSATO. YTobb! yinTn oT
MHOXeCTBA KOHHOTATMBHbLIX 3HAYEHUA NOHATWA "MH(hopmauus" U "MHGOPMALMOHHBIN 0BBEKT", paccMOTPUM
eanHuuy cTpyktypbl IM B Buge: «agpezam ¢pusuyeckuiili o6bekm - uHghopMayusi, cooepxauiasicsi 8 Hem»,
KaK YCNOXHEHHbI aHanor ukcens. JTOT aegpezam, Kak W UKCeb, B MPOCTEMLUEM Cryyae MOXeT ObiTb
NPeACTaBIeH Kak ABYXCMOMHbIA 0OBEKT, COCTABNEHHbIN M3 MaTEPUANBHOTO W MHAOPMALMOHHOMO COEB.

MamepuanebHbiM crioem arperata siIBNSOTCA MaTepuarnbHble KOMNOHEHTb! arperata — UKCenU W CBsi3aHHble C
HAMW 3neMeHTbl (oBecneynBalome AOCTYN K HUM U BbINOMHEHWE OnepauyMin CMeHbI COCTOSHWI). JTOT CroW,
00bI4HO MMEHYEMbI Kak annapaTHas YacTb, XapaKTepusyeTcs cmpykmypod: BXOLb!, BbIXOAbI, COCTaB ukcenel,
C8513U, KOMMYHUKamb!.

MHbopmayuoHHbIM crioem arperata sBnsTcs "oTobpaxeHns” 06bEKTOB B BUAE COBOKYMHOCTW aKTyamnbHbIX BO
BPEMEHU WUNU MPOCTPAHCTBE COCMOSIHUL uKcenel. W anemeHTapHble U CROXHble CTPYKTYpbl COCMOSHUU
COBOKYNHOCTU UKcenel aespezama B obuwem crnyyae Oygem HasbiBaTh "MHOpMaLMOHHbIE 06bekThl" (MO).
MHhopmaumoHHas YacTb arperata xapakrepusyetcs dopmoi npeactaenenus MO (aHanorosas, uudposas),
hopmaTom (3NeMEHT, NHelika, Maccus, Tabmmua, TekeT, dhain ...), oTHoweHuaMu mexay MO.

MHoxecTBa aspezamog U3 MaTepuanbHblX U MHGOPMALMOHHBIX KOMMOHEHT MOryT ObiTb OnpeseneHb
KaTeropusiMM nO COYETAHWAM KaccoB HocuTenel u otobpaxeHun. Ha guarpamme puc. 5 npefcraBneHbl
YCTOSIBLUMECS MMEHA W B3aWMOCBS3WN [LOMEHOB OOBEKTOB kamezopull R mMaTepuanbHOro Mupa U OTPaxeHuit
MaTepuanbHbiX 06BEKTOB U MEHTaNbHOM AeATENbHOCTM YernoBeka. MMockonbKy yHKUMAMM arperata sBnsiTes
WH(OPMALMOHHBIE Onepauuu M cam arperat ecTb PU3UYeckui HOCUTENb MHAQOpMaLMK, onpeaenvM Takue
agpeeambl Kak (busuvyeckue UHGOPMayUOHHbIe 06bekmbl (CokpalleHHo ®HU-06bekmbl, ®UO6BLI).
MHoxecTBo @U-06Bekmos 0603Ha4eHO Iha, MHOXECTBO HocuTenel uHdopmaumm - A, a nogmHoxectea MO,
KOTOpble CO@epXarTcs B HUX, Ha Auarpamme puc. 5 0603HayeHbl | C COOTBETCTBYIOWMM MHAEKCOM. [lpu
PaCcCMOTPEHUN auarpamMmbl yxKe Ha YpoBHe ukcesel moryT ObiTh BbiaeneHs! Takue cnon WO: but, undpa, 3Hak,
icon-06bekT, MaccuBbl 1 ropa3fo bonee cnoxHole CTPYKTYpbl. Hanpumep, otobpaxatowime KOHKpeTHble Moaenu
0OBEKTOB BHELUHErO MMpA, CMOXHO OpraH130BaHHbIE WHAOPMALMOHHbIE CTPYKTYPbI: 3HAHWS, KOTOPbIMU Mbl
onpegensieM Kak MaTemaTika, MaluMHHas MatemaTtika u ap.

Takum 06pasom, M annapaTtHas M WHGOPMaUMOHHbIE YacTu PHU-06BLEKTOB MOTYT UMETb UEpapXUYecKyto
CTPYKTYPY; KaXaOMy YPOBHIO MEPApXMM MOTYT OTBeYaTb CBOM CTPYKTYPbI U CMOW, TO €CTb MOXET UMETb MECTO
MHOrOCIMOMHOE MNPEACTABNEHNE Kak OTHOCMTENbHO NOCTOSIHHOMA anmapaTHoW 4acTu @U-06BLEeKTOB, Tak W
ONnepaTMBHO W3MEHSIIOLLEEC MHOrOCMOMHOE MNpefcTaBneHne COAEPXMMOro WMHAOPMALMOHHON YacTn OU-
06BLexmos.

113 3noxeHHOro BblLle MOXeT OblITh [aHO TaKoe onpeaeneHne no:
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UHOpMaLMOHHBIA O0bEeKT - 3TO OTpaxeHue MaTepuanbHoro obbekTa-npotoTuna wmu gpyroro MO B
WH(OPMALMOHHON MallMHe NBo Ha HEKOTOPOM HOCWTENe B BWAE COBOKYMHOCTU COCMOSHUU OnpeneneHHbIX
ukcenell 06bekma-omobpax eHus.

MaTepuanbHbii Mup (R}
UHcopmMaLMOHHbIe MaLUUHbI U 351€ MEHTbI
| MarepuanbHble Hocutenu nHcgopmauwm { 1 }

EcrecTBenHbIE Fenb MeHranbsHbIe HckyccrBennbie{Aw}
{4F} { A m} MarmmHHbBIE
o e e e e e e
OmpaxeHusi mMamepuasbHbIXx 06bekmoe {l,o} :
- I
2 OmpaxeHusi MeHmMasnbHoOU |
I ) desmenbHocmu {lyz} |
S 3 = S |
g § S 3 Mamemamuueckue 00vexmul {lyvo} I
3 RN
= § St 5§ I
% S N S S Mooeﬂu{lmnm} I
T 588 | I
S L Bupmyanereier:
DHU-azpezamvt «Hocumenv—HO» {l4}

*CO3IL3HHI)IC B pE3YJIbTATC ACATCIbHOCTH cy61>elcra

* *CO3Z[aHHI)I€ B TEXHHUUYCCKUX CPEACTBAX

Puc. 5 [lnarpaMma JoMeHOB 0GEKTOB KaTeropuit peanbHoro Mupa u MHGhopMaLoHHOro M1pa

OueBMaHO, YTO B 3aBUCMMOCTN OT npupodsi hopmmupoBaHns nHcopmaumun NO moxeT:

— oTobpaxaTb HEKOTOPYK CBOK CYLIHOCTb MnM Apyrux 06bekToB (Mpoobpa3os) MHoxectBa U
OTHOLLIEHWS! MeXY HAMK, T.e. BbITb MH(OPMALIMOHHOI MOZENbI0 0TOBpaxaemMoro obbeTa;

— MPEACTaBNsATb CaMOCTOSTENbHYIO CYLIHOCTb (MO0, KOHCTPYKT, MPOLYKT AEeSTenbHOCTH), CO3LaHHYH0
TBOPLOM Ha OCHOBE ABYX MnW Gorblie OGBLEKTOB, KOTOpasi MOXET HEenoCpPencTBEHHO UMK Yepe3
06bEKTbI-NOCPEAHNKM BNUSATL Ha TPETbI 0OBEKTHI.

Mpwn oToBpaxeHun apyrux oobektoB @UO6 MoxeT coaepxaTb pasHble (POpMbI MHGOPMaLMK, KOTopasi KacaeTest
KaK KONMMYECTBEHHbIX, Tak M Ka4YeCTBEHHbIX XapakTepucTuk obbekTa-npototuna. OTMETWM, 4TO B Ccryyae
oTOOpaKeHNst HEKOTOPOI CamoCTOsTENbHOM cylHocTM ®MO6 MoxeT copepxatb "koa", "nporpammy”,
CO3/iaHHble, HaNpUMep, ee TBOPLLOM.

B MHopMaLMOHHBIX NpoLeccax y Yenoseka MPUHAMAIOT yyacTue nepudepuitHble peuenTopbl U HEMPOHHbIE

CTPYKTYPbl HEPBHOM CUCTEMBI. ECTECTBEHHO, B HUX MPUHUMAIOT y4yacTie 1 "MeHTanbHble" (OTHOCALLMECS K yMY)
06bekTbI, Dyayum cocTaBnsioLlen YacTbio PM-06BLekmoes, meopull, 6a3 3HaHu(.

Kateropu3sauus B3aumogeincTBU MHCHOPMALMOHHBIX U MaTepuanbHbIX 00bLEKTOB

OnepaHTbl — MaTepuanbHble OOBEKTbI, peanuaylolme OnOCpPeACTBOBAHHOE BO3[ENCTBUE 00BEKMOS -
KOMMYHUKamopos Ha 00beKkmbI-peyunueHmsl. 3aBepLUeHHbIe akmbl B3aUMOLEACTBUS KOMMYHWUKAHTOB, MO
aHanormm ¢ Nornyeckoil eanHuuen paboTbl C AaHHbIMKM, ONMPEAenuM Kak mpax3akyuu. B Hawem cnydae
mpaH3akyusi - eduHuLa npouecca OnoCcpeacTBOBAaHHOrO B3aumopencTsus. OnepaHmbl MoryT  ObiTb
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KnaccuuuymMpoBaHbl MO TUMY BhIMONHAEMO mpaH3akyuu, 1 o TUMy onepauun Hap KoMMyHukamamu. B nepom
cnyyae B 3aBUCUMOCTW OT MMOCTack KOMMYHWKaHTOB - Kak MaTepumarbHblil 0ObekT R unn kak ghusuyeckull
UHGhopMayuoHHbIU 06bekm Iha (nanee 6yaem 0603HauaTh /) - MOXHO BblAENUTL TakMe Mapbl TPAH3aKLWN:
R—R, R—l, I—1, I-R (puc. 6).

OnepaHtsl  |-----  R-R- onepaHTh
R-I - onepaHTbI -1 - onepaHTbI [-R- onepaHTbI
OnHoapryMeHTHble MHoroapryMeHTHble
TNornyeckve ApunmeTnyeckne
v
\ 4
[MoporosbIi Cymmartopbl,
Yonnurens aneMeHT AL GunbTpb! lpoueccop! VMHOXVTEIH

Puc.6 MNpumepbl onepaHToB — MaTepuanbHbIX peann3aTopoB TpaH3aKLui

Knaccudukauns onepaHmog no KoMGUHaLMAM KOMMYHUKamoe Ha BXOLE W BbIXOLe onepaHma r—rf, r—i, i—i,
—r onpefensieT Big BbINOMHAEMOI onepauun. B MatemaTtike onepayusi - 3T0 ABYXMECTHOE 0TobpaxeHue, unu
COMOCTaBMEHNE ABYM 3NIEMEHTaM OAHOTO Ui Pa3HbIX MHOXECTB ArIEMEHTa 3TUX Xe UMK TPETbEro MHOXeCTBa. B
Hallem Cryyae onepaHm MOXeT UMeTb Ha BXOLE OAWH UMW HECKOMbKO BXOAHbIX OOBEKTOB W, COOTBETCTBEHHO
(yHKUMM Npeobpa3oBaHus, (POPMUPYET OAWH UnK, B 06LLEM Cyvae, HECKOMBbKO BbIXOAHBIX 0BbeKToB. MoaTomy
npeobpasoBaHnst  <rxi> (BXOOHbIX OOBLEKTOB B BbIXOAHble) YyAobOHee TonkoBaTb Kak — onepayuro
MeXHOM02U4YeCK020 npoyecca B OTINYME OT mpaH3akyul <Rx/>. TIoCKONbKY BaXHEMLUMMW KOMMOHEHTaMW
nocneaoBaTenbHOCT mpaH3akyull KpOMe KOMMYHUKaHmog eCTb onepaHmb|, BbINONHAKLWME onepayuu, npu
HeOpManbHOM  M3NOXEHUM  NOCnefoBaTeNbHOCTb  MpaH3akyull  MoxeT  ObiTb  HasBaHa  TaKke
"nocnenosaTenbHOCTL onepauui',

OTmMETUM, YTO npun onocpeacTBoOBaHHOM B3aUMOAENCTBIN pe3ynbTaT MOXET 3aBUCETb OT BIIUAHNA HA OnepaHm
0] 00beKTOB, KOTOpbIE YNpPaBnAaT, KOOPOUHUPYOT UK Opyrum crnocoboM BRMSAIOT Ha HUX, W KOTOPbIE MOXHO
OTHECTM K KaTeropuu o6bekmoe-umbmoaHmoe. O6'beKmu-UHd)ﬂl'03HMbl MOryT BKMN4YaTb Cpedbl,
BPEMEHHbIE CUHXPOHN3ATOPbI, NPOrpaMmbl, MOAENU 00BEKTOB, MOAENN KeNaTenbHbIX 1 peanbHbIX NpoLeccoB.

MpuMeHUTENBHO K B3aumoaencTBulo @®U-06bekmoe B MHOXECTBE KaTeropum mpaH3akyuil  MOXHO
paccmatpuBatb 00a Crosi B3aMMOZEMCTBYHOWMX OOBEKTOB M BbIAENWUTH TakMe BWAbI B3aUMOAENCTBUN:
mamepuarbHble (R—R) n ¢ yyacteMm WH@OpMaUUOHHbIX 06bekToB (R—I. /—/, I—R). CyTb npoueccos
B3aMMOJENCTBUN Ha MaTepuanbHOM Crioe OnNpeaensieTcs NpUpogoi BXOAHBIX U BbIXOAHBIX KOMMYHUKamos u
ces3amu. [py 3TOM Ha OOLEKT BNUAKOT BXOAHbIE KOMMYHUKambl U cam ®U-06bekm SBNSETCS UCTOYHUKOM
BbIXOAHbIX KOMMYHUKamos.

Mpumep KoMMyHuKkamHOU MOAENnn MamepuanbHO20 €108 0OLEKTOB Ha pUC. 7: INEKTPUYECKUE CUTHasbl Aq
agpeca, KOTopblil XpaHUTCA B NOCTOSHHOW namsaT ®U-1, agpecyoT HEKOTOPYID SYENKY NaMAaTW Ha MarHUTHOM
ancke OW-2, a wuHbnaHt OM-4  dopmupyeT nasepHbli  curHan cuwTbiBaHua A, OU-2  dhopmupyeTt
aneKTpuyecknin curdan A, nepesogswmnin ®/1-3 B cocTosHUE, OTBEYAIOLLEE COCTOSHMIO OU-2.
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®U - 0bbekT 4

i A2 = KOMMYHMKAT

O - owekr | M KOMMYHUKAT | p11 . ofmekT OW - 06bekT

1 2 K}

A - KOMMyHuKaT
»

Puc. 7 Briok-cxema npouecca B3anmogenctanii ®1-obbektos

Mpumep uHhopmayuoHHOU Mofenu UHGhOPMaYUOHHO20 €101 OOLEKTOB Ha puc. 7. Ha uHhopMaLMOHHOM
YPOBHE CyWHOCTb ®U-06BeKkma onpeaenseTcs coaepxaqnem "otobpaxeHns” n onucaHue onepayumi BoIrmsaauT
Tak. Koo appeca sueikn namstu OU-2 ¢ ©U-1 nepepaetcs B ®U-2 n no komaHoe cuuTbiBaHus ®U-4 koa
COAEPXMMOro suerku namsaTn ®U-2 noctynaet B peunnueHt ®U-3. Tunnunble onepauun namatn OU-2 takue,

"3anuce", "ctupanue” nnn "cumTbiBaHme" koHkpeTHoro 0.
Hwxe npuBegeHbl 0COGEHHOCTN MpaH3aKyull pasHbIX KaTeropui.

R—I-mpaH3akyuu. Tpn R—/| - mpaH3akyusx KoMMyHukamop R paccmaTpuBaeTCsl kak mMaTepuarbHbIi
00beKT, a peuunneHT I Kak MHPOPMALMOHHbIA. Takue mpaH3akyuu BLINOMHSIOTCS C MOMOLLbKO CEHCOPOB M MOTYT
ObITb ONpedeneHbl Kak "CEHCOpPHblE" mpaH3akyuu; |[—R - TpaH3akuuu, BbIMOMHAKLMECS C MOMOLLbH
UCTIONHSIOLLMX YCTPOWCTB (aKkmyamopos) MoryT BbiTb onpedeneHHble kak "akTyaTopHble" mpaH3akyuu (no-
apyromy I—R - peanusauuun). R—/ - mpaH3akyuu bonee LWMPOKOE MOHATUE, YeM OBLLENpUHATLIE "onepaLun
BBOAA - BbIBOZA". B uHhopmaTuke, 8800/861800 (aHrn. I/O - input/output) 0BbIMHO O3HAYaET B3auMOZeNCTBne
Mexgy obpaboTynkom MHopMaLmuu (HanpuMep, KOMMbIOTEPOM) U BHELLHUM MUPOM, KOTOPbIM MOXET ObiTb Kak
yenosek, Tak 1 nbas gpyras cuctema obpaboTku uHdopmaumu. OgHako Bgod TpaKTyeTcsl Kak nonyveHue
CUCTEMOW CUrHana UnK AaHHbIX, @ BbiBod, KaKk MOchbinNKa CUCTEMOW curHana wnu gaHHbIX. Kak u BO MHOrMX
onpedenexnsx Opyrux nuTepaTypHbIX UCTOYHWKOB, NpoLecc npeobpasoBaHmus CyLHOCTM 06bekTa NpoToTuna B
ero "oTpaxeHue" B onpedeneHusx He durypupyeT. B Hawem cnydae R—/ - mpaHsakyuu BKOYaT
B3aumopencTeme noboro R-o0bekta (koMMyHukamopa) w peyunueHma | ¢ NOMOLBID KOMMyHUKama. B
POCCUICKOM W YKPAWHCKOM A3blkax OTCYTCTBYKT 0DOGLiEHHOE MMS WMWK MOHSATWE, O3Havatowme 3ToT R—/
MPOLECC, Kak KOMMOHEHTbI TEXHONOorMM JoObIBaHUS 3HaHWIA O MaTtepuanbHoM Mupe. B 1o xe Bpems R—/
mpaH3akyus - BaXHeWLas COCTaBMAOWasn KOTHUTWBHOMO npouecca. Hanbonee Ommskum npencTaBnseTcs
TepMUH "oTOBpaxeHne" kak npouecc. TexHnYeckummn cpeactBamm R—| npeobpasoBaHue peanuayeTcs Takumu
cnocobamu:

— AHamM3 C MOMOLLbO COOTBETCTBYIOLLErO CEHCOpa NepBUYHOTO KoMMyHukama O, (Hanpumep,
AMEKTPOMArHUTHOrO M3NyYeHUs UMW BELLECTBEHHOTO MOTOKA, KOTOPbIE CO3AalOTCH U AMUTUPYIOTCS
KOMMYHUKamopoM (paccMaTpuBaemMbiM Kak aKTUBHbIA 0OBLEKT); 31O MOryT ObiTb KOMMYHUKambi
AMUTUpyeMble B pesynbTaTe MPOLECCOB MPOUCXOASALMX B OObEKTe MNpOTOTMME, HanpuUMep,
COBCTBEHHOE 3MEKTPOMArHUTHOE U3NyyeHne O0ObEeKTa-NpoToTUNa MMEIOLLEro TeMnepaTypy Bbllle
abCoMoTHOrO HyNs UMK U3NyYEHNE PAAUOTEXHNYECKOTO CPEACTBa;

— 30HAMpOBaHWE KOMMYHUKamopa C NOMOLLbI HEKOTOPOr0 WCTOYHMKA KOMMYHUKamoe A (KOTOpblid
OombapanpyeT NaccuBHbIN 06bEKM-KOMMYHUKamop) W aHanu3 C MOMOLLb0 COOTBETCTBYIOLLErO
CEeHcopa BTOPWUYHOTO KOMMYHUMKATa O, (KOTOPbIA SMUTTUPYETCS KOMMYHUKamopoMm). 310 MOryT ObiTb
KOMMYHUKambl 3MUTTUpYEMble OOBEKTOM-NPOTOTUNOM B pesynbTaTe BAMSHWS HA HEr0 BHELIHWX
MaTepuasnbHbIX NOTOKOB, HAaNPUMeEp, 3BYKOBOTO MMM 3NEKTPOMArHUTHOTO 30HAMPYIOLLETO U3NYYEHNS;

— 3oHOuposaHue ecnomozamesibHbIX Mecm-06bekmos, CBOWCTBA KOTOPLIX W3BECTHbIM 0Bpa3oMm
M3MEHSIKOTCA NoA AENCTBMEM 0TODOpaXaemoro o6bekTa.
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Buag komMmyHukama ((POTOHHbIN, SMEKTPOHHBLIA WM WOHHBIA NOTOKW) AN OTOOPaXKEHWS B UCKYCCMBEHHbLIX
obbekTax BblOMpaeTcs ucxods M3 OCODEHHOCTEN MaTepuanbHoro obbekta, HeobxoaMMOW paspeluarolleit
cnocobHocTy, yaobCcTBa nepeaayn, npeobpasoBaHns, XpaHeH!s U PErncTpaLmmn nHdopmaLmn.

B cnyyae BocnpusTus MHGOpMaLMN YENOBEKOM MOXET UMETb MECTO Kak npouecc npeobpa3oBaHus obbekTa-
npomomuna B €ro Mop(bHbIl 06pa3, Tak U MEeHTanbHbIA NPOLECC KOAMPOBAHWS SIBNEHWA AENCTBUTENBHOCTY
A3bIKOBbIMU 0b6bekmamu. NpoLece KOAMPOBaHKUS 0ToBpaxaeTcs ¢ NOMOLLbH cxeMbl O3Havaemoe < 3Hak. Ima
cxema - 3HakoBasi hopMa NpeacTaBneHns 1 0TOOpaXeH!s COAepPXaHnst CMbICMa MbILUNEHNS UN 0B EKTUBHOMO
copepxanusi (cmbicna). OTHOLWEHMS 3HAYeHUs packnafblBaeTcs Ha ABE COCTaBMAKWMX: OT 3HaKa A0
03HAYaeMOro - OTHOLLEHUS! HOMUHALMK, OT 03HA4YaeMOro 10 3HaKa - OTHOLLEHWS pedepeHLnn.

I—R - mpan3akyuu. B npocTeiiwem cnyyae oCyLlecTBNseTcs geicTane - npeobpasosaHue "obpasa”, "koga",
"nporpamMmel" UK "Mogenu" akTyaTopoM (MHOr4a HasbiBatoT uHmepnpemamopom, a I—R npeobpasoBaHus
HasbIBatoT [-peanusayuel)). Knaccuyeckuin npumep Takoro npeobpasoBatens - Nbe3onpusoa. MMpy u3ameHeHuu
YNPaBnSIOWEro HanpskeHWs OCYLLECTBNSETCH NepeMeLieHne HesakpenneHHoW CTOPOHbI NbesokpucTanna. B
Bonee CnoxHoMm cnyyae opyaue Tpyga, CpeAcTBO NS BbINOMHEHWS kakon-nubo pabotbl. [nsg yenoseka -
(hopMUpOBaHME UM rpatuyecknx U TPEXMEPHBIX 06 BEKTOB.

I—1 - mpax3akyuu - BLINOMHAKTCSA CpeacTBaMM MHGOPMATUKK (HanpuMep, nepegaya n3obpaxeHus 13 0aHOro
KOMMbOTEPA Ha APYroi, 3anuch, CYNTbIBaHKE M 06paboTka nHgopmaumn). B Tex cnyyasx, korga NpuHLMNUanbHo
yyacTve BO B3alMOAENCTBUM C ONepaHMOM UHGI0aHmMa, COLepKallero HekoTopyl Moaenb m (Hanpumep,
onepauuu pacnosHaBanus), [—/ mpaH3akyuu MOXeT ObiTb 0003HaueHa kak | — Mm@ — [ BaxHeiwwe
napameTpbl ONepaHTa - CKOPOCTY BbINOMHEHUS OnepaLyii U TpaH3aKLWA MOTYT 3aBUCETb OT MOAENM m.

3 paccmMOTpeHHOro creaytoT crieaytoLme onpeaeneHns: MHpopmayUoHHas MalluHa - CPEACTBO BbINONHEHMS
onpefeneHHbIX [eiCTBAN C LEMbio YMEHbLUEHNS Harpy3kin Ha YernoBeka Wi MOMHOM 3aMeHbl YeroBeka npu
BbINOTHEHUM KOHKPETHOI 3aia4i, B KOTOPOI MECTO onepaLmit ¢ MHAOPMAaLMOHHBIMK 0GbEKTaMU.

anIBeJJ,eHHbIe KaTeropumn mpaHaaKuuU MoryT ObITb NONOXEHbI B OCHOBY TaKCOHOMWKW TEOPUK M, B YacTHoCTH

Teopus R-I-R TpaH3akuuit — Teopust poboToB, Teopust /- TpaH3aKuuid - TEOpUS NHAPOPMALMOHHBIX ONEPaAHTOB,
Teopust R-I v |-R —TpaH3akyui - Teopus YCTPOICTB BBOAA/BbIBOAA.

Teopus kaTeropum — cpeacTBO ONUCAHMA KOMNOHEHT UM

B oTnuumne ot KOHKpeTHbIX R—R mpaH3akyul MaTepuanbHbiX 06beKTOB /—| mpaH3akyuu MHOPMALMOHHBIX
0ObEKTOB €CTECTBEHHO ONPEAEnsTb Kak OTHOLEHWUS. XOTS OMHOWEHUS - [OCTaTO4YHO obljas Karteropus,
koTopast MOXeT ObiTb NpumeHeHa W ans cnyvas R—R mpax3sakyud. WO MoryT ObiTe NpeAcTaBneHbl B Buae
COBOKYNHOCTM W3, a CONOCTaBNEHNS O4HWX 3NEMEHTOB COBOKYNHOCTM OPYTUX SMIEMEHTOB 3TOW Xe Wnn Apyroi
COBOKYMHOCTU - omobpaxeHusmu. [lpyroe HasBaHue omobpaxeHus - 310 ¢byHkyus. [ns dopmmpoBaHns
noakateropu kommyHukamos u IO MoxeT ObITb Takke UCMOMb30BaH Takon pasaen MaTemaTiku, kak meopus
Kame20puli, B KOTOPOW 13y4aloT CBOWMCTBA OTHOLIEHWA MEXOY MaTemaThieckumi obbekTamn He 3aBucsLLne OT
X BHYTPEHHEN CTPYKTYpbl. B Teopumn kateropuin BMECTO CroBa "(yHKUMS" MCMonb3yloT 6onbluee HelTpansHoe
cnoeo "ctpenka" (a Tawke cnoeo «mopduam”) [Fonpbnatt, 1983]. OyHKUMS onpeaenseTcs Kak Tpoika (puc.8)
f=<A,B,R>, rae - R < Ax B GuHapHoe oTHoweHre Mexay A 1 B, Takoe, YTo Ans kaxaoro X € A cyllecTsyeT

POBHO OAMH Y € B ¢ <x,)>ER.

[ins kaxgol napbl OGLEKTOB X M y MOXET ObiTb 3aaHO MHOXECTBO MOP(hU3MO8, KOTOpble B HaLLeM Cnyyae
MoryT GbITb peann3oBaHbl onepaHmamu, OAHO3HAYHO NPeobpasytoLLMU BXOZ B BbIXOL.

AkciomaTr4eckoe onpeaeneHine Kameaopusi COAePXUT B cebe:

1. CoBOKYyNHOCTb NPEAMETOB, KOTOPbIE Ha3BaHbl P-06bekTamu ( B HaLEM Cy4Yae KOMMYHUKaHMb);
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2. CoBOKYNMHOCTb NpeaMeToB, KOTOpblE HasBaHbl P-cmperkamu (30ecb - (YHKUMOHAMbHbIE LEenu K
onepaHm).

MHoxecTtBo A. MHoxecTso B.

Bxog x Bbixo
®l-06Lekm Ay

f: A—>B

»
»

A 4

Puc.8 Brok-cxema npouecca B3anmoaencteuit MO dU-o6nexkma.
OTO AaeT BO3MOXHOCTb OMpeAenuTb:
— Onepauuu, KoTOpble CTaBSAT B COOTBETCTBUE KXKAOM CTPENKe Havano u koHew: f: a—b;
— Onepauuto, KOTOpas CTaBUT B COOTBETCTBUE Kaxaor nape <g,f> P-cmpesiok komnoauuuio g o f.

Komnosnums aByx oTobpaxeHun (cmpesok) @r U @, Takke ecTb oTobpaxeHue (cmpeska) u obo3HavaeTcs
nn

cumBoriom "o", Hanpumep @= @° @2. Mprnyem, onepauus KOMNo3nuum accounaTnsra: he (g e f) = (he g) © f). Yro
no3BonseT:

— MpeacTaBUTb MpaH3aKyulw HEKOTOPOro OnepaHma kak MOCNELOBATENbHOCTb MpaH3akyul  ero
CTPYKTYPHbIX KOMNOHEHT;

— TNepeiTu OT OTOBPaXEHUs] OHOW TPaH3aKUMM K OTOOPaXKEHWIO LEMOYeK TPaH3aKUMA W3 pasHbix
BApUaHTOB B3aMMOLENCTBUIA KOMMYHUKaHMO8, B YaCTHOM CIlyyae MPUBOASLUMM K TOMY e CamoMy
pesynbTary.

3aknioyeHue

[NokasaHo, YTO B MHDOPMALMOHHBIX MalUMHAX 418 BCEX TWMOB B3aUMOLEWCTBUIA MaTepUarbHbIX U OU3NYECKIX
WH(OPMaLMOHHBIX OOBEKTOB XapakTepHbiM €CTb (DEHOMEH NPUCYTCTBUS Hocumesieli B3aUMOLENCTBUIA.
Hocumenu B Buae 8ewecmeeHHbIX Uu S3Hep2emuyeckux NOMOKo8 Ha3BaHbl KOMMyHUKamamu. B otnnune ot
TPaANLMOHHOMO aHann3a KOMMbIOTEPOB Pa3fNYHbIX MOKOMEHUI, CBA3AHHbIX C COBEPLUEHCTBOBAHWEM OmepaLum
Hag kodaMu, B OCHOBY aHamu3a (YHKUWA 3nemMeHTapHbIX KOMMOHEHT WM B3aTbl omepauum Hag
KOMMYHUKamamu.

BeegeHo U onpedeneHo MOHATME MKCeNU - MpOCTedne MaTtepuanbHble 3MeMeHTbl,  panuaytolime
npeobpasoBaHne KOMMYyHUKamos8 B UH(OPMALMOHHbIE 0ObeKTbl U HAaobopoT, a Takke BbinonHstowme B UM
onepauun pukcayuu, XpaHeHusi, omobpaxeHus u nepedayu wHgopmauun. o aHamorum C  ukcenem
onpefeneHa yHuBepcanbHas CTpyKTypa: arperar ‘“MamepuanbHbill 06bekm — UHGhOPMayUOHHbIU 06bekm”.
MHOXeCTBO arperaToB MpeacTaBeHO aMarpamMmmoii JOMEHOB OOLEKTOB KaTeropuit R MaTepuanbHOro mupa u
OTPaXEHUN (MaTepuanbHbiX 0OBLEKTOB 1 MEHTANBHON AEATENBHOCTH).

3aBepLUeHHble aKmbl B3aWMOAENCTBMS KOMMYHWKAHTOB, MO aHanorM C NOrMyeckoi eauHuuen paboTbl C
AaHHbIMKU, onpefeneHbl Kak mpaH3akyuu. B COOTBETCTBAM C wnoCTacblo arperarta, mMartepuanbHod R wnu
MHOPMALMOHHON, OnpeaeneHb!:

e  karteropum TpaHsakumi B M kak <Rx/>;
e Llenoyku onepauuit UM gns cnyyas MHOrOCMOMHOO NPeACTaBNEHNS UX paboTbl;

e Knacchbl MHOPMALMOHHBIX (CopepXawmx /-00bekTbl), HEMHDOPMALMOHHBIX MaLWH (He coaepKawmx /-
0OBEKTbI) M UX KOMIMOHEHT.

MpueeaeHbl onpefeneHne MM kak poAOBOro MOHATUS KOMMBHOTEPHbIX M UHPOPMALMOHHBIX CUCTEM, €€
abcTpaktHas cxema. B koHuenuuio cTpykTypbl M BegeHo yHMBepcanbHOe MOHSTUE onepaHm - peannsatop
onepauuin noboro ypoBHS: HauYMHas OT NPOCTEMLIMX - Onepauuit C KOMMyHUKaTamMu - 4O CaMblX CIOXHbIX - CO
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3HaHusmu. [lokasaHo, 4TO B KoHLUenuuo  onncaHund B3aMOOENCTBIIA OnepaHToB, MaTepuanbHbIX W
I/IH(*)OpMaLlMOHHbIX 06beKkToB MoryT ObITb NONOXEHbI OCHOBHbIE MOHATUS Teopuun KaTeropwh: 6bekm u cmperika.

BeeneHHble B CTaTbe MOHATUS CTPYKTYpbl KOMMOHEHT MM 6binu 1cnonb3oBaHbl npu paspaboTke CUCTEMb
kaTeropui Ans nocTpoeHus LLenoCTHOCTHOM KapTuHbl Mupa U Mogenu yHusepcyma [MepxauHckuit, 2009] n moryT
1CNoNb3oBaTLCS NpU fanbHerLern TakcoHoMmun M.
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Statement of the problem

Despite the enormous investment of labor and financial resources there is no general theory till now and its
practice of supporting the functioning of the human mind. There is still unknown mechanisms of the human brain
as a complex structure consisting of a large number of interacting objects. Exploring the brain, or the results of its
operations, it is difficult, perhaps even impossible to see those fundamental laws, which led to its establishment.
Not in the narrow biological sense [Redko, 2007; Caparres, 1995], but in the context of those laws that underlie
the development of nature and in the end led to the brain genesis as the best tool to process information. And for
this, we first need to understand the role that nature gives to the information.

One of the most common problems in modern science is the knowledge of the role of information, not only in the
life of biological objects, but also at the level of the existence of any material objects of nature. The emergence
and development of scientific disciplines and areas of research which are information processing in a variety of
natural and artificial systems, has led to the need to review the entire outlook on the essence and fundamentals
of the laws of nature. Many scientists agree with the opinion that it exists at the level of non-living matter, that
information is not only a vital part of living beings, but is present in all the processes of interaction in nature, and
at all material entities and its laws, along with physical, shape our universe [Kamshilov, 1979].

Almost no discipline can do without the concept of information. It is not just about science, technical, biological, or
philosophy. This is manifested in the natural sciences [Brillouin, 1972; Uspensky, 2010]. The classic example is
quantum physics and its integral part - quantum information theory. Information is not just a concept used by
different sciences. Based on it, the various sciences have long started to converge. But where is the limit of this
convergence? If we consider some of the concepts, laws, or laws that are taking place in various sciences, we
are able to interpret the essence of the understanding which has developed in other scientific field. Hence it is
possible to construct a theory, based on the concept of information and explaining the basis for the unity of the
laws of interaction in nature. Further it can be used to create artificial intelligent systems.

Analysis of the main research and publications

The emergence of information is impossible without the cooperation and reflection of the results of this interaction
in the structure of the material objects. Interactions in nature are inseparable from the information. And
information is inseparable from the process of interaction. Hence, if to seek the role that nature gave to the
information we cannot ignore the issues of interaction. Everything interacts in nature. Interaction of different
physical nature (gravitational, electromagnetic, weak and strong nuclear) are implemented between any of the
material objects. A lot of attention is paid to the modern science of information interaction [Kuznetsov, 2011;
Kuznetsov2, 2003]. A huge amount of work on this topic focus mainly on the formalization of the interaction in
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computer networks (especially the Internet), in social structures, in education, etc. As part of this research
information is understood as a message of knowledge, data, intellectual resources, etc. [Kuznetsov, 2011].
Semantic and axiological parameters of the information are recognized, the view is accepted that the information
inherent in a self-managed systems, which make biological and social form of motion. Today, most scientists
accept the view that the information is inherent not only at the level of self-managing systems; it is objective and
is inherent in all the processes of interaction in nature [Redko, 2007; Kuznetsov2, 2003]. Then there is a need to
expand the scope of theories on information interaction to all forms of movement in nature, not just the biological
and technical aspects of its existence.

This is done in the theory of non-violent interaction [Teslia, 2005; Teslia, 2012).

Unresolved part of the problem

The results obtained in the theory of non-violent interaction results, expanding the scope of its use requires a
formal and systematic localization subject of research relating to the theory, accessible representation of
hypotheses, ideas and conclusions that led to the formation of mathematical tools to solve many practical
problems. Spreading the ideas of the theory of non-violent interaction and confirmation of its truth by showing the
benefits based on it artificial intelligent systems brings an objective need for research in this area. The lack of
scientific work which fully represents the essence of the theory of non-violent interactions, was the source of this
writing.

The wording of the purposes of Article

The main task of the non-violent interactions theory can be formulated as follows: "through our understanding of
the world try to find a reasonable start in his laws, which may be completely unlike what we see, but it is
expressed in it". The theory suggests one possible implementation of the mechanism of interaction in nature. The
results obtained in the theory of non-violent interaction reinterprets physical laws and allow to create more
accurate and precise in operation intelligent systems, and most importantly, create a unified picture of the
implementation of the laws of interaction in Nature, suggest the importance of the dissemination of ideas called
the theory in the scientific world. This is the focus of this paper.

Basic material research

Non-violent nature of the interaction

The author of works came to an interesting and somehow crazy assumption, based on the studies for many
decades, issues of cooperation related to physical science (gravitational, electromagnetic, weak and strong
nuclear), and interaction at the self-managing systems (IT), spending thousands of computer experiments in the
search for analogies [Teslia, 2005; Teslia2, 2010]. And what if the laws of responses to the impact of the external
environment in the living and non-living matter are one and the same? And, just as a person can handle the
information, and on this basis, forms his behavior (defines the trajectory in the medium of existence), and all
material objects process information (coming through the interactions of different physical nature - gravity,
electromagnetic, weak and strong nuclear) and based on that change their trajectory. From this assumption that
the objects do not bend the space-time continuum, forcing other objects go to the "hole". They "convince" other
objects move in a certain path (to or from exposure). We can say that the interaction of different physical nature is
not by force, but is non-violent (information). That is, the "word was first". Word provides information about the
existence of some objects to other objects and changes something in the internal organization of these objects,
which leads to a change in their behavior. Hence the name of the theory is theory of non-violent interaction.
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The internal organization of material objects in the theory of non-violent interaction called introformation.
Introformation (internal organization, their own functional material objects) forming their attitude to the truth
(reality).

If the motion of any material formation is determined by its internal organization (introformation), the changes of
the laws of motion can be obtained by changing the laws introformation. And this has to lead to the numerical
measure of introformation. It should be such that the actual "amount" of the movement of material corresponds to
its introformational filling. We can go even further. If the laws of interaction in nature are one, it is likely that the
resulting introformational laws changes will work at the level of living matter at the level of the man and his
intellectual apparatus.

Based on the research on this scheme a new theory was created. Let’s have a look at it.

VIP-interpretation of the motion

The theory of non-violent interaction provides a new interpretation of the VIP-motion (linking: V-speed traffic, |-
introformation, P-probability). The essence of it in the following. Mechanical motion is characterized by the
direction and speed. It is traditionally believed that the laws of nature must provide formation in the interaction of
material formations of different directions and different speeds of movement. Suppose, the nature laws of motion
are implemented more simply than we had so far? And there is only one (absolute) velocity of the matter! The
speed of light in vacuum is "c". And at this rate moves all matter. And all observed or not observed but the
existing example in microcosm, the diversity of the relative velocities of the internal organization formed
themselves moving objects as follows. Suppose there is a quantization of space and time, at each time slot
material formation is shifted to one quantum of space in one direction. The possibility of bias in each direction is
given its own (for physical education) probability, which in turn generates an internal organization (internal relation
to reality) of this formation, its introformation. As a result of the formationeach material will drift in that direction,
which probability is higher.
Expected drift rate for one-dimensional motion will be:

Varisi =(p= (1= p)e=(2p-1)c, (1)
where 7,,,; —the observed velocity (drift velocity);

p — The probability of displacement;
¢ — Absolute speed.

If displacement occurs only in one direction, the drift velocity of the material formation is equal to the absolute
velocity of matter - c.

P=1:>Vdriﬁ=(2P—1)C=(2'1—1)C:C
p=0=Vyn=2p-1)e=(2-0-1)=—c
The light in vacuum moves with the speed 7, =|. Hence, the movement of the light can be seen as a one-

way.

Introformation measures

Internal organization (introformation) of the material entities in work [Teslia, 2005; Teslia2, 2010] is presented with
a geometric model - areas which determine their displacement in space. For one-dimensional motion — it is two
directions of displacements determination (DDD) (Fig. 1).

The probability of selecting the direction is determined by the size relation DDD. If there is a choice between one-
dimensional motion to the direction of Z, and the direction opposite to Z, then the following relation
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p——L:lT(giveni7 # 0),

p l-p i
where p* = p —the probability of displacement in the direction Z;
p~ =1-p — The probability of displacement in the opposite direction Z;

it —The size of the area that forms the shift in direction Z;
i~ - Size of the area that forms the displacement in the opposite direction Z.

Determination area
of the displacement
(DDD) in  the
| | opposite direction
toZ

Determination area of the
displacement (DDD) in the
directionto Z

1-p

Vdn'ﬂ

drift

A
®

Figure 1. VIP-motion interpretation in nature

In this model, the movement is the property (functionality) of the object, and not the result of force or other
material objects curvature of space-time continuum. Only the aspect ratio DDD sets its own probability of
displacement in one direction or another.

The essence of non-violent interaction is that the interactions between material formations lead, initially, to
change of the dimensions DDD, and the change in size DDD leads to a change of direction and speed of drift in
space.

In this case, the drift velocity of material formation can be represented by the rate of motion of matter in nature

and probability of displacement
Vi =(2p+ —1}:[2 .+"+ - —1};: ’i = ..

1 +1 1 +1

To simplify the model, the difference in the size of DDD in non-violent interaction theory was called certainty, and
the amount — material formation awareness.

d=i"-i"
i=i"+i
where d - the certainty of material formation, relative to the movement in the direction Z;
i - Awareness of the material formation, relative to the movement in the direction Z.

But the question is: what should be the dimensions of DDD, to determine the speed of 1 m / s? This question is
linked with the other. After all, even Albert Einstein showed that all traffic except light traffic is relative. Where as
the relative movement linked with the proposed VIP-interpretation? To get the size of DDD in the works [Teslia,
2005; Teslia2, 2010] a model is proposed, and the corresponding physical laws, and the intuitive understanding
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that the frequency of manifestation of material objects must conform to the size of their DDD. Consider the motion
of two objects - X and Y. Of the special theory of relativity, the velocity of the object Y equal to the object X .
Vyy =X Vx
vy (2)

1
02

where Vyy -the velocity of the object Y relatively to the object X ;
Vy - the velocity of the object Y relatively to an observer located at a point O ;
Vx - the velocity of the object X relatively to an observer located at a point O ;

c - the speed of light in vacuum.
Substituting (1) into (2) we obtain

py(l-py) (3)

p =
T (- px )+ px(-py)

where pyy - the probability of displacement Y in the direction of the object Z relative to the object X ;
py - the probability of displacement of the object Y in the direction Z ;
px - the probability of the object displacement X in the direction Z .

If we look at the denominator of (3), it can be far-reaching conclusion. Objects X and Y move only when they
move in different directions. It is clear. But more interesting is the following. The denominator is not the amount
that reflects the displacement of these objects in the same direction; we find that there is no displacement of
different objects in the same direction at all? Or in such displacements different objects "transformed" into a
single object?

From (3) that the number of times the subject ¥ moves in the same direction, the same amount of time the object
X moves in the opposite direction (Fig. 2) and vice versa. But if the displacements "generate" internal
organization of material formations, it means that the internal organization of the material objects must be related
as follows:

5 (given i # 07 #0)) 4)

1 ly

S+

~%

where iy - the size DDD of the object X in the direction opposite to Z ;
iy - the size of DDD of the object X in the direction Z ;
iy - the size DDD of the object Y in the direction opposite to Z ;

iy - the size DDD of the object Y in the direction Z .

A
[ ]

Figure 2. VIP- interpretation of the motion of two objects
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This ratio provides correspondence between the probability of actual displacement and shifts frequency with
respect to any observer of statistically independent manifestations. Correlation (4) is set to the same choice of
different displacements of material formations in different directions. It is because of this relationship follows the
formula of the relativistic velocity addition (2).

In non-violent interaction theory is suggested that if the ratio (4) was not satisfied in anytime, then more than 13
billion years could be eliminated [Teslia, 2012]. Inanimate matter has evolved too!

From VIP-interpretation of motion in the theory of non-violent interaction the relationship between the speed of
the drift, the probability of displacement, definition and awareness of material objects was received:

2\/p (1 ») ©)
i (6)
P ~2,p<05
lp p
d2+1 (7)
d
p—0,5+5 (8)
V:%c 9)

where V' - the observed speed.

These relationships allowed a new perspective on a number of physical concepts and quantities [Teslia2, 2010;
Klapchenko, 2011]. Thus, it became clear that the Lorentz factor of the material is identical to the material
formation awareness. Indeed, from (5) and (9)

a 1 B 1 3 1 3 1
2y/p(i-p) 2,\/c+V.c—V 2-p? y?
2c 2c -2 I_CT
1 (10)
— Lorenz factor.
V2

mo .

m= =mygl
2 (11)

-
C
where m, - the rest mass of material formation;
m - relativistic mass of material formation.
T ‘0 =Tl

2 (12)

where z,, - the time of the material formation if it is at rest;
z - relativistic time of the material formation.

Operations on introformation
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The interaction of material objects changes the direction and speed of movement. So, it brings to the change of
the introformation. Numerical measures that is specific and informed. How operates Nature of a certainty and
awareness? The answer can be derived from physical laws. In particular, the law of conservation of momentum.

Substituting (9) and (11) into the momentum

P=m-V =10

V:mol(ic)zmodcl
1

G (13)

where P - the momentum of the material formation.

Then the law of conservation of momentum sets the conservation law of certainties in a closed system
Zchonst:Zdzconst (14)

So, in a closed system the total certainty (the sum of the size difference DDD) does not change. Therefore, the

law of conservation of momentum can be the basis for the formulation of the law unchanged definition of a closed

system of material entities. In addition, based on the expression (14) the addition operation certainties can be

offered. Namely, all material formation of the closed system can be replaced with a material formation with
certainty, equal to the amount of certain material structures of the closed system

dy=2.dr, (15)

where ds - the total certainty of material objects of a closed system;
d; - certainty of the material formation Az; .

Another operation of the definition may be obtained from the formula of the relativistic velocity addition. From (2)
and (9) comes up operation refilling of certainty

dyy =dy-iy—dy iy, (16)
where d ,, - supplement certain (value of the certainty that reflects the difference in the definition of material
objects M yand M, );

dy - certainty of the material formation A/ v

d y - certainty of the material formation A y ;

iy - awareness of the material formation Az Py

iy - certainty of the material formation A7 .
Or

dy =dy -iyy +dyy iy (17)
What is the purpose of these operations? Build of the certainties - is the sum of non-power impacts on all of us,
which is provided by our friends, acquaintances, the media, etc. Operation of the certainty refilling gives the

difference in the amount determined by different subjects. And it is equal to the magnitude of the impact, which is
needed for the subjects were equally determined.

The conclusions from the theory of non-violent interaction

As can be seen from (11) - (17) non-violent theory of interaction not only allows us to simplify some of the
physical expression, it still gives a qualitatively new interpretation of known physical concepts and laws.

1. It becomes clear why the speed of light is limited and maximum. After all, it is always offset with probability 1.
And probably more than one does not happen.
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2. It becomes clear why the speed of light is absolute (unchanged relative to the movement at any speed). From
(1) V=c
P M _cte _1
2c 2¢
In addition, from (9) comes that, for material objects whose velocity is less than the speed of light (7 <c)

probability of displacement is less than one ( p<1)

V<c=p= Ve <1.
2c
Then, substituting the value of 5 =11in (3) and obtain
(1- 1-(1—- 1-
Py = py-(=px) _ (d-prx) Sl SRS R

py-(=py)+px-(=py) 1-(-px)+py-(1-1) 1-py

Substituting in (1) we will get
Vyy =2:1-1)-c=c

Therefore, with respect to any object, the direction of displacement is not set with probability ( p, <1), one-way
movement will have the velocity ¢!

The reason is very simple. Since the material formations exist in relation to each other only when they are moved
in opposite directions (3), the light we see only at those times when we displace by ourselves in the direction
opposite to the direction of displacement of the light.

3. Becomes clear the core (if you want - intelligence) of certain physical laws. Thus the expression for the
relativistic time (12) and weight (11) is simplified. And the increase in time and weight, with significant relative
velocities can be seen as the result of increasing the size of DDD, i.e. increasing certainty (confidence) of one
object relative to another on the right direction. The essence of this increase may be due to the greater
awareness (increased areas DDD) produces greater confidence in how this formation acts (where it moves).
Indeed, the likelihood that a significant certainty (confidence) is formed incorrectly or accidentally is insignificant.
Therefore, a significant size of DDD shows not just the area of the corresponding relation to reality. But also
greater confidence in the formation of this material (it is informed, mean very smart, so it can be trusted).

It also appeared that the momentum of the material is proportional to its certainty (can be generated by its
definition?) (13). Comes up the following analogy. It is difficult to change the direction and speed of the massive
and rapid material formation. Similarly, it is difficult to convince the informed person in something that does not
coincide with his opinion.

If this study ends at this point, then many would have had the view of the next "setting up" the known laws. But
these studies only begin. In any case, in the use of the theoretical results obtained for the creation of artificial
intelligent systems. If we recall the origins of the theory of non-violent interaction, it should be recognized that the
theoretical model was not the result of consideration. It was obtained by computer experiment with the natural
language text. It turned out that the statistical regularities in texts (the experiments were conducted on different
texts of the Russian language) correspond to the above equations [Teslia, 2005]. And only then, the author has
found a theoretical explanation for this coincidence. In any case, the only criterion of truth is practice. Therefore,
we consider the application of the theory of non-violent interactions for construction of artificial intelligent systems.

Applications of non-violent interaction to build reflex intelligent systems

As of now a number of "smart" programs and systems that solve intellectual problems are developed. But there is
no significant progress in establishing "artificial intelligence". Enormous capital investment often ends with
scientific rather than beneficial to the business practical results. One of the reasons is seen in the fact that there
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are no simple tools for implementing the basic intellectual functions of living organisms. No tools to develop
reflexes to external stimuli [Caparres, 1995; Teslia, 1998]. We must learn to store statistical information about the
necessary reactions to certain external influences the same way as does the human brain and develop on the
basis of information, the correct response to new (including those that occur for the first time) combination of
external influences. Under the proper response is understood to satisfy the intellectual system by reaction to
external stimuli.

The central assumption of the theory of non-violent interaction is the assumption of the unity of the laws of
interaction for any form of existence of matter. In non-violent interaction theory the category of the internal
organization of matter — introformation is introduced as the root cause (source) displaying material formations in
Nature. Some of the physical laws were presented through this category. Is it possible to do the opposite: to Use
introformational representation of physical laws to describe the information interaction of people. Expressions for
refilling of certainty (16) - (17) follow from the addition of relativistic velocity. And based on the law of momentum
conservation the law of the closed certainty of the material formations is obtained (15).

But the question arises. Do these formulas show deeper patterns in the construction of the laws of nature? Laws
of wisdom of the Universe, which are embodied in particular in physical laws. If you imagine the reaction of
material objects on collision is a reflex, the formation laws of which lie in the depths of nature, than it could be that
the laws of reflex making in the objects of nature are the same? And then these formulas can be used to calculate
the "human behavior"? If nature has constructed this way the physical laws, by transforming introformational
content of matter, it may be, that, the human brain works on that basis? Maybe each neuron shows its internal
organization based on the same laws that show material formation in motion of its introformation? Perhaps the
realization of the above operations with introformation underlies the workings of the brain? And maybe they can
be used to create artificial intelligent systems.

Using VIP-interpretation the method was proposed (hereinafter - introformational method) for constructing
intelligent reflex systems, which react to exposure based on the same laws that all matter responds to the impact
of different physical nature. More precisely, the calculation of the effect of the reaction is the a new
introformational interpretation calculation of material object speed after simultaneous collision (impact) with a
variety of other objects, if you know how to change the speed of the object after the collision with each of these
items separately. Method is a sequential execution of the following calculations (with italic the physical nature of
the calculations are described) [Teslia2, 2010]:

1. On known probabilities of the reactions (actions) of the system its definition (6) with respect to these reactions
is calculated. Let’s determine

po - The unconditional probability of the reaction x ;

p; = plx/y;) - The probability of the reaction x , if the action was y ; .

. 1—p:
+o,5-\/ Pj +i—2,pjzo,5
d —

o I=p; p; i—om
] b b )
. 1—p.
-0,5- Pi_y pf—z,pj<o,5
I=p; P

where d;, j = 1,n —is certainty of the reaction x, if the action was done to the system ; (d,—certain reactions

in the absence of actions to the system).
At this point, a transition from the speed of the material objects to their certainty, if the object impacted on y ; . For

example, a collision with an object, the impact of which is referredtoas y ; .
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2. On known probabilities awareness of (5) is calculated with respect to these reactions
. 1
l

j :—5j:07n!
72 pi-a-p))

where i; - the awareness of the system relative to the reaction x, when exposed to y; (i, — awareness of the

system relative to the reaction x, in the absence of action on the system).
And here is a transition from speed of the material object to its knowledge, if the object y ; was impacted.
3. The calculation of the total, based on all impacts to the system, the increment of certainty of the system.

Introformational representation of momentum conservation (15) and (16) and the formula of the addition of
relativistic velocity are used

n n n n n
=1 j=1 Jj=1 j=1 Jj=1
where Aq — total increment of certain reactions you received from the law of conservation of momentum

Performed calculation increment certainty if the total exposure to the object (the clash happens with all objects at
the same time).

4. The calculation of the increment of awareness of (7)

Ai=vVAd®+1,

where Ai —the increase of awareness of the system.
It is calculated for the specified increment of awareness in terms of the method in point 3.

5. Calculation of a new determination of the reaction x . The identity of the calculation of the new relative speed
of the object after its collision with all objects. Using (17)

dz :Ad'i() +d0 -AL,
where 4, —a new determination of the reaction x, resulting from the law of conservation of momentum.

Calculation of a new determination of the motion of the object x.
6. Calculation of a new awareness of the system action. Use the formula (7)

Is = ﬁd% +1,
where iy —a new awareness of the system derived from the law of conservation of momentum.

Calculation of a new awareness of the movement of the object x.
7. The calculation of the relevant physical laws of probability of reaction x (8)

d
ps=p (x/Y)=05+—=,
Iy

where py = p(x/Y) - derived from the law of conservation of momentum reaction probability , in operations

Y= {yj},]=1,n .
The calculation of a new probability of a shift in the direction of the object (which determines the speed of the
movement after a collision with all objects).

The idea of the above method is that it points to the expected "reaction" to the impact, the adequacy of which
comes up from the well-known and experimentally verified physical laws. By assumption, the interaction of
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neurons is based on the same laws and implemented in accordance with the proposed model non-violent
interaction. And on this basis it is possible to create artificial introformational processors operating as neurons.
Such neurons are not the same as a well-known in classical cybernetics formal neurons, which are also similar to
the natural, like a paper boat on the ocean ship. A more advanced and complex structures that respond to
stimulation (effects) as well as material formations and react in inanimate nature, and natural neurons. All this is
embodied in a number of reflex intelligent systems that can store information about the environment and to
develop an adequate functioning of the reaction (reflexes) on everything in this environment [Teslia, 2005;
Teslia2, 2010; Teslia, 1998; Teslia3]. This is one of the arguments in favor of recognizing the wisdom of the laws
of Nature. And pretty much confirms the hypothetical theory of non-violent interaction.

What applications of the theory of non-violent interactions have been implemented? The theory of non-violent
interaction and its application to the development of artificial intelligence systems were examined, in particular, in
[Teslia, 2005; Teslia2, 2010; Teslia, 1998; Teslia3]. Statistical analysis of the significant amount of text in Russian
was performed. It was found that the probability of the different length of text fragments completely correspond to
equations (15) - (17), which may be indicative of the unity of the laws of interaction in nature. In any case, such a
correspondence, at least, is quite interesting. Besides theory has practical development in the design and
operation of the reflex intelligent systems: evaluation of investment proposals in development, natural language
access to databases, evaluate the impact of harmful substances in the water resources of the region on public
health; predicting results of sports events, voice control by technical means. The main advantage of these
systems is an ease of development (development cost is lower than creating traditional expert systems), and the
effectiveness of solutions of various intellectual tasks. More details with these systems can be found at the web
site introformatika.org.ua.

Conclusions and prospects for further research

The theory of non-violent interaction is based on the hypothesis of the primacy of internal organization
(introformation) of material objects in the processes of interaction and movement. In this case, the expression
obtained in the theory is mathematically beautiful, simple, and give a reasonable explanation of many physical
laws and paradoxes. During the study the author founds similarities in the interaction in the physical and self-
managed systems, similarity, which formed the basis of this work, and which may be of interest not only to
specialists in the field of computer science, but also to experts in the field of theoretical physics, philosophy,
biology, computer science and computer engineering. And that similarity, in my opinion, is a consequence of the
unity of the laws of interaction in nature. The important thing is that based on the non-force model of interaction in
nature, you can create a fundamentally new system of artificial intelligence for many areas of human activity.
After all, the theory of non-violent interaction reveals the root causes and the laws of interaction including the
basic elements of the human brain - neurons. It is hoped that this article will help many researchers, engineers
apply their knowledge to further progress in solving the basic problems of cybernetics - the construction of the
disclosure laws and mechanisms of the brain and on this basis to create artificial systems that are not inferior to
their "intelligence" of man.

The next article will talk about the reflex intelligent systems built using the mathematical apparatus of the theory
of non-violent interaction.
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