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Preface

The International Conference “Information Research, Applications and Education”
(.TECH) is organized as a part of “ITA 2004 - Joint International Scientific Events on

Information Theories and Applications”.
The main organizer of the ITA 2004 as well as the i.TECH 2004 is the
International Journal on Information Theories and Applications (1J ITA).

The aim of the conference is to be one more possibility for contacts for IJ ITA
authors. The usual practice of IJ ITA is to support several conferences at which the |J
ITA papers may be discussed before submitting them for referring and publishing in
the journal. Because of this, such conferences usually are multilingual and bring
together both papers of high quality and papers of young scientists which need

further processing and scientific support from senior researchers.
I would like to express my thanks to all who support the idea to organize the

i.TECH 2004.

Let me thank the Program Committee of the conference for referring the submitted
papers. Special thanks to Mr. Petar Barnev and Mr. Avram Eskenazi — Co-chairs of

the Program Committee.

i.TECH 2004 Proceedings has been edited in the Institute of Information Theories
and Applications FOI ITHEA and published by FOl COMMERCE Co.

The i.TECH 2004 Conference found the best technical support in the work of the

Technical editor Ms. Krassimira Ivanova and Organizing secretary Mr. llia Mitov.

To all participants of i.TECH 2004 | wish fruitful contacts during the conference
days and efficient work for preparing the high quality papers to be published in the
International Journal on Information Theories and Applications.

Varna, June 2004 Krassimir Markov

IJ ITA Editor in Chief



4 i TECH - 2004

i.TECH 2004 has been organized by:
IJ ITA - International Journal on Information Theories and Applications
Institute of Information Theories and Applications FOI ITHEA
Institute of Mathematics and Informatics of BAS
Association for Development of the Information Society

Program Committee:
Adil Timofeev (Russia)
Alexander Gerov (Bulgaria)
Alexander Kuzemin (Ukraine)
Alfredo Milani (Italy)
Anna Kantcheva (Bulgaria)
Avram Eskenazi (Bulgaria) — Co-chairman
Frank Brown (USA)
Irina Jeliazkova (Bulgaria)
Ivan Popchev (Bulgaria)
Juan Penuella Castellanos (Spain)
Jan Vorachek (Finland)
Krassimir Manev (Bulgaria)
Larissa Zainutdinova (Rusia)
Levon Aslanian (Armenia)
Maria Kasheva (Bulgaria)
Nelly Maneva (Bulgaria)
Nikolay Lutov (Bulgaria)
Petar Barnev (Bulgaria) — Co-chairman
Petia Asenova (Bulgaria)
Peter Stanchev (Bulgaria)
Plamen Mateev (Bulgaria)
Radoslav Pavlov (Bulgaria)
Rumiana Kirkova (Bulgaria)
Stanimir Stoianov (Bulgaria)
Stefan Dodunekov (Bulgaria)
Vladimir Ryazanov (Russia)

Technical editor: Krassimira lvanova
Organizing secretary: llia Mitov

The main topics of the i.TECH 2004 include but are not limited to:
Business Informatics
Extreme programming
Education informatics
Information systems
Information Modelling
Quality of the programs
Multimedia systems
Applied program systems
Software engineering
Statistical systems
Hyper technologies

Official languages of the conference are Bulgarian, Russian and English.

General sponsor of the i.TECH 2004 is FOIl BULGARIA (www.foibg.com ).
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DATA FLOW SYSTEMS: ALGORITHMS AND COMPLEXITY*

Projects:
— INTAS 00-397 “Data Mining Technologies and Image Processing: Theory and Application”
— INTAS 00-626 “Data mining algorithm incubator"

Project representatives:

J. Castellanos, INTAS 00-626 Coordinator and F. Mingo, Technical University of Madrid

M. Mulvenna, University of Ulster

K. Vanhoof, Limburg University

M. Hatzopoulos, University of Athens

L. Aslanyan, Workshop Co-chair, Institute for Informatics and Automation Problems of Armenian National
Academy of Sciences

K. Markov, Workshop Co-chair, Institute of Information Theories and Applications

V. Ryazanov, Computer Center of Russian Academy of Sciences

S. Ablameyko and A. Tuzikov, United Institute for Information Technologies of Belarusian Academy of Sciences
G. Katona, A. Renyi Institute for Mathematics of Hungarian Academy of Sciences

H.D. Gronau, Rostock University

J. Vorachek, INTAS 00-397 Coordinator, Lappeenranta University of Technology

A. lonita, Research Institute for Artificial Intelligence, Romanian Academy of Sciences

L. Ciocoui, National Institute for Research and Development in Informatics

Yu. Zhuravlev, Moscow State University

H. Sahakyan, Information Society Technologies Center Armenia

V. Gladun, V.M.Glushkov Institute of Cybernetics of Ukrainian Academy of Sciences

Abstract

Data Flow Systems: Algorithms and Complexity (DFS-AC) - names the current research objective of a cluster of
international RTD projects. It brings together not only research directions such as algorithms and complexities,
but also machine intelligence and distributed systems, towards the integrated research of principles of novel
information systems, — the so called framework of Hereditary Hybrid Societies (HHS). Algorithmic and complexity
concepts are investigated regarding the novel issues of extremely high and extending size data amounts and
data flows in networks. Mathematically - the main emphasis is in a novel combination of application oriented
researches in three important areas - massive data sets, autonomous agents - living and communicating in a
society, and complex systems. Technological component is in knowledge acquisition and accumulation through
distributed and co-operating systems, in study of properties, approximating intelligence in nature and in human

society.

New Initiative

An open online consultation forum has been recently started
(HTTP://WWW.CORDIS.LU/IST/FET/ID.HTM) at IST FET (Future and Emerging Technologies) of 6
FP Research Programme of European Commission, to allow submitting and improving ideas for new promising
IST-related research areas which might become future FET proactive initiatives to be funded by the EU through
future IST calls for proposals.

The two “new initiative” submissions, presented below, - were prepared by the INTAS 00-397 and INTAS 00-626

teams and the INTAS-FET Strategic Workshop “Data Flow Systems: Algorithms and Complexity” aims at larger
discussions of these issues in framework of the International Conference "i. TECH 2004".

! Research partially supported by INTAS, http://www.intas.be.

2 NATO HTECH-LG-961170 "Distributed Information Systems for Critical Social Issues"; INTAS 96-952
"Concurrent heuristics in data analysis and prediction"; INTAS 00-397 "Data Mining Technologies and Image
Processing: Theory and Application”, and INTAS 00-626 "Data Mining Algorithm Incubator”.
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Title of new initiative 62:
Introspective Reasoning
http://fp6.cordis.lu/ist/fet/proposal details.cim?ID EVENT=62

Research Objectives and Challenges

Predicting the future is a difficult task. But that is the challenge that has been taken up by areas of artificial
intelligence and in particular data mining. At this time, in 2004, we have had relative success in well-defined
areas; for example, online recommender systems and discrete scientific domains. But the predictive systems
developed today are brittle in that they cannot deal with major changes in data sources or trends across time and
other dimensions.

Set against this landscape, our world is becoming increasingly a digital one. The amount of data collected is
increasing as sensor technology evolves, and as more people use the Internet and its attendant services.

Consequently we need to address the challenge of building flexible reasoning systems. Such systems must be
open source, non-brittle reasoning systems that adapt to new environments and their data, that detect changes
and trends, and that can measure their own performance.

This requires research that addresses several interconnected areas:
1) Concept drift. Detecting drift in data sources.

2) Ensemble reasoning/recommendation. Bringing together different predictive models. Based on distributed,
disparate data sources or indeed knowledge base. Using different mediation schemes between the
recommendation and predictive agents.

3) Introspection. Critical appraisal of the predictions/recommendations to improve knowledge structures.

4) Agent-based computing and web services. Required to facilitate distributed, heterogeneous systems.

6) Representation. Using and extending PMML (www.pmml.org), RDF, OWL, DAML+OIL

)
)
5) Semantic-based technologies. Ontologies.
)
7)

Extending Open Standards such as data mining APls like JSR-73
(http://www.jcp.org/en/jsr/detail ?id=73)

Rationale

The constituent research areas of Introspective Reasoning cover a broad spectrum of computer science, but
critically combine together several strands of research that are novel and high risk. Importantly the introspective
capability provides a means of objectively measuring the performance of implemented systems. For example for
online recommenders, the success of personalisation can be measured, and serve as an indicator of user
acceptability to online services.

The European Commission funds many RTD projects that have a component which is data mining,
recommendation, personalisation, etc. Much of this research funding is not being used effectively. What is
required is a research drive towards standards-based, open source, extensible predictive software that offers
measurable performance and non-brittle adaptability.

Past projects have also tried to build a theory of what predictive techniques are more relevant under what
circumstances. It is now accepted that such automated techniques for choosing the most appropriate predictive
model is not achievable and more context sensitive approaches to learn dynamically within an ensemble
(circumstances when one model is more appropriate than others) is required. It is timely that many of the strands
of research required for introspective reasoning are maturing (e.g., agent technology and ensemble reasoning) or
offer significant promise (concept drift, ensemble recommendation). There is a synergistic potential across the
research centres in Europe to push forward in Introspective Reasoning, especially as much of the global
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expertise and knowledge base for this research is based in our continent. It is not possible for single research
organisations in Europe to address such a challenge on their own, which is why support and stake-holding from
the European Commission is required.

Impact

The focus of IST in FP6 is on “the future generation of technologies, in which computers and networks will be
integrated into the everyday environment, rendering accessible a multitude of services and applications through
easy-to-use human interfaces. This vision of ambient intelligence places the user, the individual, at the centre of
future developments for an inclusive knowledge-based society for all.”

We are in danger of becoming a data-rich, knowledge-poor society. If the trends continue, then key objectives of
the Information Society will be jeopardised. Social exclusion to e-services will be the norm, as the percentage of
digitally disadvantaged increases as Europe’s median age increases. What is required to power the visions of
‘ambient intelligence’ and ‘easy to use human interfaces’ is standards-based, open source, extensible predictive
software that offers measurable performance and non-brittle adaptability.

The potential impact on Europe at societal, economic and business level is significant. An increasing amount of
our disposable income is now being used for online services, while essential public services (from government to
health to education etc) are moving towards new modes of support and delivery. This will bring about a change in
business models, with attendant societal impact. Providing Introspective Reasoning adds value to the social
provision model, and minimises the potential for an increase in the digital divide.

Giving Europe a lead in this area will lead to an increase in spin-off and joint ventures generating fast-moving
businesses that help support the coming transition in e-services in Europe.

Communities addressed, other related initiatives

Al, Cognitive science, behavioural psychology, agent based research, data mining and predictive modelling,
semantic web, Grid.

Contact Details

Mr Maurice Mulvenna from University of Ulster; E-mail: md.mulvenna@uister.ac.uk
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Title of new initiative 69:

Hereditary Hybrid Societies (HHS)
http://fp6.cordis.lu/ist/fet/proposal details.cim?ID EVENT=69

Research Objectives and Challenges

HHS research area is originally aimed to study the highest intellectual properties of advanced information
ambience in similarity with the behaviour of nature and societies. The main idea presented to develop and
implement appropriate “modelling” and “algorithmic” solutions for the globally distributed autonomous activities,
huge data amounts and data flows dynamically increasing in size, knowledge communication and accumulation.
It is challenging to gain the IT Inheritance (accumulated transfer of knowledge, properties, etc.), originally a
sophisticated property of nature.

Today’s paradigm is that Internet is breaking the traditional ways of thinking. It deals with heterogeneous dynamic
resources through interaction of mobile and intelligent agents (both machine and human) creating a hybrid
society with more complex sophisticated properties, approaching inheritance. A broad multidisciplinary research
of behavioural knowledge models and novel mathematics is necessary to create hybrid societies, which is the
internals of advancing Aml3.

Rationale

Future IT systems are getting more and more science embedded and user centered. Apart from specific
businesses and scientific computations, systems have to provide more and more intelligence. An analysis of
requirements revealed the lack of base research knowledge in information regulation principles of individual and
social behaviour, data flow algorithms, hereditary IT design/solutions. The point is to develop and gain
technologies, which, being in line with the determined ambitious perspectives of 6th FP will also become the key
issue of future IT businesses. Experimentation with technologies under consideration is possible on base of
knowledge available today: algorithms, adaptive and developing systems. This will produce approximate
solutions. The effectiveness of such systems requires researches of specific type, which, in future, will make a
background for the targeted next generation solutions — creative systems living and interacting both with other
similar environments and with humans in information ambience. Being sophisticated, non-standard and presented
within a theoretical framework, this R&D is within the scope of FET activities.

Impact

Industry: the move from local to distributed heterogeneous management is based on data flows, knowledge
acquisition and knowledge accumulation. Such human like information systems will support the businesses
providing services with effectiveness and with Aml properties.

Economy or society: distributed IT services and integrative indicators are the base components. For dynamic and
flow data of huge sizes, systems will work effectively when several new paradigms are addressed to. For complex
systems, the regular approaches will face shortage of resources: time, memory, algorithms and communication.

Communities addressed, other related initiatives

Research communities like philosophers, mathematicians, IT, psychologists, theoretical biologists, behavioural
scientists, etc. may participate in HHS research. In described area initiatives exist both on European* and US®

3 http://www.cordis.|u/ist/istag.htm

4 Summary by John Casti and Ralph Dum, Brainstorming Meeting on Complex Systems, EC IST FET Unit and
NOE EXYSTENCE, April 25-26, 2002, Brussels.
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levels, although the existing initiatives are emphasizing elements different from those in HHS problem area. HHS
is not only about classification (pattern recognition), machine learning (artificial intelligence), and complexities
(discrete mathematics), it just addresses possibilities and approaches to systems, acting on informational level
like human beings and communicating and developing like nature and society. Based on traditional intelligence
studies it is searching constructions able to solve the integrated intelligent information management issues and
even beyond, taking into account the exceptional power of computing machinery.

Contact Details
Prof. Levon Aslanyan from Information Society Technologies Center, Armenia; E-mail: lasl@sci.am

® Terascale and Petascale Computing: Digital Reality in the New Millennium, The Federal High-Performance
Computing and Communications (HPCC) program (2003), The National Science Foundation, Arlington, Virginia
22230, USA.
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FOURIER NEURAL NETWORKS: AN APPROACH WITH SINUSOIDAL ACTIVATION
FUNCTIONS®

L.F de Mingo, L. Aslanyan, J. Castellanos, M. A. Diaz, V. Riazanov

Abstract: This paper presents some ideas about a new neural network architecture that can be compared to a
Fourier analysis when dealing periodic signals. Such architecture is based on sinusoidal activation functions with
an axo-axonic architecture [1]. A biological axo-axonic connection between two neurons is defined as the weight
in a connection in given by the output of another third neuron. This idea can be implemented in the so called
Enhanced Neural Networks [2] in which two Multilayer Perceptrons are used; the first one will output the weights
that the second MLP uses to computed the desired output. This kind of neural network has universal
approximation properties [3] even with lineal activation functions.

The only free parameters in the learning algorithm are the weights of one MLP since the weights of the other MLP
are outputs computed by a neural network. This way the backpropagation algorithm must be modified in order to
propagate the Mean Squared Error through both MLPs.

When all activation functions in an axo-axonic architecture are lineal ones (f(x)=ax+b) the output of the neural
network is a polynomial expression in which the degree n of the polynomial depends on the number m of hidden
layers [2] (n=m+2). This lineal architecture behaves like Taylor series approximation but with a global schema
instead of the local approximation obtained by Taylor series. All boolean functions f(x,... ,Xs) can be interpolated
with a axo-axonic architecture with lineal activation functions with n hidden layers, where n is the number of
variables involve in the boolean functions. Any pattern set can be approximated with a polynomial expression,
degree n+2, using an axo-axonic architecture with n hidden layers. The number of hidden neurons does not
affects the polynomial degree but can be increased/decreased in order to obtained a lower MSE.

This lineal approach increases MLP capabilities but only polynomial approximations can be made. If non lineal
activation functions are implemented in an axo-axonic network then different approximation schema can be
obtained. That is, a net with sinusoidal functions outputs Fourier expressions, a net with ridge functions outputs
ridge approximation, and so on. The main advantage of using a net is that a global approximation is achieved
instead of a local approximation such as in the Fourier analysis.

In short, considering that only output neurons of the net computing weights have sinusoidal functions, then the
output of this net is:

N
0, = Z w;0, ,where f(x) = sin(ax + b)
i=0

Taking into account that weights w.; of the other net are computing by previous output o;, we can say that wy=0;,
where j=J*N+/. Then, desired output follows equation:

N[
0, = Y Wy0, , where wi=w,=07=sin()
=0

® Supported by INTAS 2000-626, INTAS YSF 03-55-1969, INTAS INNO 182, and TIC2003-09319-c03-03.
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Therefore, considering p hidden layers in the net, output can be expressed as:

n=[+2

0, = Y Asin"()+B
n=0

Considering previous equation, equations involved in Fourier analysis are similar to those obtained by axo-axonic
networks.

Multilayer perceptrons are a subset of non lineal axo-axonic networks, since axo-axonic architectures with a given
weights configuration behaves same way as a multilayer net. That is the reason why axo-axonic nets have more
approximation capabilities than MLP. But the degree of output equation in a MLP can not be computed a priori
such as in the axo-axonic architectures. Proposed architecture outputs a sinusoidal basis and a non lineal
combination of it in order to obtained desired output and it can be compared to a Fourier analysis, moreover,
Fourier coefficients can be used to initialize weights of neural networks in order to start the learning process with
a low error.

Axo-axonic architectures can be used to forecast signals since they behave like Fourier analysis. This kind of
connections can also be implemented on Time-Delay networks to improve results when dealing periodic signals.
Some applications have been developed in order to forecast stock markets, weather and load demand.
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MULTI-AGENT SYSTEMS IN THE HARVEST PROGNOSIS

Laura Ciocoiu, Cristian Paraschiv, Barbu Dragos

Abstract: The paper presents a case study of geo-monitoring a region consisting in the capturing and encoding
of human expertise into a knowledge-based system. As soon as the maps have been processed, the data
patterns are detected using knowledge-based agents for the harvest prognosis.

Keywords: data mining, topological maps, GIS, knowledge based agents, Model Based Reasoning

Introduction

The process of geo-monitoring a region needs to use knowledge-based systems as a resource for aiding the
specialists and the people in achieving their objectives. The model design process represents, in fact, the
transferring of human experience in monitoring into an interactive model. Knowledge about process of the geo-
monitoring of a region (e.g. map interpretation, statistics methods, strategies, etc) is represented by models that
refer to observable features and significance.

So, the model designer has an inference network for the reasoning process; following the initial design of a
model, the evaluation techniques are used to assess it in order to extent it; so, there are identified specific parts
of the model that should be modified and the priorities of these modifications should be recorded. Besides the
way of the geo-monitoring a region for a number of subjects, this process is in an on-going change (interference
of Internet knowledge, including the artificial intelligence elements).

Area Monitoring

The aim of this work is to present a case study for capturing and encoding human expertise in geo-monitoring a
region into a knowledge-based system. The main goals of weather and geo-monitoring of a region involving
the environmental preservation are: modelling of liquid flows of rivers, harvest prognosis, riverbed
degradation (utilization of hydropower potential) such some snapshots of our site “Geo-monitoring of a region”
http:/linteligent-agents.ici.ro/gis/

After the pre-processing operation of the topological and lithographic maps, knowledge about the process of the
geo-monitoring of a region (e.g. statistics methods, strategies, eftc) is represented by models that refer to
observable features and significance.

The prognosis of harvest is realized on the base of geographical data such as using knowledge based modelling
(hierarchical tree of classes and method definition, FBS decomposition, agent cooperation)

Harvest Prediction

This tool uses the knowledge engineering concepts such as function-behaviour relationships, intelligent agents
definitions for creating a complex database for geo-monitoring a region.

Knowledge Representation is based on Model Based Reasoning (MBR) for an intuitive functional description,
which is concerned with the design knowledge and geo-monitoring actions. The Functional-Behaviour-Structure
(FBS) modelling consists of recursively decomposition of the functions into sub functions using a catalogue to
look up the most appropriate functional element that means a component or a set of components that perform a
function. Functional reasoning adds functional concepts into functional hierarchy and uses a Casual Process
description with Casual Functional representation. The tool uses shared knowledge bases where the knowledge
is represented as classes, objects and rules.

Function-Behaviour-State/Structure Modeller supports functional design (functional knowledge decomposition
and function modelling) that means the defining of function-behaviour and behaviour-state (structure)
relationships, causal decomposition (hierarchies constructed from the function viewpoint), construction of
behaviour network, behaviour simulation, evaluation.
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Knowledge Representation consists of constructing Function Knowledge Base and Behavior Knowledge Base
based on model-based reasoning permit to generate a lot of alternatives, some of them “the best” for this
process.

The process of geo-monitoring a region is simulated by constructing the Intelligent Agents referring to
collaboration/ communication facilities. So, this model supports multiagents that generate partial results, data
dependencies and conflicts among them.

Due to the complexity of application, in the ‘Harvest prediction’ process, along with the GIS software, a
Knowledge-based System is used. First of all, there are defined superclasses geographical features,
geological structure, soil type, seed type, improvements, rainfall with their attributes and instances. Also,
some special data structures and classes had to be defined such as Harvest, Basic Tilling, Auxiliary tilling,
Soil Maintenance, Crop, Plant, Plant Control, Plant Maintenance. External parameters (geographical position,
climate), soil and seed, with their attributes (type, treatment, history, period) and their methods (work, evolution)
are considered. The goal is quality and quantity of the crop. Each class represents an intelligent agent; the agents
communicate each other in order to solve the conflicts.

For example, for a plain region with the quantity of the rainfall satisfactory and treatment, the harvest is expected
to increase with 20%, according to the rules of the model.

The interpretation of the output data. We make the classes geographical features, rainfall and soil type,
which have the greatest influence on the harvest evolution. The most important class is geographical features,
which determines the quantity of the rainfall and the type of the soil.

For the moment the model implementation is made for a few numbers of classes and rules. We intend to improve
the algorithm to include additional classes and methods.

Conclusions and future trends

Collaborative efforts in artificial intelligence, statistics, and databases have been made in order to model the
phenomena and to be a support of decision-making.

The digital geographic databases are simple representation of geographic knowledge at the level of basic
geometric, topological and measurement constraints. Knowledge-based GIS attempts to build higher-level
geographic knowledge into digital geographic databases for analysing complex phenomena. Geographic
knowledge discovery is a source for knowledge-based GIS and intelligent analysis.

For the next work we intend to develop our application by map interpretation and information extraction,
environmental features defining (e.g. inductive learning techniques and neural networks to classify and map soil
types, mapping vegetation types), extracting patterns, creating the geographical database.
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EXPERIENCE WITH WEB-BASED EDUCATIONAL PLATFORM -
POSSIBILITIES AND LIMITATIONS

Petya Assenova, Georgy Todorov

1. Abstract

The main principles of building the NBU system are presented in the paper. The authors describe the functions,
structure of the educational materials, possibilities for application and future development. An example of
educational materials via VEDA is shown on the bachelor course “Programming and Data Structures”. Some
problems are discussed and comparative statistical data are presented.

2. About NBU

NEW BULGARIAN UNIVERSITY (NBU) is established in 1991 as a private university. lts main priorities are:
« development of the interdisciplinary programs,

« ensuring mobility to both students and instructors,

« development of new educational programs,

« exploration of new professional opportunities.

The programs for bachelor's, master's and doctor's degrees are based on a credit system. There are several
forms of education:

« full-time education,

« distant education,

« continuing education.

Mainly NBU offers education with a humanitarian profile. Our program “Informatics and Telecommunications” is
one of the few science programs.

3. History of the web-based education in NBU - VEDA

We can divide our university’s experience in the field of web-based education in two periods.

The First period began with a project called “Virtual Education for Master Programs” financed by Open Society
Foundation in 2002 and launched by the Computer Science Department. Both instructors and students were
involved in the project. The instructors played mainly supervisor and counseling role, and the students did the
design, coding and testing. One year later the system for web-based education was completed and it included the
following components:

« Courses and lectures,

« Assignments,

o Self-test system,

o Glossary

The potential users of that system were:

« Full-time students,

Students from the distant-learning department

Part-time students

Instructors

Administrator (this system needed an administrator who would manually create accounts, course list, specify
instructors and students for each course, etc)

The system was used for a relatively short period of time, because the NBU Council Board asked to integrate that
system with the main information system of the University. This lead to the start of the second period of our
project.
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4. What is VEDA

As a result of the second stage a system called VEDA (originally from Virtual Education Access) was developed.
This name has a symbolic meaning - the old Slavonic word “veda” stands for “knowledge”.

Now VEDA is accessible to each student and instructor of our University via the NBU web-page. It is used on a
regular basis by instructors and students.

VEDA can be characterized with the following main features:

« Integration with the university information system. It means that the students’ and instructors’ data is
obtained automatically from the information system (this includes list of courses, course details, students list,
etc — the information is divided by terms ).

« Main features of the educational materials and functions: course description (short professional data for
the lectures, objectives and competencies, syllabus, references), lectures, materials attached to the lecture,
assignments, self-tests, forum, statistics.

All teaching materials can be uploaded in different formats: text, pdf, powerpoint, graphic files (all other files can
be uploaded as attachments to a lecture). The materials can be uploaded by a variety of methods — typing directly
from the keyboard, using the copy-paste option and as files, using the browse option. The pasted text preserves
its layout, as it is originally in a Word or some other file or some other text-processing program. The course
materials can be downloaded or printed, edited or removed.

The structure of all uploaded data which is uploaded, follows the requirements of the university, thus enabling
VEDA not only to fetch data from the main university database, but also to provide it with data.

The assignments module enables instructors to set start and deadline dates for submitting assignments, as well
as to provide additional guidelines regarding the assignment. Students submit their assignments and can see
their grades on-line.

At this time, the self-test system, is only capable of creating tests with questions which have one or multiple
correct answers (true or false). Each correct answer gives a number of points, and the sum of the points
determines the final grade.

Using the statistics module, each instructor can check how much time their students spend on reading lectures or
on taking self-tests.

For each course, there is a discussion board. Every student can participate in the discussion boards of the

courses they are enrolled in. The moderator of the discussion is the instructor.

« Tools for developing course materials. Instructors can develop their courses in any format they like.
Natively, the system supports plain-text, HTML, DOC and RTF, PDF and PowerPoint. All other formats, such
as audio or video, Flash, etc, can be uploaded as attachments, for the students to download. Creating and
uploading a lecture is easy, and only requires the completion of a five step wizard interface. At any step, there
is a help text available and also a real person contact information.

« Friendly interface and help for users. When designing the user interface we had to take into consideration
several factors. Most importantly, the system had to be user-friendly and intuitive. Without this, instead of
serving its users, it would frustrate them, and very soon would prove to be unusable. As mentioned in the
introduction, NBU mainly provides humanitarian education — hence we expected that most of the users would
not be technically savvy. Another important issue was that most of the users would be accessing the system
remotely, and most of them would use dialup connections. After reviewing several proposals we selected a
design which uses few clip-art pictures. We also implemented a module, which sends compressed content to
the users whose browsers can automatically decompress it, thus further improving the speed. We have
implemented a short-cut menu, which allows users to quickly jump through the most recently visited pages.
And for those who need help, every page has a ‘Help’ link, which contains a contact form and help text,
relevant to the page the user has opened.

5. We plan developments in the following fields:

¢ Connecting VEDA to the electronic resources of the university library;

Subject of another concurrent project is the digitalisation of rare or single-copy books and magazines in
possession of the University Library. The idea we are currently working on is the integration of these digital
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resources with VEDA. This way, instructors would be able not only to provide a plain list of text books for their
course, but also to select materials directly from a web interface, thus providing their students a one-click access
to reading materials. The launching of this module is scheduled for July.

o More possibilities to format lecture materials

This would include more advanced layout formatting tools available on-line, and also improvements of the
security and modifications according to the input we are receiving from the users.

¢ Improving the self-test module

The short term plans include the adding new types of test questions and answers -- e.g. Questions and answers
which include clipart, 'fill in the blank' type answer, etc. Another activity relates to developing the glossary from
first version and to includes it in the new system.

In the long-term we plan to make our system compatible with other systems and standards for web-based
education.

6. Some examples with VEDA

After login in the system instructors can chose the term and school year. The list of his/her courses is opened.
The instructor may open the course to develop new materials, edit existing materials, read, print or download
them (Fig. 1.).
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Fig.1. The personal instructor page.

The fig. 2. presents the screen where instructor can develop and upload one of the lecture element — objectives.
If he/she needs help how to do this, the help is available on the screen — just read it. After adding this element,
the instructor go to next element (button “ahead”).

Fig. 3 shows the view to a lecture from the course “Algorithms and Data Structures” in pdf format. A short-cut
menu is shown for quick jumps through the recently visited pages.
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Fig. 2. Window for developing objectives of the lecture.
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Fig. 3. The window for the lecture.

The interface in the student’s pages looks the same way but students can not the writes to change the materials.

7. Problems

During the short period of time the system has been running we have faced a number of problems. By far, the
main trouble comes from the lack of motivation of the instructors to spend additional time to prepare and upload
their digital materials. There are several reasons for this including the instructors’ lack of computer skills and the
additional time they would need to spend in order to prepare their materials. Fortunately the NBU council board
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passed a regulation according to which, instructors who make available their lectures online using VEDA will
receive bonuses. This proposal was accepted a week ago, and we hope this fact will significantly increase
instructors' interest in VEDA.

Another important problem is protection of the copyright rights of the documents which are published on-line.
Consider the scenario where a student from NBU downloads all materials for a course he has access to and
uploads it to the internet for everyone to download, or worse, starts selling it to students from other universities. In
Bulgaria, where copying of lecture materials (using a conventional copier machine) is quite common, this problem
presents one of the biggest obstacles we need to overcome.

And finally, a purely technical problem. Rewiring the university network and changing configurations led to
accessibility problems.

8. Some statistics

Fig. 4. shows the number of instructors who have uploaded any materials in VEDA. The measures are made 3
months after starting VEDA. The number of instructors increases before the session. This data presents 25
percents of all full-staff professors and 2 % of all professors delivering lectures in NBU.
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Fig. 4. The instructors’ activity

The students’ demand is much more then lecturers supply. There are 2.000 students’ queries to the server in
January, a little more - in February and more then 4.200 - in March. The number of all students in NBU is 8.000.
The data shows that the students need educational materials via Internet but the lecturers’ activity is not satisfied.
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Fig. 5. The students’ activity

Fig. 6 presents the number of lectures from different subjects uploaded in VEDA.
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Fig. 6. Lectures in VEDA.

9. Conclusion

In conclusion | can say that we are confident that VEDA will be of great benefit to instructors, who will have an
easy and convenient way to keep in touch with their students, monitor their progress and distribute assignments.

Students, on the other hand, will have a centralized real-time access to the lecture materials, an e-library and
most importantly, an opportunity to contact and discuss questions directly with their instructors, regardless of
where they are.

This project will significantly improve the quality of the education process at NBU, and will enable our university to
target a much wider array of prospective students, e.g. People who want to obtain master's degree, but are
currently unable to do so, because their everyday schedule prevents them from attending lectures. Up until now,
such individuals had limited choice, and had to enrol in foreign universities, specialized in distant learning.

Starting next semester, our department will also offer an English language program. Combined with VEDA, this
new program will also target foreign students from near-by countries. Thus they would only need to come to
campus to take exams.

Having said the above, we are looking forward to the official roll-out, which will take place in September, at the
start of the next fall semester.
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PROJECT SOLUTIONS REUSE

M. Bondarenko, A. Kuzemin, M. Sorochan, |. Yanchevskiy

Extended Abstract:

Current information technologies development makes it possible to solve a wide range of tasks in different types
of organizations. Modern software development process is becoming more and more complex. Before developing
software product designers have to define the project goal. During that process they may find the problem of
misunderstanding between designers and future customers of software being developed. Modern CASE software
at most are only visualization tools and have no support of the project solutions reuse. Mostly reuse is known in
the component development. But research of development process shown that any project artifact may be
reused, e.g. diagrams, quizzes, rules, instructions and so on.

The main problem in the solutions reuse is the process of searching for the most suitable one. Such task
definition comes from the system environment description and defining its goals.

Solution is in the development of a methodology for the design solutions reuse by means of a language of
situation representation. The main idea consists in connection of a system objective with situation built from
entities which describe the condition of the system at the time of objective establishing. Every situation is
associated with one or several design solutions, which can be used in the process of the development. The
language of situation representation has been built. This makes it possible to describe a problem situation with a
natural language. To compare situations between each others similarity measure was developed based on
similarity coefficients with an absent part value added.

The goal of software being developed is to solve some goal of the system product for which it is made. The goal
is connected with the system and its environment conditions. So one may say that he has such a chain system
condition — system goal — solution. Having some system condition we can get some solution for that condition.
Such conditions are described by situations. To find definite solution n the developed methodology one has to
build a situation for which he is looking for solutions for.

Situation consists of microsituations each of them is triple of three entities. They are central entity, context and
secondary entity. The central one is the object action or its description. Context defines the state of the central
entity or relation with a secondary one. The secondary entity is the object central entity act with.

To build a situation one can define the entities it first consists of. All entities are divided into categories. Each
category is the set of entities grouped by some feature and similarity. E.g. organization structures, act types,
financials, actor relations and so on. Entities in category are organized by generalization. At the top of the
category the first entity is. Other entities are generalized from it. Each child entity has all the features and
properties of the parent one.

The search process is built on similarity measure between etalon and problem situations which is based on
Tversky similarity model with an absent part value. Similarity is counted for situation, microsituations and entities
they are built on. For situations the measure is based on comparing microsituations. Their measure is based on
entities comparison. Entity being compared is based on categories structure and generalization associations
between them. Special algorithms are developed to find the described measures.
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REPRESENTING "RECURSIVE" DEFAULT LOGIC IN MODAL LOGIC

Frank M. Brown

Abstract: The "recursive” definition of Default Logic is shown to be representable in a monotonic Modal
Quantificational Logic whose modal laws are stronger than S5. Specifically, it is proven that a set of sentences of
First Order Logic is a fixed-point of the "recursive” fixed-point equation of Default Logic with an initial set of
axioms and defaults if and only if the meaning of the fixed-point is logically equivalent to a particular modal
functor of the meanings of that initial set of sentences and of the sentences in those defaults. This is important
because the modal representation allows the use of powerful automatic deduction systems for Modal Logic and
because unlike the original "recursive" definition of Default Logic, it is easily generalized to the case where
quantified variables may be shared across the scope of the components of the defaults.

Keywords: Recursive Definition of Default Logic, Modal Logic, Nonmonotonic Logic.

1. Introduction

One of the most well known nonmonotonic logics [Antoniou 1997] which deals with entailment conditions in
addition to possibility conditions in it's defaults is the so-called Default Logic [Reiter 1980]. The basic idea of
Default Logic is that there is a set of axioms I" and some non-logical default "inference rules" of the form:

o B1..Bm
X
which is intended to suggest that ¢ may be inferred from o whenever each 31,...,Bm is consistent with everything

that is inferable. Such "inference rules" are not recursive and are circular in that the determination as to whether
x is derivable depends on whether Bj is consistent which in turn depends on what was derivable from this and

other defaults. Thus, tentatively applying such inference rules by checking the consistency of B1,...,Bm with only

the current set of inferences produces a y result which may later have to be retracted. For this reason inferences
in a nonmonotonic logic such as Default Logic are essentially carried out not in the original nonmonotonic logic,
but rather in some (monotonic) metatheory in which that nonmonotonic logic is monotonically defined. [Reiter
1980] explicated the above intuition by defining Default Logic "recursively” in terms of the set theoretic proof
theory metalanguage of First Order Logic (i.e. FOL) with (more or less) the following fixed point expression’:

=(dr 'k T o Bijl i)
where dr is defined as:
(dr ' T "o Bijl'xi) =df Ut=1, (1 t e T "o Bij'xi)
(r0 ' T "o Bjjli) =df (fol T)
(rt+1 k"ol Bijf i) =df (fol(r t e T e B xi)A'xi: (erie(r t'e T o Bijl xi) Anj=1,mi (= Bij) & )})
where 'aj, 'Bjj, and "yj are the closed sentences of FOL occuring in the ith "inference rule” and T is a set of

closed sentences of FOL. A closed sentence is a sentence without any free variables. fol is a function which
produces the set of theorems derivable in FOL from the set of sentences to which it is applied. The quotations

" [Reiter 1980] actually used a recursive definition whereby the r sets do not necessarily contain all their FOL
consequences:

(dr '« T "ot Bijl"xi) =df Lt=1,w(r t'c)

(r0 'x)=df'T

(r t+1 ") =df (fol(r "« )){'xi:(erie(r "« D)anj=1,mi('(=Bij) '«)}

If this definition were used then all the theorems in this paper should have (r t '« T 'oj:'Bjj/"zi) replaced by (fol(r t 'k
T aj'Bjj"xi)) and (dr 'k 'T 'aj:'Bjj/"xi) replaced by (fol(dr "« T 'aij:'Bjj/"xi))-
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appended to the front of these Greek letters indicate references in the metalanguage to the sentences of the FOL
object language. Interpreted doxastically this fixed point equation states:

The set of closed sentences which are believed is equal to
the union of all sets of closed sentences which are believed at any time.
That which is believed at time 0 is the set of closed sentences derived by the laws of FOL from 'T".
That which is believed at time t+1 is the set of closed sentences derived by the laws of FOL
from the union of both
the set of beliefs at time t
and the set of all 'yj for each i such that

the closed sentence 'aj is believed at time t and for each j, the closed sentence 'Bij is believable.

The purpose of this paper is to show that all this metatheoretic machinery including the formalized syntax of FOL,
the proof theory of FOL, the axioms of set theory, and the set theoretic fixedpoint equation is not needed and that
the essence of the "recursive" definition of Default Logic in representable as a necessary equivalence in a simple
(monotonic) Modal Quantificational Logic. Interpreted as a doxastic logic this necessary equivalence states:

That which is believed is logically equivalent to what is believed at any time.
That which is believed at time 0 is I
That which is believed at time t+1 is
that which is believed at time t and for each i, if j is believed at time t and for each j, Bjj is believable then ;.

thereby eliminating all mention of any metatheoretic machinery.

The remainder of this paper proves that this modal representation is equivalent to the "recursive” definition of
Default Logic. Section 2 describes a formalized syntax for a FOL object language. Section 3 describes the part
of the proof theory of FOL needed herein (i.e. theorems FOL1-FOL10). Section 4 describes the Intensional
Semantics of FOL which includes laws for meaning of FOL sentences: M0-M7, theorems giving the meaning of
sets of FOL sentences: MS1, MS2, MS3, and laws specifying the relationship of meaning and modality to the
proof theory of FOL (i.e. the laws R0, A1, A2 and A3 and the theorems C1, C2, C3, and C4). The modal version
of the "Recursive" definition of Default Logic, called DR, is defined in section 5 and explicated with theorems
MD1-MD8 and SS1-SS2. In section 6, this modal version is shown by theorems R1, DR1 and DR2 to be
equivalent to the set theoretic fixed point equation for Default Logic. Figure 1 outlines the relationship of all these
theorems in producing the final theorems DR2, FOL10, and MD8. .

FOI?OLI /Cl MS3 MO—M7‘w
FOI# CZ& MS1 M]? MD$4
FOL6 FOL3  C3 MS) MDS  MD6
FOL7  FOL4 cd f SSI
/ DRI1 /

FOLs  —~-@—FOL9 ? MD7  SS2

FOL10 DR2 MD3

Figure 1: Dependencies among the Theorems

2. Formal Syntax of First Order Logic

We use a First Order Logic (i.e. FOL) defined as the six tuple: (—, #f, V, vars, predicates, functions) where —,
#f, and V are logical symbols, vars is a set of variable symbols, predicates is a set of predicate symbols each of
which has an implicit arity specifying the number of associated terms, and functions is a set of function symbols
each of which has an implicit arity specifying the number of associated terms. The sets of logical symbols,
variables, predicate symbols, and function symbols are pairwise disjoint. Lower case Roman letters
possibly indexed with digits are used as variables. Greek letters possibly indexed with digits are used as
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syntactic metavariables. v, y1,...yn, range over the variables, &, £1...En range over sequences of variables of an
appropriate arity, m,m1...npn range over the predicate symbols, ¢, ¢1...dn range over function symbols, 3,
61...6pn, o range over terms, and o, of..on, B, B1--Bn %1--%n, T'1.-.I'n,@ range over sentences.
The terms are of the forms y and (¢ 81...6n), and the sentences are of the forms (a—p), #f, (Vy a), and (%
81...6n). A nullary predicate 7 or function ¢ is written as a sentence or a term without parentheses. o{r/A&a}

represents the replacement of all occurrences of 7 in ¢ by A&a followed by lambda conversion. The primitive
symbols are shown in Figure 2 with their intuitive interpretations.

Symbol Meaning
oa—p if o then B.
# falsity
Vya forally, a..
Figure 2: Primitive Symbols of First Order Logic

The defined symbols are listed in Figure 3 with their definitions and intuitive interpretations.

Symbol | Definition Meaning Symbol Definition Meaning

- o — # not o onpB —(a > =) o and

#t — #f truth o> B (0> B)A (B> a) | aifandonlyif B
avp (wa)>B |aorpP Jy o —Vy o for somey, a

Figure 3: Defined Symbols of First Order Logic

The FOL object language expressions are referred in the metalanguage (which also includes a FOL syntax) by
inserting a quote sign in front of the object language entity thereby making a structural descriptive name of that
entity. Generally, a set of sentences is represented as: {T'j} which is defined as: {T7j: #t} which in turn is defined

as: {s: Ji(s="T’j)} where i ranges over some range of numbers (which may be finite or infinite). With a slight abuse
of notation we also write 'k, 'T" to refer to such sets.

3. Proof Theory of First Order Logic

FOL is axiomatized with a recursively enumerable set of theorems as its axioms are recursively enumerable and
its inference rules are recursive. The axioms and inference rules of FOL [Mendelson 1964] are given in Figure 4.

MAT: o — (B— o) MR1: from o and (a— ) infer 3
MA2: (a— ( B— p)) = ((a— B)— (a— p)) MR2: from o infer (Vy o)
MA3: (= )= (= B))= (= )= B)—>a)
MA4: (Vy a)— B where B is the result of substituting an expression (which is free for the free positions
ofy ina) for all the free occurrences of y in a.
MAS: ((Vy(oe — B)) = (a—>(Vy B))) where y does not occur in a.
Figure 4: Inferences Rules and Axioms of FOL

In order to talk about sets of sentences we include in the metatheory set theory symbolism as developed along
the lines of [Quine 1969]. This set theory includes the symbols &, ¢, o, =, U as is defined therein. The
derivation operation (i.e. fol) of any First Order Logic obeys the Inclusion (i.e. FOL1), Idempotence (i.e. FOL2),
Monotonic (i.e. FOL3) and the Union (i.e. FOL4) properties:

FOL1: (fol ' T)2T Inclusion
FOL2: (fol 'k)(fol(fol '«)) Idempotence
FOL3: ('«2T) — ((fol 'x)> (fol T)) Monotonicity

FOL4: For any set v, if Vt((y t)=(fol(y t))) and Vt((y t+1)2(y t)) then (Ut=0,w(y t))=(fol(Ut=0,e(y t)) Union
From these four properties we prove the following theorems of the proof theory of First Order Logic:
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FOLS: (fol 'x)=(fol(fol '«)) proof: By FOL1 and FOL2.
FOLG: (rt '« T "o Bijl'xi)=(fol(r t ' 'T" 'oij:'Bijj/"xi)) proof: By induction on t it suffices to prove:
(1) (r 0" T "oij:'Bijjl"%i)=(fol(r 0 s 'T""atji'Bijl"yj)) Unfolding r twice gives: (fol T')=(fol(fol 'T')) which is FOLS.
(2) (rt+1 ' T o Bij' i) =(Pol(r t+1 ' T "ot Bijl i)
Unfolding r twice gives: (fol((r t '« T "otj:'Bijl"xi){'xi: (otie(r t ' T 'otii'Bijl xi)) AAj=1,mi(' (=Bij) & <)1)

=(fol((fol((r t i '™ "oriBijl"xi) W xi: (otie(r t's T 'aii' Bl xi)) Anj=1,mi (=Bij) £ )})
which likewise is an instance of FOL5. QED.
FOL7: ((r t+1 ' T o' Bijl"xi))=2(r t ' T "oiit'Bijl"xi)))
proof: By FOLS this is equivalent to: ((r t+1 '« 'T" 'aij:'Bjj/"%i))=(fol(r t '« 'T" 'oii:'Bjj"xi)))). Unfolding r of t+1 gives:
(Fol((r t ' T "auii'Bijf" i) A'xic (orie(r t e T "ot Bijl xi) Anj=1,mi( (—=Bij) & ')}) 2(fol(r t e T "ot Bijl i)
By FOL3 it suffices to prove: ((r t i T "otj:'Bijl xi)A{'xi: (‘otie(r t ' T "ot Bijl %) Anj=1,mi('(=Bij) g <)) =2(r t '« 'T
‘o'Bjj"xi) which holds in set theory. QED.
FOL8: (Lt=0,0(r t ' T "ot Bijl i) =(fol(Ut=0, ol t ' T "0tiBijl xi))
proof: W((r t ' T "ot Bjjl"xi))=(fol(r t '« 'T" "aii'Bijl"i)) holds by FOL6. Wi((r t+1 ' 'T" ‘oiji'Bjjl'xi))=(r t 'k 'T
'oj:'Bjjl"xi)) holds by FOL7. Instantiating the hypotheses in FOL4 to these theorems proves this theorem. QED.
FOL: (dr '« 'T" "aijr'Bijl"xi)=(fol(dr ' 'T" 'ai'Bjjl"xi)) proof: Unfolding dr twice gives: Lt=1,e(r t ' T "oiii'Bijl"xi)
=(fol(t=1,w(r t i« T "o Bjjl'i)) which holds by FOL8. QED.
FOL10: (k=(dr '« T 'aij:'Bjj/"xi))—>(=(fol 'x)) proof: From the hypothesis and FOL9 'k=(fol(dr '«)) is derived.
Using the hypothesis to replace (dr ') by 'k in this result gives: (‘'«=(fol 'x)) QED.

4. Intensional Semantics of FOL

The meaning (i.e. mg) [Brown 1978, Boyer&Moore 1981] or rather disquotation of a sentence of FOL is defined in
Figure 5 below®. mg is defined in terms of mgs which maps each FOL object language sentence and an
association list into a meaning. mgn maps each FOL object language term and an association list into a meaning.
An association list is a list of pairs consisting of an object language variable and the meaning to which it is bound.

MO: (mg 'a) =df (mgs '(Vy1...yn a)'()) where 'y1...'yn are all the free variables in ‘o
1: (mgs ‘(o — B)a) <> ((mgs ‘o a)—>(mgs '} a))
2: (mgs "#f a) <> #f
3: (mgs '(V y a)a) <> ¥x(mgs 'a(cons(cons 'y x)a))
4: (mgs '(m 61...0n)a) <> ((mgn '61 a)...(mgn 'dp a)) for each predicate symbol 'x.
5:(mgn'(¢p 81...0n)a) = (d(mgn 'd1 a)...(mgn 'dp a)) for each function symbol '¢.
6: (mgn 'y a) = (cdr(assoc 'y a))
7: (assoc v L)= (if(eq? v(car(car L)))(car L)(assoc v(cdr L))) where: cons, car, cdr, eq?, and if are as in Scheme.
Figure 5: The Meaning of FOL Sentences

The meaning of a set of sentences is defined in terms of the meanings of the sentences in the set as:

(ms ') =df Vs((se'k)—(mg s)).

MS1: (ms{'a: T}) <> VE((T'{s'a})—>a) where € is the sequence of all the free variables in ‘o and where T" is any
sentence of the intensional semantics. proof: (ms{'o:I'}) Unfolding ms and the set pattern abstraction symbol

8 The laws M0O-M7 are analogous to Tarski's definition of truth except that finite association lists are used to bind
variables to values rather than infinite sequences. M4 is different since mg is interpreted as being meaning rather
than truth.
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gives: Vs((sefs: F&((s='a)Al")})—(mg s)) where & is a sequence of the free variables in 'a. This is equivalent to:
Vs((FE((s="a)AT)))—(mg s)) which is: VsVE (((s='a)Al')—(mg s)) which is: VE(I'{s/'a}—>(mg 'a)). Unfolding
mg using M0-M7 then gives: VE&((I'{s/'a})—a) QED

The meaning of a set is the meaning of all the sentences in the set (i.e. MS2):
MS2: (ms{Tj}) <> ViVvE} proof: (ms{Tj}) Unfolding the set notation gives: (ms{'T7: #t}). By MS1 this is
equivalent to: VjVE&j((#{s/'a})—T'j) which is equivalent to: VivElj QED.

The meaning of the union of two sets of FOL sentences is the conjunction of their meanings (i.e. MS3):
MS3: (ms('kU'T)) <> ((ms 'k)A(ms 'T")) proof: Unfolding ms and union in: (ms('x'T)) gives:
Vs((sefs: (se'k)v(seT)})—(mg s)) or rather: Vs(((se'k)v(se'T))—(mg s)) which is logically equivalent to:
(Vou(se'x)—>(mg s)))A(Vs((se'T)—(mg s))). Folding ms twice then gives:((ms 'k)A(ms 'T")) QED.

The meaning operation may be used to develop an Intensional Semantics for a FOL object language by
axiomatizing the modal concept of necessity so that it satisfies the theorem:

Ct: (‘ag(fol 'k)) <> (] ((ms 'k)—>(mg 'a)))

for every sentence 'a and every set of sentences 'k of that FOL object language. The necessity symbol is
represented by a box: []. C1 states that a sentence of FOL is a FOL-theorem (i.e. fol) of a set of sentences of
FOL if and only if the meaning of that set of sentences necessarily implies the meaning of that sentence. One
modal logic which satisfies C1 for FOL is the Z Modal Quantificational Logic described in [Brown 1987; Brown
1989] whose theorems are recursively enumerable. Z has the metatheorem: (<>I'){n/AEa}— (<>T") where I is
a sentence of FOL and includes all the laws of S5 Modal Logic [Hughes & Cresswell 1968] whose modal axioms
and inference rules are in Figure 6. Therein, k and T rare arbitrary sentences of the intentional semantics.

RO: from o infer ([] ) A2: ([Il(k— T) = (([x)— (1))
Al ([IK) —> x A3: ([Ix) v ([1-[x)
Figure 6: The Laws of S5 Modal Logic

These S5 modal laws and the laws of FOL given in Figure 4 constitute an S5 Modal Quantificational Logic similar
to [Carnap 1946; Carnap 1956], and a FOL version [Parks 1976] of [Bressan 1972] in which the Barcan formula:
(Vy([Ix)—([Vyx) and its converse hold. The RO inference rule implies that anything derivable in the
metatheory is necessary. Thus, in any logic with RO, contingent facts would never be asserted as additional
axioms of the metatheory. The defined Modal symbols are in Figure 7 with their definitions and interpretations.

Symbol | Definition | Meaning Symbol | Definition Meaning
<>k —[]—x | ais logically possible k] T [] (xk—>T) B entails o
k=T [l (kT | ais logically equivalent to B <k>T | <> (kal) o and B is logically possible

Figure 7: Defined Symbols of Modal Logic

From the laws of the Intensional Semantics we prove that the meaning of the set of FOL consequences of a set
of sentences is the meaning of that set of sentences (C2), the FOL consequences of a set of sentences contain
the FOL consequences of another set if and only if the meaning of the first set entails the meaning of the second
set (C3), and the sets of FOL consequences of two sets of sentences are equal if and only if the meanings of the
two sets are logically equivalent (C4):

C2: (ms(fol '«))=(ms ') proof: The proof divides into two cases:

(1) [(ms ')](ms(fol '«))) Unfolding the second ms gives: [(ms 'k)]Vs((se(fol 'k))—(mg s))

By the soundness part of C1 this is equivalent to: [(ms 'k)]Vs(([(ms 'k)](mg s))—(mg s))

By the S5 laws this is equivalent to: ¥s(([(ms "«)](mg s))— [(ms 'k)](mg s)) which is a tautology.
(2) [(ms(fol '))](ms ') Unfolding ms twice gives: [Vs((se(fol 'k))—(mg s))]Vs((s€'«)—>(mg s))

which is: [Vs((se(fol '«))—(mg s))]((se'x)—(mg s)) Backchaining on the hypothesis and then dropping it gives:
(se')—>(se(fol 'k)). Folding o gives an instance of FOL1. QED.
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C3: (fol 'k)(fol 'T') <> ([(ms 'k)](ms 'T’)) proof: Unfolding o gives: Vs((se(fol 'T'))—(se(fol ')))

By C1 twice this is equivalent to: Vs(([(ms 'T)](mg s))—([(ms '«)](mg s)))

By the laws of S5 modal logic this is equivalent to: ([(ms 'k)]Vs(([(ms T)](mg s)))—(mg s)))

By C1 this is equivalent to: [(ms '«)]Vs((se(fol 'T'))—(mg s)). Folding ms then gives: [(ms '«)](ms(fol T'))

By C2 this is equivalent to: [(ms 'k)](ms 'T’). QED.

C4: ((fol 'k)=(fol 'T")) <> ((ms 'x)=(ms T")) proof: This is equivalent to (((fol 'k)>(fol 'T))A((fol T)=(fol 'k))) <>
([(ms "w)](ms 'T))A([(ms 'T))(ms ') which follows by using C3 twice.

5. "Recursive" Default Logic Represented in Modal Logic

The fixed point equation for Default Logic may be expressed as a necessary equivalence in an S5 Modal
Quantificational Logic using a recursive definition, as follows:

k=(DR « I 0j:Bjjfxi)

where DR is defined as:
(DR« T aj:Bijlxi) =df VHR tk " ai:Bijlxi)
(ROKT aiBijfyi) =df I
(Rt+1 k T o Bijli) =df (R tk T ouj:Bijli) AVI(([(R tk T o Bijlxi)loi) Anj=1,mi(<k>Bij) =)
When the context is obvious T aj:Bjj/yj is omitted and just (DR «) and (R t «) are written.Given below are some
properties of DR. The first two theorems state that DR entails T" and any conclusion yj of a default whose
entailment condition holds in DL and whose possible conditions are possible with k.
MD1: [(BR x I aij:Bjj/xi)]l"  proof: Unfolding DR gives:[Vt(R t k I" auj: Bij/ i)
Letting t be 0 shows that it suffices to prove: [(R 0 k I" a:Bjj/xi)Il". Unfolding R gives a tautology. QED.
MD2:([(DR « I ai:Bij/xi)] (IR t & I" aui: Bij/xi)leti) Anj=1, mi(<k>Bij))— xi)
proof: By RO it suffices to prove: (DR I oii:Bij/xi)— ((([(R t « T aii:Bijlxi)lei) A(Aj=1,mi(<i>Bij)) —=xi)
Unfolding DR gives: V(R t « I" oj:Bijj/ i) —=>((([(R t 1 T auiiBijli)l i) A(AJ=1,mi(<ie>Bij)))—>xi)
Letting the quantified t be t+1, it suffices to prove:
(Rt+1 & T ai:Bijf %i)—=>((([(R tr T oii:Bijlxi)lei)A(Aj=1,mi(<ic>Bij)) i) Unfolding R t+1 gives:
(Rt I ai:Bijlxi))

AR t e T aiiBijf xidlow)A(AJ=1,mi(<ie>Bij))) > A AR te T ai:Bijfxi)loi) AlAj=1,mi(<ic>Bij)) =i
Letting the quantified i be i gives a tautology. QED.

The concept (i.e. ss) of the combined meaning of all the sentences of the FOL object language whose meanings
are entailed by a proposition is defined as follows:

(ss x) =df Vs(([](mg s))—>(mg s))
SS1 shows that a proposition entails the combined meaning of the FOL object language sentences that it entails.
SS2 shows that if a proposition is necessarily equivalent to the combined meaning of the FOL object language

sentences that it entails, then there exists a set of FOL object language sentences whose meaning is necessarily
equivalent to that proposition:

SS1: [k](ss k) proof: By RO it suffices to prove: k—(ss k). Unfolding ss gives: k—Vs(([x](mg s))—(mg s))
which is equivalent to: V's(([k](mg s))—(kx—(mg s))) which is an instance of A1. QED.

SS2: (k=(ss «k))— Is(k=(ms s)) proof: Letting s be {s: ([x](mg s)) gives: (k=(ss k))— (k=(ms{s: ([k](mg s)))).
Unfolding ms and lambda conversion gives: (k=(ss k))<> (k=Vs(([x](mg s))—(mg s))). Folding ss gives a
tautology. QED.
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The theorems MD3 and MD4 are analogous to MD1 and MD2 except that DR is replaced by the
combined meanings of the sentences entailed by DR.

MD3: [ss(DR w(Vili)ei:Bij/xi)]Vili proof: By RO it suffices to prove: (ss(DR w(Vil)ai:Bijj/xi))—>Vil" which is
equivalent to: (ss(DR (Vilj)ai:Bij/xi))—Ti Unfolding ss gives:Vs(([(DR «(Vilj)ai:Bjj/xi)l(mg s))—(mg s)))—>Ti
which by the meaning laws MO0-M7 is equivalent to: (Vs(([(DR x(Vil'j)ai:Bij/xi)(mg s))—>(mg s)))—>(mg T).
Backchaining on (mg 'Tj) with s in the hypothesis being 'T'j in the conclusion shows that it suffices to prove: ([(DR
«(Vili)ai:Bij/xi)l(mg 'Ti) which by the meaning laws: M0-M7 is equivalent to: ([(DR (Vilj)ai:Bjj/xi)[Ti) which
by S5 Modal Logic is equivalent to:([(DR «(Vil)ei:Bj/xi)] Vili) which is an instance of theorem MD1. QED.
MD4:[ss(DR 1« I oij:ijfi)] (([(R t 1 T cui:Bij/xi)]loti) A(Aj=1, mi(<k>Bij)) i)
proof: By RO it suffices to prove: (ss(DR « I aij:Bijfxi))— ((([(R t 1 T ai:Bjj/(mg "xi)) i) A(AI=1,mi(<x>Bij))) =)
Unfolding ss: (V's(([(DR « I" ai:Bijxi)l(mg s))—>(mg s))— (([(R t & T aui:Bijl xi)lowi)A(AJ=1,mi(<i>Bij))) =)
Instantiating s in the hypothesis to 'yj and then dropping the hypothesis gives:
((I(OR 1 I ati:Bijlxi))(mg “xi))—>(mg i) =>((([(R t 1 " oxi: il i lai) A(A=1,mi(<ie>Bij))) =)
Using the meaning laws M0-M7 gives:

(([OR « " ai:Bijl i) = %)= ((([(R t e T e Bijf i) o) A(A]=1,mi(<ie>Bij)))—>xi)
Backchaining on yj shows that it suffices to prove:
(IRt T airBijfxillai)A(Aj=1,mi(<i>Bij))) —([(DR « T ai:Bij(mg "%i))](xi)
By the laws of S5 modal logic this is equivalent to:
([(OR 1w " aii:Bijlxi)] (IR twe T aij:Bijfxi)]oti) A(Aj=1,mi(<x>Rjj)))—>xi) which is MD2. QED.

Theorems MD5 and MD6 show that R is entailed by the meanings of the sentences entailed by DR:
MD?5: [ss(DR «(Vilj)aii:Bij/xi)I(R 0 k(Vili))oui: Bijfxi))

proof: Unfolding R 0 gives: (ss(DR (Vil'j)ai:Bjj/xi))—>(Vili) which holds by MD3. QED.

MD6: ([ss(DR « I' aij:Bijlxi))(R tk T oii:Bijfxi) —([sS(DR w oi:Bijlxi)](R t+1 k T aii:Bijlxi))

proof: Unfolding R t+1 in the conclusion gives:

(Iss(DR w I" aij:Bijli))((R tk I" ai: Bij/xi)A Wil([(R t k I e Bijlxi)]exi) Anj=1, mi(<>Bij) —(xi))
Using the hypothesis gives: ([ss(DR « oj:Bijli] Vi((([(R tk T oii:Bijlxi)lci) Anj=1,mi(<i>Bij)) —xi)
which holds by MD4. QED.

Finally MD7 and MD8 show that talking about the meanings of sets of FOL sentences in the modal representation
of Default Logic is equivalent to talking about propositions in general.

MD7: (ss(DR w(Vilj)ai:Bij/xi))=(DR (VL) oi:Bijfxi)

proof: In view of SS1, it suffices to prove:([ss(DR w(Vilj)aii:Bjj/xi)I(DR w(Vil'j)os:Bijli)

Unfolding the second occurrence of DR gives: [ss(DR «(Vil'j)oi:Bij/ i) VR tk T ouj: Bij/ i)

which is equivalent to: V([ss(DR «(Vilj)oi:Bij/xi)l(R t k " oj:Bijli))

By induction on t the proof divides into a base case and an induction step:

(1)Base Case: ([ss(DR «(Vil'j)oi:Bij/xi)(R 0 k " aj:Bij/yi)) which holds by theorem MDS.

(2)Induction Step:  ([ss(DR w(ViTj)oii:Bij/xi)I(R t k T" cii:Bijfxi)) —([sS(DR w(Vilj)oii:Bij/x)I(R t+1 k T otj:Bijli))
which holds by theorem MD6. QED.

MD8: (k=(DR (Vil'j)ii:Bijlxi))—>3s(k=(ms s)) proof: From the hypothesis and MD7
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1=(ss(DR (Vil'j)aii:Bijlxi)) is derived. Using the hypothesis to replace (DR «(Vil'j)ai:Bjj/xi) by w in this result
gives: =(ss(DR «(Vili)ai:Bjj/xi)), By SS2 this implies the conclusion. QED.

6. Conclusion: The Relationship between "Recursive" Default Logic and the Modal Logic

The relationship between the "recursive" set theoretic definition of Default Logic [Reiter 1980] and the modal
representation of it is proven in two steps. First theorem R1 shows that the meaning of the set r is the proposition
R. Theorem DR1 shows that the meaning of the set dr is the proposition DR. DL2 shows that a set of FOL
sentences which contains its FOL theorems is a fixedpoint of the fixedpoint equation of Default Logic with an
initial set of axioms and defaults if and only if the meaning (or rather disquotation) of that set of sentences is
logically equivalent to DR of the meanings of that initial set of sentences and those defaults.

R1: (ms(r t(fol e { T} o' Bijl"xi)) =(R t(ms "w)(Vili)oxi: Bij/xi)
proof: Inducting on the numeric variable t gives a base case and an induction step:
(1) The Base Case: (ms(r O(fol ‘w){Ti}ai'Bjj"%i))=(R O(ms “«)(Vili)oi:Bjjxi). Starting from (ms(r O(fol
'w{Ti}oi'Bijxi) unfolding r gives: (ms(fol{Ti})). By C2 this is equivalent to: (ms{Ti}). By MS2 this is
equivalent to: (Vilj). Folding R then gives: (R t(ms 'k)(Vilj)ai:Bjj/xi) which proves the base case.
(2) The Induction Step: ((ms(r t(fol "){'Ti}oti'Bjj"xi)) =(R t(ms '&)(Vili)eri:Bij/xi))

—((ms(r t+1(fol ") {Ti}'ouir'Bijl i) =(R t+1(ms 's)(Vilj)oi:Bij/xi)
Setting aside the induction hypothesis, we start from: (ms(r t+1(fol '« ){ T} i:'Bjj/"xi))
Unfolding r gives: (ms(fol((r t "{'Ti}'oiir B/ xi)A'%i: (‘cuie(r t e{Ti} oi:'Bijl"xi)) Anj=1,mi('(=Bij) & )})))
By C2 this is equivalent to: (ms((r t "e{'Ti} 'otj:'Bijl"xi)A'xi: (‘ctie(r t "e{TiYoui:'Bijl"xi)) Anj=1,mi('(=Bij) ')})
By MS3 this is equivalent to: ((ms(r t 's{Ti} o Bl xi)) A(ms{xi: (atie(r t 'w{Ti} o' Bij/ xi)) Anj=1,mi(' (—Bij) € «)}))
By MS2 this is : (ms(r t "e{T} oii'Bijf"%i)) A Vil ((cvie(r t 'e{ Tidouir'Bijl"xi)) Anj=1,mi( (=Bij) ') —(mg "xi))
Using C1 twice gives and folding <x> gives:
((ms(r t "{ T} oii'Bijl"xi)) AVi(((Ims(r t "e{ T} i’ Bijl"%i)l(MG 'aui)) Anj=1,mi(<(ms '&)>(mg 'Bij)))—>(mg "))
Using the MO-M7 gives: ((ms(r t "e{Ti}"oti:'Bijl" i) A Vi(((Ims(r t 's{ T} oui:'Bijl"xi) ki) Anj=1,mi(<(ms '&)>Bij))—>xi)
Using the induction hypothesis twice gives:
(R t(ms "&)(Vii)ori:Bijli) A Vi((([(R t(ms ") (VilTi)aii:Bijfxi)]oti) Anj=1,mi(<(ms “ic)>Bjj)) i)
Folding R then gives: ((R t+1(ms '«)(Vilj)ai:Bjj/xi) which proves the Induction Step. QED.
DR1: (ms(dr(fol " }{'Ti}'aii:'Bijjl"xi)) =(DR(ms "k)(Vilj)ai:Bijlxi)
proof: (ms(dr(fol ") {Ti}'cii:'Bjj/"xi)) Unfolding the definition of dr gives: ms(Lt=1, (r t(fol ) {Ti} oii:'Bijl"xi))
Unfolding © gives: ms(s: Jt(se(r t(fol w){Ti}'oiBjj'xi)). Unfolding ms gives: Vs((sefs: Jt(se(r t(fol
' TiYoi'Bij/xi)})—(mg s)) which is equivalent to: Vs((3t(se(r t(fol 'w}{'Ti}oi'Bjj"xi))—>(mg s)) which is
equivalent to: Vtvs((se(r t(fol )}{'T}'aii:'Bjjl"xi))—(mg s)). Folding ms gives: V(ms(r t(fol ){'Ti}'oii:'Bij/"xi))
By R1 this is equivalent to: V(R t(ms '«)(Vili)ai:Bjj/xi). Folding DR then gives (DR(ms ‘«)(Vil'j)osi:Bij/i) QED.
DR2: ((fol 'x)=(dr(fol " {'Ti} "aii:'Bjjl"xi))<>((ms ic)=(DR(ms '«c)(ms 'T)asi:Bjjlxi)))
proof: By FOL9 (fol 'x)=(dr(fol ' {'Ti}'oti:'Bij"xi)) is: (fol “c)=(fol(dl(fol ){Ti} i Bjjl"xi). By C4 this is equivalent
to: (ms 'w)=(ms(dr(fol <){Ti}'etj:'Bjjl"zi)). By DR1 this is equivalent to: (ms "«)=(DR(ms "«)(Vil'i)oii:Bijlxi) QED.

Theorem DR2 shows that the set of theorems: (fol ') of a set 'k is a fixedpoint of a fixed point equation of Default
Logic if and only if the meaning (ms '«) of 'k is a solution to the necessary equivalence. Furthermore, by FOL10
there are no other fixedpoints (such as a set not containing all its theorems) and by MD8 there are no other
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solutions (such as a proposition not representable as a sentence in the FOL object language). Therefore, the
Modal representation of Default Logic (i.e. DR), faithfully represents the set theoretic description of the "recursive"
definition of Default Logic (i.e. dr). Finally, we note that (Vil'j) and (ms 'k) may be generalized to be arbitrary

propositions I" and « giving the more general modal representation: «=(DR « I" aj:Bjj/;)-
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ON THE RELATIONSHIPS AMONG QUANTIFIED AUTOEPISTEMIC LOGIC, ITS
KERNEL, AND QUANTIFIED REFLECTIVE LOGIC

Frank M. Brown

Abstract: A Quantified Autoepistemic Logic is axiomatized in a monotonic Modal Quantificational Logic whose
modal laws are slightly stronger than S5. This Quantified Autoepistemic Logic obeys all the laws of First Order
Logic and its L predicate obeys the laws of S5 Modal Logic in every fixed=point. It is proven that this Logic has a
kernel not containing L such that L holds for a sentence if and only if that sentence is in the kernel. This result is
important because it shows that is superfluous thereby allowing the original equivalence to be simplified by
eliminating L from it. It is also shown that the Kernel of Quantified Autoepistemic Logic is a generalization of
Quantified Reflective Logic, which coincides with it in the propositional case.

Keywords: Quantified Autoepistemic Logic, Quantified Reflective Logic, Modal Logic, Nonmonotonic Logic.

1. Introduction

Quantified Autoepistemic Logic (i.e. QAEL) is a generalization of Autoepistemic Logic [Moore, Konolige87,
Konolige87b], where both universally and existentially quantified variables are allowed to cross the scope of the L
predicate. In a recent paper [Brown 2003b, 2004d] showed that Autoepistemic Logic could be represented in an
extension of S5 Modal Logic. This modal representation may be generalized to provide a Quantified
Autoepistemic Logic with the following necessary equivalence:

k=(QAEL x T')
where QAEL is defined as follows:
(QAEL k I') =df TAVIVE(((L "xi)>([x]xi)
(L i) =df (L% a),
where v is the ith sentence with or without free variables of a First Order Logic (i.e. FOL) and aj is an association

list associating the free variables in 'yj to values specified by the sequence of variables &j. The Vi quantifier

ranges across the natural numbers. This Quantified Autoepistemic Logic is important because unlike some other
attempts [Konolidge1989] to generalize Autoepistemic Logic, its quantifiers obey both the Barcan Formulae, the
converse of the Barcan formula, and also all the laws of S5 Modal Logic and First Order Logic (i.e. FOL).
Interpreted doxastically this necessary equivalence states that:

that which is believed is equivalent to: T" and for all i and for all &j (L "x;) if and only if ; is believed.

The purpose of this paper is to show that the L predicate is not essential to solving for k and can be eliminated
thereby allowing the above necessary equivalence to be replaced by a simpler necessary equivalence which
when interpreted as a doxastic logic states:

that which is believed is equivalent to: T (with each L'replaced by []) .

thereby eliminating every occurrence of the L predicate, all the (quoted) names of sentences, and the bi-
implication containing L.

The remainder of this paper proves that the L predicate can be eliminated. Section 2 describes the First Order
Logic (i.e.FOL) used herein. Section 3 describes the Modal Logic used herein. QAEL is defined in more detail in
section 4. The L eliminated form of Quantified Autoepistemic Logic herein called the Quantified Autoepistemic
Kernel (i.e. QAEK) is defined in section 5 and is explicated with theorems LEXT1 and LEXT2. In section 6, QAEK
is shown to be related to QAEL by theorems QAEK1, QAEK2, QAEK3. The relationship between QAEK and
Quantified Reflective Logic (i.e. QRL) [Brown 2003a] is given in section 7. Finally, in section 8, some
consequences of all these results are discussed. Figure 1 outlines the relationship of all these theorems in
producing the final theorems LEXT2, QAEK3, and AR2.
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LEXT1 Z%l\z? QA?KI Q?ARI

ZP2 ZR1 QAEK2 AR2

/V

LEXT2 ZR2 <@—— QAEK3
Figure 1: Dependencies among the Theorems

2. First Order Logic

We use a First Order Logic (i.e. FOL) defined as the six tuple: (—, #f, v, vars, predicates, functions) where —,
#f, and V are logical symbols, vars is a set of variable symbols, predicates is a set of predicate symbols each of
which has an implicit arity specifying the number of associated terms, and functions is a set of function symbols
each of which has an implicit arity specifying the number of associated terms. Lower case Roman letters
possibly indexed with digits are used as variables. Greek letters possibly indexed with digits or lower case roman
letters are used as syntactic metavariables. v, y1,..yn, range over the variables, &, &1...En range over
sequences of variables of an appropriate arity, mt,71...wtn range over the predicate symbols, ¢, ¢1...¢n range over
function symboals, 3, 81...8n, o range over terms, and o, of...an, B, B1---Bnx x1---%n.L.T1,...nK,K1,...Kp, @,
range over sentences (including sentences with free variables). The terms are of the forms y and (¢ 61...n),
and the sentences are of the forms (a—p), #, (Vy a), (t 81...8p), and (6=c). A nullary predicate m or function

¢ is written without parentheses. o@{n/AEa} represents the replacement of all occurrences of m in ¢ by
o followed by lambda conversion.  The primitive symbols are shown in Figure 2 with their interpretations. The
particular FOL used herein includes the binary predicate symbol L and a denumerably infinite number of 0-ary
function symbols representing the names (i.e. ‘o) of the sentences (i.e. o) of this FOL.

Symbol Meaning
o— B if o then .
#f falsity
Yy o forall y, o
Figure 2: Primitive Symbols of First Order Logic

The defined symbols are listed in Figure 3 with their definitions and intuitive interpretations.

Symbol Definition Meaning Symbol Definition Meaning

—a o — #f not o onf =0 > =) o and

#t — #f truth o> B (o> B)A B> a) o if and only if B

ovp (wa)>B |aorp Iy a —Vy —o for somey, au
Figure 3: Defined Symbols of First Order Logic

3. Modal Logic

The We extend First Order Logic with a necessity symbol as given in Figure 4 below:
Symbol Meaning
[Jou o is logically necessary

Figure 4: Primitive Symbols of Modal Logic
and with the laws of an S5 Modal Logic [Hughes & Cresswell 1968] as given in Figure 5 below:

RO: from o infer ([] o) A2: ([[(a— B)) = ()= (OB))
A1: (o) > o A3: (o) v ([l
Figure 5: The Laws of S5 Modal Logic
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These S5 modal laws and the laws of FOL constitute an S5 Modal Quantificational Logic similar to [Carnap 1946;
Carnap 1956], and a FOL version [Parks 1976] of [Bressan 1972] in which the Barcan formula:
(Vy([lo))—([]Vyo) and its converse hold. The defined Modal symbols used herein are listed in Figure 6 with
their definitions and intuitive interpretations.

Symbol | Definition | Meaning Symbol | Definition Meaning

<>q =[] —a | ais logically possible o= [l (a>P) oL is synonymous to 3
<B>a | <>(Baa) | aand B is logically possible 8;=8, | (nd;)=(n ;) | &, is logically equal to &,
[B] o [l (B—a) | B entails o 8#c —(6=0) d is not logically equal to ©.

Figure 3: Defined Symbols of Modal Logic

Next, we extend the FOL + S5 Modal Quantificational Logic with the A4 axiom scheme given in Figure 7.

Ad: <>T{r/AEa} — <>T
where T{rn/AEa} is the simultaneous replacement in T" of all unmodalized occurrences of ©t by a.
Figure 7: The Possibility Axiom Scheme

Intuitively, A4 specifies that a sentence T is logically possible whenever the result obtained by "interpreting" all
the unmodalized occurrences of a predicate within it, is logically possible. If A4 is successively applied to all the
unmodalized predicates then it follows that a sentence T" is logically possible if the result of interpreting all the
unmodalized predicates is logically possible. The possibility axiom A4 extends the trivial possibility axiom (i.e.
some proposition is neither #t nor #f) given in [Lewis 1936] and [Bressan 1972], the S5¢ possibility axiom schema
(i.e. every conjunction of distinct negated or unnegated propositional constants is logically possible) given in
[Hendry & Pokriefka 1985], and is implied by the possibility axiom schema used in the Z Modal Quantificational
Logic described in [Brown 1987; Brown 1989]. The following metatheorems are derivable:

ZP1: The Possibility of a Separable Predicates: If (1) ', a, and B are sentences of FOL extended whereby any
modalized sentence may occur in the place of predicates and (2) © does not occur unmodalized in any of T', .,
and B then: (<>(T'A(VE(a—(r ENA(VE(B——(m E)))))<>(TA(-TE(anp)))

ZP2: The Possibility of a Defined Predicate: If (1) I" and o are sentences of FOL without equality but extended
whereby any modalized sentence may occur in the place of predicates and (2) = does not occur unmodalized in
any of I and a then: (<>(CA(VE((m &)¢<>a))))<>(<>T) proof: Let B be —ain ZP1 and simplify. QED.

ZR: The Reduction Lemma: If (1) x occurs in T" and ¥ only in the context: <k>¢ for some ¢ (or in the context
[k]Ju which is essentially of the same modal form: —<k>—p)and (2) for all such o:
VP(((SCAY)>@)>(<(I>¢)){ic/p}) then : (k=(I'AW)) <> Tp((ie=(pA(F{i/pH)A(P=(I"{/p})))

ZR1: Reducing a Reflection with a Separable Predicate: If (1) k occurs in ', o, and 3 only in the context: <k>¢
for some ¢ (or in the context [K]u which is essentially of the same modal form: (—<x>—p), (2) ', o, B, and ¢ are
sentences of FOL extended whereby any modalized sentence may occur in the place of predicates, (3) © does
not occur unmodalized in any of T, ., B, and @ then: (k=(T'A(VE(a—(nt &))A(VE(B——(T E))))

< Ip((k=(pA((VE(o—>(m ENIA(VE(B——(m E)){i/pPNAP=(TA(=FE(anB))){K/p})))

ZR2: Reducing a Reflection with a Defined Predicate: If (1) k occurs in T, and o only in the context: <k>¢ for
some ¢ (or in the context [k]u which is essentially of the same modal form: (—<k>—p), (2) T, ., , and ¢ are
sentences of FOL extended whereby any modalized sentence may occur in the place of predicates, (3) = does
not occur unmodalized in any of ', o, and ¢ then: k=(CAVE((m &)>a))«> Tp k=(pAVE((m &)<>0{k/p}))
A p=I{x/p}. proof: Let 3 be —ain ZR1 and simplify. QED.

4. Quantified Autoepistemic Logic

Quantified Autoepistemic Logic (i.e. QAEL) is defined in Modal Logic by a necessary equivalence of the form:
k=(QAEL « T')

where QAEL is defined as follows: (QAEL « I') =df TAVIVE((L "xi)<>([ic]xi)) where (L 'yj) =df (L 'xj aj), i is the

ith sentence with or without free variables of FOL and aj is an association list binding the free variables in 'yj to
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values specified by the sequence of metalanguage variables &j. The Vi quantifier ranges across the natural

numbers. Any FOL proposition k which makes this necessary equivalence true is a solution. QAEL addresses
the problem of how quantified variables whose scopes cross the L predicate may be represented. Furthermore
these quantifiers obey not only the Barcan formula but unlike the generalization of Autoepistemic Logic given in
[Konolige 1989] its converse and therefore does not suffer the anomalies therein discussed. For example we
could then state in QAEL that everything is a bird and that all things believed to be birds for which flying is
believable do in fact fly as follows: k=(QAEL «((Vx(Bird X))AVx(((L '(Bird x))A(—L '(—(Fly x))))—(Fly x))))

5. Quantified Autoepistemic Kernel

The Quantified Autoepistemic Kernel [Brown 1989] is defined in Modal Quantificational Logic by the necessary
equivalence:

¢=(QAEK ¢ I
where QAEK is defined as: (QAEK o I') =df T{L /[o]}

The L predicate does not occur in QAEK. However, the kernel may be used to define an extension containing
facts involving L as follows:

(L-EXT ) =df (pAViIVE((L i} {([@hxilL T]})

The kernel @ possesses two important properties with respect to L-extensions, namely that the L-extension of ¢
entails ¢, and ¢ entails every FOL sentence not containing an occurrence of L which the L-extension entails
LEXT1: [(L-ext @)]¢ proof: Unfolding L-ext gives a tautology. QED.

LEXT2: If L is notin s and if ¢ contains no unmodalized occurrence of L, then: Vs([(L-ext ¢)]s)<> ([¢]s)

proof: Pushing negation through gives the equivalent sentence: Vr((<(L-ext @)>r)<> (<@>r))

Unfolding L-ext gives: Vr((<(pAViVE((L xi)<>(([olxidL [o]})>r) <> (<@>r)) or rather:

Vr((<e>(ViVE((L "xi)>(([olxidL [ol})Ar) <> (<e>r)) which is an instance of theorem ZP2. QED

LEXT1 and LEXT2 show that the kernel determines all the non-kernel sentences in the L-extension.
Representing problems in the Quantified Autoepistemic Kernel simplifies their solution since the pre-processing
step of eliminating the L predicate from I is eliminated.

6. The Relationship between Quantified Autoepistemic Logic and its Kernel

We now show how all occurrences of L including those within quotes as parts of structural descriptive names of
sentences of Autoepistemic Logic may be eliminated from I": For example, if I" consisted of the single default:
(=(L'(L (= m))))—= then the necessary equivalence is: k=(QAEL k((—(L '(L (= m))))—>=))

Unfolding AEL gives: k=(((—(L'(L '(— n))))=>w)AVIVE((Lyi)<>([k]xi)). Since the quantified statement is
connected to: (—(L (L '(— =))))—r by a conjunction it may be assumed when simplifying that expression.
Instantiating i so that yj is (L '(— m)) and using that instance gives the equivalent expression: «=(((—([](L
(= m))))—>m) AVIVE((L "xi)<>([x]xi))). We would like to eliminate the remaining L in the first formulae but it is
inside the scope of an entailment and therefore the (non-necessary) equivalence: VivEi((L "xi)<>([]xi))) does
not justify such a reduction merely by virtue of the two formulas being connected by conjunction. However, the
entire formula allows the derivation of: [iK](ViVEi((L "xi))<>([k]xi)) which shows that ViVE((L "yi)<>([k]xi)) may
be assumed in any scope entailed by k. Thus we can still reduce occurrences of L even embedded within an
entailment. Thus, the above equation is equivalent to: k=(((—([k]([k](— =))))>T)AVIVEI((L "xi)<>([]xi)) in
which no occurrence of L nor quotation appears in the first formulae in the conjunction. Notating the above
described process (i.e. sequence of deductions) as (I'{L /[]}) or rather the substitution of L ' by [«] gives the
theorem:

QAEK1: (k=(QAEL k ")) <> (k=(QAEL « (T'{L /[<]})))
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The process which eliminated L from T can also be used to eliminate L from y;j in the formulae: «=((I'{L
IKHAVIVEI((L "yi)>([x]xi)). Since yj occurs within the modal scope of a k entailment we are justified in
replacing an instance of it by another formulae by assuming VivEj((L "xi)<>([x]xi))) for any other instance of yj
since [k]ViVEi((L "yi)<>([x]xi))) follows from the overall equation. To replace each yj by a sentence which no
longer contains L, we specify an ordering of all the sentences based on the maximum depth of Ls as they occur
through the structural descriptive names of the sentences. A sentence yj with no L would be of depth 0, a

sentence with L would be at depth 1, a sentence with 'L would be of depth 2, a sentence with "L would be of
depth 3 and so forth. The proof is by induction. The base case is always true since L is not in those sentences.
The induction step proceeds by using ViVEi((L "xi)<>([x]xi)))) on sentences whose L depth is less than n to

prove that relation for sentences whose depth is n.

QAEK2 shows how all but one occurrence of L may be eliminated from the equivalence. Essentially k is
logically equivalent to a modal formula T{L "/[«]}) not containing L conjoined to what is essentially a "definition" of
L in terms of another modal formulae not containing L. This suggests that L is superfluous notation and that the
essence of k lies only in the first formulae. This intuition is easily proven:

QAEKS3: (k=(QAEL x I'))<> 3p((k=(L-EXT p))A(p=(QAEK p T)))

proof: By QAEK2 (k=(QAEL « T')) is equivalent to: (k=((T'{L [kINAVIVEI((L "xi)<>(([<]xidL /[x]})

Instantiating ZR2 with: T:= T{L "[x]}, &:=i&j, m:=L, ou:=([x]yxi{L "[x]}))) shows that the above expression is
equivalent to: Ip((k=(pAVIVEI((L " xi)>(([Plxi{L "IpI})) A(p=(T{L /[p]}))). Folding L-EXT and QAEK gives
3p((x=(L-EXT p))A(p=(QAEK p T'))) QED.

QAEK3 divides the Autoepistemic equation into two distinct equivalences, one axiomatizing the kernel p and
the other defining the stronger proposition k which is the L-extension of p containing additional facts about the L
predicate. LEXT1 and LEXT2 show that the L-extension « is a conservative extension of the kernel and therefore

it is not essential. For this reason it suffices to deal with just the necessary equivalence for the Quantified
Autoepistemic Kernel in studying Quantified Autoepistemic Logic: ¢=(QAEK ¢ I').

7. The Relationship between Quantified Autoepistemic Kernel and Quantified Reflective Logic

The modal representation of Reflective Logic [Brown 1989, 2003a, 2003c] may be generalized to a Quantified
Reflective Logic as:

«=(QRL « " 0ij:Bjj/xi)
where QRL is defined in Modal Logic as follows:
(QRL ke I it Bijfxi) =df CAVIVE((([]ai) Anj=1,mi<ic>Bij)—>i))
where T, ai, Bjj, and yj are sentences of FOL which may contain free variables. The variables in & may occur in
any of aj, Bjj, and xj. When the context is obvious I' aij:Bjj/xi is omitted and instead just (QRL «) is written.
Aj=1,mi stands for the conjunction of the formula which follows it as j ranges from 1 to mj. If mj=0 then it specifies
#t. If i ranges over a finite number of defaults then Vj may be replaced in this definition by a conjunction: Aj.
Interpreted as a doxastic logic, the necessary equivalence states:
that which is believed is logically equivalent to:
I" and for each i, if o, is believed and for each j, Bjj is believable then i
Quantified Reflective Logic is an instance of the Quantified Autoepistemic Kernel. Specifically:
QAR1: (QRL x I 0ij:Bijli)=(QAEK 1« PAVIVE(((L "ati)Anj=1,mi(=(L '(=Bij)))—xi)
proof: Unfolding QRL and QAEK gives identical formulas. QED.

We call the instance of the Quantified Autoepistemic Kernel in which no quantified variables in T" cross a modal
scope simply the Autoepistemic Kernel. (i.e. AEK). Likewise, we call the instance of Quantified Reflective Logic
with no variables in the any sequence &j simply Reflective Logic (i.e. RL).
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(AEK ¢ T') =df T{L /[@]}

(RL x T aii:Bijlxi) =df TAVi((([<]ai)Anj=1,mi<k>Bij)—>xi)

where T, aij, Bjj, and y; are closed sentences of FOL. By closed it is meant that no sentence may contain a free
variable.

By QAR1 Reflective Logic is clearly an instance of the Autoepistemic Kernel. However, in addition, it turns
out that the Autoepistemic Kernel is also an instance of Reflective Logic:

AR2. The Autoepistemic Kernel is an instance of Reflective Logic. Specifically, for every FOL formulae T'j there
exist FOL formulas: aij, Bjj, and yj. such that: (AEK « (Vil'j))=(RL k #t oij:Bjj/xi)
proof: By QAR1 it suffices to prove that each T'j{L"/[x]), which we shall herebelow call W is representable as

Ail(([ai)A(Aj=1,mi(<k>Bij) i)

We choose a k-entailment: ([ic]Je) in W of lowest scope that has not already been chosen. We use the laws of
classical logic to place ¢ into conjunctive normal form (treating any embedded x-entailment as another
predicate). The following five theorem schemata of Z are then used to reduce the scope of [k]° .

)
KUT: ([K)(a1A...Aan))=(([iK]oe]) A A[K]otn))
KU2: ([)(auv..vamv([kle)vB1v...vBn)) =(([le)v([kl(o1v..vamvB1v...vBn))
KU3: ([x](atv..vamv(=(xlp)vB1v...vBn)) =(=lxle)v(x](cv...vamvB1v...vBn)))

KU4: ([]([x]p))=(IxIp)

KUS: ([x](—=[x]@))=((—[xlp)v([x]#))

If the result begins with a conjunction, KU1 is applied. If the result begins with a disjunction with an embedded «
entailment or negation of a «k entailment then respectively KU2 or KU3 is applied. If the result is itself a k-
entailment of the negation of a k-entailment then respectively KU4 or KU5 is applied. The over all process is
repeated until no further KU rule is applicable. When the process finishes since none of the above rules is
applicable if the overall formula is put into conjunctive normal form then every resulting disjunction must be of the
following form when negations of entailments are ordered before entailments which are ordered before other
expressions:  ((vj=1,a—([]aj)v(vj=1 b([KIB))V(Vj=1,cxj) Pulling the first negation out and noting that
(Aj=1,a([K]e)) is equivalent to ([k](Aj=1,acj)) gives:

(=(x)(Aj=1,209)) v (Vj=1,bIKIBIVVi=1,cxj)) or rather: (=([i](Aj=1,a0)))V(Vi=1,b([KIB))IV(Vi=1,cx))

Letting o be (Aj=1,a04j) and  be (vj=1,cxj) gives: ((—([x]o))v(vj=1,b([xIBj)vx)

where o is #t if their are no o formulas (since that is the identity of conjunction) and where 7 is #f if there are no
xj formulas (since that is the identity of disjunction). Rewriting the above as an implication gives:

(([<Ja)A(Aj=1,mi(<i>Bj)))—>xi where the resulting fj are the negations of the previous ones. This formula is
called a default. The conjunction of all the defaults is then written as:

Ai((([<]ai)A(Aj=1,mi(<i>Bij))) i) where the defaults are not required to have any 3 subformulas. QED.

(RL 1 #t oj:Bij/xi) is often written as: (RL « I” aij:Bjj/yi) where I"is all those defaults having no a. (or where o is
#t) nor 3 subformulas (and hence no modals) and i ranges over just the "real" defaults containing modals.

8 Conclusion

The nonmonotonic systems discussed herein are related as described in Figure 8.

*When ([K]y) is viewed with K fixed as a unary symbol, it has the properties of a KU45 modal logic
[Park] .
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equivalent
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AEL —£ g AEK @—» conservative
?g

T T extention of
g g —2
QAEL—S—»QAEK —=—#»QRL  generalizes

ael = Autoepistemic Logic [Moore 1985] rl_= Reflective Logic [Brown 1986]

AEL = Autoepistemic Logic in Modal Logic QAEL = Quantified Autoepistemic Logic in Modal Logic
AEK = Autoepistemic Kernel in Modal Logic QAEK = Quantified Autoepistemic Kernel in Modal Logic
RL = Reflective Logic in Modal Logic QRL = Quantified Reflective Logic in Modal Logic

Figure 8: Relationships among NonMonotonic Systems

The original set theoretic description of Autoepistemic Logic (i.e. ael) is equivalent [Brown 2003b, 2003d] to the
modal description AEL and the set theoretic description of Reflective Logic (i.e. rl) is equivalent [Brown 20033,
2003c] to the modal description RL. Equivalence means that the meaning of the fixed-points of the set theoretic
descriptions are identical to the solutions of the necessary equivalences of the modal systems whenever their
inputs bear a similar relation. Since the modal systems (i.e. FOL+S5+A4) are much simpler than the set theoretic
descriptions (i.e. FOL + Set Theory + FOL Syntax, + FOL Proof Theory) they provide a reduction in both
conceptual and computational complexity. For this reason we focus on the modal systems: AEL and RL.

QAEL and QAEK, are respectively generalizations of AEL and AEK in which quantifiers are allowed to
be inserted anywhere in the formulas and where such quantified variables may cross modal scopes. Since AEL
and QAEL are proven by QAEK3 and LEXT2 to be conservative extensions (involving the superfluous L
predicate) of AEK and QAEK respectively, these systems AEK and QAEK are said to be the kernels of AEL and
QAEL respectively. Because the kernel systems eliminate all occurrences of L' and the biconditional relating L' to
[k] they are more useful systems for both understanding and automatic theorem proving. For this reason we now
focus on just the kernel systems: AEK and QAEK.

AEK is proven to be equivalent to RL by AR2. QRL is a generalization of RL where only universal
quantifiers may be inserted and only inserted at the beginning of a default. By QAR1, QAEK is a generalization
of QRL, But in general QRL is weaker than QAEK since for example it does not allow for existential quantifiers
just before a default. Because QAEK and QRL differ while AEK and RL are equivalent, it follows that both QAEK
and QRL can be said to be different quantificational generalizations of the Autoepistemic Kernel. Both are
interesting systems with QAEK providing greater generality and QRL having deep relationships to nomonotonic
logics with quantified default inference rules [Brown 2003f]. [Brown 2003e] describes an Automatic Deduction
system for the propositional case of Autoepistemic Kernels (i.e. AEK) which reduces to the propositional case of
Reflective Logic (i.e. RL)). Deduction Methods for the QAEL and QRL are discussed in [Brown 1987; Leasure
1993; Leasure & Brown 1995].
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METHODS FOR SOLVING NECESSARY EQUIVALENCES

Frank M. Brown

Abstract: Nonmonotonic Logics such as Autoepistemic Logic, Reflective Logic, and Default Logic, are usually
defined in terms of set-theoretic fixed-point equations defined over deductively closed sets of sentences of First
Order Logic. Such systems may also be represented as necessary equivalences in a Modal Logic stronger than
S5 with the added advantage that such representations may be generalized to allow quantified variables crossing
modal scopes resulting in a Quantified Autoepistemic Logic, a Quantified Autoepistemic Kernel, a Quantified
Reflective Logic, and a Quantified Default Logic. Quantifiers in all these generalizations obey all the normal laws
of logic including both the Barcan formula and its converse. Herein, we address the problem of solving some
necessary equivalences containing universal quantifiers over modal scopes. Solutions obtained by these
methods are then compared to related results obtained in the literature by Circumscription in Second Order Logic
since the disjunction of all the solutions of a necessary equivalence containing just normal defaults in these
Quantified Logics, is equivalent to that system.

Keywords: Solving Necessary Equivalences, Modal Logic, Nonmonotonic Logic.

1. Introduction

Solving equations is an important aspect of Automated Deduction because the solutions to an equation can often
be used in other parts of a theorem in order to prove the theorem or to derive consequences. Normally, we think
of solving equations in some numeric valued algebra such as number theory, real algebra, complex algebra, or
linear spaces; but there is no reason the process cannot be applied to radically different types of mathematical
structures although the actual techniques for solving equations will depend on the nature of that structure's
algebra. A mathematical structure of particular interest in Artificial Intelligence is the sets of sentences of First
Order Logic (i.e. FOL) which are deductively complete by the laws of FOL because such sets form the basis of
the fixed-point theories of nonmonotonic reasoning such as Autoepistemic Logic [Moore 1985], its kernel
[Konolige 1987], Reflective Logic [Brown 1987], and Default Logic [Reiter 1980]. A set of sentences of FOL is
said to be deductively complete if and only if all the theorems deducible from it by the laws of FOL are contained
within it. Deriving properties of infinite sets of sentences would appear to involve a sophisticated automatic
theorem prover for set theory and FOL syntax. However, we avoid this by noting that deductively complete sets of
sentences may be represented by the proposition which is the meaning of all the sentences in that set. The
modal sentence [J((Ali)—a) where [] is the necessity symbol can then be used to represent the proof theoretic
statement ‘ace(fol{T"}) where ‘o is the name of a sentence a, for each i, T’ is the name of the sentence T of
FOL, and fol is the set of FOL sentences derivable from {Tj} by the laws of FOL. A nonmonotonic fixed-point
equation defined in set theory such as:

K=fol({T}u{'o: (‘(—a) gK))}
is then represented as the necessary equivalence:
k=(CA(([In(kna) —>a)
This algebra for solving for k in a necessary equivalence is just FOL supplemented with propositional variables
(e.g. k above) and the necessity operator of a particular modal quantificational logic called Z. Translations of
Autoepistemic Logic, Reflective Logic, and Default Logic, to Z are proven, respectively, in [Brown 2003c], [Brown
2003b], and [Brown 2003a]. An Automatic Deduction System, based on Z, for Autoepistemic Logic and Reflective
Logic is given in [Brown 2003d]. Besides providing an algebra for representing such nonmonotonic systems

(where quantified variables are not allowed to cross modal scopes), this modal representation has the additional
advantage of providing an explication of what it means to have quantified variables crossing modal scopes:

k=(CAVE((]™ (kra))—a))
where & may occur free in o. Quantified Autoepistemic Logic, its Quantified Kernel, and Quantified Reflective

Logic and their relationships are discussed in [Brown 2004]. Quantified Reflective Logic and Quantified Default
Logic and their relationship is discussed in [Brown 2003e]. Herein, we exemplify necessary equivalence solving



46 i TECH - 2004

by solving an example involving normal defaults, similar to the example given above, which is expressible in all of
these quantified systems.

Section 2 describes the Z Modal Quantificational Logic which is the algebra in which the necessary equivalence
solving takes place. Section 3 discusses proving what is logically possible. Section 4 discusses necessary
equivalence solving. Section 5 discusses deducing what is common to all solutions. Finally, some conclusions are
drawn in Section 6.

2. The Modal Quantificational Logic Z

The syntax of Z Modal Quantificational Logic is an amalgamation of 3 parts:

(1) The first part is a First Order Logic (i.e. FOL) represented as the six tuple: (—, #f, V, vars, predicates,
functions) where —, #f, V, are logical symbols, vars is a set of object variable symbols, predicates is a set of
predicate symbols each of which has an implicit arity specifying the number of terms associated with fit,
and functions is a set of function symbols each of which has an implicit arity specifying the number of terms
associated with it. Roman letters x, y, and z, possibly indexed with digits, are also variables.

(2) The second part is the extension to allow Propositional Quantifiers which consists of a set of propositional
variables propvars and quantification over propositional variables (using V). Roman letters (other than x, y and z)
possibly indexed with digits are used as propositional variables.

(3) The third part is Modal Logic [Lewis 1918] which adds the necessity symbol: [].

Greek letters are used as syntactic metavariables. mt,m1...1tn,p,p1...pn range over the predicate symbols, ¢, ¢1...¢n
range over function symbols, 8,51...0,range over terms, v,y,,...ya, range over the object variables &,

&1...En,C,C1...Carange over a sequence of object variables of an appropriate arity, f,f1...fn range over predicate
variables, and o,o...0t, B,B1...Bn, %,x1---xn, I, K range over sentences. Thus, terms are of the forms: y and (¢
d1...0n), and sentences are of the forms: (o« =), #f, (Vy o), (1 81...0n), (f 61...5n), (Vf @), and ([Ja). A zero arity
predicate , propositional variable £, or function ¢ is written as a sentence or term without parentheses, i.e.,
instead of (r), f instead of (f), and ¢ instead of (¢). o{m/AEP} is the sentence obtained from a. by replacing all
unmodalized occurrences of ©t by A& followed by lambda conversion. o{mi/AEPi}i=1, abbreviated as a{m/AERi},
represents simultaneous substitutions. Ai=1,4Bi represents (B1A...ABn). The primitive symbols are listed in Figure
1. The defined symbols are listed in Figure 2.

Symbol Meaning

o— B if o then B.

# falsity

Vya forally, a.

Vfa forall £, o..

o o is logically necessary

Figure 1: Primitive Symbols

Symbol Definition Meaning

—0 o — #f not o

#t — #f truth

avp (—a)—> B oorfP

onP —(a. > =) oand B

o> B (00— BIA(B— a) o if and only if B
Jy o —Vy o some vy is o
Ifa —Vf—-a some fis o
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<> q e o is logically possible

[B] o 1(B—a) B entails o

<B>a <>(BAa) o is possible with

o=f [[(o>B) o and B are synonymous

51=02 (m &,)=(r 5,) d, necessarily equals J,

81#8 —(81=82) d, does not necessarily equal &,
(det o) Y f(([o] f)v([o]—f))where fis notin a o is deterministic

(world o) (<>a)A(det o) o is a world

Figure 2: Defined Symbols of Z

The laws of Z Modal Logic is an amalgamation of five parts:

(1) The first part, given in Figure 3, consists of the laws of a FOL [Mendelson 1964].

(2) The second part, which is given in Figure 4, consists of the additional laws needed for propositional
quantification. The laws SOLR2, SOLA4 and SOLA5 are the analogues of FOLR2, FOLA4 and FOLAS5 for
propositional variables.

(3) The Third part, which is given in Figure 5, consists of the laws MR0O, MA1, MA2 and MA3 which constitute an
S5 modal logic [Hughes & Cresswell 1968] [Carnap 1956]. When added to parts 1 and 2, they form a fragment of
a Second Order Modal Quantificational logic similar to a second order version of [Bressan 1972].

(4) The fourth part, which is given in Figure 6, consists of the Priorian World extension of S5 Modal Logic. The
PRIOR law [Prior and Fine 1977] states that a proposition is logically true if it is entailed by every world. This law
was implied in [Leibniz 1686]

(5) The fifth part, which is given in Figure 7, consists of laws axiomatizing what is logically possible. MA1a lets
one derive theorems such as <>Vx((r x)«>(x=¢)) and therefore extends the work on propositional possibilities in
[Hendry and Pokrietka 1985] to possibilities in FOL being simpler than the FOL approaches in [Brown 1987].
MA1b and MA4 allow one to derive (¢1 £1)=(d2 E2) when ¢1 and ¢ are distinct function symbols. MA4 states that
at least two things are not necessarily equal just as there are at least two propositions: #t and #f.

FOLA3: o — (f— a) FOLR1: from o and (a— ) infer
FOLA4: (a—>(B— p)) = ((a— B)— (ae— p)) FOLR2: from o infer (Vy o)
FOLAS: (= a)— (= B)— (= @)= B)—a)
FOLAG: (Vy a)— B where B is the result of substituting an expression (which is free for the free positions of y
in o) for all the free occurrences of y in a.
FOLAY: (Vy (oo — B)) = (oo —>(Vy B)) where y does not occur in a.
Figure 3: The Laws of FOL

SOLR2: from ainfer (V f o)
SOLAG: (Vf o)— B where B is the result of substituting an expression (which is free for the free positions of f
in a) for all the free occurrences of f in a.
SOLA7: (Vf(ao — B)) » (a0 — (V[ B)) where f does not occur in a.
Figure 4: Additional Laws for Propositional Quantifiers

MA1: (lo) > o MRO: from . infer ([] o) provided o was derived only from logical laws

MAZ: ([a]B) — (({Jo)— (IB)) MA3: ({lor) v ([I=(lox)
Figure 5: Additional Laws of S5 Modal logic

PRIOR: (Vw((world w) — ([w]a)))— [Joo where w does not occur free in a.
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Figure 6: Additional Law of a Priorian World Logic

MA1a: ([Ja)—>o{m/ALP} if no unmodalized occurrence of a higher order var is in o.
MA1Db: ([Jo) > o{dp/ALLS} where o may not contain an unmodalized occurrence of a higher order variable,
nor an unmodalized free object variable.
MA4: 3x3y(xzy)
Figure 7: Additional Laws of Z Modal Logic

3. Deriving what is Logically Possible

The main problem with using axiom scheme MA1a to prove that something is logically possible lies in finding the
appropriate substitution for the parameter . The theorem ZP1 given below is the basis of a heuristic for finding
such instances. Intuitively, we know that the conjunction of instances of a predicate and the conjunction of
instances of the negation of a predicate are logically possible whenever the two do not coincide on any instance.
For example: where a#c and b#c then ((r a)A(rt b)A(—(r €))) is logically possible but (1t a)A(rt b)A(—( a))) is
not. Thus if a sentence can be written in the form: (CA(VX(a—(rt X)))A(VX(B—(—(7 X))))) where  does not
occur in o, B, and T, then it is logically possible if and only if {x:a}~{x:B} is empty, which is to say that Ix(aApB)
does not follow from I" or to say that I" and —3x(aAB) is logically possible. In this manner determining whether a
sentence with n predicates is logically possible can sometimes be reduced to determining whether a sentence
with n-1 predicates is logically possible without having to guess any instances of = in MA1a.

Theorem ZP1: The Possibility of a Disjoint Predicate Definition: [Brown 1989]
If T, a,, and  do not contain any unmodalized occurrences of 7 nor of any higher order variable then:

(STA(VE(a—(m ENAVE(B—>—(n §))))) < (<>(TA(—TE(anp)))

ZP1 is applicable to any theory which can be put into a prenix conjunctive normal form such that no disjunct
contains more than one unmodalized occurrence of rt, since by the laws of classical logic such theories are
equivalent to an expression of the form: (CA(VE(a—(nt &))) A(VE(B——(r £)))). It is also applicable to any
theory which can be put into a disjunction of a prenix conjunctive normal forms whose disjunctions contains no
more than one unmodalized occurrence of w. The reason for this is that disjunction (and existential quantifiers)
associate through possibility: (<>(avB))<>((<>a)v(<>B). For this reason, ZP1 is decidable for many important
cases of FOL including propositional logic and the case of a finite theory.

Example 1: Deducing a Logical Possibility thrice using ZP1. Let k be any sentence.
<>((P b)A(P a)A(=(Q b)) AVX((—(AB X))—((P x)—>(Q x)))

AVX((x#D)—>—(AB X)) AVX(((x#a)A(x#b))—>((P x)«>([K](P X)))) )
This is equivalent to:
<>((P b)A(P a)AVX ((x=b)—>—(Q x))AVX(((—(AB x))A(P x))—(Q x))

AVX((x#D)>—(AB X)) AVX(((x#a)A(x#b))—>((P x)>([KI(P X)) )
Instantiating ZP1 by letting o be Vx(((—(AB x))A(P x))—(Q x)), B be Vx ((x=b)—>—(Q x)) and
T" be the other sentences qives:
<>((P b)A(P a)A—3xX((—(AB X))A(P X)A(x=b)) AV X((x#b)—>—(AB X)) A VX(((x#a) A(x#b))—>((P x)<>([KI(P x)))) )
which is equivalent to: <>((P b)A(P a)A(AB b))AVX((x#b)—>—(AB x))AVX(((x#a)A(x#b))—((P x)<>([K](P x)))) )
which is: <>((P b)A(P a)AVx((x=b)—(AB x))AVx((x#b)—>—(AB x))AVX(((x#a)A(x#b))—>((P x)<>([K](P x)))) )
Instantiating ZP1 by letting o be Vx((x=b)—>—(Q X)), B be Vx((x#b)—>—(AB x)), and I" be the other sentences
qives: <>((P b)A(P a)A—3x((x=b)A(x#b)) AVX(((x#a) A(x#D))—((P x)«>([K](P x)))) )
which is equivalent to: <>((P b)A(P a)AVx(((x#a)A(x#b))—((P x)<>([K](P x)))) )
which is: <>(#AVX(((x=a)v(x=b)v((x#a)A(xZ£b) A([K](P X))))—>(P X)) AVx(((x#a)A(xZ£b) A(—([K](P x))))—>—(P x))
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Instantiating ZP1 by letting o be ((x=a)v(x=b)v((x#a)A(x#b)A([K](P x)))), P be ((x#a)A(x#b)A(—([K](P x)))) and

I" be #t gives: <>#A—3Ix(((x=a)v(x=b)v((x#a)A(x#b)A(IKI(P X)))A((x#a)A(XED)A(—(K](P x)))) )) which <>#t
which is #t.

4. Solving Necessary Equivalences when Variables Cross Modal Scopes

A necessary equivalence has the form k=(® k) where k is a propositional variable. The goal is to transform the
initial necessary equivalence into a (possibly infinite) disjunction, Ji(k=Bj) with each Bj free of k. If k=Bj implies
the original equation then Bj is a solution to the original equation. The following procedure solves necessary
equivalences when no variable crosses modal scopes:

Procedure for Solving Modal Equivalences [Brown 1986]:

Step 1: First, one by one, each subformula o which contains k and is equivalent to ([Jo) is pulled out of the

necessary equivalence causing it to be split into two cases. This is done by using the following theorem schema
replacing any instance of the left side by the corresponding instance of the right side:

(k=(¢ o)) > ((an(k=(o #)))v (mo)a(k=(d #f))))
Step 2: Second, the resulting equivalences are simplified by the laws of the modal logic.

Step 3: Third, on each disjunct the simplified value for k is back substituted into each such a or (—ot) sentence
thereby eliminating k from them.

Step 4: Fourth, the o and (—a) sentences are simplified using the modal laws giving a disjunction of necessary
equivalences..

When no variables cross modal scopes, for any decidable case of First Order Logic, this method is an algorithm
resulting in a finite disjunction of solutions as is illustrated in Example 2 below:

Example 2: Solving a Modal Equation: k=(((<k>—A)—B)A((—<k>—A)—A))
Step 1 gives: ((<k>—A) A(k=((#t—B)A((—#t)—>A)))) V((—(<k>—A))A(k=((#—B)A((—#)—A))))
Step 2 gives: ((<k>—A)A(k=B))v((—(<k>—A))A(k=A))
Step 3 gives: ((<B>—A)A(k=B))v((—(<A>—A))A(k=A))
Step 4 gives: (#ta(k=B))v(#tA(k=A)) whichis: (k=B)v(k=A)
The process described above provides an algorithm [Brown & Araya 1991] for solving necessary equivalences in
the modal representations of Reflective Logic [Brown 2003a] and Autoepistemic Logic [Brown 2003c], and with
some additional details of [Default Logic 2003b]. These modal representations can be generalized to allow for
universally quantified variables crossing modal scopes (at the top level of the right side of the equation. We now
address the problem of solving necessary equivalences when quantified variables cross modal scopes as in:
k=(I" Ano 7 E((([K]ou) A (A=t mi( <k>Bu))) —>00)
We want to eliminate the modal expressions containing k from the right side of the necessary equivalence. The
difficulty lies in the fact that in general we cannot apply Step 1 in the above algorithm because the modal
expressions may contain the &; variables which are captured by quantifiers inside the right side of the necessary
equivalence. The solution to this dilemma is to allow quantified statements such as:
VE((([Klo)A(A=1,m(<k>Py)))—x) to be divided into a finite number of instances for each particular formula, which
may or may not hold in a particular solution, leaving all the remaining instances in the quantified statement:
Step 0: Divide a quantified expression over a modal scope into parts using the schema:
(k=(YAVE((([Klo)A( A1 m(<k>B1))—>x0))
<> (k=(PAVE((PA(Kla)A(Az1m(<k>Bj))) 1) AV E((=dA (Ko A(A=1.m(<k> ) —>0)
where ¢ specifies a finite number of instances thereby allowing the quantifier above it in the resulting expression

to be eliminated. The parts remaining under the quantifier that are consistent with the solution may then
sometimes be eliminated by theorems PR or NPR. We call this application Step 5:
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Theorem PR: Reduction of Possible Reflections: If T, a, and 3 are sentences of Z, and if y is not free in T" then:
(Vy >(CA(VY B)aa)) > ((k=(CAVy((<k>o)—P))) > (k=(TAVy B)))

proof: (k=(CAVy ((<k>a)—B)))<> (k=(TAVy B)) is true iff;

(k=(CAYY ((<k>a)—))) = (k=(TAVY B))) A (k=(TAVY B)) = (k=(TAVy ((<k>0)—P)))

Using the hypothesis in each case we get:

(k=(T"AVY ((<k>0)—=P)) > (CAVY((<k>)—B))=(TA VY B)))

N(ks(TAYY B)— (CAVY BT AVY ((<k>a)—P))))

which would be true if: ((k=(CAVYy ((<k>a)—B)))— Vy(<k>a)) A (k=(CAVY B))—Vy (<k>a)))

which is implied by: (Vy ((TCAVY((<k>a)—B))>a))AVY((TCAVY B)>a)

which is equivalent to just: Vy (<>('A(Vy B)Aa)) which is the hypothesis of the theorem. QED.

Theorem NPR: Reduction of Normal Possible Reflections:

If T" and o are sentences of Z, and if y is not free in T" then:

(Vy <>(CA(Vy ) >(ks(CAVY (ko)) (k=(TAVY a)))

proof: Letting B be o in PR gives: (Vy <>(CA(Vy a)aa)) — ((k=(CAVY((<k>a)—a)))<>(k=(CAVY o))
Since (Vy o) implies a. this is proves the theorem. QED.

Example 3: Partially Solving a Modal Equation with Quantifiers over Modal Scopes
k=((P a)A(—(Q b))AVX((—(AB x))—((P x)—(Q x))) AVX((<k>—(AB x))—>—(AB X)) AVX((P x)<>([K](P x))) )
Step 0: Dividing Vx((P x)<>([k](P x))) on a and b and simplifying by noting that [k]Pa gives :
(k=((P a)A(=(Q b)) AVX((—(AB x))—((P x)—(Q x))) AVX((<k>—(AB x))—>—(AB X))
AP b}e>([K](P b)) AVx(((x#a)A(x#D))—>((P x)}«>([K](P x)))) )
Steps 1&2: Splitting on ([k](P b)) gives:
((TKI(P b)A(K=((P b)A(P @)A(—(Q b)) AVX((=(AB x))—>((P x)—>(Q X)) AVX((<k>—(AB X))—>—(AB X))
AVX(((x#a)A(x#))—>((P x)>(KI(P x)))) )))
V((KI(P b)AKE((—(P b)AP a)A(=(Q b)) AVX(—=(AB X))—((P x)—>(Q X))
AVX((<k>—(AB x))>—(AB x)) AVX(((x#a)A(x#D))—>((P x)<>([KI(P x)))) ))))
Step 0: In the first necessary equivalence (P b)A(—(Q b)) implies (AB b). Thus dividing the AB default
VX((<k>=(AB x))—>—(AB x)) on b gives: Vx(((x#b)A(<k>—(AB x)))—>—(AB x)) which is equivalent to:
(<k>((x#b)—>—(AB x)))—((x#b)—>—(AB x)) resulting in:
((TKI(P b)A(K=((P b)A(P )A(—(Q b)) AVX((—(AB X))—>((P x)—>(Q X))
AVX((<k>((x#b)—>—(AB X)))—>((x#b)—>—(AB X)) A VX(((x#a) A(x#b))—>((P x)}«>([K](P x)))) )))
V(=(KI(P b)AK=((—(P b)AP a)A(=(Q b)) AVX((=(AB x))—((P x)—>(Q X))
AVX((<k>—(AB x))—>—(AB x)) AVX(((x#a)A(x#D))—>((P x)}<>([K](P x)))) ))))

In the second necessary equivalence, if a=b then k=#f which implies that —([k](P b)) is equivalent to —([#f](P b))
which is equivalent to #f. Thus a#b on the second case giving:

((([K](P D))A(=((P b)A(P a)A(=(Q b)) AVX(((AB X)) —>((P x)—>(Q x)))
AVX((<k>((x#b)—>—=(AB x)))—((x#b) >—(AB x))AVx(((x#a) A(x#b))—>((P x)=>([K](P x)))) )))
(

V(=([KI(P b))A(a#b)A(k=((=(P b)) A(P a)A(=(Q b)) AVX((=(AB x))—>((P x)—>(Q X))
AVX((<k>—(AB x))>—(AB X)) AVX(((x#a)A(x#b))—>((P x)>([K](P x)))) ))))

Step 5 twice: NPR is used to eliminate (<k>((x#b)—>—(AB x))) from the first necessary equivalence and
(<k>—(AB x)) from the second necessary equivalence. On the first necessary equivalence the hypothesis to NPR
is: <>((P b)A(P a)A(—=(Q b)) AVX((—(AB x))—((P x)—(Q x)))AVx((x#b)—>—(AB x))AVX(((x#a)A(x#b)) —((P
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X)<>([K](P x))))) and on the second necessary equivalence the hypothesis to NPR is: <>((—(P b))A(P a)A(—(Q
b)) AVX((—(AB Xx))—>((P x)—(Q x)))AVX(—=(AB x))AVX(((x#a)A(Xx#D))—((P x)«>([KI(P x)))) ). The first possibility
is deduced to be #t by three applications of ZP1 (See Example 1 herein). The second possibility is deduced to be
a#b by three applications of ZP1. Since a#b is a hypothesis of this case it is true. Applying NPR in both cases
then gives:

((([K](P b))A(k=((P b)A(P a)A(=(Q b)) AVX((—(AB x))—((P X)—>(Q x)))
AVX((x#b)—>—(AB x)AVX(((x#a) A(x#b))—>((P x)>(KI(P x)))) )))
V(=([KI(P b))A(a#b)A(k=((=(P b)) A(P a)A(=(Q b)) AVX((=(AB x))—=>((P x)—=>(Q X))
AVX(—(AB X)) AV X(((x#a)A(x#0))—((P x)<>([K](P X)) ))))

Steps 384 twice: Since (P b) is in the first necessary equivalence, the entailment on the first case holds. Likewise
since (—(P b)) is in the second necessary equivalence (—([k](P b))) is (—([k[#f)) which is (<>k) which holds since
#f is not a solution if a#b. Thus we get:

(((k=((P b)A(P a)A(—(Q b)) AVX((—(AB X))—>((P x)—>(Q X))

AVX((x#D)>—(AB X)) AVX(((x#a) A(x#b)) (P X)>([k](P x)))) )))
V((@#b)A=((=(P b))A(P a)A(—=(Q b)) AVX((—(AB x))—((P x)—>(Q X))

AVX(—(AB X))AVx(((x#a) A(x#b))—>((P x)>([K](P x)))) )

Since (AB b) is derivable in the first necessary equivalence, and since in either equation (P a) and (P b) hold if
and only if each is entailed in k this is equivalent to:
((k=((P D)A(P a)A(=(Q b)) AVX((—(AB X)) —>((P X)—>(Q X))) A VX((AB X)«->(x=b)) AVX((P x)<>([K](P x))) ))
V((@#b)A(k=((=(P b))A(P a)A(—(Q b)) AVX((—(AB X))—((P x)—>(Q X)) A¥X(—=(AB X)) AVX((P x)<>([K](P x)))))))
The result is essentially a disjunction of two necessary equivalences (which partially solve for k. Further derivation

along these lines gives solutions making P hold for any subset of {x: #t}-{a b}. However, if all we want is what is
common to all solutions then eliminating ([k](P x)) is not required as is shown in the next section.

5. Aggregating the Solutions

Parallel Circumscription [McCarthy 1986] in Second Order Logic with circumscribed m, variable, and fixed
predicates p;j is equivalent to the “infinite disjunction” of all the solutions of a necessary equivalence:

Fk(kA(k=(TA AV E((<k>—(m X)) >—=(m X)) A AVE((pi X)>([Kl(pi X)) ))
For this reason, in some cases, such as in Example 3 above we can compare the disjunction of the solutions with
results obtained by Circumscription. The key theorem for this comparison is the following theorem which allows
fixed predicates to be ignored after the Circumscribed predicates are eliminated.

The Fixed Predicate Lemma [Brown 1989]: Ik(ka(k=(I'A AVE((py X)<=>([K](p: X)) = T

The necessary equivalences related to Circumscription are a small subclass of the necessary equivalences that
are expressible. The main goal herein is to solve necessary equivalences, rather than to compute the "infinite
disjunction" of solutions which is all that Circumscription does. However, the solutions in Example 3 are
aggregated and compared in Example 4 with Circumscription for the case where a#b. This case encompasses
the case where a and b are distinct 0-arity function symbols. 0

Example 4: Aggregating the Solutions when a#b to (P a)A(=(Q b))AVX((=(AB x))—=((P x)—=(Q x))) by AB with P
fixed and Q variable:

Fk(ka(k=((P a)A(—(Q b))AVX((—(AB x))—((P x)—(Q x)))
AVX((<k>—(AB X))—>—(AB x)) A VX((P x)<>([k](P x))) )))
From Example 3 and assuming a#b we get:

% Herein, = is necessary equality as defined in Figure 2. It should not be confused with an extensional equality
predicate which only provides substitution properties through nonmodal contexts.
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Fk(kA((k=((P b)A(P a)A(—(Q b)) AVX((—(AB x))—((P x)—(Q X)))AVX((AB X)<>(x=b))AVX((P x)<>([K](P x))) ))
V(k=((—(P b))A(P a)A(=(Q b)) AVX((—(AB X)) —>((P X)—>(Q X))) A VX(—(AB X)) AVX((P x)>([KI(P X)) )) ))

Pushing 3k to lowest scope gives:

((3k(ka(k=((P D)A(P a)A(—(Q b)) AYX(((AB X)) —>((P X)—>(Q X)) AVX((AB X)}«>(x=b)) A¥X((P X)>([K](P X)))))))

V(EFK(kAK=(((P b))A(P a)A(=(Q b)) AVX((—(AB X)) —((P x)—(Q X)))AVX(—(AB X)) AVX((P X)>(KI(P x))))) )) )

By the Fixed Predicate Lemma (twice) this is equivalent to:

(P b)A(P a)A(—(Q b)) AVX((—(AB x))—((P x)—(Q x)))AVX((AB x)<>(x=b)))

V((=(P b))A(P @) A(—(Q b)) AVX((—(AB X))—((P x)—(Q X)))AVX(—(AB X))

which is equivalent to:

(P @)A(—(Q b)) AVX((—~(AB X)) (P X)->(Q XA (P B)AVX((AB ) {(x=b)))v((—(P b)AVX(—~(AB X))

Since a#b, It follows that —(AB a) and therefore that (Q a) holds. This is exactly what one would expect as is

suggested by the following quote from [Konolige 1989]: "Consider the simple abnormality theory (see [McCarthy

1986]), with W ={¥x.Px A—AB(x) — Qx, Pa, —Qb} (this is a variation of an example in [Perlis, 1986].) We would

expect Qa to be a consequence of Circum(W;ab;Q), but it is not.""" "The reason is that there are ab-minimal

models of W in which b and a refer to the same individual and —Qa is true."2

6. Conclusion

The Z Modal Quantificational Logic provides an interesting algebra for deriving fixed-point solutions to necessary
equivalences where universally quantified variables cross modal scope. Herein, some specific methods for
solving some simple classes of problems have been described and exemplified. The presented methods do not
solve all problems, but the Z logic provides a framework for developing more general solution methods
generalizing the ones herein presented. Since many Quantified Nonmonotonic Logics are representable in the Z
Modal Logic, including Quantified Autoepistemic Logic, Quantified Autoepistemic Kernels, Quantified Reflective
Logic, and Quantified Default Logic, such deduction techniques could be applicable to a wide range of Quantified
generalizations of most of the well known nonmonotonic logics.
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ABOUT NEW PATTERN RECOGNITION METHOD FOR THE UNIVERSAL PROGRAM
SYSTEM “RECOGNITION”

A.A. Dokukin, O.V. Senko

Abstract: In this work the new pattern recognition method based on the unification of algebraic and statistical
approaches is described. The main point of the method is the voting procedure upon the statistically weighted
reqularities, which are linear separators in two-dimensional projections of feature space. The report contains brief
description of the theoretical foundations of the method, description of its software realization and the results of
series of experiments proving its usefulness in practical tasks.

Keywords: pattern recognition, statistically weighted regularities, voting procedure.

Introduction

Nowadays there are a great number of effective pattern recognition methods based on voting procedure upon
some kind of regularities in the data, as well as different approaches for searching these regularities. The term
‘regularity” is interpreted as some sub-region in space of prognostic variables where fraction of at least one of the
classes differs significantly from its fraction in neighbor regions. For example, there are the method of voting upon
the sets of irreducible tests [1] or representative tests [13], the method of voting upon statistically weighted
syndromes (further in the text it is referred as SWS) [2], method of voting upon sets of logical regularities [3] and
etc. Results of hands-on testing show the higher steadiness of voting procedure to the minor changes in training
and testing samples, which leads to the significant increase of quality of voting-based methods. This advantage is
especially important in relatively high-dimensional tasks with limited number of cases in data sets. The theoretical
substantiation of this fact [4] exceeds the bounds of this report, but the detailed proof by the means of
mathematical statistics is now being prepared for publication.

All these methods have one strong restriction and maybe even disadvantage. It is the fact that all regularities are
some kind of hyper parallelepipeds in feature space with planes orthogonal to the datum lines. However in many
tasks the essentially multidimensional regularities may arise which are separated from neighborhood by
multivariate linear boundaries. So the method of two-dimensional linear separators (further referred as TLS)
presents an attempt to complicate shape of elementary regularities preserving all advantages of voting
procedure.

The Method of Two-Dimensional Linear Separators (TLS)

Further following notation will be used. Let's consider the set of permissible objects A , let’s also consider that it
presents Cartesian product of 7 sets of permissible values of features M = M| x...x M . Itis presumed that

there is the unknown subdivision of the set M into / classes K,,...,K,. This subdivision is described by
means of training sample S§,....,.S, of objects S, =a,,,...,a,,,1=1,...,m, for which the classification is

*> in >
known: a(S) = a,,...,,, where a,=<Sek, >, j=1,/. It is necessary to restore the unknown

classification of the testing sample S',..., S .

The main point of the method is the successive examination of different pairs of features and construction of the
linear separator for every one of them and for every class. These separators must divide two-dimensional

projections of objects of selected class and its additive inversion. For every class K, and for every pair of

features (u,v) the found line L’;W) is called elementary regularity. Moreover the weight of the regularity qu,v)

is calculated due to the separating ability of the line.
The recognition is based on the weighted voting procedure by the set of elementary regularities. Let's consider
the estimation for k-th class, the rest ones are calculated in much the same way. Each regularity Llfu,v) refers the
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new object S to the k-th class or to its additive inversion, so the part of training objects of k-th class in the half
plain there the object was referred to can be calculated for each pair of features U("M’V)(S). The final estimation
is calculated according to the following formula:

1 1
Z’)(u,v)(S)W(u,v)
I(S,K,) =" ——
Zw(u,v)
(u,v)

The weights of regularities are calculated in much the same manner as in the method of statistically weighted
syndromes (SWS) and depend on the quality of separating of training sample. If there are any errors in
separation, i.e. some objects from the class are referred to its additive inversion or objects from inversion are
referred to the class, the weight is set to be inversely proportional to the variance of the error

o
p(-p)’

there p is the part of errors. If this is not the case and all training objects are separated correctly than the variance
of error is replaced with its Bayesian estimation

j(l—p)"dp

1
[(=p) pdp
0

In the TLS method the linear separators are sought by means of pattern recognition method called Linear
Machine [5]. Its main point is that the task of finding separating line is replaced with the task of finding the
maximal simultaneous subsystem of the system of linear inequalities and its subsequent solving by means of
relaxation algorithm.

In conclusion of this paragraph let's consider the results of some hand-on testing. In the table 1 there are some
tasks that clearly demonstrate the advantages of unification of voting procedure and complex elementary
regularities. It contains the results of comparison of Linear Machine, SWS and TLS methods. The method with
best performance is marked with gray color.

Task LM SWS | TLS
Breast 949 | 941 95.2
lonosphere 85.2 | 90.1 90.1
Iris 975 |95 97.5
Mel 50 65.6 | 68.8
Patomorphosis | 76.5 | 853 | 91.2

Table 1 Comparison of LM, SWS ans TLS methods

The following tasks were considered during the test series:

o Breast — the breast cancer recognition, 9 features, 2 classes, 344 training examples, 355 testing ones
(Breast cancer databases was obtained from Dr. William H. Wolberg from the University of Wisconsin
Hospitals, Madison [6]);

o lonosphere — the recognition of structural peculiarities in ionosphere, 34 features, 2 classes, 170 training
examples, 181 testing ones (data from Johns Hopkins University lonosphere database);
o Iris — Iris recognition, 4 features, 3 classes, 71 training examples, 81 testing ones (data from Michal

Marshall's Iris Plants Database);
o Mel — Recognition of melanoma by the set of geometrical and radiological features, 33 features, 3 classes,
48 training examples, 32 testing ones [12];
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o Patomorphosis — forecast of destruction level of malignant growth after chemotherapy by the set of
parameters characterizing optical behavior of its cell nucleus, 7 features, 2 classes, 43 training examples
and 31 testing ones (the data has been received from Dr. Matchak from Cancer Research Center of the
Russian Academy of Medical Sciences).

In the table 2 the results of comparison of TLS with some other methods build-in to the Recognition software
system are shown. The methods ate tested with two tasks which features are small number of objects in
comparison with dimension of task. It is important that the suggested method has shown the significant increase
of quality in this class of tasks.

Method Mel Patomorphosis
TLS 68.8 | 91.2
LM 50 76.5
SWS 65.6 | 853
LDF 594 | 765
AVO 625 |76.5
IT 62.5 | 853
QNN 62.5 | 70.6
Perceptron | 65.6 | 79.4
SVM 56.3 | 76.5

Table 2 Comparison with other methods on the tasks with short samples.

Following methods were used: TLS - Two-dimensional Linear Separators, LM - the mentioned above Linear
Machine[5], SWS [2], LDF - Fisher’s Linear Discriminant [7], AVO or ECA — Estimates Calculating Algorithm [8],
IT - voting upon Irreducible tests [1], QNN — g Nearest Neighbors [7], Perceptron — Multilayer Perceptron [7,9],
SVM - Support Vector Machine [10].

Software Realization

Software system “Recognition” has been developed in Dorodnicyn Computing Centre of Russian Academy of
Sciences in cooperation with Solutions Ltd. The system’s detailed description can be found, for example, in the
proceedings of the Open German-Russian Workshop [11] or at the developer's Internet sight
http://www.solutions-center.ru. In this article only the brief description of its basic principles will be given, because
these principles have been being considered throughout the whole TLS' development process. They are
universality, uniformity, modularity and intellectuality.

The universality of the system is understood as a wide coverage of different approaches to pattern recognition
and classification including so-called classifier fusion, which are realized in the system’s library of methods. The
methods have been developed as separate interchangeable modules of uniform structure. On the software level
each module is a single dynamic-link library with standardized interface.

While solving a wide variety of different practical task the initial assumption that each recognition method has its
advantages and there is no single best one for every kind of tasks has been proven. So the main accent was
made on using of different kinds of classifier fusions. And the uniformity of the methods allows combining the
results of every subset of developed methods into one classifier, providing results more accurate than average
and even close to maximal ones in automatic training mode. This fact allows claiming some kind of intellectuality
of the developed system.

Passing on to software realization of Two-dimensional Linear Separators method itself, it is important to take note
of two facts:

First of all, developing of TLS method’s software realization was significantly simplified due to availability of
software system “Recognition”, since it was taking care of all the chores including preparation of methods
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environment, quality control and etc. So the developers in the person of the authors of this paper were able to get
concentrated on the method itself.

Secondly, the fact that TLS method has significantly increased the quality of recognition for some kind of tasks
has been already mentioned in section 2. Thus the addition of this method to classifier fusions allows increasing
their quality greatly for these tasks. The experimental proof of this fact is shown in table 3. One of the simplest
ways of constructing classifier fusion has been considered. The simple majority voting procedure has been
applied firstly to the set of LM, SWS, LDF, AVO, IT, QNN, Perceptron and SVM, and secondly to the same set of
algorithms in addition with TLS.

Task Without TLS With TLS
Mel 59.4 65.6
Patomorphosis 76.5 82.4

Table 3 Quality of majority voting

Conclusion

In conclusion we can claim that the developed method has justified our hopes. The combination of voting
procedure and linear separators has increased recognition quality in some class of practically important tasks.
Thus the developed software realization of TLS method can serve as a great support for researchers.
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TEACHING STRATEGIES AND ONTOLOGIES FOR E-LEARNING *°

Tatiana Gavrilova, Michael Kurochkin, Victor Veremiev

Abstract. The paper presents one approach aimed at developing teaching strategies based on the principles of
ontological engineering. The research framework is targeted on development of methodology and technology that
will scaffold the process of knowledge structuring for e-learning. The structuring procedure is the kernel of
ontology development. Ontologies that describe the main concepts of the domains are used both for teaching and
assessment techniques. Special stress is put on visual design as a powerful learning mindtool. The examples are
taken from the courses on the foundations of artificial intelligence and intelligent systems development. These
courses are delivered by the authors in St.Petersburg State Polytechnical University at School of Computer
Science and in Poland in the First Independent University.

Keywords: E-learning, Ontologies, Visual Knowledge Engineering, Expert Systems Building Tools, Knowledge
Acquisition, Knowledge Sharing and Reuse.

1. Introduction

The drawback of e-learning is lack of feedback from the teacher or tutor. That is why the courseware should be
more precisely structured that in face-to-face teaching.

The idea of using visual structuring of teaching information for better understanding is not new. Concept mapping
[Sowa, 1994; Jonassen, 1998, Conlon, 1997] is scaffolding the process of teaching and learning for more than 20
years. Visual representation of the general domain concepts is facilitative and helps both learning and teaching. A
teacher now has to work as knowledge analyst or knowledge engineer making the skeleton of the studied
discipline visible and showing the domain’s conceptual structure. This structure is now called “ontology”.
However, ontology-based approach is rather young. It was born in knowledge engineering [Boose, 1990;
Wielinga, Schreiber, Breuker, 1992], then it was transferred to knowledge management [Fensel, 2001].

The short prehistory of knowledge engineering (KE) techniques and tools (including knowledge acquisition,
conceptual structuring and representation models), the overall overview of which is presented in [Adeli, 1994;
Scott, Clayton, Gibson, 1994], is an ascending way to the development of the methodology that can bridge a gap
between the remarkable capacity of human brain as a knowledge store and the efforts of knowledge engineers to
materialise this compiled experience of specialists in their domain of skill.

Beginning from the first steps to nowadays knowledge analysts have been slightly guided by cognitive science.
So major part of KE methodology suffer of fragmentation, incoherence and shallowness.

The last years the main interest of the researchers in this field is concerned with the special tools that help
knowledge capture and structuring. This generation of tools is concerned with visual knowledge mapping to
facilitate knowledge sharing and reuse [Eisenstadt, Domingue, Rajan, Motta, 1990; Tu, Eriksson,. Gennari,
Shahar,. Musen, 1995; Johnassen, 1998]. The problem has been partially solved by developing of knowledge
repositories called ontology servers where reusable static domain knowledge is stored (e.g. projects as
Ontolingva, Ontobroker, KA2, etc.)

In tutoring systems teachers are supposed to reuse the domain ontologies in order to support the description of
the discipline they taught and the problem-solving methods of their domain. The idea is to allow teachers to
model both domain and problem-solving knowledge using the same visual language. Ontology design also may
be used as an assessment procedure. Students show their knowledge and understanding while creating
ontologies.

Knowledge entities that represent static knowledge of the domain are stored in the hierarchical order in the
knowledge repository and can be reused by other teachers. At the same time those knowledge entities can be
also reused in description of the properties or arguments of methods of another knowledge entity. Concept maps
modelling language that is designed in the framework of the described project is based on a class-based object-

* The work is partially suported by Russian Foundation for Basic Studies (grant 02-01-00466)
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oriented language which is aimed to support typing and parameterisation of knowledge entities. Due to the class
subsumption and polymorphism of classes the reasoning process becomes extremely flexible. This non-formal
system allows to reason on a large set of knowledge and to apply problem-solving rules described for the higher
level knowledge entities to the lower level knowledge entities based on the class inheritance. In contradistinction
to ontology server approach where static knowledge described is very specific to the domain, the approach which
is taken in the paper simplifies reusability of the dynamic knowledge and as a consequence building of large-
scale knowledge bases with a flexible reasoning capability.

The proposed ideas and methods may be applied to those tutoring systems where general understanding is more
important that factual details. We used such approach in teaching Artificial Intelligence, Neuroscience and
Computer Graphics.

2. Ontological Engineering

An ontology is a set of distinctions we make in understanding and viewing the world. There are a lot of definitions
of this milestone term [Neches et al,1991; Gruber, 1993; Guarino et al, 1995; Gomez-Peres, 1999]:

1. Ontology defines the basic terms and relations comprising the vocabulary of a topic area, as well as the rules
for combining terms and relations to define extensions to the vocabulary.

Ontology is an explicit specification of a conceptualization.
Ontology as a specification of a conceptualization.
Ontology as an informal conceptual system.

Ontology as a formal semantic account.

Ontology as the structured vocabulary.

Ontology is a hierarchically structured set of terms for describing a domain that can be used as a skeletal
foundation for a knowledge base.

All these definitions together clarify the ontological approach to knowledge structuring on one hand, on the other
hand give enough freedom to the open thinking. So ontological engineering gives the intuitively clear
representation of company structure, staff, products and relationship among them.

Mane researchers and practitioners argue about distinctions between ontology and user’s conceptual model. We
supposed that ontology corresponds to the analyst's view of the conceptual model, but is not the model itself.

Ontologies are useful structuring tools, in that they provide an organising axis along which every student can
mentally mark his vision in the information hyper-space of domain knowledge. Rather often we can’t express all
the information in one ontology, so subject knowledge storage includes a set of ontologies. Some problem may
occur when jumping from one ontological space to another. But constructing of meta-ontologies may help.

Ontology development also faces the knowledge acquisition bottleneck problem. The ontology developer comes
up against the additional problem of not having any sufficiently tested and generalised methodologies
recommending what activities to perform and at what stage of the ontology development process these activities
should be performed. That is, each development team usually follows their own set of principles, design criteria
and steps in the ontology development process. The absence of structured guidelines and methods hinders the
development of shared and consensual ontologies within and between teams, the extension of a given ontology
by others and its reuse in other ontologies and final applications [Guarino, Giaretta, 1998].

Till now, few domain-independent methodological approaches have been reported for building ontologies
[Swartout, Patil, Knight, Russ, 1997; Fensel, 2000]. These methodologies have in common that they start from
the identification of the purpose of the ontology and the need for domain knowledge acquisition. However, having
acquired a significant amount of knowledge, major researchers propose a formal language expressing the idea as
a set of intermediate representations and then generating the ontology using translators. These representations
bridge the gap between how people see a domain and the languages in which ontologies are formalised. The
conceptual models are implicit in the implementation codes. A reengineering process is usually required to make
the conceptual models explicit. Ontological commitments and design criteria are implicit in the ontology code.

This paper proposes the most explicit way for ontology design - to use the visual representation in a form of a tree
or set of trees.

No gk wd
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Figures 1 and 2 illustrate the idea how ontology bridge the gap between chaos of unstructured data (names of
different models and techniques for knowledge representation) and clear knowledge of modern classification. Our
approach shows that ontology development process needs some creative efforts of meta-concepts definition that
helps to name the groups and stucture the chaos.

Semantic
Networks

Rules Mind Maps

Concept Maps
Logics Object-oriented
models

Figure 1. Unstructured set of Knowledge Representation Models

Ontology developers (who are unfamiliar with or simply inexperienced in the languages in which ontologies are
coded, e.g. DAML, OIL, RDF) may find it difficult to understand implemented ontologies or even to build a new
ontology.

Representatlon
Models

Knowledge
Representation Mindtools
Languages

Rules Loglcs Mlnd Maps} Goncept Mapg

Object-
oriented Frames
models

Semantic
Networks

Figure 2. Ontology “Knowledge Representation Models”

It is easier for any educationalist simply to draw the ontology using well-known to everybody “pen and pencil’
technique then to study these languages.

3. Object-structured approach

Although there are some methods that are rather powerful and versatile [Kremer, 1998], the teacher as
knowledge analyst is still weakly supported while working for a set of ontologies to describe the main subject
knowledge. This process is the most important and critical stage in the courseware preparation life cycle -
transition from elicitation to conceptualisation by understanding and realisation of the subject information structure
and main reasoning way. The teacher may do this sophisticated g procedure alone or to ask for help of
professional analysts.
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In this way, a special methodology Object-Structered Analysis (OSA) has been developed [Gavrilova and Voinov,
1992-2000], which is intended to help knowledge analyst to perform the most informal step of knowledge
acquisition, concluding in prior conceptual structuring of the subject domain. The approach presents the
enhancement of classical structured analysis methodology [Sowa, 1994; Yourdon, 1990] to knowledge
engineering.

OSA is based on decomposition of subject domain into several (3-8) strata (Tab.1). The number of strata is
considered by the analyst. This multi-step and time-consuming procedure is methodological base for effective
constructing of subject ontologies.

s1 WHAT FOR Knowledge Strategic Analysis:
Targets, Aims, Requirements, Constraints.

s2 WHO Knowledge Organisational or Historical Analysis:
Main Researchers, Human Resources, Actors.
s3 WHAT Knowledge Conceptual Analysis:

Main Concepts, Processes, Entities and Relationships between them.

s4 HOW TO Knowledge Functional Analysis:
Main Algorithms, Decision Procedures, Business Processes Modelling,
Decision Making Models.

s5 WHERE Knowledge Spatial Analysis:

Geography, Environment, Communications, etc.
s6 WHEN Knowledge Temporal Analysis:

Historical Dates, Schedules, Time Constraints, etc.
s7 WHY Knowledge Causal Analysis:

Explanations to Decision Making Models.
s8 HOW MUCH Knowledge Economical Analysis:
Resources, Losses, Incomes, Revenues, SWAT, etc.

Table 1. Matrix for OSA

Level > Domain Level in | Problem Level | Sub-Problem

Stratum\/ general (u1) (u2) Level (u3) | ™ (un)
Strategic Analysis s =T Ex Es Ei Eni

Organisational Analysis s; | Ex

Conceptual Analysis s; Es

Functional Analysis s4 E41

Spatial Analysis ss Es1

Temporal Analysis sg Ee1

Causal Analysis s; Ez

Economical Analysis ss Es1

..... Eij

Sm Em1 Emn

Filling that matrix is performed into two steps:

Step 1. Global (vertical) analysis, i.e. decomposition of the heterogeneous domain information into the groups
related to mentioned above methodological strata.

Step 2. Local analysis of each individual stratum (horizontal), concluding in maintenance of gradually detailed
structures. The number of levels depends on peculiarities of the subject domain and could vary dramatically for
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different strata. From the point of view of methodology the number of levels n<3 indicates ill-structured domain
knowledge.

The first level (or column 2 in the table) corresponds to the discipline information as a whole. The second one
corresponds to the problem that is studied now. The others may correspond to particular sub-problems,
depending on the required reasonable deepness of detailing. The procedure of the described analysis may be
performed both in top-down and bottom-up strategies, including their possible mixture.
The formation of strata with more of less definite meaning as described in Tab.1 allows to avoid many traditional
didactic mistakes in teaching and learning. The minimal obligatory set of strata for the course structuring
development is:

s3: Conceptual Structure or subject ontology.

s4: Functional Structure or main problem solving procedures.

Other strata are designed and developed if needed by subject peculiarities, e.g. spatial and temporal analysis
strata (s5 and s6) may be formed in those disciplines which study construction or management where the issues
of scheduling, real-time operations, real object manipulation are substantial.
Step 1 algorithms may be sketched in such form:

1.1:  Gather all the data and knowledge of discipline identification

1.2:  Select a set of N strata to be formed (N>3).

1.3:  For each i-th stratum select a subset of all available information, relevant to that stratum and
represent it in way appropriate to that stratum (see below).

1.4: If there remains unused bulk of information, increase number of strata and repeat step 1.3.
Otherwise, begin the horizontal analysis of each declared stratum.

Step 2 is horizontal analysis of strata that depends on the number of columns in OSA matrix and may be
performed in two ways: deductive (top-down) and/or inductive(bottom-up). As the most essential stratum is s3
(WHAT-analysis), the horizontal analysis for it is concluded by resulting conceptual structure or a set of the
domain ontologies.

Analogous algorithms were developed and practically tested and evaluated by the authors during developing of
distance learning courses for different branches of computational science and for artificial intelligence (Al).

4. Teaching Ontologies in Artificial Intelligence

We have developed more than 20 teaching ontologies (What-knowledge conceptual structures s3)
helping to understand and to remember main concepts of Al. Fig.3 shows one of them ( it includes

a part of Fig.2)..
Knowledge
Engineering
[
Knowledge Knowledge Knowledge
Capture Conceptuallsatlon Representation
@anuaD C:ompute) < Structured > (Object onentecD (odul >
Aided Analysis Analysis Models
Object-Structured
Analysis

K. Acquisition K. Discovery Rule Semantlc
Ellcnauon (interactive) based Nets

Figure 3. Ontology "Knowledge Engineering”

Network
Models
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We worked out several tips to add expressiveness to the ontology on the design stage.
1. Use different font sizes for different strata
2. Use different colours to distinct the subset or branch
3. Use vertical layout of the tree
4. If needed use different shapes of nodes

A Cake v2.0[]

[1] K. Elicitation Methods

[2] Textological

+ text analysis

[2] Communinicative

[3] Individual
+ Passive

@ ohservation
+ Active

@ interview

% game

® guestionnaire

[3] Group

¢ round table discussion
* brain starming

e £ enan | 27 Wi i ez | EE 1

Figure 4. Screenshot with a part of ontology "Knowledge elicitation techniques”.

It is possible to use any of graphical editors to design ontology, e.g. PaintBrush, Visio, Inspiration. But computer
program, which could be really useful for a knowledge engineer on the described stages of structuring of the
subject domain, should necessarily follow the phenomenological nature of the knowledge elicitation and
described above algorithms. This program must not frustrate the knowledge engineer with any "game rules"
which were not evident for him/her. Ideally, it should adjust itself for particular cognitive features of the knowledge
engineer. Moreover, each of the stages of analysis described above may be represented visually in its proper
terms, as is already approached in some commercial expert system shells.

A special visual tool was developed and named CAKE-2 (Computer Aided Knowledge Engineering by leading
programmer Tim Geleverya, previous release by Alex Voinov). CAKE illustrates the idea of knowledge
mappability, that find another application in the data mining and structuring for heterogeneous data base design.
Its first prototype is described briefly in [Gavrilova, Voinov, 1996]. CAKE-2 proposes a kind of a visual knowledge
representation language, which analogues may be found in a wide range of visual software construction tools —
from large CASE's to Visual Basic. In particular, it supports the principle of a bi-directional mutually unambiguous
correspondence between the two-dimensional visual object description syntax with the traditional one-
dimensional one.

CAKE-2 is based on classical structured analysis methodology [Yourdon, 1989] enriched by new results that
gives a teacher the opportunity to use special graphical interface to create ontology, to save it and to compile into
the knowledge base (if needed).

Fig.4 presents CAKE's screenshot with fragment of the ontology of knowledge elicitation methods.

5. Discussion

Our approach puts stress on the knowledge structuring for better understanding of main course ideas in e-
learning. The use of visual paradigm to represent and support the teaching process not only helps a professional
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tutor to concentrate on the problem rather than on details, but also enables pupils and students to process and
understand great volume of information.

A better apprehension of teaching information might be achieved by imposing a knowledge structure on it. This
may improve later usage of this information, comparing, generalisation, and so on. Therefore, a visual knowledge
structure editor plays here a role of a two-dimensional, pictorial conspectus of the regarded piece of information.
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QUALITY AND EFFICIENCY IMPROVEMENT OF THE TEACHING PROCESS OF
MATHEMATICS BY APPLICATION OF SPECIALIZED SOFTWARE

Tsvetanka Kovacheva

Abstract. The paper presents application of educational technologies in teaching process and their contribution
to the improvement of the quality and efficiency of students training. The need for training of highly qualified
specialists, who can solve application problems creatively and striving for self-perfection, continuously increases
the requirements to the knowledge and skills of the students of the Technical Universities (TUs). They should be
acquainted also with the new technologies for computer mathematical modeling. All these change the
requirements to the quality of the mathematical education in TUs and require application of specialized software
in the training process.

1. Introduction

The informational blow-up in almost all spheres of the human activities caused a sharp increase of the
educational level of the students and reformation of the educational system as a whole. One of these new
directions is the application of new Educational Technologies (ET). They have two basic components:
technologies within the teaching (media), which describe the various resources in the education and technologies
for education, which include planning, organization, conduction and evaluation of the whole educational process.
Improvement of the education quality is connected with use and perfection of its components, namely: quality of
curricula and syllabus, books of mathematical problems, textbooks, quality of educative work, application of
specialized software, level of research with inclusion of students, status of the material-technical base of the
university, infrastructure development, discipline, etc.

Choice of appropriate media is necessary in order to reach the objectives of the education [5,6]. The main factors
for selection include immediate objectives and time, media access, human resources, costs and expenses. The
computer-based resources prove to be feasible for teaching in mathematics of non-mathematical specialities, due
to the opportunities they offer. They allow storage of huge quantities of information, provide high speed and
flexible operation with the information. They allow interactive training, provide larger quantity and great diversity of
examples, better opportunities for analysis, visualization, combination of various strategies of teaching,
depending on the educational objectives. The use of computers and Application Software Packages (ASP) for
automation of mathematical calculations in the teaching process, definitely contribute to a better and faster
mastering of the presented material. The computational and graphical features of ASP render a significant
support to improve the quality of teaching mathematics. They promote organizational betterment and efficiency of
the teaching process and support the students to extend their knowledge in many tasks and problems of various
chapters of the higher mathematics.

The efficiency of the teaching process is a function of the human capacity and ET. For this reason, each teacher
strives to be more helpful to his students, encouraging them to efficient training, supports them to acquire habits
and skills to learn continuously and directs them to ratiocination, research and uncovering of the scientific truth.

2. Application of Specialized Software in the Teaching Process of Mathematics

The improvement of the material-technical base of TU - Varna allowed establishment of laboratories at
respective departments, which are equipped with computers and other technical facilities. Opportunities were
created for application of new ET for quality and efficiency improvement of the learning process of mathematics in
the University. This allowed conduction of laboratory exercises (LE) on some chapters of mathematics —
Mathematical Analysis — Part 2 (MA2), Selected Chapters of Mathematics (SCM), Probability Theory and
Statistics (PTS), Numerical Methods (NM) with use of available ASP. The exercises are envisaged for first and
second grade students of almost all specialties of the University.
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There are many mathematical ASP for symbolic (analytical) mathematical transformations and numerical
methods, such as: Mathematika, Maple, Matlab, MathCad, Excel, etc. The following ASP are used for LE on
mathematics:

v" Maple - for LE on MA2, SCM and NM for engineering specialties;
v Matlab - LE on Mathematics for Electronics specialty (for the new Academic year)
v Excel — LE on PTS for specialties: Public Administration, Economic Management, Ecology

Maple is frequently used in research [1,2,4]. It allows conversion of documents into LaTeX format. Maple
possesses a well-developed programming language. This allows creation of instructions (commands) for solution
of specific tasks. The package is realized for all environments - Windows, Macintosh, Linux, UNIX. Provides
determination of limits, derivatives, integrals, finite and infinite sums, products. Algebraic systems of equations
and inequalities can receive symbolic and numerical solution. It is possible to obtain roots of equations, to solve
analytically and numerically systems of ordinary differential equations and some classes of partial differential
equations. The good text editor and the excellent graphic capabilities allow professional presentation of projects.
The interface supports the worksheet concept, which integrate input instructions, output and graphics in one and
the same document. It allows simultaneous operation with several worksheets, establishing dynamic links among
them and the calculations can be transferred from one worksheet to another. It is possible to launch several
programs simultaneously which provides possibility for comparison of the calculations at various initial values of
the variables.

Matlab is a peculiar high level programming language, oriented for engineering and scientific tasks [1,3]. It allows
storage of the documents in C language format. Matlab supports mathematical calculations, scientific graphic
visualization and programming. The Matlab system is most frequently used for calculations, development of
algorithms, numerical experiments, simulation modeling, breadboarding and prototyping, data analysis, study and
visualization of results, scientific and engineering graphics. The tasks for extension of the system are solved in
Matlab by specialized packages — Toolbox. One of them — Simulink, has a special position — it is package for
simulation and analyses of dynamic systems and units. It allows study of various systems for technical, physical
and other applications. It is used in all stages of simulation and significantly facilitates the work. Matlab includes a
large library of elements (blocks) for analysis of linear and nonlinear systems, discrete, continuous and hybrid
processes. There are several integrators for solution of ordinary differential equations, a special accelerator for
calculations and it is possible to create and compile modules written in C.

The spreadsheets Excel are one of the most popular office packages for work with tabulated data [7]. They
provide not only simple arithmetic calculations with groups of cells from the spreadsheets, but also allow to carry
out sufficiently sophisticated calculations and data analysis with the help of the so-called “add-ins”. Excel solves
problems of analytical geometry, linear algebra, optimization analysis, PTS.

A trend of rapprochement and integration of various packages is observed nowadays. The last versions of Matlab
include library for analytical transformations Maple, while Maple allows calls to some functions of Matlab and
Excel.

The packages are convenient for training students, as they do not require preliminary computer experience. They
possess user friendly interface and are easy for mastering. The interaction with the user is fast and it is possible
to cover a large part of the mathematics syllabus. This is the main reason why these packages are selected in TU
for teaching students in mathematics.

3. Main Tasks of LE on mathematics

The objective of the laboratory exercises is to acquaint students with the capacity of the used packages for
solution of basic problems of the studied chapter of mathematics, while extending and consolidating the
knowledge accumulated during lectures and seminar exercises [4]. Seven exercises are conducted for each
subject. A correct selection of the tuition materials and optimization of the LE are necessary.

During LE on MA2, students learn to determine partial derivatives and extremes of functions of two and more
variables, to expand in series these functions, to solve analytically and numerically ordinary differential equations
and to compare the solutions, to calculate double and triple integrals. They are also acquainted with the graphic
capacities of the packages. The geometrical interpretation of the introduced mathematical notions — extremum of
function, directional field and integral curves of differential equation, etc., as well as graphs of functions under
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consideration, double and triple integrals domains, etc., allow students to figure out visually and to make sense of
the teaching material and to get incentives for more thorough learning.

The main tasks of students during LE on SCM are connected with operations with complex numbers and
elementary functions of a complex variable, expansion of functions in Fourier series, analytical and numerical
solution of partial differential equations, as well as PTS problems.

Particularly useful for students are the exercises for familiarization with and application of various numerical
methods for solution of specific problems. LE, introduced for some specialties of TU for NM, consider the solution
of systems of equations (simple iteration method, method of successive approximations and Seidel method) for
nonlinear equations and systems of nonlinear equations (iteration method and Newton method), numerical
differentiation and integration, function fitting and approximation (interpolation polynomial of Lagrange and
Newton).

During LE on PTS, students are acquainted with some elements of the combinatorial calculus and their
application to solve problems of probability theory, finding distribution laws and numerical characteristics of
discrete and continuous variables as well as processing of small and large samples. Students gain skills to apply
statistical methods, to calculate statistical characteristics of data arrays, to approximate data by given
dependencies, to generate random variables, to evaluate numerically statistical functions, to introduce various
data transformations and to make graphic presentations.

4. Conclusions

The use of computers and ASP is of significant importance to improve the qualification of the lecturers and their
self-education. This supports them to prepare and conduct efficiently the scheduled LE. By creative use of the
capacities of the packages, they could make appropriate specifications to lead exercises aiming at more thorough
presentation of the considered topic with active participation of students.

In order to establish habits for use of the mathematical simulation methods, some examples of mathematical
models for specific problems can be presented, depending on the student's specialty. For instance — use of
ordinary differential equations to solve problems in electrical engineering, economics, ecology and partial
differential equations for problems of mathematical physics.

To increase the interests of students to LE and to enrich their information culture it is good idea to grant them the

used product, various training and testing programs, useful and interesting Internet links for electronic textbooks,
practical examples and other relevant aids.
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MUSIC AS THE SOURCE OF INFORMATION INFLUENCE AND SOUL EDUCATION

L. Kuzemina

Extended Abstract

Unlike other works of art (painting, sculpture, etc.) a musical composition should be performed, it should sound to
become accessible. Therefore, the role of the musical masterly performance is extremely important. But presently
it has increased in importance when music through mass communication media i.e. radio, television, sound
recording becomes in the full sense of the word the property of millions.

The educative importance of music as a means of forming the spiritual culture of a person grows as well. Clearly,
a great deal depends on performers. They can breath new life into the musical composition, but they can
necrotize it. They can educate with music, they can awaken love in it, and, vice versa, discourage a person from
interest, love for music efc.

The system analysis applied to studying music ensures understanding of a musical composition as an information
source reflecting the historical heritage of mankind. Informational language used by an author for ciphering
human feelings, people relations, events etc., can be presented by a performer at another time of the society
existence taking into account its culture and technique of performance for the audience of another epoch.

Systematically the process of revealing the musical composition “biography” can be presented in the following
way:

Style and culture Style and culture
of the creation epoch of the modern epoch
A 4 A 4

Musical composition
(information theme of a creative task)

A 4

Construction Composition Design

Performer

/v
Intelligence Intuition Skill
e ' N\

Clearness Expressiveness Sensitiveness

This scheme clearly shows the way from an author to performer and then to a hearer. A skill to unite an
accumulated information knowledge (sociological, historical, musical theory and contiguity arts) in the work on the
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informative presentation of a musical composition must be “directed” to the understanding of a musical
composition from the smallest units to the whole by a performer, reveal the role of each episode in the events
development, in comparison of the image-bearing spheres (composition) and find such methods and information
means of performer’s expression which corresponded most of all to the pithy side of music (design).

When solving the set problems of the musical composition system analysis the so called linguistic uncertainty
emerges.

Linguistic uncertainty emerges due to the fact that a person is capable to “simplify” descriptions and
requirements, this makes him possible to realize the efficient presentation of a musical composition which is
connected with the use of such indefinite and fuzzy concepts as: “much”, “little”, “good”, “bad” etc. The use of
such concepts when building models of a musical composition became possible due to introduction of the
concepts: "fuzzy set”, “fuzzy variable” and “linguistic variable” into consideration.

There are many approaches to the solution of the decision-making problems, which are acceptable in the given
case. Formally, the problem can be formulated in the following way:

1. There is a set of possible presentations of a musical composition, which can be chosen by a performer.
2. There is a lot of possible alternatives.
3. It is required, having studied the performer’s preferences system, to build a model of the alternatives’

choice being the best to some extent.

The basis for the set problem solution can be the results of investigations performed by Yavorsky.. Theoretical
concepts of Yavorsky are distinguished not only for a deep scientific substantiation, but for interconnection. He is
“the first Russian scientist who created the generalized system embracing all musical speech as a whole”.

The natural extension of the theoretical searches was the work of Yavorsky in the field of the musical education.
How one can educate a creative person in art and not a craftsman in the field of the musical art? How can one
train a widely educated, creatively thinking, socially active expert? Yavorsky made a considerable contribution to
these problems solution. His theory was approved in all the links of the three-level system of the musical
education, the idea of its creation belonged just to him. Even the first experiments in its application gave positive
results: the application of theoretical concepts to the special classes in piano stimulated development of thinking,
creative inclinations, essential qualities for music, trained to a conscious approach to music, to ability to join
musical composition elements into a single whole. Synthesis of understanding, acoustic and motor bases made it
necessary further promotion of this theory in the musical pedagogy. Education in the First Moscow State Musical
College was based on Yavorsky's theoretical system. The pedagogical principles of the scientist were grounded
on it. It is well known that it was exactly Yavorsky who revised the educational programs and created new
educational plans including a wide complex of subjects. They encompassed the study of philosophy, history,
sociology, psychology, logic, pedagogy, physiology, information on all trends in art (poetry, literature, fine arts,
theatre, plastic art etc.). Yavorsky’s method as an integral system of training musicians didn’t recognise
absolutely the subjects’ isolation, their alienation. The knowledge complex interconnection, interaction widened
horizons in the field of art itself for conscious activity in the field of a wide social life. An element of creative work
should be included in every subject, in the programs of all courses, as Yavorsky stressed “...everywhere schools
should tech not only to read the written, but to pronounce own words”.
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FORMAL DEFINITION OF THE CONCEPT “INFOS”

K. Markov, K. Ivanova, I. Mitov, E. Velikova-Bandova

Abstract: The concept INFOS is very important for understanding the information phenomena. Because of this, it
is basic for the General Information Theory. The more precise formal definition of this concept is given in the

paper.

Introduction

The genesis of the concept of Infos started from the understanding that the concept "Information Subject” is
perceived as human characteristic. It is clear that in the nature there exist many creatures which may be
classified to this category. To exclude the misunderstandings we decide to introduce new word to denote all
possessors of the characteristics of the Information Subject. This word is "INFOS".

The concept "Infos" is basic for the General Information Theory [Markov et al. 2003]. Its definition is only the
starting point for further investigations and building the Infos Theory.

The variety of types of Infoses in the real world needs to be investigated and classified in the future research. At
the first step, we may propose that may be at least two main types of Infoses exist:

- infogens - the natural creatures;

- infotrons - the artificial creatures.

Also, the Infos Theory needs to give answers to many other very important questions, such as:

- What is the nature of the activity of the Infos?

- What is the difference between the living level of the Infos and the non-living one?

- Is it true that the boundary between non-living and living entities is self-reflection and internal activity for
satisfying the secondary (information) possibilities for internal or external contact?

Etc.

It is impossible to answer to all questions in a single article. We may make only the next little step. This is the aim
of the present paper.

The formal definition of the concept of Infos needs theoretical basis which may support further mathematical
investigations in this area. The first attempt was made in [Markov et al., 2003]. This brochure is the first attempt to
compound all definitions of the main concepts of the General Information Theory, arisen during the years.

In [Markov et al., 2003a] we have continued our work with some new results, which make the previous formal

definitions more precise. The main concepts, defined in this article are: “Entity”, “Impact’, “Interaction”,
“Reflection”, and “Information”.

The present work extends the basic definitions of [Markov et al., 2003a] with formal definitions, which concern the

LT

concepts “Information Witness”, “Activity”, and “Infos”.

The Information Witness

Let's remember the definition of “Entity” [Markov et al., 2003a].
The entity A is the couple A=(EA,R4) Where:
E 4 is a collection of sub-sets of a set My;
Ra={riliel, I is a set} is a nonempty set of relations in Ej,, i.e.

LCEAXEA={(X,Y)|X,Y €E,} is arelation and =r;U{(X,Y)|(Y,X)er)}, Viel; and:
1.JeEy;
2Mp\=UX, XeEy;
3.VreR, and VX, Ye€E, = (3(X,Y)et) or
(3 Z,,...Z,eEs, ZizD k=1,...p : (X,Z))€l(Z1,25) €T, ....,(Z,,Y)€el) O
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Definition 1. Every relation r;e R, from the set of relations R is said to be a state of A=(E,R»).m
Let's mention that often the set M, and collection E, are compounded by entities.
In the entities with very large and complicated structure which are built by another entities from lower levels, the

impact may be considered as a basis for relations (X,Y) which may be considered as a part of any state of the
whole entity (relation r;eR,).

Building the relationship between the entities is a result of the contact among them. During the contact, one
entity impacts on the other entity and vice versa. In some cases the opposite impact may not exist, but, in
general, the contact may be considered as two mutually opposite impacts which occur in the same time.

In [Markov et al., 2003a] we have formally defined the concepts “impact’, “reflection”, and “self-reflection”.

Definition 2. Let B=(Eg,Rp) is an entity. We say that B has possibility for reflection, if there exists any entity
A=(EA,R,) and y=(A—B), is an direct impact of A on B, and state geRy of B, which contain the reflection
Fym

Definition 3. Let A=(EA,R4) is an entity. We say that A has possibility for self-reflection, if there exists any
entity B=(Eg,Rg) and transitive self-impact &(A—B—A) and state heR, of A which contains the reflection
Fg.l

Let's remember the definition of Information [Markov et al., 2003a].
Let:
A=(Ea,R,) and B=(Eg,Rp);
T is an impact of A on B, i.e. t=(A—B),, T € Qup;
3 entity C=(Ec,R¢): C2A, CB;
3 y=(B—C),, which can be composed with t=(A—B);;
3 transitive impact E={t,y }=(A—>B—C);;
3 impact p=(A—C),, ¢ € Qac and e=&;
F, is a reflection of the impact ¢ and F: is a reflection of the impact &.
F_. is information for A in B if IreRc:(F,—F¢).. O

The entity A is called source, the entity B is called recipient. The relation reRc for which (F,—F), is called
reflection evidence and the entity C is called information evidence.

Let denote the information F . for A in B with information evidence C by F.=inform(A,B:C).

F. is the reflection of an impact and we consider it as sub-entity of B.

Let denote by r=evidence(A,B:C)eRc the state of entity C=(Ec,R¢) in which there exist the evidence
F=inform(A,B:C).

In [Markov et al., 2003a] we have formally defined the concept “interactive reflection”.

Definition 4. If Vg is an interactive reflection of between entities A and B, and entity C contains reflection
evidences for all reflections of Vag than C is called information witness.

Activity

Every forming relationship as well as every relationship unites the entities and this way it satisfies some theirs

possibilities for building the relationship by establishing the contact. In other words, for creating the forming

relationship we need:

- entities, from which the new entity is able to built;

- possibilities of the entities for establishing the contact by satisfying of which the forming relationship may be
originated.

The forming relationship is the aggregate of the satisfied possibilities for establishing the contact.
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It is clear that after establishing the relationship we may have any of two cases:

- all possibilities of the entities for establishing the contact are satisfied by such possibilities of other entities;

- there are any free possibilities after finishing the establishment of the new relationship - on the low levels of
the entity or, if it is a new entity, on the level of the whole entity. Disintegration of the entity may generate any
possibilities too.

In the second case, the entity has "free valency" which needs to be satisfied by corresponded contacts with
other entities. We may say the entity has activity generated by the free possibilities for establishing the contacts
with the entities from the environment.

The process of interaction is satisfying the possibilities for contact of the entities. From point of view of the entity,
the interaction may be external or internal.

During the interaction given entity may be destroyed partially or entirely and only several but not all parts of the
destroyed entity may be integrated in the new entity. This means that there exist both constructive and
destructive processes in the process of interaction between entities. The determination of the type of the
interaction depends on the point of view of given entity. The interaction dialectically contains constructive and
destructive sub-processes.

If the entity is a complex, it is possible for it to have an opportunity of self-reflection. In such case, it is able to
reflect any reflection, which has been already reflected in it. In this case, because of the new internal changes
(self-reflection) the entity may obtain any new "secondary activity".

The secondary activity is closely connected to the structural level of the entity, which correspond to the level of
the self-reflection. This way the secondary activity may be satisfied by internal or external entity from point of view
of the given entity. In other words, the resolving of the secondary activity may be internal or external.

Definition 5. Let A=(E,R,) is an entity and reR, is a state of A.

- (X, D)eiwhere XeE,, JeE,, is called free valency of A in the state r;

- the set P, of free valences for the state reR, is called activity or expectation for contact of A in the state r:
P, = {(X,9) | X€E\, DeE4, (X, D)el} m

During the establishment of the information relationship it is possible to be generated any secondary free activity
(possibilities on the low levels of the entity or on the level of the whole entity) which needs to be satisfied by
corresponded contacts with other entities.

The secondary activity in the information witness generated by the information relationship is called "information
activity".

Definition 6. Let A=(Ex,R,), B=(Eg,Rg) and C=(Ec,Rc) are entities; F.=inform(A,B:C) is an information for

A in B and r=evidence(A,B:C), where reR is a information evidence of inform(A,B:C). In such case:

- (X, D)eiwhere XeEc, DeEc, is called free information valency of C based on the inform(A,B:C);

- the set P, = {(X,9) | XeEc, DeEc, (X,D)ei} of free valences of the state reRc is called information
activity or information expectation of C based on the inform(A,B:C).m

INFOS

On given level of complexity of the entities a new quality becomes - the existing self-reflection and internal activity
based on the main possibilities for contact of the sub-entities as well as on the new (secondary) possibilities
created after internal self-reflection.

The internal activity may be resolved by:

- the internal changes which lead to partial internal disintegration of the sub-entities and theirs a posterior
internal integration in the new structures;

- the external influence on the environment.

The internal changes may lead to removing of some sub-entities if they have no possibilities for integration with
the others, i.e. if they have no free valences to be resolved in the process of integration.
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The external influence is the most important. The impact on the entities around the entity is the way to resolve its
activity. The destroying of the external entities and including the appropriate theirs parts in itself is the main
means to exist and satisfy the free valences.

One special kind of activity is the information one. The secondary activity need to be resolved by relevant to the
information valences corresponded (information) valences. So, not every entity may be used for resolving the
secondary activity.
This way, the entity needs a special kind of (information) contacts and (information) interaction for resolving the
information activity.

Definition 7. The Information Witness C=(Ec,Rc¢), which has:

- possibility for reflection in a state r; eR¢;

- possibility for self-reflection in a state r,eRc;

- (primary) activity in a state r;eRc;

- astate r,eRcin which C has non-empty information expectation (information activity)
is called Infos. m

Conclusion

What gives us the concept “INFOS"?
At the fist place, this is the common approach for investigating the natural and artificial information agents.

In other hand, this is the set of common characteristics which are basic for all entities, which we may classify to
the category of the INFOS.

And, at the end, this is a common philosophical basis for understanding the information subjects.

Our main goal is to provoke the scientists to continue the research in this important area and to make the next
step.
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A TWO LAYERED MODEL FOR EVOLVING WEB RESOURCES
A. Milani, S.Suriani

Abstract: In this paper the key features of a two-layered model for describing the semantic of dynamical web
resources are introduced.

In the current Semantic Web proposal [Berners-Lee et al., 2001] web resources are classified into static
ontologies which describes the semantic network of their inter-relationships [Kalianpur, 2001][Handschuh &
Staab, 2002] and complex constraints described by logical quantified formula [Boley et al., 2001][McGuinnes &
van Harmelen, 2004][McGuinnes et al., 2004], the basic idea is that software agents can use techniques of
automatic reasoning in order to relate resources and to support sophisticated web application.

On the other hand, web resources are also characterized by their dynamical aspects, which are not adequately
addressed by current web models.

Resources on the web are dynamical since, in the minimal case, they can appear or disappear from the web and
their content is upgraded. In addition, resources can traverse different states, which characterized the resource
life-cycle, each resource state corresponding to different possible uses of the resource. Finally most resources
are timed, i.e. they information they provide make sense only if contextualised with respect to time, and their
validity and accuracy is greatly bounded by time.

Temporal projection and deduction based on dynamical and time constraints of the resources can be made and
exploited by software agents [Hendler, 2001] in order to make previsions about the availability and the state of a
resource, for deciding when consulting the resource itself or in order to deliberately induce a resource state
change for reaching some agent goal, such as in the automated planning framework [Fikes & Nilsson,
1971][Bacchus & Kabanza,1998].

Keywords: Temporal Resources, Dynamic Web, evolutionary resources

Introduction

The basic notion of resource in the semantic web [Berners-Lee et al., 2001] is characterised by a unity of
structure, content, and location, i.e. a resource has a structure, which is defined in the ontology, a content, i.e. the
actual values of their properties, and a unique location, i.e. an URI [Berners-Lee & Fielding,1998], which uniquely
identified it in term of its web location.

In our model a resource is still representing a single entity, but entities can evolve over time with respect to the
current value of their contents, and also in their structural and semantic description, in other words, the notion of a
resource can be intuitively intended as the invariant aspects with respect to time of a given URI. For example our
department web page is the same resource, despite of the fact that it is continuously updated, in the content and
in the structure since our web server was established in 1995.

Resources can be dated and resources can be updated. For many type of resources it is possible to specify when
the information will be update, moreover the resource timestamp also provide a relevant information about its
validity.
Consider for example:

a) aweb page about the history of the independence war,

b) a personal CV,

c) the news of an online newspaper, and

d) stock exchange prices,

they are all web entities with a different rate of upgrade.

The advantages in explicitly defining the date/update features of a resource are apparent with respect to the
trust/validity of the information provided by the resource.
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Moreover consider for example a) with respect to b), and assume that these two web resources are not updated
since the two years ago. It is clear that the info in a) can be used in any moment (assumed that the source is
trustworthy), since we do not expect big new facts about the Independence War, on the other hand, discovering
that the personal CV was not updated since two years ago, make this information not valid, thus an hypothetical
software agent looking for employee information can decide to look for another CV of the same person or to ask
the person to provide an upgraded copy.

Update rate can be estimated for c) and d), online newspapers and stock exchange prices are update at different
pace, in the first case the content and structure can completely change after some hours, while in the latter the
actual value of the price is the only thing which is likely to change, very rapidly when the stock market is open,
and to remain still until next opening, during stock market closing hours. A software agent can exploit this
information for its cognitive purposes by browsing the online newspaper by the hours or by the week (e.g. sport
news about football matches) and the stock prices by the minutes.

Resource States

The state of a resource is an abstract characterisation of structural properties and actual values, which
significantly characterise the resource. Associated with the state, there is the possibility that the resource evolves
over time by moving from one state to another, in a transition path, which describes the dynamic evolution of the
resource.

In the first instance a resource state is an ontological category which is simply characterised by logical constraints
about the values of structural properties provided by the ontology, i.e. different ontological concept which share
the same schema but not the same actual values. For example FatMan and SlimMan are instances of the
concept of Man, they can be defined by constraints over the values of the properties Weight and Height, the
interesting aspect is that the FatMan and SlimMan has a dynamical relationship since an individual can move
from one state of another by upgrading its weight, (and less probably its height).

In the most general case, resources can allow structural properties to change, i.e. while moving from one state to
another the resource evolve its schema.

It is straightforward to represent the admissible states, and the admissible state transitions of a given resource by
a labelled transition diagram in which the label represent conditions or event over web resources or time which
trigger the state transition.

Def. LTD for Web resources. A labelled transition diagram for a web resource it is a pair {N, &}

Where N is a set of nodes representing the states of the web resource, and & represents the labelled arcs of the
diagram, i.e. the state transition function which defines for every pair of nodes ny,n2eN a condition L, which labels
the arc (ny,n2 ), condition L is a condition over web resources (static and dynamic items, operations, web
services, conditions over property values etc.) and time conditions (i.e. current date or general date/time
functions).

enroll_student

[ closed [ result

Date =11.Deco4w Date =19Dec04 \ 1St

Create/open

Fig.1 Students List State Transition Diagram

The labelled arc (L, n1,nz ) denotes the fact that a resource can move from state ns to state n, when condition L is
met, i.e. when the guard is verified, the logical conditions are true or the specified events take place.
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By convention (false, ny,n2 ) denotes the fact that no transition is possible between state ny and state n,.

A self-reference loop will represent a resource update; i.e. the resource is remaining in the same state while
possibly changing its informative content.

Consider for example the online student enrolment list, exam_list, for the exam code 503 Programming
Languages Course which will be held on 12 December 2004, this web resource it is continuously updated since
its opening time 3 days before the exam and it is closed the day before and finally it is updated one more time
with the list of candidates grades one week after the exam.

The exam_list it is an individual entity despite of the upgrade operations, which are operated on it.

In term of state transitions the evolution of the list can be represented by the state transition network in the figure
1. It is worth noticing that the self-reference loop labelled enroll_student represent the fact that after an
enroll_student event.

In this framework the dynamics of resources are represented by appropriate state transition diagrams, which
model the resource lifecycle.

A Two Layer Model for Dynamical Web

In order to give an account of the static and dynamic relationships of web resources a two-layer model
architecture is proposed in which state transition diagrams are defined over a given ontological network.

1 \
N \ -

publica-
tion

/ add to NN

article: \
published

article:
submitted

\

-
- \

,x”'/Date =Article.pub®te +12\‘d\ays

add news/ delete 2t
updating rate:
2hours

-

-

__--="" contains article:

archived

— state transition links

ontology links

Fig.2 Students List, newpaper and articles state diagrams

For example in figure 2 is represented an online newspaper represented where news change, say, every two
hours. In this case the continuous updating of the newspaper resource is represented by a single self reference
labelled by operation, i.e. events add/delete news and the conditions that two hours are passed by the previous
updated, the newspaper, is related by other ontological concepts (ontological link are represented by dashed
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lines) such as relationships of type subclass with respect to periodical and relation contains with respect to
published article.

Articles inherit general concepts such as author relationship and can also have a more complex life cycle
expressed by a LTD (submitted, published, archived) partially independent from newspaper.

Resource state transitions can be enabled by conditions over other web resources or not web resources.

Reasoning and Acting on Dynamic Resources

State transition diagrams and labelled transition diagrams are formalism popular in the area of process modelling
and concurrent system modelling [Gogolla & Parisi-Presicce,1998][Cardell-Oliver et al.,1992].

The labelled transition diagram of a given resource can also be seen as an equivalent deterministic finite state
automata DFA, whose transition guards (i.e. the logical conditions) denotes set of symbols in the alphabet
defined by the possible binary combination of all atomic conditions. A given guard denotes the set of symbols,
which correspond to atomic conditions, which makes the guard itself true.

It would be interesting to investigate the possibility of applying techniques of linear temporal logics [Manna &
Pnueli,1991][Vardi,1991] used in circuit testing in order to evaluate LTL queries over a particular state of the
dynamical resources.

For example an agent which has found the resource can reason about the truth of LTL modal formula such as
Possibly(S) where S is a desired state of the resource, taking appropriate measure, such as abandoning the
resource if the desired state is unreachable (e.g. the conference submitting deadline is over then transition to
state "submitted" is impossible), waiting if the state transition is a matter of time or of exogenous events (e.g. wait
until tomorrow for the President elections results), inducing the state transition by agent deliberative action [Milani
& Ghallab,1991](e.g. reserve a ticket in order to buy it), maintain conditions which avoid unlikely transitions,
consult the resource if the update rate or the type of time validity requires it (i.e. refresh the stock exchange
prices, check again the weather forecast service).

Conclusion

The presented preliminary model extends the ontology-based approach to the semantic web, in order to
represent the dynamical aspects of web resources, which evolves over time. The classical semantic web
hypothesis of web resources as identified by URI is no more valid when web resources evolve; i.e. they assume
different states. States of resources are represented by ontological concepts, while labeled transition diagrams
are used for description admissible states of resources. The transitions are labeled by the conditions which trigger
the state transition, i.e. operation, events or conditions over other resources. The resulting semantic description of
web resources consist of a two layered graph which represents both static (i.e. the ontological concepts) and
dynamic (i.e. the labeled transitions) relationships among concepts.

The finite state machine model allows to employ powerful reasoning technique in the semantic web graph, as for
example LTL (linear temporal logic) in order to make prevision about state of web resources over time. Moreover,
this rich knowledge description network can be exploited by web agents who use planning techniques for
triggering the desired state transitions.
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XML EDITORS OVERVIEW AND THE CHALLENGE TO BUILD
XML-ORIENTED EDITOR FOR MEDIAEVAL MANUSCRIPT DESCRIPTIONS"

P. Pavlov

Abstract: The paper presents an overview of XML and software tools for its use, with an emphasis on XML
editors. Based on the experience of two Bulgarian projects on preparing electronic descriptions of mediaeval
manuscripts from the 1990es, we define the following requirements to the editor used for manuscript cataloguing:
minimum elements on the screen; arrangement of elements according to the practice in the subject domain;
supplying default values whenever this is possible; supplying possible values in combo boxes whenever this is
possible; and ease of data entry (in Bulgarian with possibility to enter mediaeval text fragments in Old Cyrillic).
These requirements were taken into account for the development of a specialized editor, XEditMan, which is
presented in the article. Currently, 200 descriptions of manuscripts are available which were entered and edited
using XEditMan. The average time for data entry with the editor is about three times less than the time spent in
previously used software tools in Bulgaria.

Keywords: XML, XML editors, mediaeval manuscript cataloguing, XEditMan.

Introduction

The interest to digitisation of scientific and cultural heritage has been considerably growing in the last decades.
The electronic access to cultural heritage is one of the priority areas of the European Commission. The Cultural
Heritage Applications Unit of the Information Society Directorate General of the European Commission promoted
the priorities in the field through a document known as The Lund Principles which put emphasis on making visible
and accessible the digitised cultural and scientific heritage of Europe; coordination of efforts; development of a
European view on policies and programmes, as well as of mechanisms to promote good practice in a consistent
manner [Lund Principles, 2001]. Currently, most large institutions from the cultural sector are taking measures to
make their collections available online. The first step in this direction is to provide access to cataloguing
information about the holdings in a specific collection. In Bulgaria, this still is not done for the manuscript
collections of any repository.

One of the recognised approaches on world wide scale is to use XML to present data on manuscripts. In this
paper, we first give a brief overview on XML and tools, which allow its use. Then we present the experience of
two Bulgarian projects in the field of manuscript cataloguing and formulate several basic requirements to a
specialised editor for entering data on mediaeval Slavonic manuscripts and present our work in this direction.

These requirements were taken into account for the development of XEditMan, an XML editor for mediaeval
manuscripts. The use of the editor is illustrated. One basic advantage is higher accuracy of entered data and
better time characteristics (about three times faster data input compared to previously used tools).

Overview: XML and Various Types of Tools

XML (eXtensible Markup Language) is an open standard developed by the W3C (World Wide Web Consortium).
It has two interconnected applications: web presentation and data exchange. One distinguished feature of XML is
that it separates the encoding of data from program logic and user interface code. This leads to platform
independence and reusability of resources.

XML is based on the Standard Generalized Markup Language (SGML), an ISO standard which puts the basics of
many developments in the field of electronic transmission of documents through defining tag sets forming the
DTD (document type definition) which are used to mark-up the electronic text and allow easy processing [ISO,
1986]. SGML was designed in 1986 and was oriented towards work with large collections of documents, not

4 The research presented here is partially supported by the project KT-DigiCult-Bg (FP6) and by the ICT Agency
in Bulgaria.
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towards the Web. The DTD practice of SGML was expanded in XML in order to offer more data types and allow
easy building of hyperdocuments. HTML was another (earlier than XML) successor of SGML designed for
visualization of documents on the Web, but its orientation to present the document layout leads to limitations on
the presentation of data for processing, not just for display.

An XML application unifies several parts stored separately: data, structure, presentation and program access.

The XML data are stored as the actual XML document (it is usually called the document instance). This document
contains data and mark-up elements.

The second element is a file, which contains the rules defining the specific XML document's elements, attributes,
entities, and processing instructions. In the beginning, following the SGML principles, a DTD file served this
purpose. Later XML Schema specification started to be used in order to solve several shortcomings of the DTD: it
is too restrictive to introduce new elements and does not offer support for a number of data types. XML Schema
allows creating both simple and complex data types and associating them with new element types. Thus
specialists working in various fields and preparing specific documents may define the structure of their documents
with a great freedom.

XSL (Extensible Stylesheet Language) is the part, which ensures presentation. It allows one to render XML
elements using formatting objects. For example, CSS (Cascading Style Sheets) outputs documents in HTML
format. XSLT (XSL Transformation), outputs XML document into text, HTML, or any mark-up language.

The last component is called DOM (Document Object Model) which allows accessing data encoded in XML
through programs. Thus data can be separated from the specific platform.

There are several types of XML-oriented tools. The XML editors are used to create structured documents. From
the point of view of the user, it is important to have an easy and understandable interface for entering data. The
task of collecting manuscript descriptions in XML format inevitably raises the question how the data will be
entered. Other types of tools are necessary basically for the IT staff, such as software for the creation of DTD's or
XML Schemas, parsers for validating XML files (applications which check the documents against the DTD or the
Schema); parsers for parsing XSLT (they prepare XML documents for presentation as text, HTML or PDF by
applying the XSLT stylesheet language). Technical staff may also need a specialised editor for speeding the
creation of XSLT stylesheets. For the work on manuscript catalogue descriptions, most important are the editor
and the parser. We provide below some explanation and examples of tools from the various categories.

Editors

Editors allow users to create and edit XML documents using the proper DTD. XML editors often provide additional
functionality, for example validation of the document against the DTD or schema. To facilitate the user in his/her
work, editors rely on two basic methods:

0 Use of colours to distinguish elements, attributes, and text, etc. for easy reading.

o Providing clickable lists of possible elements and attributes at the current cursor point in the document.
These lists usually are located in the left pane of the editor window.

Popular professional XML editors are XMetal® 45, xmispy® 20046, NoteTab Pro'’. Free editors are
XMLCooktop'8, Bonfire Studio 1.4'°, NoteTabLight?, Xeena?!, Xerlin? etc. The illustration on Fig. 1. shows a
snapshot from xmispy® 2004.

Validating Parsers

Usually, the professional XML editors contain a built-in validator. Some are internal to the editor and others use a
separate piece of software.

' http://www.sq.com/, last visited on 25 April 2004.

'® http://www.xmlspy.com, last visited on 25 April 2004.

" http://www.notetab.com, last visited on 25 April 2004.

'8 http://www.xmlcooktop.com/, last visited on 25 April 2004.

' http://www.nzworks.com/bonfire/download.asp, last visited on 25 April 2004.
20 hitp://www.notetab.com, last visited on 25 April 2004.

1 http://www.alphaworks.ibm.com/tech/xeena, last visited on 25 April 2004.

2 hitp://www.xerlin.org/, last visited on 25 April 2004.
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XSLT Parsers
The XSLT parsers play the role of formatting engines. They output data most often in HTML, text, PDF. They are
sometimes part of the XML editor.

X XML Spy
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Fig. 1. Snapshot from xmispy® 2004, source: http.//www.xmlspy.com

The Bulgarian Experience in Preparing XML Editor for Mediaeval Manuscripts Descriptions

The idea to use a markup language for manuscript descriptions goes back to the 1990es. With the advent of
mark-up languages, a team in Bulgaria suggested in 1994-95 a structured description of manuscript data built as
an extension of Text Encoding Initiative [TEI] of that time. A project called The Repertorium of Old Bulgarian
Literature and Letters was started as “...an archival repository capable of encoding and preserving in SGML (and,
subsequently, XML) format of archeographic, palaeographic, codicological, textological, and literary-historical data
concerning original and translated medieval texts represented in Balkan Cyrillic manuscripts” [Repertorium],
[Miltenova et al., 2000]. This is a typical repository project aimed to answer researchers’ (not librarians’) needs.
The computer model based on SGML is discussed in [Dobreva, 2000]. Currently there are 300 manuscript
descriptions, which should be made available on the project website?.

In the late 90es, the National Library “St. Cyril and St. Methodius” and the Institute of Mathematics and
Informatics became associated members of the MASTER project (Manuscript Access through Standards for
Electronic Records) supported by the EC [MASTER]. Within this project, a TEl-conformant DTD for medizeval
manuscripts was developed with the ambition to answer the needs of all repositories in Europe, and software for
making and visualising records on manuscripts. The MASTER standard (may be with small revisions) was
adopted by the TEI in May 2003.

In the Repertorium project, data were entered through Author/Editor software product of SoftQuad Company, a
predecessor of HoTMetal and currently available XMetaL editors. In the data entry process, users were seeing

B 0n April 25, 2004 there was still a message that link is disabled for file update.
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all elements from the description on the screen (surrounded by the SGML delimiters, e.g. <P> </P>) which
formed long list spread on several screens. This was not very convenient, if we also add that the appearance of
elements followed the structure of the DTD, which is not the same as the sequence of elements natural for the
people working with mediaeval manuscripts. The organization of work was oriented towards one specialist
working on one description, which produced results of different quality in the group of almost 10 specialists
working on the descriptions [Dobreva, Jordanova, 2000]. The description data were entered in English which
made them usable by English language speakers. To enter fragments of Old and Middle Bulgarian texts a
designated font was created, and in data entry the LANG attribute was assigned to elements containing text in
Old or Middle Bulgarian while for all other languages was supposed that they contain texts in English.

The experience of the pilot catalogue descriptions within the MASTER project was different in two directions: the
data were entered in both Bulgarian and English with the idea that this will serve larger research community, and
the editor used for the tests was NoteTabLight?* (see Fig. 2). To enter data on both languages, elements were
repeated with including of the LANG attribute showing the language of the data entered within the specific
element.

=15 x|

'+ NoteTab Light - D:\Install',Program Files,NoteTab Light'Documents’ynlcm415.txt

File Edit Search Yiew Modify Document Favorites Tools Help
DS W&t 2r|- [l wulad|w

& ol 415kt |
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MANUSCRIPT DESCRIPTIO &
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Fig. 2. Example of data entry of manuscript descriptions in NoteTabLight

Unlike the Author/Editor interface, in this case all available elements can be seen on the left pane of the window,
and the person who enters data should click on the specific element which is needed. This led to high number of
erroneously located elements and a heavy workload on editing the descriptions.

The experience from both projects stimulated us to formulate the following requirements to a specialized editor:

0 The number of elements visible on the screen should be the minimum possible. Lengthy lists of
elements confuse users who are specialists in mediaeval studies or library cataloguing who normally
would enter the data. This also slows down the process of data entry and leads to mistakes.

o The sequence of appearance of the elements should follow the logic of the subject domain, not of the
XML DTD.

2 http://www.notetab.com/ntl.php, NoteTabLight — free editor offered as an alternative to the commercial
professional editor NoteTab Pro.
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Quite often, the value of element is “No information” (this is because in some cases there is no
information on the matter since these descriptions are based on preliminary research work on the
manuscripts). To avoid multiple entry of this phrase, the value can be supplied in advance and changed
by the person who enters data whenever this is needed.

There are several elements where the values are chosen from a list; for example, names of repositories,
cities, values of attributes for language, etc. To avoid errors, combo boxes with possible values could be
supplied.

Ease of entering data written in Old Cyrillic script.

Interface in modern Bulgarian (thus specialists who enter the data see names of elements which are
familiar to them, and do not have to become acquainted in details with the DTD itself.

Taking these considerations into account, we decided to create a specialized editor, which takes into account
these requirements in its interface. The decision to create a home-made editor was taken after the consideration
of possibilities to adapt existing commercial editors. Since the left pane with all elements listed and the alphabet
encoding could not be solved satisfactorily, we decided to create a tool which could be easily installed on a
computer with a running Microsoft Internet Explorer browser and Internet Information Server.

XEditMan: A XML Editor for Mediaeval Manuscripts Descriptions

XEditMan is actually a set of tools: editor for new document, editor for existing document and a visualisator. The
editor is currently oriented towards the use of the MASTER DTD for manuscript descriptions adopted by TEI%.

Data Entry: The New Document Editor and the Editor for an Existing Document

3 XEditMan Editor for Manuscript Descriptions - editing new file - Microsoft Internet Explore ;Iilll
J File Edit Wiew Favorites Tools  Help ﬁ
J GBack ~ = - (D at | Qhsearch (G Favorites £ History | BN S -

JAddress I@ http:{flocalhost/*EditMan_new, html j 6o |J Links **
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Fig. 3. XEditMan: Data entry interface

The editor of new document is used to enter data arranged in the order, which is natural for the subject domain.
In two cases repetitive elements are possible: description of scribes and description of texts appearing in the

% The relevant materials can be found on http://www.tei-c.org.uk/Master/Reference/, last accessed on April 25,

2004.
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manuscript. In these cases, during the first entry the user supplies the data on the first scribe (respectively, text)
and the total number of scribes (texts). Then when the description is opened with the editor of existing texts, the
respective number of elements appear in the window and make possible the entry of the information on the other
scribes (respectively texts). Fig. 3 presents part of the data entry window, in which we see several types of
elements: with no value; with supplied values, and combo boxes for choice of possible value.

The first two fields on Fig. 3, name and date, are typical fields for direct data entry. The third and fifth elements,
material and manuscript status, are supplied with combo boxes containing possible values. In the last two
elements (the visible one is a watermark) the value “No information” is entered by default. If there is no
information about the element, the specialist who enters data does not have to bother with writing this text again
and again.

After the data are entered, the users clicks a button “Save the description” which generates the XML document
conformant to the MASTER project DTD (see Fig. 4); now all element identifiers appear according to the DTD.

; http:/ /localhost/savedocl.asp - Microsoft Internet Explorer - |ﬁ' |ﬂ

J File Edit View Favorites Tools  Help ﬁ
J &Back ~ = - (D at | iQhSearch [GFavorites £ #History | By S -
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<idno=674</dno=
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</msldentifiers
- <msHeading
<origPlace>HEeW3BeCTHO, BEP. OKONO TbpHOBO</OrigPlaces
<origDate>1350-60</origDhates
<textLang=HAMa ceepeHua</textlang>
</msHeading>
- <msContents:
- «msltem n="1"»
<locus=1r-1v</locuss
<author=HeWazBeCTEH</authors
<title lang="BG">0rnaeneHve Ha cnoBaTa</fitle>
<incipit lang="MBG">IFe Bb cTbla wua HaweCo MNpuropua</incipit=
<explicit lang="BG">HAMa cBeageHusa < explicit=
</ msltems
- «msltem n="2"»
<locus=2r-6r/ocuss
<author=Mpuropwii Borocnoe</authors
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|@ Done ,_,_ Local inkranet
iﬂstartl“ :_:fj E | ”|J ¥ Inba... ”@http:... @[Z]D...l (3] april... I @obg_...l imag...l g(ﬂ% 20:18

Fig. 4. A Sample of XML Document which is being saved after data were entered in XEditMan

The generation of this document is done in a way, which guarantees successful validation. This organization of
work combines easy data entry and DTD-conformant result. For this reason, the editor does not include an
internal validator. It is suggested to use a commercial editor for validation purposes and for cases where the
interface of the editor does not support too specialized cases appearing sometimes in manuscript descriptions,
like quoting within the content of specific element. We made experiments with the use in such cases of TurboXML
editor (see Fig. 5). The work on XEditMan was done with the idea to cover the mass case of data entry on
manuscripts. In very specific cases which appear rarely (like nesting quotes, bibliographical references and
corrections to the Old Bulgarian texts), but would require too many complications in the interface, specialists who
are familiar with the DTD could enter data using commercial editors which arrange the document as it is saved in
XML format.
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Data Visualisation

After the data are entered, they can be visualized with the help of another component of the editor. There are two
modes of visualization: visualization of the complete document, which is demonstrated on Fig. 6, or visualization
of selected elements from the description.
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Fig. 5. An Example of Description Prepared in XEditMan Visualised in TurboXML editor
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Fig. 6. An example of Visualized Data
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To make possible further processing of data on sets of manuscript descriptions, we are currently working on a
program interface, which would extract data from XML descriptions into a database. This would provide tools for
group queries.

Conclusion

The paper presented a brief overview of XML and the current trends in developing tools for its use. It formulated
several basic requirements for the development of a specialized editor on mediaeval manuscripts, which
guarantee faster and more accurate data entry.

It also presented the experience of the author in designing XEditMan, a specialized editor for manuscript
descriptions. XEditMan was tested in the Institute of Mathematics and Informatics at the Bulgarian Academy of
Sciences and is now used to enter data on Bulgarian manuscripts stored in Bulgaria. Two hundred descriptions
are already available by the date of preparation of the paper (25 April 2004) based on the catalogue [lkonomova
etal., 1982].

This work is made as part of the current project Knowledge Transfer for the Digitization of Cultural and Scientific
Heritage to Bulgaria, coordinated by the Institute of Mathematics and Informatics and supported by the
Framework Programme 6 of the European Commission.

The basic idea is to provide in the next months a set of 800 manuscript descriptions which form about 1/10 of the
manuscripts stored in Bulgaria. The first group of manuscripts, which was chosen, consists of Bulgarian
manuscripts.

This work is extensible in two ways — more manuscripts could be added to the collection, and more data could be
supplied at a later stage. For this reason, we believe that this initiative will contribute to the more adequate
presentation of the cultural heritage of Bulgaria.
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LOCAL GOALS DRIVEN HIERARCHICAL REINFORCEMENT LEARNING®
A. Pchelkin

Abstract: Efficient exploration is of fundamental importance for autonomous agents that learn to act. Previous
approaches to exploration in reinforcement learning usually address exploration in the case when the
environment is fully observable. In contrast, the current paper, like the previous paper [Pch2003], studies the
case when the environment is only partially observable. One additional difficulty is considered — complex
temporal dependencies. In order to overcome this additional difficulty a new hierarchical reinforcement learning
algorithm is proposed. The learning algorithm exploits a very simple learning principle, similar to Q-learning,
except the lookup table has one more variable — the currently selected goal. Additionally, the algorithm uses the
idea of internal reward for achieving hard-to-reach states [Pch2003]. The proposed learning algorithm is
experimentally investigated in partially observable maze problems where it shows a robust ability to learn a good
policy.

Keywords: reinforcement learning, hierarchical behaviour, efficient exploration, POMDPs, non-Markov, local
goals, internal reward, subgoal learning.

Introduction and Problem Statement

One of the directions in artificial intelligence is adaptive autonomous agents' research. This research direction
started growing actively in 1985 [Maes95,Wil85], however, it was proposed to make researches in similar
directions also before it [Bong75]. Reinforcement learning [Sut98,KLM96,Mit99] examines a question how an
autonomous agent [Maes95] that senses and acts in its environment can learn to choose optimal actions to
achieve its goals. The agent can perceive a set of distinct perceptions from its environment and has a set of
actions that it can perform. At each discrete time step, the agent senses the current percept, and chooses an
action to perform it. The environment responds by producing the succeeding state and the agent can perceive a
new observation. If the agent achieves the goal state, the environment gives the agent a reward.

The set of actions allowed to the agent is fixed and defined before learning. The structure of the environment is
unknown to the agent and is represented by a black box. This means that it has to obtain all knowledge helping to
achieve the agent’s goals only by itself, only by experimenting with the environment. The task of the agent is to
perform sequences of actions, observe their consequences, and to learn a control policy.

Irreversible transactions: Efficient exploration plays a fundamental role [Thr92b] for autonomous agents that
learn to act. In many reinforcement learning algorithms undirected exploration techniques are used. While
undirected exploration techniques, e.g. random walk exploration, utilize no exploration-specific knowledge and
ensure randomness into action selection, directed techniques rely on knowledge about the learning process itself,
allowing for exploring in a more directed manner [Thr92a]. In many finite deterministic domains, any learning
technique based on undirected exploration is inefficient in terms of learning time, i.e. learning time is expected to
scale exponentially with the size of the state space [Whit91].

The reason for the difficult exploration by undirected techniques is the existence of irreversible transactions
between states of the environment. Usually learning algorithms are being investigated in fully reversible domains
[Sut98,KLMI6,Mit99,McCallum95], e.g. the maze problem. In the maze problem each action has an opposite
action, and the agent usually can easily undo its previous action by one step, e.g. the action “go left” can be
undone by the action “go right’. Because of this reason, each state of the environment becomes easily
achievable. However, it could not be easily applied to the real case, e.g. if the goal of the agent is to build a house
from blocks, one wrong random action may discharge all the previous work by destructing the built construct.
That's why, the existence of irreversible transactions is not exclusion or the specifically invented difficulty but it is
a real difficulty that was unfortunately ignored in many investigations making simulations in the artificially
designed environments.

" This research was partially supported by the Latvian Science Foundation under grant No.02-86d.
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Usually in practice multiple situations are indistinguishable from immediate perceptual input. These multiple
situations may require different responses from the agent. Usual reinforcement learning techniques, such as Q-
learning [Wat89], can't be applied in partially observable domains. Due to this reason, McCallum has developed a
learning algorithm “Utile Suffix Memory” (USM) [McCallum95] that is able to overcome the incomplete perception
problem in order to learn a near-to-optimal policy in partially observable environments.

Efficient exploration in partially observable domains is a special difficulty [Chr92]. Previous approaches
[Thr92a,Sut90] to exploration in reinforcement learning usually address exploration in the case when the
environment is fully observable. In contrast, McCallum [McCallum97] considers efficient exploration applied to
USM in the partially observable environment. In our study, we continued his research by applying to USM an
exploration technique based on internal reward for hard-to-reach states [Pch2003], and our modification has
outperformed the original algorithm in the case of difficult exploration.

Problem statement: Unfortunately, USM has one very important drawback — it is not able to make perceptual
distinction by seeing too far future back in time. That's why, USM is not able to discover too complex temporal
dependencies that include too many time steps. That was a motivation for the current paper to develop a
reinforcement learning algorithm having an ability to overcome the combination of all the difficulties described
above, i.e.:

« incomplete perception;

« irreversible transactions;

» complex temporal dependencies.

Automatic building of hierarchies: Complex temporal dependencies are usually solved by allowing the agent
acting hierarchically [WS98,SS2000]. That's why, the present paper also considers hierarchical reinforcement
learning as a key method for overcoming difficulties related with complex temporal dependencies.

There are many different models of hierarchical reinforcement learning [KLM96]. Considering different
approaches of making hierarchical reinforcement learning, it is possible to distinguish two cases: (1) the use of
structurally pre-determined domain-specific hierarchies and (2) automatic building of hierarchies. Most of
hierarchical reinforcement learning algorithms are based on an assumption that fixed domain-specific knowledge
about hierarchies is provided and can be exploited by the algorithm, e.g. [Die2000,PR97,Hum96] are only a small
part of them. In contrast, in the current paper it is assumed that no prior domain-specific knowledge about
subtask hierarchies is provided to the agent. Like [WS98,552000], the current problem statement is more difficult,
but it is also more realistic.

Learning algorithm

Training skills at local goals: In previous paper [Pch2003], it has been found that McCallum exploration
techniques [McCallum95,McCallum97] may fail in the case when the environment isn't reversible, e.g. if there are
one-direction ways. In the last case, it may be difficult to find a goal first time. USM uses Q-values to discover
distinctions in the environment, but these Q-values are accessible only when the agent has reached the goal and
has received the reward from the environment at least one time. Until this, the agent is unable to discover history
distinctions and, thus, is unable to overcome incomplete perception problem. This problem has been solved
[Pch2003] by giving the agent additional internal reward for state space exploration. Receiving additional internal
reward for exploration USM was able to optimise its control policy not only for exploiting the environment but also
for exploration in the same manner. It was relied on hypothesis that the perceptual distinctions discovered during
exploration will help the agent to reach the goal state. In general, there is no principal difference between
exploitation and exploration because in both cases the goal is to reach some special states of the world. In many
cases distinctions needed for reaching the goal state are also needed for reaching some particular state.
Simulation results in the maze domain had successfully confirmed the hypothesis.

The agent has the goal defined by its environment, let's call it the global goal (externally defined goal). However,
any other state of the environment can also be considered as a goal, and it could be called a local goal (internally
set goal). In the previous paper, while the agent was not able to reach the global goal, it was trying to reach some
local goal to advance its skills of the environment control. Training skills at reaching local goals had helped the
agent to obtain skills sufficient for achieving the global goal. In the current paper, it is proposed to use the same
idea of learning to reach local goals when the global goal is not achievable or it is hardly achievable.
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Key ideas: The proposed learning algorithm is based on two ideas:
« hierarchical behaviour;
« training skills at local goals.

The agent needs hierarchical behaviour in order to overcome incomplete perception and complex temporal
dependencies. Training skills at local goals are needed to make efficient exploration when the environment has
irreversible transactions.

The learning algorithm has two parts. The first part selects the current main goal using three possible reasons: (1)
a need to achieve the global goal, (2) a need to explore rarely observed perceptions and (3) a need to train skills
at hard-to-reach goals. The task of the second part is choosing actions or selecting subgoals (like the calls of
subroutines) in order to reach the current main goal. The selection of some subgoal can also be considered as
abstract actions. In order to make the learning algorithm more simple, it is proposed to learn the primitive action
selection policy and the abstract action selection policy in the same manner, applying the same principles.

Observations from the environment are used twice: (1) as the context information for action selecting and (2) as
subgoals. In this sense, any main goal or any subgoal is a normal perception that has been observed but at the
current moment the agent is trying to reach the state producing this observation. If the current observation is
equal to the current goal, the goal is considered to be achieved. This means that the proposed learning algorithm
is driven by local internal goals and their subgoals, and each goal or subgoal is a usual observation temporally
considered in such role.

The agent also has the memory about successful cases and the agent adaptation rule could be described as
follows: if in the context of observation p the selection of action a helps to achieve the current goal g (that can be
a subgoal at the higher level), then next time the probability of the selection of the same action in the same
context (observation p and the goal g) must be increased. This means that the learning algorithm doesn’t exploit
dynamic programming ideas about the estimation of distance to the goal, but it performs only pure reinforcement
of successful actions.

To sum up, it should be noted that the agent does not only learn when to select what action, but also - when to
select what subgoal. It means that the agent also must learn subgoal selecting policy.

Formal description of algorithm: The agent has the fixed set of actions A. The set of perceptions P is not
directly given to the agent, instead, it is maintained all time and contains perceptions observed by the agent till
the current time moment. Similarly, the counter ¢(p) — the number of times the agent has observed percept p is
maintained in order to provide directed exploration. Additionally, it is proposed to maintain the degree of difficulty
d[g] (initially equal to zero) for each local goal ge P that stores the total number of all failures minus the number of
all successes at achieving goal g. Consequently, D = { peP | d[p] > 0 } can be considered as a set of difficult
goals.

During learning process, the agent maintains its lookup table with real values q[p,g,a], initially equal to 1, for each
p,geP and ac AUP. This table doesn't store estimates of expected future discounted external rewards, e.g. as in
Q-learning, instead, the value q[p,g,a] stores the sum of all the internal rewards for performing action a or
selecting a as a subgoal (if a is a perception) in the context of observation p and local goal g. The internal reward
is not obtained from the environment, but the agent internally generates it for obtaining local goals or subgoals.
To prevent the recursive calling of the same subgoal, it is proposed to define a set of the currently selected goals
in the stack, noted by G.

It is also assumed that there is only one goal state in the environment, and the agent maintains a variable f
storing initially null, or the observation of the goal state if the goal state has been achieved. The goal state can be
recognized obtaining a positive reward from the environment.

The lookup table g[p,g.a] is used for action selecting. However, this table is too big and it needs some kind of
generalization on its values. For example, it may have an empty cell for some action a in the context of goal g and
perception p, but at the same time it may have learned values for the same action in another context, and the last
information also can be exploited in selecting of action a. For this purpose, we can define generalized value
Q(p,g,a) as follows:

de& +a,-—5 D.qlp.g.d]

peP | | p.g<P

Q(p:g:a) :al 'Q[pagaa]_'_aZ |P
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Other notations: t - the current time moment, random — random value in interval [0;1).
The proposed hierarchical reinforcement learning algorithm can be described as follows:

Main:
G =
repeat

ExecuteAction(RandomAction); TryToReachGoal (GetMainGoal,})

GetMainGoal :
if £ = null and (D = & or random > §) then result = f
else iIf D # & and random < % then
result = select geD with probability Pr(g) = 1
else result = select geP with probability Pr(g) = 1/c(g9)"

TryToReachGoal (g, s):
G=6Hg}; to=t; 1 =0;E=¢
while CurrentObservation = g and 1 <t
i =i+l
p[i] = CurrentObservation
= { xeAUP | s > 1/Q(p[i]1.9,.x) & xeGUEU{p[il} }
= & then V = A
= select xeV with probability Pr(x) = Q(p[il.,g.,x)"
i] € A then ExecuteAction(a[i]) ; r[i] = SUCCESS
r[i] = TryToReachGoal(a[i], s - 1/7Q(p[il.g.a[i]l))
if r[i] = SUCCESS then E = Eu{al[il}
1T CurrentObservation = g then
while r[i] = SUCCES and i > 0 do

alp[il.g.alill = q[p[il.g.alil] + 1/(t-t;)'

1 =1ia-1
G =6 -{9}
if CurrentObservation g then d[g] = d[g]-1 else d[g] = d[g]+1

if CurrentObservation g then result=SUCCESS else result=FAILURE
Notation result means the resulting value of a function, and notations t, i, E, pl[il, a[il, fi], V are local variables of
function “TryToReachGoal’. The algorithm has a series of parameters: o, o, oz, B, 1, 6, %, A4, 7, and it is
proposed to use the following settings: aa=1, @=0.01, a3=0.0001, =5, =5, 5=0.7, y=0.1, 1=3, 7=4.

Simulation results

The presented above learning algorithm has been tested using three different maze problems: maze1, maze2
and maze3 (see Fig.1). Each maze is a local perception grid world. The essence of this problem is searching for
immovable goals in a maze. The agent's life consists of many trials: it is placed in a random empty cell, after
which the agent has to find the goal (marked "G") searched with the least possible number of steps. Initially the
agent has not any knowledge on the environment. Each trial can be considered as one problem solved by the
agent. In the course of trials, the agent has to learn to quickly find this object.

The agent can move to nearest empty cells only (white or silver cells, but not black ones; some cells are specially
highlighted with silver — it means that these cells have duplicated observations). Eight possible directions mean
eight possible actions that the agent can execute. If the agent tries to move onto barrier, it stays at the same
position. This creates many cycles in the environment, and makes the learning task more difficult. The agent can
perceive only the containment of nearest eight cells. So, there are different, but perceptually identical, world
states.
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Additionally, the cells can contain special symbols - arrows. These are normal empty cells, except the agent can
move only in the direction defined by a corresponding arrow (in other case it stays in the same position). These
arrows are needed to simulate discussed above irreversible transactions between the environment states.

To simulate complex temporal dependencies, there are presented two special cells: a dour (marked “D”) and a
key (marked “K”). To be able to come into the cell with a dour, the agent needs to visit the cell with a key before.
After visiting the cell with a key, the agent is able to come into the cell with a dour only once. If the agent is not
able to come into the dour, it stays at the same cell. The idea about the dour and the key has been taken from the
paper [WS98].

Results: Figures 2,3 and 4 show the dynamics of the number (see “steps to goals”) of steps performed by the
agent to reach the goal (a cell marked “G”) in each trial during the learning process. Abscise “problem number”
means the index of a goal searching trial. All experiments were repeated 10 times, and there are presented only

averaged results.

-wal G-goal D-dour K-key
- an empty cell with duplicated perception

1]
|

| 1] |
EEEEEEEEEEE
T

Maze3

Figure 1. Three different maze problems: maze1, maze2 and maze3 for experiments
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Figure 2. Experimental results in maze1
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Each simulation is represented by two graphs. The graph on the left shows the convergence of the number of
steps to the goal in the beginning. Here, the learning algorithm shows its ability to roughly sketch out non-optimal
but successful behavior. However, after this sketching the optimization of a policy continues very slowly. The
second graph on the right shows this slow optimization. The same tendency could be noted on other two graphs.

Table 1 shows summary of all the experiments. It also contains additional information describing the selected
maze problems. It should be noted that the number of random steps to the goal from a typical state is extremely
large in maze2 and maze3. It is because of irreversible transactions between states in these environments.

The proposed learning algorithm shows very stable ability to form a good policy in each case. However, the
experiments have also discovered the drawbacks of the algorithm: slow adaptation and non-optimality of resulting
policy. The agent was able to form only a good policy, but not a theoretically optimal one.
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Figure 3. Experimental results in maze2

3500000 2000
3000000 1 1800 1
_ 1600 -
§ 2500000 | 1400 |

[}
= 2000000 1200 1
2 1000 -
& 1500000 - 800 |
1000000 | 600 -
00000 400
500000 + 200 -
0 ‘ ‘ A S ‘ 0 : : :
0 10 20 30 40 50 0 20000 40000 60000 80000
Problem number Problem number

Figure 4. Experimental results in maze3
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Table 1. Results summary

Maze1 Maze?2 Maze3
The number of perceptions 21 55 89
The number of positions in the maze 25 56
s s The number of positions in the maze with not unique 6 2 32
EB observations
£3 The number of states 45 97 208
O 3 The number of belief states 51 98 225
The number of random steps to the goal from a typical state 4.1-104 2.310° | 4.3-10%
The theoretically optimal number of steps to the goal 12 25 29
The resulting average steps to the goal 39 97 234
2 The time of the first goal achievement 2.2.10* 3-10° 3.1-108
2 X The total number of solved problems 2103 1.7-104 2-104
= S The total learning time needed to converge to a good policy 2.6-105 6.4-106 2107
5 ® During learning the number of steps to the goal was reduced | 5.6-102 3108 1.3-104
ES X times
§ The resulting number of steps to the goal is X times bigger 3.25 3.88 8.07
w than the optimal one

Comparison to other algorithms

Developing a new algorithm, it is important to analyze its place in the context of other algorithms serving for
similar purposes. For this aim, it was decided to compare the proposed learning algorithms with other
reinforcement learning algorithms. In addition, in order to make such comparison, several criteria were proposed
in Table 1. These criteria were used for the comparison presented in Table 2.

It should be noted that the presented evaluation of algorithms is very rough and could not be considered as a fully
proved comparison of different algorithms. However, it can help to describe features of the developed algorithm.
The advantages of the proposed algorithm are the simple implementation and its stable ability to form a good
policy in the extremely complex case when the environment has irreversible transactions and complex temporal
dependencies. However, it has also drawbacks: non-optimality and slow adaptation.

Table 2. The description of criteria

Criterion | Description
Sl The implementation is simple.
CT The computational time taken at each time step is small.
LT The ability to learn the policy fast.
OPT The resulting policy is very close to the optimal one.
PO The ability to overcome the incomplete perception in partly observable environments.
EF The ability to perform efficient exploration when the environment has many irreversible transactions.
CD The ability to learn complex temporal dependencies.
PD The ability to discover perceptual distinctions.
SA The architecture is not comprehensive or composite.
UL The number of hierarchy levels is not limited.

Table 3. Comparison to other algorithms
Learning algorithm SI |CT|LT|OPT|PO |EF |CD|PD|SA|UL
Q-learning [Wat89] + |+ |+ 4+ -l - - -
SSS algorithm [SS2000] H-| | - | A+ - H- - -t
HQ-learning [WS98] H-| 4 - A -] - -
USM algorithm [McCallum95] - -] 4 + + -+ |+ -
USM + “internal reward for hard-to-reach states”| - | - | + | 4+ | + | + | - | + | + | -
[Pch2003]
The proposed algorithm + |+ | - - + |+ |+ | - |+ |+
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Conclusion

In this paper a new hierarchical reinforcement learning algorithm was presented that doesn’t exploit any domain-
specific knowledge about subtask hierarchy, but automatically builds useful hierarchies. The algorithm was
developed with purpose to overcome the combination of three, previously known in reinforcement learning,
difficulties: (1) incomplete perception, (2) irreversible transactions and (3) complex temporal dependencies. The
key idea of the algorithm is to exploit the observation from the environment not only as context information for
action selecting, but also as local, internally selected, goals and subgoals. This makes the agent to be
hierarchical reinforcement learner, driven by local goals, that has a native ability of efficient exploration.

The proposed learning algorithm was experimentally investigated in different and very complex maze problems,
showing very stable ability to form a good policy in each case. However, the experiments have also discovered
the drawbacks of the algorithm: slow adaptation and non-optimality of resulting policy (the agent was able to form
only a good policy, but not a theoretically optimal one).
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SITUATION CENTERS IN MODERN STATE

M. Slipchenko, A. Kuzemin, M. Sorochan, A. Torojev

Introduction

Development of information technologies and hardware-software means make it possible to integrate various
engineering solutions of technical, technological and information nature within the framework of the single system
of implementation.

The situation center (SC) represents the complex of hardware-software means for the personal and team work of
the managers group. Its main task consists in supporting decision-making on technical and strategic management
solutions based on visualization and analytical procession of information.

The SC ensures the support of preparation and decision making in particular:

« elaboration of the versions and recommendations taking into account various conditions and limitations;
« choice or creation of the situation analysis model;

« structurization of the problems and definition of the most informative parameters;

« monitoring of socio-economical and socio-political information.

Being based on the experience of creation and operation of the situation centers in the organs of the state
management it is now possible to formulate the main types of solution concerning the contents of hard-ware-
software complex of the situation center and operation regimes.

Regimes of holding actions in the SC can be realized in the form of the limited participation of experts or
managers and in the form of television conferences (broadened content of participants), they assume joining with
the use of telecommunication means of distant representatives from different organizations, enterprises or
situation centers.

Thus, information and intelligent resources needed for consideration and elaboration of versions of solutions in a
problem situation are consolidated in the situation center. Efficiency of the SC consists in the possibility to include
the figurative associative thinking into the active decision-making work.

Designing and operation of the system of the interconnected federal and regional SC create premises for the
transition to the fundamentally another technology of operation of the state management of all levels, namely, to
the usage of the new “generation” of the decision-making methods directed to the work of experts and persons
making decisions in fuzzy multivariant conditions.

Application of information technologies and systems in the practice of the situation centers
functioning

Information technologies and systems make the basis of the SC efficient functioning. In addition to that their
practical application is based on the definition of the objects’ domains which in the state management are: the
national security, economy, financial activity, social sphere, external and internal policy, branches of industry, fuel
— power complex, transport, agriculture, development of regions, objective programs etc.

Means of information collection and storage is realized in the forms of based and data banks, knowledge bases
as well as the systems of telecommunication information action.

Forms of information storage represent segments with databases of the problem and objective orientation as
well as booths of data with the selective data in terms of the users orientation. The segments’ database and
booths are universally connected with the operation and special databases in the federal and regional structures.
They are united in the global network of data collection arriving from different sources.

In the context of development of network technologies it became urgent to ensure the users interface with the
distant (external) sources of information. One of the efficient ways to solve the emerging problems is creation of
the unique mechanism of access to the internal and external resources in the form of the corporative information
portal.
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Information portal integrates such internal applications as: e-mail, access to databases, OLAP, Data Mining and
DSS, systems of documents management with the external application (Internet news services and users’ Web-
nodes). Modern intelligent information technologies used in the SC can be represented by four groups of
technologies: operative analysis, intelligent analysis, simulation and decision-making solutions support.

Technology of operative analysis of data makes it possible to estimate the state of the processes being
observed to reveal and range the causes of significant variations to forecast development of the processes.

Recently a wide-spread occurrence was obtained by analytical systems based on OLAP technologies (OLAP —
on-line analytical processing — operative analytical data processing), which make it possible to group the data into
representation of information in the form of N-dimensional cube. Such a technology gives the possibility to an
analyst to receive “multidimensional reports” from miscellaneous sources of information and form the necessary
sampling in the form of different data cut.

Intelligent analysis of data ensures automated search of earlier unknown regularity in the databases of the
information fund. The use of the acquired knowledge allows so simplify significantly the procedure of the
informative analysis for the analysts and to increase efficiency of the models’ design by experts. Methods of the
artificial intelligence make the basis of the intelligent analysis.

Simulation of the decision-making process makes it possible to give a quantitative estimation and perform
quantitative analysis of results of the made decisions.

In these technologies oriented to the users from the organs of the state power the models are used classified as
the models of socio-economical processes, models of socio-political processes as well as the models of
extraordinary situations.

Thus, in the socio-economical sphere the use of the models of regression analysis makes it possible to predict
dynamics of macro economical indices, development of different branches of industry and agriculture, to perform
comparative analysis of socio-economical situation of regions in Russian Federation, to estimate their investment
attractiveness etc.

In the socio-political sphere, for example, the model calculation is widely used for procession and analysis of data
of the sociological enquiries.

In the process of preparation of decisions in the extraordinary situations simulation models are widely used, they
allow to analyze the development of the extraordinary situations, to estimate their consequences and calculate
the required resources needed for elimination of resources damage.

Decision-making support systems are singled out separately; they are functionally oriented to the preparation
of the analytical reports and documents, performance of the group expertises, development of recommendations
and decision versions ranging. In these systems they used mainly methods of expert estimates, models of group
estimates, method of analysis of hierarchy (method of pair comparisons), method of alternative decisions
synthesizing.

Information-analytical systems input into software-hardware complex of the SC significantly extend its
functional possibilities. In this framework of the highest organs of the state power the most required are the
general mathematical information-analytical systems (IAS).

The means of the information presentation unite the following types of technologies:
« Cartography of the problem situations and objects of decisions;

« Structuring of fuzzy ideas and decision hypothesis;

« Multimedia imagery of the situation dynamics.

Problems of information security

Provision of the information security is one of the most important problems in application of the information
technologies in the practice of the state management. Organization of the systems’ functioning in the modern
communication means in conjunction with the necessity to perform the requirements on the user service
significantly complicates this problem solution.

Two types of information struggle should be singled out, namely, information-psychological and information-
technical ones. The main objects of impact and security in information technical struggle are information-
engineering systems (communication systems, telecommunications system, radio electronic means etc).
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Realization of information security hazard can result in a serious and, in a number of cases, catastrophic

consequences; the main of them are as follows:

- violation of the state establishments, social organizations and institutions activity;

« variation of the individual or mass consciousness, moral and political, social and psychological chi mate in the
society;

« infringement of the state national interests due to the drain of the most important information.

Prospects on the information technologies development and proposals on the situation centers
development

Today the level of development of the information technologies makes it possible to envisage confidently the
possibilities of creating the system of “electronic power” in the near future. The essence of the efficient control
and the processes of decision-making management at the first stage and further in formation of the complex
system of control of socio-economical and socio-political processes in the context of the state management.

Under conditions of the global information of the society the role and functions of management transform, this,
respectively, is reflected on the realization of economic and social policy as well as on the support of democratic
institutes of power. At present it becomes evident that in future the efficiency of the process of management will
depend even greatly on the quality of information. In this case the main methodical directions of rising quality of
the information support of the state management in the context of the considered problem are, at our point of
view, as follows:

« development of methodological principles for introducing the situation centers as means of the system
integration of the intelligent information technologies into practice of the state management of the federal and
regions levels;

« development of the methodology for consolidation of the information resources and clear definition of their
propagation limits, creation and development of the information funds on the basis of the distribution
calculations methodology and data storage;

- creation of the decision-making system on the basis of the modern intelligent information means of data
procession;

- development of a wide class of the socio-economical and socio-political processes models;

« orientation in development and application to the management of the intelligent information technologies
aimed to creation of the systems of “electronic power”;

« creation of the efficient technologies of the information security oriented to application to information-analytical
systems of the state management.

Conclusion

Results of the imitative simulation systems’ use in the situation centers are given in this work. Majority of the
program complexes, used in the world for the economical, political, and financial simulation, are based on the
methods of the so called system dynamics. The latter one, in its turn, uses the fuzzy cognitive maps’ apparatus
offered by Kosko at the beginning of the eighties and used for the first time in the field conditions during the
political crisis in South Africa.
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AN INTERACTIVE METHOD OF LINEAR MIXED INTEGER MULTICRITERIA
OPTIMIZATION

V. Vassilev, K. Genova, M. Vassileva, S. Narula

Abstract: The paper describes a learning-oriented interactive method for solving linear mixed integer problems of
multicriteria optimization. The method increases the possibilities of the decision-maker (DM) to describe his/her
local preferences and at the same time it overcomes some computational difficulties, especially in problems of
large dimension. The method is realized in an experimental decision support system for finding the solution of
linear mixed integer multicriteria optimization problems.

Keywords: linear mixed integer multicriteria optimization, interactive methods, decision support systems.

1. Introduction

The reference point interactive methods and the classification-based interactive methods are the most widely
spread methods [Gardineer and Vanderpooten, 1997], [Miettinen, 1999], [Vassilev et al., 2003] for solving linear
problems of multicriteria optimization. This kind of interactive methods is also used [Climaco et al., 1997],
[Vassileva, 2001] for solving linear mixed integer problems of multicriteria optimization.

Single-criterion problems of linear programming are used in the interactive methods solving linear problems of
multicriteria optimization. They belong to the class of P-problems [Garey and Johnson, 1979] and therefore the
time for solving a single-criterion problem does not play a significant role in the interactive methods of linear
multicriteria optimization. In the development of the interactive methods, main attention is paid to the possibilities
offered to the DM to describe his/her preferences. Single-criterion problems of mixed integer programming are
applied in the interactive methods solving linear mixed integer problems of multicriteria optimization. They are
NP-hard problems and hence the time for single-criterion mixed integer problems solution has to be obligatory
taken into account when designing interactive methods.

A learning-oriented interactive method is proposed in the present paper on the basis of new linear mixed integer
classification-based scalarizing problems, intended to solve linear mixed integer problems of multicriteria
optimization. The method increases DM’s possibilities to describe his/her local preferences and also overcomes
some computational difficulties, connected with single-criterion mixed integer problems solving.

2. Problem formulation

The linear mixed integer problem of multicriteria optimization (denoted by 1), can be formulated as follows:
(1) "max"{f, (x)}, ke K

subject to:

) 2.a;%; <b;, ieM
JjeN

(3) 0<x,<d, JEN

(4) x, —integers, je N'; N = N,

where x ),k € K are linear criteria (objective functions), x)=Y c*x., “max” denotes that all the
k k J

Jj=N
objective functions should be simultaneously maximized; x = (xl,xz...,x j,...xn) is the variables vector;

K= {1,2,...,p}, M = {1,2,...,m}, N = {1,2,...,n} and N < N are sets of the indices of the linear criteria
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(objective functions) of the linear constraints, of the variables and of the integer variables respectively.
Constraints (2)-(4) define the feasible region X, for the variables of the mixed integer problem.

Several definitions will be introduced for greater precision.

Definition 1: The solution x is called an efficient solution of problem (1), if there does not exist any other solution

X | so that the following inequalities are satisfied:
i (}) 2 f,(x), forevery k € K and

I (;) > f,(x), foratleastoneindex k € K .

Definition 2: The solution * is called a weak efficient solution of problem (1), if there does not exist another
solution X such that the following inequalities hold:

Ji (x)> fi(x), forevery ke K .

Definition 3: The solution * is called a (weak) efficient solution, if X is either an efficient or a weak efficient
solution.

Definition 4: The vector f(x) = (f,(x),.... f, (x))" is called a (weak) non-dominated solution in the criteria

space, if X is a (weak) efficient solution in the variables space.

Definition 5: A near (weak) non-dominated solution is a feasible solution in the criteria space located
comparatively close to the (weak) non-dominated solutions.

Definition 6: A current preferred solution is a (weak) non-dominated solution or near (weak) non-dominated
solution, if selected by the DM at the current iteration.

Definition 7: The most preferred solution is the current preferred solution, which satisfies the DM to the highest
extent.

3. Scalarizing problems

The linear mixed integer problems of multicriteria optimization do not possess a mathematically well-defined
optimal solution. That is why it is necessary to choose one of the (weak) non-dominated solutions, which is most
appropriate with reference to DM's global preferences. This choice is subjective and it depends entirely on the
DM.

The interactive methods are the most widely used methods for solving linear mixed integer problems of
multicriteria optimization [Climaco et al., 1997], [Vassileva, 2001]. Every iteration of such an interactive method
consists of two phases: a computation and a decision one. One or more non-dominated solutions are generated
with the help of a scalarizing problem at the computation phase. At the decision phase these non-dominated
solutions are presented for evaluation to the DM. In case the DM does not approve any of these solutions as a
final solution (the most preferred solution), he/she supplies information concerning his/her local preferences with
the purpose to improve these solutions. This information is used to formulate a new scalarizing problem, which is
solved at the next iteration.

The type of the scalarizing problem used lies in the basis of each interactive method. The scalarizing problem is a
problem of single-criterion optimization and its optimal solution is a (weak) non-dominated solution of the
multicriteria optimization problem. The classification-based scalarizing problems are particularly appropriate in
solving linear mixed integer multicriteria optimization problems, because they enable the decrease of the
computational difficulties connected with their solution as well as the increase of DM's possibilities in describing
his/her local preferences and also lead to reduction of the requirements towards the DM in the comparison and
evaluation of the new solutions obtained. In the scalarizing problems suggested in this chapter, the DM can
present his/her local preferences in terms of desired or acceptable levels, directions and intervals of alteration in
the values of separate criteria. Depending on these preferences, the criteria set can be divided into seven or less

criteria classes. The criterion f, (x), & € K may belong to one of these classes as follows:
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k € K, if the DM wishes the criterion £, (x) to be improved;

k € K=, if the DM wishes the criterion £, (x) to be improved by any desired (aspiration) value A, ;

k € K=, if the DM agrees the criterion £, (x) to be worsened;

k € K=, in case the DM agrees the value of the criterion £, (x) to be deteriorated by no more than &, ;

k € K™, if the DM wishes the value of the criterion £, (x) to be within definite limits with respect to the
currentvalue f,, (f, —t, < f,(X)< f, +1));

k € K™, if the current value of the criterion £, (x) is acceptable for the DM;

ke K", if at the moment the DM is not interested in the alteration of the criterion £, (x) and this
criterion can be freely altered.

In order to obtain a solution, better than the current (weak) non-dominated solution of the linear mixed integer
problem of multicriteria optimization, the following Chebyshev’s scalarizing problems can be applied on the basis
of the implicit criteria classification, done by the DM. The first mixed integer scalarizing problem [Vassileva, 2000]
called DAL (desired and acceptable level) has the following type:

To minimize:

6)  S(x)= maX[rkgg(ﬂ - L@
under the constraints:

©  fi(x)=f kekK,

(7) fk(x)ka—é'k,keKS,
(8) xelX,,

where:

max(f, - £, ()]

f:» k € K isthe value of the criterion £, (x) in the current preferred solution;

fk = f, +A,, k € K~is the desired level of the criterion £, (x);

/. «, k € K is a scaling coefficient:
e if‘fk" <¢
fe=y o
S 1f‘fk‘ > &
where ¢ is a small positive number.

DAL scalarizing problem has three properties, which allow to a great extent the overcoming of the computational
difficulties, connected with its solving as a problem of integer programming and also decrease DM’s efforts in the
comparison of new solutions. The first property is connected with this, that the current preferred integer solution
of the multicriteria problem (found at the previous iteration), is a feasible integer solution of DAL problem. This
facilitates the exact as well as the approximate algorithms for solving DAL problem, because they start with a
known initial feasible integer solution. The second property is connected with the fact, that the feasible region of
DAL problem is a part of the feasible region of the multicriteria problem (I). Depending on the values of the

parameters A, /k e K=, &, /k € K= the feasible region of DAL problem can be comparatively narrow and
the feasible solutions in the criteria space, found with the help of approximate integer programming algorithms,
may be located very close to the non-dominated surface of the multicriteria problem (). The third property
comprises DM’s possibility to realize searching strategy of “not big profits — small losses” type. This is due to the
fact, that such optimal solution is searched for with the help of DAL problem, which minimizes Chebyshev’s
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distance between the feasible criteria set and the current reference point, the components of which are equal to
the wished by the DM values of the criteria being improved and to the current values of the criteria being
deteriorated. The (weak) non-dominated solution obtained and the current solution are comparatively close and
the DM can easily make his/her choice.

The classification-oriented scalarizing problems are appropriate in solving integer problems of multicriteria
optimization, because the computational difficulties, connected with their solving are decreased with their help
and the requirements towards the DM in the comparison and evaluation of the new solutions obtained, are
diminished. From a viewpoint of the information, required by the DM in new solutions seeking in this scalarizing
problem, the DM has to define the desired or acceptable levels for a part or for all the criteria. With the help of the
scalarizing problem below described, called DALDI (desired or acceptable level, direction and interval), the DM is
able to present his/her local preferences not only by desired and acceptable levels, but also by desired and
acceptable directions and intervals of alteration in the values of separate criteria. The mixed integer scalarizing
problem DALDI has the following type:

Minimize:

©  S(x)= max[mag(fk ~ Vi) max (1~ 1y (x))/\fk'\} max(fi = /| £,
keK keK=UK keK

under the constraints:

(100 f(x)>f, keK” UK~

11y f(x)>f, -6, keK*=,
(12 filx)2fi—ti keK™,
13)  fi(x)< S+t keK™,

(14) xelX,,

The scalarizing problem DALDI has characteristics similar to DAL scalarizing problem, but still there are two
differences between them.

The first difference consists in this, that DALDI scalarizing problem gives greater freedom to the DM when
expressing his/her local preferences in the search for a better (weak) non-dominated solution. Besides desired or
acceptable values of a part or of all the criteria, the DM has the possibility to set also desired or acceptable
directions and intervals of change in the values of some criteria The second difference between DAL and DALD/
scalarizing problems concerns the possibility to alter their feasible sets (make them “narrower”), so that the
feasible solutions are positioned close to the non-dominated (efficient) solutions of the multicriteria problem The
more the criteria are, which the DM wishes to be freely improved or freely deteriorated, the smaller this possibility
is. The narrow feasible regions of the scalarizing problems DAL and DALDI enable the successful application of
approximate single-criterion algorithms, which is especially important when these problems are integer. It should
be noted that scalarizing problem DAL is better than scalarizing problem DALDI in this aspect.

DAL and DALDI problems are nonlinear mixed integer programming problems [Wolsey, 1998]. Equivalent linear
mixed integer programming problems can be constructed, [Vassileva, 2000], [Vassilev et al., 2003] with the help
of additional variables and constraints

4. GAMMA-I1 interactive method

On the basis of scalarizing problems DAL and DALDI, a classification-oriented interactive method, called
GAMMA-II is proposed for solving linear mixed integer programming problems of multicriteria optimization. The
problems of mixed integer programming are NP-problems, i.e. the time for their exact solution is an exponential
function of their dimension. That is why, in solving integer problems, particularly problems of larger dimension
(above 100 variables and constraints), some approximate methods are used [Vassilev and Genova, 1991], [Pirlot,
1996]. Since finding a feasible solution is as difficult as finding an optimal solution, the approximate integer
methods in the general case do not guarantee the finding of an optimal integer solution and of an initial feasible
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integer solution too. If the initial feasible integer solution is known and the feasible region is comparatively
“narrow”, then with the help of the approximate integer methods some satisfactory and in part of the cases
optimal integer solutions could be found. The scalarizing problems DAL and DALDI have known feasible initial
integer solutions.

DALDI scalarizing problem allows enlargement of the information with the help of which the DM can set his/her
local preferences. This information expansion leads to the extension of the feasible set of criteria alteration in the
criteria space and of the integer variables in the variables space. Hence, the approximate integer solutions of
DAL problem (obtained with the help of an approximate integer method) are located closer to the non-dominated
(efficient) set of the multicriteria problem, than the approximate solutions of DALDI problem. Therefore, if solving
linear mixed integer problems of (/) type of large dimension, when the scalarizing problems have to be solved
approximately in order to reduce the waiting time for new solutions evaluated by the DM, it is better to use DAL
scalarizing problem than scalarizing problem DALDI.

Two different strategies are applied in the development of GAMMA-I1 interactive method in the process of
searching for new solutions that are evaluated. The first strategy, called integer strategy, consists in seeking a
(weak) non-dominated integer solution at each iteration by exact solution of the corresponding linear mixed
integer scalarizing problem. The second strategy, called approximate integer strategy, comprises searching for
near (weak) non-dominated integer solutions at some iteration, approximately solving a respective linear mixed
integer scalarizing problem. During the learning phase and in problems of large dimension up to the very end,
only near (weak) non-dominated solutions can be looked for.

The interactive GAMMA-I1 method is designed to solve linear mixed integer problems of multicriteria
optimization. The two strategies above described are realized in the method during the search for new solutions
for evaluation in order to overcome the computational difficulties (particularly in solving problems of large
dimension). The method is oriented towards learning and the DM has to determine when the most preferred
solution is found. The algorithmic scheme of GAMMA-I1 interactive method includes the following basic steps:

Step 1. An initial near (weak) non-dominated solution is found, setting f, =1, k € K and fk =2, kekK

and solving DAL problem.

Step 2. The current (weak) non-dominated solution or near (weak) non-dominated solutions obtained are
presented for evaluation to the DM. If the DM evaluates and chooses a solution that satisfies his/her global
preferences, Step 6 is executed, otherwise — Step 3.

Step 3. A question is set to the DM what new integer solution he wishes to see — a (weak) non-dominated or a
near (weak) non-dominated solution. Step 5 is executed in the first case and Step 4 - in the second.

Step 4. The DM is asked to define the desired or feasible levels of the values of a part or of all the criteria.
Scalarizing problem of DAL type is solved and then goes to Step 2.

Step 5. The DM is requested to define the desired or feasible levels, directions and intervals of alteration in the
values of a part or of all the criteria. Scalarizing problem of DALDI type is solved and then goes to Step 2.

Step 6. Stop the process of the linear mixed integer multicriteria problem solving.

In GAMMA-I1 interactive method the DM controls the dialogue, the computing process and the conditions for
cancelling the process of linear mixed integer multicriteria problem solution.

5. Conclusion

The interactive GAMMA-I1 method is realized in the experimental software system MOLIP, developed at the
Institute of Information Technologies of the Bulgarian Academy of Sciences. This system is designed for
interactive solution of linear and linear mixed integer multicriteria optimization problems with different number and
type of the criteria, with different number and type of the variables and constraints. MOLIP system functions in the
environment of Windows 98 and higher versions and may serve for learning purposes, as well as for the solution
of different applied problems. Our experimental results confirm that the computational effort and time are reduced
considerably using heuristic integer algorithms in the learning phase and when solving large problems.
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DIGITAL CREATIVITY: ADVANTAGES, PROBLEMS, RESPONSIBILITIES
V. Velev

Abstract: The paper focuses on the rapid development of the digital culture and the challenges it imposes to
human creativity. It analyses e-learning, digital entertainment, digital art and the issues of creativity and
improvisation. It also presents a classification of the levels in the creative structure including hardware and
software tools; product developers; creators and end users. Special attention is paid to the advantages of the new
digital culture and the responsibilities of all people who create it or use it. We conclude that more attention should
be paid to the threats and to ways of boosting positive creativity in the various fields of application of information
and communication technologies.

Keywords: digital art, creativity, improvisation

Introduction

The rapid development of information and communication technologies (ICT) implied important changes in the
human lives. The earliest uses of computers were very narrow-profiled and applied in specific sectors and
professions. Nowadays, ICT accompany people from early childhood in the educational system, at work, in the
societal organisation, in everyday life activities, and at leisure. This trend seems so natural that one important
shift was left somewhat behind the focus: the function of computers changed. Starting with support for humans in
routine tasks, nowadays computers became in the centre of wide range of tasks, which involve human creativity.
This is obvious in areas related to computer art, but is equally important in entertainment and educational
applications, which form the fabrics of the human personality, including the creativity.

The basic aim of this paper is to increase the awareness of creativity related issues in the modern computer world
and its influence on the human personality.

We provide an analysis of the typical areas influenced by the new digital culture: e-learning, digital entertainment,
digital art and discuss the issues of creativity and improvisation in the digital environment.

We continue with a presentation of our view on the digital culture ingredients and their inner dependencies. The
basic ingredients of the digital culture include hardware and software tools, developers and users. The users
basically form two groups — consumers and creators. One would expect that one consequence from the use of
the ICT would be increased creativity and improvisation. This matter is not studied yet and we hope that this
paper will raise the interest to it.

Finally, we present a SWOT (Strengths-Weaknesses Opportunities-Threats) analysis of the digital culture. Our
basic conclusion is that more attention should be paid to raise the awareness in the threats and to boost positive
creativity in order to support the development of the unique distinctive creative nature and potential of the human
personality and to save the human values in the society as a whole through the various fields of application of
ICT.

Forms of Life of Digital Culture

Nicholas Negroponte, the founder and the director of the Media Laboratory at the Massachusetts Institute of
Technology, wrote in the introduction to his book Being Digital: “Computing is not about computers anymore. It is
about living" (p. 6, [Negroponte 1996]).

The digital technologies led to the creation of a new world, a ‘different reality’ that we often call ‘virtual space’ or
‘virtual environment’ (VE) The technological developments, which make possible human beings to immerse into
it, are becoming more and more mature. Almost everything which one could ever imagine could be modelled
inside of the virtual environment; one can ‘live’ and ‘do’ there, i.e. one can simulate all types of human activity.

There are several application fields, which are particularly strongly influenced by the idea of virtual environment
and human immersion:
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0 E-learning
o Digital entertainment
o Digital art and its genres

E-learning

E-learning is defined as “The use of new multimedia technologies and the Internet to improve the quality of
learning by facilitating access to resources and services as well as remote exchanges and collaboration.”®This
definition puts the emphasis on two basic issues: specific technologies (multimedia, Internet) and on the process
of learning. In this field, there is enormous space for creativity. We are moving to the development of a virtual
community, which shares a common educational content.

However, the e-learning should not be overestimated. Even if fields like linguistics or pure information, there is a
small share, which can be filled in only by the real practice. Without it nowadays and in the future the process of
learning could not be completed adequately. This is not only due to the fact that devices simulating physical
sensation (haptic devices, olfactory interfaces, immersive visual interfaces) are still not perfect, but because of
the impossibility to simulate and substitute the human presence. The contact with the other person, no matter
whether he is a supervisor, partner or patient, and most over the vivid human feedback could not be replaced
even in the most advanced digital technologies. To many people this statement could seem old-fashioned, but we
should not neglect that in each human sphere there is a certain amount of knowledge, which can be transmitted
only via personal contact.

Michael Polanyi, the creator of the theory of the personal knowledge, concludes that there are two types of
human knowledge - the first one is obvious and logical, and the other one is hidden, peripheral [Polanyi 1962].
The second one is acquired through studying of the internal structure of the object of study and this type of
knowledge can be transmitted only through personal contact between the teacher and student. The obvious
knowledge is transferred logically and verbally. The hidden knowledge is transmitted only directly in the contact of
teacher and student.

The informal personal knowledge could be transmitted only within the process of personal contact. Thomas Kuhn
investigates the phenomenon why good students most usually are not becoming successful researchers [Kuhn
1962]. He suggested that this is due to their maturing basically through reading textbooks and the lack of
personal contact and real practice.

Of course, we are not denying the role, place and the meaning of the e-learning. It is a new kind of enriching the
forms of education nowadays. Being accessible, financially profitable and safe in the cases of simulating of critical
situations, it is unique and can give us a lot, and shorten the periods of training. In the future, it could become
obligatory way of knowledge acquisition. But we should understand that it could be necessary, but not sufficient
form of training and it is better to use it as a step to the last phase of training: the real practice in our “material”
world.

Digital Entertainment

In the USA the number of sales of games already overcomes book sales. In the UK the games are exceeding by
80% video rentals [Ross et al, 2003]. This illustrates the great power of games industry and opens the question
how it is actually utilised by the society.

The possibilities for building edutainment (educational entertainment) products involving computer games in the
field of cultural heritage are studied in [Sotirova, 2004]. This paper shows clearly that developing games with
cultural and historical content is a difficult process and needs special measures from governments or other
organizations which would support it — otherwise the companies would normally go for the development of more
cost-effective products, which on the long-run do not contribute to the balanced development of the young
generation.

In the digital entertainment we find the combination of spectacular scenery and personal involvement, ‘real’
participation in the virtual life. The attractive power of games is in immersing in worlds, which exist only in the
imagination. While in the daydreams one can model the reaction of the opposite side and the outcome of the

% http://www.elearningeuropa.info, last visited on 22 April 2004.
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events, here one meets other people or artificial intelligence, which are beyond his power. Here the opposite side
is independent, acts on its own will, has its own logic and the outcome is not predictable. This builds the
adventure spirit and makes the emotional experience especially strong.

Digital art and its genres

The search for the term “Digital art” returned 1,580,000 results on 22 April 2004. There are websites, which
provides tens of thousands of pages of galleries and advice for the digital artist. A typical one is ‘The Digital Art
Community”?” which offers tutorials for the people willing to become digital artists, e.g. 3D modelling/Animation,
anatomy and Figure Drawing, Concept and Design, Digital lllustration and Painting, Photoshop Effects and Tips.
On the one hand, we witness enormous amount of resources on this topics and of works called by their authors
‘digital art’. On the other hand, the advice, which is given, most often is targeted to acquiring technical skills. Is
this what makes the artist? Where one could learn creativity or improvisation?

Now in the digital environment we have plethora of new art directors, new scriptwriters, new artists — this is the
new art. However, the aesthetic, moral and spiritual laws which are valid for the traditional art are valid here too;
the same codex and the same principles because the essence of the art is the same, only the tools are different.
But we should take into account that the new art compared to the traditional one is different in the sense of power
of effect on the human consciousness. The power of art, the large media scale, the magic of the drugs, all of
these are collected here, but strengthened several times. Its power of effect is tenfold bigger than that of the
cinema and visual arts; hundredfold than that of the theater and thousandfold more than that of the literature,
because it collects all of them together.

Digital creativity and improvisation

A substantial part of the software tools — these for graphical design, manipulation of 3D objects, space and
animation, as well as the specialised applications for creative modelling, e.g. in fashion, agent and avatar
technologies, stimulate the development of the creative nature of a growing number of people. Everyone could
find something, which suits his personal taste; his individuality and interests.

For example, People Putty is a program from Haptek?® that allows one to make his own interactive 3D characters
changing skins, shapes, emotions and accessories. The game developers are also creators. Every digital maniac
could create a game and settle it with creatures without being trained to draw, to write or to compose music.
People can make different things: their own greeting cards, electronic journals, web pages and thus have
numerous opportunities to create.

The most incredible is that everyone can try whatever he likes - to draw, to design, to fight, to test crazy ideas, to
make impossible dreams become true. The most substantial advantage is that everyone can improvise, i.e. to
entertain himself, to reveal creativity. Everyone could be an artist, architect, musician, designer, builder, warrior,
politician, king, and even God! This is so easy, safe and without any responsibility! And that is the most
dangerous side of it. False creative self-confidence is being formed and the need for preceding professional
training disappears. This leads to invasion of unprofessionalism in the art. Creation of clichés suffocates
originality and creative thinking. Every work despite its artistic value becomes public and natural censorship
regarding artwork and artists is lacking. All this leads to decay of the esthetical criteria and expectations of the
user.

The improvisation in the digital environment is basically taking the form of a game and creative entertainment,
while the professional creative improvisation has a preliminary defined topic, clear idea and a structural skeleton
around which the improvisation is built. The topic and the idea are leading in the choice of means of expression
and the connections within the skeleton. The creative improvisation follows one general idea and a message. The
difference in the digital improvisation is in the level of consciousness and preliminary planning. Digital
improvisation can cover the range of irresponsible entertainment to the conscious creative act, but this depends
on the user. Thus, the users can range from users consumers to users creators.

T hitp://www.gfxartist.com, last visited on 22 April 2004.
2 http://www.haptek.com/, last visited on 16 May 2004.
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The Digital Culture Ingredients

After presenting the fields, which are most strongly influenced by the modern digital culture, we would like to
discuss what are its current ingredients and bearers. We start with the traditional grouping to hardware and
software and add two core groups of people connected with the digital culture: developers and users.

Hardware

The computer hardware is the presupposition for the functioning of a specific application. It could facilitate or
make more difficult the execution of a specific task. The current struggle of companies in this field is for building
devices, which are easy fo use, do not require special education and effort, and are portable (see the section on
Human-computer Interaction in [Ross et al., 2003]). Additional trend in the recent years is that the specialisation
of devices blurs and we use more and more multifunctional devices, e.g. mobile phones, which include game
stations, digital cameras, audio recorders and players.

One trend of special importance in the current hardware developments is the increased role of virtual
environments (VE) opposed to augmented reality. One important concept related to VEs is the human immersion
(see, e.g., the section on Virtual reality in [Ross et al., 2003])

Virtual Environments

The basic role of VE technology is to provide tools for the development and use of computer-generated artificial
environments. It is believed that thus users will interact with the environment in natural and easy ways. In this
respect the interface issues play crucial role. Probably the basic reason for interest of professionals in VE
systems is that they contribute to work on new application areas, which were too expensive or dangerous before
(like underwater and space work, hazardous environments, simulation of natural calamities). In addition it is
considered that well-designed VEs would provide more intuitive metaphors for human-computer interaction. VEs
quickly become one of the basic ingredients of computer games.

VEs can be divided into three groups differing on the sense of immersion they provide: non-immersive, semi
immersive and fully immersive [Ross et al, 2004]. Immersion is measured by the power of attention, which the
user focuses on the activity and his/her sense of presence in the environment. The sense of immersion is directly
connected with the number of senses involved in the user work. This goes beyond the visual and audio
communication channels, which is traditionally used in human-computer interaction and involves devices, which
use the sense of touch, sense of smell and movement.

For the visual channel, despite the display characteristics, other factors contributing to the sense of immersion
include image quality (including number of dimensions) and the speed and level of interactivity of the system.

Non-immersive systems are the weakest ones. The VEs are simulated on a desktop computer with a standard
high-resolution display. Keyboard, mouse, joysticks are employed for interaction with the system. Data gloves
often are used in such systems to involve the sense of touch in the user work.

Semi-immersive systems provide better sense of immersion. This is achieved through the use of large screens of
multiple projection systems such as CAVEs (Cave Automatic Virtual Environment), and shutter glasses.

Fully immersive systems currently are based on the use of head-mounted display (HMD) technology. They give
highest sense of immersion, although the image quality compared to previous technologies is worse.

Health issues are often raised in connection with immersive systems. Dizziness and lost of sense of orientation
can be caused by the use of VE devices. Most commonly these problems are connected with the use of HMDs
which are reported to physical, physiological and psychological problems. HMDs may also lead to posture
problems because of the additional load on the body.

Augmented reality is a concept taken in contrast to virtual reality. Unlike virtual environments and their imaginary
experiences, augmented reality uses the modern computer technologies to supplement the perceptions of the
user of his actual surrounding. The basic factor for building augmented reality is not in different devices, but in the
content of information provided to the user and its relation to the real world surroundings.

Care for Impaired Users

Another important trend in current technological developments is the greatest care for users with visual and other
impairments. Thus people who were not able to use computers before join the computer society.
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In the last years, we witness technological changes in the hardware every six months, and the appearance of
novel devices. The history of computing never witnessed such plethora of devices with different technical
capabilities and underlying concepts. The challenge to the users in this respect is to be open to new
developments; form clear views on the necessity to master a new device and quickly learn to use it.

Software

The next level of interest in the computer culture is related to the employment of new hardware possibilities in the
development of software.

In software development nowadays, several trends are influencing the development of systems, which are more
attractive to the users:

0 Personalisation of users in the virtual environments through use of avatars.
o Tele-presence applications, which contribute to form the sense of presence at another location.
0 Building virtual communities.

Personalisation of Users

The virtual presentations of human users in the computer environment are called avatars. Human presentations
of computer processes or programs are called agents. Both avatars and agents assist in forming the sense of
social dimension in the human-computer interaction. Their use does not involve heavy bandwidth necessary for
use of other technologies presenting the real user in the virtual environment, such as video conferencing and this
explains their growing popularity.

Telepresence

Telepresence is defined as “the use of technology to establish a sense of shared presence or shared space
among separated members of a group” [Buxton 1992]. Telepresence is a step ahead of video conferencing. It is
of special importance due to the fact that it enriches communication with non-verbal aspects: gestures, eye
contact, and spatial perception. Telepresence blurs the sense of reality of the user and moves him/her to another
place.

Virtual Communities

Modern ICT offer a broad range of tools supporting communication and help people to be in contact with other
people from all over the world. In the beginning, the communication tools were text-based and asynchronous,
such as the e-mail and mailing lists. Later, instant messaging, multi user dungeons and video conferencing added
other means and synchronised the communication. Peer-to-peer technology allows people in a community to
exchange resources [Ross et al., 2004]. Virtual community is defined as a network of individuals/organisations
using digital technology to create and use shared experience and knowledge.

Knowledge and emotions are the two typical centres around which communities are being built. In the first case,
people collect and exchange opinions, learning materials, information how to do something or where to find
particular content, etc. In the second case, communities gather to fulfil emotional or communication needs.

The Humans’ Basic Roles: Developers and Users

People immerse in the digital environment in two basic roles: developers and users. The users can be
themselves creators, or passive consumers.

Fig. 1 presents the relationships between the different components of the digital culture.

In the digital eye centre (see 1) is the field of new digital technologies (I). Around it, from the centre towards the
periphery, are differentiated its adjacent inheriting areas (I1, 111, 1V). However, the links between them are
neither linear nor hierarchical and these areas are overlapping and intersecting each other (see 2). Thus the
image of the Digital Shell (see 3) is being formed. Surrounded by the amorphous area of the consumers (V), this
metaphor gives an idea about the digital culture which conquers our society slowly, gradually, but undoubtedly.

The process is bi-directional (see (4)). The digital shell (A) develops and perfects its products around the needs,
interests and expectations of its users (B). They play the role of the small grits which boost the development of
mother-of-pearl — in this case of the research quests and the development of innovative technologies, while finally
the pearl itself — i.e. the specific product, appears (see C). On this stage the new product has been delivered back
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to the user and influences his future interests. Thus, the developers of the digital products represented by the
digital shell strongly influence the interests of the mass user. This two-fold process enhances the development of
each tendency and also of the mistakes, if they had been done.

I.LHARDWARE

II.SOFTWARE

I1I. DEVELOPERS

IV. USERS CREATORS

: V. USERS CONSUMERS

|I. |IL |IIL [IV. | V.

Fig. 1. The Digital Culture Ingredients

The digital shell should educate the users taking into account their interests, without allowing they to become

leading ones. However, this is not easy to achieve in the market economy where the basic concern is the profit,
which could lead to domination of the bad taste and low criteria due to the sporadic nature of the mass consumer.

Conclusion

Finally, we would like to summarise (see Table 1) the strengths-weaknesses opportunities and threats of the
current virtual environments.
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STRENGTHS

WEAKNESSES

OPPORTUNITIES

THREATS

Globality and dimension of the
net: the new technologies can
unify the world not only in the
sense of information, but also in
the sense of social issues. The
problems being regional or
private become global and
shared.

The lack of order leads
to chaos; many issues
are not noticed which
causes the ‘voice in a
desert’ effect.

Dissemination of
knowledge.

Faster problem
solving.

Unifying the efforts of
people from all over
the world in problem
solving.

Building synergies in
decisions making.

The effect of negative messages
is multiplied.

Immense power of effect of the
digital culture on the human
CONSCIOUSNESS.

Lack of order and
control.

Anonymity and lack of
responsibility in the
cases of misuse.

These technologies
could contribute in
the cases of global
problems (ecological,
terrorism, etc.) which
solution requires
behavioral change in
humans.

Raising of moral and

ethical norms
common to the
mankind.

Manipulation of the
consciousness, malicious use
and propagation of false moral
values.

Deliberate or sporadic destroying
of the moral ideals.

VE can be used to model and
simulate almost everything one

Immersion is still not
100% possible.

New possibilities are
opened for training,

The real life is shifted; asocial
behavior can grow.

could imagine. education and
entertainment.
New educational opportunities: | Knowledge obtained is | One  can  gain | There is a danger to overestimate

low price, mass coverage.

incomplete (the
practical  experience
and ‘hidden’
knowledge can be

achieved only through
personal face-to-face
contact).

precious experience
for situation, which
are too dangerous to
be learned in the real

world (e.q.,
modelling of
hazardous
environments,
calamities,  space
etc).

Involvement of

outstanding
personalities in the
learning process is
easier in the VE than
in the real world.

this type of education and to
throw off the real practice, which
could lead to abundance of low-
level graduates.

Considerably greater
possibiliies ~ for  creative
activities (professional, hobbies,
and entertainment). Everyone
could try himself and act as an
artist,  architect,  musician,
designer, animator, director,
etc. without being formally
trained to do this.

Diminishes the formal
need for preceding
professional  training.
Lack of  natural
censorship  regarding
works of art and
artists, compared to
classical arts. Every
work despite its artistic
value is made public.

Stimulation and
development of the
creative nature with
appropriate creative
games.

Invasion of unprofessionalism in
the art. Building false creative
self-confidence. Decay of the
esthetical criteria and expectation
of the user.

Creation of clichés suffocates
originality and creative thinking.
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New possibilities for
entertainment. Things
impossible  before  become

possible: immersion in activities
and situations, wars, research
missions, magic worlds, entry
into impossible roles (warriors,
magicians, emperors, Gods).
Safety. Lack of fear of the
consequences. Freedom and
completeness of the
experience.

Lack of connection
between action and
consequence in all
personality  aspects:
physical, physiological,
moral, social. Lack of
risk, lack of fear of
fatal errors.

The hypnotic power
of  the digital
entertainment  could
be connected to the
education in a way,

which leads to
improving its
outcomes.

Weakening of the sensitivity and
the instinct of self-preservation
(making harm to self and others).
Feeding the low human passions:
aggression, power-loving, and
cupidity.

Lack of responsibility for one’s
actions in life.

Lack of understanding of the
importance and irreversibility of
life events and developing of
‘undo’ behaviour.

Table 1. SWOT analysis: Digital Culture

This paper was written with the idea to attract the attention of IT professionals on the deep meaning of their work
on the personal development and, respectively, on the society as a whole.

If we take as a starting point Nietzsche’s thought “A person's maturity consists in having found again the
seriousness one had as a child, at play.”?, we can say that current technologies are on the way to assist one to
find the way back to his childhood by a number of external factors, such as hardware devices and interfaces. This
cannot be claimed for seriousness, feeling, passion — and how often the developers or users themselves realise
this?

It is unlikely that the ideological predecessors of the World Wide Web imagined what changes in human lives its
appearance would actually cause. We should realize the responsibility. The mankind knows cases when its own
creations turn against it.

We should not forget that digital technologies are not an end in themselves, but a tool for support and
development in our lives. But they are also an element with an immense power, like the fire and nuclear energy. It
depends only on us whether this element would serve us or will come out of control and how we will use it — for
creation or for destruction.

Let we will be led in our digital creative acts by the humanity and the care for people; by the unique distinctive
creative nature and potential of the human personality and the preservation of the human values in the society as
a whole and not by the technology itself.
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XML PRESENTATION OF DOCUMENTS USED FOR DATA EXCHANGE IN
MANAGEMENT OF GENETIC RESOURCES

L. Yordanova, VI. Dimitrov

Abstract: In the global strategy for preservation genetic resources of farm animals the implementation of
information technology is of great importance. In this regards platform independent information tools and
approaches for data exchange are needed in order to obtain aggregate values for regions and countries of
spreading a separate breed. The current paper presents a XML based solution for data exchange in management
genetic resources of farm animals’ small populations. There are specific requirements to the exchanged
documents that come from the goal of data analysis. Three main types of documents are distinguished and their
XML formats are discussed. DTD and XML Schema for each type are suggested. Some examples of XML
documents are given also.

Keywords: XML, document’s format, data exchange

Introduction

The farm animals’ genetic diversity is endangered and many breeds and lines extinct every year. World Watch
List [Loftuse, 1992] with endangered breeds becomes longer as well as the list of lost breeds forever. The
conservation of farm animals’ genetic resources needs a sustainable management of small populations in each
country and region. This is connected with the establishment of information systems for data collecting,
maintaining individual records for the animals and relevant data processing for population analysis.

The management of genetic resources requires separate subsystems to exchange data or to send to a centre
where aggregate values to be obtained for the region or country of keeping given farm animal population. It is
possible separate system nodes to use different operating systems or database management systems. This
could make difficult the data exchange between them. Therefore, they need of platform independent tools what
do not restrict their communications. The implementation of XML standard could be a successful approach
nevertheless the target area is very complicated and many options are possible in definition of used documents.

The current work is a part of an environment for developing information system for managing small population of
farm animals. The first implementation of XML standard in the environment is connected with definition of a XML
format for database model and creating implementation tools for its utilising [Yordanova, 2003].

The subject of current paper is to suggest XML formats for determined main types of documents used in the
management of genetic resources. The analysis of all used documents restricts the discussion to three types:

« Documents connected with data streams

« Documents for data exchange in population analysis

« Documents for data exchange in other kinds of data analysis.

XML format of an auxiliary data stream document

The main type of documents exchanged in management of genetic resource is connected with data streams
populating the database. A data stream is a document containing records of a same format. They could be
repeated records for one animal or one record per each animal in a group. Such documents contain variety of
concrete data elements and that is why their representation with a generic structure is difficult without high degree
of abstraction. What we can do is to reach common XML format for the description of any data stream. If we
ignore the concrete contain of the documents the result could be a very simple document tree with a root element
stream and its descendent dataelement. The suggested set of elements, even a simple one, will be enough for
representation the structure of any document of a data stream.

The DTD of an auxiliary data stream is given in the listing 1. The root element stream is considered with an
attribute for its name. The element dataelement would be well characterized with set of attributes name, type
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and description. This element could be at least once in a separate document of such type. Although it is
impossible to have only one element in a document on practical reasons “once” could be accepted conditionally.

Listing 1. The DTD of XML format of a data stream

<DOCTYPE stream |
<IELEMENT stream(dataelement+)>
<IATTLIST stream Name CDATA #REQUIRED>
<IELEMENT dataelement EMPTY>
<IATTLIST dataelement Name CDATA #REQUIRED

Type (CHAR|HUGEINT|BIGINT|SMALLINT|
DATE|TIME|TIMESTAMP|SMALLFLOAT|BIGFLOAT|BOOL)  "CHAR"

description CDATA #REQUIRED> J>

In the XML Schema of a data stream the elements stream and dataelement are defined as Complex type and
the attribute type has Simple type with enumerated values.

After definition of above XML format for the description of a data stream we must discuss the way of its usage.
One possibility is such XML file to be attached to the document connected with the data stream in order to
describe its structure. Then the application programs of the system could use it as a dictionary for data within the
stream. They also could generate a set of commands inserting the data into the database. This seems to be a
generic solution applicable to all possible data streams with different structure.

As a second possibility we consider the conversion of the data stream documents to the XML format that must be
a solution of a separate information system. A separate XML format reflecting the structure of a given document
could be developed and implemented there.

An example of a XML file containing a description of a data stream is given in listing 2. This one describes the
data stream named Semen from the information system “Cryo” [Groeneveld, 2002].

Listing 2. A XML file with description of a data stream

<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE stream SYSTEM "file:///home/lina/teza/potok.dtd">
<stream name="Semen">
<dataelement description="The external id for the bull"
name="ext_animal"/>
<dataelement description="The external id for the reporting unit"
name="unit"/>
<dataelement description="The date of semen delivery"
name="delivery_dt" type="DATE"/>
<dataelement description="The date of semen production”
name="production_dt" type="DATE"/>
<dataelement description="The number of doses total"
name="no_doses" type="SMALLINT"/>
<dataelement description="The number of straws per dose"
name="no_straws" type="SMALLINT"/>
<dataelement description="The type of straws"
name="type_straws"/>
<dataelement description="Quality mark- motility post freezing %"
name="mot_post" type="SMALLINT" />
<dataelement description="Quality mark- after collection %"
name="mot_after" type="SMALLINT" />
<dataelement description="Semen certificate identification”
name="certificate_id" type="SMALLINT"/>
</stream>
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The XML file from the listing 2 is created and validated through defined DTD with XML editor what could be done
also by any program application working with XML standard.

The documents of a data stream could be obtained on various approaches. Nevertheless which approach is used
the documents of data streams have the logical structure defined above. The defined XML format of their
description can be used in document exchange. In consequence data from corresponding XML document of a
data stream could be inserted into the database via middleware software.

There are practical cases in management of genetic resources with manual filling in paper documents and than
converting in any electronic form. The most common situation is conversion to a comma separated value format.
Technical tools produce files of the same format often. It is possible also that the concrete document to be
converted to its own XML format.

The documents of data streams are connected in general with the GUI forms for inserting and manipulating data
[Yordanova, 2000]. The GUI forms in the environment are created according to them. The description of a data
stream does not contain the actions concerning the database elements in order to insert data from the stream.

We should consider that the data streams are mainly connected with primary data collecting. It is very seldom the
data they contain to be retrieved from another database but if this is the case then the approaches from next
chapters are applicable.

XML formats of documents for population analysis

The data exchange in management of genetic resources covers different groups of data depending on the
purpose of their analysis.

The population analysis needs of data about the animal origin. Such analysis requires obtaining of individual
inbreeding coefficients, effective population size and other genetic parameters that the manager of breed
conservation program could choose. Then the data exchange between the center and peripheral nodes must
include: the identification of the animal, the identifications of its parents, gender and birth date or birth year. This
set of data is a minimum, enough for calculation the genetic parameters for population analysis.

We define the XML format of document containing data for animal origin and its individual identification via DTD
(listing 3) and XML Schema.

Listing 3. The DTD of a document for data exchange in population analysis

<DOCTYPE pedigree [

<IELEMENT pedigree(animal+)>

<IATTLIST pedigree name  CDATA  #REQUIRED>
<IELEMENT animal(birthdt, sire, dam)>

<IATTLIST animal ext.id CDATA  #REQUIRED

unit CDATA  #REQUIRED
gender (F|M) #REQUIRED>

<IELEMENT birthdt(#PCDATA)>

<IELEMENT sire(#PCDATA)>

<IATTLIST sire ext id CDATA  #REQUIRED
unit CDATA  #REQUIRED>

<IELEMENT dam(#PCDATA)>

<IATTLIST dam extid CDATA  #REQUIRED
unit CDATA  #REQUIRED> J>

The root element is called pedigree and its sub element is animal. The sub element is defined to be at least
once in the document. It has attributes ext_id, unit and gender and sub elements birthdt, sire and dam. The
elements sire and dam should have the same attributes like the element animal. In all cases the attribute ext id
means an external identification of an animal depending on the unit that reports the animal. Here it is not
convenient to use for ext_id type ID, because in common case it is not unique. Two units can report two animals
with the same identification. That requires the couple of elements (ext_id, unit) to be unique.
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The element or attribute connected with information about the breed to which the animal belongs is not included.
This is done because the population analysis supposes that collecting data concerns animals from the same
breed. If it is necessary one could mark the breed into the name of the document or to add an element breed. For
the example given here the breed name is the content of the attribute name of the root element (listing 4). The
example document is for population analysis according the XML definition explained so far. The data is for two
family couples. Four animals (the progeny of the families) are included. The document is checked for validation
with corresponding XML schemas through program applications that use DTD or XML Schema.

Listing 4. An example for data exchange in population analysis

<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE pedigre SYSTEM "file://lhome/lina/teza/pedigre.dtd">
<pedigre name="minipigs">
<animal ext_id="1677" gender="F" unit="12">
<pirthdt>23.12.1998</birthdt>
<sire ext_id="3456" unit="12">04.04.1997</sire>
<dam ext_id="2345" unit="12">12.03.1996</dam> </animal>
<animal ext_id="1698" gender="F" unit="12">
<birthdt>23.12.1998</birthdt>
<sire ext_id="3456" unit="12">04.04.1997</sire>
<dam ext_id="2345" unit="12">12.03.1996</dam> </animal>
<animal ext_id="1701" gender="M" unit="12">
<birthdt>3.11.1998</birthdt>
<sire ext_id="5003" unit="12">12.08.1996</sire>
<dam ext_id="4312" unit="12">12.03.1996</dam> </animal>
<animal ext_id="1702" gender="F" unit="12">
<birthdt>3.11.1998</birthdt>
<sire ext_id="5003" unit="12">12.08.1996</sire>
<dam ext_id="4312" unit="12">12.03.1996</dam> </animal>
</pedigre>

XML formats of documents for other kinds of analysis

The common structure for documents exchanged in the management of genetic resources with the goal to
perform other kinds of analysis contains mandatory animal identification and its one or multytrait measurements.
A possible generic XML scheme of such document is given in the listing 5 with DTD. The root element named
data is consisted by at least one sub element animal. It has attributes ext_id and units as well as one sub
element trait meet more than once. The element trait connects any investigated trait to an animal. It is possible a
document to have data about more traits that complete a process. One animal could be measured many times for
a trait. That is why it is appropriate to have a sub element measurement repeated many times. The
measurement is characterized with attributes or sub elements date, value and type. The measurements type
requires from the application programs to maintain with external coding for different types of measurements.

The animal identification is given with attributes ext_id and unit, which means maintaining external identification
for both objects, animal and unit. This requires from the software to obtain a new or to retrieve existing internal
identification from the database. The last one is used according the system supporting unique identification for
the animals. About reporting unit it is most possible to have only second situation.

Listing 5. The DTD of a document for data exchange in other kinds of analysis

<DOCTYPE data [

<IELEMENT data(animal+)>

<IELEMENT animal(trait+)>

<IATTLIST animal ext_id  CDATA #REQUIRED
Unit CDATA #REQUIRED>

<IELEMENT trait(measurement+)>
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<I[ELEMENT measurement EMPTY>

<IATTLIST measurement Date CDATA #REQUIRED
Value CDATA #REQUIRED
Type CDATA #REQUIRED> >

A XML document obtained on the defined format is given in the listing 6. The document is validated according the
XML format definition. It contains weight measurements of two animals for tree months.

Listing 6. An example of XML document with data for the trait weight

<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE data SYSTEM "file:///home/lina/teza/data.dtd">
<data>
<animal ext_id="6768" unit="11">
<trait name="weight">
<measurment date="12.03.2000" type="bdw" value="0.3"/>
<measurment date="12.05.2000" type="wdw" value="0.6"/>
<measurment date="14.06.2000" type="rw" value="1.9"/>
<measurment date="13.07.2000" type="us" value="2.4"/>
<[trait>
</animal>
<animal ext_id="4546" unit="11">
<trait name="weight">
<measurment date="14.04.2000" type="bdw" value="0.2"/>
<measurment date="15.06.2000" type="wdw" value="1.7"/>
<measurment date="14.07.2000" type="us" value="2.6"/>
<[trait>
</animal>
</data>

For the documents of data streams and for the data exchange it is preferable to get data automatically. Retrieving
data from the database is common for the documents for data exchange. The cases where data is generated
from computer systems with measure tools automatically are very seldom, especially in small populations. Then
generated files are usually in CSV format. Their transformation to the XML format is not a difficult task. Better
solution is the XML format defined for a data stream to be used as a meta form of such CSV file. The middleware
software can operate with data according the description of the document structure in XML format.

Middleware software for data exchange

In current work the XML documents are used for transfer data after it is generated or parse by dynamic program
application. The main processes discussed here are:

« Parsing and retrieving data from a XML document in order to be inserted into the database

« Creating a XML document retrieving data from the database.

Both program codes use the XML formats of the documents in data exchange defined above.
The program code for inserting data into the database from a XML document

Let the XML document that is going to be parsed and analyzed in order to insert data into the database has the
structure from listing 3. Let the target database has the conceptual database scheme [Yordanova, 2000]. Then
the algorithm for parsing the documents and inserting the data into the database includes the next steps:

Begin (#begin

DBI connection (# Connection to the database
Objects and variables (# Declaration of objects and variable
SQL statements (# Definition of SQL statements -
Foreach $row (# For each animal retrieving of:

Sire/ID, sire/unit (# db_sire from TRANSFER(ext_id, unit)
Dam/ID, dam/unit (# db_dam from TRANSFER(ext_id, unit)
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Animal/unit (# db_unit from UNIT via unit
get_next_val(sequence_name) (# new db_animal identification
INSERT into ANIMAL, TRANSFER (# Inserts in TRANSFER and ANIMAL

end foreach (# End of the cycle

db disconnect (# Disconnect the database

End (#End

If a parent does not have internal database identification then a new one has to be obtained in the relation

TRANSFER and recorded into the relation ANIMAL. The inserts will not be done if there is another animal with

the same values of (ext_id, unit). The released program is a Perl code and uses the module XML::XPath of Matt

Sergeant that implements the XPath standard and allows fast search and parsing elements of XML document via

tree of document’s nodes.

The program code for retrieving data from database

The function of the code is connected with the XML format for population analysis (listing 3). The algorithm is

separated to two main steps:

1. Getting via Query a set of tuples, containing the external identification of all active animals and their parents
as well as their reporting units, birth dates and gender.

2. Recording data from the tuples in XML document elements.

This code uses Perl&XML module XML::Writer that allows creating of XML document via defined objects.

Conclusion

The usage of XML standard makes the data exchange in management genetic resources much more flexible and
platform independent. There are a lot of program applications that work with many operating systems and could
facilitate implementation of defined XML formats of documents for data exchange. The user could create the XML
documents containing the description of data streams using: 1) XML editors that apply XML declarations DTD or
XML Schema; 2) program applications that includes processing and validating XML documents through schema.

The other XML documents for data exchange in all kinds of data analysis for small populations could be created
and used via briefly presented here program codes.

The defined XML formats could be extended and could become a base language for data exchange in
management of genetic resources.
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ALGORITHM BIDIMS FOR AUTOMATED SYSTEMATIZATION OF DATA ARRAY.
CASE STUDY: REDISCOVERING MENDELEEV’S PERIODIC TABLE OF CHEMICAL
ELEMENTS.

Andrey N. Zagoruiko, Nickolay G. Zagoruiko

Abstract: The method (algorithm BIDIMS) of multivariate objects display to bidimensional structure in which the
sum of differences of objects properties and their nearest neighbors is minimal is being described. The basic
regularities on the set of objects at this ordering become evident. Besides, such structures (tables) have high
inductive opportunities: many latent properties of objects may be predicted on their coordinates in this table.
Opportunities of a method are illustrated on an example of bidimentional ordering of chemical elements. The table
received in result practically coincides with the periodic Mendeleev table.

Keywords: bidimensional structure, data mining, ordering, prediction, approximation.

Introduction

One of Data Mining purposes consists in reduction of the available data to such kind at which the person easily
perceives the basic contents of the analyzed information. The information advanced in such a way becomes a
little more substantial for the person. The specified purpose is achieved by different means. The important role
plays machine graphics, allowing the person to perceive the information through the powerful visual analyzer.
Various ways of ordering at which one-dimensional or bi-directional data file will be coordinated well with the
simple concepts (models) have a wide circulation. One-dimensional line of smoothly growing or decreasing
numerical values is evident, for example. Even more information is contained in bi-directional tables with
monotonic change of data on the first and second coordinate. It is not surprising that many fundamental laws of a
nature - the law of the Ohm, Newton, Mendel etc. are well illustrated by bi-directional data tables.

D.l. Mendeleev, studying dependencies between various properties of chemical elements, relied on many results
of the predecessors. In particular, the grouping of some elements on a generality of their chemical properties was
known, on similarity of nuclear weights etc. Mendeleev put the task before itself to make such bi-dimensional
ordering of all 63 elements known at that time at which the neighbouring elements of the table would be similar to
each other on maximum big set chemical and physical properties. Such their arrangement will be coordinated
with the concept of local smoothness, which provides easy perception of the general laws for the table.

The use of concepts beforehand prepared or the models is useful not only for an explanation of the data analysis
result, but also for the process of this result receiving. The rich history of scientific discoveries speaks about it, in
many of which traces of attempts of such type are obviously visible: " - It seems these objects have a S-structure.
And what if to try use such a model? And what if to order the objects by such rule?"

Let's illustrate the utility of the initial empirical data association with the simple concepts during revealing the laws
latent in data. We'll do it on an example of automatic rediscovering of the periodic law of chemical elements. Such
attempt was already done by us [1], but in a little bit idealized conditions. In particular, true nuclear weights and
valences on hydrogen, instead of those known to Mendeleev were used; the program was adjusted to the fixed
number of properties etc. In the given work those data and knowledge, which D.l. Mendeleev had at his disposal
during the creation of the periodic law of chemical elements, are used.

Description of systematization algorithm

Let us imagine that we have some data array, consisting of n elements A, each of them characterized by a set of
k properties. In the current formulation the task is to systematize this array in a form of a two-dimensional table
with internal uniformity in changing of element properties in both dimensions.

Let us also propose that we have some «embryo» of the table, i.e. credible group of small amount of elements,
constructed on the base of researcher intuition. Having such a group it is possible to try to predict the properties
of neighbouring elements. Assuming the uniformity of elements properties changing inside the «embryo» in both
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dimensions, this procedure may be performed using linear approximations. Possible types of such
approximations are given below:

Internal approximation may be applied if it is necessary to predict the properties of the element, situated between
two elements provided that their positions in the table are already known. In this case if known elements are
situated in the table at coordinates, for example, (i+1,j) and (i-1,j), then the value of m-th property in position (i,))

R.J?” may be predicted using the equation
m m
pr = Lo B (1)
i 2
Similar estimations may be obtained as well for combinations (i+1,j+1) v (i-1,j-1), (i+1,j-1) v (i-1,j+1), (ij+1) v (ij-
1), i.e. via the horizontal, vertical and two diagonals (total — 4 variants).

External approximation is used when it is necessary to construct the forecast for the table cell adjacent to the pair
of situated elements with known positions. For example, if known elements are placed in the cells with

coordinates (i-2,j) and (i-1,j), then value of Pl.jf" may be predicted as follows:
m m m
Pz’j - 2Pi—1j _B'—Zj (2)
Here the predictions also can be made via horizontals, verticals and diagonals (total - 8 variants).

Corner approximation is applied when known elements are placed in the table in form of “corner”, for example, in
the cells with coordinates (i+1,)), (ij+1) and (i+1,/+1). In this case it is necessary to use the equation

P" =P" +P” —P"

i ny ij+1 i+1j+1 (3)

Four variants of “corner” positions are possible. The final prediction of the property ny" is defined as averaged

value of all forecasts according to equations, which total number may reach 16.

The next step of the procedure is selection of optimal “pretending” element from the set of remaining elements,
which are not positioned in the table. The running through of all remaining elements in relation to every empty cell
of the table is made with definition of the positioning quality of every element/cell combination. The modulus of
deviation between predicted and real element property values may be used as quality criterion:

k
X = Zabs(Pijf" -R) )

m=1
where X : - quality criterion of h-th element in the cell with coordinates (ij), R," - real value of m-th property for

this element. After running of every elements versus every table cell, the table is filled with only one element,
which at all set of h, i and j is characterized with minimum value of X : This procedure is repeated until
completion of positioning of all initial elements.

The problem may be complicated by two factors. Firstly, range of parameter values may be significantly different
for different properties, resulting in different contribution of each property to the value of X : criterion and,
therefore, leading to their «inequality of rights». Secondly, it is not evident that every element is described by a
full set of properties, so property array actually may include missing values. Correspondingly, the reversed

situation is possible as well, when the definite element property is really present, but cannot be predicted,
because it is not present in the property sets of elements used for prediction.

First complication is easily solved by normalization of data for each of properties. In the second case it becomes
necessary to define for each cell and each element how many properties area really predicted and then normalize

criterion X : value as follows:
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k
> abs(E' ~ R}
Xh — m=l (5)
ij h
Zii

where Z : - number of coincidence «successfully predicted property» / «presence of that property in the element

property set» under attempt to place the h-th element in the cell with coordinates (i,j). Moreover, as it was
demonstrated by test calculations, to improve systematization quality it is better to give preference to elements

with higher value of Z : , as more reliably determined. Such preference may be realized by different ways, but in
this work we used empirical method, based on application of Z : , raised to a power higher than one. Particularly,
the optimal order value was found to be 3, i.e equation (5) was transformed into:
k
D abs(P' —R;')

Xh — m=l (6)
) (Z:)3

Systematization of a full set of chemical elements

As a case study we used a complete set of chemical elements (see Fig.1), e.i. the essential aim of the work was
reopening of periodic law, discovered by Dmitry Mendeleev in 1869.
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Fig.1. Short-period table of elements

At the first stage we performed test calculations with application of full set of chemical elements, known at the
current moment. In case when the set of three basic properties (atomic mass, group number and period humber)
the described algorithm provided fast and correct solution. Of course, application of group and period numbers
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was equivalent to inclusion of already known correct solution into initial data. Therefore, this variant was for
software testing purposes only.

On the second stage we used a set of three basic properties, that were known to Mendeleev and which were
used by him in his work on periodic law construction: atomic mass, oxygen and hydrogen valence. As “embryos”
we used intuitive combinations which look, nevertheless, quite obvious from chemical point of view, such as:

Na 0 F
K Ca or S Cl

In this case it was possible to successfully construct the “framework” of the table, where periodicity and uniformity
of properties changing are evident, namely — 2" and 3 periods. The following table filling met significant
complications, mainly for transitional element and, especially, for triads Fe-Co-Ni, Ru-Rh-Pd, Os-Ir-Pt and inert
gases. Correct positioning of lanthanides and actinides was found to be completely impossible.

At the same time some interesting regularities were discovered. It was found that even one erroneous positioning
of an element leads to the chain of further errors, the sooner the error is made the more significant distortions are
contributed to the final result. It was also detected that table construction quality (quite logically) depends very
much upon the choice of initial “embryo”.

Explanations of all these problems are rather simple. Periodicity and uniformity of changing of atomic mass looks
evident (Fig.2), at least if will not consider natural mass gap in the area of lanthanides placement (this gap is
absent in a long-period table). At the same time the picture for oxygen and hydrogen valences is much more
complicated (Figs. 3 and 4).

Lanthanides »
-,

250
200

150
Atomic mass
100

50

8§ &F 13 Period number

Fig.2. Changing of atomic mass of elements in groups and periods of “short” periodic table.

Good periodicity is observed for hydrogen valence (Fig.4), but this data is present for less than a half of elements.
Furthermore, continuity of data is present in 2" and 3% periods only, and in higher periods the periodicity is
broken by transitional elements (i.e. is repeated “a string after”).

Majority of oxygen valence data (Fig.3) is fit into irreproachable flat plane, but with significant anomalies at the
table periphery, notably:

- decrease of observed valence in triads Fe (6+) - Co(3+) - Ni(2+), Ru(8+) — Rh (4+) — Pd(2+), Os (8+) — Ir(4+) —
Pt(4+);

- zero valence for inert gases (except Xe(8+) and Kr(2+));

- high valences of copper (2+) and gold (3+) instead of expected (1+).
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Hydrogen valence 2 —

& 7 e Period number

Gruop number 2

Fig..4. Changing of hydrogen valence.

In general it may be stated that in relation to mentioned properties the data array in Mendeleev’s table is not
uniform, as it was proposed at the stage of problem formulation. Nevertheless, the attempts were made to
“smooth” these nonuniformities by application of greater number of properties in element descriptions. The
properties that were definitely known to Mendeleev during his work on Periodic Law (densities, melting and
boiling temperatures for elements and their oxides and chlorides; acid/base properties of oxides etc) were chosen
to expand data array.

Surprisingly, this attempt was even less successful. The reason for this fault may be demonstrated on the base of
element density changing (Fig.5).
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Element density,
g/cub.cm

Fig.5. Changing of density of elements in groups and periods of “short” periodic table.

"Carbon gap"

Density, g/cub.cm

Period number

1 Group number

Fig.6. Elements density gap in the 2" period.
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Fig.5 shows strong nonlinearity and nonuniformity of plotted surface. Notably, such oscillations are typical not for
densities only, but for all other mentioned properties as well. In principle, if we will switch to long-period table,
then these oscillations will become smoother, but such switching is incorrect, because it will require choice of
elements from 4t and higher periods for formation of the “embryo”, what looks unobvious. Construction of table
from more reasonable “embryo” elements of 2" and 3% periods will in any case lead to short-period type of the
table.

Moreover, there also exists the problem that cannot be resolved even by transfer to long-period table. Let us
consider the fragment of Fig.5 related to 2 period. Here (Fig.6) it is seen that between starting elements in this
period (Li, Be, B, C) and further sequence (starting from N) there is a gap in densities (by a few orders of
magnitude - values in vertical axis are given in logarithmic scale). Similar anomaly behaviour is also observed for
other physical properties. Gap position may shift from C/N to C/B zone (e.g. for melting and boiling temperatures
of oxides), but is always connected with carbon. Existence of such anomaly (‘carbon gap”) finally leads to
impossibility to construct correctly even the 2n period of the table and to completely absurd construction of
following periods.

Therefore, expansion of data array by introduction of additional physics-chemical properties only decreases the
quality of systematization process. Of course, it is possible to try using modern elements characteristics (atomic
electron configuration, ionization potential, electro negativity etc.), but it looks incorrect, because this information
was not available to Dmitry Mendeleev, and, besides, in this case the data array will artificially contain correct
solution, thus “killing intrigue” of this study.

Systematization of “Mendeleev’s” set of elements

Though the systematization of complete set of elements was unsuccessful, in this pert of the study we tried to
systemize the elements set that was known to Mendeleev during his work. This set is different from complete one
in following:

- inert gases are completely absent (they were discovered later);

- majority of lanthanides and actinides, as well as heavy elements (heavier this bismuth) are absent;

- few elements from middle periods are also undiscovered (Sc, Ga, Ge).

Furthermore, for some elements Mendeleev has doubtful and incorrect data for atomic weights and valences.
Due to aforementioned reasons here we used only data on atomic mass and valences. It should be noted that
Mendeleev also used this information as basic in table construction process.

Surprisingly, it was found that in this case systematization is much more simple than that for complete set of
elements. First of all, it is explained by absence of inert gases, which actually are placed in the table quite
illogically (none of them, except xenon, demonstrate 8+ oxygen valence, which is predicted for this group).
Additional advantage is absence of lanthanides, because their position in short-period table also looks quite
unusual.

In this case we’ve managed to reproduce the major part of the table, but here as well we met the effect of “wrong”
behaviour in triads of transitional elements. For example, cobalt (quite logically) was “trying” to fill the cell of
absent gallium due to coincidence of maximum oxygen valence (3+) with relatively low error in prediction of
atomic mass. From chemical point of view it is absolutely evident that cobalt is an analogue of iron and nickel, but
not aluminum (as gallium), but such “chemical” understanding cannot be described in data array within existing
data structure. Anyway, incorrect cobalt positioning led to distortions in further construction of the table. The same
may be told about triads of noble metals.

Therefore, we've an attempts to modify initial data array, based on exclusion of the most “odious” elements,
particularly:

- all elements from transitional triads, except first ones (Fe, Ru, Os), were excluded;
- present lanthanides were excluded (except La and Ce only).

Moreover, for copper and gold the basic oxygen valence 1+ was stated, though their actual maximum valences
are higher (2+ for Cu and 3+ for Au). It was done to reveal the fact that Cu and Au are analogues of silver.



126 i TECH - 2004

The result of systematization in this case is shown in Fig.7.

Group
Period
H
Li Be B C N 0 F
Na Mg i S Cl
K Ca Cr
Cu Zn Se
Rb Sr Mo
Ag Cd Te
Cs Ba W
Au Hg u

Fig.7. Result of systematization of “Mendeleev’s” set of elements.

It is seen that systematization quality is quite high. Practically all elements are placed in cells, where they should
be. Exclusion is made by uranium which actually should be situated in V-7 cell after thorium, but this error is not
important (Th and U actually should be placed in separate subgroup of actinides, which is stipulated in this type of
the table). Placement of thorium and cerium also does not look formally correct, but actually it is quite usual for
them to demonstrate 4+ valence, what gives the ground to position them in the IV-th group of basic table. Such
their dual behaviour is well known and is defined by objective specifics of their electronic structure, so such
placement may be accepted as appropriate. It is curious, that D.I. Mendeleev the same as also our program, has
placed in the initial kind of the table Thorium and Cerium in 4-th group. Moreover, in the same group he has
placed and Lantan [2,3]. We shall note that our program has placed Lantan on a correct place in third group.

Prediction of undiscovered elements properties

Special attention should be paid to prediction abilities of the constructed table. As it is seen from Fig.7, after
systematization few cells inside the table were left unfilled. These cells strongly correspond to existing elements,
that were undiscovered at the time of Mendeleev’s study. To predict the properties of missing elements we used
the described algorithm. In this case only obtained data values being inside the normalized range ([0,1]) were
chosen.

Result of such prediction is quite impressive. First of all, 5 elements that must be positioned inside the table body
were clearly shown (their positions in the table are shown at Fig.7 by crossed cells). Description of predicted
values is given in Table 1.

Table.1

Position Atomic mass Oxygen valence Hydrogen valence Real
column/string | forecast fact forecast | fact forecast | fact element
3/4 43,90 44,95 3 3 - - Sc

4/5 69,00 72,59 4 4 4 4 Ge

3/5 65,20 69,72 3 3 - - Ga

716 101,10 98,91 7 7 1 - Tc

7/8 176,80 186,20 7 7 - - Re
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It is seen that coincidence between predicted and actual property values is quite good. Moreover, during analysis
of predictions that were excluded from consideration, because the predicted values were found to be outside
normalized range, we selected the group of similar elements, which formally should have been positioned in 8
group and have formal valences 8+ for oxygen and 0 for hydrogen (shown by shadowed cells at Fig.7). The
reason of their exclusion was zero hydrogen valence, what was considered as inappropriate property value.
Actually these predictions are strongly equivalent to the group of inert gases and good coincidence between
predicted and actual properties is seen here as well (see Table.2). Furthermore, “wrong” prediction of zero
hydrogen valence in this case achieves real physical sense — inert gases do not form hydrogen compounds in
reality.

Table.2

Position Atomic mass Oxygen valence Real element
column/string forecast fact forecast fact

81 6,00 4,00 8 - He

8/2 20,05 20,18 8 - Ne

8/3 35,80 39,95 8 - Ar

8/5 80,30 83,80 8 2 Kr

8/7 138,80 131,30 8 8 Xe

It is interesting that after selection of predictions no forecasts were made non-existent elements, i.e. the algorithm
has made no attempts to fill empty cells of 15t period and cells to the right and to the left of the table body.

Conclusion

In general we may state that proposed algorithm BIDIMS (under definite assumptions and modifications)
successfully managed to systemize “Mendeleev’s” set of elements and, in fact, repeated the discovery of Periodic
Law in a form, that was possible in Mendeleev’s work period.

Performed study, nevertheless, is not diminishing Mendeleev's achievements in any extent. First of all, used
assumptions and modifications were based on intuitive and forced decisions, having no formally strong grounds.
In second, the basic decisive properties (atomic mass, valences) were chosen the same as ones used by
Mendeleev. And the most important — the essence of genius Mendeleev's discovery is proposition, that existing
element may be systemized in form of two-dimensional table. We used this proposition as acknowledged fact in
our study.
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MPUMEHEHWUE HEKNACCUYECKUX JIOTM4HECKUX METOIOB
B 3AOAYAX UHTENJIEKTYAIIbHOU OBPABOTKW [IAHHbIX
U NMOUCKA 3AKOHOMEPHOCTEM B BA3AX 3HAHUN

B.C. ouog, B.C. Crypes, A.B. Tumodees, J1.B. NioTukoBa

Abstract: Methods for solution of a large class of problems on the base of multi-valued and probabilistic logics
have been discussed. Logic and network approach for analogous derivation has been suggested. Method for
regularity search, logic-axiomatic and logic-probabilistic methods for learning of terms and pattern recognition in
the case of multi-valued logic have been described and generalized. Defeasible analogical inference applications
and new forms of inference using exclusions are considered. The methods are applicable in a broad range of
intelligent systems.

BBeaeHue

Knaccuyeckas [By3HauHas Iorvka CBs3aHa C  hopmanusaumen CTpOro  KOPPEKTHbIX  (chopManbHBbIX)
paccyxaeHni. OfHako OYeHb YacTo npegMeTHas obnacTb, Ha 6a3e KOTOPOWM CTPOSTCH OCHOBHblE MOHATUS U
BbIBOAbI, 06MafaeT HEMOMHOM, HETOYHOM, MPOTMBOPEYNBOI U 3a4acTyl0 U3MEHUMBON WHopmauven [1-7]. B
CBA3W C 3TUM BO3HWKAET HeobXoaMMOCTb B WCMOMb30BaHWW W PA3BUTUKM HOBbIX HEKMACCUMYECKUX METOAOB
hopmanu3aLmmn MHTennekTyanbHbIX NPOLECcCoB U MHGOPMALMOHHBIX TEXHOMOTUA.

Ha cerogHsilUHM OeHb apceHan pa3HoobpasHbiX HEKNMAaCCUMYECKUX JOTMK A0CTaTouHO Benuk [2,3,7]. OaHako
Mnoxo paspaboTaHa MeToAMKa MCMOMb3OBAHWS STUX NOTUK B KOHKPETHbIX 3afdavax. Kpome Toro, BO3MOXHOCTH
aTMX norvk (Hampumep, K-3HauHbIX NOTMK) HE MOMHOCTbH OTBEYaT NOTPEOHOCTAM, BO3HWKAKOLMM MpW
pa3paboTke NHTENNEKTyarnbHbIX CUCTEM U TEXHOMOTMIA.

[o cux nop ocTaércs MonynspHbIM CTAaTUCTUMYECKWN MOAXOA K aHanu3y AaHHbIX W NPUHATUIO ONTUMarbHbIX
pewenuin. OgHako OH TpebyeT penpes3eHTaTMBHOCTM MCXOOHbIX AaHHbIX. Ha npaktuke obyuatowme BbiGOpKM
AaHHbIX, U3 KOTOPbIX U3BMEKAOTCA 3HAHUS M DOPMYIIMPYIOTCS UHTENNEKTYanbHbIE PELLEHNS, O4eHb OrpaHNYEHbI
1 NO3TOMY He SIBMAKTCS CTATUCTUYECKM PENPE3EHTATUBHBIMU.

B noknage paccmatpuBalotcsi cnocobbl MPUMEHEHWS MHOTO3HAYHBIX WM BEPOSITHOCTHBIX NOMMK K PELUEHMI0
WHTENNEKTyanbHbIX 3aday (B 4aCTHOCTW, K 3ajayam OOyyeHus M moucka 3akOHOMEPHOCTEN Ha npumepe
TPEX3HAYHbIX OMMK). Vicnonb3yeTcs HECKOMbKO NOAXOAO0B K MOCTPOEHMIO BbIBOAA HA OCHOBE MOAUMMULMPYEMON
WHOpMaLMK:  BbIBOA MO  aHanmoruu, JIOrukO-akCMOMAaTUYECKUA 1M FOTUKO-BEPOSITHOCTHBIA  METOAbl W
MOJENMpOBaHNE CeTeBbIX NOTOKOB. [lokasaHo, YTO Jaxe B Takod paspaboTaHHOM 0bnacTi kak BblBOL C
W3MONb30BAHNEM WCKIIOYEHWUA MPUMEHEHME HEKNACCUYECKUX NOMMYECKUX CPEACTB MO3BOMSET 3HAYNTENbHO
pacLuMpuTL kak 06nacTb NPUNOXEHNS], Tak U TeopeTuieckuin 6asmc paspaboTku.

I'Ipe,qno>KeHHb|e MeTOAbl MO3BONIAIOT KOOnepupoBaTb Jorn4yeckne M BEPOATHOCTHbIE MoAxodbl M MNONy4aTb
npenmyLiecTBa OT KaKAoro U3 HUX.

1. OnpegeneHne KNaccoB U BbIBOA NO aHanorum

lMycTb yHMBEPCYM KnaccoB V COCTaBMAT NOAMHOXECTBA S1, Sy, ... M Se V. Kaxgoe n3 nogmMHOXecTB Tuna S
BKMKOYAET SNEMEHTbI X s:1;, Xs2, ..., KOTOPbIE POPMUPYIOT HOBYIO MoZenb. ICXOAHOE MHOXECTBO S OTHOCUTCS K
ogHoMy U3 knaccoB S; € V. KoHeuHbI pesynbTat aHanmaa S ugeHTudmumpyeTes ¢ ogHum ms knaccos Sie U. Ha
BbIxoge dopmupyetcsa oteeT Tuna Vs = (T; F;?) co Tpems 3HaueHusMU: “UcTuHa”, “noxs”’, “HeonpeaeneHHoCTs .
B cnyyae otBeta Vs =? unu Vs=F MHOXeCTBO S MOXeET ObITb MOEHTUMLMPOBAHO ¢ BonbLUe, YeM OAHUM M3
W3BECTHbIX KrmaccoB Sit, Sp, ... (i1 i2 ...). OtBeT V=T nonyyaetcs Torga v TOMbKO TOrAa, KOrga u3ydaembin

knacc S coenagaer ¢ Si.

*

PaboTa BbINOMHEHa Mpu YacTudHOM nopaepxke rpaHToB POOU Ne03-01-00224a wn rpaHTa
PrH® Ne03-06-120198
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Cpean knaccoB S CyLIeCTBYET 3aBUCMMOCTb TWMa " MPEALUECTBEHHMK - HacnegHuk ", (Hanpuvep S; -
npeaLiecTBeHHMK Sit). Takum oBpasom, MOXHO hOpPMUPOBATb CEMaHTUYeCKkne ceTu. Heobxoammo 3aMeTuTb UTo
ANEMEHTbI Xsit1, Xsit:2, ... AAT PA3NNUMS MEXAY KaxabIM Knaccom Sii 1 ApYruMM HacnegHukamm obLuero
HacnegHuka Si. Bce pasnnumsi, KOTOpPbIE BbICTYMAKT B MPOLECCE CPaBHEHMS Syt C APYrUMW Knaccamu, He
SBNAOWMMACA  NPAMBbIMA -~ HacnegHukam — Si,  ONpedenstoTcs  Mocne  WUCMOnb30BaHWS — MeXaHWu3Mma
HaCneaCTBEHHOCTH.

Boisog (otBET) V=T hopmupyeTcs, korga AnS BCeX NPeALlecTBEHHUKOB S; v Ana Sy, COOTBETCTBYHLLME

KOHBIOHKTUBHBIE UNEHbI UMEIOT Crenylowmit Bua: A A4, A.. A, , rae Ax eCTb X M — Xi; Al MOXET CoBnagaTh
104

n s
c Ak MnNn BKINKOYaTb (C M3N0JIb30BaHUEM ,EI,M3'bPOHKLI|I/II/I) Ak 1 aHanorn4Hble YneHbl Ana Apyrux nepemMeHHbIX.
nyCTb UMNNUKaTUBHbIE NpaBiNa Tuna XopHa ONUCbIBAKOT HEKOTOPYHO NPeaMETHY0 obnacTb:

B« A 4. (1)

iel
[Mpn MCNoNb30BaHWUW 4BY3HAYHOM JTOTUKM B YKa3aHHbIX NpaBunax, ecnu no KpanHen mepe ogHa nepemeHHas A -
He “UCTMHA’, TO UCTMHHOCTL B He onpedeneHa, T.e. B MOXET UMETb 3HaYeHUs “UcTuHa” urv “noxe”. B cnyvae,
€CIn COOTBETCTBYIOLLEE WUCKITIOUYEHNE N3 KOHBIOHKUMW (1) NpaBuna - OCHOBLIBAIOTCS HAa MOAKMIOYEHUN YneHa C
nobeim A (kel), npoueaypa ans BoiBoga nameHsietcs. B cnyyae, ecnm uckntovenune E (C, Ay) n C asnsietcs
WCTUHHBIM 1 A NOXHBIM, NPaBas YacTb Npasuna B MOXeT BbITb UCTUHHA ( KaK UCKITOYEHME).

PaclumpeHHble Mogen BbIBOAA C UCKIKYEHMEM Bbinu npefnoxeHbl, 0606LweHb! B hopmannaoBaHHbix B [9,10] B
cnepytoem Buge.

B« NAC,E(C,4; ),—A4, «C
i=1

@)
B <« AinA2A.. A, | A—ARA.. Az
z
C,B<— A A, ,E(C,Ak)
i=1 €)
B« Ain..A,_ A A As
z
C,B<~ A A, E(CA
(_izl i ( k) (4)

B« An. A A, N ANC )N, . Az

M3 dopmyn (2)-(3) BUAHO, YTO UCKIKOYEHMS - 3TO CBOErO poda NOAKIIOYEHUE CreLmarnbHbIX npaeui, 1 obnactu
ux gencteus. MHtepnpetauyms dopmyrbl (2) OCHOBaHa Ha Crieayowwem: ecnv cyluecTayeT ucknouenmne E(C, Ay),
CBA3aHHOE OJHWM W3 MpaBun C 3akmioveHrem B 1 B pesynbTate ero BosgencTans nonyyeH Ay, TO KOHBIOHKT Ay
JOmKeH BbITb 3ameHeH Ha —Ax. B cnyyae, ecnn C - He “UCTMHA", TO COOTBETCTBYIOLLIAS 3aMeHa He BbINOMHMMA.
Mpn obpawennn k npasuny Modus Ponens, cBasb Mexay B u —Ac BegeTt k hopmanbHOMY NOrM4eckomy
MPOTUBOPEUMIO.

CneposartensHo, opmupoBaHue ucknioverun Tna E(C, Ax) MOXeT npuBoauTb K NpOTUBOPEYMBOMY
pesynbTary, BbI3BaHHOMY HEMOSHOTOW B ONUCaHWM nNpeameTHon obrnactn. B cnyyae, ecrm C MCTUHHO,
nckntovenne E (C, Ax) NoakmnioyaeT aTo 3HaYEHWe K KOHBIOHKTOPY Ay, YTOBbl OBGHYNMTL 3HaYeHue nocnenHnx
BbIBOJOB. B pe3ynbrarte Ay 3ameHsieTcs Ha C, Tak kak NpoBepka ero 3HayeHus He BNUSET Ha BbiBog. B cryvae,
koraa C UCTUHHO, COOTBETCTBYIOLLMIA KOHBIOHKT Ak NpsiMO 3ameHsieTcs Ha C.

lMpasuna Buga (1) 06beaNHSOTCS B CUCTEMDI:
By« A 4.
iel

By« A 4;. (1A)
jel

B obwem cnysae npUYMHHO-CNEACTBEHHAS CBSA3b MOXET ObiTb peanu3oBaHa C  UCMOMb30BaHUEM
HEKIaCCUYECKIX onepaLuy creaoBaHus, 0603HaueHHbIX B Aoknage ‘<-, a B MoryT 6biTb NpeAcTaBneHs! B Bae
KOMBUHALMN CNIOXHBIX NOMUYECKNX CBA3EIA:
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B <—A A,
iel

By <—A A, (1b)
jel

M3nonb3oBaHue MckmoueHnin (2)-(4) moxeT npumensTecst n B cuctemax (1A) umm (16) u B obwem cnyvae
NpeacTaBnseT U3MEHEHE COOTHOLIEHW MEXOy Pa3fUYHbIMKA YacTAMU MPUYUHHO-CNEACTBEHHbLIX CBA3EH Mog
[ENCTBMEM HOBOW MH(OPMALMK (UCKMKOYEHUE, NPUKPENNEHHoe K OAHOW wuru rpynne cesseit). Hosas
WH(OpMALWS MOXET USMEHWTL B3aUMOCBSI3b MeXay anemeHTamu npasuna (1) unm cuctemel (1A) ; (16). B atom
Cryyae CBSI3W MPUYMHHO-CNIEACTBEHHOTO XapakTepa pa3pblBalOTCA WM YCUNMBAKTCH MoA  AEeNCTBUEM
JOMONHUTENBHON MHGOPMaLmMK, codepxalleiica B uckmoueHusix. Janee B [doknage He Oymyt obcyxaaTbes
BapuaHTbl (1A) 1 (1B), Tak Kak B GOMbLUMHCTBE HALIMX MPAKTUYECKUX MPUMOKEHWUIA JOCTATOMHO OrPaHUYNTLCA
npasunamu (1), Npy 9TOM anNrOPUTMUYECKAs CNOXHOCTb M3MNONb3yeMoit KOMOMHAUMW MeTOAOB najaeT B
3HauuTenbHoi Mepe. o cBoei npupoae NpeacTaBneHHble UCKMOYEHUS NPEACTaBAOT pacLUMpPeHHbIN BapuaHT
defeasible inference, LWMPOKO WMCMONb3yEMBIN B MHTENMEKTYaNbHbIX CUCTEMAX. B OTNMYME OT KnaccUyeckoro
BblBOAA C MCMOMNb30BAHWEM MCKIIOYEHWUIA, B MPEeACTaBNEHHOW paboTe BO3MOXHO He TOMbKO yAaneHue
COMEPXaLLerocs B Mpasune M NPUKPENNEHHOM K HEMY WCKMKoYeHUM Ay, HO 1 BKMIOYEHWE B MPaBWUSIO HOBOM
noacdopmynbl — Hanpumep A B chopmyne (2) unmu B3ammocesasn mMexay Aq 1 C B (4). Takke uccnenoBaHbl 1
BapuaHTbl (HOPMyN C UCNONb30BAHMEM HEKITACCMYECKOTrO OTPULLAHNS ~, BapuaLyi C yCTpaHEHEM UMNAnKaLMu
NoA AEeNCTBMEM UCKIHOYEHNS U ApYTue:

B« NAC,E(C. 4, )~ A4, «C
i=1

(2A)

B« AinA2A. A, (A~ AkNAKL.. Az

V4
C, B« A A, E(C, 4k)

i=l (3A)

AN A, AN A As

C, B~ A A, ,E(C 4k)

i=l (3b)
AlA"'AkflAAkAAk-HA"'Aﬂ

rie Aw — [JOMONHUTENbHOe Yycrosue Ans nepexoga oT ~Ax K 7Ax. Takke uccnenoBaHbl CXembl

MHoroapryMeHTHblx uckroveHuin E(C,AgA,...As), NpuBogalMe K OOHOBPEMEHHOMY W3MEHEHMIO HECKOMbKUX
yacTeit npaeuna. MNpeanoxeHHbI METOA NPUBOAUT K TPEM OCHOBHbIM Pe3ynbTaTaM: K W3MEHEHMI0 UCTUHHOCTY
yacTeit mpaBuna nog AEMCTBMEM WCKIIOYEHUS (€CMW UCMONHEHbI YCMOBUSA A1 aKTUBM3aLMM WUCKITIOYEHUS), K
BBEAEHWIO UMM UCKITHOYEHMIO NoAdOPMYIT M3 COOTBETBYIOLLErO NpaBMIa UK K pa3pyLLEHUI0 CaMOro NpaBina, Kak
nokasaHo B (3A) unu (3b). PesynbTaTbl uccrieqoBaHnin NpUBenm Kk B0MbLIOMY KONMYECTBY BapuaLMil BbiBOAA C
UCKITOYEHNAMM, YacTb 13 KOTOPbIX NPEACTABNEHA B UNTUPYEMBIX HaLLMX paboTax.

[Ana yBenuyeHus 3eKTMBHOCT MOUCKa NpeAnaraeTcs MCnonb3oBaTb BbIBOA MO aHanorvi. JTOT MeToa
noapo6Ho nanoxeH B [8-10].

2. CeTeBble MOTOKM U BbIBOA NO aHanorum

B MHTennekTyanbHbIX CUCTEMAX BaXHYH POSib UrpatoT rpadhoBble MOZENM 1 ceTeBble NOTOKM. [TycTb 3adaH rpad
G(N, U) ¢ mHoxecTBoM pebep U n mHoxectBom BeplwmnH N. B [10] nokasaHo, 4To BbIBOA MO aHanorun Moxet
ObITb MpeAcTaBneH Kak CeTeBOW MOTOK Ha rpade. [eomeTpuyeckas MHTEpRpeTauns 3Toro NpeacTaBneHUs
n3obpaxeHa Ha puc.1
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Puc. 1.

Puc.1 pasgenéH nyHktupamu Ha obnactn. Kaxpgas obnacTe COZEpXMT [aHHble, COOTBETCTBYHLLME
NpubnuanTensHo OaHOMY 06bekTyX]. MHOXeCTBO S comepxuT BCe 3neMeHTbl A, uCkmoueHus E u i
MHoxecTBo 3akntoveHuin T cogepxut Bce t,, to, n t. Torga ana Bcex X,yeN cnpasegnuebl cregytowime
COOTHOLLEHUS:

v(aj), ectmy € S,

f(y.X)=f(X,y)=40, ectuy¢S,T, (5)
v(tk),ecimny eT.

3pecb A cootBeTcTBYeT notokoBon yHkUmK f(ai,a), a C,, Ay u E(C,,Ax) - PyHkumam f(c,r), f(apr), f(r.a)
COOTBETCTBEHHO. PyHKUMS f(\yi,a) NepBoOHaYanbHO NpuHUMaeT 3HadveHue 1, ecnm (X, X1)<T unu 3HadeHme 0 - B
NpOTUBHOM cnyyae. HekoTopble cootBeTcTBytowme nckntodenus E(C,,Ap), i>j MoryT BbiTb BKMIOYEHBI B 3HAHMS
06 0bbekTe X;. Mapbl BxogsLmMX pebep AN3bIOHKTUBHO COEANHEHBI B BEPLUMHAX Ti, U KOHBIOHKTUBHO COEAMHEHDI
B BEPLUMHAX a U by. DyHKLMOHANBHASA 3aBUCUMOCTb V BbIFISANT CReayowmMm 06pasom:

v(@)=fla,a), v(tj)=fla.1). (6)

KoHbtoHkums Bcex A, 1 i 0bo3HavaeTcs yepes A u cooTBeTcTBytoT pebpy (a,bz). Umnnukauns A—B ectb
MHOxecTBO pebep (b1,b2), a pesynbTar gedyktueHoro BbiBoaa f(by,bs) umeeT 3HaueHne uctuHHocTw B. Torpa
BbIBOZ MO aHanor1 MOXHO NpeACcTaBuUTb CReayHoLLEN CUCTEMO PaBEHCTB M HepaBeHCTB [6-10]:

fla,by)-flaa)<0; i=1,...z2, )
fa,by)-f(r,a)<0; j=1,...n, (8)
f@.by)-fr,0)<0; j=1....n, (9)
frya)-flc,r)20; j=1,...n, (10)
2(630)-A(€) S 1) =0; j=1,...n, (1)
(2n+z-1)f(ab2)- gf(ai,a) - élf(rj,a) - éf(\w,a) -0, (12)
2/(b,b3)~f(a,b2)~f(b1,b5)=0, (13)
frya) =0 w1, (14)
fx3)20;  (xy) €U, (15)
Jr)<1, (16)
fla,t’)<2n+z-2, (17)
fbato)<l.

Takum obpasom, npobnema AokasaTenbCcTBa Mo aHarnoruy CBefeHa K 3agade NIMHENHOTo NPOrpaMMUpOBaHNs C
LieneBon (hyHKUmMen Buaa:
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2 f(x,y) > max (18)

(x,y)eD

npu orpaHunyenusx (7) — (17). bonee nogpobHo aTa 3apava onucana B [10]

3. llornyeckuin BbIBOA B 3afaYax NoMcka 3akOHOMepHOCTeN B 6a3ax AaHHbIX U pacno3HaBaHMA
obpaszoB

MpeanonoxumM, 4TO MHGOPMAUMs O HEKOTOpPOM npeaMeTHoi obnacTu 3agaHa B Buge 6asbl AaHHbIX,
WHTEPNPEeTUpyemMOil Kak obyvarowas BblbOpka Ans noucka (M3BNEYEHMs) NOMMYECKUX 3aKOHOMEPHOCTEN,
CBA3bIBAOWMX 3TN AaHHble. TMycTb MHOXeCTBO Z={X;Y}"=1 ABNSIETCH HEKOTOpon 6a30i AaHHbIX (0ByyatoLyen
BbIOOPKOW), CBA3AHHBIX HEM3BECTHOM 3aBUCUMOCTLIO BUaA

Y = f(X), (19)

roe X 'Y aBnSKTCA MHOrO3HauHbIMW npeaukatamu. TpebyeTcs onpeaenutb 3aBUCHMOCTb (3aKOHOMEPHOCTb)
(19) no obyuatoLeit 6a3e gaHHbIX Z MOLHOCTM M.

CHavana paccmoTpuM cryyai KoAMpoBaHust obyyatoLLeit BLIGOPKK ABY3HAUHbIMK NpeaukaTamu. B aTom cnyvae
ncxoaHast npeaMeTHast 06NacTb MOXeT BbiTb ONMCaHa NpaBuiaMy NPoAyKLMA BUAa:

Al}zlx,'j - y,~,j =1,..,m. (20)

Mockonbky Mo60e NpaBurio NPOLYKUMM SBASETCA UMMNIWKaLMeR, OHO MOXeT ObiTb MpeacTaBneHo B Buae
COBEPLUEHHON AN3bIOHKTUBHOW HopManbHoi chopmbl (COH®). B cnyyae gBy3HauHOM NOrMKM NMpaBMo Nepesoaa
uMnnukauum B AH® ocywwecTensetcs no gopmynam:

A —B= —AVB—» (21)

Moatomy B Cnyyae KOAMPOBaHUS 3HAHWA ABY3HAYHbIMM Mpeaukatamu nioboe NpeanoxeHue MOXeT ObiTb
NpeACTaBneHo npasunom npoaykuuv u nepeeegeHo B CAH® suaa:

Vzﬁ:le "V Yi (22

roe ojnpuHumMaeT 3Hadvenuns 0 unm 1.

[anee Tpebyetcs 0bbeanHUTL Bce dhopmynbl 00yyaloLLel BbIOOPKM B OAHY NOTUYECKY0 (YHKLMIO U CUCTEMY
(OYHKUMIA, [alLMX OAHO3HAYHYI MHTEPRpeTauuio WUCXOQHOM npeaMeTHOWM obrnactu. Takum  obpasom,
Hen3BeCTHas 3aBMcMOcCTb Y=f(X) MOXeT ObITb BOCCTAHOBINEHA HEMOCPEACTBEHHO MO 0byyatoLLen Bbibopke Z.

NMiobas normyeckas cyHkuns, 3anucaHHas B Buge CAH®, moxeT ObiTb NogBeprHyTa cokpalleHuto. Moatomy u
CUCTEMA NOMNYECKUX 3HaHWUIA, KaK NpaBuio, TOXE MOXET ObiTb NOABEPrHyTa COKpalleHWto. Toraa cokpalyeHne
COHO®, cooTBeTCTBYIOWEN NOTMYECKON (DYHKLMM, MOXET UHTEPNPETMPOBATLCH Kak MUHUMU3ALMM UCXOLHON
6a3bl 3HaHWA.

[ns cokpaweHus COH® ¢ yuéTtom cneundmky npeameTHOR 06nacTv npeanaraeTcs CrneayoLwnin anropuTm:
1. Ecrv B IH® metoTcst OQHONMUTEPHbIE AM3BIOHKTLI X M —X, TO JH® 0bLlesHauynma;

2.Ecnu HekoTopas nepemeHHas BxoauT B AH® ¢ ogHMM 3HaKoM, TO yaansem BCe AU3bIOHKTLI, cogepxallme aTy
nepeMeHHyto (gaHHasi nepemMeHHas HewHgopMaTBHa);

3.Ecnu B JHO umeeTcs Kakoi-T0 OBHOMMTEPHbIA QU3BIOHKT X, TO BbINOMHSEM CrieaytoLme OeiCTBUS:
a) yoansiem Bce AU3bHOHKTEI BUaa X A ... (MpaBuUio NOrMoLeHus);
) 3aMeHsIeM ON3bIOHKTLI BUAA —X A S ... HA AU3BIOHKTLI BUAA S A P ... .

B pesynbTaTe Takoro CokpaLleHus nornyyaeM camble “CunbHble” NOrMyeckue npaeuna, ONUChIBatoLLMe UCXOOHYHO
npeamMeTHyto obractb.

OnncaHHbIn METOS MOXHO MCMOMNb3oBaTh Ans 0ByYeHWs MOHATMEM (KnaccoMm) B 3afjavax pacnosHaBaHWs
06pa30B. CMHTE3MPOBaAHHbIE MOHATUSI MOXHO MHTEPNPETMPOBATL KakK aKkCMOMbl KnaccoB (06pa3oB) Axw) B
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npegmeTHon obrnact, 3agaHHon obyyatollei 6asoi faHHbIX. Torga 3agaya pacnosHaBaHus 06pa3oB CBOANUTCS
K MOWCKy NOMMYecKoro BbIBOAA C WUCMONb30BaHMEM MeToda pesontouuii PobuHcoHa unu obpaTHoro meToga
Macnosa [11].

3apgava naeHTUdMKaLmn u3obpaxeHnst @ k-ro knacca (o6pasa) Ha CMOXHOM M300PaXeHUM @ C MOTUYECKAM
onucaHunem D(w) cBOAMTCS K BbIBOAY hOpMYIbl:

D(w)—304,(0), dew (23)

Cmbicn 3TO/A hOPMYNbl  3aKMOYAETCs B CredytolleM: CrOXHOe W3o0paxeHne o, WMelowlas nornyeckoe
onucanne D(w), copepxut usobpaxeHne @ k-ro knacca, Ha KOTOPOM WCTMHHA akcuoma Ay (@). 910

NO3BONSIET aBTOMATUYECKN MAEHTUULMPOBATL W NTOKanNN30BaTh (BblAenuTh) usobpaxeHue k-ro knacca (06pas)
Ha CMOXHOM M30BpaxeHum, cogepxallem n3obpaxeruns (0bpasbl) 3 M pasHbix KnaccoB S1,Sy,...,Su.
MHorokpaTHoe NpUMEHEHNE NOTMKO-aKCMOMAaTUYECKOro MeToaa Ans kaxaoro k=1,2,...,M no3sonsieT pacnosHatb
(knaccudnumpoaTh) BCe N306paxeHns BCEX KNacCcoB, COAEPKALLMECS Ha COXHOM n3obpaxeHun [11].

4. Ucnonb3oBaHne MHOFO3HaYHbIX U BEPOATHOCTHBIX JIOMUK B 3aga4ax obyyeHus U noucka
3aKOHOMepHOCTEN

OnncaHHbIN MeTOR Moucka JOTMYECKUX 3aKOHOMEPHOCTEN MOXET ObiTb OOOOLWEH Ha Cryvail MHOTO3HAYHOro
KoAMpoBaHUs 0DyJaroLLer BbIGOPKY 1 NOMCKa MHOTO3HAYHBIX 3aKOHOMEPHOCTEN. MCnonb3oBaHe MHOro3HauHbIX
MOTUK OCMOXHAETCS HEOAHO3HAYHOCTBID MHTENpeTaunn (YHKUMA OTpULaHUs, umnankauum u T1.4. lMoatomy
paccMOTpuM Hanbonee 0BLLMIA BApMaAHT B CIy4ae UCMOMb30BaHNS TPEX3HAYHON NOTUKM.

[TycTb MHOXECTBO 3Ha4eHWn UCTMHHOCTM UMeeT BKa{0 1 2} co cnepytoLen MHTepnpeTaUmen:
x=0 -noxb, x=1-6eccmbicnua (HeonpeaenéHHoOCTb), X=2-UCTuHa.

Toroa BBegem MoHATWE MHBEpCUM kak —x= 1V0, T.e OTpULAHWE MCTUHHLI MOXET ObiTb NMBO Noxbto, NMbo
BeccmbicnuLgeir. ITo NoHsTHUE onpedeneHo Tabnuuei 1. Takoe 3aaHue MHBEPCUMM 0DECneYnMBaEeT BKIOYEHNE
BCEX BO3MOXHbIX MHTEPNPETALMA MHBEPCUM B Pa3HbIX JTOTKaX.

Tabnnua 1
X —X
0 1V2
1 0v2
2 ov1

BeBeoem elle HeCKONbKO (DYHKUMA TPEX3HayHOW noruku. Haubonee BaxHbIMM W3 HUX  SIBMSIOTCS
XapaKTepUCTUYeckne yHKLMK, onpeaensemble cregytoLmm obpasom:
k-1 ecmux=1i,
()= , (24)
0, eciux=#i,

11 = ‘I
Ji(x) = npux =i (25)
0, npux=#i,

OcHoBHble NpaBuna onepawuyin ¢ 3TMU YHKLMSIMU UMEHOT BUL;:

I (x) ecuc=r,

Ic(x)lr(x){ / )
0, eciuc # T,

G AT=min(o,1), G v1=max(c,1). (27)

BOCI'IOJ'Ib3yeMCF| TaKxe ABY3Ha4HbIM aHanorom nmniivkaluu B AaHHON TpeX3Ha‘-IHOI7I noruke, T.e.
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A—> B=—AVB=1,(4)VI,(4)VB (28)

®opma (28) Tak xe, Kak MHBEPCHS, ABMISIETCA pacLUMPeHEM, BKIKOYAKOWMM B ce6s psig BO3MOXKHBIX MMMIMKaLMiA
TPEX3HAYHOA TOMMKW. TaKoe LMPOKOEe 3aAaHMe OCHOBHBLIX (DYHKUMIA NOTMKM yAOOHO Mpu MOAEnypoBaHUM
WHTENNeKTyarnbHbIX CUCTEM B TEX Cry4asix, Korga He NpeacTaBnseTcs BO3MOXHbLIM ONUCaTb UHTENNEKTYarbHbIe
npouecchl Kakoi-nMbo 0AHOM KOHKPETHON MHOTO3HAYHOM NTOTUKOA.

Tenepb BEPHEMCS K PELLEHMIO UCXOLHOI 3aaun B TEPMUHAX TPEX3HAYHOI norvku. Kaxayio cTpoky obydatoLen
BbIGOPKY ONULLIEM NPaBUIaMU NPOAYKLMM:

Anj=1le e d Yl’ l = 1,..., m . (29)

Torga aHanorom CAH® byaet cneaytoLas yHKLMS TPEX3HAUHOM OMUKN:

IO([I(X)):{[1()(;)..\/I,_l(x)v1,+1(x)..vlm(x),eCJzu x =1, 30)
ecu x # 1
Vieido(1i(x)) v Y;, (31)

MockombKy Kaxaylo 3aKOHOMEPHOCTb (3HaHWe), cornacytowleecs ¢ obyyatolieil BbIGOPKOW, MOXHO 3anucaTb B
BMAE NMPEANOKEHHON (YHKUMM TPEX3HAYHOM NOTUKN, XOTENOCh Bbl MMETb BO3MOXHOCTb NpeacTaBneHust BCeX
3aKOHOMepHOCTeN, 06pasytoLLmx 6a3y 3HaHUA, YHKLMEN UMM CUCTEMOM PYHKLNIA TPEX3HAYHON JTOTUKA.

OpHO3HaYHOE COOTBETCTBUE NETKO MOMYYMTb, €CK, HanpUMep, NOTMYecKN NEPEMHOXMTL NpaBuna NPOLyKLUMNA.
OTO COOTBETCTBYET PaCCYy)XAEHNAM CMEayHoLLEro TUna: 3HaeM YacTHble (NokanbHbIE) NpaBuna 1 Takum 0bpasom
3HaeM BCe BMECTe IlOKanbHble MpaBina (3akoHOMEpHOCTM), onpedensiowme rnobancHyo 6a3y 3HaHuiA,
NOCTPOEHHYI0 NO 0byyaroLLen BbIDOpKe.

B pesynbtate nonyunm TPEX3HAYHYO (hYHKLMIO, OMPESenstoLLyo UCKOMYIO 3aKOHOMEPHOCTb. K aTOM (byHKLMK
MOXHO NPUMEHUTb anropUTM COKPALLEHUs B aAanTUPOBAHHOM ANS MHOTO3HAYHbIX FIOTUK BapuaHTe, a UMEHHO:

1. Ecnu HekoTopas nepemeHHas Bxogut B [H® c ogHum 3Hakom (li(x), j=const, BO BCEX AM3bIOHKTAX), TO
ypansiem BCe AM3bIOHKTbI, COAEpXKaLLMe 3Ty NepPeMEHHYH0 (AaHHas nepemMeHHasi HeMH(OPMaTUBHa);

2. Ecnn B IH® nmeeTcs Kakom-T0 OAHO-NUTEPHbIN AN3BIOHKT j(X), TO BbINOMHAEM CriedyloLne AeACTBuS:
a) yaansiem Bce An3bioHKTbI BUAa li(x) A ... (NpaBKUno nornoLeHus);
0) 3ameHsieM An3bloHKTLI BUAa li(x) A s... (i) An3bloHKTamMmM BUga s A p ... .

Pe3ynbTaToM MCMONb30BaHWA anropuTMa SIBMSIETCS MHOro3HavyHas (OyHKUMS, MOCTPOEHHAs MO WCXOAHOM
obyyatowien BbiOOpKe, OOHO3HAYHO €€ XapaKTepusyrwas U LawLias MHOXECTBO Haubonee CyLEeCTBEHHbIX
npaBun (3aKOHOMEPHOCTEN), ONpeaeNnstLLMX UCXOAHYH 06nacTb 3HaHMI.

Mpu gobaBneH HOBOrO MpaBuna NPOAYKLMN (HOBOTO 3HAHMS) NPOBEPSIEM, BbIBOAMMO MW LaHHOE NpaBurio 13
yXe CYLLEeCTBYIOLMX UMK HEeT. Ecnn 3T0 NpaBmno BbIBOAMMO, TO (hYHKLMA OCTaeTCs TOW xe. B NpoTMBHOM crnyyae
k Gase 3HaHWA NpUCOEOMHSIEM HOBOE MPaBUNMO (3aKOHOMEPHOCTb) MyTEM JIOTUYECKOT0 MHOrO3HaYHOro
NEPEMHOXKEHNS UMEIOLLEACS yHKUMM M HOBOTO MpaBura MpOAyKUWW, 3anucaHHOr0 B BWAE MHOTO3HAYHOM
COH®.

[pyron meTog 06y4eHnsi NOHATUAM W MOMCKA MHOTO3HAYHbIX 3aKOHOMEPHOCTEN MO 3adaHHbIM 6asaM AaHHbIX
OCHOBaH Ha NOKafbHO-ONTUMAsbHbIX fOMMKO-BEPOSTHOCTHBIX anroputmax [12,13]. 3101 MeToa obecneunBaet
aBTOMATUYECKUIA CUHTE3, ONTUMU3ALMI0 (MO TOYHOCTM) U MUHUMU3ALMIO CMOXHOCTM 6a3 3HaHWN B TepMUHax
MHOTO3HaYHbIX MPeauKkaToB C MPOM3BOMBHON 3HAYHOCTbIO Mo obyyatowmm 6asam AaHHbIX. OH gonyckaet
WHTeprpeTaumio W peanu3auuio CUHTE3MPOBAHHBLIX 3HaHUIA (3aKOHOMEPHOCTEW) B BWUAE TPEXCMOWHBLIX MMM
MHOTOCIIOMHbBIX HEAPOHHBIX CETEN NOMMHOMMUAMNBHOIO TUNa C CaMoOpraHuaytoLLencs apxutektypoi [14,15].
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3aknioyeHue

MpeonoxeH nogxoa Ans BblBOga MO aHanoru Ha 0ase TPEX3HAYHOW MOTUKM M CETEBBLIX MOTOKOB,
OPWEHTUPOBAHHBI NOAXOA ANS NPUMEHEHUS B CUCTEMAX MCKYCCTBEHHOTO WMHTENNEKTA U NOLAEPXKKA MPUHATUS
peLeHnin. O6CyxaeHbl 0COBEHHOCTM 1 0DLLME XapaKTEPUCTUKI Pa3fMYHBIX TUMOB AOKA3aTENbCTBA MO aHanormm.

Pa3paGoTaH MeTof, B KOTOPOM OTMEHSIEMOE [10KA3aTENbCTBO BbIMOMHEHO B (hOpMe CETeBOro notoka. Mpn aTom
noaxofie NPoBnembl NOTMYECKOro NPOrpaMMMPOBaHNS CBOAATCA K COOTBETCTBYHOLMM Mpobriemam M1HeRHoro
NpOrpaMMUpOBaHKS.

MpennoxXeH MHOrO3HauYHbIN MOMMYECKMIA NOAXOA K PeLleHnto 3agay obyyYeHust U noucka 3aKOHOMEPHOCTEN B
6asax AaHHbIX, MO3BOMSHOWMA OAHO3HAYHO OMMCbIBATL MPeLMETHY 06macTb, CTPYKTYPHO aHanuavpoBaTb
NCXOAHYI0 MHGOPMALMIO, COKpaLLaTb €8 1 U3MEHSITb N0 Mepe (hOPMUPOBAHMS HOBbIX 3HAHMIA, HE BbIBOAUMbIX U3
NCXOAHbIX AaHHBIX.

Jorvko-akcmomMaTU4eCKuin U NIOTUKO-BEPOSITHOCTHBIN METOAb! 0ByYeHUs NMOHATUSM U pacno3HaBaHus 06pa3os
0006LLeHbl Ha Cryyal MHOrO3HaYHbIX MOruK. lokasaHo, YTO CUHTE3Mpyemble MOHATUS W pacno3HatoLme
npasuna moryT OblTb peanu3oBaHbl B BMAE MHOTO3HAYHbIX HEMPOHHBLIX CETEH MOMMHOMMAmbHOrO Tuna U
1CMONb30BaHbl B CUCTEMAX UHTENNEKTYaNbHOrO U HeMPOHHOTO ynpasnenus [13-14].
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AJANTUBHOE YNPABNEHWUE U CAMOOPIrAHU3ALIUA B MYNIbTU-ATEHTHBIX
WHOOKOMMYHUKALIMOHHbIX CETAX

A.B.Tumodpees

BBepgeHue

BaxHylo ponb Ans NOAAEPXKW W pasBUTUS “BCEMMPHOrO Auanora” mMexay niogbmu OyayT urpatb He TOMbKO
rnobanbHas ceTb Internet, HoO n Gonee CoBEpPLIEHHbIE KOMMBIOTEPHEIE M TENEKOMMYHUKaLMOHHbIE ceTh (TKC)
HOBOrO NMOKOMNeHMs, co3aaBaemble B npoekTax “Internet 27, “Abilene”, “NGI” v T.n.

MpoekTupoBaHne TKC HoBoro nokoneHus TpebyeT paspaboTku NPUHUMNMANBHO HOBLIX MOAXOAOB K CETEBOMY
yNPaBMEHNIo 1 CaMOOpraHM3aLui Ha OCHOBE TEOPUN afanTUBHbIX U UHTENNEKTYanbHbIX CUCTEM YNpaBleHNs 1
MYTNbTU-areHTHbIX 1 HEMPOCETEBbIX TEXHOMOTUIA.

B poknage obcyxpaiT obwue npobnembl, Bo3Hukawowwe B rmobanbHbix TKC HOBOro nokonmeHus, u
NpeanaranTCs HeKOTOPbIE HOBbIE METOALI MyNbTU-areHTHOrO YNPaBEHNs 1 CETEBON CamMOopraHu3aLm.

1. ApXUTEKTypa MynbTH-areHTHbIX MH(YOKOMMYHUKALIMOHHbIX CEeTel

ImobanbHble MynbTu-areHTHole TKC cnyxaT And npeactaBneHus Nonb3oBaTensm MHGOPMALMOHHBIX 1
BbIYUCIITENBHBLIX PECYPCOB, pacnpenenérHbIX B KOMMbIOTEPHbIX ceTsx (KC).

ApxutekTtypa Takux TKC cOCTOMT 13 YeTbIPEX OCHOBHbIX (6a3uCHbIX) noacucTem:
1. PacnpegenéHHas cuctema casasu (PCC);
2. CeteBas cuctema ynpasneHus (CCY);
3. PacnpefenénHas nHgopmaumonHas cuctema (PUC);
4. PacnpegenéHHas TpaHcnopTHas cuctema (PTC).

3TN nogcucTembl CBS3aHbl Mexay coboil W npedHasHayeHbl AN ynpaBnsemMon nepefays nonb3oBaTensm
rmobanbHo TKC pacnpefenéHHbiX MHGOPMALMOHHBIX W BbIYMCIUTENbHBIX PECYPCOB, XPaHALWMXCA B
rnobanbHon KC, oxBaTbiBatoLLEen MHOME CTPaHbI.

PCC coctonT 13 pacnpenenéHHbix CpeacTs JOCTYNA M NONb30BaTENbCKUX UHTEPGIENCOB, a TaKKe MOPTOB U LWKH
AaHHbIX, 0becneymnBatoLLmx Npsamyto 1 obpaTHyIo CBA3b Mexdy nonb3oBatensamu rnobansHoi TKC, pasnnyHbimMmu
noacuctemamn TKC u cBsizaHHOW ¢ Hel rmobanbHoi KC, coctosiwei u3 pacnpepenéHbiX (yAanéHHbIX Ha
3HauNUTenNbHbIE PACcCTOSHUS) KOMMBIOTEPOB UMK fokanbHbIX KC.

B kauectBe nonb3oBatenen rnobancHom TKC MoryT BbiCTynaTb KIMEHTHI, agMUHUCTPATOPLI, ONepaTopbl M
npoeaigepsl TKC.

CCY nonyyaet yepe3 PCC 3anpocbl KNWEHTOB M KOMaHabl ceTeBblX agmuHucTpatopoB TKC, obpabatbiBaet
BHYTPEHHIOO MHGOpMaLmMo O Tekywlem coctosHuM PTC 1 BHEWHKOW MHAOPMALMIO O  COCTOSIHWM
MH(OPMALMOHHBIX 1 BbluMCnMTENbHBIX pecypcoB B KC, nocTynatowyto ot PUC, n hopmmupyeT ynpasnexue PTC,
obecneuvBaroliee YAOBNETBOPEHWE 3anpOCOB  MOMb3oBaTeneir nyTém nepegaum MM HeOOXOAMMBIX
NHEOPMALMOHHBIX M BbluMCnMTENbHBIX pecypcos KC.

PUC nonyyaeT curHanbl BHYTPEHHER M BHELLHEN 0bpaTHOM CBS3W O Tekylem cocTosHum PTC kak oObekTa
yNpaBneHns 1 LOCTYMHbIX MHAOPMALMOHHBIX U BbIYUCIIUTENBHBIX PECYPCOB, XpaHswmxcs B rnobanbHom KC.
Ona nepenaét atn curHanel B CCY ang popMMpOBaHWS WK KOPPEKUMM YNpaBneHus NoTokamu AaHHbIX,
nepeaasaemblx yepes PTC.

PTC coctouT 13 KOMMYHWKAUMOHHbIX Y3MOB (B PONM  KOTOPbIX MOryT BbICTYNaTb  CheuuarnbHble
KOMMYHUKaLMOHHbIE MPOLLECCOpbI) U KaHamnoB CBA3WN Mexay Humu. OHa urpaeT ponb pacnpeaenéqHoro obbekTa
YNpaBNEHNUS U CRYXUT NS YNpaBnsemoi aapecHon nepeaayn noTokoB AaHHbIX OT nonb3oBatenen k KC yepes
TKC u obpaTHo.
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Bce ykasaHHble noacuctembl rmobanbHon TKC umetoT pacnpeaenéHHbliil Xxapaktep, B3aMMOCBSi3aHbl 1 aKTUBHO
B3aMMOAENCTBYIOT Mexay cobon B npouecce OOCMyXMBaHUS NOMb3oBaTenen MHMOPMALMOHHBIMU 1
BbIYMCIITENBHBIMM pecypcami, XpaHswmmucs B rnobansHomn KC.

2. Camoopral-lmauvm U agantauus B CeTeBOM ynpaBJieHUN

[MaBHyK ponb B LieNeHanpaBreHHON CamMoopraHn3aunn M BbICOKOKaYeCTBEHHONW 06paboTke WHGopMaumn u
a[lpecHoli nepeaave NOTOKOB JaHHbIX MO 3anpocam nonb3osateneil urpaet CCY.

OcHoBHow 3agaden CCY rnobanbHeix TKC HOBOro nokonerus, paboTatolmx Ha 6omnbMX CKOPOCTSX nepeaayn
[aHHbIX, SBNSETCS CAaMOOPraHM3aLns 1 aBToMaTuyeckoe (hopmMm1poBaH1e Takoro ynpaBneHns NOTOKaMm1 JaHHbIX
B PTC, koTopoe noaaepxveaet Tpadmk reTeporeHHbIX AaHHbIX 60MbLworo 06beéma ¢ Hag€XHbIMW rapaHTUAMM
BbICOKOro kayecTBa obcnyxusanus (Quality of Service, QoS) nonbsosatenen TKC.

PeweHnne aToi rnobanbHOA 3amauu CETEBOro ynpaeneHus M camoopraHusaumm B TKC pacnapaeTcs Ha
nokarbHbIe 3a4auu ynpaBneHns NOTOKaMU AaHHbIX, aganTauum K M3MEHsIoLeMyCcs Tpaduky, NpeaoTBpaLleHus
neperpysok, paspelleHuss ceTeBblX KOH(nMKTOB ¥ T.N. [pakTuyeckas peanusaums pelueHus 3Tux 3agad
OCYLLIECTBASIETCS C NOMOLLBIO CreLanbHbIX CETEBbIX NPOTOKONOB Nepeaayn MHEOPMALMOHHBIX 1 YpaBnSIoLWmX
CUrHamnoB W NOTOKOB JaHHbIX.

B obuwem crnyyae ykasaHHble npobrieMbl CETEBOMO yNpaBneHWs W camoopraHu3aLmy AOMKHbI pellaTtbes Ans

JBYX OCHOBHbIX nniatdopm rnobaneHbix TKC:

- - 00beanHéHHble IP-ceTn, B3aMMOZENCTBYIOWME Yepes MapLLPYTU3aTOpbl MOTOKOB AaHHbIX MO npoTokony |P
(Internet Protocol) n3 Habopa npotokonos TCP/IP (Transmission Control Protocol/Internet Protocol);

- - ATM-cetw, ncnonb3aytowe npotokonsl ATM (Asynchronous Transfer Mode).

CerogHs aTv NnaTopMbl aKTUBHO Pa3BMBAKOTCA W KOHKYPUPYIOT Ha PbIHKE CETEBbIX MHAOKOMMYHUKALIMOHHbBIX
yCnyr, YTO NPOSIBNAETCS B Tak HasbiBaemoil “6utee mexay IP n ATM”. B atoi cBsan npeactasnseTcs 0ocobeHHo
BaxkHOM Takas aBomoums CCY, koTopas obecneunt KOHBepreHumio u uHterpaumo IP- u ATM-ceten B

rnobanbHbix TKC HOBOrO MOKONEHUS U UX AANbHEALIEE Pa3BUTHE.

TpaauuUMOHHO Anst OpraHN3aLyMm ynpaBneHus NoTokamu AaHHbIX 1 06opynoBaHemM PTC ncnonb3ayloTcst ceTeBble
MPUHUMMBI W apXUTEKTYPbl LIEHTPan130BaHHOTO UMW [ELEeHTPan130BaHHOTO ynpaBneHus. Kaxablii u3 aTux
NpuHUMNOB obraaaet onpeaenéHHbIMU AOCTOMHCTBAMM W HeoCTaTKaMy.

LleHTpanusoeaHHas apxutektypa CCY OCHOBbIBAE€TCA Ha BbIOENEHWM  LIEHTPanbHOro
komnbroTepa, cas3aHHoro Yyepe3d PCC ¢ agmunucTpatopom TKC 1 BbINOMHAOWENO YHKUMM “LeHTpa
ynpaeneHus” nepeaayen JaHHbIX Yepes yanbl u kaHanbl cas3m PTC.

[lOCTONHCTBOM Takoi apXUTEKTYpbI SBMSETCS rnobanbHOCTL YNpaBneHns 13 eguHoro “UeHTpa’. Hegocrtatkamu
LLleHTPannU30BaHHOMO  YNpaBreHns SBASIOTCS  OTCYTCTBME CaMOOpraHWsauMuM W HW3Kas HafExHOCTb U
0TKa30yCTONYMBOCTb, NPOSBASIOLLMNECS B TOM, YTO BbIXOJ U3 CTPOS LEEHTParibHOro YNpaBstoLWwero KoMnbotepa
NPMBOAMT K MONHOM MNW 4YacTyHoW moTepe ynpasnsemoctn PTC. Mostomy 06bIMHO npegycMaTpuBaeTcs
pe3epBMPOBaHME LieHTpanbHoro kommnbiotepa CCY.

[eueHTpanusoBaHHas apxutektypa CCY pacnpegenseT dyHkUmm 0BpaboTkm uHopMauun U yrnpaeneHus
MEXIY PSLOM NOKanbHbIX KOMMbKOTEPOB, YNPaBNSOLMX Pa3nniHbIMK cermeHTamu PTC unm noTokamn LaHHbIX B
HMX.

[OCTOMHCTBOM TakoW apxXWTeKTypbl SIBNSETCA TO, YTO OTHOCUTENbHAS HE3aBUCUMOCTb pacnpefenéHHbIX
noKanbHbIX “UEHTPOB  yNpaBreHus” MOBbILWAET HAOEXHOCTb aApecHoM nepedads NOTOKOB  AaHHbIX.
Hepoctatkamu JeLeHTPanM3oBaHHOMO yNpaBneHns SBNSKOTCS JTOKANbHOCTb M HEMOMHOTA Lienei ynpaBneHus,
yto TpebyeT KoOpAMHAUMM W COrnacoBaHHOM paboTbl pacnpeae-NéHHbIX NOKANbHbIX  YNpaBRSOWMX
KOMMbIOTEPOB.

3. CeTeBble areHTbI U MynbTU-areHTHoe ynpaBrieHue

YuuTblBas HEAOCTaTKM OMUCAHHBIX TPAAWLMOHHBIX CETEeBbIX apXWUTekTyp, LenecoobpasHo paspaboTatb
“rnbpmaHyto” camoopranmaytowytocs apxutektypy CCY ans rnobanbHbix TKC HOBOrO NOKONEHUs:, CoMeTatoLLyHo
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B cebe [OCTOMHCTBA LEHTPANW30BaHHOW W [eLeHTpannu3oBaHHOW apxutekTyp. bygem HasbiBaTb Takyo
“KOMMNPOMMCCHYH" CaMOOPraHU3yHLLYHCS apXUTEKTYPY MyNbTU-areHTHoI apxutektypoit CCY.

B aTOM cnyyae OCHOBHble (hyHKUWM 0BPaboTkM MH(OPMaLMK, CaMOOpraHM3auuu W ynpaBfieHuUsi MoTokamu
AaHHbIX B rnobanbHbix  TKC  HOBOrO  MOKOMEHMSt  pacnpefensiotcss  Mexdy — B3auMOCBSi3aHHbIMM
NHTENMeKTyarnbHbIMI UK HENPOCETEBbLIMM areHTamm.

Kaxgbin ceTeBoit areHT umeeT cobcTBeHHylo nokanbHytlo BL u B3 wnu HeitponHyo cetb (HC) ¢
CaMOOPraH13YHLLENC apXMTEKTYPON U CPeacTBa CBA3W C APYrMW areHTamu ans obmeHa uHgopmaumen B
npolecce COBMECTHOTO (KOOMEPaTMBHOMO) MNPUHATWS  PELUEHWH, CamoOpraHu3auun M aBTOMATUYECKOTO
opmupoBaHua ceTeBoro ynpaeneHuss PTC, obecrneuvBaiollero agpecHyl OOCTaBKY WHDOPMALMOHHbIX
BbluMcnTENbHbIX pecypcos KC no sanpocam nonb3osatenei rmobansHom TKC.

B ponu ceTeBbIXx areHTOB MOryT BbICTynaTb KOMMbIOTEPHl MMM HeidpoceTeBble Maplpytusatopsl CCY,
cBsA3aHHble ¢ y3namu PTC, a Takke nporpammHble areHTsl PCC u PUC. bydem HasbiBaTb TakixX areHToB
BHYTPEHHUMM areHTamu rnobancHom TKC HoBoro nokoneHus. Torga ponb BHEWHWX areHToB WrpatoT
nonb3oBaTenu (KNMEHTLI, aAMUHUCTPATOPbl M T.N.) BMEecTe €O cpeactBamu foctyna B TKC n ceTeBbIM
NHTEepdencoM, a TakkKe KOMMbIOTEPHbIE Y3nbl (XOCTbl) pacnpeaenérHon KC.

B npouecce npoektnposanns CCY Ha 6a3e Teopun areHTOB W NPUHLMNOB CaMOOpraHi3aLmn BO3HUKAOT HOBbIE
npobreMbl MHOTOaZpPEecHOM M MHOTOMOTOKOBOW MapLupyTW3auuMu W MynbTU-areHTHOTO Auanora Mexagy
BHYTPEHHWMM areHTamu rnobanbHoir TKC HOBOTO MOKOMEHWS, BHELUHUMW areHTaMu-nonb30BaTensMu 1
areHTamu KC Kak pacnpeaenéHHoro MinpoBOoro XpaHunuLla AaHHbIX, 3HaHUA U MPUITOXEHMIA.

Pewenne atux npobnem TpebyeT pa3spaboTkm METOQOB CaMOOpraHM3aUuu, BKIKYalwmx B cebsi cpeactea
NpeoTBPaLLEHNS UK aBTOMATMYECKOTO pa3peLLeHns CeTEBbIX KOH(NWKTOB MOA KOHTPONEM afanTUBHOW UMK
nHTennektyansbHon CCY ¢ MynbTu-areHTHON apXMTEKTYPO .

[na ynpaBsnsemoil agpecHon nepefauu M HaBurauuu NOTOKOB AaHHbIX, Pa3pelleHnst CeTeBblX KOH(IMKTOB,
(DYHKUMOHAMNbHOW  AMArHOCTMKM UM pacno3HaBaHus COCTOsiHMA  rnobanbHoii  TKC  HOBOro  mokoreHus
LienecoobpasHo BBECTM creLuarbHbIX areHTOB-KOOPAMHATOPOB (HanpUMep, Ha YPOBHE MapLLpyTHU3aLui NOTOKOB
AaHHbIX) U1, BO3MOXHO, Apyrux rnobanbHbix areHToB, 06ecneynBatoLLx camoopraHu3aymio.

OcoBeHHOCTb 3TUX areHTOB BbICOKOTO YPOBHS 3aknioyaeTcs B ToM, 4To ux b} n B3 dopmupytoTcs Ha ocHoBe
nokanbHbix B[]l u B3 areHToB 6Gonee HW3koro ypoBHS. [103TOMY OHW UMET rnobanbHbIN (MynbTU-areHTHbIN)
XapakTep W NO3BONSIOT OLEHUBATL CETEBYIO CUTYALMIO M OCYLLECTBNATL CaMOOpPraH13aLmio “B Lenom”.

Takum 0bpasom, pa3BuTe W COBEPLUEHCTBOBaHME CamoopraHuaytowwmxcs apxutektyp CCY rnobanbHbix TKC
HOBOTO MOKOMEHUS JOMKHO OCYLLECTBNIAETCS HE TONbKO M HEe CTONMbKO “BLMpb’ (T.€. “N0 ropu3oHTann” oxeara
Tepputopun), HO M “Brnybb’ (T.e. ‘M0 BepTMKanM® 3BOMIOLMM MEpapXuM CETEBOr0 ynpaBneHus U
camoopraHu3aLum).

Ba>|<|-|yro ponb nNpu 3TOM UrpakoT npouecchbl agantaunn, CamoopraHu3aumm U UHTENNeKTyannsauun CCy.

4. Mpobnembl ananTMBHON MapLUpyTU3aLun MHPOPMALMOHHLIX NOTOKOB

PaccmoTpum OCHOBHblE OCOBEHHOCTM MPOLECCOB afanTauu M CamoOpraHu3auui Ha npumepe aaanTUBHOM
MynbTU-areHTHOM MapLUpyTW3aLmM NoTokoB MHgopmaumm B TKC.

HeobxognMocTb B aganTMBHOW MapLUpyTU3auuW BO3HWKAET NpW HenpenackasyemblX W3MEHEHWsIX CTPYKTYpbl
(y3noB v kaHanos ces3u) TKC unn npu neperpyske 6ycepos y3nos unum kaHanos caa3n TKC. Mo cywectsy peyb
WaeT O MapLpyTW3aLMM M CamoopraHu3aunv noTOKOB WHGOpMauun B HecTaumoHapHbIX rrobanbHeix TKC ¢
nepemMeHHO CTPYKTYPOI W Harpy3Kow.

MpuunHamm nameHeHus cTpykTypbl TKC moryT ObiTh kak gobaBneHne unu oTkas (BbIXOA U3 CTPOSl) OTAENbHbIX
Y3M0B M KaHanoB CBs3W, Tak M CeTeBble MNEperpysku, NpensTcTBylOWMe nepedave MOTOKOB AaHHbIX MO
3anpeLLeHHbIM (NeperpyXeHHbIM) y3nam U kaHanam. [103TOMy MapLupyTU3aTopbl AOMKHbI MiaHMPOBaTb M
KOPPEKTUPOBaTb ONTUMAlbHble MapLpyTbl Mepefays MakeTOB AaHHbIX, afantupys WX K BO3MOXHbIM
nameHeHnam TKC, npoucxogswumx B peanbHOM BpemeHuW. [ing atoro Heobxoguma obpaTtHas CBS3b O TeKyLlEM
COCTOSIHMM y3roB U kaHanoB cBsian TKC, kotopas MOXET ObiTb OpraHu3oBaHa nytem obmeHa uHdopmaLmen
mexay ysnamu TKC.
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OTnnunTenbHBIMK YepTamMu afanTMBHON MapLUpyTU3aLuu N0 CPaBHEHWKD CO CTATUYECKOA MY OMHAMUYECKON

MapLUpyT13aLuen SBNsTCA criedyrowie ocobeHHOCTM:

- anropuTMbl aanTMBHOW MapLIpyTM3aumn TpebyoT yyeTa 1 06paboTki TekyLueh MHPopMaLmMM O pearibHOM
coctosHm TKC, yto penaeT ux Gonee CMOXHbIMW U YBENWYMBAET BPeMs ONPEAEeneHns OnTUMarbHOro
MapLupyTa;

- nepefjaya WHMOPMaUMM O COCTOSIHUM UMMM CTPYKTYPHbIX u3MeHeHusx B TKC Kk aganTuBHbIM
MapLUpyTM3aTopaM LONOMHUTENBHO 3arpyxaeT CeTb M NPUBOAMT K 3afepxkaMm (3anasgbliBaHuio);

- YBENMYEHWE CETEBOW Harpy3kM W BPEMEHM 3ana3dbiBaHWUs MOXET MPUMBOAUTL K Kornebauusm unu
aBTOKONEBaHMAM 1 YBEMUYEHMIO YWCNa LIaroB Npu onpeaeneHn ONTUManbHOro MapLupyTa.

AznanTuBHas MapLUpyTM3aLms NOTOKOB AaHHbIX B rnobanbHbix TKC umeeT psag npeumyLiecTs no OTHOLIEHWHO K

HeaganTMBHO (CTAaTUYECKOM UMW QMHAMUYECKON) MapLUPYTM3aLMK, @ UMEHHO:

- obecneunBaet paboTocnocobHOCTb 1 HapgexHocTb TKC npu Henpeackadyemblx W3MEHEHUSIX UX CTPYKTYPbI
WnW NapameTpos;

- MpuBOAMT k Bornee paBHOMEPHON 3arpyske y3noB M kaHanos cBs3n TKC 3a cyeT «BbIpaBHWBAHUS» HArpy3Kky;

- YNpoLLaeT ynpasfieHue nepegayeil NOTOKOB AaHHbIX U 0brieryaeT agantaumio K CeTEBbIM Neperpyskam;

- yBenuumMeaeT Bpems 6e30TkasHOM paboTbl WM mpou3soanTenbHOCTb TKC npu  BbICOKOM  ypOBHE
npejocTaBnsaeMblx YCNyr B HENpeacka3yeMbIX YCNOBUSX U3MEHEHWS CETEBbIX NapaMeTpoB U CTPYKTYPbI, UTO
0C00eHHO BaXxHO Ansa areHToB-nonb3osatenen TKC.

JocTuxeHne aTUX NPeUMYLLECTB B 3HAUNTENBHON CTEMEHM 3aBUCUT OT MCMOMb3yeMbIX NPUHLMMOB 1 anropuTMOB
afanTUBHOM MapLUpyTU3auMM 1 camoopraHm3aumn noTokoB faHHbIX B TKC ¢ Henpeackasyemo U3MeHsLLEencs
CTPYKTYPOil M 3apaHee Hen3BeCTHbIM TpaduKoM.

Kak oTmeuvaetcs B 6-oM uagaHuu moHorpadpum Tanenbaum A.S. Computer Networks (Prentice Hall, 1996),
«apanTWBHas MaplipyTusauMs — 3TO 3ajada, KOTOPYK BecbMa TPYAHO pPewwuTb [OMKHbIM - 0Bpasom.
[lokasaTenbCTBOM 3TOr0 MOXET CIyXUTb TOT (DakT, YTO Hambonee KpynHble CETU C NAKETHOM KOMMyTauuen
(takme, kak ARPANET u ee «Hacneghukn», TYMNET u ceteBble apxutektypbl IBM n DEC) HeogHokpaTHO
npeTepneni 3HauMTENbHbIE U3MEHEHUSI MPUHLIMNOB MapLUPYTU3aLMny.

5. MeToabl aganTUBHOW M MyNbTU-areHTHOW MapLIpyTU3aLmMm

MpUHLMNLI afanTMBHON MapLLPYTHU3aLMK 1 CaMOOPraH13aLmn NOTOKOB AaHHbIX MOXHO pa3buTb Ha Tpu Knacca B
3aBMCMMOCTW OT WCMONb3yeMOoi MHopMaUmn o peanbHon (Tekyuwlem) coctosHuu TKC, T.e. oT xapakTepa
CMrHanoB 0bpaTHOM CBA3M:

- nokanbHas uHcopmaums (obpatHas cBs3b) oT ogHoro yana TKC;

- nokanbHas nHgopmaums (obpaTtHas cBA3b) OT y3na u ero «cocegen» B TKC;

- rnobanbHas nHchopmauus (obpaTHas cas3b) oT Beex yanos TKC;

MpoCTEMWIMIA NPUHLMA  aAanTMBHOW MapLIpyTM3aUMM C ToKanbHOM 0OpaTHOM CBA3bID OT OAHOrO y3na
3aKMoYaeTcs B TOM, YTO MaKeT [aHHbIX NepefaeTcsl B KaHamn CBA3M C CaMOM KOPOTKOM Ouvepedblo unu ¢
HanbonblUen BEPOSTHOCTBIO MPEAnOYTUTENbHOCTU KaHana. [lpyu 3TOM MOXEeT NpOUCXOAUTb  FOKanbHOe
BbIpaBHUBAHWE Harpy3ku B BbIXOAHbIX kaHanax TKC. OpHako B 3TOM Cryyae BO3MOXHO OTKIIOHEHWe OT
ONTMMarbHOro MapLupyTa.

Bonee apdheKTUBHbIE NPUHLMMLI aaanTUBHOW MapLUPyTU3aLMu OCHOBBLIBAKOTCA Ha Nepedaye B HayanbHbIA y3en
nokarnbHoON MHgopMaLmm (0GpaTHOI CBA3N) OT CoceaHUX Y3noB unm rmobansHoi uHdopmauum ot yanos TKC. B
ka4yecTBe TaKoM MHOPMaLMM MOTYT MCNONb30BaThCA, HaNpUMep, AaHHble 06 0TKa3ax WnK 3agepkkax B yanax
nnu kaHanax csssu B TKC.

B 3aBucMMOCTH OT Mcnonb3yembix cnocoboB 0bpaboTkm nokansHoOM unu rnobansHon uHdopmauun (obpatHom
CBSI3W) NPUHLMMbI aAaNTUBHON MapLLPYTU3aLMM MOXHO pa3buTb Ha TpU Knacca:

- LeHTpanu3oBaHHasi (Mepapxuyeckas) MapLupyTu3aums;

- [OeueHTpanun3oBaHHas (pacnpeaenéHHas) mapLpyTusaums;

- MynbTu-areHTHas (MHOroagpecHas) MapLpyTu3ams.

MPUHLMN LEeHTPanu3oBaHHOM MapLIpYTM3aLmMK 3aKMioyaeTcs B TOM, YTo kaxabiit y3en TKC cHavana nepegaet
WHChOpPMALMIO O CBOEM COCTOSHUM (3aZepXKu MIM MPOMYCKHbIE CMOCOBHOCTM BLIXOAHBIX KaHaroB W T.n.)
LieHTpanbHOMy Yany-MapLupyT13aTopy. 3aTeM 3TOT MapLUpyTM3aTop BbIYMCIISIET ONTUMANbHbIA MapLIPYT Ha
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OCHOBE MOSTy4eHHO! rnobanbHON MHOPMaLMK O TEKYLLEM COCTOSIHUK W nepefaeT ero obpaTHO BCEM y3nam
TKC. Mocne 3T0ro HauMHaeTCs ynpasnsieMas nepegaya nakeToB OT y3na-UCcToYHMKA K yany-nonyyatento TKC no
CnnaHMpoBaHHOMY ONTUMAbHOMY MapLLpPYTY.

MpuHUMN AeLeHTpan130BaHHON (pacnpefeneHHoin) MapLupyTU3auMm OCHOBLIBAETCS Ha OBMeHe noKanbHOM
nHbopmaumen mexay yanamum TKC M MCMONb30OBaHWM 3TOM WMHGOPMAUMM O TEKYLLEM COCTOSIHUM Y3riOoB W
kaHanoB cBs3u TKC ans BbluMCneHus onTUMarnbHOro Maplupyta. 1o Mepe BbluMCrieHNs NOCReaoBaTenbHbIX
Y4aCTKOB 9TOr0 MapLupyTa OCYLIECTBMSETCA pacnpefenéHHo-ynpasnsaemas nepefjaya naketoB OT Yya3na-
MCTOYHMKa K y3ny-nonyyatento TKC.

MpUHLMN MyNbTU-areHTHOM MapLUpyTU3aLMu U CamMoopraHu13aLm NOTOKOB AaHHbIX SIBNSIETCS CBOeoGpasHbiM
KOMMPOMMCCOM MEXAY MNPUHLUMNAMM LIEHTPanu3oBaHHO W AeLeHTpann3oBaHHo MaplupyTusauum. OH
OCHOBbIBAETCS Ha MHOrOA[pEecHOM 1 MHOTOMOTOKOBOM MapLUPYTW3aLMM 1 aHanM3e BO3MOXHBIX CETEBbIX
KOHCPNIMKTOB C LieNbio X NpeaoTBpaLLEHUst UMK pa3peLueHn s B MpoLecce ynpaBnsiemMon nepefayn naketos no
MHOXECTBY ONTUMAsbHbIX MApLUPYTOB OT Y3N0B-UCTOYHUKOB K y3nam-nonyyatensm rnobansHoi TKC.

Bonee nogpobHO 3TOT MPUHLMN W KOHKPETHbIE METOAbI MYyMbTW-areHTHOW MapLupyTU3aLnMM PacCMOTPEHbI B
pabotax [1-5].

Pa6oTta BbinonHeHa npu noaaepxke MuHnpomHayku PO (npoekt Ne 37.029.11.0027), POOU (npoekt Ne 03-01-
00224a) n PTH® (npoekt Ne 03-06-120198).
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EAHA PEANTU3ALIUA HA XELL-TABJIMLA C OTBOPEHO AIPECUPAHE B
NOCNEAOBATENHO PA3MNPEAENEHA NAMET

B. laHkoBa, P. Xpucrosa

AHomauusi: B cmamusima ce pasenexda eOHa peanusauus Ha xew-mabnuya ¢ omeopeHo adpecupaHe 8
nocnedogamesnHo pa3npedeneHa namem, dagauwa 8b3MOXHOCM 3a HaMasisisaHe Ha 6pos Ha fuHelHUme npobu
npu ycmaHossigaHe Ha hakma, Ye dadeH eleMeHm He e BKIIYeH 8 xew-mabnuyama.

Knovoeu dymu: xew-mabnuya ¢ omgopeHo adpecupaHe, KoMu3us, MbPCeHe Ha eneMeHm, USKIKYeaHe Ha
enemeHm

YBoa

/3BnuyaHeTo Ha OMpeaeneHo nmapuye, unu napyeta, MHGopMaums OT ronsm obem npeaBapuTENHO 3anaseHu
AaHHM NpeacTaBnsBa egHa (PyHAAMeHTanHa onepauysi, HapeyeHa TbpceHe. Tasu onepauust € Hegenuma yact
OT MHOXeCTBO u3umcnutenHu 3agayn. OOWKHOBEHO LenTa Ha TbPCEHETO e [fa Ce Momyyu [OCTbN A0
WHopMauuaTa, CbabpXalla ce B eNeMeHTa U ha ce M3BbpHM nocnegsawla obpabotka. MpunoxeHnsta Ha
TbPCEHETO Ca LUMPOKO-MaLLabHK 1 BKIKOYBAT MHOXECTBO pasniyHmu onepauymn. OBwoTo mexay Tax obaye e, uye
ce HyxaasT oT fobpu anroputmm 3a TbpceHe. EfHa dyHAameHTanHa W LMPOKO M3nonaBaHa CTpyKTypa OT
AaHHM, NO3BONSBALLA NpUnaraHeTo Ha Gbp3u anropuTMK 3a TbpCeHe € Xelw-Tabnuyarta. ECTeCcTBEHO Bb3HMKBA
BBNPOCHT 3@ peann3aums u3non3saHata CTpyKTypa OT JaHHW. [pn peannsvpaHeTo Ha efHa U Cblla CTpyKTypa
Morat Aa 6baaT M3non3BaHu pasnnyHK NOAX0AM, aaanTUpaHu KbM KOHKPETHUTE M3MCKBaHMS 3a Obp3oaeiicTaue,
n3non3eaHa nameTt v ap.

B HacToslata cTatMs ce pa3rnexga egHa peanusauMs Ha Xxelw-Tabnuua C OTBOPEHO afpecupaHe B
nocnefoBaTenHo pasnpeaeneHa nameT, Jasalla Bb3MOXHOCT 3a HaMmansBaHe Ha Gpos Ha NnHelHUTe npobu
Npy yCTaHOBSIBaHE Ha (haKTa, ye AaeH eneMeHT He e BKIIYEH B Xell-Tabnuuata .

MoHATHA, CBBLP3aHM C Xeww-Tabnuuy ¢ 0TBOPEHO agpecupaHe.

Tabnuuata e CbBKyNHOCT OT €AHOTUMHM €NEMEHTH, BCEKM OT KOUTO € U3rpadeH OT KMoy (MAeHTUdMKALMOHHA
yacT) 1 Tano (MHdopmaumoHHa yacT). CTOMHOCTTa Ha KItoya €AHO3HAYHO MAEHTUdMLMPA KOHKPETEH ENEMEHT.
CTOMHOCTUTE Ha MHOPMALMOHHATA YacT He Ca CbLUECTBEHM OT rnefHa TOUKa Ha opraHu3aumsaTa u obpabotkara
Ha Tabnuuarta, nopaau KOeTo B NPeAnoxeHaTa peanusaums He e 3afafeH KOHKPETEH Tun 3a Hes.

B xew-tabnmuyata AOCTLNBLT 4O €MNEMEHT Ce OCbLUECTBSBA Ype3 TpaHC(OpMUpaHe Ha KMiova Ha enemeHTa B
HeroBms agpec, T. €. TbPCEHETO MOXE [da ce ONpeaenu kato usobpaxeHue hash: K — A, koeTo ce Hapuya
xew-gyHkumst. V13obpaxeHneto hash gaBa CbOTBETCTBME HA MHOXECTBOTO OT Bb3MOXHM CTOWHOCTM Ha
KNto4oBOTO none K B MHOXECTBOTO OT afpeck Ha nameTTa A, B KOWTO (PU3MYECKM € NMOMECTeHa camara Xell-
Tabnumua.

3a npeacTtaBsHETO Ha xelw-Tabnuua B nocnefoBaTeNHO-pa3npeaencHa nameT ce U3nonsea Macve, Nopagu
KoeTo TpaHcopMaLmMsTa Ha KMoy B agpec Ce CBexaa [0 TpaHCopMMpaHe Ha KIoY B MHOEKC Ha MacuB.
Torasa, ako ¢ N 6b/e 03HayeH 6posiT Ha enemeHTuTe B Macuea, To: hash: K — {0, 1,2, ..., N-1}

M3bopbT Ha pobpa Xew-(yHKUMSt € rapaHuus 3a PaBHOMEPHO pasnpefeneHne Ha enemeHTUTe B Xell-
Tabnuuarta, HO Tbi KaTO TOBA HAMA OTHOLEHWE KbM LEMTa Ha HacTtoswarta crats, TO cyuTaikn 6es
orpaHuyeHne Ha OBLHOCTTa, Ye KMIYOBETE Ha eneMeHTUTe ca ecTecTBeHM uucna, e Gbae v3nonasaHa
Knacudyeckarta xew-pyHkuus  hash(k)=k%N , kbgeTo k€ K W k € Kniod Ha enemeHTa.

Tbit KaTo MOLHOCTTA Ha MHoxecTBoTo K e no-ronsima ot BL3MOXHUS Gpoil Ha enemMeHTUTe B MacvBa, To e
Bb3MOXHO [la Bb3HUKHE CUTyaLWsi, B KOSITO [jBa eNeMEeHTa C pa3fuyHi KiioyoBe k, # k, [a npeTeHaupart 3a

€[HO 1 CbLLO MACTO B Macuea, T.e. hash(k, ) = hash(k, ). TakuBa enemeHT! ce Hapu4ar CUHOHUMM, & CaMOTO
fBneHne — konuaus. MpobnembT 3a paspellaBaHe Ha KONMWU3MMTE UMa PasfMYHW PELeHUs, HO B CTaTuATa Lie
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Obae pasrnegaH METOABT Ha NIMHENHOTO OTBOPEHO agpecupaHe. Npy To3n MeToa, ako eneMeHT npeTeHanpa 3a
MSCTO, 3aeTO OT [Apyr enieMeHT, MacuBbT Ce Mnpernexaa nocnefoBaTenHo 3a HOBO CBOOGOAHO MSCTO.
lMocnepoBatenHoTo TbpceHe 61 Morno Aa 6bae peanuanpaHo ¢ yHkuuaTa rehash(i)=(i+1)%N . EQekTbT
OT paspeLUaBaHeTo Ha KOMMU3WUW Npu Xew-Tabnuuute ¢ OTBOPEHO afpecupaHe e T.Hap. MbpBUYHO CKYMYBaHe.
EnemeHTnTe, npeausBukanM Konmmauute (C €4HA M Cblya CTOMHOCT Ha hash-thyHkUmMsTa) ce pasnonarar
nocrefoBaTeniHo cnej BXOAOBETE CW. ToraBa BeYe M eNeMeHTUTe, KOMTO TpsibBa Aa BNsi3aT Ha MSCTOTO CH, C
Apyra CTOMHOCT Ha hash-thyHKUMSITa, Le Npeamn3BukaT konnaun. CnydyasT, Korato 3a eanH MHAEKC NpeTeHampart
eNeMEHTU C pasfMyHa CTOMHOCT Ha hash-thyHKUMATa ce Hapuya BTOPUYHO CKynYBaHe, a HEMPeKbCHATUTE rpynu
OT eNeMeHTH, KouTo ce obpasysart B Tabnuuata ce Hapuyat KITbCTepu.

OCHOBHUTE Onepaumu B XeL-Tabnuum 1 KnacuyeckuTe anroputMm 3a TaxXHaTa peanusaums ca:
TbpceHe Ha enemMeHT C KNI & - C NOMOLLUTa Ha Xel-PYHKuusATa hash('k ) = a, ce npecMsTa UHOeKca a; Ha

MacvBa, kbaeto 6u Tpsabeano ga 6bae HaMepeH TO3W eNeMEHT; HO ako B HES IMa efleMEHT C pas3nuyeH Kritou,

npoBepkaTa ce U3BbLPLUBA 3a NO3NUNA a, = rehash(a; ). AHANOTMYHN [ENCTBIA Ce W3BBLPLLBAT W C MO3NLMUSA

a, . Toan NpoLec Ha NnHenHN Npobu Npoabmkasa [oKaTo:

« Obae HamMepeH enemeHT C KNty k (ycneLweH kpan);

« Obae OOCTUrHAT ENEMEHT C HyTeB KIToY (HeycneweH Kpaii);

« 4pes obxoxpaaHe Ha UsanaTa Tabnuua 6bae YCTaHOBEHO, Ye eNEMEHT C TaKbB KoY OTChCTBA (HeyCnelleH
Kpamn).

[o6aBsiHe Ha eneMeHT C KNtoy & - ako 6bae YCTAHOBEHO, Y€ ENEMEHT C TakbB KITto4 0TCbCTBA OT Tabnuuata u

B Hest MMa cBobBOAHO MACTO, TO Tol ce AobaBsi B Tabnuuara.

N3TpuBaHe Ha eneMeHT C KoY & - cried YCneleH Kpail Ha onepauusiTa TbPCEHE Ha ENEMEHT C KNtod &y

YCTaHOBSIBaHe Ha HEroBOTO MECTOMOMIOXEHNE B NO3WLMS i, CE HYNWpa KNioYa Ha eneMeHTa B Ta3u No3uuus.

Mpo6nemu 3a paspeluaBaHe.

Ouwle KHyT BbB (hyHOameHTanHus cv Tpya [KHyT, 1978] nuwe: “MHorve nporpammucTbl CBSTO BEPUT B anrOpUTMbI
1 OYEHb YAMBMAKTCA, 0BHAPYXMB, O4EBUOHLIN CNOCOD yaaneHus 3anuceil paccessHHon Tabnuupl He paboTaer.”.
Mperneaa Ha Knacudyeckara nurepatypa no BbNpoca nokassa, Ye onepauusTa U3TpUBaHe Ha eNemMEHT OT Xell-

Tabnuuy ¢ 0TBOPEHO aapecnpaHe unu He ce komeHTupa [Amepan, 2001], [Pennrong, 1980], [Meitep, 1982] unu

Ce KOMEHTUPA MO HSKON OT CEAHUTE HAaYMHM:

« Bb3amoxHa e peanusauus Ha onepauusiTa, HO TS € MHOro cnoxHa [Ameparn, 2001].

» MapkupaHeTo Ha enemeHTa ¢ O4eBMAHWA METO[ CKbCBa Bepurata Ha cuHoHumuTe [Hakos, 2002], [LUuLkos,
1995].

. BmbBexpga ce cneundukaTop ¢ TpM CbCTOSHUS: €MEMEHTA € 3aeT; enemeHTa e cBobOAEH, KaTo HUKOra He €
Oun 3aemaH; enemeHTa e cBobogeH, HO npeaw Toea € 6un 3aeT [LWnwkos, 1995], [Cmut, 2001] 1 [Cemxkywk,
2002].

o BbTpelwHuTe Bepurn OT CUMHOHMMM Ce MPECTPYKTYpUpaT, Taka Ye W3KMKYBAHETO Ha €nemeHT fa Hama
nocneacTams BbpXy anroputmMuTe 3a TbpceHe 1 BKousaHe [LLUnwkos, 1995].

o MOBTOPHO CE€ XelwupaT BCUYKM EMEMEHTU MexOy W3TPUTWUS eNeMeHT W chedpallaTta HesaeTa nosuums
[Cemxyuk, 2002].

MpeanoxeHn ca gse peanusauun Ha M3TPUBaHE Ha eNEMEHT: Mo 04eBUAHMS MeToq B [A3bnos, 1995] n ypes

NOBTOPHO XelwnpaHe B [Cempxymk, 2002].

Taka [JageHaTa AeMHULMS HA onepauusiTa TbPCEHe M KOMEHTUpaHUs no-rope npobnem npu onepauusita
N3TPUBaHe Ce NopaxaaT crieaHUTe BbNpocH:

2.1. Kak ce oTpassiBa U3TPUBAHETO Ha ENEMEHT OT BepuraTa fMHeHN Npobu BbpXY TbPCEHETO Ha ENEMEHT,
BMK3all B CbCTaBa Ha Tasu Bepura?

2.2. [locTaTb4HO OCHOBAHWE N € AOCTUTAHETO Ha HYMeB KMoY BbB BEpUraTa fIMHENHU Npobu npu TbpceHe
Ha enemMeHT, 3a Aa Ce TBBbPAU, Ye TbPCEHUAT eNleMeHT He e B TabrnuuaTa?

2.3. Heobxogumo nu e obxoxgaHe Ha Tabmmuata 40 AOCTUraHe Ha NpaseH eneMeHT (KOMTO HUKora He e bun
3ambfiBaH), 3a Aa 6bae YCTaHOBEHO, Ye TbPCEHUAT eNleMEHT 0TCHCTBA?



146 i TECH - 2004

EauH npumep

KaTo uniocTpaums Ha noBaUrHaTUTE BLNPOCK MOXe Aa Obae pasrnesaH creaHust npumMep: B xel-Tabnuua ¢
pasmep 13 ce pasnonarat enemeHTH ¢ Ko4oBe

- 14 (hash(14)=14%13=1);

- 16 (hash(16)=16%13=3);

- 29 (hash(29)=29%13=3, rehash(3)=4%13=4);

- 55 (hash(55)=55%13=3, rehash(3)=4%13=4, rehash(4)=5%13=9);

- 21 (hash(21)=21%13=8);

- 35 (hash(35)=35%13=9);

- 49 (hash(49)=49%13=10);

- 50 (hash(50)=50%13=11).

o 1 2 3 4 5 6 7 8 9 10 11 12

| o | 14 ] o] 16| 29855 o o] 20]3 |4 |5 | o]

[Mpn NpunaraHe Ha pasnpoCcTpaHeHUs B nUTepaTypaTa anropuTbM 3a TbPCEHe 3a eneMeHTH ¢ Knovose 14, 20,

55, 42, 48 ce nonyyaeat criegH1TE pesynTaTh U Bb3HUKBAT CNEeHUTE BbNPOCK:

» 3a 14: ypes npunaraHe Ha xel-pyHKUMATa ce NonyvaBa MHAEKC 1, KbAETO Ce Hammpa TbPCEHWS KITKoY, T.e.
TbPCEHETO 3aBbPLUBA YCMELLIHO;

« 3a 20: ypes npunaraHe Ha XeLlU-(PyHKUMSTa ce NonyvaBa MHAEKC 7, KbAETO cTou Koy 0, T. e. MACTOTO e
Npa3Ho 1 TbPCEHETO 3aBbpLUBA HEYCMELLHO;

« 3a 55: ypes npunaraHe Ha xew-yHKUMATA Ce MonyvaBa MHAEKC 3, KbAETO cTom Koy 1655, CrnieaBaiiku
Knacu4eckust anropuTbMm (U3BbPLUBAT CE IMHENHUTE NPoBu 4O AOCTUraHE HA ENEMEHT C ThPCEHUS KNKY UK
[0 Npa3Ho MSCTO) CMeA NnpuraraHe Ha MeToda Ha NuHeinHuTe Npobu, ce goctura 4o kroya 55 1 TbpceHeTo
3aBbpLLBA YCMELLHO;

o 3a42: ypes npunaraHe Ha xew-GhyHKLUMATA Ce nonyyasa MHOEKC 3, KbaeTo CTon Knou 1642, Mpunaraitku
MeTofa Ha nuHenHuTe npobu, ce goctura fo kmod 0, T.e. 4O NpasHO MSCTO M TbPCEHETO 3aBbpLUBa
HeyCMeLLHo;

» 32 48: ypes npunaraHe Ha XeL-GyHKUMATa ce nonyvasa MHAeEKC 9, KbaeTo cTou Koy 35-48. Mpunaraiku
MeToda Ha nuHeiHuTe npobu, ce goctura o kmoy 0, T.e. 4O MpasHO MSACTO W TbPCEHEeTO 3aBbpLuBa
HeycnewHo. B 1031 cnyyan 6um morbn ga Obae NOCTaBeH CREAHMS BBAPOC: HE MOXE N1 Ouwe npu
nomnyyYaBaHeTO Ha WHAEKC 9 Aa HanpaBuM M3BOAA 3a HEYCMELIEH M3XOA Ha TbPCEHETO, Thbil KaTo KakKTo ce
3abenssBa OT npoueca Ha pasnonaraHe Ha enemeHTMTe B Tabnuuata B no3vuus 9 He e Bb3HMKBana
konmausi. ToraBa HiMa Kak Aa Ce 04akBa TbPCEHWS KMoy [a Ce NOsBM BbB Bepurata NuHeHn npobu 3a Tasm
nosuums (Bbnpoc 2.3).

3a wniocTpaums Ha noeaurHatute Bbnpocu 2.1. n 2.2. Moxe Aa Obae pasrneaaHo TbPCEHETO HAa E€NEMEHT ¢
kntoy 55 cnep u3TpUBaHETO Ha enemeHT C Knod 29. Pa3nonoXeHWeTo Ha eneMeHTUTe cnef onepauusTa
N3TPUBaHE € CNEeAHOTO:

o 12 3 4 5 6 7 8 9 10 11 12
| o | 14 ] o] 16| 0o | s5] o o | 20]3 |4 |58 | o]

ToraBa npu npunaraHe Ha anropuTbMa 3a TbPCEHE Ha eneMeHT ¢ Kmod 55 u obxoxpanku wHaekcute oT
NWHenHUTe npobu ce goctura A0 WHAeKe 4, Kbaeto crtou knwdy 0, T.€. MACTOTO € NpasHO W CbIMacHo
KIacu4eckust anropuTbM (TbpPCEHe A0 OTKPUBAHE Ha KIoYa MM MpasHO MSCTO) TbpceHeTo Ou Tpsbeano Aa
3aBbPLUM HEYCMELWHO, KOETO MPOTUBOPEYN Ha LEACTBUTENHOTO PasnonoXeHWe Ha enemeHTuTe B Tabnuuara.
lMpoTMBOpPEUNETO Bb3HMKBA NOpaan (hakTa, Ye B No3uums 4 e Bb3HUKBaNa KOMMU3nsa 1 CrnefoBaTeniHo ako Tam He
urypupa TbpceHus kntod, bu Tpsbsano ga ce Npogbimku C NMHENHUTe Npobu 40 LOCTUraHETO Ha TbpPCEHUS
KMoy (ycneLeH Kpai) unm Jo No3uLms, B KOSTO He € Bb3HWKBamNa Konnuansa (HeycrneLueH Kpan).
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PeweHune Ha npobnema

OcHoBHwWs npobnem, Ha KOMTO Ce npeafiara peLleHure B CTaTaTa e peanusauumsita Ha anropuTbM 3a TbPCEHE Ha
efleMeHT B Xew-Tabnuua ¢ OTBOPEHO ajpecupaHe, npu KOWTO ce HamansBa 6post Ha NuHeiHWUTe nNpobu npu
yCTaHOBsIBaHe Ha (hakTa, Ye JafeH enemMeHT He e BKIIYEH B Xelw-Tabnuuata, a U3KMYBAHETO Ha eneMeHT
HAMa HenpusATHU NOCREACTBUS BbPXY anropUTMUTE 3a TbPCEHE W BKIIOYBAHE HA E€IEMEHT BbB BbTPELLHUTE
BEPUMM Ha CMHOHUMWTE NpK pa3peluaBaHe Ha kommanu. OCBEH TOBa HE Ce Hanara M3nofi3BaHETO Ha npouec
“cbbupay Ha BOKIyK”, KOWTO € MHOMO GaBeH.

PaspelueHneTo Ha To3n npobnem, KOETo ce npeanara B HacTosilara cTatis € 3a BCska no3vuus Aa ce nasu
WHOpMALMS Janu Ha CbOTBETHOTO MSACTO € Bb3HWKBANa konuaus npu JobaBsHETO Ha enemeHT. ToBa BOAM 40O
ngesTa 3a antepHaTuBeH Macue ph ot Gynesu CTONHOCTY:

_ true, ako Ha I—mMO MACMO € UMAN0 KOIU3US
phli] = .
false 6 npomusen cayuail
ToraBa pasnonaraHeTo Ha pasrneaaHuTe Mo-Tope enemMeHTW Lie Npean3BuKBa CreAHUTE NPOMEHU B ABaTa
MacuBa:

- 14 (hash(14)=14%13=1):
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 0 0 0 0 0 0 0 0 0 0
ph | false | false | false | false | false | false | false | false | false | false | false | false | false

16 (hash(16)=16%13=3):
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 16 0 0 0 0 0 0 0 0 0
ph | false | false | false | false | false | false | false | false | false | false | false | false | false

- 29 (hash(29)=29%13=3; rehash(3)=4%13=4);
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 16 29 0 0 0 0 0 0 0 0
ph | false | false | false | true | false | false | false | false | false | false | false | false | false

- 55 (hash(55)=55%13=3, rehash(3)=4%13=4, rehash(4)=5%13=5):
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 16 29 55 0 0 0 0 0 0 0
ph | false | false | false | true | true | false | false | false | false | false | false | false | false

21 (hash(21)=21%13=8):
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 16 29 55 0 0 21 0 0 0 0

ph | false | false | false | true | true | false | false | false | false | false | false | false | false

- 35 (hash(35)=35%13=9):
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 16 29 55 0 0 21 35 0 0 0
ph | false | false | false | true | true | false | false | false | false | false | false | false | false

49 (hash(49)=49%13=10):
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 16 29 55 0 0 21 35 49 0 0

ph | false | false | false | true | true | false | false | false | false | false | false | false | false

- 50 (hash(50)=50%13=11):
0 1 2 3 4 5 6 7 8 9 10 11 12
t 0 14 0 16 29 55 0 0 21 35 49 50 0
ph | false | false | false | true | true | false | false | false | false | false | false | false | false
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Mpu TOBa CbCTOSHWE Ha MacWBUTE TbPCEHETO Ha eneMeHT ¢ knioy 18 We foBede OO NpunaraHe Ha XeL-
(yHKUpaTa Hag kntova 18 — hash(48)=48%13=9. Tbit kaTo Ha TOBa MSCTO HE CTOM €fIEMEHT C TbPCEHUS KoY 1
phli]= false, 70 He e HeobXxoaMMO NpunaraHeTo Ha NHeNHUTE Npobu 1 Moxe fa Gbae HanpaBeH M3BoL 3a

HeyCneLleH Kpail Ha TbPCEHeTO.

MporpamHa peanusaums

Cneppa egHa peanuaauus Ha C++l Ha NpeanoxeHOTO peLLeHme:

const int nilkey=0;
template<class T>
struct element {int key; T info;};
template<class T>
class hashtable
{ private:
int tabsize;
int free;
element* t;
bool* ph;
public:
hashtable();
hashtable (int n);
bool is_full();
int search (int k);
void iInsert (element e);
void del (int K); };
template<class T>
hashtable<T>::hashtable()
{ tabsize = 0; free=0; }
template<class T>
hashtable<T>::hashtable(int n)
{ tabsize = n; free=n;
t = new element[tabsize];
ph = new bool[tabsize];
for (int 1=0; i1 < tabsize; i++)
{ t[i]-key=nilkey; ph[i]=false; }
}

int h(int k) { return k%tabsize; }
int r(int 1) { return (i+l)%tabsize; }
template<class T>
bool hashtable<T>::is_full()
{ return free==0; }
template<class T>
int hashtable<T>::search( int k)
{ bool b=false; int i=h(k); int j=i
while ( t[i]-key!=k && ph[i1] && !
{ i=r(i); b = i==j; }
it (t[i]-key==k) return i;
else return -1;
}
template<class T>
void hashtable<T>::insert( element E)
{ int i=search(E.key);
if ( i<0 && lis_full(Q )

b )
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{ 1=h( E.key);
while ( t[i]'=nilkey ) { ph[i]=true; i=r(i); }
t[i]=E; free--;
+ 3
template<class T>
void hashtable<T>::del( int k)
{ int n=search(k);
it (n>=0) { t[n]-key=nilkey; free++; }

3akniouyeHue

BposiT Ha NuHelHUTE NPoBY NpK TbPCEHE Ha eNEMEHT B XelU-TabnnLa ¢ 0TBOPEHO afipecupaHe 3aBucy oT:

1. CbOTHOLLEHNETO O Ha 3aeTUTE ErNeMEHTU CMpsIMO BCMYKM enemMeHTM B TabnuuaTta, kato npu edHa
paspefieHa Tabnuua( o e Manko) o4akBame MOBEYETO TbPCEHUS Aa OTKPUSIT NpasHa No3nLMs caMo Cnep HAKOMKO
npo6u; Npu eaHa nouTH MbyiHa Tabnuua( o e 6nsko 4o 1) TbPCEHETO MOXeE [a U3MCKBa ronsiv Gpoi Npobu;

2. HAYMHDBT, MO KOMTO NPKU BMBKBAHETO CW efleMeHTUTe obpasyBaT HenpekbcHaTW rpynu (KmbcTepu) B
Tabnuuata, kato HabnwogeHusTa nokaseaT, uYe ycpegHeHus Opoi mpobu npM  HEYCMELWHO TbpceHe e
NPONOPLIMOHANeH Ha KBagpaTuTe Ha ObMKUHUTE HA KITbCTEPUTE, @ YCMELUHUTE TbPCEeHUst BUHArK NO-eBTUHW OT
HeyCnewHuTe.

MpeanaraHaTa peanu3auus Ha Xell-Tabnuua ¢ OTBOPEHO aapecupaHe Ype3 MacuBa ph dakTuieckn Hamanssa
CbLLECTBEHO AbMMKMHATA Ha KITbCTEPUTE U MO TO3M HAYMH Hamansea GposiT Ha NpobuTe MpN Bb3HUKBAHETO Ha
KOnu3uu, 0COBEHO aKo TbPCEHMS ENEMEHT He e OT Xell-Tabnuuara.

lMpegnaraHaTa peanusauus Ha xelw-Tabnuua B NocnefoBaTenHo pasnpefeneHa naMmet Moxe Aa ce U3nonssa ¢
MPOM3BOITHU XELL-CDYHKLMM 1 MPOM3BONIEH HauMH 3a 00paboTBaHe Ha KONM3MMTE, KaTo BbB BCEKM OT Te3n Cry4aun
CblLIECTBEHO Ce HamansaBea bpoAT Ha npobuTe npu TbpceHe Ha enemeHT. OnepauunTte aobaBsHe Ha eNeMEHT 1
W3TPMBAHE HA ENEeMEHT MpsKO WNW KOCBEHO M3MON3BaT TbPCEHE HA ENIEMEHT W CKOPOCTTAa Ha TSXHOTO
U3MbIIHEHWE CbLO ce nogobpsea. [JombnHUTENHA NOM3a € Y€ M3TPUBAHETO Ha eneMeHT paboTi KopekTHO 6e3
[a Ce Hanara u3nonaBaHeTo Ha npouec “‘cbbupay Ha Boknyk’.
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OPrAHMU3ALNA HA OWANOTIA C NOTPEBUTENA B KOMIIEKC ®0U

Kpacumupa UsaHoBa, Unus Mutos, Kpacumup Mapkos

Pestome: B Hacmoswama cmamusi ce npedcmaesi cucmema om yemupu 6a308U UHGOPMAULUOHHU CMpyKmypu,
npedHasHayeHa 3a usepaxdaHe NpoepamMHU CUCMeMU 3a UHGOPMALULUOHHO 0BCIyX8aHe.

BbBepeHue

Pa3BUTMETO Ha NporpaMHUTE CUCTEMM 3@ MHAOPMALIMOHHO OBCNyXBaHE AOCTUMHA KaTo Ye N CBOSITa BpbXHA
TOuKa cnep Oyma Ha GasuTe OT AaHHW. [JHEC TPYOHO MOXEM [a Ce NPeAcTaBuM peanHa NMpOMMLLNEHA Wnu
TbProBcka [eNHOCT (BU3HEC), NPy KOSITO @ He Ce M3Mon3BaT KOMMIOTPY 3a e4HM Ui apyru uenu. MporpamHnTe
cucTemMu 3a MHGopMaLMoHHo obcnyxeaHe GykBarnHo 3ansixa cBeTa. To3u MpoLec Npofgbiixasa C HeCTUXBaLLa
NHTEH3WBHOCT.

Ha cdhoHa Ha ToBa eKCMOHeHLManHo HapacTBaHe ce 3abensiaBa U HapacTBaHe Ha WHTepeca KbM BCE MO-HOBM
Bb3MOXHOCTM 33 M3rpaxaaHe Ha MporpamMHOTO OCUrypsiBaHe, Ypes KOeTO ce peannaupaT NpurioxeHnsTa. B
TEOPETUYEH MMNaH Ce pa3Biixa peaula HanpaBneHUs 3a aBTOMATU3aLMs Ha NPOEKTUPAHETO M Chb3[aBaHETO Ha
MPUNOXHW cucTemn. Beye uma peauua npoaykTi, KOUTO MognoMmarar no eauH Uk Apyr HaYMH NPOeKTaHTUTe U
peanu3aTopuTe Ha CMCTEMU 3a MHPOPMALIMOHHO 0BCTyXBaHe.

B TbpceHeTo Ha BCe Mo-HOBM Bb3MOXHOCTM, 06aye, YeCTo ce Npomnycka CUCTEMATUYHOCTTA U MH(OPMALMOHHOTO
MOLienMpaHe, KOWTO crefBa fa npeaxoxhaT MEeTOAonorMyecks Hosute paspaboTku. ETo 3awo Tesu
(hyHAaMEHTanmM eneMeHTH Ha BCsika NpUMoXHa peanusauys Npuaobusat Bce No-ronsivMa BaXHOCT M 3HAUMMOCT.

W3rpaxmaHeTo Ha NPOrHOCTMYHU MHGOPMALMOHHW MOAENM W CUCTEMATMYHOTO UM peanuavpaHe e 6a3oB
Moaxof, KOWTO aBTOPUTE Ha HacToslaTa CTaTusi NOCTOsSHHO criedpat. [lonsata OT ToBa €, Y€ C OrpaHUYeHN
YOBELLIKM M MKOHOMUYECKN PECYPCU CE NOCTUra BUCOK peani3alLiioHeH U NPaKTUYECK 3HauMM pesynTar.

EgHa BbBexaalla B Metogonornsata cratus e [Mapkos u ap., 1994]. Pamkute Ha efHa cTaTws orpaHuyasar
Bb3MOXHOCTUTE 3a NO-MbIHO NPeACTaBsHE Ha LgnaTa MeTogonorvs. TyK Lie NpOAbMKUM HEMHOTO pasrnexaaHe
KaTo NpeacTaBMM cucTemata OT MH(OPMALMOHHM CTPYKTYPM, KOSITO aBTOPUTE MOM3BAT MpU WU3rpaxaaHeTo Ha
NPUMNOXHW NPorpamHn cuctemu. MNpes nocneagHUTe NETHAAECET rOAUHN TE3N CUCTEMM NpuaodKxa NonynspHOCT B
Bvnrapus nog umeto “Komnnekc ®OW”. OHec Komnnekc POU ce pagea Ha Hag xunsga WHCTanaumv B usna
Bbnrapus. EgHa OT MHOrO BaxHUTE METOAONOMMYHM YEpTW Ha KOMMMEeKca e OpraHusauusTa Ha fuanora c
kpanHus noTpebuten, no3sonsiBawa 6bp3o u 6e3 ocobeHn yeunua ga ce yceou pabortata ¢ komnnekca 6es
ocobeHa npeaBapuTENHa KOMMIOTbpHA MNOATOTOBKA M 3HAHWS, HO C A0OpO Mo3HaBaHe Ha CbOTBETHATa
npakTnyecka obnacr.

Pabotata Ha kpaiHusi notpebuten cbe cuctemmute oT Komnnekc ®OU e npegenHo npocta. Heobxogumo e Ton
Aa NpuBKKHE Aa paboTu C YeTUpU OCHOBHM 4UANOroBy CTPYKTYPU: MeHIo, tepapxusi, mabo, mekcmoe ¢alis.
Moxem fa otbenexmum, Ye Tasn cuctema oT MHOPMALMOHHN CTPYKTYPY Ce Okasa hYHKLMOHAMHO MbiHA — Ype3
Hes Osixa peanuaupaHu Bcudku cuctemi Ha Komnnekc ®OW, 6e3 na e Heobxoaumo A00aBSHETO Ha HOBM
CTpyKkTypu. OTCHCTBMETO, HanpUMep Ha WKOHHW U300paxeHWs, He ce OKa3a HeJocTaTbK Ha MHTepdeica.
HanpoTue, CUCTEMaTMYHOTO M3rpaxhaHe W nogpexhaHe Ha ekpaHHute opmu, BasvMpaHo Ha CKpUT OT
notpebutens cueHapeH MoAxod, MO3BOMM fa ce nogabpka paboTtata Ha noTpebutens B CbOTBETCTBUE C
npaBunarta, no KOUTO TON CrefBa fa M3BbPLUBA CBOSTA €XeHEBHA NPOdeCHOoHanHa AeHOCT.

Hsikow OT npeacTaBeHnUTe No-4oNy CTPYKTypW ca Jobpe no3HaTV W No Tasu npuunHa Te Lwe 6baat camo KpaTko
CNOMeHaTH, @ BHUMAHWUETO HU LLE Ce CbCPEeA0TOuN Ha OPUrMHATHUTE ENEMEHTU.

Pabota c meHioTa

MeHioTo npeacTaensea ygobeH anapat 3a u3bop OT rpyna €4HOPOaHU nomexay cu enemeHT. OBMKHOBEHO
TOBa Ca UMEHa Ha (OyHKLWK, B HSKOM Cry4ay - Bb3MOXHOCT 3a 3afjaBaHe Ha CTONHOCTM Ha napameTpy, a B Apyru
— [aHHM, KOWTO Ca OMpeAeneHn TBbpAO B cucTeMaTta Wnu notpebutensT cam pasiwupsisa B mpoueca Ha
paboTarta cu.
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MeHITO NpeacTaBnsBa BEPTUKANHO NOAPEAEHN TEKCTOBW UM YMCNOBK enemeHTH. /130opbT Ha AadeH enemeHT
OT MEHIOTO CTaBa 4pe3 HaTuCkaHe Ha cTpenkute "Harope" u "Hagony", mpu KOETo M30paHWAT eneMeHT ce
oceeTsiBa ¢ pasnuyeH UBsAT. C HaTuckaHe Ha "Enter" ce npeausBMKBa akTUBMpaHe Ha TO3W ped OT MEHHKTO.
HatuckaHeTo Ha "ESC" npean3BMKBa N313aHe OT MEHIOTO U BpblUaHe B NpeaxoaHa onepauus.

OcobeHa Bb3MOXHOCT € MpefocTaBeHa Ype3 T.H. MHOXecmeeH u36op, korato noTpebuTensT nMa npaeo fa
n3bepe eQHOBPEMEHHO HSIKOMNKO (HE3aABITKUTENHO NOCNE0BATENHM) eNEMEHTa.

Llonyctumo e B HsikoW cryyan KpailHusiT notpebuten ga aobass HOeU enleMeHMU 8 MeHKMO, KoraTo ToBa e
MEeTOAO0NOrMYeCKi OnpaBaaHo — pasluMpsiBaHe CbCTaBa Ha [JaaeHa HOMeHKNaTypa, hopmMupaHe Ha CluCbLM OT
WHOMBUAYaNHN HACTPOVKM HA CrIPaBKM, OTYETH W Ap.

Hakpasi we otbenexum, Ye WMa Bb3MOXHOCT KpalHUST noTpebuten BpemeHHO Aa 3abpaHsiBa u3bopa Ha
OTAEMHN eneMeHTH B AafeHo MeHto. OGMKHOBEHO MO TO3M HAYMH NoTpebuTennTe ce npeanassaT OT HEBOMHO
W3MbITHEHWE Ha (DYHKLUMW, KOUTO Mpeanonarat BHAMAHUE M KOHLEHTPALWS MpW M3MbITHEHWETO UM, HanpUMep
Bb3CTaHOBsBaHe Ha Mo-paHHa BEPCUS Ha apXMBUTE, KOSITO LLe 3aMEHN (YHULLIOXM) TekyLlaTa.

Pa6ota c gbpBOBMAHA OpraHM3aums Ha MHhopmMaumaTa

Upes AbPBO NPOCTO M NECHO Ce WU3rpax[a On1caHne Ha rofiemMin MHOXECTBa OT 0BEKTU, KOUTO Ca OpraH13MpaHu
KaTo epapxus. [bpBOBMOHATA CTPYKTYpa Ce 13MonaBa Hanpumep: npiu onucaHue 1 paboTa Cbe CMeTKoNMaHa Ha
egHa (upma, Mpu 3agaBaHe CTPYKTypaTa M CbOTBETHaTa MOAYMHEHOCT Ha 3BeHaTa M Kagpute i, npu
OMWCBAHETO Ha MaTepuanuTe B PasNnYHNTE CKNadose 1 Ap.

[bpeoBuaHuTe CTpyKTypU B cuctemnte ot Komnnekc ®OW ca JOCTbMHM C NOMOLLTA Ha cneumanHa dyHKums oT
[MaBHOTO MEHIO Ha CbOTBETHUTE cucTemu. Cred Bnu3aHe B AbpBOBMAHATA CTPYKTYPa Ha MbpBUS Pef B ropHaTa
YaCT Ha eKpaHa Ce W3NMCcBa KOABT Ha TEKyLuMs Bb3en, NpeaxokhaH OT KOAOBETe Ha Bb3nuTe, Npes3 KoUTo ce
MWHaBa 3a Aa ce CTUrHe A0 Bb3ena. Ha cneapalums pes e MMETO Ha TeKyLLWs Bb3ern.

Korato Bb3ebT MMa NoABbL3NW, TEXHUTE KOAOBE M MMEHa Ce M3nuCBaT B noaekpaH. KprOp'bT 00MKHOBEHO €
NO3MUMOHUPaH Ha MbpBUA NOABB3EN.

OBuxeHune no AbpBOBMAHATA CTYKTypa

AKo xenaem fa crmaame Hagony no 4bpBOTO, C ABWXEHME Ha cTpenkuTe "Hagony" u "Harope", "PgUp" n "PgDn",
"Home" n "End", n3bupame xenaHus noasb3en, KOWTO MCKamMe [a HanpaBuM aKTUBEH M HaTuckame "Enter”. Ako
Xenaem fia ce BbpHeEM KbM NPeaXOAHMS Bb3en HaTuckame "Esc”.

®yHKLMM 32 onepuUpaHe C SbPBOBUAHU CTPYKTYpU

Mpwn paboTata ¢ 4bPBOBUAHUTE CTPYKTYPU, OCBEH (DYHKUMITE 3@ ABWXKEHME MO HUBATa Ha CTPYKTypaTa, Moxe Aa

Ce W13Non3BaTt W cnegHnTe yHKLMM:

- nonpaBKa Ha MMeTO Ha Bb3ena: OyHKUMATA NO3BOMsABa La NPOMEHSME HOMepa W UMETO Ha TeKyLuus
Bb3en.

- pobaBsiHe Ha noaBb3en: Tasn yHKLMS NO3BONSBa 4a ce o6aBy NOABB3EN Ha TEKYLLMS B MOMEHTA Bb3eJT.
TekyLLmMAT Bb3en CTaBa NpeaxOAHWK Ha TO3MW, KOWTO Ce Cb3aasa.

- BMbKBaHe Ha nofBb3en: Upes Tasu yHKUMS Ce OCbLLECTBSIBA BMbKBaHE Ha noasb3en. M3mbiHeHneTo e
aHanorMyHo Ha ropHara, C Tasu pasnvka, Ye BMbKHaTUST NOABB3EN Ce pasnonara Hag OCBETEHMS B CMUCHKA
BMSIBO Ha ekpaHa.

- npemecTBaHe Ha Bb3en: CMaHaTa Ha MEeCTOMOMNOXKEHUETO Ha AafeH Bb3en B AbpBOBUAHATA CTPYKTYpa, a
CbWO W HAKOM MO-CMOXHW onepauun no OBeOMHEHWETO Ha €EneMEeHTUTE Ha PasfNyHU Bb3NW, Ce
OCBLUECTBSBAT C NOMOLLUTA Ha Tasu YyHKLMS.

- W3TpuBaHe Ha Bb3en: [lpu M3TPMBAHETO Ha Bb3ENa cucTemata 3afgaBa KOHTPOMHM BbMPOCK 3a
NoTBBbPXAABaHE Ha U3MbIHEHMETO Ha onepaunsTa Unu U3Bexaa CbobLUEHNS NPKU HEBBL3MOXHOCT Aa Obae
W3TPUT Bb3ena (MMa NOABB3NMN WKW CbAObpXa CbLIECTBEHM AaHHW 3a KOHKpeTHaTa cuctema). Creg
W3TPUBAHETO Ha TEKYLUMS Bb3eN cucTemata aBTOMATUYHO MpaBu TeKyll Bb3ena, KOWTO € Cbabpxan To3u
Bb3en.

- pasneyatka M copTUpaHe Ha Bb3ena: [103B0NsBa TEKCTOBO M3BEXAAHE HA CbAbPKAHWETO Ha YacTTa OT
ABbPBOTO, KOATO € MOJYMHEHA Ha Tekylius Bb3en. V3BexgaHeTo MOXe Aa CTaHe B CbOTBETCTBUE C
NOAYMHEHOCTTA B AbPBOBUAHATA CTPYKTYpa Unn copTupaHo no asbyyeH ped. OT T03u ped OT MEHTO Morat
Aa Ce U3MbIHAT W (hYHKLMW, KOUTO NO3BONSABAT Aa Ce COPTMpAaT BbBeAEeHWUTE NoABbL3NN “No HoOMepa” uiu “no
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nmeHa”. CopTupoBKaTa 3acsara camo NPsKO NOAYMHEHUTE MOABBL3NN, @ HE W TEXHUTE HacneaHuUM (Tam ce
3anasBa 3afafeHarta nogpenda Ha enemeHTuTe).

- WHMUManu3auua Ha Bb3en: Tasu (PyHKUMS Ce M3Mnon3Ba 3a ykadBaHe Ha cuctemata kou Bb3nu (6e3
NoABb3NM) CTaBaT aKTUBHI NPX U3MBITHEHWETO Ha dyHKLMKTE 3a paboTa ¢ AbPBOTO, KAKTO M 3@ 3afaBaHe Ha
cneyndnyH1 HaCTPOMKM Ha Bb3ena W HayamnHy CTOMHOCTU Ha NapaMeTpuTe My;

- cneunduyHN PyHKUMK: KacasT KOHKpeTHaTa CUCTEMA, U3Mon3Balla AbpBOBMAHA CTPYKTYpa.

(DyHKLI'VIVITe, BKJTHOMEHM B MEHIOTO 3a pa60Ta C ObPBOTO, CE€ OTHACAT BMHArN 3a TEKYLLINA Bb3e.

KoraTo Bb3enbT HAMa NoABbL3MNM, BASCHO HA eKpaHa AMPEKTHO Ce NosiBSBa NPO30PeLbT C MEHIOTO Ha (DYHKLMUTE
kbM Bb3ena. Korato Bb3enbT MMa Moapbanu Te ce 13obpasseaT B NsiBaTa YacT Ha ekpaHa, a TOBa MEHH ce
nokasBa/ckpuBa ¢ NOMOLLTa Ha KrnaBuLa 3a Tabynauus "Tas".

Pabora c Tabno

AnapatbT 3a pabota ¢ Tabna e w3rpageH B cbotBeTcTBME C uaeuTte Ha CellPro nogxoga (KNeTbyHo-
opueHTMpaHo nporpammupaHe) [Markov et al, 1995] wn cueHapHo-6a3paHO mognomaraHe  Ha
nocrneaoBaTeNIHOCTTa Ha M3MbIIHEHWE HA AEeNCTBUSTA Ha kpanHusa notpebuten [Markov et al., 1999].

Tabnoto npeacTaBnsBa CbBKYMHOCT OT KMETKM (MoneTa), pasmofoXeHW Ha ekpaHa. Bcska kneTka uma
CaMOCTOSATENHO 3HayeHWe M paboTata C Hes € OTHOCWUTENHO aBTOHOMHA. 3a Ja MOXe Aa Ce BbBexaa
WH(bopMaLwa B AafeHa KneTka UK Aa Ce akTUBMPa HelHaTa yHKLMS e Heobxoanmo T4 aa Obae u3bpaHa, cnen
koeTo ce HaTucka "Enter".

KneTkn

Mpu U3rpaxaaHeTo Ha MHCOPMALMOHHUTE CUCTEMM BCSIKA KNETKa Ce Onpesens OT CBOSi HOMep 1 OT onucaTens
cu. B onmucatens Ha kneTkaTa ce Cbabpxa MHopMaLKs 3a rpadMyH1Te XapaKkTepuUCTUKM Ha KneTkaTa, BUAa Ha
KreTkaTa, KOOpANHATUTE Ha KNeTkaTa, 3aBUCMMOCTTa Ha KrneTkaTa OT ApyruTe KneTku Ha Tabnuuarta, BpbakaTa il
C AaHHK OT MHCOpPMALMOHHaTa 6asa.

Hait-06LL0 kneTkuTe ce AENST Ha [BE rpynu - B KOUTO NOTPebUTEeNsT ce Jonycka Unu He ce Aonycka Aa paboTy.

KneTkute morat ga 6bAart ot crefHuUTe TUNOBE:

- S, Z: B TaKuBa KNeTKW Ce BbBEXAaT TEKCTOBU AaHHU;

- i, X, I, y: BaHHWTe, KOWTO Ce BbBEXAAT Ca Lienu Unu pearHu yncna;

- d: KneTkn, ChabpXaLumM aaty;

-t KkneTkaTa OT TO3K TUN Ce SBABA BXOZ KbM Apyra Tabnuua;

- p: OT KrneTkaTa MOXe Aa Ce U3BMKBa Nporpama, YMnUTo pesynTaTi MoraT Aa ce nokassar (ako € HeobXxoaumo)
UMM B camarta KneTka, B HAKOS [dpyra Knetka Wnu B pamkuTe Ha Lenus ekpaH. Cried NpuKIiOYBaHETO Ha
nporpamara cuctemata npogbixaea aa pabotu B Tabnuuara;

- f. ToBa € KkneTka B KOATO NOTPeOWUTENAT MOXe [fa cTapTupa onpegeneHa yHKuus (NpeaBapuTesiHo

cb3gajeHa B cucTemata), KOSTO Bpblia B KneTkata pesyntata OT W3MbIHEHWETO Ha AeduHupaHata

onepauus;

: camo 3a yeTeHe, 6e3 ja MOXe [a Ce U3MEHU apXuBa C JaHHMW.

KoopauHatute Ha efHa kneTka ce 3afasar ¢ HapeaeHata netopka (T,X,L,Y,H), kbgeTo:

- T -noka3ga kak TpsibBa Aa BbanpuemMame koopanHatute X 1 Y — kato abCcomnTHN CTOWHOCTY OT HAYanoTo Ha
eKkpaHa U1 OTHOCUTENHO CrpsSIMO NpeaxoaHata KneTka;

- X - HayarHa CTOMHOCT Ha NeBuUs FOpeH brbJl Ha KneTkaTta no ocTa X;

- L - WwnpwnHa Ha kneTkaTa;

- Y - HayarnHa CTOMHOCT Ha NeBMs ropeH bbi Ha kneTkaTa no octa v;

- H- BucounHa Ha kneTkara.

[Mpu OTHOCWTENHO OTYMTaHE Ha koopanHatuTe X 1 Y morarT ga 6baaT v oTpuLaTenHu.

B 06wwms cnyyain gokymeHTUTE(TabnmuuTe) He MoraT fa ce n3obpasaT U3LUsNo Ha ekpaHa Ha TepMUHarna nopaau
HEroBMTE OTPaHUYEHN Pa3MeP.

EkpaHbT Ha TepMUHana ce pasrnexaa kato eauH BUpTyaneH ekpaH, KOWTo ce MecTu no Tabnuuarta Ho He ¢ eaHa
KneTka HansiBO UMM HAZSCHO W C eAWH ped Hagomny WM Harope, a C LN ekpaH B CbOTBETHATa Nocoka. ToBa ce
Hanara nopagu (akTa, Ye B 0bwma cryyai n3obLWo MOXe Ja He ca onpepdeneHn pefdoBeTe M CTbOOBETE B
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AokymeHTa. [Mpu ToBa NOMOXeHWe MoHskora e HeyaoBHO fa ce paboTi 3alloTO YacT OT MH(opMauusTa,
HanpuMep 3arnaBueTo Ha TabnuuaTa, ce Hamupa B HSKaKbB ApPYr ekpaH. Toan npobrem e paspelleH ype3s
onpeaensiHe Ha 3aBUCMMOCTY MeXy KNeTkiTe Ha Tabnuuarta.

Vima ABa B1Aa 3aBMCUMOCTM MEXAY KNeTKuTe:

- 3aBMCMMOCT N0 Bpb3Ka: Npsika Ui KOCBEHa;

- 3aBMCMMOCT MO MeCTOpa3nonoXeHue: TBbpAa Bpb3ka Ao/mog unm cBoboAHa Bpb3ka - Mo K3bop Ha
cuctemarta B pamMKuTe Ha ekpaHa.

B onucatens Ha kneTkata ce CbObpXaT AaHHW 3a TOBA, KbAe B apxuBa 3a [daHHW Tasn KreTka Lie 3aHece
BbBeJeHaTa B Hesl MHGOpMAaLMs Unu CbOTBETHO - OTKbAE LLUe MOMyyM TakaBa. Tesn OaHHKM Ce CbObpxaT B
HapeneHaTta Tpoiika - /F,N,K/, kbaeto F - nme Ha apxuB unu dhaiin ¢ aaHHu, N - nokassa Homepa Ha obnacrra, a
K - Homepa Ha obekTa. Tean AaHHM MOraT fia Cce 3afaaaat Npy 3a4aBaHeTO Ha OMUCAHWETO Ha camaTa KneTka, HO
MOraT Ja Ce KOHKPETM3MpaT Mpu W3BMKBAHETO Ha CbOTBETHOTO Tabro, M3non3ealwo KneTkute. AnapartsT 3a
3afaBaHe Ha onucaTens no3BOoNsiBa MbBKABO M3MeCTBaHe No obnactute wunm obekTUTe Ha KOOPAMHATHOTO
npocTpaHcTeo [Mapkos, 2004] nnu TBbPAO UKCUMpaHe Ha onpeaeneHa XxapakTepucTuka.

IBuxeHue no Tabnoto

[BxeHne no kneTkute B Tabnoto cTaBa CbC CTpenkuTe "Hansso" v "HagsacHo". Korato TabnoTo (unm vact ot
Hero) uma TabmuyHa CTPYKTypa Mo KOMOHMTE Ha Tabnuuute MOXeM [a ce ABWXMM, U3MNOMn3Banku CTpenkuTe
"Hagony" n "Harope".

B noseveto cnyyan pasmepuTe Ha ekpaHa ca HefoCTaTbyHM 3a Aa ce u3obpasn uanata mHpopmauus ot
TabnoTo (HanpumMep Tabnuua ¢ HAKOMKO xunsaam peaa). Moxem [a cu MUCTINM, Ye N300paKeHNEeTO Ha ekpaHa e
eauH nposopel, npes3 KoWTo ce Habnogasa 4acT OT Tabnoto. To3u npo3opel, MOXe Aa ce npemecTtsa Mo
TabnoTo Harope ¥ HaZosy C U3nonaBaHe Ha knaeuwute "PgDn" (cTpaHuya Hagony) n'PgUp" (cTpaHuya Harope)
- N0 aHanor1s ¢ NPenuCTBaHeTo Ha kHura. MpeMrMHaBaHeTO KbM TOYHO OMnpefenieHa CTpaHuua ce akTueupa ¢
nomoLuTa Ha kombuHaumsTa knasuwm "Alt"+"J" (ckok/npexoa KbM) 1 3a4aBaHe Ha HOMEpa Ha CTpaHuuara.

Ima no-CnoxHuW CTPYKTYpu, B KOWTO €AMH ENEMEHT Ce pasnonara Ha HSKOSKO ekpaHa. ToraBa npeMnHaBaHeTo oT
e[Ha CTPYKTypa KbM CrefBallaTa Unm npeaxoaHata, CTaBa ypes HaTuckaHe Ha “Ctri”+"PgDn” nnn “Ctrl™+"PgUp”.
[Mpy ABMXEHUETO NO KNeTKUTE Ha TabroTo ce HamMpame B PEXUM Ha HabnogeHue. Ako 1ckame fa pegaktupame
Unn akTuBMpame YHKUMS B HSKOS KneTka Tpsibea Aa HaTucHem "Enter”, koeTo npean3sukBa NpeBkioYBaHe Ha
pexuma.

BpbluaHeTo B NpeauLUHUS PEXUM CTaBa Cred 3aBbpLIBAHETO HA U3MbIHEHUETO Ha (PYHKUMATA, Ha3HAYeHa Ha
KneTkaTa, Unu ¢ HaTuckaHe Ha "Enter" unu "Esc”, korato pegaktupamve.

KbM BCsika KneTka e ocurypeHa Bb3MOXHOCT 3a nony4yaBaHe Ha KOMEHTapHa VIHCbOpMaLI,I/Iﬂ C HaTUCKaHe Ha
||A|t||+IIHll.

Pe,anTMpaHe B KIeTKa

Pe,anTleaHeTo B KneTkata CtaBa 4pe3 M3MN0oNn3BaHEeTO Ha KnaBWULIUTE, C KOUTO CMEe CBWKHaNM Aa pa6OTI/IM B

TekcToBuTe pepaktopu: "ctpenkute”, "Home", "End", "BcSp", "Del", "Ins". TNpukniouBaHETO Ha peaakTMpaHeTo
CTaBa Ype3 HaTUCKaHe Ha:
"EsC": npedu3BMKBa U3NM3aHe OT peXuMa Ha pefakTMpaHe W Bb3CTAHOBSIBAHE Ha CbObpXaHUETO Ha
KneTkaTa kakBoTo € 61no npeau 3anoyBaHe Ha peaaKkTUpPaHeTo;

- "Enter": npuknioyBa pefakTupaHeTo 1 CbXpaHsiBa HanpaBeHUTe NPOMEHM B KNeTKaTa.
Kankynatop

Mpu HaTuckaHe Ha kombuHaumaTa "Alt"+"K" ce BknouBa BrpageH B cuctemata kankynatop. Pabortata c

Kankynartopa ce 3aBbpLLBa N0 ABa HaYMHa:

- Ypes HaTuckaHe Ha "EScC", npu KOETO Ce M3nK3a OT Karkynatopa U ce 3arybsa TekyLLOo NonyveHusT pesynTar;

- Ypes HaTuckaHe Ha "Enter", npu KOETO TEKyLMAT pe3ynTaT ce 3anoMHsi B KneTkaTta, B KOSTO € 61un kypcopbT
npean aKTMBMPaHETO Ha KanKynartopa, ako TUMbT Ha KneTkaTa No3BorsBa ToBa.

U3TpuBaHe Ha CbABLPXKMMOTO B KneTkaTta

B cnyuait, ye papmeHa kneTka He e CBbp3aHa C no-ocobeHa oOpaboTka Ha MH(opMaums, C HaTUCKaHe Ha
kombuHaumsaTa oT knasuiwi "Alt’+"D” ce n3TpuBa CbAbPXAHWETO Ha KNeTkaTa. B Hskon cnyyan U3MbAHEHMETO Ha
Tas3u onepauus Npeau3BrUKea U3TPUBAHE Ha ronsma YacT oT MHGOpMaLMs, CBbp3aHa CMUCIIOBO C Tasun KneTka —
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HanpuMep, aKTUBMPAHETO Ha Tasu Onepauust BbpXy KMETKATe ‘CMCTEMHO MMe Ha apxuB” Npeau3BuKBa
W3TPUBAHETO Ha MOTPeOWUTenckUTe apxvBMW, CBbP3aHM CbC CbOTBETHUS ped OT Tabnuuata. Ha Takuea no-
OTFOBOPHM MECTa CUCTeMATa UCKa MOTBbPXKAEHIE 3a KEeNaHWUETO [ja Ce U3MbITHM onepaumsTa No U3TpUBaHE.

KonupaHe OT rOpHaTa KneTka

B HsakoM OT KneTkWTe 3a pefakTMpaHe € Bb3MOXHO W3MON3BaHETO Ha kombuHaumsta "Alt"+"'C", koato
npeamssukBa NpeHacsHe (KonupaHe) Ha CbObPXaHUETO Ha KneTkaTa, pasnonoXeHa Ha ekpaHa Hag TekyllaTa
kneTka, B TekywiaTa. ToBa € nonesHo npu pabota ¢ Tabnuum.

B knetku ot Tabno, KOMTO CMUCNIOBO Ca CBBbP3aHu C NO-CIIOXHU WH(OPMALMOHHI CTPYKTYPH, HanpuMep, Lemm
OOKYMEHTW, apXuBWM WNW OTAENHW CTPYKTYpU OT apxueW, kombuHauusta oT knasuwm "Alt"+"C" cnyxu 3a
KonupaHe Ha Te3u CTPYKTypu eaHa B Apyra, KaTo B TO3W Clyyal 3a No-ronsiMa rbBKaBOCT CHCTeMaTa U3ncksa aa
Ce ykaxe OTKbAe LLe ce Konupa.

MapkupaHe Ha rpyna ¥ U3nb/iHeHWe Ha (hyHKLMM BbpXY Hesl

Mpu paboTa ¢ Tabnuuy NOHsIKOra ce Hanara U3BbPLUBAHETO Ha OMPeLeneHn onepauun BbpXy rpyna pesose ot
Tabnuuata. BuabT Ha yHKLMSATA Ce onpeaens OT KONoHaTa, B KOSTO e U3BbLLEHa MapKMPOBKaTa U € CMUCTOBO
CBbp3aHa C [JeNCTBMETO Ha KNETKIUTE OT Tasu KOJSIoHa.

PaboTa ¢ TekcToBU hannose

Cucremute ot Komnnekc ®OU n3eexxgaT OCHOBHUTE PE3YNTaTh B TEKCTOBM (bainose. Toea e yaobHa opma Ha
npeacTaBsiHe Ha MHopMaLusTa, Nnopaay Bb3MOXKHOCTTA 3a 0TNeYaTBaHe Ha XapTUeH HOCUTEN OT €4Ha CTpaHa
1 3a NO-KOMNaKTHO 1306passiBaHe Ha pesynTaTuTe Ha ekpaHa, oT Apyra cTpaHa.

W3xopsiwiata MHdopmaLms ce NoAroTes Mo ABa OCHOBHW HauMHa:
- Ypes anapart 3a LsrocTHO U3rpaxaaHe Ha usxogsiuata MHGpopMaLys;
- Ha 6asaTa Ha npeaBapUTENHO NOATOTBEHM MAKETHM (haiinose.

Mpu MbPBUA HAYMH CUCTEMIUTE CaMU CE TPUXAT 3a BUA Ha M3X0AALLaTa MHGopMaLMs, kKaTo NoTpebuTensT Moxe
(B HAKOM CMpaBKW) Aa HACTPOBA CaMO BMAA, CbAbPKAHWETO U TonemMuHaTa Ha TabnuuuTe, U3BeXmaHn oT
[aneHara crpaska.

Bropusat HauuMH ce obcnyxea oT reHepatopa Ha otyetm FgR kbm Komnnekc ®OW, koiTo nossonsiea
Cb3daBaHeTo Ha bGnaHkoBW JOKYMEHTU Ha 6a3aTa Ha MHGopMaLMs OT apxuBMTe Ha cucTemute oT Komnnekca.
Bcekun oTueT npescTaBnsiBa MakeTeH TEKCT, B KOWTO, Ha M3bpaHu OT NoTpebuTtens mMecTa, reHepaTopbT BMbKBA
JaHHM OT apxueuTe. 3a LienTa ce Non3ea NpocT €3uK 3a onucaHue Ha npenpatkute. CumBonbT “#” ce u3nonsea
3a 3arpaxgaHe Ha KMYOBUTE M3pasu, KOUTO CUCTEMATa MpWU W3MBIHEHWETO CU 3aMeHs C Tekyllata
notpeburencka nHdopmayms.

Cuctemnte ca CcHabaeHu € nmporpamu, NO3BONSIBALLM M3BedeHaTa BbB haina uHdopmauus ga Obae
HabntogaBaHa u oTnevaTBaHa B yaobeH 3a noTpebutens Bug. TekcToBuUTE (haitnose, KOUTO ce chopmupat ot
cucTemnTe, 06MKHOBEHO Ce MapKupar ¢ paswwuperune ".TXT".

ColiecTByBa anapaT, MO3BOMSBALL [a Ce yKkaxe KoM MmporpaMu 3a W3BO4 Ha pesynTaTta Lie M3nonssa
NOTPEBUTENAT, BKMIOYUTENHO U APYrM pedakTopyu WnKM enekTPOHHW TabmuuwW, KOWTO He npuHagnexar Kbm
Komnnekca.

Mpwn nHcTanMpaHeTo Ha Komnnekca aBTOMaTUYHO Ce 3aZaBaT ABE NporpaMi 3a M3BOZ Ha Pes3ynTaTute, KouTo ca
yact ot Komnnekca — FED_D: 3a pabota B DOS-cpepa n FED_W: 3a paGota B cpega WINDOWS.

[lobaBsHETO Ha Apyrv Nporpamu UMK U3KMKYBAHETO HA HSKOSI OT HaNMYHUTE CTaBa B CreumasneH Npo3opel 3a
0bLwu HacTpoitkn KbM Komnnekca.

3aknioyeHue

B HacToswaTa cTatus 6sxa npeacTaBeHn OCHOBHUTE WHCGHOPMALWOHHM CTPYKTYPU, C YNSITO NOMOLL, Ce M3rpaxaa
ananora ¢ notpebutens B nporpamHnTe cuctemu ot Komnnekc @OW.

MpocToTata 3a Bb3npueMaHe W nekotata npu paboTa C TSX Ca BaxHO NPeAMMCTBO, KOETO M Hanpasy
npeanoynTann B Hawata pabota. Bbnpekn ToBa, cneasa ga otbenexum, Ye AOPW W C TakuBa CpefcTsa e
Bb3MOXHO f1a Ce MOCTPOSIT NpeTpynaHi 1 oGbpkaHi MHTepdeicHn npoueaypy. ETo 3aluo, BaxHa 0COGEHOCT Ha
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Bb3NPUETHS NOAXOA € cUcTEMaTa OT EPrOHOMMYHM NpaBuUna, KOWTO Ce Creasat npu NOCTPOsiBaHe Ha auanora ¢
notpeburens.

Ha mbpBo MSICTO & OTYMTAHETO Ha MCUXOMOrMYEcKkTe 0COBEHOCTM Ha YOBEKA 3a KOHLIEHTPALMS Ha BHUMAHUETO
npyn paboTa ¢ MHOXECTBO MH(OPMALMOHHK 06ekT. Ha Tasu Tema crefga aa ce NOCBETW OTAENHA NyBnuKaLns
Y 3aTOBA TYK LLe Ce OrpaHIyMM CaMo C [Ba NpuMepa.

[obpe n3BECTHO €, Ye KanauuTeTbT Ha KpaTKOBPEMEHHaTa nameT y yoBeka He e ronam. OT gecetuneTvs e
ngesTa, Ye okono cegem obekTa (MMOC-MUHYC ABa) MOraT Aa ce Nogabpxat akTueHu B Hes [Miller, 1956]. Eto
3alo, AManoroBute WHGOPMALMOHHM CTPYKTYPU Ce OpraHuWsuMpaTt Ha NpuHUMNa Ha rpynupaHe Taka, Ye Ha
notpebutens ga He ce Hanara ga paboTu ¢ noBeYe OT ABa-TPU MHAPOPMALMOHHM 00€eKTa eHOBPEMEHHO.

EaHo ot cneacTeusTa OT OrpaHNyeHnsiTa Ha KpaTKOBpEMEHHATa NamMeT Ha YOBEKa € ChLLEeCTBEHOTO obnekyeHue,
KOETO TOW NosyyaBa, korato 134yesHe HeobXxoaUMOCTTa OT MO-HATATBLLUHO CbXpaHsaBaHe Ha MHGopMaLusTa. Toa
Npean3BMKBa CUMHO XenaHue [a Ce 3aBbplun 3ajadata, Aa Ce Hamarnu HaToBapBaHeTO Ha nameTTa u [a ce
nony4yn KpaTka moumBka. ToBa € T.H. “3aTBapsiHe” Ha Tekywata 3agada [Shneiderman, 1980]. B gnanorosute
WH(OPMALMOHHM CTPYKTYPK, KOUTO Bsixa MpefcTaBeHN B HACcTosLaTa CTaThsl, Bb3MOXHOCTTa 3a pasnpegensHe
Ha paboTaTa B NOCnefoBaTENHOCT OT 3aBbpLUEHN CTBMKM € BOAEL NMpuHUMN. TOBa Hall-CUMHO Ce BUXAa B
Tabnata, KbeTo BCAKa CTbMKa € OrpaHuyeHa B paMkuTe € efHa eOMHCTBEHa KreTka U MPUKMIYBaHeTO Ha
paboTata B kneTkata (3aTBapsHeTO M!) € MMEHHO OH3W XenaH OT NOTPpedbuTens MUr Ha KpaTbK OTAMX Ha
BHUMaHMWETO, 3a Ja NPEMUHE C HOB NCUXONOMMYeCcKk) MMNYNC KbM paboTaTa B criedsallara no CueHapui KneTka,
KbAETO CUCTEMATa BeYe aBTOMATUYHO CE € No3uLMoHMpana.

Hakpasi crnemea fpa otGenexum, 4Ye npefcTaBeHata B HacTosiwata pabota cuctemMa OT [Marnorosu
NH(OPMALIMOHHN CTPYKTYpU He CriefBa [a Ce pasrnexaa Kato NPeTeHUMs 3a eONHCTBEHOCT W He3aMeHUMOCT.
ToyHo 0OpaTHOTO — Ta3n cucTeMa e CamMo efgHa OT MHOrooGpasneTo, KOeTo WHdopMaTukata Beye e
npeanoxuna. bescnopHo €, Ye Becsika edHa nopobHa cuctema 61 Guna MHOrO moresHa, ako ce npurara
CUCTEMATIYHO 1 EPrOHOMMYHO.

BnarogapHocTu

Hactosiwara pabota yactniHo € ¢mHaHcupaHa no npoekt ITHEA-XXI Ha WHcTuTyTa no uHGOpMauyMoHHM
Teopum u npunoxenus FOI ITHEA.
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PA3LUMPEHA UHOOPMALIMOHHA CUCTEMA 3A PbKOBOAMTENS
(EXTENDED EIS)

Topopka KoBayeBa

Pestome: B Hacmosiuomo u3noxeHue ce pasanexoa Ho8 Kiac UHGhopMayUOHHa cucmema 3a pbKosooumers,
GasupaHa Ha NpuHYUNa Ha camMoOp2aHu3auus 8 ynpaeneHuemo U u3epadeHa 8b3 OCHOBa Ha MOOYIHO
modenupare. TS e MynmuyHKUUOHaNHa u MynmuducyuniuHapHa. lpedcmaseHu ca HelHUme cmpykmypHU
KOMNOHEHMU U € HanpageHa kpamka xapakmepucmuka Ha omoesnHume mModynu.

Knwovoeu dymu: paswupeHa UH(bopMayUoHHa cucmema 3a PbKO8OOUMENs, €BOMIOULIOHHO YNnpagrieHue,
ynpaesneHue Ha KoH@ukmu, ModynHo ModenupaHe, cknad om AaHHU, caMoopeaHu3ayUsi, HE8POTUH2BUCMUYHO
npozpamupare .

YBog - He06XOAMMOCT OT HOB KNac CMCTEMM

YnpaBneHneTo Ha npeanpusTUsiTa ce OCbLLECTBSIBA OT JIMYHOCTH, 3aemalli PbKOBOAHM MOCTOBE, KaTo Ha Haut-
BMCOKUTE HMBA Ce MO3ULMOHMPAT Taka HapeyeHuTe TorM-MeHWmKbpu. Te moemar usnata OTFOBOPHOCT 3a
OCbLUECTBABAHETO Ha YMpaBMEHCKMS NpoLeC OT MOMEHTa Ha LienenonaraHe, [0 KOHKpeTHaTa peanusauusi Ha
rnocTaBeHaTa 3a U3mbrHeHne upMeHa Len. MpuHyaeHn ca HenpeKbCHATO Aa B3eMaT PeLLEHMs, HIKOW OT KOUTO
B KDUTUYHI 32 NPEANPUSTUETO CUTYaLM.

Ton-MeHumpKbpuTe GOpaBAT ¢ ronemu o6emu OT MHGOPMaLWsi, MOPOAEHN OT MOCTOSHHO LMPKyNMpaLyuTe
BbTPELLHN W BbHLUHM MHAOPMALMOHHIM NOTOLM. Te KOHTPONMpaT OCLLLECTBSBAHETO Ha peauua SeHOCTU kaTo
LierenonaraHe 1 nnaHupaHe B NPeANpPUATUETO; MHTETPUPAHE Ha (hMPMEHIUTE pecypcu; NoAGoOp U MOTUBALMS Ha
nepcoHana; U3Mb/IHeHWe Ha NNaHOBMTE 3afauu; yrpaBneHne Ha (MHAHCOBUTE CPeacTBa W pyru, CBbP3aHu C
ynpaBneHckus npouec. Heobxogumo e Aa ca MakCUManHo MHGOPMMpPaHK 3a [ENCTBUSTA U HAMEPEHUSTA Ha
KOHKYPEHTUTE, 3@ NasapHWUTE TEHAEHLMM, KAKTO M Aa CMEAST TEXHOMOTMYHOTO pasBuUTMe Ha 0BLLECTBOTO, C ornes
CBOEBPEMEHHOTO BHe[psiBaHe Ha HOBUTE TEXHOMOMM B cdepata Ha Ou3Heca. Bcsika OT Tesu fgelHoCTU
npeanonara HanMyMeTo Ha TECHW CMeuuanucT B CbOTBETHaTa obract.  Ton-MeHumkbpute TpsGBa [a
MpuTEXaBaT BCUYKN Te3n CnocoBHOCTM M Aa MoraT Aa M M3MbHsBaT. B npoTuBeH cnyyait He Guxa mMornu Aa
OCBLUECTBAT eDEKTUBEH KOHTPOI U YipaBneHue.

MeHnmKbpUTE Ca Xopa, KOUTO He pasnonaraT Cbe cBoGOAHO Bpeme. OrpomHuTE 06emMi MHGOpMALKS, C KOUTO
onepupar, He MoraT aa 6baat 06xBaHaTh, OCMUCTIEHN 1 CBOEBPEMEHHO pasnpeaeneHu. YoBeLKUST MO3bK He e
B CbCTOSIHME Aa Ce CMpaBi C TAX HA TOBA HWUBO OT €BOMIOLMOHHOTO ci pa3suTie. CbllecTBYBa BEPOSTHOCT
3HauMMa ¥ Heobxoaguma 3a MpeanpusTMeTo MHopMauust fa Obge nponycHaTa, koeTo € npeanocTaBka 3a
Hannune Ha HepeanuaupaHit Bb3MOXHOCTY.

Bcuuko ToBa noBuMWaBa HanpexeHneTo B paboTata Ha PbKOBOAWTENS M BOAM A0 MOCTOSHHO BWCOKM HMBA Ha
XPOHUMYeH cTpec. MoHKaBa ce Ka4yeCTBOTO Ha (IMPMEHOTO ynpaBneHue. [1ocneaHoOTo 3aBnCK NPean BCUYKO OT
xopata, a Te ca GUOXMMWUYHIM CUCTEMM 1 CNeOBATENHO CE BAMAST OT NPOTUYALLMTE B TAX GMOXMMUYHM NpoLecy.
CtpecbT Hamansea paboToCcoBHOCTTa M BAUTENHOCTTA HA MEHWUIXXbPUTE. BpOST Ha MHGAPKTUTE, MHCYNTUTE W
Apyrvte 3a00nsBaHNs, CBbP3aHM C HaMpeXeHWEeTO, Ce MoBUWABa. TOM-MEHWIKBbPUTE HAMAT BPeME 3a NUYeH
KMBOT W He MoraT [ja Cv NO3BOJIAT MbIIHOLEHHa noynBka. Besiko oTkbCBaHe OT paboTata e M3nckea OT TaX Aad
ce cnpassT Cc ronsm obem HaTpynaHa BbB BPEMETO WMH(OpMALWs, Npu TOBa NapanenHo C TasW, KosTo €
akTyaniHa B MOMEHTa.

Bb3 0CHOBA Ha M3MNOXEHOTO [0 TYK MOXe Aa Ce M3pasi CTAHOBULLETO, Ye BCsika MHOBALMS, KOSITO Ce NpaBu B
obnacta Ha ynpaBneHueTo, cnegpa aa 6bae HacoueHa KbM nognomaraHe pabotarta Ha PbkoBOAUTENS B NOCOKA
KbM MOBWLLABAHE Ha HEroBOTO CBOBGOMHO BpeMe 1 MOHWXaBaHe H1BaTa Ha CTpec B exeHeBMeTo. ToBa Hanara
[ia Ce Cb3aazaT HOB Knac CUCTEMM, KOMTO [ja cnocobCTBaT 3a NocTUraHe Ha upMeHa caMoopraHu3aLms 1 KoUTo
[ia ca B npsika NOMOLY Ha Ton-MeHumpKbpuTe. Te TpsibBa 4a OTroBapsT MakcMasHO TOYHO Ha NoTpeGHOCTUTe Ha
ynpaBnsiBal/Te U Ja CbOTBETCTBAT Ha WU3MbIHSBAHUTE OT TSX AeMHOCTW. TakaBa MMEHHO cucTema ce siBsBa
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npeanaraHata OT MeH pa3LumpeHa UHgopMaLMoHHa cucteMa 3a pukosoauTens (Extended Executive Information
System — Extended EIS).

O61wa xapaKTepucTMKa Ha pa3lumpeHaTa MHOPMaLMOHHa CUCTeMa 3a PbKOBOAUTENS

OcbluyecTBsiBalikv CBOSITA AEMHOCT, MEHUIKbPUTE eXEJHEBHO B3EMaT PELLEHUst OT onepaTuBeH, TaKTU4YECKU U
cTpaTernyecki xapaktep. Tesu pelueHnst ca ToNKoBa no-gobpu, KOMKOTO MO-TOYHO CbOTBETCTBAT Ha XeNaHUeTo
Ha cybekTa Ha ynpaBfieHWe W BOAST [0 HEroBOTO peanu3vpaHe MpyU MUHMMareH pasxod Ha pecypcu U 3a
Bb3MOXHO Hai-kpaTKo Bpeme. Mo TakbB HauuH Ce HacouBa W KOHTPOMMPA Pa3BUTMETO Ha NPEANnpUATMETO U ce
Cb3[laBaT yCrioBMs 3a NOCTUraHe Ha MPMEHUTE Lienu.

/36opbT Ha MEHWIKBbPBLT, NPEACTaBeH NoA ¢opMaTta Ha YNpaBfIEHCKO peLLeHWe, € Npouec, KOMTO HacouyBa
noBegeHVeTo Ha obekTa Ha ynpaBreHWe B XenaHaTta Nocoka ¥ BOAM A0 MPOMSIHA Ha HEroBOTO TeKyLo
CbCTOSIHME B HOBO, MO-CbBBPLUEHO 6bAEWO CbCTOSHWE, KaTo ro nopobpsea, B pe3yntaT Ha KoeTo obekTa
eBoniovpa. PbkoBoaMTENUTE B3EMAT pelleHUs Npe3 Lenus npouec Ha ynpasneHueto. [locnegHusTt ce
NPeacTaBs KaTo CbBKYMHOCT OT obuoynpaBneHckn dyHkumm [1]. Te ca uUenenonaraHe, nnaHvpaHe,
OpraHuaupaHe, MOTUBUMpPaHe, KOHTpOnupaHe W perynupaHe. HUTO efHa OT Tesn (DYHUKMM He Moxe Ja
cblyecTByBa 6€3 oCTaHanuTe U HUTO e€4Ha OT TAX He € Mo-3Hauuma oT apyrute. Te cnedBa fa ce MHTerpupar B
efVHHa cuctema Ha ynpasneHue. Tosa Lie cnocobeTBa 3a afekBaTHO nofdbupaHe Ha MOMOLLHU CpencTBa,
METOAM W TEXHOMOrWK, BOZELLMW B CBOSITA CbBKYMHOCT 0 peanu3aums Ha NoCTaBeHuTe Lenu.

PasLumpeHaTa MHOpMaLMOHHA ciCTeMa 3a PbKOBOANUTENS crieaBa [a NOKpUBa BCUYKW YNpaBMEeHCKM eTanu 1 Aa
rnogrnoMara MEHWIXbPUTE MpW B3EMAHETO Ha pelleHus OT pa3nuyeH xapaktep. O6xBala etanuTe
Lienenorarae, no3HaBaHe Ha 06ekTa Ha ynpaBneHue, MoenMpaHe, CbaaaBaHe Ha ugeaneH Mogern, oLeHka Ha
Mofiena, 13paboTBaHe Ha CTpaTerust 3a NocTUraHe Ha LienTa, npunaraHe Ha npueTata cTpaTerusi, 0TCTpaHsBaHe
Ha JOnycHaTUTe rpelku, oBHOBSBAHE W MOBTOPHO MpWnaraHe Ha CTpaTerusiTa, OUEHKA Ha pesynTtata W
MoBTapsiHe Ha VKb A0 MbJIHOTO My 3aBbpLUBAHE, CTabWUNM3NpaHe M NOCNeABaLLO pasBUTIe Ha cucTeMara:

1.To4Ho U sicHO onpederisiHe Ha uenma Ha ynpagneHuemo. LienenonaraHeTo € mbpeata ¢hasa Ha ynpaBneHcKus
npouec. To onpeaens nocokata, B KOSTO Lye ce pa3suBa npeanpustueTo. Lienta Tpsabea Aa 6bae KOHKPETHO
TOYHO hopMmynMpa M Aa He cbabpxa B cebe cu npoTusopeuns. HeltHoTo nocTtaesiHe, o6aye, He € AOCTaTbYHO
ycnoBue 3a peanuaauusita u. Heobxoaumo e aa ce npoBesaT peanla MeponpusiTiisi, Hail-BaxHOTO OT KOUTO €
oLeHKkaTa Ha uUenTa. TS BKMOYBa ONpedensHe CTeneHTa Ha HeliHaTa NOCTUXMMOCT, NONE3HOCT U
HENpOTMBOPEYMBOCT, HEOOXOAMMOTO BpeMe 3a OCbLUECTBSIBAHETO M, W Apyrh. ToBa € BaxHO, Tbil KaTo
CblLECTBYBa peanHa Bb3MOXHOCT MOCTaBEHaTa 3a W3MbriHeHWe Len Aa Gbae HEBb3MOXHA 3a peannsauns
rnopaay HeoTYMTaHe Ha NPOTUBOPEYALLYM U aKTOPU.

Extended EIS Ha TO31 eTan cnepgsa ga noaabpxa Modyn 3a oueHka Ha yenma. Toit TpsbBa fa BKMKOYBA
KpuTEpWM, NO KOUTO Aa Ce NpaBm TOBa W Aa MMa BPb3Ka C OCTaHan1Te MoAynu. YacT oT Te3u Kputepum Morat aa
Ce 3aMMCTBaT OT HEBPOIMHIBUCTUYHOTO MporpamupaHe. [1ocneaHoTO MpeacTaBnsBa HOBO HanpaBfieHue B
ncuxonorusta, 0bocobuno ce kato camoctosTenHa Hayka. lMomara ga ce Aaje OTroBOP Ha BBMPOCK KaTo:
“MocTvxmma nu e uenta?’, “PeanusauumsTta u camo oT CoBCTBEHN HA NPEeaNPUSTMETO PECYpPCH N 3aBUCKH UK Ce
pasuMTa U Ha BBHWHW (haktopn?’, Kakeu ca nonaute U HegocTaTbUWTe OT HEMHOTO OCbLieCTBSBaHE?”,
“IpoTMBOpEYM N TS Ha Apyrv hupMeHn Lenn?” u Taka HaTaTbk. Cb3HATENHOTO M TOYHO hOpMyNMpaHe Ha
LienuTe MoBMLWABA LWaHCA 3a MPEBPBLIAHETO Ha XKENaHWsTa B CbOTBETHW AENCTBUSA, BOAEWM KbM TaXHaTa
peanusauus [2]. HIM ce 3aHMMaBa He camo ¢ LienenonaraHeTo, HO U C Lenus NpoLec Ha ynpasreHueTo, nopaau
KOETO cuMTaMm, Ye credpa Aa Hamepu No-ronsiMo NPUNOXEHUE B UKOHOMUYECKaTa Teopust 1 NpakTuka.

2.3ano3HasaHe ¢ obekma Ha ynpasneHue. Beeku 0bekT Moxe [a ce npefcTaBy kaTo cucTema — "CbBKYMHOCT OT
ENEeMEHTU W BPB3KUTE MeXZY TAX M C OKONHATa Cpeda, B3eTW 3aefHO C TEXHUTE CBOWCTBA U CBOWCTBATa Ha
BPB3KNUTE, KOSTO (HYHKLMOHMPA KaTo eIHO LANO 3a nocTuraHe Ha uenta [3]". Ha To3u eTan cneapa fa ce cvbepe
MakcumarneH obem MHGOpMaLKs, KOSTO o XapakTepusupa, 3a HeroBUTE eNeMEHTU U NOAENEMEHTH, C TEXHUTE
CBOWCTBA 1 Bpb3KMTE MOMEXAy M. ToBa ca DasncHWTE Npoy4yBaHWs 3a cuctemarta, C KOUTO Ce YCTaHOBsBaT
onpedeneHn 3aBUCUMOCTYW, TEHAEHUWW B MOBEAEHWETO, MPUHLMNM Ha deicTBue u apyru. Ha To3u etan ce
Jonyckat M efHW OT Halt-CepUO3HUTE TPELLKM, Nopagn HembiHO ObxBaljaHe M NOALEHsSBaHe Ha 3HaYMMK
(hakTopu UNW BKMKOYBAHE Ha U3MULLHW TakuBa, KOETO yTexHaBa paboTata 1 MOXe Aa JoBeLe A0 HepeanucTUYHM
pesynTtati. HUBOTO Ha AeTannusaums Tpsabea fa ce onpeaeny MHoro BHUMaTenHo. CogTyepHo TO3M eTan Moxe
fa Ce peanuavpa kato UHhopmayuoHeH MoAyil.
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3.Modenupare. 3a pa ce ynpaBnsea AageH 006ekT, Ton TpsibBa MbpBO Aa ce Mogervpa. Ype3 mopena
WHopMaLMsTa 3a HErOBUTE eNeMEHTU W NodeNneMeHTU ce npeactaBs B yaobHa 3a BbanpueMaHe dopma.
MpepoctaBs ce no-gobbp nornes BbpXy CbLWHOCTTA Ha 00eKkTa Ha ynpaBneHWe W Ce ovepTaBaT HSKOM OT
Bb3MOXHWUTE anTepHaTMBK 3a HEroBOTO pas3BUTUE U WM3MeHeHWe. Ha To3u etan ce paspabotBa codTyepHO
NPUNoXeHue, KOeTO JaBa Bb3MOXHOCT Aa Ce KOHCTpyupa CamusT Mofen 3a ynpasneHue. To Tpsbsa aa 6bae
YHUBEPCANHO MPUOKMMO M TOLEHO 3a MOAENMpaHe Ha PasnuyHu CUCTEMM — WKOHOMMUYECKM, COLMArHW,
OvoMeanLMHCKY 1 apyrut.

Modenupawussm modyn ce 6asupa Ha cxema Ha MOZEN, KOSITO MOXe [a Ce WU3Monaga npy pasinyHi CUTyaLmm
W eTann BbB BPEMETO, W KOSTO Aa Ce Mpunara 3a M3yyaBaHe W ynpaBnieHWe Ha pasHopogHu obektu. Ts
npeAcTaBnsiBa cBoeobpa3eH MakeT 3a M3paboTBaHe Ha MOAENM Ha CUCTEMM, KOUTO HE CaMo 1 OMKCBaT B
AETalinn, Ho ca W NecHu 3a pasbupaHe 1 yaobHM 3a MaHUNynMpaHe OT CTpaHa Ha ynpaBnsiBaLLuTe.

4.Cp30agaHe Ha uleaneH moden. Onpedensat ce CTOMHOCTUTE Ha napaMeTpuTe, KOWTO XapakTepusupart
KENaHOTO KpaiHO CbCTOSIHUE Ha CUCTeMaTa.

5.0ueHka Ha Modena. Ha To3n eTan ce M3BbLUBA aHANM3 Ha CUHUTE W criabuTe CTpaHW Ha Mofaena, Kato ce
nmaT npeasua nouUMMTE Ha MpeamnpusiTeTo, B KOETO ce Cb3faBa. CbMOCTaBAT Ce TEKyLWOTO U KenaHoTo
CbCTOSHME Ha CUCTEMaTa W Ce U3BEXAAT eneMeHTUTE W NOAENeMEeHTUTe, MOLMexallu Ha NPoMsiHa, KaKTo U1
TE3M, KOUTO LLUE OCTaHaT HempoMeHeHu. [laBa ce OTFOBOP Ha BbMPOCUTE C KaKBM Bb3MOXHOCTW parnonara
(hvpmaTa 1 MMa N HepasKpUT UMW HeW3Non3BaH AoKpai NoTeHuuarn.

[encTteusATa No ToukM 4 1 5 ce BKIKOYBAT B MOAYNa 3a MOAENMpaHe.

6.M3pabomeare Ha cmpameausi 3a delicmgue. N3roTes ce cucTema OT MEPOMPUSITUS, KOUTO criedsa aa ce
npeanpuemar, 3a Ja ce peanuaupa noctaseHara 3a WUambiHeHue Len. Ts ce 0CHOBaBa Ha aHanu3 Ha Mofena
ype3 CbIOCTaBKA Ha [BETE CbCTOSHWS (TEKYLIO M MAeanHo), kakTo W Ha peauua aHanuTUYHU MeXaHU3MU,
[aBalLy Bb3MOXHOCT [ja CTaHaT BUOUMM 1 1A Ce OLIEHST NOCNeAnLMTe OT B3ETOTO YNpPaBIEeHCKO peLleHue 1 a
Ce OTKPOAT MHOXECTBOTO Bb3MOXHI anTepHaTUBN.

To3u eTan nokpuBa yHKUmMsATa nnaHnpaHe. CoTyepHO MOXe fa ce NpeacTaByn Ype3 Modys ninaHupaHe, KONTo
BKMKOYBA NOMOLLHM TEXHUKM 3@ W3rOTBSIHE HA BKU3HEC NnaH 3a AeMHOCTTa Ha NPeanpUSTUETO KaTo LIANO, KaKTo U1
MHOrO APy NaHOBE C pasniyHa CTENEH Ha AeTannm3aums no CbobpKalluTe Ce B TSX ENCTBUS.

7.MpunazaHe Ha npuemama cmpameaus. OCbLUECTBSABA CE CTHIKA NO CTbMKA B 3aBUCUMOCT OT pa3paboTeHus
nnaH 3a gencTare no Touka 6. Habupa ce ekun oT xopa K1 CbluyuTe ce MOTMBMpAT 3a paboTa. o Bpeme Ha To3u
eTan ce NpoBepsiBa MOAENbT B pearHu YCroBuUst U Ce OTKpUBAT AOMYCHATUTE TPELLKM, MPpaBu Ce OLEHKa Ha
nocTurHaTuTe pe3yntati u gpyru. MNokpueaT ce PyHKLUMNUTE OpraHuaupaHe, MOTUBMPAHE U KOHTPOMNMpPaHe.

HeoGxoaumo e fga ce paspaboTv Mogyn opeaHusupaHe u koHmpos. Toi TpsiGBa Aa NPeaocTaBst Bb3MOXHOCT
[a ce cneay 3a W3MbIHEHMETO Ha MnaHa MOCTLMKOBO, [a BKMKYBA KOHTPOMHM TOYKM 3a MpoBepka W Aa
CU3THaNManpa Npu nosiBaTa Ha rpeLLkmn 1 OTKIOHEHMS! U3BbH A0MYCTUMUTE HOPMY, 3aafleHN B HEro.

BaxeH e cblo 1 Modynbm 3a MomueupaHe Ha nepcoHana. basupa ce Ha cuctemMa OT MeponpusTUs, Nog
(hopmaTa Ha CaHKLWM W Harpaay, KakTo 1 Ha NePCOHAMHOTO CTUMYMMPaHe Ha NMYHOCTTa. ChAbpXa MexaHu3mu
3a OLieHKa Ha paboTaTa Ha NepcoHarna 1 KOHTPOMHM TOYKW, KOUTO NoMarat [ja ce Onpeaen HUBOTO Ha pasBuUThe
Ha MHAMBMAA, HeOBXOAMMOCTTa OT NMPOMSiHA HA HEFOBOTO Bb3HArpaXAeHWEe UMW M3MbIHSBaHATa ASTbXHOCT, OT
[OMbIHUTENHO 0ByueHue u Apyr. Hanuuveto Ha To3M Mogyn, 3aegHo C Mopyna 3a ynpaBreHue Ha
KOHNMKTMTE (KOITO Le Obae pasrnedaH no-gory), e npeanocTaBka 3a epeKTMBHOCTTA Ha YNpaBnEeHUETo Ha
nepcoHana, BKIKYUTENHO W B rofeMuTe NpeanpusiTis, KbaeTo paboTtaT xunsau paboTHULM.

8.0mcmpansieaHe Ha donycHamume 2pelku. /I3BbpLUBAT Ce KOPEKLM B MOAENA W B CTpaTervsiTa 3a AeNCTBME,
ako ToBa e Heobxoaumo. MMokpuBa ynpaBneHckaTa dyHKUMS perynupaHe. Mpeogonssa ce HEChOTBETCTBUETO
MEXAy NaHOBUTE 1 (haKTUYECKUTe nokasaTenu.

Ha To3u eTan ce Bbaexaa Modynbm pezynupaHe. Heroata Len e aa npeanara MHOXECTBO anTepHaTUBHY

pelleHnsa 3a OTCTpaHABaHe Ha YCTaHOBEHUTE IPELUKK, KakTo U BCUYKK apryMeHTu, KOUTO Ca AoBenu cuctemara
[10 CbOTBETHUA VI360p.

9.MpunazaHe Ha 0bHogeHama cmpameaus 3a Oelicmeue. okpuBa QyHKUMKUTE OpraHM3MpaHe, MOTUBMPAHE,
KOHTPON W perynupane.
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10.0ueHka Ha pe3ynmama 1 NOBTapsiHe Ha etanuTe oT Touku 1 go 10, gokaTo u3nckBaHMATa GbaaTt HaMbMHO
YOOBMNETBOPEHM M Ce MOCTUrHAT noctaBeHuTe Lenu. OCbLIECTBABA Ce CbLUMHCKUS MPexod KbM HOBOTO
CbCTOSIHME Ha 0beKTa Ha ynpaBneHNeTo.

11. CmabunusupaHe Ha nocmMu2Hamomo CbCMOsHUE U 83eMaHe Ha peweHus 3a nocnedsawjo pasgumue Ha
cucmemama. lNpaBu Ce NpoBepka BbB BPEMETO HA TOBA, KOETO € MOCTUrHaTo. lNpeleHsBa ce Janu e Hanuue
cTabunHa CTPyKTypa M [OOKONMKO TpaeH e 6bae gocturHatus pesyntat. Lle yctou nu Tol Ha HaTucka Ha
cpegarta u Ha GhakTopuTe, KOUTO He ca Mormu Aa 6baaTt B3eTH NOA BHAMaHWe npu pa3paboTBaHETO Ha Moaena.
Bb3 ocHOBa Ha TOBa, KAaKTO M Ha YCTaHOBEHUTE CTeMeHM Ha cBoboga Ha obekta (obnacTu, BbPXY KOMTO
YNpaBnsBaLysT He MOXe [a OKaxe MbSIHO UMK YaCTUYHO BIMSIHUE), CE OYepTaBaT peLleHusiTa 3a NOCoKUTe B
ObaewoTo pa3BUTUETO Ha 0OEKTa Ha yNpaBlEeHNETO.

YnpaBneHue Ha KOHPNUKTUTE

OcBeH mogynuTe, KOUTO Ce BKMOYBAT B pasrneaaHnTe no-rope eTany Ha ynpaBneHckus npowec, € Heobxoammo
[a Ce BKIOYM W Ole eauH — MOAyN 3a ynpaesieHue Ha KOHghnukmume. HeroBoTo npegHasHayeHue e aa
Obaat onpeseneHun 1 aa ce No3HaBaT NpeaBapUTENTHO Bb3MOXHMTE KOH(IMKTHW TOUKA U 30HW B NPEANPUATUETO
W Ha Ta3n OCHOBA Aa Ce NPeoaonsBaT KOHMMKTUTE OLLe Npeau Aa ca pearnHo Bb3HUKHanW. Toan mogyn Tpsbea
Ja npuTexaea CPeACcTBa 3a pasnosHaBaHe Ha NpedynpeauTenHu 3HauW 3a HaspsBall KOHMDMKTU, KaKTO U
WHCTPYMEHTapKUYM 3a TSXHOTO HeponyckaHe. Moxe Aa ce u3rpagn u cumynayuoHeH Modyi, Ypes KOWTo fa ce
NPeaBuasST Bb3MOXHWTE CUTyaLuu Npyu B3EeMaHe Ha edHo ynpaeneHcko peweHue (Reality Games). Taka Ha
MPUHLMNA Ha UrpuTE MOXE Aa CE U3BBPLUBA MHTEPAKTUBHO ODyYeHMe 3a ynpaBneHne Ha KOHAMKTUTE.

Bcsko npeanpusTue ce CbCTOM OT XOpa, KOWUTO o YNpaBnseat 1 xopa, kouto busat ynpasnssaqu. Te nocturar ¢
o0wwu yeunus dupmeHarta uen, paboTeinki B XapMOHUS U JOMbIIBaKK ce B3aMMHO. Mexay Tax ce OCbLIECTBSBA
HenpeKbCHATO B3auMOLENCTBIE, KaTO NOAUMHEHUTE CbLLO MOraT 4a OKa3BaT BUSHUE BbPXY yNpaBnsBaLyuTe.

KonkoTo B no-ronsiMa cTeneH CbBMaaar LenuTe W UHTepecuTe Ha ynpaBnsiBaHWUTE W ynpaBnsBalluTe, TONKOBa
no-6e3KOHMMKTHO e NpoTUYa AEeMHOCTTa Ha opraHusauusTa. lMpoTWBOpeuMBMTE LEMM MoraT Aa MmopoasT
cbrbebk. Heobxoaumo e fa ce onpeseni 30HaTa Ha CbOTBETCBUATA KAKTO Ha LienuTe, Taka W Ha UHTepecuTe 1
Bb3MOXHOCTUTE Ha [ABETe CTpaHu B ynpasneHckus npouec (Bux durypa 1):

Llenm, nHtepecu
11 BB3MOXHOCTM
Ha ynpaBnsBaLLuTe

Llenu, uHtepecu
11 Bb3MOXHOCTM
Ha ynpaBnsBaH1Te

Ourypa 1: 3oHa Ha CbOTBETCTBUSTA

Ako ¢upmeHuTe uenn ce Hamupat B 3oHa 1 (Bux durypa 1), TaxHaTa peanusauns we 6bae MakcumanHo
edektuBHa. CbrnacyBaHeTO Ha ABeTe rpynu Lenn MoXe Aa Ce MOCTUrHe MpW OCbLUeCTBSIBaHe Ha peauua
NCUXONOMNYECKM U (HUHAHCOBI MEPONPUSATIS, KaKTO 1 Npu afekBaTeH noabop Ha nepcoHana. Taka nocpeacTBoM
HAKOW MaHMNynaTyBHU MEeXaHU3MKU KOHnMKTUTE MoraT fa 6baaTr ceefeHn 40 HeoDXOAMMUS MUHUMYM.
lMoTpebHOCTTa OT NOCNeAHUs € NopoAeHa OT 0BCTOATENCTBOTO, Ye ako Te ca Marnko Ha 6poit u npeasuauMuN, TO
fuxa MornM Aa NPOBOKMpAT MOCTOSHEH CTPEMEX KbM YCHBBPLUEHCTBaAHE. TOBA MOXE Aa CTaHe Mpu4MHa 3a
pacTex u dupmeHa camoopraHmsauust. BaxHo e pobpe ga ce no3HaBaT KOHQUKTHUATE 30HN.

Pa3paboTeHoTO 3a Tasn Len codhTyepHO NpUnoXeHne crieaea aa obxsalla ronsm o6em oT uHdopmauus, aa s

CTPYKTYpu1pa, CbNocTass M aHannaupa. Kato kpaeH pesyntart 1o TpsibBa 4a 13Befe NOTEHLNaNHNTE KOHIMKTHY

30HM, 30HMTE Ha CbOTBETCTBUSTA, KAKTO W [a HanpaBy NPeAnoXeHus 3a Npodunaktuka v NpeogonseaHe Ha

NoTEHUManH1TE KOHNMKTW. [JaHHUTe, KOUTO MOraT [a Ce BKMKYaT B MOAYNa, Ca CreaHuTE:

« MHanBugyanHuTe 0COBEHOCTW Ha PBbKOBOAWUTENMTE OT BCUYKM HMBA — NWYHW WHTEPECU, MOTMBAUMS 3a
paboTa, ycnexu 1 npoBanu, WHAMBMOYaneH OMWUT, CEMENACTBO, KOMYHWUKATUBHW YMEHUSI N OpraHW3aTopCKu
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kayecTBa, NWUOEPCTBO, B3aWMOOTHOLLEHUS, 34PABOCMOBHO CBbCTOSHWE W APYrU, KaKTO W WHAMBMOYaNHWTE
NpoBremMHN 30HM — Kora 1 NPX KaKBK YCMOBUS € CKITOHEH KbM KOHMNMKTK. TakaBa WHopmaLums cnefsa aa
ce noaabpa W 3a nepcoHana, kakTo 1 3a NpeanpusTMETO KaTo Lsno.

« Llenute Ha MeHMIKbPUTE, HA NepcoHana 1 0bLohUpMEHNTE LENN.

« Bb3amoxHocTUTE W ONUTa Ha ynpaBnsBaHUTE W ynpasnaBawuTe. ToBa € TEXHWUAT NNYHOCTEH noTeHuman. Ot
Hero 3aBWCK [JOBEPUETO, KOETO NOLYMHEHWUTE UMAT KbM PHbKOBOAUTENUTE, TAXHATA FOTOBHOCT M CMOCOGHOCT
3@ M3MbIIHEHWE Ha MOCTaBeHUTe 3apaun U Apyru. BaxHo e [a ce crieu MeHWmXbpute fa nputexasar
noBeye Bb3MOXHOCTW M NO-BUCOKA KBanudukaLms oT nepcoHana. O6paTHOTO e npeanocTaBka 3a KOHPANKTH
nopaau HeyAoBNETBOPEHOCT OT CTpaHa Ha paboTHuuUKTe, KouTo Grxa Mornv fa cb3gagat peauua npobnemu.

« KenaHue 3a NMYHOCTHO Pa3BUTME M CaMOYCHBBPLLEHCTBAHE Ha yYacTHULMTE B ynpasneHckus npouec. Ot
TOBa 3aBMCK OBAELIOTO Pa3BUTUE HA CaMOTO NpeanpusTHe.

Warpaxpa ce MHAMBMAOYaNneH MOAEN Ha BCEKM OT Y4aCTHULMTE B yrpaBNeHckust mpolec. B npoueca Ha paboTa
TE3M Moflenu ce akTyanuaupart, 06paboTeaT 1 cbnocTaBsT. Taka CTaBa Bb3MOXHO [a ce U3BeaaT KOH(UKTHUTE
30HM 1 MOCTOSIHHO [a Ce Mofabpxa MHGOPMaLMs 33 aKTyarHoOTO CbCTOsSHME Ha 0bekTUTe W cyGekTuTe Ha
ynpaBneHneTo. B3eTuTe Mo TO3WM HauMH YNpaBMEHCKM PeLLeHMs Lie YAOBNETBOPSIBAT KaKTO ynpaBmnsiBalyuTe,
TaKa 1 ynpaBnsiBaHUTE U LLE rapaHTMpaT XapMOHUYHOTO (hyHKLMOHMPaHe Ha NPpeanpuUsTheTO.

MsrpaxpaHe Ha cuctemarta

OT rnegHa Touka Ha knbepHeTUYHaTa Hayka NpeanpuaTUETO MOXe fa ce AedrHMpa KaTo caMooTraHuanpalla ce
cuctema, CbCTosila ce OT ynpaBnsBalla W ynpaensBaHa nofcuctema. V3xoxdaikm OT TOBa CTaHOBMLLE,
paslumMpeHaTa MHPOPMALIMOHHA cCTEMA 3a PLKOBOAMTENS CredBa Aa Cbbpxa Tean NoacUCTEMM U fa konupa
TEXHATE (DYHKUMM W HauuH Ha paboTa, Oasvpalkn Ce Ha CXemaTW4HO NpeacTaBeHaTa CTPyKTypa Ha
npegnpustueto. MocnegHata cneasa Aa 0Tpa3sBa BCUYKM CUCTEMHW €NeMEHTH, rpynupanm no kateropun (Bux
Tabrvua 1).

Kamezopuu
YoBeLuKu pecypcu
JlenHocTy
MatepuanHa 6asa
CTpyKTYypH¥ NogpasaeneHns
KoMyHWKaLMOHHM KaHanw
Codpryep
Apyrv

Tabnuua 1: OCHOBHM KaTeropun Ha cucTeMata-npeanpusTue

Bb3 ocHoBa Ha Tean CTPYKTYpHW eauHuum moraT ga 6baat obocobern OTAenHW MOaynu, KOUTO B NOCHEACTBIE
ha ce 0beauHaT u npepactHart B Extended EIS. Mo To3n HaumH mbpeaTa kaTeropus ot Tabnuuya 1 Mmoxe fa 6bae
n3paseHa ype3 Moayn ““oBeluku pecypcu’. HeroBoto cbabpxaHue e npeacraBeHo B Tabnuua 2 (Bux Tabnuua
2).

Mogyn “YoseLukn pecypcu’

MoOkamezopust OnucaHue Ha noGkamea0pusi
lNepcoHanHu faHHW Ha NULETOo Agpec, TenedoH 1 gpyru.
AsTo6MOrpathnyH1 AaHHN O6pasoBaHue, TPYAOB CTaX, MHTEPECW M ApYrW, Npean nocTbnBaHe

Ha paboTa B NpeanpusTHeTo.

3aemaHu AbkHOCTY B Npeanpusitueto | Mpouec Ha M3pacTBaHe 1 ycreBaemocT.

MOTVIBaU'VIFI anI‘-IVIHVITe, nopagn KouTo paGOTVI B NPeAnpuATUETO.
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CeMmeitHO nonoxexue

OnwcaHue, cTeneH Ha YAOBMETBOPEHOCT W ApYrU.

3ApaBOCNOBHO CbCTOSIHME

MpebonenyeaHu tonectu, XPOHWYHM 3abonsBaHus,
npeapasnonoXeHOCT, 06110 PU3MKO-NCUXNYECKO ChCTOSIHUE.

JlnyHm kavecTBa

MocouBaT Ce TakuBa KaTo: KOMYHWKATUBHOCT, yMeHUs 3a paboTa B
eKun, IMAEPCKM 1 OpraH13aTOPCKM YMEHUS!, arPECUBHOCT W pYru.

lMNoTeHuman

/3nonsBa nu gokpan Bb3MOXHOCTUTE c1? Kak ce cnpassi B obnacty,
3a KOWTO A0 TO3M MOMEHT HsIMa OMKT W MHopmaums? MpuTexasa num
aHanuTnyeH ym? Xenae nu ga yuu v ga ce passuea? Kak ce crnpass
1 B KoM 006nacTn? u T.H.

Tabnuua 2: Coabpxanue Ha Mogyn “HoseLuku pecypen”

B npennpustueTo cnedBa Aa ce Cb3fgadaT KpUTEPWMM 3a OLEHKA Ha nepcoHana, 6asupaHu Ha paspaboTeHa
cucTeMa OT NnokasaTenu, kouTo fa ce usnonaeat B Extended EIS. B nocnegHata HammpaTt OTpaxeHne u gaHHuTe
OT codpTyepa 3a 3annati u gpyr NnogobHM, M3NON3BaHN B CYETOBOAHATA OTYETHOCT.

TakoBa HMBO Ha AeTainu3auuns ce Cbbpka U BbB BCUYKM OCTaHaNM MOZyNu, YASITO CbBKYNHOCT NPeACTaBnsiBa
paslwMpeHata WHGOpPMaLMOHHa cucTeMa 3a pbkoBoauTens. [locnepHata u3nonssa WHgopMauusta ot
HanMYHUTE W B NPEANPUATUETO NPOrPaMHI NPUNOXKEHNS, KAaTO MO TO3WN HauMH ce M3bsArBa HEMHOTO Ayb6nupaHo
BbBeXdaHe. ToBa MOXe [a CTaHe Hail-gobpe npu BHEApSBaHE Ha TEXHOMOMMATA Ha CKMaZoOBETE OT AAHHM,
YMETO CBLUECTBEHO MPEaUMCTBO €, Ye 00eAMHABAT AaHHM OT pasnnyHuU MO XapakTep M3TOuHWUM. M3nonasaH
kaTo ocHoBa Ha Extended EIS, cknagbT e cpefcTBO, C MOMOLLTA HA KOETO NPEANpUATUETO 3ana3Ba npunaraHus
[0 MOMeHTa COTYep, HaArpaxaakn BbpXy HEro HOBUTE TEXHOMOTUM.

YnpaensBalla nogcuctema [«

A 4

YnpaensiBaHa nogcuctema

\ 4

A 4

Mogyn “LlenenonaraHe v oLeHka Ha LenTa”

Mogyn “Mogenupate”

Mogyn “lnaHupaHe, opraH1aupaHe u KoHTpon”

Mogyn “PerynupaHe”

Mogyn “MoTuBupaHe Ha nepcoHana”

Mogyn “YnpaBneHue Ha KoHnukThTe”

VHdopmaLyoHeH Mogyn

\ 4
Kareropum

YoselLuku pecypcu

CodhTyep 3a cyeToBOAHa
0TYeTHOCT

Cogpryep 3a
CKNagoBO CTOMAHCTBO

CodhTyep 3a ynpasneHue Ha
(hMHAHCOBM aKT1BU

OT JaHHM

[eiHocTn
MatepuarnHa 6asa

CTpyKTYpHU Moapa3feneHms
W apym

Cknapg

Tpyn v paboTHa 3annata

MapKeTuHr 1 peknama

\ CodhTyep 3a creynanuavpanm

(prpmeHn genHocTn

KINeHTuTe

CochTyep 3a ynpaBnexue Ha [Lpyry, BKMKOYMTENHO Na3apHyU MHAMKATOPM, UHOpMaLMs 3a
B3aMMOOTHOLLEHWSATA C KOHKYPEHTUTE, N3TOYHMLM OT VHTEPHET U T.H.

O®urypa 2: CTpykTypa Ha paslumpeHaTa MHOpMaLMOHHa CCTEMA 3a PHKOBOAUTENS
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B ynpaBnsiBaliata nogcuctema ce ChabpXaT OCHOBHUTE GM3HEC MpaBWna, Ha KOMTO Ce MofuMHsIBa LsinaTa
[ENHOCT Ha MpeanpusTUEeTO, KakTO M CpeacTBa 3a aHamms W KOHTpon. TS crieau 3a M3MbIHEHWETO Ha
MoCTaBeHUTE LIeNM, KOUTO Ce 3anaraT B Hes 3aeAHO C MNaHoBWUTe nokasaTenu. [locneaHuTe ce cpaBHsBaT ¢
(hakTu4eckuTe Mo kaHanuTe 3a obpaTHa Bpb3ka OT M KbM ynpaBnsiBaHaTa nogcuctema. Morat aa ce 3agagar
cTeneHu Ha csobofa Ha ynpaensBaliaTa MOACUCTEMA, KOUTO Aa M MO3BONsBaT Aa NpaBM MPOMEHW B
MbpBOHAYamNHO 3arnoxeHaTa (upMeHa Len Bb3 OCHOBA Ha [AaHHWTE, NpedoCcTaBeHM OT ynpaensiBaHaTa
nogcucTema. ToBa 61 S NpeBbPHANO B CaMoOpraH13upalla ce cucTemMa Cbe COGCTBEH MHTENEKT, aHarnormyeH Ha
TO3M Ha MEHUIKbPUTE.

3aknioyeHue

Bb3 OCHOBa Ha BCWUYKO M3MNOXEHO OO TYK, MOXe [ja Ce Hanpasu M3BOLbLT, Ye paslumpeHata WHGopMaLMoHHa
cucTeMa 3a PbKOBOAMTENS e crocobHa Ao ronama CTerneH Aa 3aMeHW ponsiTa Ha MeHUgXbpuTte, aa obnekuun
TAXHaTa JEWMHOCT U Aa YBENWUYM KONMYEeCTBOBO CBOBOAHO BpeMe — pecype, KOMTO KbM HacTOSAWMSAT €Tan Ha
pasBUTWE Ha LIMBUNM3aLMsATa HE AOCTUra Ha ynpasnsBsawumte. CnocobCTBa 3a NoBMLIABaHE Ha eheKTUBHOCTTA U
KayecTBOTO Ha  (PUPMEHOTO  ynpaBrieHWe U Ce  XapakTepusupa C  MyRTUGYHKUMOHANHOCT U
MyNTUOMCUMNAMHAPHOCT. ToBa S MpeBpblia B WH(OPMaUMOHHA cuctema Ha Obgeweto, 6asvpaHa Ha
cohTyepHaTa peanusauus Ha MUCIOBHaTa AeNHOCT Ha xoparta.
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KOOPAWHATHO BA3SUPAHA ®U3NYECKA OPIAHU3ALIUA
3A KOMNIOTBLPHO NPEACTABAHE HA UHOOPMALIMOHHU MPOCTPAHCTBA

Kpacumup MapkoB

Pestome: B cmamusma ce npedcmaes Hal-Hogama peanusayuss Ha €OuH memod 3a KOOpAUHamHO
opeaHu3upaH docmbn 00 c8pbX20IEMU UHGHOPMAaLUOHHU NpocCmpaHcmea.

Knroyoeu dymu: MHozoobnacmeH uHghopmayuoHeH moden u memod 3a docmbn, KoopduHamHo 6a3upaHu
UHGhOPMaUUOHHU NpoCMpaHcmea.

MHoroo6pa3sue n nogpenoda

CBeTBT, KOUTO HM 3a00MKans MOXe Aa Ce XapakTepuaupa C eaHa JyMa kaTo «MHoroobpasuey.
MHoroo6paave, CbLeCTBYBALLO TYK U Cera.

Bes muHano 1 6e3 GbaeLe.

CTpaHHO 3a HaLLETO Bb3npUeMaHe Ha TO3M CBSAT KaTo YETUPUMEPHO CbLLECTBYBaHE.

CTpaHHo, 3aLL0TO HallaTa NaMeT 1 HaLLETO Cb3HaHWe rpaasT CbBCEM [pyra KapTuHa -
Ha MPOCTPAHCTBEHOCT M NPOTSHKHOCT.

EnBa nu Guxme ce cbrmacunu, Ye B CBETA HAMA Taka Hy)xHaTa HU nogpeaoa.
Moppenba, chanaBaHa Npes XUNAAoNeTUsATa, NoAAbPXaHa 1 pa3BUBaHa NOCTOSHHO.

AKO HacToALUMAT TeKCT Belle XyAOoKECTBEHO MpOu3BEAEeHWe, TO MOxXe OM TO3M CTUN Ha uanoxeHue 6u Gun
WHTEpECEH W WHTpUryBal,. HoO B HayyHus TeKCT cnedBame fJpyra «nocrnegoBaTefiHOCT» W «nogpenbay.
BescnopHo — ycrnoBHa, 3alloTO Taka CMe Ce YCMOBWNW MpW W3rpaxaaHeTo Ha Halarta KOMyHuKamueHa
KOH8eHU Usl, CPELLY pa3pyLLaBaHeTo Ha KoSTo Guxme ce NpoTMBUIN.

Ho ako cTaBa gyma 3a HEMHOTO pasBUTUE W YCbBBPLLEHCTBYBaHE?

Heka He cme ronemu onTUMUCTM...

lMogpeneHocTTa Ha cBeTa e MHGOPMaLMOHEH (heHoMeH. Hue noapexaame cBeTa, 3aloTo MOXeM Aa Noapeanm
UHghopMayuoHHume modenu 3a Hero. Hewo noBeye - HWe [eNCTByBaMe CredBalkiM HALIETO
UHhopMayUOHHO OYaKeaHe, NOPOAEHO Ha 6a3a NOCTPOEHMTE 40 MOMEHTA WHGOpMaLMoHHM Mogenn [Markov
etal, 2003].

W rpagum cBeTa OKONO Hac crieABaiiky HawaTa MHopMaLMoHHa NpeacTaBa 3a ToBa KakbB Buxme uckanu aa e.

MoapeneH ...!

MHhopmMaLMOHHOTO B3aumoencTene

[MOHATMETO «MH(OPMALMOHHO B3aUMOLENCTBUEY, KAKTO M CbMBLTCTBYBALMTE O MOHATUS «MH(OPMALMOHEH
00eKT», «MHGOPMaLMOHEH KOHTaKT» 1 ap. Osixa BbBEOEHN NPean NoBeye OT ABafdeceT roguHu B [Markov, 1984]
W OHEC Te Ca YacT OT exenHeBHO ynoTpebsBaHaTta TepMuHonors (Bx. Hanpumep [BbpHes u ap., 1988, c1p.9-
10]). Otaenex pasgen Ha “Obwa Teopust Ha wHdopmauusta” [Markov et al, 2003] e noceeTeH Ha UMEHHO Ha
T€31 NOHATS. LLle NPpUNOMHUM HaKpaTKO HAKOM OCHOBHM MOCTaHOBKM.

Hue HenpekbCHATO rpaauM UHGhopMayUOHHU Modesu 3a CBeTa 1 3a cebe ci B Toan cBST. MHoroo6pasneTo Ha
NH(OPMALIMOHHN MOfIENM CbOTBETCTBYBA HA MHOTOOBPA3NETO Ha CBETA, HO & 3HAYMTENHO NO-Manko MoLHo. OT
Apyra cTpaHa, KOOPAMHUPAHETO Ha AENCTBUATA HI C APYTY XOpa W3ICKBA NOCTOSHHA MHA(OPMALMOHHA 06MSsHa,
B OCHOBaTa Ha KOSITO ca UH¢hopmayuoHHuUme obekmu. ToBa ca MH(OPMALMOHHM MOAENM, peanuanpaHin no
onpefeneH HaunH B OKpbXaBalliata cpeaa, KouTo Buxa Mornu fia ce Bbanpuemar oT apyruTe.
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LLle npunomuum obLuaTa cxema Ha MHOPMALMOHHOTO B3aMMOAENCTBHE.

EauH voBek (umm rpyna xopa) Si1 peanuanpa B OKONHaTa Cpeda KOHKpeTeH WHgopmauunoHeH obekT O,
CbOTBETCTBYBALL Ha AadeH MHPOPMALMOHEH MOZEN, KOWTO e MOPOAEH B HErOBOTO Cb3HAHME, W KOTO B1 MOMbN
[Ja ce Bb3npuemMe OT Apyr YoBek (unu rpyna xopa) Sz :

S1—)Oi —> Sz (1)

Peanusauusta O; e uHghopmayuoHeH obekm (MO), camo ako CbLLECTBYBa KOHBEHUUS MEXAY W3TOYHMKA U
nonyyatens, Ha 6asaTa Ha KOSTO Bb3npueTHs MHopMaLMOHEH Moaen 61 ce CbOTHECHN C BeYe HamnuyHUTE B
Cb3HaHMETO Ha Bbanpuemawys. B npotueeH cnyyait T8 6u Guna camo egHO Bb3AEMCTBME BbPXY OKOMHaTa
cpena, koeTo 61 npean3BMKano BPEMEHH MMM NOCTOSIHHW 3MEHEHUS Ha 0DEKTH OT Hes.

Penauuute (1) onpegensat eavH uHghopmayuoHeH koHmakm. C Opyru oymU, MHPOPMALMOHEH KOHTAKT €
HanuLe caMo aKo CbLLEeCTBYBa CbOTBETHA MHADOPMALMOHHA KOHBEHLMSA Mexay S11 Sz, v TpoikaTa

(81,0i,S2)
e cBbp3aHa ¢ penauuure (1).
CbBKYMHOCTTa OT MH(OPMALMOHHUTE KOHTAKTU MexXay St 1 Sz, U, pecnekTusHo, mexay Sz 1 Sy dopmupat
UHGhopMayUOHHOMO e3aumodelicmeue MeXy TAX.
CuBkynHocTTa oT BCWuk MO, upe3 KoMTO Ce OCblecTBABa MHGOPMALMOHHOTO B3aUMOAENCTBUE dhopMupa
HeroBaTa UHhopmayUuoHHa 6a3a.
lMorpelHo e Aa ce cunTta, Ye MHopMaUMoHHUTe 0bekTn ca peHoMeH camo npu xopaTta. Ho camo npu xopata,
Hanpumep, CbLeCTBYBaT MUCMEHOCT 1, CbOTBETHO, MEKCMOBU UHGHOPMAYUOHHU 06ekmu.

MHorooGpasneTo Ha CBeTa NpeausBuKBa MHoroobpasve Ha MHAGOPMaLMOHHUTE MOAENHN, PECMEKTUBHO Ha
TAXHUTE peanu3auum Kato MHGOpPMaLMOHHN 06ekTW. Hue Bb3anpuemame pearHusi CBST KaTo MpOCTPaHCTBEHa
Nepapxusi, pasBuBaLLa ce BbB BPEMETO, 1 CrieA0BaTENHO MHAOPMALIMOHHUTE MOLENN U ChOTBETCTBYBALLUTE UM
MO cblyo ca cBbp3aHM B QuHaMUYHa npocmpaHcmeeHa liepapxusi.

MHoromepHocT

MHoro BaxHa 0COBEHOCT Ha MHMOPMALMOHHUTE OBEKTM € HanuuMeTo Ha cneyuhuyHu xapakmepucmuku
(ampubymu). XapaKTepuCTUKUTE Ce OMpefensT OT XopaTa, y4YacTByBawy B npoueca Ha MHKAOPMALMOHHO
B3auMmogencTame. AKO BCUUKM aTpubyTh Ha ABa MHAOPMALMOHHM 0BeKTa MMAT egHW U Cbluy CTOMHOCTU, TO TOBa
M1 NpaBy HEOTIMYUMM eUH OT LPYr.

AKO MHOXECTBOTO OT CTOMHOCTW Ha faaeH aTpubyt Gbae nodpedeHO u HOMEPUPaHO, TO TO3u aTpubyT ce
npeBpbLia B «pasMepHocmy, u4pe3 kosTo MO, KoUTo My CbOTBETCTBYBAT CbLLO MOraT a GbaaT NoapexaaHu.

Ako eauH MO ce xapaktepuaupa OT eAnHCTBEH aTpubyT TON ce Hapuya "edHomepeH". EcTecTBeHO, 06EKTHT Cce
Hapuya "MHO20MepeH" ako Ce xapakTepusupa OT MHOXEeCTBO aTpubyTtu. MHoromepHuaT MO, onpegeneH ot k
atpubytn moxe fa Obae npeactaBeH kato "Touka" B k-MepHO MPOCTPaHCTBO. TOBA OpefeNieHne HambiHO ce
Ccbrnacysa ¢ BiaaHeTo B [Sitarama et al, 1988].

Taka ugsame [0 npocTata uaes, Ye nHdopMalMoHHaTa 6asa 61 Morna a ce opraHu3Mpa Bb3 OCHOBA Ha eaHa
WM NOBEYE PA3MEPHOCTM W MO TO3W HAYMH [a Ce pasrmexnga kato CbOTBETHO-MEPHO UHGhOPMayuUOHHO
npocmpaHcmeo. O4eBIUAHO, MHOTOMEPHOTO MHGOPMALIMOHHO MPOCTPAHCTBO Lie Ce XapakTepuaupa OT noseye
OT e[]Ha pa3MepHOCT.

B npocTuTe cnyyan «MepHoOCTTa» Ha MHopMaLMoHHaTa 6asa Le e 0603puMo Masika, Hanpumep, B criyyan, ye
onMcBaMme nuTepaTypaTa KbM HaCTOSILUMS TEKCT.

Ho ako TpsibBa ga opraHusupame uMHopmaumoHHa 6asa 3a B3aMMOLAENCTBMSATA B pearnHa, Hanpumep — 60iHa,
CUTYyauWs, B KOSITO Ca aHraXupaHu Xunsau eneMeHTW — Xopa, TeXHUKA, MO3EMHW U HaA3EMHU ChOPBXEHMS,
cOBCTBEHM M Ha NPOTUBHMKA, KOWTO B HALUM [HW € HABCAKbAE, @ He NpOCTO 3af efHa Bbobpaxaema (PpoHTOBA
MIUHWSA, U NPU KOETO BCEKW ENEMEHT Ce XapaKTepusupa OT rofsiMO KOMMYeCTBO WHAMBWMAYanHW atpubytw, a
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WH(hopMaLMsTa HEMPeKbCHATO MOCTbMBA KAaKTO OT YOBELWKMS PEcypc, Taka M OT CbOTBETHW AaTyuuM Ha
TEXHUYECKNTE CUCTEMM M COPBKEHUS B LISIOTO MPOCTPAHCTRO...?

TpyAHa, HO MHTEpECHa W 3Ha4MMa 3azauva.
PeLueH1eTo, KOeTo KaTo Ye nn camo uaga, e

Ha MHO2006pa3uemo da ce oma080opu ¢ MHo2006pa3ue!
U c pead...!

MHozoobpasue om uHghopmayuoHHuU obekmu, Koumo 0a ce opeaHu3upam & npaKmu4ecku
HeozpaHu4yeHo, OUHaMUYHO, liepapXuyHo NodpedeHO UHEHOPMaLLUOHHO NPOCMpPaHCMeo.

Peannayemo nu e Toa?

KaTto 4ye nu npupoaata e 0TroBOpuUna NonoXMTENHO Ype3 Hac camuTe, MHOTO Npeau 1a “Ma KOMMKTPK W KOraTto
MICROSOFT® «ro HaAMalle aaxe».

E, kaTo ce uma npep Bua obema Ha Bb3MOXHATA AMCKOBA MaMeT W KanauuTeTa Ha (haidnoBUTe CUCTEMM Ha
KOMMIOTPUTE, C KOWTO pasrnoniarame, JyMUTE «MPaKTUYECKM HEeOrpaHWYeHo» MpuaobvBaT CbBCEM OrpaHiyeH
cvmcbn! Taka, 4Ye 3agayata HM TpsAbBa [a Ce MpoOM3HeCe MOXe OW KaTo Ce 3aMeHM «MPaKTUYecKU
HEOrpaHn4yeHo» ¢ «eheKTUBHO» MO OTHOLLEHME Ha MaMeT U Bpeme B YCIOBMSTA Ha KOHKPETHa KOMMIOTbpHa
CTPYKTYpa.

B nmobaBka — Heka OT4eTeM, Ye MHOrO OT noTeHuuanHuTe MO npocTo He CbLUECTBYBAT M HALIETO
UH(hOPMaYUOHHO XUNepPNPOCMPAHCMEO peanHo € noymu npasHo. Mpy TOBa, «HE CbLUECTBYBA» He
03HayaBa, Ye B CbOTBETHATa XUNEPTOYKa MMa OMpeaeneHo KonMYecTBo MHTepBanM (MpasHi CUMBOMK), a MpoCTo
HFMa HWLLO 1 3a Ta3n XMnepToyKa He ce 3afensi nameT, a BPEMETO 3a A0CTbN A0 “HULLOTO” € NpeHebpexmMmo
Masko B CpaBHeHe C BpEMETO 3a A0CTbN [0 peanHo ChLUECTBYBALL MHGOPMaLMOHEH 00EKT.

Hakpas, Wo ce kacae Ao peanusauus Ha komnioTpu oT Tuna IBM PC, HaweTto npocTpaHcTBo LWe Tpsbea aa
MOXE Aa Ce pasnonoxu B pamkute Ha eduH ¢hatin (B TepmuHute Ha MS DOS, MS WINDOWS u LINUX), Tbit
kaTo anapata 3a [OCTbN [0 (hannoBeTe M CbAbPXALWWTE U CTPYKTYpU, YAOOEH 3a 4voBeka, e KpalHo
HeeghekmueeH npu aBTOMaTU3MpaHa paboTa C nogpedeHu WHGOPMALMOHHM NPOCTPAHCTBA, ChAbPXKALLM
munmonm M0O.

B nepwopa ot 1974 r. 0o 2004 r., ¢ npoMsHaTa 1 pa3BUTUETO Ha KOMNKTbPHATA TEXHUKA, 3afadaTta nocTeneHHo
ce paswwupsBaLue 1 obxeallalle HOBU ENEMEHTH, KOUTO YCUBaxa MbPBOHAYAHNS MPOEKT.

TyK Le 5 NOCTaBUM B HEHWSA BapuaHT, KOWTO CbOTBETCTBYBA Ha CbCTOSHMETO KbM 2004 roa. v wwe ob6cbanm
€0HO Bb3MOXHO PELIEHWE, B YMATO OCHOBA CTOM €AMHEH Moaxod 3a manyecka opraHusauus, 6asvpaH Ha
pa3bupaHeTo, Ye WHdopmMalusTa TpsbBa Aa ce CbxpaHsiBa nodpedeHo U [a Ce [0CTUra 4pes yucioeu
koopduHamu. To3n Moaen Ha opraHusauusi Oewe HapeyeH «MHoroobnacteH MH(oOpMaLMOHEH mopen»
(MUM) [Markov 2004], a cbOTBETHOTO My MpOrpamMHO ocurypsisaHe - «MHoroobnacteH meTton 3a AOCTHM»
(MMA) [Markov 1984].

MocTaHoBKa Ha 3apgavaTa

Heka n e pa3amepHOCTTa Ha perncTpuTe Ha npoLecopa Ha KoMMoTbpa (Hanp. 3a 32-6uToBKUTe KOMMKOTPK: N=32).

[la ce npoekTupa u peanuaupa MeTOA, 3a 4OCTHN, KOWTO 4a MO3BOMM B pAMKUTE Ha €AMH apxuB (eauH ann unu
envH paspen (disk partition) 3a onepaumonHute cuctemn MS DOS, MS WINDOWS u LINUX) aa ce cbxpaHsiT
MPOM3BOIHO  KONMWUYECTBO WMHCOPMALMOHHN €NEMEHTH, MOAPEAEHN MO M [OCTbMHM YPEe3 LSANOYMCIIEHM
KOOpAMHATK, YNNTO BPOIA € (hMKCHUPaH 3a KOHKPETEH ENEMEHT, HO € NPOMEHIMB B PaMKUTE Ha apXuBa.

EnemeHTUTe B €4nH apxuB ca NOCneaoBaTeNHOCTM OT baiToBe ¢ NpoMeHnMBa AbmxuHa ot 0 (Hyna) fo 22 (3a
IBM PC : 230=1 073 741 824, 1. 1G). Hama orpaHuyeHue 3a 6posi Ha eneMeHTUTe B €QMH apXUB, HO CyMapHaTa
UM ObMKMHA NOC AbMKUHATA Ha cnyxebHata WHGOPMaLMs 3a MHAEKCU W Mp. He MoraT Aa HagXBbpnsaT 2
Baiita (4G barTa 3a hainnosuTe CUCTEMM 32 MOMEHTA).
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EnemeHTUTe OT €OMH apxvB CriefBa Aa Ce OpraHM3MpaT B apXMBHO MHOPMALMOHHO MPOCTPaHCTBO Ha Oasata
Ha OWHaMM4Ha CTPYKTypa OT KOOpAMHATHM cucTemn. KoopauHaTHWTE cuCTEMM MoraT Aa ca e€4HOMEpHMU,
OBYMEPHM W T.H. Hama ocobeHo orpaHuyeHne 3a Bposi Ha PasMEpHOCTUTE Ha KOOPAMHATHUTE CUCTEMU — T€
morar fda ca ¢ pasmepHocT ot 0 go 2", Ho 3a MomeHTa 1 100 e HambIHO A0CTaTbYHO.

B eauH apxue TpsiGBa Aa e Bb3MOXHO [a MMa MOBEeYe OT eVH BUL KOOPAMHATHU CUCTEMM, HO €MH KOHKPETEH
eneMeHT [1a MOXe [ja Ce [JOCTUTHe CaMo Ype3 eaHa KoopauHaTHa CTpykTypa. ToBa O3HayaBa Aa ce pabotu Ha
NPUHUMNE Ha NO3ULMOHHWTE GPOIHM CUCTEMM, 3a KOMTO NO NoapasbupaHe CTapLUMTE HyNMW ce MpOmyckar.
Mo3nUMoHHaTa CICTEMa, Ha YNATO OCHOBA Aa Ce M3rpaxpaa peannsauusTa cneasa Ja e ¢ OCHoBa 2", Taka BCeKu
eMeMeHT LLie ce [10CTUra Ype3 onpeaeneH 6poit koopauHaTH, KOUTO ca N GUTOBK Lienu Yucha.

KOOp,lJ,VIHaTVITe [a Cce 3afaBat 4pe3 MacuB. EDOFIT Ha KOOpAMHATUTE BUHArn fa Cce yka3ea Ha HyneBO MACTO B
MacuBa, Cnep KOeTo Ce 3afaBaT CbOTBETHUTE KOOPAWHATU. M#ACTOTO Ha CTOMHOCTUTE Ha KOOpANHATUTE B
MacKBa Mma 3Ha4eHne Ha no3nuna B NO3NLUOHHA CMCTeMa C OCHOBa 2n,

Taka, BCEKM eNeMEHT LLe Ce JOCTUra Ypes koopamnHaTHa m-topka, m=0,...,2" , HO MO CbLUECTBO TOW Ce pasnonara
B edHa TOYKA OT KOOpAMHaTHaTa Oc, KOSITO Ce OMMCBa 4pes LienM yucna oT nosuuuoHHa bpoiHa cucTtema ¢
OCHOBa 2".

Mpennonara ce, Ye apxMBHOTO MPOCTPAHCTBO HAMA Aa GbAe 3ambiHEHO HambiHO. Helo nosevye, orpomHaTa
KOOpPAMHATHa MOLL LUe Ce M3MoM3Ba CaMo B CLOTBETCTBUE C KOHKPETHUTE MOTPEBUTENCKM HyXau W, KaTo
MpaBKNo apX1BHOTO NPOCTPAHCTBO LLUE & NOYTH NPasHo.

Taka OT edHa CTpaHa MMame HeorpaHuyeHa Bb3MOXHOCT fa afpecupame B apXMBHOTO MPOCTPAHCTBO, W
orpaHu4eH pasmep Ha apxusuTe, OT Apyra.
MpoCTpaHCTBOTO CrieABa Aa € OpraHM3vpaHo MepapXv4yHO: MPas3HOTO MOAMPOCTPAHCTBO € EeNleMeHT Ha

NPOCTPAHCTBOTO, a eneMeHTUTe Ce arperypaT B MOANPOCTPAHCTBA MO HapacTBaHe CTapLUMHCTBOTO Ha
KOOpAMHATUATE U HapacTBaHe Ha PasMepPHOCTTa.

ArM32°®

PelueHneTo Ha noctaBeHaTa 3afdava e npegnoxeHo B [Markov, 2004]. Mpe3 nocneaHuTe ABageceT roanHn To
CTaHa nonmynsipHo no umeTto “MHoroobnacteH uHopmaumoHeH mopen” [Markov, 1984], [Markov, 1985].
Hactosiata ctatus npeAcTaBsa Hal-HoBaTa NporpamMHa peanuaalus Ha Moaena, u3sectHa nog umeto ArmM32®

ArM32® ce wusrpaxga No eAMHHA WHOPMALMOHHA TEXHOMOMMS, OCUrypsiBalla AOCTbM Ype3 LudpoBM
KOOpAMHATM 4O NONYMbIIHO AMHAMWUYHO MHC(OPMALIMOHHO NPOCTPAHCTBO.

Apxusu

Bceku apxue e eauH hain ¢ 6riokoBa CTPYKTypa ¢ Npsik 4oCTbN. PasmepwbT Ha Grnioka B eanH dhaiin e 512B.
OpraHu3auus Ha apxus:
1). ®ain ¢ nocTeneHHo HapacTBalla AbmkuHa no 1 6nok.
Onepauuu:
- 3anuc Ha brok (B pamkuTe Ha haina / B kpas Ha dhaiina);
- YeTeHe Ha 6ok,

2). Bbpxy MHOXECTBOTO OT B110KOBE C NPsiK AOCTBN Ce U3rpaxkaa cnegHata CTPYKTypa OT AaHHM:
- MHOXeCTBO OT BCUYKM 3aeTi BrokoBe BB (haina;
- MHOXeCTBO OT BCWYKM CBOBOAHM BriokoBe BbB hanna.
Onepaumu:
- B3eMaHe Ha cBoboaeH Ook;
- ocBoboxaaBaHe Ha 61ok.
Hsima nogpasbupaHe 3a HacTaBkaTa KbM UMETO Ha apXmB.

Mpennonara ce, Ye BCUYKM (haiinoBe, KOUTO Ca apxuBM, Ca OTBOPEHU NOCTOSHHO. (ToBa LU peye, Ye ca BUHar
[OCTBIMHM U BCsKA HOBA MHGhOpMaLMs ce 0Tpa3siBa BbpXy AUCKa BeaHara).
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EnemeHTH

EnemeHTWTEe B €QWH apxuB ca NMOCMEA0BaTENHOCTM OT GalnToBe C NPOMEHNMBa AbfknHa ot 0 (Hyna) go 2%
(1073741 824), 1. 1G.

Hsma orpaHuyeHune 3a 6pos Ha enemeHTUTE B e4VH apXuB, HO CyMapHaTa UM AbIDKMHA NAOC Ab/KMHATA Ha
cnyxebHaTta MHopmauus 3a MHAEKCK 1 Np. He MoraT Aa HaaxebpnAaT 4G Oaiita.

ApXMBHO NPOCTPAHCTBO M KOOPAMHATM

EnemeHTUTE OT eduH apxvB Ce OpraHu3Mpar B apXMBHO WH(OPMALMOHHO MPOCTPaHCTBO Ha 6asata Ha
koopauHaTHU cuctemun. KoopanHaTHUTE CUCTEMM MOTaT Aa ca eAHOMEPHM, ABYMEPHU W T.H. HaMa orpaHuyeHne
3a 6pos Ha pa3MEPHOCTUTE Ha KoopaMHaTHUTE cucTemm (Ho 1 ao 100 3acera e 4OCTaTbYHO).

B eanH apxuB e Bb3MOXHO Aa “Ma MOBEYE OT eAuH BUA KOOPAMHATHU CUCTEMM, HO €AMH KOHKPETEH enemeHT
MOXe [a Ce [OCTUTHe CaMO 4pe3 edHa KOoOpaMHaTHa CTpykTypa. ToBa Ce MOCTUra Ha NpuHUMNa Ha
NO3NLMOHHMTE GPOIHK CMCTEMM, 3a KOWUTO MO NoApa3dbupaHe CTapLUMTE HynW ce NponycKar.

lMo3numoHHaTa cucTema, Ha YnsATo ocHoBa ce marpaxaa ArM32 e ¢ ocHoea 2%2. Taka BCEKM €neMeHT ce AocTura
ypes onpeaeneH Opoit koopauHaTH, KouTo ca 32 GuToBw Lenm yucna (cardinal).

KoopauHatute ce 3agasart yYpe3 macus oT Tun cardinal. bposT Ha KoopanHaTUTE BMHArK ce ykasea Ha HyneBo
MSICTO B MacuBa, Cnep KoeTo ce 3afaBaT CbOTBETHUTE KOOpPAUHATW. MSACTOTO Ha CTOMHOCTUTE Ha KoopaWHaTUTE
B MacuBa MMa 3Ha4eH1e Ha No3uLMs B NO3ULIMOHHA CUCTEMA C OCHOBA 2%2,

Taka, BCek/ eneMeHT ce [OCTUra Ypes KoopAnHaTHa N-Topka, HO MO CbLECTBO TOV Ce pa3nonara B efHa To4Ka
OT KOOpAMHATHATA OC, KOATO CE OMUCBA Ypes Lienu Yi1CTa OT No3nLMoHHa BpoitHa cucTema ¢ 0cHoBa 232,

ArM nHpekcu

Mpeanonara ce, Ye apxuBHOTO MPOCTPAHCTBO HAMa Aa Gb/le 3amblIHEHO HaMbMHO. Helwo noseye, orpoMHaTa
KOOPAMHATHa MOLL LLiE CE M3MOM3Ba Camo B CbOTBETCTBME C KOHKPETHIUTE NOTPEBUTENCKM HYXXON 1 KaTo NPpaBuro
ApXMBHOTO NPOCTPAHCTBO LLiE € NOYTH NPasHo.

Taka OT efHa cTpaHa WMaMe HeorpaHuWyeHa Bb3MOXHOCT Aa ajpecupame B apXWBHOTO MPOCTPAHCTBO, M
OrpaHWyeH pasmep Ha apxusute (4G), kouto ca (pannoee. ToBa Hanara Cb3gaBaHe Ha CTPyKTypa Ha
CbOTBETCTBME MEXOY KOOPAMHATUTE Ha eNeMEHTUTE U TAXHOTO peanHo MACTO BbB (haina. Tasu CTpyKTypa ce
Hapuya "ArM-uHgekcu". B TekcTa no-gony ako He ce YTOYHsIBA APYro MOHATUETO "MHAEKC" 03HavaBa TOYHO
"ArM-nHpekc".
VHgekeuTe 3a egHa KoopavHaTa ce u3rpaxaaT Ypes BbBeXAaHe Ha OrpaHUyeHus U OMb/IHEHUS B AbPBOBUAHA
CTPyKTypa OT BNOKOBE C ykasaTenu MakcumyM [o neT Huea (cur.1).
Bceku MHOEKC (eQHO M3MEpeHWe) ce Hapuya "npocTpaHcTBO". TepMUHAnNHWTE MPOCTPaHCTBA (MHOEKCU KbM
ENEMEHTH, a HE KbM APYTA MHAEKCH) Ce HapuiaT eaHOMEPHM NPOCTPAHCTBA UM No-npocTo "obnacTtu™.
Taka, omsnyeckata opraHusaums Ha ArM32 ce cTpon Ha cnegHuTe Tpu HUBa:

- MPOCTPaHCTBa;

- obnacty;

- enemeHTw.

lMo-pony ca npeacTaBeHW ABETE OCHOBHM WHAEKCHW ObPBOBUAHM CTPYKTYpU Ha ArM32.
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MHpekc Ha MNPOCTPaHCTBO
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Tunose 6nokose B ArM32

Bceku apxvB e eguH chaitn ¢ GriokoBa CTpyKTypa € npsik JocTun. PasmepbT Ha 6noka B eauH dann e 512B.
OcHoBHuTe TMNOBE 610KOBE Ca NPeACTaBeH B cneaBalyata Tabnuua.

™Mn HaWMeHOBaHWe OnpegeneHue
0 naBeH Gnok Hynesusat 6ok Ha (paina cbabpka cnyxebHa MHOpMaLus Ha apxuea M
TZeroBlock notpebutens. Coun KbM CBOBOAHOTO MPOCTPAHCTBO OT 6rIOKOBE B apxuBa.
Cbabpxa cemaopu 1 Maponm 3a CUHXPOHWU3aLMs Npu CbBMeCTHa paboTa Ha
HAKOMKO npoveca.
1 naBa Ha apxuBa CbobpKa MeT 30HM OT MPeku ykasaTenu KbM [faBu Ha MpOCTpaHCTBa Ww
TSpaceBlock MEXIMHHN MHAEKCHU BNokoBe (Mo CTPYKTYpa CbBraga ¢ T1n 2).
2 naBa Ha nHaekc Ha | Cbabpxa neT 30HK OT ykasaTenu KbM 4pyru NpocTpaHCTea:
NPOCTPAHCTBO - MPeKu yKasaTenu - Hynesa 30Ha
TSpaceBlock - Henpeku ykasaTenu npes eauH, ABa, TPV UK YETUPWN MEXAUHHWN WHAEKCHU
Brioka (3011 0T 1 g0 4).
3 MexauHeH nHaekceH | Coabpxa 169 TpubaiToBK ykasaTenum KbM BIIOKOBE OT apxumBa.
OnoK 3a NPOCTPAHCTBO
TIndexBlock
4 naBa Ha mHgekc Ha | Cbabpxa:
TePMMUHaNHO - WHopmaums 3a crnchbka C AaHH;
NpPOCTPaHCTBO - YeTupu 30HM OT Henpeku ykasaTenu npe3 Hyna, e€auH, ABa Wnn Tpu
(obnacr) MEXONHHN MHAEKCHW Bnoka (oT Tun 5), Bogewwm Ao BokoBe € ykasaTenu
TDomainBlock KbM enemeHTy (oT T1n 6).
5 MexauHeH nHpekceH | Cbabpxa 169 TpubaliToBK ykasaTenum KoM BrI0KOBe OT apxuBa.
6nok 3a obnacrt
TIndexBlock
6 Bbnok ¢ ykaszatenu kbM | Cbabpxa 126 4veTMpubaiTOBN yKasaTenM KbM €riemeHTu (Homep 6nok +
enieMeHTH NOrMYecko 0TMeCTBaHe)
TelementBlock
7 Bnok ¢ AaHHK Cbaobpxa 503 baitta ¢ AaHHM OT eNeMeHTUTe Ha obnacTtTa. Bcekn enemeHT ce
TDataBlock CbCTOM OT AbmkuHa (1 Ao 4 HaitTa) u cToiHOCT OT baitToBe ¢ pasmep ot 1B fo
1GB, ykasaH oT gbmkuHaTa. [MbpeuTe gBa 6uTa B AbImKMHATa onpeaensr
HeWHaTa gbmxuHa B 6antoe ( 00h : 1 6ait, 01h : 2 6aita, 10h : 3 Gaira,
11h : 46anta).

CTpykTypa Ha cBOOOAHATA NamMeT Ha apXuB

Mo Bpeme Ha paboTa C apxuMB € Bb3MOXHO Aa ce ocBoboxgaBaTr OnokoBe, KOMTO He ca Heobxoaumu 3a
CbXpaHsiBaHe Ha MHopmaLuus. Tean BNokoBe He ce BPbLIAT Ha OnepaLMoHHATa CMCTeMa, a ce BKMYBaT B
CTpyKTypaTa Ha cBoboaHaTa nameT B apxuBa. Tasu CTPyKTypa ce obcryxBa OT ykasaTenu OT rmaBHWs 6rok Ha
apxwBa:

- YkasaTten kbM Ha4anoTo Ha ceoboHaTa namer;

- Ykasaten kbM Onok 3a B3uMaHe oT cBoOoAHaTa namer;

Mpu ocBoboxaaBaHe (M3TPUBAHE) HA [JadeHa CTPYKTypa OT apxuBa (MHOEKC Ha NpOCTPaHCTBO Mnu obnacr,
MeXOMHEH NHAeKceH Onok, 6ok ¢ ykasaTenu KbM eNemMeHTH) T8 Ce NPeMecTBa B HA4anoTo Ha CTPyKTypaTa Ha
ceobogHata namet. 3a LenTa ykasaTensT KbM Hayanoto Ha cBoboaHaTa mameT M JocerawHata mbpsa
ocBobogeHa CTPyKTypa Ce HacouBaT KbM rflaBaTa Ha ocBoboxaaBaHata CTpyKTypa. Taka TS 3acTaBa Ha MbpBO
MSICTO.
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Mo To3n HaumH cBOBOAHATA NameT ce M3rpaxpaa Kato efHOCBbP3aH CMMCBK OT rNaBu Ha PasnuyYHU CTPYKTYPU.
KoHTpombT, KOMTO B ApyruTe CTPYKTYpu ce Basupa Ha ABYCBBP3AHOCT, TYK CE OCLLECTBSBA Ype3 eBPUCTUKATA,
Ye BCSKa rnaea couu KbM Hynes 6ainT ot 6nok Ha Apyra rnasa unu kbM 160H Ha Hynesus (rnasHus) 6nok Ha
apxuBea.

KoopauHateH macuB

Beumuki noruyeckn onepauum ce o6CnyXBaT OT €yH WM NOBEYE KOOPAWHATHM MacuBy U Apyr napameTpu -
Oychepu, ABMKUHM, OTMECTBAHWS, HUBA 1 ap.

KoopauHaTtHuAT macus e HapegeHa N-opka ot umucna tun cardinal.

HyneBnaT enemeHT OT MacvBa yka3Ba KONKO WHAEKCHM mpexoda LWe TpsbBa Aa Ce W3BbpliaT Aokato ce
JOCTUTHE [0 CTOMHOCTTa Ha eneMeHTa, KOWTO Ce YKasea 4pe3 TO3W MacuB. TO3W eneMeHT ce Hapuya
"pa3MEPHOCT Ha MPOCTPAHCTBOTO", B KOETO e ce paboTn. Hama orpaHuyeHue 3a pas3MepHoCcTTa Ha
MPOCTPaHCTBOTO - TS MOXe Aa e oT 1 0o 2%2-( kaTo B MbpBus ONOK Ce NOMECTBAT ykasatenu kbM mbpaute 100
pasMepHOCTH).

I'IpmmepeH KoopAnHaTeH MacuB € NpeacTaBeH Ha Ta6n|/1u,aTa no-gony:

N Pa3mepHOCT Ha NpoCTPaHCTBOTO
kn Ham-cTapwa koopauHata

kn-1

Ki Homep Ha enemeHTa

3abpaHeHo € fa ce yKa3BaT Hynesu CTOMHOCTM Ha KOOpAWHATUTE, C U3KMKYEHNE Ha onepauuuTe 3a pabota ¢
NoANpPOCTPaHCTBa, KbAETO KOOPAMHATUTE Chnep onpeaeneHo HUBO Ce UrHopupart (HFIMaT 3HaquI/Ie).

OcHoBHU noruyecku onepaummn Ha ArM32

YnpaBneHue Ha npouecute
— [MpoBepsiBa ganu € nva Bpb3ka ¢ ArM32.DLL  Arminstalled

— Bpblya koga Ha rpeluka ArmStatus

— Bpbua curHatypaTa Ha Arm32 ArmVersion
YnpaBneHue Ha apxuBuTe

— YnpasneHue Ha JocTbna 4o apxvs ArmLock

— WHdhopmauws 3a apxvs Arminfo

— [MpochunakTuka 1 Bb3CTAHOBABAHE Ha apXxuB ArmRepair
KoopanHaTHu onepauun Ha HUBO eNeMeHT

OCHOBHHTE OnepaLym 3a I0CTHN [0 eNeMeHTUTe Ha apXi1Ba MoN3BaT KOOPANHATEH MACUB 3a YKa3BaHe MACTOTO
Ha enemeHTa B MH(OPMALMOHHOTO MPOCTPAHCTBO. TO3M YHUBEPCANEH HauuH 3a AOCTbN OTHEMA BPEMEBMU
pecypcs 3a OTKpMBaHE Ha (HDM3MYECKOTO MACTO Ha eneMeHTa. ToBa € OrpaBAaHO MpW NpeasapuTenHo
HeonpeeneH CTUN Ha 0CTbM 10 eNeMeHTUTE.

OcHoBHuTE KOOpAMHATHK onepauuu ca:

— [MonyyaBaHe ObMKMHA Ha eNeMeHT ArmLength
— YeTeHe Ha enemeHT ArmRead
— 3anuc Ha usn enemeHT ArmWrite
— [lobaBsHe KbM enemeHT ArmAppend
— BMmbkBaHe B enemeHT Arminsert

— [MpemaxBaHe Ha YacT OT eneMeHT ArmCut
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— 3amecTBaHe 4acT OT eNlEMEHT ArmReplace
— WatpuBaHe enemeHt ArmDelete

OeckpuntopHu onepauuu B ArM32

Mpu MHOroKpaTHO OOpbBLUEHWE KbM eOuH U CbLy €fieMeHT He € OnpaBAaHO Aa Ce W3BbpLUBa BCEKW MbT
nokanusaums upes koopamHateH Macu. Taka ce focTura 4o ugesTa fa ce W3nonssa creumarneH JeckpunTop, B
KOMTO Aa ce 3anuiue MHgopmaLus no rn4eckoTo pasnonoxXeHne Ha eNieMeHTa B apx1Ba 1 Ypes Hero Ja CTaBa
JocTbna fo enementa. Onepauuute Ha ArM32, kouTo nonseat LeckpunTop 3a 4OCTbMa 40 ENeMEHT ce HapuyaTt
"neckpunTtopHu onepauun”. OCHOBHUTE OECKPUNTOPHM OnepaLym ca:

— [Mo3numoHMpaHe B eneMeHT ArmSeek

— [psIKo YeTeHe OT enemMeHT ArmGet

— [psiKo NuCaHe B eNeMEHT ArmPut
Onepaunu Ha HUBO NPOCTPaHCTBO (B MHAEKCHK)

— Cnepngauy HannyeH ArmNextPresent

— Cnepggauy NpaseH ArmNextEmpty

— MpeanweH HanuyeH ArmPrevPresent

— MMpeaouweH MpaseH ArmPrevEmpty

— Bpoit KoMNoHEHTH ArmCountSpace

— W3TpuBaHe nognpocTpaHCTBO ArmDelSpace

Onepauuu, npu KOMTO MOraT fa yyacTsaT U ABa apxuBa
— KonupaHe nognpocTpaHcTeo ArmCopyClear, ArmCopyMerge
— [MpemecTBaHe NOANPOCTPAHCTBO ArmMoveClear; ArmMoveMerge

3aknioyeHue

B ctatuaTa ce npeacTaBs Haii-HoBaTa peanu3auus Ha eaWH METOf 3a KOOpAMHATHO OpraHU3vpaH AOCTbM A0
CBPBXTONEeMM MHAOPMALIMOHHM NPOCTPaHCTBA. [lo TO31 MOMEHT peanusaLuuTe NpemuHaxa npes AeceT Bepcum,
KOUTO € Bb3NPUETO Ja Ce HOMEPUPAT OT Hyna:

No. | roguHu MaLuuHa E3uk 3a nporpammpaHe HanmeHoBaHne
0 1974-75 MWHCK 32 | Assembler MDAM 0

1 1980-81 EC 1040 | FORTRAN MDAM 1

2 1982-83 CM4 FORTRAN: MDAM 2

3 1984-85 CM4 Assembler: MDAM 3

4 1985 Apple Il UCSD Pascal MDAM 4

5 1986-1990 | IBM PC Assembler ¢ uxtepdeiic kbM Pascal, C, Lisp | MDAM 5

6 1988 SUN C MDAM 6

7 1990-1993 | IBM PC Assembler: ArM 16 DOS

8 1998 IBM PC DELPHI 3a MS Windows 95 ArM 16 WIN’95
9 2003 IBM PC DELPHI 3a MS Windows XP ArM 32

Peanusayuute ¢ umeHa MDAM n ArM 16 WIN’95 umaxa excnepumeHTaneH xapakrep. Peanusayuute ArM 16
DOS un ArM 32 ca npomuwneHu, kato 4o momeHta ArM 16 uma Hag xunsgga uHctanauum B Bonrapus. ArM 32
ce nogroTesa aa 3amexu ArM 16.
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BnarogapHocTu

B peanusauunte Ha MeToga npes roauHUTE ce BKKYMXa:

- Oumutbp Menes (MDAM 4)

- Togop Togopos (MDAM 5 ¢ uHtepdeiicn 3a PASCAL n C)

- Bacun Hukonos (peanusaums Ha nHTepdeiic kbm MDAMS 3a LISP)

- Bacun Bacunes (ArM 16 DOS 1 ArM WIN'95)

- Wnust Mutos n Kpacumupa VeaHosa (ArM 32).

Cuntam ce NpusTHO 3adbIKEH Aa UM U3Kaxa CBOSITa 6narof4apHOCT 3a NNOLOTBOPHOTO ChTPYAHNYECTBO.

Bepcuute MDAM ca pa3paboTBaHm kaTo Hay4YHu 3apaym B IHCTUTYTa no matematuka u nHgopmatika npu BAH.
Peanusauusta Ha Bepcunte ArM ca dmHaHcupanu oT 1 ca cobeteHocT Ha upmute OU-KOMEPC, o0OU
KPEATWMB n ®OW KOHCYNT.
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EOWH NOAXOoA rnMPU AHANU3 HA NPEANOCTABKW 3A U3rPAXOAHE
HA E-OBLLUMHA

Aumutbp Hukonos, PymsaHa CtedhaHoBa, UBenuH CtedhaHoB

A. UpeiHa npeanocTaBka

[. MOTWB: OCHOBHMAT MOTMB €, Ye eneKTPOHHOTO npaeuTenctBo He e LIEJT, a cpeactso 3a nocturaHe Ha
OTBOPEHO 06LLECTBEHO YNPaBEHNE C eCTECTBEHATA NPO3PaYHOCT, TEXHONOTMYHO 0bycrnoBeHaTa edhMKacHOCT W
WHTErpuTETa CH.

Il. VI,D,EI/IHI/I LESIN B PEATIMBALUNATA HA eGovernment:
. TonuTnyecka ¥ MHTerpaumMoHHa Len — 3a Cb3gaBaHe Ha OOLIECTBEHO YMpaBreHue, KoeTo Aa ce
WHTErpupa B EBPONENCKIATE CTPYKTYPU.

2. Tpo3payHOCT ¥ NPOCNEeaNMOCT Ha peLLeHNsTa, rapaHTupalya nybnnyHOCT Ha B3eMaHe Ha peLleHnsTa u
noakpena Ha MacmeaunTe.

3. TbpceHe u HammupaHe Ha ycnyrute. MepcoHanusnpaHe Ha obLLecTBeHaTa ycrnyra 3a BCeku, 3a Aa ce
MoBWLIABA TbPCEHETO, YCTOMYMBOTO pasBUTME M HaAEKAHOCTTAa Ha peanu3auusta i. [asapHusT
XapaKkTep Ha TbIIKYBAHETO Ha Tasu Waes MpOTMBOPEYM Ha LuMpokaTa 0BXBATHOCT Ha Ta3u ycryra — 3a
BCEKM CIOW, CoLMarnHa u eTHu4ecka rpyna.

4, OpraHu3aunoHHMAT edekT BbpXy YBEnMYaBaHe Ha BbTPElHaTa eqeKTUBHOCT, BCMEACTBME Ha
OpraH13NpaHoCTTa Ha 0BCMy)XBaHETO W Cb3AaBaHe Ha HOBW UAEM M peLLeHus 3a 06CyxBaHe

5. WkoHommuyeckn edekT OT noBWLEHATa NPOAYKTUBHOCT W PE3yNTaTHOCT, BKIWYMTENHO W Ha
cbbupaemocTTa Ha fJaHbLm 1 Ip.

6. CounanHusT edekT Ha paBHOMOCTABEHOCT Mpes WHGOpMauusTa, 3alloTO KIMEHTUTE Ha OBLMHCKOTO
obcnyxBaHe He MoraT fa ce u3bupar, Te ca rpaxaaHuTe Hu.

ToBa e 06LL0TO MASONOrMYECKO NPOCTPAHCTBO Ha npoGnemartukara.

B. HeobxoaumocT

lIl. MPAKTUYECKM HACOKW: [MpakTuyeckuTe HacoOKM Ca AafeHu B CTpaTerusTa 3a peanusupaHe Ha
eNEeKTPOHHO NPaBMTENCTBO. B npunoxeHne 3 ca AafeHN KOHKPETHUTE MHAMKATUBHW 20 yCrnyru, U3MbAHEHNETO
Ha KOMTO LLie rapaHT1paT MbTs KbM peanuaauusta Ha Tasu cTpaterus.

MHanKaTMBHM aAMUHUCTPATUBHU yCnyru

KaTo MHAMKaTOpM 3@ OLEHKa Ha Pa3sBUTMETO Ha ENEKTPOHHOTO MpaBWTENCTBO EBponeickata komucust npue
CneaHus CIMCHK OT ONn-line M3MbHSIBAHW OCHOBHU aAMUHUCTPATUBHM ycnyr — 12 3a rpaxpaanm 1 8 3a GusHeca:

AdMuHucmpamueHu ycnyau 3a epaxdaHu:

MogoxoaHM faHbUy: AeKnapaLym, yBeooMsBaHe.

Ycnyr no TbpceHe Ha pabota npu Biopata Ha Tpyaa.

CoumanHm ocuryposkm, nomoLuy 3a 6eapabotHu, 4obaBkM 3a AeLia, MeAULMHCKA Pa3Xoau, CTUNEHANM.

JnyHm gokymeHTH (nacnopTu, CBMAETENCTBA 3a ynpaeneHue Ha MIC).

Peructpauuu Ha MINC (Hosu, n3nonssaxu, BHecern MIC).

MogaBaHe Ha JOKYMEHTM 3a CTPOUTENHM paspeLLeHms.

[eknapauuv kbM nonuumusta (Hanp. npu kpaxoa).

MMy6nuyHu 6ubnmMoTekm (kaTanosu, MalLMHM 3a TbPCEHE).

CeugeTtencrea (3a paxgaHe, 6paynu u gp.).

10 [vnnomu 3a cpeaHo 1 BrcLe 0bpasoBaHie.

11. CMsiHa Ha agpecHa perucTpauus.

12.Ycnyru, CBbP3aHM ChC 34paBEONa3BaHETO (MHTEPAKTUBHW CbBETW OTHOCHO HANMYHOCTTA Ha onpeaeneH
TUM YCNYr1 B pasnuyHuTe 60NHMLM; 3ana3BaHe Ha Yac 3a nperneq).

©CoNORWND =~
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AdmuHucmpamueHu ycnyau 3a 6usHeca:

CouwanHu ocurypoBKi 3a 3aeTuTe.

KopnopaTuieHW JaHbLy: AeknapaLum, yBeaoMsiBaHe.

[laHbk BbpXy A0GaBeHaTa CTOMHOCT: Aeknapauui, yBeAOMSBaHe.

PerucTpauus Ha HoBa pupma.

3npalyaHe Ha AaHHM [0 HauMoHamnHUs CTaTUCTUYECKA MHCTUTYT.

MUTHUYECKM Aeknapauum.

PaspeLleHusi, CBbP3aHM C eKOMOrMYHM M3NCKBaHUS (BKITIOYMTENHO JOKMagBaHe).
OBLLECTBEHN NOPBYKH.

N>R WND =

[MporpechbT B NPEAOCTABAHETO Ha TE3W YCIYI LLe CE OLEHsIBa B CrieAHUTE 4 CTENEHN:
1. MpepocTaBsHe Ha on-line MHopmaums 3a ycnyrara.
2. EaHonocoyHo B3aumopencTseme.
3. [lBynoco4Ho B3aumopencrame.
4. LisanocTHo o6cnyxBaHe on-line, BKNOYMTENHO AOCTaBKa U pa3nnaiyaHe.

IV. 3AKOHOBW 3AOBIDKEHUA HA OBLMHNTE, N3BbH NHONKATUBHUTE YCIYTU- U3NCKBAHUA HA
3AKOHA 3A 3ALLMTA HA KNACOULINPAHATA MHOOPMALINA

KoHcTtutyumsita ot 1991r. oyepraBa bbunrapus kato napnameHTapHa penybrnuka ¢ MECTHO CaMOynpaBneHue.
MectHaTa BnacT e paBHOMOCTaBEH MNApTHbOP Ha LEHTpanHata AbpkaBHa BracT. MsebpluBalute ce
[AEMOKPATUYHW NMPOMEHM B HalweTo O6LLEeCTBO OTpexaaT BCE NO-aKTMBHO Y4acTUE Ha OpraHuTe Ha MECTHOTO
camoynpasreHue B 06LLeCTBEHNS XMBOT. Upe3 npoBexaaHaTa AeLeHTpanusaumus gbpxasata npefocTass HOBU
[ENHOCTU Ha 0bWmHMTE. EfHa OT Hal-BaxHUTE 3adayqm 3a O6LUMHUTE € Aa OCUTYPSIT Ha rpaaaHUTe KaueCTBEHN
W NEeCHOJOCTbNHA aAMWHUCTPATUBHU YCryrn. YCnyrute ca CBbp3aHW C NpefocTaBsHe Ha WHGopmauwus,
3acdralla 3akoHHW npaBa W MHTEPECU Ha rpaxaaHuTe. PedbT 1 ycnosusTa 3a npefocTaBsHe Ha CbOTBETHATA
WHopMaLWs, Ce YpexaaT Cbe 3akoHa. [pe3 nocneaHUTe roamHu Npu NpeaocTaBsHe Ha yenyrv oT obLynHuTE ce
BHEPABAT CbBPEMEHHW aBTOMAaTU3NPaHU WHAOPMALMOHHU TeXHOMOrMK. BbaewoTo npucbeauHsBaHe Ha
CTpaHaTa HW KbM EBpOMeickus Cblo3 U HOBUTE €BPOMENCKM WU3UCKBAHUS KbM NPEfOCTaBSHETO Ha YCNyru
WHopMauMs Ha rpaxgaHute M 0O6LECTBOTO, Hanoxwuxa MpUEMAHETO Ha HOBM 3akoHW. Bce noseve ce
MOBMLUABAT M3UCKBAHMATA Ha rpaxdaHuTe KbM OBWWMHWTE 3a MOMyvyaBaHe Ha KaveCTBEHW U HaBPEMEHHW
aAMWHUCTPATUBHM YCNYTU.

3akoHOBa paMKa

« KoHcmumyuus Ha Penybnuka bbneapus /obHapogsaHa “[B” 6pon 56 ot 13.07.1991r/. OcHOBeH 3akoH Ha
AbpxaBaTta. KOHCTUTyUMsITa Npornacsea, Ye BCUYKN rpaxaaqn Ha P Bwnrapus ca pasHu npep 3akoHa. He ce
[ONycKaT HWUKAKBM OTpaHUYeHUs Ha npaBaTa UMW NPUBMIErM, OCHOBaHW Ha paca, HapOL4HOCT, eTHUYecka
NPUHAANEXHOCT, NOM, NPOU3X0A, penurus, obpasoBaHne, yoexaeH!s, NONUTUYECKA NPUHALNEXHOCT, IMYHO 1
0OLLECTBEHO MOMOXEHWE WNM UMYLLECTBEHO CbCTOSHME. Bcekn Mma npaBo Aa Tbpcu, pasnpocTpaHsBa unu
nonyyasa mHopmauus. OcblyeCTBABaHETO Ha TOBa NpaBo He Moxe fa 6bae HAcOYeHO cpelly npasata u
£00pOTO MME Ha ApyruTe rpakaaHi, KakTo 1 CpeLly HauuoHanHaTa CUrypHOCT, 0OLLECTBEHMS ped, HapOAHOTO
3gpaBe U Mopana. [paxgaHWTe MMmaT npaBO Ha WHQOPMaLMs OT AbPXaBEH OpraH Unu yypexaeHue no
BBMNPOCK, KOWTO MPEACTaBNsABAT 3a TAX 3aKOHEH MHTEPEC, ako MHGopMauusTa He e AbpXaBHa WMnW gpyra
3alMTeHa OT 3aKOHa TaliHa UMW He 3acsra Yyxau npasa.

3akoH 3a MecmHOMO camoynpaeneHue U mecmHama admuHucmpayusi /obHapogsaH “[B” Gpoi 77 ot
17.09.1991r, MHOrokpaTHO M3MEHSIH U aonbnBaH/. Ypexaa obLecTBeHUTe OTHOLIEHNS, CBbP3aHN C MECTHOTO
camoynpaBreHne W MecTHaTa agMuHucTpauus. OpraH Ha M3MbRHUTENHATa BnacT Ha obliuHaTa e KMeTbT,
KOMTO ce 13bupa Npsko OT HaceneHWeTo. KMETbT OpraHnavpa U3MbIHEHWETO Ha 3adadynTe, KOUTO NpPou3TUYaT
OT 3aKoHWTe. KMeTbT yTBbpXOaBa YCTPOWCTBEH NPaBWNHWK Ha OOLWMHCKATa agMMHUCTPaUuMs, B KOWTO
KOHKPETHO perniaMmeHTpa 1 yHKUUUTE U 3afaunTe Ha AMPEKUMUTE, OTAENNTE U CEKTOpUTE, KOMTO paboTsT no
NPeaocTaBsHe Ha aAMUHWUCTPATMBHW YCrnyrn Ha rpaxpaHute. KMeTbT HasHavaBa 6e3CpOYHO CekpeTap Ha
obwwuHata, KOMTO OpraHu3Mpa [JewHocTTa Ha  oblMHCKaTa  agMWUHUCTpauus,  OenoBOACTBOTO,
LOKyMeHToo60poTa 1 obwmHekns apxvB. KmeTbT Ha obwmHata B crnyyante, OMpeAeneHn OT 3aKoHa,
WU3MbIIHABA U PYHKLMM, BB3NIOXEHU MY OT LIEHTPANHUTE AbPXaBHW OpraHu.
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« 3aKoH 3a aOMuHUCMpamusHo obcryxeaHe Ha gusudeckume u opuduyeckume nuya | obHapoasaH "[1B” 6poii
95 ot 02.11.1999r/. 3aKoHbT ypexaa peaa 3a aAMUMHUCTPATUBHOTO OBCNYXBaHE Ha IU3NYECKN W KPULNYECKN
nMua, kakto M obXanBaHeTO Ha OTkasa 3a NpegocTaBsHe Ha ycnyra. BbBexga neranHo MoHsTUe
“aOMUHUCTPaTMBHA ycnyra’. 3agbiikaBa OpraHUTE Ha W3MbHMTENHATa BMacT /ObpxaBHa W MecTHa/ da
NPeAOoCTaBAT aAMUHUCTPATMBHW YCIyri, Npu MOMCKBAHe OT 3aWHTEPECOBaHO NWLe, Korato ycnyrata e oT
3HaYeHNe 3a HEroBM 3aKOHHW MpaBa M uHTepecu. OTKa3bT [a Ce U3BBLPLUM NOMCKaHa ycryra ce M3BbpLUBa C
MOTMBWPAH aKT, KOWTO NOANEXU Ha obxanaaHe.

3akoH 3a epaxdaHcka peaucmpayus /obHapoasaH "[B” 6pon 67 ot 27.07.1999r, MHOrOKpaTHO U3MEHSIH W
ponbnBaH/. 3aKOHBT ypexaa ped W YCnoBus 3a rpaxgaHckata perucTpupaums Ha usndeckute nnua, Ypes
BNMCBaHe Ha CbOWUTUATA paxaaHe, 6pak M CMBbPT B PErUCTPUTE HA HaceneHneTo. PernameHTpa LaHHUTE B
aKTOBETE 3a TrPaXOaHCKOTO CbCTOsHWE. BbBexga EouHHa cuctema 3a rpaxgaHcka peructpauus u
aAMUHUCTPATMBHO 06CnyxBaHe Ha HacenenneTo /ECTPAOH/, aBTomatnanpani nHopmaLumoHHn poHa0BE Ha
ECIPACH, pen 3a npefoctaBsHe Ha AaHHW OT Ta3u CUCTeMa, KaKTO M TaxHaTa 3awwta. lpaBata u
3a[bIKEHNSITa Ha OpraHuUTe Ha rpaxgaHckaTta perucTpaLms Ha HaceneHneTo, B T.4. U Ha 0BLuHuTE.

3akoH 3a enekmpoHHUs AokymeHm u enekmpoHHUs nodnuc /obHapoasaH “[B” 6pon 34 ot 06.04.2001r, B cuna
o7 07.10.2001 r/. 3akoHbT ypexda neranHn NOHATUS “enekTPOHEH JOKYMEHT” U “enekTpoHeH nogmuc’, peq
YCNOBUS 3a NpeJoCTaBsHe Ha YAOCTOBEPUTENHW YCNyrin N0 enekTpoHeH mbT. Cbagasa 3alnTa Ha TanlHaTa Ha
[aHHWTE 3a Cb3faBaHe Ha enekTpoHeH noanuc. B rmaea V ce pernameHTpa NpUnoXeHUETO Ha ENeKTPOHHNS
[OKYMEHT M Ha YHMBEPCANHWS eNeKTPOHEeH MoAnMc OT Abpxasata M oT 06wmHUTe. CbrmacHO 3aKoHa,
NPMEMAHETO U U3LABaHETO Ha ENEeKTPOHEH [OKYMEHT, MOANUCaH C YHUBEPCAneH €neKkTPOHeH Mnoanuc oT
OpraHMTe Ha MECTHOTO CaMOyMnpaBfieHue, ce ypexaaT C TexeH akT. PeabT u dopmata 3a M3BbpLIBAHE M
CbXpaHsiBaHe Ha eneKTPOHHU JOKYMEHTU Ce ypexaa C BbTPELUH npasuna. 3awutata Ha INYHUTe SaHHU OT
[OCTaBYMLMTE HA YAOCTOBEPUTENHM YCAYTW 1 3alLuTaTa Ha BOGEHUTE PETUCTPU Ce Ypexaa C OTAENEH 3aKOH.
3akoH 3a asmopckomo npaso u cpodHume my npaga lobHapoasaH "[1B” Gpoit 56 ot 29.06.1993r, MHOTOKpaTHO
u3meHsH n gonbneat/. B Pasgen VII “UsnonssaHe Ha KOMNKOTBbPHM nporpamn” e BbBeAeH HoB un. 71a /°[B”
Bpoit 77 ot 2002 r/. PernameHTMpaHo €, Ye yNPaBneHNETO U KOHTPOITLT BbPXY M3MNOMN3BAHETO Ha npuaobutute
CO(PTYepHU aKTUBW OT OpraHUTe Ha AbpaBHaTa BMacT U TEXHUTE aAMUHUCTPALWW, KaKTO U OT OpraHuTe Ha
MECTHOTO CaMOynpaBfieHWEe W TEXHUTE aAMUHUCTPaLMM Ce W3BbPLUBA NO ped, onpeaeneH oT MuHucTepckus
CbBET.

3akoH 3a docmbn Ao obwiecmseHa uHpopmayus lobHapoasaH “[AB” 6pon 55 ot 07.07.2000r/. 3akoHBT ypexaa
obLiecTBEHUTE OTHOLIEHWS, CBBbP3aHM C MPaBOTO Ha JOCTbN 40 obLlecTBeHaTa MHGopMaUus M BbBexaa
nerarnHo NMoHsTME 3a TakaBa MHGOpMaums. 3agbimkeHn cyOeKkT! Mo TO3W 3aKOH Aa OcurypseaT AOCTbN [0
obuecTBeHa MHGOPMaUMs Ca AbpXaBHWTE OpraHW W OpraHMTE Ha MECTHOTO CamoynpaBneHue. Bceku
rpaxaaHuH Ha PBbnrapus uma npaso Ha JoCTbN 40 0bLiecTBeHa MHGOpMaLMs Mo ped W YCnoBus, YpeaeHn B
TO31 3aKOH, OCBEH akO C [pyr 3akOH He e MNpeABWAeH creuuaneH pef 3a TbpCeHe, MonyyaBaHe M
pasnpocTpaHeHne Ha TakaBa MH(opMauus. YpegdeH e ped 3a obxansaHe Ha OTkasuTe 3a NpefocTaBsHE Ha
[OCTDB.

3akoH 3a 3awuma Ha knacuguyupaHama uHghopmauyus /obHapoapaH “[B” 6poit 45 ot 30.04.2002r/. 3aKoHbT
ypexnaa 0OLeCTBEHUTE OTHOLIEHWS, CBbP3aHW CbC Cb3fgaBaHeTo, 06pabOTBAHETO U CbXPaHABAHETO Ha
KnacucuumpaHata nHhopmMaLms, Kakto 1 peda v yCnoBusTa 3a nofyyaBaHe Ha AOCTBN A0 Tasn MHGopMaLKS.
Cb3aaaeH e LieHTpaneH gbpkaBeH opraH 3a 3aliuTa Ha knacuduumpaHata uHcopmaums: [bpxaBHa KoMUCHS
no CUrypHOCTTa Ha MHGopMaLmsTa. PernameHTupaHn ca (yHKUMMTE Ha CryxOute no cUrypHOCT BbB BPb3ka
CbC 3aliuTaTa Ha KnacudmuympaHata uHgpopmaums. B n3mbnHeHne Ha TO3W 3aKOH, KMETOBETE Ha 06LLMHK ca
3ab/KEHN a Ha3HayaT Ha CBOe MOAYMHEHME CIY)XUTEN MO CUTYpHOCTTa Ha MHopMaLusTa. 3akoHbT ypexaa
BMAOBeETE KnacuduumpaHa nHgopmaums: SbpkaBHa TanHa, cnyxebHa TaiHa, YyxaecTpaHHa knacuduympaqa
uHhopmauums. PernameHTMpaHu ca M HuBaTa Ha WHGopMauMs M TexHUs rpud 3a CUFYpHOCT : “CTporo

"o« ”on "o«

CEKPeTHO”, “ CEKPETHO”, " NOBEPUTENHO”, “3a CIy)eBHO nonasaHe”.

C. Uenta

3a ga ce HamepsaT MbTULaTa Ha OLEHKATa 3a XenaHusTa, MPUOPUTETHOCT Ha WHULMATMBUTE Cropesd
HeobX0AMMOCTTa, M3NCKBAHMATA M Bb3MOXHOCTUTE 3a NOCTaBSHE Ha efHa 3ajadya 3a enekTpoHHa o6LmHa
Tpsibea ga ce uscnegsat HAMTACUTE W TOTOBHOCTTA B OPTAHUBALUATA U PABOTHATA MPAKTUKA
HA OBLU/HATA B agMMHUCTPATUBHOTO 1 OOKPBKEHWE 1 pejd Ha BbTPELLUHA OpraH13auyms.
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LlenTa Ha ToBa M3crieaBaHe € Ja ce U3BMeYe SICHOTa KakBW NpUOpUTETI Hammupa obLUMHaTa 3a 3HauMMK 3a cebe
CU, KaKBW LGN CW NOCTaBS, KakBM Bb3MOXHOCTV WMa 3a peanuaupaHeTo WM. PesynTaTbT € Aa ce Hamep
MPOCTPAHCTBO OT Bb3MOXHOCTM M OTPaHU4EHIs, B KOETO Aa Ce NPOEKTUpa UKOHOMUYecKaTa LienecbobpasHocT oT
peanuanpaHe Ha UaeunTe 3a enekTpoHHa OOLLKMHA U Aa CE OpraHu3npa NPOEKTUPAHETO Ha PeLLeHNATa.

C HacToSLOTO Mpoy4BaHe LeNTa He e [a Ce Cb3aafe MPOEeKT 3a eNeKTpoHHa oblMHa, a [Ja ce Hanoxar
KpUTEPUNTE, LenUTe, NapaMeTpuTe U WAENUTE KOWTO Lye pellaT MpUopuTeTUTE MpW Cb3daBaHe Ha Lenute U
3afa41Te Ha NPOEKTUPAHETO Ha eNEKTPOHHUTE YCNYM U ABWKEHMETO KbM WAEsTa 3a enekTpoHHa obwyHa. Ha
TO31 eTan 3afjayaTa € [ja Ce OLEHST KONMYECTBEHO TEXECTTA Ha KPUTEPUNTE 3a MKOHOMUYECKA M3roaa W Aa ce
[afe MaTepuanHa CTOMHOCT Ha KpUTepuuTe 3a TPyAHOCTUTE MO peanusauus. Tean CTOMHOCTY LU 3anerHat B
METOZMKaTa KaTo OCHOBaHMe 3a OLieHKa Ha NPUOPUTETHOCTTA Ha NPOEKTUTE.

Crnep TXHOTO chopmynmpaHe Lie GbaaT NOANOXEeHU Ha METOAMKA 3a OLieHKa 3a ynipaBneHnue Ha nopTgonuno ot
WHULMATMBW 3a NPUOPUTU3ALIAS HA MPOEKTU.

D. MeTogukara

MaxogHaTa Touka e [ekoMmnoauMpaHe Ha MPOEKTHOTO M3crefBaHe, 3a fga ce dopmanuaupar obnacture,
HamMMpaHe Ha KIMYOoBUTE (DYHKLMOHANMHOCTU B HenocpeacTseHaTa paGoTa M OLEHKA B MPOCTPAHCTBO Ha
NKOHOMUYECKM MON3N U NECHOTa Ha peanu3aliys Ha nnaHupaHaTa uaes.

1.NPUHLUMNU 3A NPUOPUTU3ALUA HA UHULUUATUBU 3A E-OBLLNHA

[pn gekomno3unpaHe Ha NpoekTuTe Morat ga Gbaat onpeaenieHun CrnegHuTe NPUHLMNK 3a NPUOPUTU3ALMS:
1. WoeHTndmumpaHe Ha KniovoBuTe MHMLMaTUBK 3a eObLmHa.

[lexomnoaupaHe Ha Ko4YOBIUTE MHULMATUBM Ha KNKOYOBU (PYHKLIMOHAMHOCTM.

V3paboTBaHe Ha kapTa Ha Kno4oBMTE (hYHKLMOHANHOCTM.

VoeHTudbuLmpaHe Ha Bpb3kuUTe/B3aMMO3aBUCUMOCTUTE.

OnpegensiHe Ha MbTHa KapTa Ha pesynTaTuTe.

OnpegensiHe Ha napaMeTpuTe 3a OCbLUECTBSIBAHE Ha NPOeKTa (CPOK, Xopa, MHaHCK, pUckose 1 ap.).
MOHWTOPWHT 1 KOHTPON Ha U3MbIHEHMETO.

Watounuk: AganTupaHo ot Hartman & Sifonis netReady — Strategies for success in E-conomy, 2002

Noakw

BbB BbMpOCUTE, KOUTO CE aHKETUpAT, Ce TbPCK TakbB Kpbr OT Npobriemu, Ye paspeLuaBaHeTo UM fa MOCHyXM
kaTo rpbOHaK 3a peLlaBaHe Ha MHOTO NO-TONAMO MHOXECTBO NPOBNeMM 1 TOBa PELLEHNE YCTOMYMBO MOXE Aa ce
npunara B 6GbaeLle. Hanpumep - EqnHeH perncTsp.

2.KNOYOBUTE ®YHKLIMOHAITIHOCTHU

Crpaternsta 3a enekTPOHHO npaBuTeNcTBO Ha bbnrapuad0 pasrnexga 4YeTMpU OCHOBHM acnekta Ha

KOMYHMKaLMS 1 yCryru:

o “‘Agmunuctpaums — paxgaHu” (A-T) CobBpemeHHu WHTepHeT u uHTpaHeT WEB 6asupaHu peLueHus,
CbYeTaHW C TpafuLMOHHUTE CPEACTBA 3a OCUTYpsiBaHE Ha LUMPOK LOCTbM, KOUTO Aa BOASAT A0 KAYECTBEHM
NPOMEHN B YCMOBMUSTA 3@ KOMYHWUKMpaHe 1 NpefoCcTaBsHe Ha YCyru 3a rpaxaaquTe.

o “‘AomuHucTpaums — BusHec” (A-B) CbBpeMeHHM peLleHusl, KOUTO ONTUMM3MPAT MpoLecuTe W OenoBsuTe
OTHOLLEHWS MeXaY aAMUHUCTPaLMSTa U PasfnYHUTE MKOHOMUYECKN CyBeKTu.

o “AomuHucTpaums — Agmunuctpaums” (A-A) Passutue Ha MHGOPMAUMOHHWUTE TEXHOMOMM B HALMOHANEH W
MexayabpkaBeH acrnekT ¢ ornef Ha edeKTUBHO B3aMMOLENCTBUE MeXOy PasnuyHUTe agMWUHUCTPaTUBHU
CTPYKTYpU.

o “WHcTutyymoHanHa edpektuBHOCT M edmkacHoct” (MEE) OpraHusupaHe M onTumusMpaHe Ha 6GusHec
npouecute, Ha OTHOWeHWATa “AgmuHucTpaums — Cnyxutenu” M Ha KOMYHUKAUMSITA B OTAENHWTE
aOMWHUCTPATUBHMU CTPYKTYPU.

%0 http://www.ccit.government.bg/documents/e-govstrategia.doc
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Bb3 ocHoBa Ha onuTa Ha Cisco B 0bnacTTa Ha enekTpoHHMS BU3HEC 1 NPOBEAEHOTO NPOYYBaHe Ha FOTOBHOCT 3a
BbBEXOaHe Ha WHMOPMALMOHHUTE TEXHOMOTUM B LiEHTparnHata AbpxaBHa afMUHWUCTpauus, MmoraT fa ce
pobassT owe Ase obnactu:

“E-kynTypa” OpraHu3auuoHHM, NTMOEPCKM WU OPYTM MHULMATMBK, KOMTO Ca MpefdHasHa4YeHu Oa NpOMEHST

KyrTypaTta Ha xopara ¥ Aa Bb3CTaHOBSAT B3aUMOOTHOLLEHWSITA Ha AbpxaeaTa ¢ rpaxaaHuTe n busHeca

“Yeb nHppactpykTypa”

WHdbpacTpykTypaTa, HeobxoauMa 3a NPENOCTABSHETO Ha BCUYKM EMEKTPOHHW YCMYrM M KOMYHMKaUuW OT
AbpXaBarta.

ToBa 03HayaBa, Ye BbB BbMPOCUTE CE TbPCU OTFOBOP 33 HANMWMYMETO Ha WMAeW 3a CUCTeMaTU3MPaHOCT Ha
ycryrute M Hacokata WM KbM MepcoHanM3aunsi, CamMOoOpraHu3vMpaHocT U eMEKTMBHO NPUCHCTBUE B
WH(OpMaLMoHHaTa cpeaa.

Matpuuata 3a npuopuTU3npaHe Ha npoekTn, paspaboteHa ot A.Hartman u J.Sifonis ocurypsia npoct 1 6bp3
aHanu3 Ha nopTonno oT NpoekTh. T4 e yaobeH MHCTPYMEHT 3a NPEBPbLUAHE Ha CMIMCHK OT “KenaHu npoekTh” B
MbTHa KapTa 3a eheKTUBHO NOCTUraHe Ha onpeaeneHa Len.

Mo opauHaTaTa Ha MaTpuL|aTa ce npaBy OLieHKka Ha UKOHOMUYECKIUTE MOM3K OT OChLIECTBABAHETO Ha ONpeaerneH
NpoekT, a no abcumcaTa NPOEKTHLT Ce OLEHsABA MO NECHOTA Ha U3MbIHEHME.

3.NOAKPUTEPUM 3A OLIEHKA HA UKOHOMWUYECKUTE MON3MN.
Bcuuku npouaxoxaat ot: II. MAEWHW LIENW B PEANU3ALIMATA HA eGovernment.

B Ta3u rpyna ca u3BegeHn CnegHuTe Kputepuu:

« EdektuBHocT. Bb3BpallaemocT Ha MHBECTULMATA, pasrfiexaaHa KaTo HamansBaHe Ha pasxoguTe 3a
W3BbPLLUBAHE Ha ycryrata W/Mnu noBullaBaHe Ha CbOMpaeMocTTa Ha AaHbUM U Takch B CpaBHEHWe C
HanpaBeHWTe WHBECTULMW W OnepaTUBHUTE pasxoau HeobXxoaumu 3a NoadbpkaHe Ha cucTemata npes
nepuoga Ha nonesHoTo 1 uanonssaHe. OueHsBa Ce CTeneHTa, A0 KOSATO MHMUMATMBaTa e rnoresHa 3a
pelwaBaHe Ha OW3HEC Hyxga MO BpeMe Ha Lenus W KM3HEH UWKbA M BOOW OO NOBWLWABaHe Ha
NPOU3BOAMTENHOCTTA U HAMansBaHe Ha pasxoauTe.

« Crparternyecko cboTBETCTBME. 3HAYMMOCT Ha MPOEKTA 32 MKOHOMMYECKOTO M COLMArHOTO pas3BuUTUE Ha
cTpaHarta. CteneHTa, 40 KOATO NPOEKTHT YCKOpsBa MKOHOMUYECKOTO M COLMArNHOTO pasBuThe, NECTU BPeEME Y
pecypcu Ha rpaxaaHuTe u (upMuTe, ENUMUHAPANKA NO TO3U HAYWMH agMuUHUCTpaTuBHUTE 6apuepu. o konko
Ce yBenuyaBa npo3payHoCTTa B AbpXaBHATa agMUHACTpaUMs M ce Hamansea kopynuusta. CbenageHue ¢
npuoputeTuTe Ha EBpOnenckus Cbio3 OLEHEHO NO CTeneHTa, 4O KOATO MPOEKTbT € B CbOTBETCTBUE C
WHAMKATOPUTE 3a OLiEHKA Ha €NEKTPOHHOTO NpaBMTENCTBO B e-Europe Action Plan (MHAWKaTMBHUS CIMCHK C
20 ycnyrv B Mpunoxexne 3 Ha CTpaTerusita 3a enekTpoHHO NpaBUTENCTBO)

« 3HayeHue. CteneHTa, 4O KOSTO WHULMATMBATA NOCPELLA HYXAUTE Ha LUMPOK KPbI OT BLTPELUHA U BBHLUHU
KIMEeHTW Hanpumep: 6poii Ha opraHn3aLum, NPOLECH U rpakaaHK, 3acerHaTi OT BHeAPSBAHETO Ha NPOEKTa;

« YcronumsocT u ckanupyemoct. CTeneHTa, 40 KOATO 3ajadvaTta MMa Bb3MOXKHOCT 3a Bb3NpOU3BOACTBO Ha
BMNOXEHWTE Pecypcu M NecHo Moxe a 6bae nanonssaHa kato 6asa 3a 6baeLLo passuTue.

« [MazapHu ycnosus. CTeneHTa, [0 KOATO MPOEKTLT He W3NCKBA HsKaKBM CreuuarnHu ycnoeus 3a
W3Mon3BaHeTO Ha AaHHUTE W NpefocTaBsHETO Ha ycnyrata. CTeneHTa O KOSTO UpMUTE, CRyXWUTenuTe
uvnu rpaxaaHuTe ca rotoBu Aa u3nonaeat ycnyrata. 1o kakBa CTeneH CblUecTByBa TbpCeHe Ha fJafeHaTa
ycnyra.

« Puck. CteneHTa, 40 KOSITO MPOEKTLT HE € 3acTpalleH OT MpoBar, W3MepBaH KaTo 3HauYMTENHM 3arybu Ha
(brHaHCK, pecypey Unn yHKLMK.

o WkoHoMuyeckn edekTu 3a MHGPOPMALMOHHMTE N KOMYHUKaUMOHHKU TexHonoruu /UKT/ B 6usHeca u
obwectBoTo. CTeneHTa [0 KOSTO CbOTBETHATA MHWULMATMBa BOAW A0 nonoxutenHu edektn 3a UKT nasapa,
KOHKypeHTOCnocobHoCTTa Ha Bbnrapus, 3aeTocT Ha BMCOKOKBaNM(MUMpaHu creuuanuctu u - ap.,
NoNoXuTENHM edhekTu 3a BrusHeca u 0bLLeCTBOTO.

« Bupumocrt 3a meguute n obwectBoto. CTeneHTa, 40 KOATO 3agayata Le Obae noctaBeHa BbB OKyca Ha
0bLLECTBEHO BHUMaHWe W Lie OCUrypu Nofkpena 3a W3MbIHEHWETO Ha cTpaTterusTa. CTeneHTa, 40 KOSTO
WHMUMaTUBATa NOCpeLa HyXAUTe Ha LUMPOK KPbr OT BbTPELHN W BbHLWHW KIWEHTU Hanpumep: Bpon Ha
opraHu3aLuy, NpoLecy 1 rpaxaaHn, obnarofeTencTsaHm OT BHEAPSBAHETO Ha NPOEKTa.
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« MexayHapoaeH umupx. CTeneHTa, 10 KOATO 3afavaTa JonpuHacs 3a noBuLaBaHe MMuUaXa Ha bbnrapus B
WKT no cBera.

4.NOOKPUTEPUK 3A OLIEHKA HA NECHOTATA HA U3NMbJTHEHUE

« PecypculTexnonorus. CteneHTa, O KOSTO MHMLMATMBATA € NNaHWpaHa No OTHOLLEHWe Ha MHaAHCUpaHe,
HYXHM yMeHus, Heobxogumo obyyeHne, WUT cTaHgapTh, uHdpacTpyktypa. [0 KONMKO € [ocTaTbyHa
CblLECTBYBALLaTa MHPACTPYKTypa U € OCUrypeHa HaMMYHOCT Ha HeoDXoaUMUTE pecypcu.

« OnepatuBHa/opraHm3aunoHHa rotoBHOCT. CTeneHTa, 0 KOATO MHMLMATUBaTa B3eMa NpeaBua pasBUTUETO
Ha OGM3HeC mpouecuTe Ha eneKkTPOHHOTO MpaBuTencTBo. OnepaTBHATA FOTOBHOCT Ha OpraHu3auusTa Aa
NoaabpKa HOBUTE BKU3HEC NPOLIECH B €NEKTPOHHOTO NPaBMTENCTBO.

. BsaumHo ponbnBaHe. CteneHTa, 4O KOATO WHMUMATWBaTa € B3aMMOCBbp3aHa. MHMpacTpykTypHuTe,
onepaTMBHATE W JpyrM pasxogn MmoraT ga ObaaT B3aMMHO JOMbIBaHW 4pe3 KOMOWHMpaHe C apyry
WHULMATVBM C NOLOBHM HYXaN.

o BbHwHM 3agbpxawm caktopu. CreneHta, [0 KOATO 3aKOHOBM, PErynaTOpHW MexaHu3Mn /umm
Bb3MOXHOCTUTE Ha 3aMHTepecoBaHuTe nuua HE npensTcTBaT HOpManHaTa peanusaums Ha NpoekTa.

« OpraHuzaumoHHa n onepatmBHa rotoBHocT (Kyntypa). CteneHta, 4O KOSATO MMa OpraHu3auyoHHA 1
onepaTMBHA rOTOBHOCT 3a W3MbIHEHWE HA 3afjayata M TS OTroBapsl Ha OpraHM3auMOHHaTa KynTypa Ha
CbOTBETHUTE U3NbIHUTENMW. KynTypHa rOTOBHOCT M HanuuMe Ha YMEHUs 3a ynpaBneHue Ha npomsHaTa no
OTHOLUEHME Ha HOBUTE BU3HEC MpOoLIECH.

« YoBewku pecypcu n HatpynaH onut. CTeneHTa, Ha HanuumMe Ha MO3UTUBEH ONUT U KBanMULMpaHU
YOBELLKW PECYPCH 33 M3MbITHEHWE Ha CbOTBETHATA 3agada. (HeobxoaumocTTa OT AOMbIHUTENHO 00yYeHME 1
KBanugmkaLms Hamansea oLeHKaTa no To31 Noka3aTen 3alloTo 3abaBs npoueca Ha peann3auus)

« ®uHaHCOBM pecypcu U KOHTpOn Ha pa3xoauTe. CTeneHTa, O KOSTO MHULMATVBATA € NiaHupaHa 1 MoXe
na 6bae obeaneyeHa no OTHOLIEHME Ha UHAHCUpaHe u apyrv pecypeun. CTeneHTa, 40 KOSTO pasxoauTe 3a
pa3paboTka Ha PELLEHMETO W KOHTPOMa Ha TeKyLLMTe pa3xoau ca ynpaensemu no Bpeme Ha npoueca Ha
N3MbIHEHME.

B pesyntat ce oHarneassa cnegHoTo:

« Kbae Bbpxy matpuuaTta ca KOHLEHTpUpaHu NPOEKTUTE/MHALMaTUBIUTE?

« KakbB e B13Hec hokyCbT Ha BallaTa MHUUmMaTBa?

« KakBu ca TpuTe OCHOBHYW NPUYMHM 3a TO3M Br3Hec okyc?

« KakBa e nosuuusaTa Ha BalwaTta MHULMaTBa CpaBHEHa C 06LLOTO paBHULLe Ha cTpaHaTa, EBpona, ceeta?

E. MpouecbT Ha aHKeTMpaHe

C nocnefBalluTe BbMNPOCK CY NOCTABAME 3afiaya f1a M3BeYeM NpUopUTETHUTE MHULMATIBY, KaTo M rpynupame
cnoped TOPHUTE MPWHUMNM W TbpCUM MPOSIBNEHWETO B peanHata npakTuka Ha obcnyxBaHe. Bux
MPUNOXEHNATA.

F. MpunoxeHus

Mons, na ce OTroBOpPWU Kpatko — C 1-2 n3peveHua unu gymn, HO NUCMEHO N Oa Ce OKaxe CbAencTBue Ha
aHKETUPALLUTE Ha MACTO.

Tunoee BBbNpoCH:

Ipyna 1. Kak ce peanusupa npouecbm Ha 0bcryxeaHemo? PeanHa npakmuka U onepamusHa 20mosHocm
Kow ca Hait-ronemute npobnemn kouTto obLymHaTa cpeLya npu 0BCny)XBaHETO Ha rpaxgaHuTe?

Kou ca Han-4ecTo usnonasaxuTe ycnyru?

Konko ycnyru npegoctassate?

Kak ce pernctpupat 3asiBkuTe 3a ycryra Ui HenocpeacTBEHOTO UM NpeaocTaBsaHe?

Kow ca Tunu4HMTE KIMeHTU Ha ycnyrata?

Kak ce obcnyxsat uHBanmamn?

Kak ce onucea pesynTata 0T NpefoCTaBAHETO Ha efHa ycnyra?

Vima nv BycTpaHHa Bpb3ka C AaHbyHaTa agMUHUCTpaLms?
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9. Kowu ycnyrv moraT a ce nornyyasar aBTOMaTU4HO?

10. Kakea rpyna notpebutenu kacae Hail-MHOro?

11. Kak ce B3ema peLLeHne 3a NpeJoCTaBsiHE Ha efHa ycryra v KakBo [a Ce MCKa NPy 3asBSBAHETO U?

12. Wima nn nepcoHarnHa 1nm 0TroBOPHOCT CBbp3aHa C AafeHns NoCT Npy NpeaocTaBsHe Ha yenyra?

13. Vima nvn Bpb3ka Mexay npegoctaBenute yenyrn? OT efHa [a crnefga, Unv Aa ce U31CKBa Aa e nonyyeHa apyra.
14. CuctemaTuanpaHa nu e HopMmatueHaTa 6asa 3a TMna npegocTaBeHu OT Bac yenyru?

15. Vima nu komnnekcHu 1 yactuaHmn yenyrn? (Hanp. PaspelueHne 3a CTPOEX M3MCKBA CKMLA, KOATO CLLO € ycryra.)
16. Ha konko mecTa ce u3sbpLusat yenyrute? Konko Aylum e4HOBPEMEHHO?

17. Wima nn ycnyrv KouTo ce M3BBPLUBAT Ha eHO rvwe?

18. Vima nu LeHTbp 3a MHAOPMALMOHHO 06CNyXBaHE Ha rpaxaaHuTe?

19. KakBo € ka4yecTBOTO Ha nonyyeHaTa ycnyra, AaBHOCTTa, BanuaHocTTa?

20. ma nv Bpb3Kka Mexay U3XOAHUTE U KpaliHW MHGhOpMaLmMK 3a egHa yenyra?

Ipyna 2. Kakea e uHchopmayuoHHama 8u OcueypeHocm 8 MomeHma? ['omogHocm u pecypeu.
Kakew cpegcTsa umate 3a chbupaHe Ha uHdopmauusTa?
VimaTe nn TexHonorMs 1 cpeacTea 3a opraHn3aums 1 0bMeH Ha nHdopmaunaTa? — VIHTepHET, Mpexa — LoKbae
Vima nu Heobxoaumata MpexoBa MHGpacTpykTypa?
Mma nn Heobxonyma TexHuuyecka 1 obpasoBaTtenHa 00e3ne4eHoCT Ha KOMyHUKaLuuTe?
Kaksa cnewmduryHa uHopmMaLms uMa BbB BCEKU PErucTbp?
Kak ce otuuTa 061L0TO B MHGhOpMALWMSTa U Ce OpraHuanpaT MHGOPMaLMOHHNTE NoToLmM?
Vima nv eguHHa MHGOpMAaLMOHHa cucTeMa W KakBu yenyri obcryxsa?
Kak ce 0BMeHST faHH C HaLMOHamNHUTe W ApYrit PErncTpu U MHPOPMALIMOHHM CUCTEMU?
Kaksw cneumduyHu MHGOPMaLMOHHN cucTemMn Ma B obLymHaTa?
Kak ce peanuaupa gokymeHToobopoTa npy Bac?
Kak ce knacudpmumpa nHgopmaumsTa npyu Bac 1 opraHuampa JocTbna [0 Hes?
Kak ce npegocTaBs uHcopmaLys nornyyeHa no enekTpoHeH MbT Ha rpaxgaHuTe?
Kak npakTuyecku BCeku rpaxgaHinH uma BocTbn 40 WHopMaumsTa cbbupaHa 3a Hero?
Kaksn Mepku 3a CUrypHOCT, 3aluMTa W JOCTbN 40 MHopMaumsaTa ca NpeaBuaeHn? — NpaesT N ce Pe3epBHN KOs,
KpUNTUpa nu ce npefasaHata MHopMaLmus v ap.
15. Kak npakTuyecku e opraHuanpaHa xapTueHara MHopmaLms B MOMEHTa? — nanku, CiUCbLM, CBbp3aHa MHdopMaLmus 1
Ap.
16. Kak ce nHaekcupa u nogabpxa vHGopMaLmsTa B akTyarnHo CbCTosHne?
17. Kak ce cbbupa v npegasa MHopmMaLus B paioHUTe 1 OT paloHuTe?
18. Kak oueHsBaTe rpamMoTHOCTTa Ha noTpeduTenuTe 3a NonyyaBaHe Ha MHAOPMALMS OT BaLUNTE CUCTEMM?
19. Korko yecTo ce Hanara oby4eHue npu Bac?
20. Kak nonyyasate nHopmaums, Heobxoanma 3a pabotara Bu?
21. Wmarte nn CbBMECTHM NPOEKTY C BbHLIHW (OUPMI 1 OpraHu3aumm?
22. Vwmate nu nporpama u MeponpusTIsS 3a ynpasneHue Ha pucka OT YHULLOXaBaHe W n3rybsaHe Ha uHdopMaLms?
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Ipyna 3. OpeaHusayuoHHUmMe 8bnpocu 8 0bLuHama, c8bp3aHu ¢ 06CTyX8aHemo, HopMamueu U HopManHa npakmuka
1. WMma nu npaBunHuk 3a 0BCryxBaHeTo, peda Ha NpPoOMsHA HA HETOBOTO ChbpXaHue, 00CNYyXBaHe, akTyanusnpaqe u
pgoctbn?
Vima nv npaBunHULYM 3a OYHKLMOHMPAHETO Ha OpraHnTe M CyxBbuTe W Kak AeicTBaT NpakTuieckn?
Vima nu covHaHcoBa oLeHka Ha cebecTOMHOCTTa Ha npeanaraHuTe ycnyru?
Vima nu BromkeT 3a uacnefBaHe C Len onTuMM3aLuns Ha npouecute 3a o0cnyxBsaHe?
Kak we ce nosuwm Bpost Ha 0BcnyxBaHu Npu BbBEXAAHE Ha ENEKTPOHHN YCIyrn?
Konko e cpokbT 3a peLleHne Ha OBLUMHCKM CbBET, KMeT?
Kak ce peructpupart n obenyxeat xanbu, onnakeaHus u ap. ?
Kak ce npocneasiBa Xu3HeHUs MbT Ha eAUH TaKbB JOKYMEHT?
. Kak ca onpegeneHn oTroBopHuTE NuLa B JOKYMeHToobopoTa?
10. Vma nu vHaHCOB nnaH 3a MHOBALMOHHA NONUTIKA W eNEKTPOHHO NPaBMTENCTBO?
11. KakBo e ponsita Ha MHChOPMaLMOHHWUS OTAEN NPy ONpegensiHe Ha HOBUTE yCnyrn?
12. VimaTte nu JOCTHN 4O ENEKTPOHHW perncTpu?
13. Wma nu dopmanuampaHn JOKYMEHTM 3a BXOA W W3X04 OT peructpute — Hanp. bnauka 3a 3asBneve, 3a monba,
YAOCTOBEPEHUE, NpaBa W JOKOIKO Ca €OHOTUMHM 38 Pa3nuyHuTe yeryri u cryxbun ?
14. Kaksu Mepku Ce B3eMaT 3a NpoBEPKa W afiekBaTHOCT Ha MHopMaLmusaTa?
15. Kak ce pasnpocTpaHsiBa nHopmauusita go cnyxoute v panoHuTte?
16. Kak ce opraHuaupa uHopmaumsTa 3a BbTPELLHOTO (PYHKLUMOHMPaHe Ha obuHaTta?
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17.
18.
19.
20.

Kak ce oueHsBa CTOMHOCTTa Ha ycnyrata?
KomneHcvpa nu ce n3BbHpeHus Tpya?

Kak ce oueHsi cebecToiHOCTTa Ha KOMYHUKaLMUTE?
Kak ce nnanupa GtomKeT 3a MHChOpMAaLMOHHN ycryr?

Ipyna 4. BuHwHu u 3a0bpxawu hakmopu, eGovernment

1.

o

23.
24.
25.

Kow ycnyru morat ga ce nonyyaBaT aBTOMaTU4HO?

Vima nn ycnoBusi npu KOUTO MOraT a Cce OTKaxar ycnyru?

Kow ycnyrv cniopep Bac 13ncksaT ,eNMEKTPOHEH nognuc’?

Kak mMoxe 3a ce u3non3sa yBOCTOBEPEHWETO 3a EMEKTPOHEH CepTU(MKaT BbB BbTPELLHATa OpraHu3auus Ha
pabotata Bu?

Kow ycnyru naucksat agMUHUCTpUpaHe — e4HOMMYHO peLleHne?

PeluaBaHeTo Ha KoM YCryru U3MCKBa CaMo NOZAMMUC OT YMbIHOMOLLEHO nuue?

KakBw paspelumtentn pexumi, nuUeH3Mpaxe 1 gp. uma B oblymHaTa?

Kow ycnyru ce pewasart 4pes kommeumn?

Kaksa nHcopmauwms e nybnmkyeaHa 3a ycnyrute B obwmHarta?

Kaksu npuumHu Hammparte, 3a fa He MOXe [a Ce CMEHU aapecHaTa PerucTpaLms no enekTPOHeH MbT?

Vma nu aktyaneH VIHTepHET cailT 3a BaLUnUTe KOHKPETHN yCryrn?

Vima nu ocurypeH BrogeT 3a akTyanusauusTa Ha caita?

VimaTe nn npuemaHe no enekTpPOHEH MbT Ha 3asiBka 3a obcnyxBaHe?

Kak cTaBa BpbLyaHe Ha pesynTaT ot ToBa?

Kbae ce peructpupa npoveca Ha obcnyxeaHe 1 npobremure CBbp3aHu ¢ Hero?

Kak ce 13BbpLUBA MOHUTOPUHT Ha 0BCMYXBAHETO?

Kak ce nonyyasa, BbBEX/a 1 M3M0N3Ba UH(opMaLmsaTa cebp3aHa ¢ eGovernment?

VimaTe nn roTOBHOCT [ja 13faBaTe Mo eNeKTPOHEH MbT CBUAETENCTBO 3a paxaaHe?

Kak ce opraHuaupa gOCTbIbT A0 Knacudmumpana nHopmaums?

Vima nv enekTpoHHO nrawaue 3a ycnyru?

Kak ce nonyyasa nHchopmaLs 3a cneumanusamu, ksanudukalum u gp.?

Wwmate nn ¢uHaHcoBaTa, ¢manyeckaTa W OpraHu3aLMOHHa Bb3MOXHOCT 3a pasBuThe Ha WHpopmaunoHHUTE
LieHTPOBE 3a rpaxaaqu?

Kak ce oTpassBat npomeHuTe B HOpMaTuBHaTa ypeaba B npoueaypute 3a obcnyxsaHe?

Kak ce cnegst npomeHm B 3aKOHOAATENCTBOTO?

B ceraluHus MOMEHT onuiueTe kakBo TpsibBa Aa HanmpaBu rpaxaaHuH, 3a Aa ce OTMWLLe OT eauH agpec M aa ce
3anuiue Ha Apyr B pamkuTe Ha obLmHara.

Ipyna 5. Kak ce peanusupa Budumocm 3a meduume ?

©OeNOOR WD~

Kak ce nHdpopmmpa megunTe 3a pelueHnsiTa Ha PbKOBOOHMTE OpraHn?

KakbB e pedbT 3a npefcTaBsiHe Ha MHpopmaLms B Megunte?

Vimate nu HeoBxoaumarta peknama Ha ycnyrute Bu?

VimaTe nn nHopMaLMOHHM 1 peknamHu GpoLypn?

Mwmate nu PR cTpaterusi 3a MeauinHo NpucbCTame?

Kak we nybnukyBaTe HOBWUTE eNTEKTPOHHY YCIyru Ha obuyHaTta?

Konko 4ecTo xypHanucTu nonyyaeat nHgopmauus ot Bac?

lMpaBuTe NK peknamHW kamnaHum 3a ycnyrute B oblymHata?

Kou 0BuyectBeHn MeponpusTis HO OBLLMHATa Ce 0Tpa3sBaT Haii-4ecTo B npecata?

G. Pesyntatu
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NOAKPUTEPUM 3A OLIEHKA NECHOTOTA HA U3NMBIIHEHUE
VHOOPMALMOHHO 1 ADMWHNCTPATUBHO OBCIYXXBAHE
PECYPCW [OPTAHU3A- |B3ANMO- 3AObP- ONHAH-
Kpure- ONEPATUBHA Al YOBELLKN YMPABJIEHVE
i TEXHO-  |LUMOHHA OBBBbP3BAH FOTORHOCT DKALLIA ®AKTOP CcoBMn KAYECTBO Y KOHTPON
P norva TOTOBHOCT |E OAKTOPU PECYPCU
Mpensmecme Mnaxupa- |Cucmema
Hanuque Ha  |KombuHupaHu |@opmanuaupaHu ugoanop- Keanugpuyu He oué;- 38 npe- ObpamHa
cmpameeusi, |detHocmu,  |0okymeHmu, 6u3Hec paHe, onum, |~ 8pb3Ka, MOHU-
/Jocma- MamugHa Ka, ynpas- |ueHka Ha
nnax 3a npoyecu u  |moeuka, 6asosu oby4eHue, MOPUHE U KOH-
MmbyHOCM 6a3a u ad- nisiemocm  |ka4ecmso-
passumue,  |nomoyu UHGhOPMaYLOHHU aHea- mporn Ha npo-
MuHucmpa- Ha meKk.  |mo Ha exod
uenu UHhopmayus (cucmemu KupaHocm yecume
mugeH ped pasxodu |/uzxod
Marnko Hsmat co6-  |Ocb3aHato, HO [HeonTummaupaH Moro Nuncsa He ce Hsama Cawmo iiepap-
8 KOMMIOTPW, [CTBEH MnaH, |Hedopmanu- |obMeH 1 AOCTH; PeLleHns C  [cucTema 3a |nnaHupaT |[popMUpaHH [XUYeH; HaMa
a mpexa cTpatervs 3a |3upaHo; Xap- |uma popmanuau- KOMMCUM;  |OLEHKA HA  |pecypcu; [KpuTepuu  |apxumB Ha 0b-
= camo B €NEeKTPOHN- | TeH 0OMeEH; |paHu JOKYMEHTY; AsTopu- yyactmeto |Hsama paTtHaTa
g = [Avpek- 3aums. Hama |He onuceat  |HsIMa o6LLm pecypcy |TapHm my; OLieHKa Ha Bpb3ka 1
2X |unarta €MeKTPOHHM  [npouecnn  (BA pelweHns  XKenanue 3a |cebecToit- aHanu3
== perucTpu chopmaty CbC 3anosef [00yyeHme  |HocTTa
, . [Wmakom- |OBwxeHve no [MopegHa  |Bukaa npobnemu; He|Hamupa Hama obpat-|Hama Hswma aceH [Hama pesynTat
% § E MOTPU M [KaHaneH ped |LenoBOLCTBO-|CUCTEMATH3NPA; HE  |MpensT- Ha Bpb3Ka M |pesynTat |pesynrtar
§ @ Z|wmpexa; He TO; HEOCMMC- |4YyBCTBA NMpOLiEC cTBuATa 3a  |0BydeHve;
> & = |oueHssar neHa nonsa BafeHoCT U |He y4acTBa B
2 @ |Harosap- OT Bpb3KNTE He pearvpa |nnaHu-
© T Elgane paHeTo My
Hsama Hsima Buaus v |XaptueH nbT; |OueHst BpemeTo 32 |MHoro Hawmat He ca Hama Peructpupat
edeKTUBHA |He ca 3ano3- |HsMa enek-  [TbpCEeHe; YecToTaTa; [KOMUCUK;  [mMpouec Ha  |yyacTsanu |kputepun, |obp. Bpbska B
i Mpexa HaTh ¢ TPOHHM HsIMa enexTp. nomnyyasaHe (B HO BWXOA  |XapTWeH BuL
= uoewte 3a  |pPEerucTpu; He |perucTbp Ha nnaHupaH |[MCTUHCKM
o €NEKTPOHHO  |Hamupa WHcopmaum (e npobemu
© npasu- rnocneaoBa- 1 06p.
s TENCTBO TENHOCT B Bpb3Ka
g peq Ha nony-
© YyaBaHe
He otunta |HsMa MocouBa BbH- | TunmMaupat ca BbT-  |Yakat pe3o- |Heobxoau- |He ce oue-|He otro-  |He otrosaps
<o |Mpexosa LUHM BPB3KM U [PELLHW BPB3KW; HE Ca [MioLun OT  [MOCT OT HsIBaT U He [Baps
s & |ctpyktypa B3alMo- HaMepeHu ycryrn  |OWUpeKTop,  |OCb3HaBaHe |Ce MiaHu-
< T
EF:)r % [encTems KOWTO MoraT fja ce  |CbBeT Ha Bb3MOX- |paT
o8 [laBaT aBTOM. — HOCTUTE Ha
= cC
é§ ] Hanp. V34epTaBatHe, €ernexTp.
= Konus 06paboTka
i 1 cTap He otroBaps |Otumta, He ce|Hsama peructpu 3a  |He otrosaps |He otrosapsi |He He otro-  [He otroBaps
g < [rommioTep; aHraxvpa KOHLiECMM 1 oTroBaps |Baps
53 s [Mpexa €NEKTPOHHM
;ggwms cpeacrea
o T -
8 g B
unsTa
INunca Ha |OyakBaHus 3a|AcHK Tvnca Ha pasbupaHe |Pewwenus ¢ (Mma Hyxaa |He Hsama otro- |Mma Hyxga ot
= TEXH. LieHTpaneH  [MpoLeck HO  |3a BOKYMEHTO- komucun;  |oT 06BBP-  |yuactea  |BOp obpatHa
S'm [obBbp3aHo |pen He ca obopor, LeHTpanu- |IluncaHa  |3BaHe BbB Bpb3ka
X E cT chopmanuaup |3vpaHa ycnyra, uaes |€nekTpoHeH chopmu-
S5 aHn u 3a perucTpu [OKYMEHTO- paHe Ha
g p anroputuampa obopot OLEHKM
(ST = HM
Hsama ugeu |He ce ocb3- |Camo crop-  |Popmanuanpann ca |He ce Nma He Hamat KoHTponsT ce
& . [saenmek-  |HaBa kato HUTE HWBA, HE [XapTWUEHW 3asiBKkK;  |mon3saT XenaHue, Ho |y4acTBa  |cucTeMa 3a [3aMecTBa OT
.§. ‘8 [TpoHHa OpraHu13aTop |ca OCb3HaTW |perucTpuTe ca 0o6wm HsIMa 06BBbP- obpaTtHa  |BepTuKanHo
= % ‘@ lycnyra; Y MHULMATOP [MH(OpMa-  |XapTUEHW; MMa LieH- |Pecypcu 1 |3aHocT Bpb3ka anMUHNCTPU-
59 § Mpexa B LIMOHHM NPO- | TpanuaupaHu ycnyru (6asu paHe
H g ={oupek- Lecu Ha eQHo ruwe
O =g

umsTa
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NOAKPUTEPUM 3A OLIEHKA HA NKOHOMUYECKWUTE NON3WK
VHOOPMALMOHHO 1 ADMWUHNCTPATUBHO OBCIYXXBAHE
’ CAPATET EoEkTyp. T EOEKTVB- [YCTOMIA-  [TASAPHI SMIAMOCT
pute- 3HAYEHVE HOCT 3A OB- |BOCT M CTA- [YCTOBUSIU [PUCK MDD
b JCBOTBET- HOCT L[ECTBOTO  |BATHOCT  [TBPCEHE A
CmeneH Ha
3 Bhaepawa MonoxumeneH TepceHe Ha  |CmeneH Ha |nocmassiHe
Hayumocrm 3 paw ecpekm Ha UT |ba3a 3a pa3su- |ycnyeamau |Hesacmpa- |8b8 (hokyca
38 UKOHOMU- |58 KaKD6 eMmocm Ha k- nasapa, 3ae-  |mue U 8b3- 2o0mosHocm  |weHocm om |Ha obwecm-
deckomou - |kpbe secmuliliAma e mocm, 3a 6u3- |npou3godcmeo |Ha nompe- npoganu  |8eHOMO 8HU-
coyuarnHomo | knueHmu Hamajglea/-ie Heca u obwe- |Ha pecypcu bumenume 3a (3a2ybaHa  |MaHue u ocu-
passumue p Zaxo ume no -\ cmeomo nonagaHemo u |pecypc 2ypsea nood-
obcrnyxeaHe Kpena
Q [Mpo3spayHocT Or HeobBwp- LleHTpanu-
posp
O 3aHOCT U1
Q- |3nauntenHa | Kummwa, B uHdopmaum- |AHTukopyn- Ha noaxoaute |KAOACTDHP, MnCa Ha 31paHo
E |sacol. KoHkypcy,  |OHHaTa 06Bbp- |LMOHHA Npak-  (npu o6y 6asu |umoTy, o npeacTaBsiHe
%r — [pasBuTtie KOHLecum 3aHocT TKa 1 MHopMaLW-  [KOHKYpCU cncremasa |"Pe3 obwm-
o X OHHU peLLeHust HaTa
= KOHTPON
|
()
I I'Ipou,eTc:lB:se ObLyBaHe ¢ Topear ce Jluncana  |Bu morno pa
§ < |3 npencq)o BusHeca n Crewuta- EnvHHa peruct- [Hesaetu WHTErPUTET | IMa OTPOMHO
S F a NHTEPeCa Ha UHpop nonuTMkaTa — 3: aH 3 paLus U KpUTe- (MMOTU UNi Ha OpraHuTe, |BHUMaHue 1
> s Ha napTun it - MaLyia v 3a yCTaHOBsIBaHE JI::: TEMTe pWM Ha HaeM-  [TakuBa, Ha KoUTO Aa ce AeMOH-
s % = |OPrann3aLyn jekcnnoataun- | npouecy- P HWTE [1OTOBOPU [KOWTO M3TWYa |0BcnyxBaT  |CTpupa npos-
= S ATa Ha arneH peq [0rOBOPBLT [OTOBOPUTE  [payHOCT
S ¢ = UMOTUTE
Wwmat
3a pobpa BbamoxHocT 3a PaboTHw
npakT1ka n Macos xapak- aBTOMaTUYHN 3a cpopwa- Mpw 06Uy basn OueHka Ha KOMUCHM 1 cobereera
3 Tep Ha ycny- nu3npaHe Ha |1 MHO- Bpolypa 3a
2 S |ebTpeweH r:$a ayeny KOMWS!, CKMLWM U OLl,eHiVITe pecy(pi))cm 1Mot €eKCrepTHU ygnyrbllge 5
£ 9 OLieHKK
§ g |PeA Ap. W TO3W MM BT
] OcmucnsHe
s OugeHka Ha Ha
= OT HanaraHe
% o 3a pobpa HanaraHe Ha Brawmoxtoct sa 3a Mpw 06wy 6asm |MMOT M CbCTO- va UHopmayms
gr §c rpakTvika u pobpa aBT&ZaLV;?#:ﬂ chopmanusmnpaH (1 uHgo- AHNETO MY DU | | T8 Y HaUMHA
58 BbTpeLLeH npakTuka Ha gop € Ha OLeHKITe  |pecypcu pasnopexpaaHe o Ha
ge pea cnpaski C Hero oueH npeacTaBsiHe
38 TOU
O o
3a Heocb3HaTa
Hait-wmpoka Camure Ot
Heobxoanmoc
& = |Obuecaety oBuecT- Hsma BuxgaHe |opraHusupaHe |O6ekTnBupaHe yeyT ce aBTOpHTapHa I
g & g|nopbukn BEHOCT 3a cuctema Ha Npo3payHu  [Ha KpuTepunTe ThpCST Hameca TOT
= >N
£ Q= Tbproee npo3payHoCT
SE 8
Mpw onwcate 3aetocT Ha fleMOHCTpALMS MakcumanHa
¢ =5 [Coumanna  |Hair-Buaum Hz (*JCOPZSS(:H ouetmtenute | o e ap 4 Pesyntatute |PelleHus Ha |AEMOH-
o = =|nonutuka npo6nem PeACA Ha XWUNULLHA AOoP oT paboTata  |komucum cTpaums Ha
= p
S = E cTpauus Ha HyKIH npakTuka OGEKTUBHOCT
3 25 fo6bpa npakTuka
£ |
: cBa Maes U
5 3a BbTpeL- Ako ca MHOXecTBO Tlun a ObyueHue,
S KoHconu- Wn3rpageHu ChBMECTHI BOfelLa pons nobpi
g Hara pond Ha Aupalla ponst |6a3osu 33 OCHOBHM AneksaTHocT [Hsmat cober-
Z "o [ocb3HaBaHe ve loncremn e |MPOKTM MoOraT | npyMepu n BeHa
8 & [Ha npouecute ¥ Bb3NATaH jace BHEJpsiBaHe
T 2 3acamara  |obcnyxsar MHopma- 6 MOMOXMTENH [NONUTUKA U
= g |"Bpb3a awa |/vuAvpar, MOHHM 1 Ha 0asos/ aHarnaca |Harnaca
= 8 |mexay aguw- |2AMVHVCTPAL j0CHOBAT Hanp 4 cUCTEMM 1
[T us aAMUHUCTpa- X KOMYHUKaLMOHH
g9 ACTBP TEXHOMOTAN
&2 HicTpaumTe UnsiTa KATL W CTPYKTYpU
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NuTeparypa

Crpatervst 3a MOAEpHU3MpaHe Ha AbpkaBHaTa aAMWHUCTPaUMS - OT MPUCHEAWHSIBAHE KbM WHTerpupaHe. lpueta ¢
Pelwenne Ha MunucTepckms ceeT Ne465 ot 09.07.2002r.

Crpaterusi 3a enekTpoHHO NpaBnTencTBo. MNpueTta ¢ Pelwenne Ha MunucTepckus cbeeT Ne866 ot 28.12. 2002r.
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WHO®OPMALMOHHO MOAENMPAHE HA NBYKOOPAWHATHO U3MEPBAHE HA
ONTU4YHU NAPAMETPU

eopru Ctounos, Metwbp Wapnangxues, Hukona Meykapos

Pestome: [pednoxeH e Memod 3a usMepeaHe U 8uU3yanu3ayus Ha KOMNIEKCHUS KOeQUUUEHM Ha NPonycKaHe
(Kr) 3a 2D mukpo-ob6ekmu. Memodvm ce 6asupa Ha usyucnsseaHe KI1 om OughpakyuoHHama kapmuHa u
yHKUusMa Ha oceemsigalyama anepmypa 3a MOHOXpoMamuyHa ceemnuHa. 3a onpedensHe Ha hazama Ha
dughpakmupanama ceemmuHa e usnonseaH hazoso-cmunkos Memoo.

Knroyoeu dymu: mukpockonusi, (ha3o80-cmbnkog Memod, uHmepghepomempus, obpamHa 3adaya 6 onmukama

BbBepeHue

ONTUYHUTE XapaKTepUCTUKM Ha PasfyHM ODEeKTW Ca MHOMKATOP 3a CbCTOSHUETO MM (KNETKM), KA4eCTBO Ha
MPOM3BOACTBO (ONTUYHM EMEMEHTM), XOMOTEHHOCT (pa3TBOpPWM W renoBe) M T. H. 3a M3MepBaHe Ha Tesu
XapaKTEPUCTUKN Ce M3NOoN3BaT pa3HoobpasHM nabopaTopHM M MPOMMLLMEHM M3MepBaTenHu cuctemu. Hair-
00WwmTe CbCTABHW €NEMEHTM Ca CBETNMHEH W3MTbYBATEN ONTUYHA CUCTEMA 3a hopMupaHe Ha m3obpaxeHue (
ornefana, obektveu, genutenu u Ap.) v oTOperncTpupallo YcTporctso. K3non3saHeTto Ha 00ekTMB B
“3MepBaTenHaTa cucTeMa NOHSKOra € HexenaTtenHo, Mo-CKbMo MM A0PU HEBB3MOXHO. ToBa € npuyMHaTa 3a
TbPCEHe Ha U3MepBaTeNIHM METOAM Ha ONTUYHUTE MapaMeTpy Ha MUKPO-00EKTW Ype3 MHGopMaLms, M3MepeHa
BbB (ppayHxohepoBaTa 30Ha.

MpuHUMN Ha 3MepBaHe

MpuHUMNBT Ha w3mepBaHe ce Gasupa Ha obpaTHata 3agaya B onTukata [1] - no w3BecTHa (YHKUMSA Ha
pasnpefeneHne Ha MHTEH3UTETa Mo anepTypaTta Ha OCBETABALUMSA CHOM U W3MEPEHOTO pasnpederneHve Ha
WHTEH3WTEeTa Ha ekpaH 3ap obekta ce u3uucnsaBa npefaBaTenHata (yHkuus Ha obekta. M3BecTHO e, ye
“3non3eaHeTo Ha (ha3oBO-CTHMKOBMS MeTOA [2] no3BONsSiBa M3MepBaHe Ha KOMMMEKCHaTa amnnuTyaa Ha
cBeTNMHaTa. EHOBpPEMEHHOTO M3nonaBaHe Ha (Pas0BO-CTHMKOBMS METOL W M3MEPBAHETO Ha WHTEH3UTETA Ha
AndpakTupanata CBETNMHA MO3BONSBA HaMWpaHe Ha KoeduuMeHTa Ha npornyckaHe B KOMMMEKCEH BuAa. 3a
efMMUHMPaHe Ha HEeW3BEeCTHWTE NapamMeTpy Ha ocBeTsBallaTa cUCTeEMa Ce W3nonsea MHGopMauus oT
[OMbIHUTENHM OMOPHN U3MePBaHMS.

MocTaHoBKa

EfHa Bb3MOXHA MHTEpGepOMETpUYHA Cxema € nokasaHa Ha ¢our.1. CBeTnuHeH cHon oT nasep (L) ce pasgens
ot ceetogenmTen (BS) Ha obekteH cHon (OB) 1 onopeH cHon (RB). O6eKTHUST CHOM MWHaBa Npe3 M3MepBaHns
obekt (O) n nponycHaTata cBeTnuHa ce peructpupa ot CCD kamepa (CCD). OnopHWST cHom, OTpaseH ot
a3oBo-oTMecTBaLLo ornegano (PH), muHaBa npe3 06ekTus (C) n oceetsiBa CCD kamepara.

CCD

dur. 1
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MpudnuxeHus u cchepa Ha npunoxeHue

B ToBa uscneasaHe 3D obektute ce anpokcumupart ¢ 2D, kaTo npeanonarame, Ye obektute ca TbHKU. C Taau
anpokcumauns MOXeM da MOCTUTHEM TOYHO edHO pelenue. B peanHn 3D uamepBanus 6u morbn fa ce
n3nonsea Tomorpadpcku MeTod, kato ce peructpupa Habop oT m300paxeHus npu npemecTBaHeto Ha CCD
CEeH30pa Mo HanpaeneHue kKbM obekTa.

Pasrnexgar ce npo3payHu WU3OTPOMHM OBEKTM MPU KOUTO PascerBaHETO M OTPAXEHMETO KATO OMTUYHM
napameTpn Ha oGeKkTa He ca oTYeTeHU. VimMa ronsm knac 0GekTU, Npu 13MEPBaHEeTO Ha KOUTO Te3n napameTpu
CbLLO MOraT Aia Ce UrHopumpar.

13non3BaHeTo Ha CBETNMHA C AbIkMHA Ha BbnHaTa 0.5 —1.0 um e orpaHnyeHo OT xapakTepuctukute Ha CCD
CeH3opa. M3non3BaHeTo Ha No-Manka AbIKMHA Ha BbiHaTa BOAM 4O HapacTBaHe TOYHOCTTA Ha W3MepBaHETO
cnopeq Teopusita Ha Abe.

ObukHoBeHo CCD ceH3opbT Mma pasmep 5 — 10 mm. ToBa orpaHuMyaBa obnactta Ha W3nOn3BaHuTe
NPOCTPaHCTBEHM YeCTOoTU. Korato 0cBeTABaLMAT CHOM MMa anepTypa Okofo 5 um v amnnuTtygata 1 gasata ca
KOHCTaHTHW NO LANOTO CEYEHUe, MPOCTPAHCTBEHUTE YECTOTMW Ca NIOKANWU3MpaHK B bIbJl OKOMO 5 rpagyca, Ho ako
anepTypaTa e nepuoauyHa peleTtka ¢ nepuog 1 wm, brbABT HapacTBa Ao 45 rpagyca. 3a fa ce u3nonssar
BCWYKM MPOCTPAHCTBEHM YECTOTM, kamepaTta TpsibBa Aa ce npubnmku 0o obekta, KOETO MOXE Aa HW u3Bede
13BbH AaneyHarta (PpayHxodepoata) 30Ha.

TeopeTuYHOTO M3CNeaBaHe Ha rpeLuKATe OT NPOCTPAHCTBEHOTO pasnonoxeHue Ha CCD ceHaopa, TOYHOCTTa Ha
AL, nukcenusaunsata, aebennHata Ha oGekTa W HEroBUTE ONMTMYHW XapaKTEPUCTMKW Ca BaXHa 4acT OT
MOATOTOBKATA Ha eKCriepUMeHTasnHa nocTaHoBka. [ocTuraHe Ha HAKOM OT YCTIOBUSTa MOXe [a Ce OKaxe npeyka
Ha CbBPEMEHHIS eTan Ha pa3sBuTIE Ha eneMeHTHaTa 6asa.

MatemaTuuyecku mogen

KoraTo pa3cTosiHueTo oT 0bekTa 40 peructpupallarta NoBbPXHOCT € MHOMO NO-rofsMo 0T pa3MepuTe Ha 0bekTa,
MOXEe [a Ce HanpaBu anpokCUMauuMs Ha perucTpupaHata kapTuHa ¢ npeobpasyBaHne Ha Pypue oT
n3obpaxeHneTo Ha obekTta [3,4]. B 1031 crnyyai obwmaT MHTEH3UTET Ha CBETIMHATa OT 0bekTa 1 OT OMOpHMS
cHon, namepeH cbc CCD kamepata, MOXe fa ce NpeAcTasu C:

1=[F(0.S)+R[ (1)

KbaeTo | € MHTEH3UTEeTbT Ha Bceku nukcen, O e npepaBaTenHarta yHKUMS Ha obekTa, S e yHkuMsTa Ha
pasnpeaeneH1e Ha aMnnuTygaTa B anepTypaTta Ha cHoma, R e (hyHKUMsSTa Ha pasnpeaeneqie Ha amnnutyaara
B anepTypaTa Ha OMopHusi cHon 1 F e npeoGpasoBanue Ha Pypue.

Cnep paskpuBaHETO Ha ckobuTe:
I1=[F(08)] +R*+2F(0.5).R (2)

0T (2) ce Bukaa, Ye MbPBOTO M BTOPOTO ChbMpaemm n3passeaT MHTeH3uTeTa oT 06eKT 6e3 onopa u oT onopa 6e3
0bekT. 3a Aa ce enMMUHMPAT Tean YacTu, TpsbBa Aa ce HanpaBaT 2 OTAENHW U3MepBaHus (ABa kagbpa):

02=[F(0.95)] (3)
n

R2=R’ (4)
3a Bcekm kaabp | n3umcnsiBame CbOTBETHOTO KOPUIMPaHo Ic, KbaeTo:

Ic=(I-02-R2)/2=F(0.5).R (5)

M3nonasaiku ha3oBo 0TMECTBaHeE (4- CTbNKOB MeToa) Ha RB uype3 PH, nonyyasame 4 uzobpaxeHus:
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I, = F(O.8).R.COS(¢p+0.7)
Ie, = F(O.S).R.COS(¢ +90.7r)
I, = F(O.S).R.COS (¢ +180.7)
Ie, = F(0.5).R.COS(p+270.7)

KbeTo @ e (ha3aTa Ha BbNHaTa, @ k7r BHeceHaTa (asa Ha onopHus cHon. OT cucTeMaTta ypaBHEHUs MOXe Aa

Obae M34MCreHa KOMMNEKCHaTa CTOMHOCT Ha Ic ( u3obpaxeHneTo A4 ), KOETO B YECTOTHOTO MPOCTPAHCTBO €
TpaHcdopmaumsaTa Ha Oypue Ha anepTypaTa Ha CbOTBETHATa OCBETABALLA CUCTEMA.

0.5 = F7'(44) (7)

Ha kpas TpsiGBa Aa ce U3BbLPLUM ONOPHO M3MEpBaHe 3a enMUHMpaHe Ha S. To npeacTasnsiBa MaMepsaHe 6e3
06eKT 1 (h1andyeckaTa My CbLIHOCT € U3MepBaHe Ha anapaTHaTa (YHKUWSA Ha uaMepBaTenHata cuctema. Mo
TO3M HauMH Ce KOMNEHCMPa BMSHUETO HA MHOTO HETOYHOCTM MpU 3adaBaHe Ha NapameTpute Ha
naMepBaTenHata cucTeMa kaTo pasnpedeNieHMe Ha WHTEH3UTET Ha OCBETABALUMSA CHOM, reoMeTpus Ha
N3MepBaTEeNHUA OTBOP, ONOPEH CHOM M HErOBUTE NApPaMETPU.

S=F"(Ar4) (8)

(6)

O=F"(44)/S )

O e matpuua OT KomnmekcHM yucrna. MogynbT u3passiBa 3aTUXBAHETO, @ apryMeHTBLT — (Da30BOTO 3aKbCHEHMe
3a BCsIKa TOYKA OT N3MepBaHisi 00eKT.

WUHchopmaumoHeH mogen

HanucaHa e nporpama 3a cumynaums Ha noctaHoBkaTa ot cur. 1 u 0bpaboTka Ha MHopmaLusTa U3mMepeHa ot
CCD kamepata. Ts ce u3non3Ba 3a OLUEHKA Ha W3WCKBaAHMATA KbM MOCTAHOBKATA M OrpaHMYeHusiTa mpu
n3nonssaHe Ha Metofa. Mporpamata e HanucaHa Ha C++ 3a PC. B Hsakou OT cnyyauTe ce M3norn3ea anropuTsm
3a FFT, Ho e pa3paboTeH 1 BapuaHT C OMPEKTHO WHTerpupaHe, nopaau akTa, Ye He MOXe BCEeKW MbT da ce
YOOBNETBOPAT M3UCKBAHMATA 3a NpunaraHeTo Ha FFT.

Kato obekT ce u3bupa amnnutygHa (w/wnu dasosa) nnactuHka ¢ npegaeatenHa dyHkums O = k0 + k1 SIN (k2
X). CHUMKa Ha amMniUTyAHa NnacTUHKa e nokasaHa Ha ¢ur. 2. Kato dyHKUMs Ha pasnpedeneHue Ha onopHus
cHon e u3bpana S =n0 + n1 SIN (n2 Y). PasnpegeneHneTo Ha amnamTygaTa € nokasaHo Ha ¢wr. 3.

Our.2 amepsaH o0bexT ®ur.3 AnepTypa Ha u3mepBatenHata cuctema
(hopmyna 3a cumynaums O(x, y) = 1+0.3 SIN (kX) copmyna 3a cumynaums S(x,y) = 1+0.3 SIN(nY)
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®ur.4 Kpaitha nHdopmauus npeayu obpatHo npeobpasyBaHue Ha Oypue: amnnnTyaHa v ha3osa kapTa

/3bopbT € HanpaBeH, 3a Aa ce BUAW WHTepdepeHLmMaTa U B3aMHOTO BIUSIHUE Ha anapaTtHata yHKUMS 1 Ha
obekTHUs cHon. CTOMHOCTTa Ha MUKCENUTE BbB BCEKM M34nCneH obpa3 e 3akpbrieHa 4o 0,5 % oT makcumyma.
ToBa e HanpaBeHO C Lien cumynauus Ha Hai-nonynsipHute 8-6utosm dpeiim-rpabepu.

our. 4 nokasea aMnnnTyaHa M ha3oBa kapTa Ha u3dmMcneHaTta dyHKLmMs Ha obekTta ¢ npeobpasoBaHue Ha Qypue.
Cnep npunaraHe Ha obpaTtHO npeobpasyBaHue Ha Oypue ce nonyyasaT AaHHW, NokasaHu Ha dur. 5, 6, 7, 6rnsku
[0 N3X0aHuTE.

-
-
[
[HE——
L&
o
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.

our. 5 M3umcneHo pasnpegeneqe  dur. 6 34ucneHo pasnpepenexne our. 7 A3uncneH obext
Ha npefaBaTtenHaTa yHKUMS Ha obexT + cuctema
cuctemara

Mpn 0b6paTHOTO NpecmsTaHe Nopaay 3akpPbrNEHNETO HA CTOMHOCTUTE Ha HAKOW MUKCENM (PyHKUMATa Ha obekTa
nonyyaBa MHOTO rofieMi CTOMHOCTM — Hag 50 MbTW OT MaKCUMyMa Ha M3MepeHaTa CTOMHOCT. ToBa M3uckBa
WN3Mon3BaHeTo Ha (yHKLUWS-NPO30peL, 3a MackupaHe HexenaHute W HeovakBaHu pesynTtarth. Mackupallara
yHKUMa (dur. 8) ce 6asupa Ha M34MUCNEHOTO pasnpeseneHne obekT+cuctema. ObnactTa CbC CTOMHOCTU Hag
npeaBapuTENHO 3adafeH npar ce pasrnexaa Kato Macka. 3a enuMUHUPaHe Ha Manku eguHUYHW neTHa ce
n3nonaea uarnaxaaty hunTbp ¢ nogxoaswa aneptypa (2 — 10 nukcena).

oOur. 8 MsuncneH nposopel, 3a BanuaHa MHgopmawms

our. 9 nokassa pasnpeaeneHneTo Ha KoeduLMeHTa Ha NponyckaHe B cpeaaTa Ha U306paxeHNeTo (B HanpeyHo
CEYEHME), KOMTO B Cyyas & CUMyMMpaH CbC CTOMHOCTY axe No-ronemu oT 1.
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®ur. 9 HanpeyHo ceyeHve Ha MHTEH3UTETA B cpefaTa Ha Bb3cTaHOBEH 0bpas

AHanus v 3aknouyeHune

VamepBaHeTo Ha 0bekTtn no-ronemu ot 5 — 10 um BoaAM A0 NO3MLMOHMPaHe Ha kameparta Ha noseye ot 0.1 - 0.2
m ot obekTa. MpUnoxeHneTo Ha MeToAa B TO3M Cryyan € HeNnoaXoAsALO U Aopu HEBB3MOXHO. OT Apyra cTpaHa
HabntogeHMeTo Ha Manku 0bekTu Boan 40 HapacTBaHe Ha BUCOKOYECTOTHUTE KOMMOHEHTU B MPOCTPAHCTBEHUTE
4ecToTU. PernctpupaHeTo Ha Tean cnekTpanHi KoMnoHeHTH uaucksa CCD ceH3op ¢ ronsima noBbpXHOCT.

Pesyntatute OT MOAENMPaHETO HM NO3BONSBAT Aa TBbPAMM, Ye 3a Bu3yanusaums Ha a3oBu 00ekTM e
Bb3MOXHO M3non3BaHeTo Ha 8-6utos ALIM. B cryyait Ha u3nonasaHe Ha Ta3u TEXHUKA 3a U3MepBaHe Ce U3UCKBA
AL ¢ no-ronsma paspeluaBalya cnocobHocT. MowHocTTa Ha nasepa u vyBcTautenHocTTa Ha CCD ceHaopa ca
CblLIECTBEHN, 3aLLOTO MOpaaW BUCOKATa EHEpruiHa NMbTHOCT 00eKkTLT Le 6bae noBpeaeH. B npeanoxerus
MOZEN € HaNOXeHO M OrpaHMYeHneTo 00eKTbT Ja € M30TPONeH. Te3n orpaHuYeHust HU JaBaT OCHOBaHME Aa
NPEAnonoXMM, Ye NOAXOLbT 3a U3MEPBAHE Ha ONTUYHWUTE XapaKTEPUCTUKM Aa ABYMEPHM 0BeKTU C 13nonaBaHe
Ha pellaBaHe Ha obpaTHaTa 3aaaya B onTiKkaTa KOMOMHMPaH ¢ ha30BO-CTHMKOBKS METOA € 0COOEHO noaxoasiy
3a HabntogaeaHe Ha kneTku. HabmogaBaHeTO Ha XMBU KNETKW B TEYHa cpeda Ou MOrno Aa ce OCbLUECTBU C
13MNON3BaHETO Ha UMNYIICEH Nnasep.
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