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THE INFORMATION
K. Markov, K. lvanova, |. Mitov, E. Velikova-Bandova

Abstract: The current formal as well as not formal definitions of the concept "Information” are presented in
the paper.

Keywords: Information, General Information Theory, and Philosophy of Informatics

1. Introduction

The fundamental notion of the General Information Theory is the concept "Information”. All other concepts are
defined based on this definition. The first not formal definition of the concept of Information was published in
[Markov, 1988]. The main philosophical explanations were published in [Markov et al, 1993]. The first variant
of the formal definitions were introduced in [Markov et al, 2003]. This work refines the philosophical basis and
represents the more precise variant of the formal definition of the concept “information”.

1.1. Entity

In our examination, we consider the real world as a space of entities. The entities are built by other entities,
connected with relationships. The entities and relationships between them form the internal structure of the
entity they build. To create the entity of a certain structural level of the world, it is necessary to have:

— the entities of the lower structural level;

— establishing of the forming relationship.
The entity can dialectically be considered as a relationship between its entities of all internal structural levels.
The forming relationship has a representative significance for the entity. The destruction of this essential
relationship causes its disintegration. The establishment of forming relationship between already existing
entities has a determine significance for the emerging of the new entity.
The forming relationship is the reason for the emergence of individual properties, which distinguish the new
entity from the forming ones.
The relationships form and present the entity.

1.2. Impact, Interaction, Reflection

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.

The set of contacts between entities forms their interaction. The interaction is a specific interactive
relationship between entities which take part in it.

The contacts of the given structural level are processes of interaction of the entities on the lower
levels.

During the establishing of the contact, the impact of an entity changes temporally or permanently the internal
structure of the impacted entity. In other words, the realisation of the relationships between entities changes,
temporary or permanently, their internal structure at one or at few levels.

The internal change in the entity, which is due to impact of the other entity we denote with the notion "direct
reflection"”.

Every entity has its own level of sensibility. This means that the internal changes occur when the external
influence is over the boundary of the sensibility of the entity.

The "reflection impulse" for given entity is the amount of the external influence needed for transition from
one state to the reflection one.
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The entities of the world interact continuously. It is possible, after one interaction may be realised another. In
this case, the changes received by any entity, during the first interaction, may be reflected by the new entity.
This means the secondary (transitive external) reflection exists.

The chain of the transitive reflections is not limited. In general, the concept “transitive impact” (respectively
“transitive reflection”) of the first entity on the third entity through the second one will denote every chain of
impacts (reflections) which start from first entity and ends in the third entity, and include the second entity in
any internal place of the chain.

One special case is the external transitive self-reflection where the entity reflects its own relationships as a
secondary reflection during any external interaction.

Some entities have an opportunity of internal self-reflection. The internal self-reflection is possible only for
very high levels of organisation of the entities, i.e. for entities with very large and complicated structure. The
self-reflection (self-change) of the entity leads to the creating of new relationships and corresponding entities
in it. Of course, the internal self-reflection is a result of the interaction provided between entities in the low
levels of the structure of the entity. Such kind of entities has relatively free sub-entities with own behaviour in
the frame of self-preservation of the whole entity. As a result of the self-reflection some relationships and
corresponding sub-entities are created or changed in the entity.

The combination of the internal and external self-reflection is possible.

1.3. Information

The reflection could not be detected by the entity that contains it. This is dialectical behaviour of the reflection
- itis only an internal change caused by the interaction.
During as well as after the interaction between two entities, they may interact with other entities from the
environment. If any third entity contains reflections of given entity received by two different ways:

1. by transitive impact of the first entity on the third one through the second entity,

2. by impact of the first entity on the third one which is different from the transitive one, i.e. it can be

direct impact or transitive impact through another entity

then the third entity became as an external relationship between entities and their reflections - it became as
“reflection evidence”.
We may say that the reflection of the first entity in the second one is “information” for the first entity if there is
corresponded reflection evidence.
The generalisation of this idea leads to assertion that every reflection can be considered as information, if
there is corresponding reflection evidence.

2. Formal Definitions

2.1. Entity

Definition 1. The entity A is the couple A=(E o,R 4) where:
E A is a collection of sub-sets of a set M s ;
Ra={riJiel, I is a set} is anonempty set of relations in E 4, i.€.
ricEAXEA={(X,Y)|X,Ye€EA} isarelationand ti=r;u{(X,Y)[(Y,X)er)}, Viel;
and:
1. @EEA;
2. MA:UX, XEEA;
3. VreRs and VX, Y €eEx = ((3(X,Y)et)or
(3Zy,..,Z,€En, ZizBk=1,...p : (X,Z1) et (Z1,Z,)€l,...,(Zp,Y)€l) m
The condition 3 means that E 4 is internally connected in respect to every relation r eR A.
M 4 is called forming set of A. The intersection pa of all relations in R 4 is called forming relation of A,
i.e. pa=p(A)=nrri, i€l, rieRax.
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When relationship (X,Y') belongs to the relation r we will denote by (X —>Y);.

Every element X can be considered as an entity (Ex,Rx), for which Mx={X}, Ex={J,Mx} and
Rx={p}, where p={(J—>Mx)}. Because of this, the elements of every forming set M can be
assumed as entities.

Definition 2. Let A=(E A,R ) is an entity. B is a sub-entity of A if B=(Eg,Rp), where MgcM 4,
VX EEB Yy EEAI XcY and VI’B ERB E|I'A ERAII‘BCI'A |

2.2. Impact and Reflection

Definition 3. Let A = (Ea,Ra) and B = (Ep,Rp), A#B and feR4.
A direct impact  of A on B concerning the relation f is a nonempty subset of E o « E such that
\I»’:\Vf:(A_)B)\yCEAxEB: {(X,Y) |X EEA,Y EEB} , Wfi@
for which:
iin, Xj EEA and Yk,Yl EEB, such that (Xi—)Xj)f, (Xi,Yk) ISAS (Xj,Yl) eEVYr
then exists geRp: (Y=Y 1)y m

If(X,Y)ewyr we will denote (X—>Y ).
Let remember that D€ E 4 as well as & eEg. This means that for every feR 5 and g eRy there exists
zero directimpact o;=(A—>B),={(J,9)}.

Definition 4. Let A=(EA,RA) and B=(Eg,R3) and ys=(A—B),, is an direct impact of A on B.
A reflection of A into B realised by the direct impact  is the couple

F,=F=(Ef,RF) forwhich Er={Y eEg|IX €EA:(X,Y)e(A—>B),} and Rg={ry},
I'W=I'W7f={(Y1 ,Y2)|3X1 ,Xz EEAI(Xl —>X2)f; (X] —)Y1 )\V; (Xz—)Yz)w} |

ry.f is a reflection of the relationship f by direct impact .
The reflection F, will be assumed as a sub-entity of B.

2.3. Transitive Impact and Transitive Reflection

Definition 5. Let:

A:(EA,RA), B:(EB,RB), C:(Ec,Rc);

feRA, geRB;

¢r=(A—B), is a direct impact of A on B concerning the relation f;

y,=(B—C), is a directimpact of B on C concerning the relation g.

We will say that the direct impacts @r and y, can be composed if the reflection of the relationship f by direct
impact ¢ is a subset of g, i.e. T, fCg.

Definition 6. If ¢ and y, can be composed than the couple { ¢, y, } is a transitive impact
E=E¢= Yoo 0r = (A—>B—C): of A onC through B m

It is clear, that every transitive impact is a chain of at least two composed direct impacts. In general, this chain
can contain more than two composed direct and/or transitive impacts. Such chain is transitive impact, too.

Definition 7. LetA:(EA,RA), B:(EB,RB), C:(Ec,Rc).
Let &= {pr, W} =Er,e=(A—>B—C); is transitive impact of A on C through B.
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The transitive reflection of A into C through B realised by the impact & is the couple Ge==G=(Eg,R¢)
for which

Eg={ZecEc|3Xe€E, and 3Y €Ep:(X,Y)e(A—B),and (Y,Z)e(B—C),} and
Re={re},
I'g’:r(g,f:{(Z],Zz)BXsz EEAZ

(Xl—)Xz)f; (Xl—)Yl)(p; (Xz—)Yz)(p; (Yl_)Zl)\y; (Yz—)Zz)W} [ ]

If A and C are equal than:
- the transitive impact & will be called self-impact;

- the transitive reflection Ge=G=(Eg,R¢) for transitive self-impact £(A—B—>A) will be called
self-reflection.

2.4. Interaction and Interactive Reflections

Let denote by Q4 gthe set of all direct or transitive impacts of A on B.
Definition 8. Let A=(EA,RA) and B=(Eg,Rp). Aninteraction between A and B is a set
AAB: {Al | Ai EQABUQBA, izl,..,h } | |

Definition 9. Let:

A:(EA,RA) and B:(EB,RB);

A=Aprg={Ai | i=1,..,h} is an interaction between A and B;

F Ai=Fi=(EFri,R¥;) is reflection realised by the impact A;;

An interactive reflection V ag between A and B realised by the interaction Aa g is the set of all reflections
FAi; i.e. VAB= {FAi|i=l,..,h} ]

The self-interaction Aa A is the interaction from A to A where all impacts are self-impacts. In such case the
corresponding interactive reflection is called interactive self-reflection.

2.5. Information

Definition 10. Let:

A:(EA,RA) and B:(EB,RB);

tisanimpactof A on B,i.e. 7=(A—B).. , T € Qa5

3 entity C:(Ec,Rc)IC?&A, C¢B;

3 y=(B—C),, which can be composed with t=(A —>B)+;

3 transitive impact &= {1,y }=(A—=>B—>C)¢ ;

Jimpact p=(A—>C);, @ € Qac and Q=E;

F, is a reflection of the impact ¢ and F is a reflection of the impact &.
Fisinformation for A in B if IreRc:(Fy—F¢), m

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

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

Every reflection may be considered as information iff there is corresponded information evidence or
information witness.
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For practical needs, it is more convenient to follow the next consideration.

The reflection in the recipient represents both the relationships and the sub-entities of the source. From other
point of view, the relationships build up and present the entities. Because of this, the reflected relationships
are the essence of the reflection. In other words, if a reflection evidence exists then the reflection of the
forming relationship may be considered as "information” for reflected entity.

Therefore, in the sense that the evidence exists to point what relationship (between what entities) is reflected
and where it is done, we may say that "the information is reflected relationship".

Conclusion

The translation of the philosophical theory into the formal one is a good approach for verification of the
scientific ideas. The concept “Information” of the GIT was presented formally in this paper. The definition
given above is a first step for building the formal part of the GIT. Together with the philosophical explanations,
it gives us a useful tool for investigation of the information phenomena in the real world.
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INTELLIGENT SYSTEMS MEMORY STRUCTURING
V. Gladun

Abstract: The requirements for the memory structuring of intelligent systems are discussed. Simultaneously
with the introduction of information into memory there should take place the processes of association links
(bonds) formation, hierarchy systematizing, classification and concept formation. The growing pyramidal
networks (GPN) meet these requirements. Many years of experience of GPN application for data analyses in
chemistry and material studies proves their sufficiently high potential.

Keywords: intelligent systems, growing pyramidal networks, data analysis.

1. Perception, presentation and analysis of information in intelligent systems

1.1. Competition of a computer with a man in resolving of intelligent problems more and more often ends up in
the victory of a computer. But there arises the evident contradiction: computer genius victoriously solves the
most complicated multivariate problems in artificial, relatively poor media (chess, for example) and “stumbles”
over solving simple (for a man) life problems, requiring still quick understanding and assessment of multi-
component situation.

What compensates the evident advantage of a computer over a man in quickness? The answer is unanimous
that the reason lies mainly in memory structure. We will try to identify the structural peculiarities of memory,
which, to our mind, are necessary for formation of clear explanations of a human phenomenon of information
processing.

1.2. The peculiarity of intelligent systems, which causes no doubts, is the ability to analyze the perceived
information. The process of analysis consists in picking up the integral parts and characteristic attributes of
the analyzed whole. The product of analysis is organized (for example, with the help of logic links) sum of
object attributes.

Thus, irrespective of the type of the information perceived (continuous or discrete) at a certain stage of
analysis there appears a discrete representation of objects in the form of arranged aggregate of information
blocks — attributes. The attributes serve as building blocks for the following analytical processes, leading in
the long run, towards formation of generalized information models of the objects perceived. So, discretization
of the perceived information, which consists in demonstrating attributes of objects, is an important peculiarity
of intelligent systems.

1.3. The prevailing tendency in developing of intelligent systems is the improvement of man — machine
interaction until the achievement of partner level of man-machine relations. That is why it is important to use
natural, pertaining to a man principles of problems, situations and media modeling in computers. Partner
model types (a man and a computer) should be similar. In life activity of a man a very important role is played
by logic - linguistic information models, i.e. such models where the main elements are not numbers and
calculations but names and logical bonds. Logic - linguistic models are adequately described with natural
language constructions, and it is one of their decisive merits for designing of a man — machine interface. In
computers to come there should be created conditions for man — machine solving of problems in partner
mode providing switching over from a computer to a man and vice versa within the process of solving of
problem. Such mode could be set up only by means of adjustment of information model types, used by
partners. Logic — linguistic models are the most acceptable model types for such an adjustment.

1.4. Formation of memory structure is done simultaneously with perception of information and under the
impact of the information perceived and already stocked. The memory structure reflects the information
perceived. Information structuring is an indispensable function of memory.

The main processes of structuring include formation of associative links by means of identifying the
intersections of attributive representations of objects, hierarchic regulation, classification, forming up
generalized logical attributive models of classes, i.e. concepts.

Under real conditions of information perception there is often no possibility to get whole information about an
object at once (for example, because of faulty foreshortening or lighting during the reception of visual
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information). That is why the processes of memory formation should allow for the possibility of “portioned”
construction of objects models and class models by parts.

1.5. In different processes of information processing objects are represented by one of the two means: by a
name (convergent representation) or by a set of meanings of attributes (displayed representation). The
structure of memory should provide convenient transition from one representation to another. Mechanisms,
providing such transition in neuro system of a man at recognition or recollection are considered in the works of
S.G. Voronkov and Z.L.Rabinovich [1].

Let us sum up the above mentioned theses in the form of requirements to memory structuring in intelligent
systems.

— In intelligent systems knowledge of different types should be united into net-like structure, designed
according to principles common for all types of knowledge.

— The network should reflect hierarchic character of real media and in this connection should be convenient
for representation of gender-type bonds and structures of composite objects.

— Obligatory functions of the memory should be formation of association bonds by revealing intersections of
attributive object representations, hierarchic structuring, classification, concept formation.

—  Within the network there should be provided a two-way transition between convergent and displayed
presentations of objects.

2. Growing Pyramidal Network

The above mentioned requirements are met by growing pyramidal network. The theory and practical application
of growing pyramidal networks are represented in many publications [2-5]. In this paper we present somewhat
changed rules of formation of growing pyramidal network, ensuring their construction at the introduction of
object attributive descriptions by parts. The example of a growing pyramidal network is presented in Fig.1.

bm#l-ﬂlwn.lm-ﬂlmmmmmﬁlmlﬂ‘mm
minlnlslslinlsisinlisislsininlinininlin]lslinlsl sl
L L] 1 L LU 1 N L1 o L || (L | il L LU n 4 Ll
oo N o= e AN AN N N N A e e e o= A e o= O N M N NN
Fig. 1.

The pyramidal network is called a cycled oriented graph, where there are no vertices having one incoming
arch. The vertices that have no incoming arch are called receptors, other vertices are called conceptors. The
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subgraph of the pyramidal network which includes a vertex and all vertices, from which there are paths to a
vertex, is called pyramid of a vertex. The vertices pertaining to a vertex pyramid form up its subset. The set of
vertices towards which there are paths from a vertex is called superset.

In a subset and a superset of a vertex there are 0-subset and 0-superset that consist of those vertices that are
immediately connected with it. While constructing a network the sets of meanings describing some objects
(materials, aggregate states, situations, illnesses etc.) serve as incoming information. Receptors correspond
to the meanings of attributes. In different problems they could be names of properties, relationships, states,
actions, objects and objects classes. Conceptors correspond to the descriptions of objects as a whole and
intersections of descriptions. The network shown in the Fig.1 is built on the basis of the Table where the
objects are pairs of chemical elements, forming and not forming compounds.

Table

Object Class 10 1A 1R 11 20 2A 2R 2l
Li2CoF4 A S 3 4 1 D 3 5 7
Ti2BeF4 A P 6 10 3 S 1 1 10
Li2NiF4 A S 3 4 1 D 6 5 7
Li2ZnF4 A S 3 4 1 D 1 6 10
Na2BeF4 A S 9 8 1 S 1 1 10
K2MnF4 A S 9 10 1 D 6 8 6
K2CuF4 A S 9 10 1 D 3 6 7
NaF-ZnF2 B S 9 8 1 D 1 6 10
NaF-NiF2 B S 9 8 1 D 6 5 7
KF-BaF2 B S 9 10 1 S 6 10 2
LiF-MgF2 B S 3 4 1 S 4 5 7
LiF-CaF2 B S 3 4 1 S 6 9 3

In the Table he object descriptions are given, where 10, 1A, 1R, 1l are the names of attributes, describing the
first element of the compound; 20, 2A, 2R, 2| are the names of attributes, describing the second element of
the compound, and the letters and figures in cells are the meanings of the corresponding attributes.

In the initial state the network consists only of receptors. Conceptors are formed as a result of the work of
algorithm of network construction. The algorithm described in a number of publications [2-5] is meant for the
work in situations, where the attributive description of each object is fully known and is introduced as a whole.
With appearing of new attributes, which characterize the object, it is necessary to form a new complete
description of the object and to replace the pyramid that represents it with another one, which corresponds to
the new description. But as it was mentioned in real situations of functioning of an intelligent agent
simultaneous perception of all characteristics of an object is far from possible. In such cases the information
about objects comes in parts. Then there arises the necessity to change a bit the algorithm of constructing a
network to provide the possibility to include into the existing object pyramids new attributes according to their
appearance without replacement of pyramids as a whole. Now we will present the description of the changed
algorithm.

At the introduction of an attributive description of an object receptors corresponding to the meanings of
attributes coming into the description are transferred into the state of excitation.

The excitation is propagated through the network. The conceptor is switched to the state of excitation if all
vertices of its 0-subset are excited. Receptors and conceptors preserve the state of excitation within the
period of performing all the operations of constructing of the network.

Let at the introduction of the description of some object Fa be the subset of the excited vertices of 0-subset of
a- vertex; G is the set of the excited vertices of the network having no other excited vertices in their supersets.
Introduction of new vertices and arcs is done according to the following rules.

Rule 1.

If a vertex is not excited and Fa set contains more than one element, then arcs, connecting vertices from Fa
set with a vertex are annulled and a new conceptor is introduced, which is connected by incoming arcs with
vertices of Fa set and by an outcoming arc with a vertex. The new vertex is in the state of excitation.
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Fulfillment of the rule 1 is illustrated by Fig.2(1, Il). The network Il appears after excitation in the network | of
2,3,4,5 receptors. As it follows from the rule 1, the condition of introduction of a new vertex into the network is
the situation when a certain vertex is not completely excited (not all vertices but not less than two of its 0-
subset are excited). New vertices are introduced into 0-subsets of not completely excited vertices.

After introduction of new vertices into all areas where the condition 1 is met, the rules 2 or 3 are applied.

New Vertex

Fig. 2.

Rule 2.

If G set contains more than one element and does not include the vertex marked with the name of the object
introduced, a new conceptor joins the network and is connected by incoming arcs with all vertices of G set.
The new vertex is in the state of excitation.

Fulfillment of the rule 2 is illustrated in Fig.2 (I, Ill). The network IIl appears after excitation of receptors 2, 3,
4,5, 6 in the network |I.

Rule 3.

If G set contains the vertex, marked with the name of the object introduced, this vertex is connected by
incoming arcs with other vertices of G set.

Fulfillment of the rule 3 is illustrated in Fig.2 (Ill, IV). The network IV appears after excitation of receptors 2, 3,
4,5, 6,7 in the network Ill under condition that this set of receptors corresponds to the description of b object.
In the changed algorithm the possibility of introduction of new attributes into the existing pyramids is provided
by the rule 3.

Pyramidal networks are convenient for performing different operations of associative search. For example,
one could choose all objects, containing a given combination of attribute meanings, following the paths
coming out the vertex, which corresponds to this combination. For the access of all objects the descriptions of
which intercross with the description of the given object, it is enough to trace the paths coming out of the
vertices which form up its pyramid. All processes, connected with construction of the network at the
processing of one description are localized in a relatively small part of the network, i.e. in the pyramid,
corresponding to this description.

Hierarchical structure of the networks, which allows them to reflect the structure of composing objects and
gender-species bonds naturally, is an important property of pyramidal networks.

Conceptors of the network correspond to the combinations of attribute meanings, defining conjunctive classes
of objects. With insertion of excited vertices into the pyramid of the object there takes place linking of the
object with the classes, the definitions of which are represented by these vertices. Thus, while building a
network, there form up conjunctive classes of objects, i.e. classification without a teacher takes place.
Classifying properties of a pyramidal network are very important for automation of media and situation
modeling.

The transfer from convergent representations of objects (conceptors) to displayed ones (sets of receptors) is
fulfilled by a survey of pyramids in different directions.

In growing pyramidal networks there are realized the processes of forming generalized logical models of
object classes, i.e. concepts.

The formed up concept of any complexity is represented in the network by an ensemble of specially picked
out vertices. On the basis of network analysis a special procedure builds up a concept in the form of a logical
expression.
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Logical expressions defining classes of objects are united in Cluster Data Base (CDB). CDB contained
information about object groups (clusters) that are specific for the domain under investigation. CDB are used
for classification, diagnostics and prognostication.

When the concept for a certain class is formed, the problems of forecasting and diagnostics are reduced to
the problem of classification. Classification of new objects is done by comparing their attributive descriptions
with the concept, determining the class of objects to be forecasted or diagnosed. The objects could be
classified calculating the meaning of logical expressions, representing the corresponding concepts.

In a pyramidal network the information is stocked by its reflection in the network structure. Information about
objects and object classes is represented by ensembles of (pyramid) vertices, distributed along the whole
network. Introduction of new information causes redistribution of bonds between the vertices of the network,
i.e. change of its structure.

Of course, the benefits of pyramid networks are fully demonstrated with their physical realization, which allows
parallel spreading of signals through the network.

There is the analogy between the main processes taking place in growing pyramidal networks and neuron
networks. The decisive advantage of a growing pyramidal network is the fact that its structure is formed
completely automatically depending on the introduced data. As a result there is achieved optimization of
information presentation due to adaptation of the network structure to the structural peculiarities of the data.
Unlike neuron networks the adaptation effect is achieved without introduction of a priori excess of the network.
The learning process does not depend on predetermined network configuration. The drawback of neuron
networks if compared to the growing pyramidal network is also the fact that generalized knowledge in them
cannot be represented in the form of rules or logical expressions. It makes their interpretation and
understanding by a man difficult.

The program system CONFOR (CONcept FORmation) that implements methods of data analysis on the basis
of growing pyramid networks has been tested by time. The typical applied problems, for solving of which this
system was used are: forecasting new chemical compounds and materials with the indicated properties,
forecasting in genetics, geology, medical and technical diagnostics, forecasting malfunction of complex
machines and sun activity.

3.Summary

Pyramidal network is a network memory, automatically tuned into the structure of incoming information. Unlike
the neuron networks, the adaptation effect is attained without introduction of a priori network excess.

The research done on complex data of great scope showed high effectiveness of application of growing
pyramidal networks for solving analytical problems. Such qualities as simplicity of change introduction,
combining processes of information introduction with processes of classification and generalization, high
associativity makes growing pyramid networks an important component of forecasting and diagnosing
systems.
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DISTANCES BETWEEN PREDICATES IN BY-ANALOGY REASONING SYSTEMS
V. Koval, Yu. Kuk

Abstract: The purpose is to develop expert systems where by-analogy reasoning is used. Knowledge
“closeness” problems are known to frequently emerge in such systems if knowledge is represented by
different production rules. To determine a degree of closeness for production rules a distance between
predicates is introduced. Different types of distances between two predicate value distribution functions are
considered when predicates are “true”. Asymptotic features and interrelations of distances are studied.
Predicate value distribution functions are found by empirical distribution functions, and a procedure is
proposed for this purpose. An adequacy of obtained distribution functions is tested on the basis of the

statistical y* —criterion and a testing mechanism is discussed. A theorem, by which a simple procedure of

measurement of Euclidean distances between distribution function parameters is substituted for a predicate
closeness determination one, is proved for parametric distribution function families. The proposed distance
measurement apparatus may be applied in expert systems when reasoning is created by analogy.

Keywords: expert systems, production rules, predicates, distances between predicates, by-analogy
reasoning.

Introduction

Partnership systems are known to be the ones [1] able not only to use experts’ knowledge, but also to derive
themselves new knowledge from data accumulated in memory. They have means used to derive knowledge
from data represented as statistical or empirical “object-feature-time™-type tables [2]. While inferences are
obtained in traditional expert systems only deductively, partnership systems use additionally inductive
inference features, by-analogy reasoning construction facilities and non-monotone reasonings [1]. The by-
analogy reasoning creation basis is the rule that resembling conditions entail resembling effects in immediate
proximity to known productions. Therefore, to construct a by-analogy reasoning mechanism, one should be
able to compare a condition and an effect resemblance degree. A knowledge in expert systems is usually
represented as “if X, & X, &...& X, , then A’-type productions. Compare two productions, for instance,
by some PROLOG language features, and left and right sides of both productions are compared. Productions
coincide if compared predicates fully coincide. If productions do not coincide, then partnership systems take a
non-coincidence degree into account. For this purpose, a distance between predicates is introduced in such
systems, and it becomes possible to measure a degree to which one production resembles another. Thus, it is
also possible to construct a by-analogy reasoning inference mechanism. By-analogy reasonings may be
ilustrated by the following example. Assume that it is necessary to check whether conditions
X, & X, &...& X,, lead to an effect A. An inference system detects that a knowledge base (KB)

contains a resembling knowledge, i.e. “if Y, &Y, & X; &...& X, then A ", a truth of which is equal to
P . The conditions Y, and Y, do not coincide with X, and X, in this knowledge. Their non-coincidence
degree is calculated. Hence, find a distance d(X,Y) between the predicates X =X, & X, and
Y =Y, &Y,, and, if it does not exceed a threshold 7, the conclusion is that A is probable.  The truth of

this inference is P’ < P . A truth lowering value depends on a length of a distance between X and Y . The
by—analogy inference rule scheme may be represented as

BB — A,d(B,B)<7

(1)

A
Example 1. Let a predicate subject domain be a set of real functions f (x) with one variable. Consider three
predicates: 1) predicate B', i.e. “to be function M”; 2) predicate B, i.e. “to be polynomial f,(x) with
X

power exponent n=2m”, where
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2 4 6 2m
foy=1-2 X X Fet (=D X .
23 2345 234567 23-4.-2m+1)

(2)

and 3) predicate A, i.e. “to be represented as product of linear co-factors f(x):H(X—ai), where
i=1
a;,i=1,...,n areroots of equation f(x)=0".The expression B — A is known [3]. Calculate the distance

between B and B’ by the following formula: d(B’, B) = sup|g(x) — f,(X)|.
When n is chosen, this distance can be made shorter than any number 7 that is as low as possible:

d(B’,B) <n . This fact be proved, if the function g(x) = @ is expanded into Taylor series:
. 2 4 6 2m
:Sm(x)zl— X X - X +eet (D" X o
2.3 2.3.4.5 2.3.4.5-6-7 2:3-4--2m+1)
Since d(B’,B)<n, then B'— A is the by-analogy inference (expression (1)), i.e. the function
sin(X
g(x) = 1)
X

g(x)= sin(x) =0 are z,—x,27,—2rx,..., then, when obtained by analogy, expansion (3) has the following
X

9(x)

(3)

can also be expanded into linear co-factors. Since the roots of the equation

2 2

S X 4)(—2)---(1—%)---. Pursuant to this formula, it is possible to determine the
T n-xz

form: =
X

(1_%)0_

1
+
47*  97?
Lo,

—L, in expansion (3). And =—2+—2+%+--- is the result, from which the famous Euler
2-3 23 77 4n° 9z

+--+), and to make the latter equal to the factor under X2 ,i.e. to

factor under X, i.e. —(iz+
T

formula follows:

1. Distances between Predicates

1.1 Empirical Predicate Distribution Functions. An m -ary predicate X = X(y,,...,Y,,) is understood as

a function, values of which are statements about m objects. Such objects are predicate argument values. A
predicate is an object “feature” under m=1 and it is a “relation” between m objects under m > 1.

Introduce the notions of empirical frequencies and of predicate value distribution functions needed in order to
compare two “resembling” predicates X and Y . Consider the following cases.

1) m=1 and a number of different true statements about an object feature is finite and equal to K . Bring an
integer number, respectively, 1,2,...K in correspondence with each such statement. Let there be n objects
from some subject domain and, respectively, n true statements about a single feature of every such object.

Define an empirical frequency for an i -th statement as p; = ?' where k; is a number of i-th statements

from among a whole number of n true statements. Pursuant to these frequencies, define an empirical
distribution function F, (x) as a step function of a real variable X . This function is equal to zero under
X<1,to p, under 1<x<2,t0 p, +p, under 2<x<3, ... ,and is to 1 under x> K . The derived

n
empirical frequencies p;, i=1,....K, Z p, =1,and F. (x) characterize this predicate well enough.
i=1
2) And now here is the general case when m >1 and a number of different true statements has a power of a

continuum. Construct an empirical distribution function F, (x). Let there be n selections that have m objects
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from some subject domain and n true statements about relations between m objects from each selection.
Bring a real number from the space R, in correspondence with each such statement. The result is that there

are n numbers Xi,...,X, on the straight line R,. Arrange these numbers in the ascending order, i.e. the
variational series X, <...< X, is formed. Define F.'(x) as a step function with the steps equal to 1/n. It
is the function of a real variable x, and it is equal to zero under x <X, to k/n under X, < X< Xy,
k=1,...,n—1,and to 1 under x> X, .

3) Consider the formula X = X, & X, &...& X . Construct an empirical distribution function F, (x) for
the formula X . Let a predicate X; be m;-ary, m, > 1 and a number of different true statements about m;
objects has a power of a continuum. Then, bring the values of X; in correspondence with the i -coordinates
of the points from the K -dimensional space R, . Let there be n selections that have m objects

(m= Zu:mi ) from some subject domain and n true statements about relations between m objects from
i=1

each selection. To reflect relations between m objects, bring the K -dimensional vector from the space R,
in correspondence with each such statement. The result is that there are n vectors Xxj,...,x; from R, ,
where X/ =(X/,,...,X ). Define F.(x), where X=(X,...,X<)€R,, as follows. Consider a set
B, ={yeRx:Vy;<X,i=1,...,K}. Denote a number of x;,...,X; by v(B,) as for the vectors that got
into B, . Assume the following: F, (x) = v(B,)/n, XxeRy .

It can be shown by analogy with Glivenko-Cantelli theorem [4] that the following assertion is valid for empirical
distribution functions: F, (x) converges under n — oo to some single limited predicate distribution function
G(Xx).

1.2. Calculating a Distance between Predicates. Differences in functions of distribution of two predicates or

formulas can be used in by-analogy reasoning systems in order to compare two “resembling” predicates or
formulas. Let G(x) and Q(X) be predicate value probability distribution functions or formula value
probability distribution functions, respectively, for X , the first predicate or formula, and for Y , the second
predicate or formula. In practice, empirical distribution functions or distribution function estimates are used as
the former ones. They are selected from appropriate standard parametric distribution function families and
tested for adequacy. The distribution function estimate derivation methodology is considered below.

Definition 1. A distance d(X,Y) between predicates or formulas X and Y is a distance d(G,Q)
between two value distribution functions G(x) and Q(x) when these predicates or formulas are true under

their values.

Consider the distance d between two formulas X = X, & X, &...& X, and Y =Y, &Y, &...&Y,,
for the case when a “feature” or a “relation”, described by each separate predicate, are by no means
associated with “features” or ‘relations” described by other predicates. Let Gy ,Gy ,...,Gy ~and

Qy,»Qy, »---,Qy, be the distribution functions, respectively, for X, X,,..., X, and Y;,Y,,...,Y,. Then, d
between X =X, & X, &...& X, and Y =Y, &Y, &...&Y,, is equal to the distance between two
products of the respective distribution functions Gy =Gy -Gy -...-Gy and Q, =Qy -Qy -...-Qy .

w

If an expression for d between predicates or formulas is chosen correctly, it is possible to use further on
“good” features of this distance, for instance, the distance calculation procedure itself may be simplified.
Consider various expressions used to calculate distances between X and Y . The distance

d(X,Y) =d(G,Q) = supG(x) - Q(x)| (4)

means an absolute deviation of values for one distribution function with respect to another distribution function
at each point and the distance

d(X,Y)=d(G,Q)=_f(G(X)—Q(X))de(X) (5)

takes a root mean square deviation of these values into account.



18 International Journal "Information Theories & Applications" Vol.10

Example 2. Calculate the distance d between the predicates B’ and B from Example 1. For every X, the
real value for B’ is equal to g(x)zm. Therefore, the distribution function G(y) for this predicate is
X

equal to zero under y < g(x) and to 1 under y > g(x). The values of B correspond to the values of the
polynomial f (x): y, = f,(X), ¥, = f,(X), ..., ¥, = f,(X) that, under different and sufficiently large
n, n>n,, are arranged in a certain way within the interval A of the following form:
A =[g(X)—n,9(x)+n]. However, when n increases, the points f_ (x) approach the point g(x)
because of f (x)— g(x). The distribution functions Q(y) for these points are not found, since only the

upper estimate for d between B’ and B is important. The following is made: move each of these points
away from g(x) in such a way that they fill in the interval A uniformly. The result is that the distribution

function ﬁ(y) in its new position becomes uniform, but the distance between G(y) and the new Q(y)
increases here in comparison with the previous one between G(y) and Q(y) Therefore:

d(B,B’)=d(G,Q) < d(G,Q). Since

n,/n, when y = g(x)—n
~ n-n,_ n, n-n
Q(y) = TYﬁLF—T(Q(X)—ﬂ)a when g(X)-n<y<g(x)+n
N 1 N when y > g(x)+mn

then, if formula (5) is used, the following expression takes place: d(G,Q) = %(1 —%)311 < g Hence, the
upper estimate is derived for d(B,B"). Thus, if sup|g(x)— f,(x)| <7, then d(B,B’)<#/6. Therefore,
X

these formulas for the distances are equivalent.

1.3 Kulbak-Leibler Distance, y>-Distance, Hellinger Distance. Consider now different types of distances
between two predicates X and Y for the case when their distribution functions Q and G have,
respectively, the densities gq(x) and g(x) as for a measure . The Lesbegue measure may be used for
one group of distribution functions (absolutely continuous distributions) and a counting measure may be taken
for another group (discrete distributions) as 4. Let N, be a carrier of Q (Ng ={x:q(x)>0}), and let
N; be a carrier of G (Ng = {x:g(x) > 0}). The Kulbak-Leibler distance between X and Y is
calculated in the following way:

H(X.Y)=1(G.Q)= j 1n%g(x)u(dx).

The y»*-distance between X and Y is

XY =RGQ = | A8 g
NoUNe ()

The values of r,(X,Y) and r,(X,Y) are more than or equal to zero. However, the equalities r,(X,Y)=0
and r,(X,Y)=0 are possible only under Q =G . Since r(X,Y) and r,(X,Y) are not the symmetric
functions of Q and G, then r;(X,Y) and r,(X,Y) are not the distances in the general case because of
LOXLY)=n(Y,X) and n(X,Y)=r,(Y, X). Nevertheless, essentially speaking and from the statistical
point of view, r;(X,Y) and r,(X,Y) characterize a deviation of Q from G .

The Hellinger distance between X and Y is

L) =5GQ= [ (V00400 Jutdn.

NoUNg
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and it is already the symmetric function for X and Y . The value /r;(Q,G) possesses all the metric

characteristics between the functions Jq(x) and J g(x) in the metrical space L, .

Consider the features of these distances, important when a predicate resemblance threshold is chosen. If a
predicate closeness degree is characterized by such distances when q(x)/g(x) is close to 1, then the

following result turns out to take place:

1(Q.6) =5 1(Q.6) = 25,Q.6).

Asymptotically, all the distances behave in the same way. To study this asymptotic feature, assume that G
and Q for X and Y are taken from one and the same parametric family and defined, respectively, by the

parameters € and &+ A. Then, the rate of the convergence to zero for the distance between X and Y is
equal to O(A?) under A — 0. This fact follows from the asymptotic equality
1) o

r(A) = 4

where |(8) is the Fisher information found by the formula

(gfg(X))zﬂ

1(0)=
@ 9y (%)

(dx) .

1.4 Predicate Comparison Procedure Simplification Theorem. The predicate resemblance determination
procedure falls into two stages: 1) calculate a distance between predicates; and 2) compare a calculated
distance with a threshold 77 . Let G and Q be distribution functions for predicates X and Y that belong to

the same parametric family ¥ = (GH|6 € ©) and differ only in their parameters. Assume that G, and G,

are, respectively, the predicate value distribution functions for X and Y . Consider the Kulbak-Leibler, z*-
and Hellinger distances as the ones between predicates: p;(6,,6,), i=1,2,3. The following theorem is

true.
Theorem 1. Assume that value distribution functions for predicates X and Y belong to a parametric

distribution function family ¥ = (G, /8 € ©). Let the following conditions be met: 1) a parametric set ® is
compact; 2) G, #G, under 6, #6,; 3) for every 6e®, Fisher information is restricted:

0<1(@)<4b<o. Then, p;(0,,0,)<5, i=1,2,3 is equivalent to (&, —6,)> <5/b;, where b;,
i=1,2,3 areconstant, b, =2b, b, =4b, b, =b.

This theorem reduces the predicate resemblance determination procedure to the simple procedure by which a
Euclidean distance between distribution function parameters is determined. The © -set compactness
condition is not assumed to be restricting and it means that © is restricted. The second condition means that
pi(6,,6,) > 0 takes place under 6, # 6, .

1.5. Distribution Function Estimates. As a rule, a predicate distribution function is not known. It is not very
convenient to deal with empirical distribution functions. Therefore, the already known classes of distributions
are used and estimates for G(x) are created. Assume that an unknown estimate of G(x) for a predicate X

belongs to ¥ = (G, /@ € ©). Construct an empirical function G, for X . Let G * be a function from ¥
that is closest to G, as for a distance d , i.e.
d(G*,G,) = rnneiql}d(n,e;‘) :

G * with the parameter € * is an estimate for G(x) as for a minimum of d .



20 International Journal "Information Theories & Applications" Vol.10

Consider the practical methods used to create the estimates for distribution functions. First of all, describe the
> —procedure that helps to find estimates. In this case, the distance

L (Ps ()~ Po(A))?
d(G,Q)=
©Q=2"=p%)

isusedas d ; A,,...,A, are non-intersecting sets of a predicate value space R and their union is equal to
R;

PG(Ai)zjdG(x), PQ(Ai)zde(x), i=1,...r.

Take G, (x) as Q(x). The estimate @ * as for the given minimum distance is a value of &, and

Vi 2
Pg(Ai)_lj :
R ( n) _~~ (P (a)-v)

e ) Y W R ey wat ¥

is minimized under this distance; in the present case, v; = nG, (A;) is a number of predicate values that got
into the set A; and under which a predicate is “true”. Differentiate expression (6) with respect to the
parameters, the components of which make up the vector @, make the derivatives equal to zero, and the
equation system is derived relative to unknown parameters. Solve this system and find the estimates for the
parameters. The obtained G *(x) is then tested for adequacy. If a test result shows that G *(x) is not

adequate to the data, then an initial distribution function family should be changed.

Consider the practically important maximum likelihood method also used to derive the estimates. To create a
maximally likely estimate means to define one more important distance between an arbitrary Q and G, from
Y =(G, /6 <c0).ltis assumed that G, possesses a density g, (x) with respect to a measure .. Such
a distance is expressed by the formula

PG, Q) ==[1In g, ()QAM).
If an empirical G, is taken asQ , then the estimate for @ is called the maximum likelihood estimate and it

minimizes the distance p(G,,G). The yielded function estimates have the “good” features, i.e. they are

efficient and asymptotically not biased.
1.6. Testing for Adequacy. Obtained distribution function estimates are tested for adequacy before a distance

between predicates is found by means of them. An adequacy of a found function is tested for by the -

statistics. The testing mechanism is as follows. Consider the hypothesis that, when a predicate is “true”, probable
predicate values are distributed by G *(x). Divide a predicate value space into a finite number of sets

A,,...,A, without common points. Calculate the values of p; = P;(A;). Determine the frequencies v; , i.e. a
number of predicate values under which itis “true” and that got into a set A, . Calculate the statistics
r 2
2~ (np - ;)
r=) —.
; np;
It is possible to show by analogy with [4] that the > -statistics distribution function does not depend on an

initial predicate value distribution function at all under n — oo . The former function is expressed by the
formula

1-r r—1 -3 x
W, (X)=22 F‘l(zj 2e2, x>0
and helps to find the point X, s for which the expression

j w,_, (x)dx = 0.05

X0.05

takes place. If > > x, s, then the choice of a distribution function is wrong.
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2. A By-Analogy Reasoning System Flowchart

Figure 1 depicts a by-analogy reasoning system flowchart. Let the following request be received by the
system: “Is effect A possible when conditions X, & X, &...& X, are met?” The production rule “if

X, & X, &...& X,, then A”is sought for in the KB. If it is found, the answer is positive. If it is absent, the
production rule “if Y, & X, &...& X,,, then A" is sought for, the conditions of which contain the same

predicate names as in the request conditions, but the first predicate differs from first predicate in the request.
If this rule is not found in the KB, then such a production rule is sought for, the conditions of which differ from
the request conditions already in the second predicate: “if X, &Y, &...& X, then A”. And so on. For

more certainty, let the procedure result be that the desired production rule “if X, & X, &...
L&X &Y & X & & X, then A”is found in the KB at the i -th step. However, the predicate Y;
does not coincide in this rule with the predicate X, . Therefore, the procedure is started up that determines a
closeness of predicates that do not coincide.

Request: Does effect A follow from
conditions X = X; &...& X ? Find X = X; &...& X;;; = A in knowledge base (KB)

Yes

No

Is there
X —> A in KB?

n

i=i+] g i=0

X > A

\/

Find Y(i)=Y, & X, &...& X,, — A inKB

:

Construct empirical distributions
for X; and Y, by data unit.

IS there
Y(i)— A inKB?

F t i '
of distrbutons Test estimates Calculate distances eshord
for X; and Y, [~ foradequacy. ™ between predicates g
No No
Yes
Yes

Inference by analogy
X — A e END }

Figure 1. By-Analogy Reasoning System: A Flowchart

The data about distribution of the values of X; and Y;, under which they are “true”, are extracted from the
database. Pursuant to these data, the empirical F. (x) and G.(x) are constructed for the values under
which they are “true”. In accordance with F, (x) and G, (x), the estimates of F*(x) and G"(x) are found
as for X; and Y;. To find such estimates, introduce a distance between the distribution functions. To derive
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the estimates, find the distribution functions from the specified families that are closest to the found empirical
functions in the sense of an introduced distance metrics. The obtained estimates for F*(x) and G"(x) are

then tested for their adequacy as for the available empirical data by the y*—criterion. If the estimates for
F'(x) and G"(x) do not fit available empirical data, choose another family where the same estimates are

sought for again. The adequate estimates of F"(x) and G"(x) are yielded, and a distance d between the
considered predicates is calculated by means of them. This distance determines a degree of “resemblance” or
‘closeness” for X; and Y;. Predicates are close if a distance between them does not exceed some
threshold. As a threshold, a sufficiently small positive number 7 is chosen, and a value of this number states
a by-analogy inference truth. Under d(X,,Y;)<n , there is the following by-analogy inference: “if
X, & X, &...& X, then A" If d(X,,Y;)>n takes place, then a found production rule is rejected, and
a new production rule is sought for that differs from a required one in a next-coming (i + 1) -th predicate.

Conclusion

The paper considers different-type distances between predicates. They are the distances between predicate
value distribution functions under which predicates are “true”. The asymptotic features of such distances and
the interrelation between the latter are studied. The paper proposes the procedure used to find distributions of
predicate values for the case when predicates are true. The distribution functions are found by the empirical
distribution ones. The paper also deals with the mechanism that tests an adequacy of a yielded distribution

function on the basis of the y*—criterion. The predicate resemblance determination procedure is replaced by

the simple procedure that determines Euclidean distances between distribution function parameters. The
replacement theorem is proved for the parametric families. The proposed distances can be used in expert
systems in order to construct by-analogy reasonings.
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ON NEURON MECHANISMS USED TO RESOLVE MENTAL PROBLEMS OF
IDENTIFICATION AND LEARNING IN SENSORIUM

G.S. Voronkov, Z.L. Rabinovich

Abstract: The paper considers some possible neuron mechanisms that do not contradict biological data.
They are represented in terms of the notion of an elementary sensorium discussed in the previous authors’
works. Such mechanisms resolve problems of two large classes: when identification mechanisms are used
and when sensory learning mechanisms are applied along with identification.

Keywords: sensory learning, identification, task solution, elementary sensorium.

Introduction

The main component of thinking quite probably consists in the problem (task) resolution. The question of how
to simulate the brain function of thinking becomes more and more urgent.

The paper represents some viewpoints related to arrangement of neural mechanisms implementing two large
mental problem classes, viz. how the mental identification and learning tasks are solved.

The above viewpoints follow from the general description of sensory systems and of the sensorium in all. This
general description is based on the model paradigm [1]. According to this paradigm, the sensorium is the
neuron model of the familiar sensory environment. The model paradigm notion is actually the projects of the
ideas, mostly known and taken from various spheres of knowledge about the brain and information processes,
onto the unique hierarchical neural network. This network comprises the elementary sensory system [2], the
memory medium [4] and the intelligent medium [4]. It is proposed as the generalized result obtained when
data about structural and functional arrangement of sensory systems are analyzed [2, 5]. The paper collects
and develops the fragments of the model paradigm notion, related to thinking.

Elementary sensorium: some basic notions

1. The long-term memory (LTM) is the very model from the neurons (the very sensorium; see the right part
of Fig. 1), it reflects the potential familiar sensory environment (about unfamiliar environment, see below, # # 1
and 2). In the typical structure (TS; see the left part of Fig. 1), the complex familiar potential object is
submitted as a whole by symbolic neuron and its elementary properties — by the receptors and quasi-symbolic
neurons. In the sensorium, the complex familiar potential object is submitted as a whole by the neuron on the
upper most synaptic level; here the different modal key properties of this object are submitted too. At the lower
levels, its complex subproperties and their traits are submitted. The most elementary indecomposable
properties are submitted in the very first sensory systems TS of the sensorium.

Being influencing, stimulating, the object is submitted in the model by the same neurons, but already in the
excited state. The characteristics specific only to the stimulating object (force, duration, importance) are
submitted in functional parameters of neurons (force and duration of excitation), the memory of them is kept
for some time as a changed excitability of the formerly activated neurons and the changed conductivity of the
ways to them, in other words — in the changed synaptic weight. It is the short-term memory - STM. Its
mechanisms are rather investigated neuro-physiological mechanisms of the plasticity.

The presentation of unfamiliar object activates the neurons of low synaptic levels, only that of the neurons
matching the familiar properties and subproperties of this unfamiliar object. They are remembered for some
time in STM with the help of mechanisms described above. As it is possible to see, the storing in STM is not
accompanied by formation of the new connections. The storing in LTM is the arrangement of the symbolic
neurone to match the new object (as a whole), the new symbolic neuron and formation of its TS connections.
The mutual positive connections inside TS (between symbolic and quasi-symbolic neurons) provide
rhythmization of activity, its quantumization, amplification and contrasting. The latter is provided by the lateral
inhibition characteristic for biological neuro-networks.
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The rhythmic process, in the separate TS, develops, lasts for some time and attenuates. The attenuation
occurs due to the collecting recurrent inhibition. All these processes occur in the olfactory bulb, TS prototype,
and the bulb computer model [6]. The descending connections in the elementary sensorium provide
synchronization of rhythmic activity of appropriate TSs. The activity of the uppermost TS plays a leading role
in this.

Type structure (TS) ELEMENTARY SENSORIUM

symbol quasi-symhbol
Neurons Neurons

symhol neurons
E
&

guasi-symhbol neurons

1T 1T A and B properties E{ s

A B DfABDb]ECt Tttty
P P g FR

. stimuli of vis., audit., stimulus of
AB AB object tact., taste systems olfactory system

Fig. 1.

Task and solution: general notions

2. The task here is a complex object (situation, picture, phenomenon) of the sensory environment, shown to
the elementary sensorium for identification; the solution is the identification of this object. The absence of
identification is absence of solution. The familiar object can be unidentified due to several circumstances: or
due to it is insufficiently distinct among the environmental objects, or it is shown insufficiently full
(fragmentary), or due to combination of these circumstances. We also believe, that any presentation
(actualization) of the environment is "presentation with the purpose of identification" since identification is the
basic function of the sensory systems. The identification process is initiated by influence of adequate stimulus
on the receptors, then the process is directed by the network architecture, the neuron connections, their
present excitability state and others.

The stated question can also be a part of the task condition (if the task is also shown in the verbal form), it is
the important component of the task condition, in fact, the major "help" making the object distinct in the
background.

Note, that the examined elementary sensorium (Fig. 1) is isolated from motivation, emotional and other
systems of the brain. So, by its example, we actually analyze only the own possibilities of this simple circuit (in
terms of the tasks solution) and only occasionally we take account of its communications with other brain
structures. In this analysis we imagine that this circuit works by the known neuro-physiologic mechanisms.
This analysis is limited by the use of only biological mechanisms and model paradigm framework.
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The shown unfamiliar (new) object cannot be identified in principle, since it is not submitted in the sensorium
as a whole. Identification of this object in the sensorium is possible only after formation of its neuron model
(see below, # 6).

This understanding of the "task" and "task solution" is followed by classification of the tasks, being the large
share of all mental tasks in all, to two classes. The first class involves the tasks, solved by the identification
mechanisms only. This is the class of "identification tasks ". The second class involves the tasks, solved, by
the mechanisms forming new "concepts" in addition to the identification mechanisms. The concept-forming
mechanisms are similar to or are the sensory learning mechanisms. It is the class of "learning tasks". Note
here, that the identification and sensory learning differ from the comparative process; the latter is not
considered in the work.

3. The presented identification task, if it is not solvable at once, is submitted in the brain by the activated
sensorium part. This part consists of the activated neurons, matching the background objects and their
properties including the task object and its properties. However, the latter (viz. the neurons matching the task
object) do not reach the condition of activity, appropriate to identification (see below # 7). Thus activated part
of the sensorium is the initial situation.

To the solution of identification task there corresponds the final situation (identification state). It is a steady,
for some time, special dynamic activity state of neurons matching the task object only. These activated
neurons represent simultaneously both the task object as a whole and its major properties. The feature of the
dynamic state consists in the fact that the activity of these neurons is amplified and rhythmical, and their
rhythms are synchronized (see below, # 8). In the period, when the final situation takes place, the neuron
rhythmic activity dominates the activity of others neurons of the elementary sensorium. The neuron
domination is expressed in priority influence of their activity on the effector and other brain systems. In the
stated representation, the domination state is correlated with the phenomenon called by the standard term
"attention".

4. The process of transition from the initial situation to the final situation is the process of task
solution.

By definition, the identification task assumes, that the final situation neurons are submitted in the sensorium a
priori; they are the part of the neuron model (long-term memory), representing the potential environment in the
brain. Thus, the process of the solution consists in selective activation of the final situation neurons. In
addition to "the matching realization mechanism" in the direct sensory pathway, during selective activation,
other elementary sensorium mechanisms (see below, # # 7, 8) act; the set of the selective activation
mechanisms is possible to designate as mechanisms of identification.

The moment, when the final situation is reached, correlates, according to the stated representation, to the
subjective emotional sensation, insight (eureka). Here, it is possible to note, that, since the problem of
sensation remains a principle “blank space" in the brain problem, this subjective display of biological
sensorium work, used here in interpretation of the elementary sensorium work, is only formal.

If the task is not solved (i.e. the final situation is not reached, the insight is not shown), for continuation of the
solution process, it is necessary to expand the task conditions by entering the additional fragments or
different-sort helps making object distinct in the background.

5. There may be the following identification tasks, for instance. 1) A game for children. It is necessary here to
look for and identify a known contour within a web of lines (branches). Task statements are: a represented
picture proper (e.g. branches of a bush); a question asked in some form; other prompts. The solution is vision
and identification of a desired (known) contour. 2) Examination school tasks. The task solution means here to
identify a task type (scheme) since the solution of each task type (description or model in the most
generalized form at upper levels) is already present in the sensorium (or the linguistic system) of a person
being examined on the basis of a passed program. 3) Tasks solved by analogy. As in the case of school
tasks, gist of solution consists in identification of the general scheme characterizing both an initial situation
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and another but the known one, i.e, it is necessary to identify a scheme already represented in the sensorium.
4) In essence, solution syllogisms (i.e. deduction process) also possibly come to identification.

It is obvious, that being similar in principal, the task solution processes in the given examples 1) -4) should
differ among themselves with TS activation sequence.

6. For the learning task, the final situation cannot, in principal, be reached with the help of only the
identification mechanisms since the absence of the uppermost (uniting) TS and other TSs, which potentially
would represent the task object (and its properties), does not allow the solution process to reach the
identification state (see # 2).

To solve this task it is necessary to add the missing TSs into the initial situation. This can be carried out only
by formation of new TSs. At the first synaptic level, the new TS formation is initiated by influence of a new
stimulus of on the receptors (sensory learning). To initiate TS formation at a high level, it is necessary to
activate TS symbolic neurons of the previous level. The latter can proceed in two ways: through the sensory
learning and/or through the influence of activating brain systems on the sensorium symbolic neuron fields.
Evidently, the neuron model formation in the second way largely proceeds from the "internal resources" of the
sensorium, from LTM. Note here, that formation of TS symbolic neurons in the elementary sensorium has
some formal similarity with formation of new tops in pyramidal networks [7].

The model formation proper (new TSs formation) can be considered as a really creative process since it
singles out a new object (or property) in sensory environment (or in its neuron model) and models this object
(viz., matches the new TS symbolic neuron with the new object). In linguistic terms, the singling-out of the new
object in the environment (and the formation of the new "object" on the basis of knowledge) is formation (birth)
of the new concept.

Neuron mechanisms of identification and sensory learning in the elementary sensorium

7. In the elementary sensorium (Fig. 1), matching the potential sensory environment, the initial situation is
represented by the activated neurons of typical structures (TS), paired with the presented task (see # 3).

Thus if any of the key stimulus appears presented," the matching realization mechanism" of the sensory direct
pathway selectively activates the symbolic neuron of the uppermost TS (the neuron input is organized as
disjunction). This neuron matches the task object as a whole.

It activates the matching quasi-symbolic neurons. The latter match the single key properties of the task object.
By descending projections, these quasi-symbolic neurons activate the lower TS quasi-symbolic neurons
matching the subproperties of the key properties.

The neuron activation of all lower TSs can be facilitated by the activities of the ascending pathways. By
associative (signification) projections, the TS symbolic neurons of the initial situation sub-activate (or activate)
the symbolic neurons of other TSs.These neurons play the role of the context. As a result, the quantity of the
activated neurons (and TSs) involved increases. The quantity of the involved TSs determines the depth and
detail of identification.

8. Every TS is rhythmically active because of an arrangement of neuron bonds in TSs (Fig. 1, [2], [5]). Initial
situation TSs are not yet united by the uppermost TS and, therefore, their operation is autonomous to a
significant extent. Their rhythms may also be not synchronized at this moment. If the uppermost TS is
activated, it synchronizes an operation of every final situation TS according to the above bonds. The
synchronization in neuron rhythmic activity of all TSs is reached for some time period. And here is the
“completed pyramid” making up and corresponds the final situation, viz. task solution. This period of the most
intensive neuron rhythmic activity of the completed pyramid runs along with the highest neuron inhibition of all
the neighbouring TSs not matching the final situation. The above activity domination is thus provided. The
above inhibition occurs due to lateral inhibition bonds. This period runs for some time. It is limited by a
recurrent summed inhibition accumulated inside the TS (see # 3). Therefore, the task solution is the
synchronized rhythmic neuron activity of the complete TSs pyramid, stable for some time. The synchronized
rhythmic activity is, so to say, the dynamic attractor where the rhythmic activity of the pyramid vertex TS acts
as the order parameter. According to the above idea, this very state is correlated with sensation of
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identification (understanding) of the complete picture as whole and simultaneously with modal perception
(vision, hearing) of the picture details.

9. What is a possible mechanism of new TSs generation (their symbol and quasi-symbol neurons, bonds
between these neurons and their bonds with other TSs) when the learning task is being solved? One can
make the assumptions close to the truth so far, proceeding, in particular, from the following. 1). The data,
derived from the sensory learning in ontogenesis, show that these mechanisms really exist. This can be
exemplified by generation of detectors of vertical lines for kittens grown up in the environment with vertical
lines and the absence of the detectors when kittens are grown up in the “horizontal” environment (Hubel,
Wisel, 1962). 2). So called stem cells are shown in nervous system. They are generated into new neurons. 3).
The constant “searching” growth of the neuron processes is illustrated. The growth is terminated when a
contact with a target has been established. 4). Some hypotheses about the targeted growth mechanisms
(e.g., it may be the chemical affinity principle) and about the selective bond formation principles (the Hebb
principle) are advanced. 5). A host of neuron mechanisms have been studied that provide the selectivity of
neurons and plasticity of the neuron inputs. 6). The targeted axon projections, including convergence, on
neurons of sequence synapse levels is shown.

10. Consider the hypothetical elementary process of generation of the very first sensorium TS (Fig. 1). A set
of various-type receptors is formed according to the genetic program. The sensory learning for an object
supposes a reiterated activation of a certain set of different-type receptors. This activation initiates the growth
of axons to the next level neurons. The first contact of any axon out of a group of growing axons with one of
the neurons makes this neuron a target for other simultaneously growing axons due to the Hebb principle, for
instance. This is a possible way of the symbol neuron generation. The symbol neuron corresponds to a joint
array of certain properties when a neuron input is generated according to conjunction or to a class of certain
properties when the input is generated according to disjunction. Possibly, the targeted 1:1-projection of
receptors onto quasi-symbol neurons is provided by the chemical affinity factor. The generation of positive
mutual communications between a symbol neuron and corresponding quasi-symbol neurons may likewise be
based either on chemical affinity or on the Hebb principle. Supposedly, the latter is also the basis for
generation of significative communications between any symbol neuron and other particular symbol neurons.
The same principles may also provide the generation of descending bonds of quasi-symbol neurons. Since
the symbol neuron fields act as receptor fields for TSs of the next synaptic levels, the above process can
provide the generation of the second-, third- and higher-level TSs. The TSs generation process is initiated by
activation stimuli: the sensory stimuli occur at sensory learning, and, the stimuli from activation brain systems
occur at learning based on remembering. The process is directed by genetically provided growth, the target
selection mechanisms and by the network architecture.

It is clear that the new TS generation in the neuron model, proceeding from only inner sensorium resources,
calls for additional mechanisms to involved, in particular, the short memory mechanisms for identified
fragments of the initial situation as well as their periodic recurrence (withdrawal from the memory). Likewise,
the tasks may differ by the significance of the initial situation fragments: the higher the level of TSs, being the
fragments of the initial situation, and the more fragments are involved; the greater is the possibility for the
sensorium to solve the problem. This argument is true for the problems of both classes.

It is evident from the above description that the learning problem solution process needs more energy and
more time than the solution of identification problems.

Conclusion: the role of tutor and language system in identification and sensory learning

11. The described way, where the concepts are derived in the elementary sensorium, is possibly basic
providing the emergence of the concepts in fauna evolution and in the creative human thinking. Likewise, the
sensorium concepts in ontogenesis in animals are generated more efficiently, namely, via learning by tutor. In
fact, the tutor-involving method consists of the sensory learning supplemented with the important prompt into
the initial situation. The prompt helps single out the object as a whole from the background. When higher
animals bring up their progeny, the behaviour of mature animals acts as the prompts. Humans also have this
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element, but prompts are implemented largely verbally through the language system associated with the
sensorium [2,8]. The language system matures in ontogenesis faster than the sensorium. Thus, in addition to
the genetic factor, the volume of the formed sensorium (LTM) is incomparably larger than that in animals; the
human sensorium is actually of another quality. It may well be, the role of the language system was as much
important in development of the sensorium (genetically fixed) due to their communication function in the
unusually rapid evolution of humans.

Likewise, there occurred the evolution of the language system proper. In addition to the communication and
simulation functions, the intelligent function (task solution) was also developed in it. There is a ground to
assume that the above description fragments of thinking neuron mechanism in the sensorium are also
applicable for the language system.

In addition, the interaction between the sensorium and the language system is a new factor in thinking,
including the creative one, and adds new additional mechanisms there. This makes the qualitative level of
thinking even higher.

It is evident that, the working-up of the aspects, in addition to the whole number of other ones not considered
in this paper can make an essential contribution into the development of the model paradigm notion about
thinking mechanisms.
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TOWARDS THE SEMIOTICS OF NOOSPHERE
V.Lozovskiy

Abstract: Civilization has brought us into the noosphere world. Besides physical, around (and inside of) us
exist and function also mental and cultural entities. It is impossible to perform now knowledge acquisition,
knowledge base creation and organizational systems management without adequate consideration of object’s
noosphere statuses. | tried here to clarify basic viewpoints concerning this issue, hoping that elaboration of
common methodological foundations of semiotic modeling will be useful for developers and also for users of
new generation automation systems.

Keywords: noosphere, antroposphere, semiotics, modeling.

“We are faced with a harmonized collectivity of
consciousnesses to a sort of superconciousness. The earth
not only becoming covered by myriads of grains of thought,
but becoming enclosed in a single thinking envelope, a
single unanimous reflection.”

Pére Pierre Teilhard de Chardin, 1881-1955

Introduction

Organizational systems are extremely difficult to manage. As a rule, we have almost no adequate
mathematical models to apply. In this situation step forth ergonomics, naturalness of models from the human
viewpoint, easiness of support and permanent modification. It becomes self evident, that one should resort to
the methods of applied semiotics, which draw together human conceptualizations and computer
implementations. From the other side, we should carefully reconsider the statuses of objects participating in
organizational systems, taking into consideration, that we are dealing with organizational systems
management in the World, that has entered the noosphere era.

The material, presented here, reflects our initial advances in this field. That is why much attention is paid to
philosophical and methodological issues, to formulation of basic definitions. We have to acquire and elaborate
the new conceptual system and develop the new language for the new types of problems.

Noosphere Approach to Organizational Systems Management

Intrinsic limitations of rigorous mathematical models for «soft» problem domains stems from fundamental
discrepancies between formal languages and real expert knowledge of application specialists in these
domains. This knowledge is extremely anthropomorphic: indefiniteness, vagueness, uncertainty, ambiguity,
inaccuracy, abundance of qualitative and linguistic descriptions and appraisals (large, substantial, dangerous,
promising, sustainable, sound, «has a negative effect on...», «undesirable consequences», etc.). Determining
role play so called «human elements»: subjectivity, emotionality, tiredness, illogicality, laziness, intricate
dynamic structure of interpersonal relations — sympathies, antipathies, trust, prejudices, offence, gratitude,
revenge, family relations, sense of justice, duty, humor, «sense of deep internal satisfaction», team spirit,
presence of own goal creation and goal achievement mechanisms. Existing modeling methods almost
completely ignore these human elements.

The valid scientific approach to the problem of management and control in such problem domains, requires,
first of all, evolving the paradigm of real world knowledge representation, together with methods for its
handling and manipulation: acquisition, integration, verification, information access. The world had entered the
Information Society era, but we still are in acute need of languages, adequate to this problem. Serious steps
in this direction were done by V.I.Vernadsky [Vernadsky, 1943] and French geologist/paleontologist Jesuit
theologian and philosopher Pére Pierre Teilhard de Chardin [Teilhard, 1947]. They proposed to use the term
«noosphere» (lonian Greek "noos" = mind) for integrative designation of physical world realities together with
the whole mankind knowledge. Teilhard advanced the notion of «Omega point» - the ultimate stage of the
evolution on the road of cultural and knowledge integration development. But, at that time, were absent
computers, information technologies, applied semiotics, knowledge representation and engineering.
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The Noosphere Doctrine from the Positions of Epistemology

The noosphere genesis very metaphorically and romantically was described by M.Prishvin (Prishvin, 1957]:
«Somewhere, on the invisible sky of the whole mankind, are wandering the great thoughts, accrued during all
centuries, which passed by; they cast shadows, as clouds, and looking on them, the most sensitive humans
comprehend the thoughts».

The history of the Earth and, generally speaking of the whole Universe comprises several stages.
Classifications, given by different researchers, closely resemble one another. As for example, one can
mention [Turchin, 1977] and [Korsuns’kyy, 2000]. For our needs, it seems reasonable to fix the following five
stages:

cosmogenesis - processes of Universe transformations, which have lead to our Galaxy, solar system, and
Earth creation;

geogenesis - inorganic processes in solid, liquid and gaseous media;

biogenesis - uprising of metabolic processes and life on Earth, humankind in its initial stages;
sociogenesis (civilization) - further development of humankind activity: natural resources development,
intentional or unintentional interference with geological and biological processes, environmental state and
processes; in the course of time civilization was increasing its influence on the state and transformation of the
World;

noogenesis - the epoch, where the total mass of humankind World knowledge explosively increases,
anthropomorphic influence on environment becomes heavy on planetary scale, and human mental power
could be used to fundamentally change behavior patterns, taking into consideration all planetary factors,
aiming at thorough harmonization of civilization development on the whole Earth and beyond.

This list gives the ordering of the starting points for the corresponding stages. They all are still active now and
keep influencing one another.

Let us give more detailed definition of the concept: «noogenesisy. It is the evolutionary stage of World
development, when certain conditions— «nooconditions» - determining the transition from homo sapiens to
«intelligent society» hold.

Scientific, technological, social, ethical, moral and cultural potential of the society achieve such crucial level, at
which the following conditions become feasible.

As a most general goal for humankind is adopted freedom of pursuit for happiness for each live being as far,
and to such extent, which does not interfere with the interests of other live beings.

As the basic ethical principle is adopted the reciprocity principle: treat others as you would like to be treated
by them.

The Global distributed knowledge and data Base (GB) is formed, which explicate knowledge of humankind in
all spheres of activity: theories, applications, factual information, skills, arts, beliefs, know-hows, etc. — in any
modality: mass media, printed matter, computer data, words of mouth... Computer modality is strongly
preferred (ease of creation, support and dissemination).

Advanced information telecommunication infrastructure is created, which supports efficient and convenient
communication between society members and access to the GB for its creation, support and use for decisions
support in all spheres and levels of societal activities.

Juridical, social, administrative, educative and political societal functions are oriented towards the most
efficient fulfillment of all previously formulated nooconditions.

Fulfillment of condition 5, due the explosive progress of Internet technologies, may be considered as being
solved, in principle. At the same time, preparedness of society to implementation of condition 4 is restrained
by difficulties of public thinking paradigm change, cultural orientation, abundance of white spots in knowledge
integration methods, methods of modeling for «softy problem domains — to which systems of humanitarian
knowledge and management in organizational systems belong.

Applied Semiotics as a Paradigm for Information-Noosphere Models

Semiotic approach to the problem of modeling preserves high correlation level between the problem domain
and its model. It helps considerably on the stages of model creation and support during its whole life cycle.
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Semiotics - is the science, studying the structure, properties and dynamics of formal symbolic systems in
their relation to physical and cultural world — from the position of world cognizing system, development and
use of symbolic models of reality, behavior of such models, rules of interpretation and manipulation.

Semiotics stems from works of ancient philosophers. More detailed presentation of its basic concepts was
done by G.Frege [Frege, 1892]. The notion of signification was introduced by A.Church [Church, 1956].
Fundamental investigation of the basic semiotic triad — things, properties and relations — was done by
A.l.Uyomov [Uyomov, 1963]. E.F.Skorohod’ko [Skorohod’ko, 1962] was among the first, who proposed to
build computer models using relations — «rx-codes». This approach was further elaborated in works on
situation management and control [Pospelov, 1975, 1986]. Further development of applied semiotics
approach for semantic nets and relational knowledge representation systems were presented in [Lozovskiy,
1979 — 1999].

Applied semiotics differs from its philosophical sibling in its object and approach: here are studied not just
pure formal, but quite real symbolic models, which are implemented by means of computers for modeling and
control of real applied objects and systems.

Computer semiotic models are marked with intrinsic semantic wealth and depth, it gives the possibility to
create on this basis procedures for assimilation of new knowledge, checking it for consistency and
completeness, create plans of goal-directed behavior, support behavior monitoring and control, diagnostics,
decision support. Applied specialist can interact with such model in terms of customary notions: actions,
states, goals, scripts, procedures, functions. Compiled down to low computer level program solutions are
devoid of these abilities. Semantics on these levels is already lost, one can have only preprogrammed
scenarios and receipts— without dynamics and the ability to analyze and explain unforeseen situations. Let us
formulate the basic definitions.

Universum (Universe) - the set of all entities (objects) in the Universe (noosphere).

Entity, or object — something, cut out from Universe by observer, guided by certain pragmatic considerations;
at which their attention is directed, about which they speak or think, which is referenced somehow or other.
For example, «Black Sea», «is to the West of...» , «Christianity», «gravitation», «socialist emulation»,
«sustained development of the regional economy» ...

Any research, analysis, modeling presumes cutting out of the Universe certain restricted domain. Of course,
this action is very informal, specific and depends upon the problem to be solved, viewpoint of the researcher
and on many other circumstances. We will call it problem domain (PD). Usually, PD includes the object of
investigation, modeling and/or control per se, and also, its environment. Their interaction and interference
should be considered in complex.

One more delicate issue concerns the interrelation between the model and the object being modeled. Should
the model be included in PD? And, at last, what to do with researcher, who studies the given PD, builds the
model, produces certain conclusions on this base, and then uses the knowledge obtained in actual work with
the prototype object? The model, in its turn, can have direct links with the object of modeling, receiving from it
raw measurement data. Results of modeling, in their turn, can directly or indirectly influence the object of
modeling, researcher or end users, their administration.

Problem domain (PD) thus is the set of all entities (objects), which have material effect on the problem of
analysis, modeling or control being solved.

Giving so broad definition to the PD notion, | am aware, that it goes against the classic philosophical canons.
Within the sphere of our consideration become included, together with «material», also «ideal» entities. From
the viewpoint of «pure» science, it is the deadly sin, conceptual farrago... | have only two answers.

Firstly, life encourages us to adopt the noosphere approach to management and control of organizational
systems (OS) in contemporary world. As in this world practically on equal terms act material and «ideal»
objects, our picture of world should adequately reflect it.

Secondly, what was beyond the power of the classical philosophy becomes feasible today, on the basis of
semiotics and knowledge representation researches. One needs to change the paradigm, and we have the
means to do it.

PD encompasses the set of entities — d-entities — domain entities. The same meaning | assign to the term
«object» - something at which our attention is focused, which is under consideration. It should be emphasized,
that «entity» - could be really everything, even something ephemeral, which participates in our picture of the
world — not only material things, physical objects.
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From the viewpoint of noosphere approach, in our interpretation, d-entities can have one of the three possible

noosphere statuses.

Physical entities (P-entities) — objects, which exist or undoubtedly existed in physical world, in «reality». The

issue of «physical existence» - is the ancient philosophical stumbling block, one of the main battlefields

between materialism and idealism. In spite of many fallacious, disputable and boundary situations (phlogiston,

UFO, telekinesis, God Almighty), we are forced to use this loose definition, because it nevertheless brings us

closer to reality and can play the role of common ground in PD languages development and usage for

academicians and application specialists. It is quite discomfortingly, really, but we should eat this crow,

accepting the fact, that this issue cannot be completely formalized. Simply, we should only provide for the

facilities to modify the knowledge base correspondingly, if cognitive positions of knowledge engineers or

application specialists somehow change. It is the routine general requirement for lifetime support for all bases,

and this case is nothing more restrictive or outstanding than others.

Mental entities (M-entities) — objects (thoughts, ideas, representations), which are formed within the thinking

systems of Intellectual Subjects (IS), and used by them in the processes of cognition, analysis, modeling,

forecasting, planning, control.

We can think about IS as of biological subjects (humans, animals), or as of artifacts — robots, expert, decision

support, artificial intelligence systems. The physical nature of IS and of their internal processes are of no

relevance. Important are their cognitive — semiotic and functional properties, joint interactive dynamics of m-

entities of the given subject, interaction with the outer world, information transformation processes.

Besides images of specific p-entitites (Ukraine, A.S.Pushkin, Duke’s Monument in Odessa), in the brain of IS

can exist pure abstract entities (mathematical theories, concept of dwelling, «what is good», etc.) and also

fictional, folklore, mythological, religious conceptions, which, in principle, have no p-prototypes.

We arrive at the conclusion, that m-objects are quite specific entities, which dwell in unique media — thinking

brain of IS. From one viewpoint, they are undoubtedly real, objective, because they are formed within the

material media and with the help of material absolutely real biological, chemical, electric processes, have

material carriers, but, from the other viewpoint, they are subjective, belong to specific individual, depend upon

their ability to interprete them, obtain their meaning. They are extremely hard to be explicated by individuals

themselves, in the form of introspection, and even more harder — by collocutor, psychoanalyst.

Intellectual subject (IS) - is the subject, which:

o possesses the unique ability: to build the model of him/her/its-self and of corresponding environment; this
model should adequately, objectively reflect essential properties of pertinent p-objects;

¢ possesses the ability to act purposefully;

e can build and modify its own knowledge representation system, including abstract m-entities, use axiomatic
method, definitions, methods of deduction, induction, abduction, algorithms;

e possesses learning capability, ability to plan own activity, implement plans, can actively interact with
environment in order to obtain information needed and implement own goal directed activity.

Objectivity of reflection is settled a posteriori — depending on the results of goal directed activity of the given

IS: if it is successful, one may assert that their model was objectively reflecting reality.

Civilization, integration of knowledge and skills, communication between IS, upbringing and education of

young people would be impossible, if results of individual intellectual achievements would remain on the level

of separate individuals’ m-objects. With necessity, we arrive at the conclusion about existence of the third type

of entities — cultural objects (c-entities).

Cultural entities (C-entities) — are the objects of «cultural world», created by evolution and civilization within

the frame of world human community — on the most general scale: sciences, arts, customs, religions, rituals,

laws, regulations, plans, purely «human» relations and feelings (fear, hatred, love, trust, admiration,

amazement, irony, etc.).

C-entities are far not simple objects - they are centaurs, integrating objective and subjective features. They

are sort of objectified analogs of m-entities — as far as they are alienated from individual subjects. C-entities

do not exist «in nature». They «materialize» only during the process of interpretation by some IS.

Distinction between m- and c-entities can be elucidated as follows. Conception of the «War and Peace»

conceived by Leo Tolstoy, - is the system of m-entities. When it was written, printed, distributed read and

understood by different people, we can say, that the corresponding c-entity sprang into existence. It can be an

object of discussions; there appear more or less canonical interpretations of its characters, one can use them

metaphorically, and such metaphors will be perceived by educated people in similar way.
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Sometimes arise the temptation to abandon cultural gnoseological category at all, and handle c-objects as
ordinary p-objects, with which they really have much in common. Frequently information on certain c-object is
much more complete and systematized, than on some p-object. Thus, Cinderella or Red Hat are much more

familiar and similarly understood by many people, than, say, hydrogeologic characteristics of North-West
Black Sea shelf.
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Fig. 1 An example of noosphere semiotic structure of a problem domain

Some c-objects have p-objects as their material correlates. Other c-objects go without material correlates at
all — verbal folklore, «common laws». To exemplify «reality» of c-objects let us consider juristic term:
«common-law marriage» - typical c-entity - a marriage without a civil or ecclesiastical ceremony, generally
resulting from an agreement to marry followed by the couple's living together as husband and wife, performing
joint housekeeping. If the court acknowledges two people being in the state of common-law marriage, certain
cultural attitudes, rights and obligations arise between them and towards their community property, children,
etc., leading to corresponding physical attitudes and actions with certain p-objects.

IS interact with physical environment in two ways: directly (your car bumped — God forbid! — into the road post;
in this case neither you, nor arrived police officer have any doubts about reality of the car, road post,
damages) and cognitively — through the reflection, modelling in the IS’s brain. In this case, m-objects formed
in participants’ and witnesses’ knowledge representation systems, of course, are different. Creation of the
accident report — c-entity - is thus aimed at working out single official viewpoint on this accident. But even after
it is completed and even signed by participants, one cannot be sure that the synthesis of unique, adequate to
reality, c-object has taken place. Here you are! We have arrived at idealistic, in fact solipsistic, interpretation:
for each human participant of the current incident «objectively» exist only their own (subjective!) feelings and
mental constructs, m-objects... Of course, it is only until the guilty person will have to pay for the property
damage and car repair with quite real, «material» money (p-object with its corresponding c-object, as a
correlate, by the way!).

The border between physical and cultural world appears, first of all, as a result of natural distinction between
p-entities and their cultural correlates, interpretations, which create World cognizing systems.

Cultural World:
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Let us take the c-object: «Project of the channel building» (4, Fig. 1). The corresponding p-object — the set of
printed lists — is omitted, for simplicity, from the figure. With c-object (4) is associated the certain semantic and
pragmatic interpretation. Information, acquired by specific person on making acquaintance with this object,
differs with professional orientation, theoretical baggage and personal experience, their goals, accompanying
circumstances, relations with authorities, adjoining organizations, etc. Complexity and ambiguity in cultural
objects’ evaluation — is among the main difficulties in creation of management and control systems for OS.
Sometimes, m-objects can play the role of p-objects — entities beyond the comprehension of specific World
cognizing system. Thus, lecturer's efforts are aimed at creation within the student’s minds some specific
system of m-objects — knowledge and skills in the PD of interest. The following examinations are aimed at
explication of «objective» c-situation in students’ understanding. This tendency towards m-objects’ explication
— is the task permanently being solved by humanity. Science, its cutting edge, is done predominantly in the
sphere of subjective, m-objects. In the course of time, the definite paradigm is created, then - specific
scientific school. Along with this, primary subjective conceptions (m-concepts), are becoming the common
property of given scientific community, supported by published works, information exchange on conferences,
implemented applications, start to acquire more and more objectivity... At this stage, we can say,
corresponding c-objects flourish, becoming explicated from individual m-objects in the process of human
thinking and communication. And at last, the new theories, well developed branch of science find their way
into textbooks and are presented to the broad students’ communities, obtaining a kind of objectivity. This «a
kind of» is becoming evident when different scientific schools, evolving different paradigms, create different
empirical theories. Some c-objects can, at last, obtain their physical, «real» p-incarnations.

Let us illustrate these considerations. Look at the schematic example — fragment of noosphere — semiotic
object structure for chosen PD (Fig. 1). PD is a part of the Universe. Before IS appearance and noosphere
emergence the Universe comprised exclusively p-objects of natural origin (the Earth, gravitation,
electromagnetic waves, chemical elements, minerals, vegetable and animal kingdoms, etc.). IS perceive all
these with their organs of sense, measuring instruments, supplementing the picture being constructed with
their own conceptualizations, considerations, hypotheses, logical inferences.

This argumentation supports materialistic hypothesis on primariness of substance. M-entities’ existence is
possible only in the conscience of thinking subjects, their material bearers, which should be extant before, the
first thought could arise. Thought, «word» without material substratum — is senseless concept. It is impossible
to create a painting without brush, paint, canvas. C-entities formation in certain orders takes place on the
basis of corresponding subjective m-entities. Reverse process also takes place: transformation of c-entities
into m-entities of concrete individuals during their upbringing and education. These processes are inseparable
from appearance of natural languages, which play the dual role — of thought and communication.

Let in the brain of some subject — the author — appeared the idea of building some channel: (1), Fig. 1. It is
subjective m-entity, available only to its author. Then some other individual — expert — makes acquaintance
with it thus creating in their brain the corresponding m-entity (2). Just like the source author's plot, it is
completely subjective notion: we have no guarantees of its adequacy to the subject of investigation. Its
formation is liable to be influenced by abundance of uncontrolled and implicit factors (educational qualification,
practical experience, acquaintedness with the field, their pertaining to some or other professional group,
paradigm adhered to, etc.).

The expert's work results in creation of c-entity (3) — review of the author’s proposal on channel building. From
this moment on — expert’s opinion becomes available to other humans - the transition of given entity from
subjective mental category into cultural — objectivization, or explication — has taken place.

Assume that the idea of channel creation was supported by authorities, and, as a result, the new c-object
appears: «Project of the channel building» (4). It comes as a result of many people efforts, analysis of many
documents, reference manuals, etc.

Let then the designed channel is physically built. It is designated in our scheme with the p-entity (5). The
author of the initial idea, making acquaintance with its implementation in reality, can form in their conscience
the corresponding notion (6).

What have we arrived at as a result of this consideration?

Firstly. We should decidedly agree, that the three worlds allocated by us: physical, mental and cultural are
closely adjoined and are interrelated.

Secondly. We should become convinced, that goal directed activity within the frame of contemporary human
society should be considered from the positions supporting natural trinity of designated noosphere semiotic
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categories. This conclusion falls into certain contradiction with «pure» scientific approach, warning us against
mixing «material» and «ideal», building unpenetrable watershed between these worlds.

Thirdly. Creating modern computer expert and control systems, pretending to be highly adequate to reality
and be competent on decision support level, one should be certain to deal correctly with objects of all three
worlds. Particularly, if traditionally management and control sciences consider one stage reflection of physical
world realities by computer knowledge representation system, the more adequate noosphere approach to the
process of IS interaction with environment and especially with other IS leads to importance of taking into
consideration the phenomenon of m-entities reflection. Roughly speaking — while interacting with intellectual
beings, we should take into account, how do they perceive our ideas and representations. Faults, commited
already at this — first — reflection level may lead to unwanted results. For successful performance of
communicatory acts in the vein of goal directed activity, due interference of human elements, one should take
into account not less than two, and sometimes even more levels of reflection [Lefebvre, 1973].

In the process of evolution, the role of human elements was increasing, and nowadays, especially when we
deal with organizational systems management, cannot be ignored. That is why one should adequately take
into account peculiarities of «ideal» - mental and cultural objects, efficiently coordinating these processes and
activities dealing with p-entities. And all this — under the pressure of complicating factors: incomplete, invalid,
unreliable, imprecise information, errors of all possible kinds, dealing with incompletely observable and
incompletely controllable systems.

M- and c-objects both can possess different level of objectivity, reflection precision, modeling the properties of
prototype d-object and are situated at different points on abstraction axis, originating in PD. Its other extremity
corresponds to pure abstract objects. Role of the prototype can be played by any (p-, m- or ¢c-) object of the
PD.

We arrive at the conclusion that in any organizational control and management system, and also in any
knowledge representation system, one should accurately discern noosphere status of entities, with which we
deal.

Conclusion

Automation of management and control in organizational systems required revision and more precise
consideration of semiotic definitions and approaches to problem domain model building in the frame of
noosphere representations. The current research was aimed at elicitation of noosphere statuses for the
entities which participate in the domain. It was proposed to consider three problem subdomains: physical,
mental and cultural spheres followed by explicit consideration of these statuses in semiotic models. The
subsequent research will be concentrated on developing the methods of goal directed activity in
organizational systems management representations basing on explicit accounting of noosphere statuses of
participating entities.
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PLANNING TECHNOLOGIES FOR THE WEB ENVIRONMENT: PERSPECTIVES
AND RESEARCH ISSUES

A. Milani, S. Marcugini

Abstract: This work will explore and motivate perspectives and research issues related with the applications
of automated planning technologies in order to support innovative web applications. The target for the
technology transfer, i.e. the web, and, in a broader sense, the new Information Technologies (IT) is one of the
most changing, evolving and hottest areas of current computer science. Nevertheless many sub-area in this
field could have potential benefits from Planning and Scheduling (P&S) technologies, and, in some cases,
technology transfer has already started. This paper will consider and explore a set of topics, guidelines and
objectives in order to implement the technology transfer a new challenges, requirements and research issues
for planning which emerge from the web and IT industry.

Sample scenarios will be depicted to clarify the potential applications and limits of current planning
technology. Finally we will point out some new P&S research challenge issues which are required to meet
more advanced applicative goals.

Keywords: Planning, Web, IT, technology transfer

Introduction

The Information Society (IS) is announced by a set of interrelated emerging technologies where the web it is
certainly one of the most apparent and popular elements. These technologies envision new relationships of
the individuals between his/her own tasks and the new tools.

Individuals are forced to develop new methods of work in order to exploit the ITs at their best, new tools and
application should reflect and model these new methods in order to be effective.

Despite of the successful buzzword “web” (and popular e-something terms such as: "e-commerce", “e-
business” etc.), it is important to focus on a wider vision of the potential role of planning and scheduling



International Journal "Information Theories & Applications" Vol.10 37

technologies (P&S) in the Information Society not limited to the web applications. An exponential number of
internet based services, low cost mobile devices over GSM and UMTS networks, tools which integrate
traditional and knowledge based systems, represent promising application fields where P&S can have a
primary or a supporting role.
P&S is a research area which dates back to [Fikes1971], scientific and technological results are due to a wide
community of researchers and scientific programs on the topic.
P&S can convey the flexibility typical of Al technologies in order to answer to expectations and requirements
of new methods of work and for the exploitation of the new |
There are some important elements which facilitate the application of P&S technologies to the web:
o Digital content, the web is machine readable and it provides a large quantity of machine readable
data and software entities to interact with; automatic knowledge acquisition can be potentially
realised in the web environment;

e Virtual is real, the web offers the chance having “real” planning application bypassing the complex
robot machinery needed in traditional planning application fields such as aerospace or robotics, for
example the actions “browse a list of available books” and “buy-a-book” can be easily executed in
the digitalised world thus producing a real and useful effect;

e Scalable complexity, web applications can have different degree of complexity, simple applications
can exists for simple existing planning models. As an example it is worth citing machine translation
as a case of a technology which is not mature (i.e. for literature translation) but it could be worthwhile
in niches applications (i.e. web pages automated translation)

Planning and scheduling technologies represent a key factor in the framework of the service technologies for
the global new IS especially with respect to the current scenario of web applications, they provide:

e Knowledge based flexibility, P&S convey the flexibility typical of knowledge based technologies in
support of new modalities of work, production, commerce, entertainment, education etc.;Models of
change and interaction, P&S provides models of change and interaction, this research area has
developed systems which provide automated generation of plans, tasks monitoring, plans checking
etc.

Another key factor which motivates the application of P&S technologies to the web is its dimension: web is
large. In other words, a massive audience of personal end-users and business end-users is developing the
need of customised versions of services, and consequently the need for web industry of tools and
technologies to support them. This scenario is made more complex by the increasing diffusion of personal
mobile devices which fosters the development of new modalities of work and interaction between the
individuals and the business organisations, and it tends also to modify the traditional modality of B2B
interaction.

For this purpose the relevant issues to be supported and managed by services and applications over the
information infrastructure are in general: autonomy, adaptation, distribution, mobility, agent interaction,
automatic collaborative support etc.; which are also typical issues deeply related with P&S research.

Another important element has been the proposal of Semantic Web [Berners-Lee 2001], which has the
ambitious goals of allow reasoning on a web of knowledge and meanings, with respect to the initial web made
of presentation tags (i.e. HTML) and a web of syntactic structures and terms (i.e. XML). The data on the
semantic web are defined and linked in a way that it can be used by machines not just for display purposes,
but for automation, integration and reuse of data across various applications. Semantic Web is of great
important in the future of knowledge bases applications for the web, because of its success among the
research community, the growing number of available tools and application and the standardisation factor,
since it is supported and coordinated by W3C Consortium. Despite of the initial focus on ontologies and
relationships, research started under the Darpha Agent Markup Language (the DAML program [DAML 2000]
has lead to models of more dynamical aspects of the web. For example, DAML-S is oriented DAML-based
Web Service Ontologies in order to facilitate the automation of Web service tasks including automated Web
service discovery, execution, interoperation. It is worth mentioning the DAML-PDDL translators
[PDDL2.1][DAML-PDDL] [Mcllrait 2002] which apply P&S to the semantic web.
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Defining the Scenario: The Web as an Environment

In this view the web is a planning environment, i.e. web entities are the object of P&S systems.
Web entities exists ( a simple web planning domain is made of elements such as web pages, emails, files
etc.) on which typical actions can be executed by users (e.g. pay, subscribe, supply, order, browse, look for,
find, download etc.) or provided by service systems (e.g. web page servers, search engines, mail servers,
messenger servers etc.). Moreover user and systems are pursuing web tasks, i.e. tasks which involve web
entities (e.g. find a book, buy it and download), and in general user transactions and user activities over the
web (e.g. informative tasks, educational tasks, distance work tasks etc.). Sometimes these tasks are not given
automatic support, i.e. they rely on the user decisions, or, if automatic support is given, then it uses a too rigid
and procedural approach, which does not satisfy the wide variety of user/business needs.
Planners can develop plans to act on the web virtual world in order to reach goals on web entities, a key point
is that web entities do not necessarily have a “real” counterpart, and they are not necessarily designed as a
part of a single distributed system.
Consider for example the following completely virtual plan for the virtual goal of promoting a web site: buy disk
space, transfer your old site to a popular web portal in order to obtain a better click rate. The synthesis of this
plan would require the ability of describing a model of change (e.g. defining the meaning of acting on the
web), goals (defining concepts such “a better visibility”), and a model of the actions to be taken to execute it
(i.e. pay, subscribe, download etc.), i.e. web entities should be represented as part as part of a planning
domain.
In addition there are some traditional planning phases that need to be reconsidered in the web domain:

e domain knowledge acquisition can be realised by activities of information gathering, information

discovery and comparison (about existing portals, rates and prices), with respect to more traditional
planning domain in which domain knowledge has not frequent variations;

e action execution in the web could imply to take into account of a dynamical scenario, in which not
only actions can have unpredictable failure, but the domain can change during execution.

Planner
executor

Web Domain
o

Fig.2 The Web as a Planning Environment

A more general scenario is characterised by activities which take place only partially on (or through) the web.

A simple example is that of a personal planner assistant, which suggests the user to buy a textbook online as
part of the plan “successfully preparing an exam”, which contains some other not web steps such as going to
lessons and doing exercises . User tasks and goals are in general related with real world activities and should
interact and be coordinated with actions and plans which act in the web domain.

When more production related activities become available on the web (for example: suppliers chains,
customers, markets, delivery, payments etc.) the manufactures planning activity will need to model the web as
part of the production plans.
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A Glossary of Terms for Mapping Planning on the Web

In this section it will be shown how the basic features of planning domain model can be mapped into
corresponding web entities, and contribute to solve and support web tasks and goal oriented activities on the
web. On the other hand the mapping allows pointing out the limits of the current planning models and the
research issues which are required to be solved in order to give a complete account of operating on the web
domain.

Glossary Terms: State, Initial State, Goal State.
The notion of state is central to most planning models. In the web the concept of state is represented by the
sum of the states of the various component of the web domain:

e user internal state, the set of features and facts describing the user state (e.g. maintenance
conditions, general constraints, preferences, but also info about users such as identities and
passwords);

e web-state facts, the state of info as available on the web, in the simplest form web-state is
represented by the set of current web pages, existing files etc., more likely the state description
would address the content and the semantic of available information (e.g. stock quotations, available
item on e-markets etc.)

e web actors state, this is represented by the internal state of interactive services, consider, for
example, activities which require multiple steps in order be carried out, such as online reservation of
a flight (it is necessary to be able to represent the current step of a given transaction), or consider
services which require access authorisation (it is necessary to represent that certain existing
resources are/are not available for use).

The concept of state that is used in planning to model initial states, goals state, and to model change as
modification of state will need reformulation in the framework of web applications, because of the inadequacy
of current planning model to fully describe the state of a web domain in all its aspects.

Research Issue: the main drawback of the current planning models of states derive from the fact that the web
is a vast and dynamical environment of active resources, on the other hand planning domains are usually
characterised by domain states which are fully knowledgeable and somewhat static, i.e. the planner is the
only one (or one of the few) agent in the domain.

Summarising, the main P&S research issues that should be addressed in order to fully capture the main
features of a web state are:

e managing uncompletness, web state is vast and not completely knowledgeable, the web domain is
inherently incomplete there is no hope to model inside the planner a complete description of all the
web, then mechanisms and strategies are required in order to do knowledge acquisition and to
circumscribe the domain description for the planning problem at hand ;

e managing events, web state changes independently of the planning actor, this is usually addressed
in planning models by the concept of events, i.e. state changes which are out of the control of the
planner [Ghallab 1998]; in the web domain the amount of planning time appear to be a crucial factor,
since dynamical changes can occur during planning;

e managing inconsinstency, web state can contain contradictory information coming from different
sources, consider for example info about the weather conditions used by a travel planner; concepts
such as trust and believes and should be modelled [Ambite 1998];

e managing richer knowledge representation, P&S models usually focus more on actions and plans
than on the adequacy of the knowledge representation formalism to capture the static aspect of the
domain; since the web offers information in different but equivalent forms, the planners should be
aware of ontologies and mechanisms for relating information from different sources, consider for
example the problem of representing the concept of price, in the sense of amount of money to be
payed for buying a good, an effective representation requires that stock exchange market quotations,
monthly renting rates, price of a book and currency exchange rates would represent instances of the
same concept of price [Berners-Lee 2001],
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Glossary Terms: Actions and Operators
The other fundamental concept in planning models is the notion of action and operators , which represents the
basic elements to model change in the domain.
Actions (i.e. istances of operators) represent the state transiction which occurs during the execution. Operator
and action are usually modelled in term of precondition/effects.
In a web domain actions are represented by the available services, which change the user/web state
according to a preconditions/effects model. For example available services on the web such as buying a book,
reserving a meeting room, downloading a satellite image of a town, moving a remote webcam , sending an
email, are actions in the sense that are allowed to take place only under certain preconditions on the web
state (e.g. having enough money on the account, availability of the tow sat picture etc.) and produce effects
on it (e.g. changing book ownership, meeting room reservation state, a copy of the picture locally available
etc.).
Research Issues: it is worth noticing that an effective model of web actions should take into account the
elements formerly pointed out about web states (uncompletness, inconsistency in particular), but it requires, in
addition, to consider some web specific P&S research issues about the actions/operators model:
e operators can change, appear and disappear, new services become available and changes over
time, issue: dynamical discovery, monitoring and maintaining of domain models;
e actions execution time, actions on the web take time (depending on bandwith and servers overhead
factors) , issue: timing constraints and failure recovery;

Glossary Term: Plan

‘A plan is a set of ordered actions, that, if executed in the initial state will transform it in the goal state”. This
definition of solution plan is common to most planning models since [Fikes 1971], and it is easy to see that the
definition easily applies also to the web domain. Currently most web tasks and goal oriented activities which
take place on the web can be described basically as sequences of actions, i.e. on the web, plans are
sequences of interrelated services requests made on web entities, (consider for example a typical user driven
web-plan such as: look for items sellers on search engine, browse and compare prices, order one and pay for
it).

Research Issues: although plan as sequences or partially ordered sequences are a formalism that is
sufficient for planning in the web at a basic level, it is worth to investigate on planning models which

e provide expressive and flexible models of plans, few planning models have a satisfactory
management of actions with duration, loops, conditionals [Lin 1995];

o combine plan knowledge with task oriented languages, planning models based on a hierarchical
approach [Erol 1995], as well as of workflow management models [WorkFlow-Roadmap 2003] offer
examples of task oriented formalisms which should be included into generative planning models.

The objective should be to reflect also in the structure of plans, some typical element of the web domain, we
have already pointed out, such as contingency, non-determinism, and dynamical aspects of the domain.

Glossary Terms: Plan Monitoring, Execution, Sensing, Re-planning

Planning terms such as plan monitoring, execution, sensing and re-planning regard the phase that follow plan
synthesis and aimed at actually reaching the goals by executing the plan in the real world. In the web domain
(where virtual and real are somewhat overlapping) can characterised in a “web specific’ way traditional
planning concepts like execution and sensing:

*Execution, since the web is large, execution can involve complex decisions about choosing the service to
invoke among a plurality of available and equivalent ones; moreover execution takes time also for processing
and data transfer, then criteria are needed to combine the issue of execution time with the issue of bandwidth;
finally note as the implementation of actuators would be greatly favoured by the diffusion of web services, but
the use of wrappers or similar mechanism should also be considered as an intermediate solution for
interacting with services initially designed for human users;

«Sensing, in the web environment sensing mainly means: actively looking for info, i.e. gathering info
[Knoblock 1995] [Golden 1996b] [Naveen 1997] and results from web sources (for example web pages,
searching databases, streaming video, results from called services); main open problems in this area are
related with the integration of information from different non-homogeneous sources, and with decisions to be
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taken about what to sense (consider for example criteria like: time for sensing and processing vs bandwidth vs
timing goals and execution constraints)

It is also worth noticing that the dynamical nature of the web suggests the investigation of theoretical models
[Haigh1996] [Friedman 1997], where the plan synthesis phase is interleaved with execution and sensing.

Conclusion

Itis not easy to envision the future of technology transfer in an area where the target industry, i.e. the web and

the broader IT society, is moving and developing at an high unprecedented pace toward hard to predict

directions. For these reason, previsions and objectives in the long term are not very realistic, and should be

limited only to short term and medium term scales.

On the basis of the current achievements and potentiality of P&S technologies depicted in the previous

sections some conclusive guidelines for future perspectives and goals can be drawn along two main

dimensions: End-user requirements and Research goals.

The first examples of the technology transfer between P&S and the Web have been in the area of:

¢ automation and autonomy for machine to machine services, (P&S, softbot and agents technologies

Etzioni 1994])task support, Travel Assistant [Ambite 2001], i.e. P&S based dynamic integration of
web sources for travel organisation (managing and combining multiple sources for airfares, parking
fares, timetables, weather conditions etc )automatic maintenance of web applications, web info and
web services [Smith 2001] [Mcllraith 2001] [Marcugini 2002][Thakkar 2002]; (the P&S knowledge
based representation of change, constraint checking and failure repairing techniques has been
applied to support automatic maintenance in not web domains [Chien, 1998]);

End-user requirements,
End-users are intended to be in most cases personal users, but in the following we also means by end-user a
company, an organisation as a whole, (e.g. in organisational workflow management) or an industry using the
technology as a component of more complex systems.
The application issues that are expected to be asreached in a short term are mainly in the area of
e  support/automation of personalised services and user adaptive services on the web (educational, e-
learning, recreation, information; automatic synthesis/monitoring of online courses and educational
plans based on the personal skills/advancements; automatic synthesis of personalized newspaper
based on user models);
e supporting mobility and distribution in organisation: scheduling activities & information workflow in
distributed organisation through the web and new devices/communication media, supply chain
management

e supporting user web tasks, (e.g. cooperative recognition, automation, monitoring and repairing of
user web tasks, consider, for example, a planning based systems which support the user in task
such as “organize a vacation” or “organize a meeting”);

e automatic integration of Services/Web Services, goals directed synthesis and maintenance in
specific domains

There are potential applications of P&S as components for the new IT systems:

e components for web servers and tools, (e.g. applications to goal guided synthesis and maintenance
of web sites/pages)

e components for supporting online services, (e.g. scheduling load distribution to online assistance
operators, activation of assistance/emergency chains, online configuration of products);

e component in systems for online supply chains management, (issues: logistics, resources
management, workflow management, tasks scheduling and assignment)

On a medium/long term horizon, we expect increasingly to met higher requirements on tools and techniques
for automation of Web Services, and increasing requests for personal support services, either on the web or
onboard of personal assistant devices, such as:
e robust automatic integration of Web Services, in broader application domains, support for automatic
discovery of services and failure recovery
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e autonomous web agents, goals directed software agents which operate over the web on user's
behalf (e.g. auctioning systems, stockbot etc.);

e support to massive adaptative services on small personal devices, planning and scheduling support
for daily activities (e.g. home devices);

e cooperative and distributed planning which integrates personal devices/web services/web agents for
global user goalsonline P&S services, general or specialized tools which plan or schedule on
demand (e.g. for checking/rescheduling activities) and are available on the web,

Research goalsThe following research goals are prerequisites for supporting the initial and next steps of the
technology transfer, on the other hand it seems to exist an increasing autonomous interest of the research
community on topics such as modelling dynamic domains, time management, interleaving planning/execution
and others, which can be exploited for modelling the web environment, the main topics related to this purpose
include:

o modelling domain discovery during planning

e contingency and sensing in web environment

o time duration, failure recognition, and repair

o expressive and robust model of execution plans, (loop iterations)

e mixed initiative planning models, task support models

e incorporating web oriented extension in PDDL-like language (see [KE-Roadmaps] and [WorkFlow-

Roadmap])

e wrappers and planning operator wrappers
in a second phase advancements in the previous topics are needed, as well as an increasing the research
efforts toward more technology oriented topics such as portability, interoperability, scalability and advanced
planning models, these objectives include:

¢ portability for planning algorithms, strategies, heuristics, preprocessing

o interoperability: mapping between planning models

¢ models and measures of planning scalability (small devices/ small domains)

e models for cooperative distributed planning, (domains/problem partitioning/integration)

It is generally expected that knowledge based technologies (the semantic Web proposal for instance) can give
effective contribution to web applications. We have pointed out that planning technologies, in particular, can
positively exploit on the web their ability of modelling action and changes. We also point out the potential
scalability of the technology transfer of P&S to the web in a short/medium term perspective from simple
applications which use ready-off-the-shelf planning technologies to more complex applications which need
appropriate innovative models. On the other hand web and IT applications represent a source of interesting
open research issues such as managing of uncomplete and dynamical domains; interoperability among
domains, planners and planning tools.
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THE KNOWLEDGE: ITS PRESENTATION AND ROLE IN RECOGNITION SYSTEMS
A. D. Zakrevskij

Abstract: The concept of knowledge is the central one used when solving the various problems of data
mining and pattern recognition in finite spaces of Boolean or multi-valued attributes. A special form of
knowledge representation, called implicative regularities, is proposed for applying in two powerful tools of
modern logic: the inductive inference and the deductive inference. The first one is used for extracting the
knowledge from the data. The second is applied when the knowledge is used for calculation of the goal
attribute values. A set of efficient algorithms was developed for that, dealing with Boolean functions and finite
predicates represented by logical vectors and matrices.

INTRODUCTION

Knowledge is the central concept in a wide variety of investigations dedicated to pattern recognition problems
[1, 3, 6]. Solving them begins with the choice of a proper world model — an abstract artificial world reflecting
some important qualities of real subject areas — important from the point of view of the problems to be solved.

In this paper, we use a very simple model which defines this abstract world as a finite set of objects
possessing some combinations of qualities. More formally, this model is defined as a set W of logical n-
vectors presenting values of attributes composing the set X ={x1, X, ..., Xn}. The attributes could be binary
(Boolean) or multi-valued. In the latter case each of the attributes x;is characterized by a corresponding finite
set V; of alternative values. The Cartesian product of these sets Vix Va2 x ... x V, (or {0, 1} in the binary case)
constitutes the space of attributes M. Elements from W can be regarded as abstract models of real objects of
a natural subject area. The world as a whole is represented by a subset W < M or by the corresponding finite
predicate ¢ (X1, Xz, ..., Xn) Which takes value 1 on the elements of the set W. In case of two-valued attributes
this predicate is a Boolean function f (x1, Xz, ..., Xn). That approach is rather simple, inasmuch the world is
considered only as the set of its elements (without regarding any relations between them), but it is sufficient
for solving many practical problems.

Usually, only partial information about the world W is known represented in terms of data and knowledge.
Suppose that the data present information concerning some separate elements from W, describing these
elements by corresponding logical vectors. Taken together, these vectors represent a so called sampling
population (a reliable selection from the subject area) and constitute the set F serving further as a database.
As a rule, |W|<<|M| and |F|<<|W|. The knowledge, on the contrary, presents information about qualities of
the whole subject area, expressed by some inherent in the regarded subject area regularities which establish
some relationships between attributes.

Both data and knowledge present information about the regarded world, but they are of different type.
Comparing them, we could say that data consist of affirmations about the existence of some objects with
definite combinations of qualities. Unlike that, the knowledge puts some restrictions on what is possible,
affirming the non-existence of objects with some other combinations of qualities.

The pattern recognition process, taken as a whole, may be roughly divided into two main stages: obtaining
some knowledge by data mining and predicting values of goal attributes by using this knowledge. The
methods of inductive and deductive inference are applied at these stages, accordingly. Their efficiency
depends greatly on the form in which the knowledge is presented. A special attention is paid below to this
point.

THE KNOWLEDGE - CONCEPT AND FORMAT

Within the framework of our world model, the knowledge is defined as a set of regularities. The key question is
to choose a proper model for them. Starting from general assumptions it is accepted that any regarded
regularity defines a logical connection between some attributes: it means that some combinations of attribute
values are declared impossible (prohibited).
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Evidently, the less attributes are connected by some regularity, the stronger is the latter. That is confirmed, for
instance, by the long history of investigations in physics and other nature sciences. On the other hand, if we
choose several attributes and decide to connect them by a regularity, it will be the weakest when it forbids
only one combination of those attributes values.
In the Boolean case such a regularity can be expressed by the logical equation ki = 0 or by the equivalent to
it equation di = 1, where k; is a conjunct formed of some attributes (in direct or inverse mode) from the set X,
and d; is the corresponding disjunct, satisfying the relation d, = — k. For instance, equations ab’c =0 and
avbwvc =1("is the symbol of inversion, equivalent to —) represent the same regularity, which prohibits
the combination of valuesa=1,b=0,c=1 .
A regularity of this kind is called implicative (more general than functional one) [5]. It prohibits a set of attribute
value combinations forming an interval in the Boolean space M over X — the characteristic set of the conjunct
ki. In other words, the regularity affirms that this interval is empty, not containing any elements of the world W.
The size of that interval (the number of its elements) equals 2", where n is the number of all attributes and r is
the rank of the implicative regularity — the number of attributes coming into it. It becomes clear now how the
strength of the regularity is defined by its rank.
Suppose that X ={a, b, c, d, e, f} and consider the implicative regularity ab e = 0 forbidding the combination
101 of values of the attributes a, b, e, accordingly. The corresponding empty interval of the space M contains
eight elements: 100010, 100011, 100110, 100111, 101010, 101011, 101110 and 101111. All these elements
(o) are "between” two elements 100010 (minimal) and 101111 (maximal), satisfying the inequality 100010 <
o < 101111, and hence justifying the term interval. The equation ab & = 0 may be changed for the equivalent
equation ab & — 0 with the implication operator — (if... then...), known as a sequent (its left part is always a
conjunction, and the right part — a disjunction). The latter equation may be subjected to equivalence
transformations consisting of transferring arbitrary literals between the left part (conjunction) and the right one
(disjunction), changing each time their type (positive for negative or vice versa). In such a way we could obtain
the following set of the equivalent equations

ae—>b (fa=1and e=1,thenb=1),ab’ >e,a—>bve,..,1>avbve.
The last one could be changed for the disjunctive equation a’ v b v €' = 1, which may be coded by the ternary
vector01--0-.
A set of regularities given in such a form can be presented by a ternary disjunctive matrix D, called below a
knowledge matrix, which columns are marked with attribute symbols. For example, the knowledge matrix

abcdefgh
1--0--0 -
D= ---1-1--
01 ------

affirms that every object of the regarded area must satisfy the equations
avd’vg’=1,dvf=1 and a’vb=1.

In other words, in the considered Boolean space there exists no object which has any of the following
combinations of values of some attributes:

(@=0,d=1,9g=1),(d=0,f=0)and (a=1,b=0).

The set of these equations can be reduced to one equation D = 1 where D is a CNF (conjunctive normal form)
represented by the matrix D.

D =(avd’vg’)(dvf)@vb)=1.

By inverting both left and right parts of the equation D = 1 we get the equivalent equation K = 0 with the left
part K=—D - a DNF (disjunctive normal form) presenting a so called veto function V, which defines the
prohibition area.

For the regarded example

K=a'dgvdfvab =0.
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The suggested form of implicative regularities turned out to be extremely convenient at the stage of deductive
inference, where the methods developed for theorem proving automation are successfully applied [2]. As it is
shown below, regularities of the considered type could be rather easily discovered in the database, and it is
not difficult to evaluate their strength and plausibility, which is very important for their further application.

In the case of finite predicates generalized conjuncts and disjuncts could be used to present the knowledge
[7, 8]. Any interval in the space of multi-valued attributes is defined as a direct product of non-empty subsets
o; taken by one from each set Vi. Its characteristic function is defined as a conjunct, and the negation of the
latter is a disjunct.

Suppose X ={x, Y, z}, and the attributes x, y, z select their values from the corresponding sets Vi ={a, b, c},
Vo ={a, e, f, g}, Vs = {h, i} (note that these sets may intersect). Let a1 ={a}, az={a, €, g}, az={h, i}. The interval
| = on x aox a3 has the characteristic function (conjunct)

k=(x=a)a(ly=a)v(y=e)vy=g)a(z=h)v(z=i),
which could be simplified to
k=(x=a)a(ly=a)v(y=e)v(y=9)

inasmuch as (z = h) v (z = i) = 1. If this product enters the equation k = 0 which reflects a regular connection
between x and y, then | "W = J, i. e. the interval | turns out to be empty.

As it can be seen from the given example, the structure of a conjunctive term in the finite predicate algebra is
more intricate compared with that of the binary case - the two-stage form of the type A v is inherent in it.
One can avoid that complexity changing the equation k = 0 for the equivalent equation — k = 1 and
transforming — k into a one-stage disjunctive term d. Such transformation is based on the de-Morgan rule
and changes expressions — (xi € «) for equivalent expressions xi € Vi\a . This is possible since all sets Vi
are finite.

For the considered example

d=—k=(xza)v(y=a)Aly#e) A(y=0)=x=b)vx=0)v(y=f.

Adhering to the tradition, let us call similar expressions as disjuncts. Suppose that the knowledge obtained
either from experts or by induction from the data is represented by a set of disjuncts di, da, ..., dn . Generated
by them, equations d;= 1 are interpreted as conditions which should be satisfied for any objects of the world,
and it is possible to reduce them (equations) to a single equation D = 1 the left part of which is presented in
the conjunctive normal form — CNF D=d;AdaA ... Adn . It follows from here that in the finite predicate
algebra the CNF has some advantage over the disjunctive normal form — DNF K =k; v k2 v ... v kn which is
used in the equivalent equation K = 0. Indeed, DNF has three stages (v A v), whereas CNF — only two (A
V).

In the case of multi-valued attributes, it is more convenient to use sectional Boolean vectors and matrices
introduced for representation of finite predicates [7]. A sectional Boolean vector consists of some sections
(domains) corresponding to attributes and each section has several binary digits corresponding to the attribute
values indicating definite properties. For example, the section corresponding to the attribute color, which has
the values blue, red, green, yellow, brown, black and white, should have 7 bits. For the example given above,
the vector 010.1000.01 describes an object with the value b of the attribute x, the value a of the attribute y and
the value i of the attribute z. Obviously, if a vector represents some element of the space M of multi-valued
attributes, it has the only 1 in each section. The situation is different in the case of some fuzziness. The vector
011.1001.01 can be interpreted as presenting a partial information about the object, when we know only that
x=a,y=#e y=f and z=h. Note, that each of these inequalities serves as an information quanta and is
marked by a zero in the corresponding component of the vector.

Giving an example of presenting the knowledge, suppose that X ={a, b, ¢}, Vi={1, 2, 3}, V2={1, 2, 3, 4} and
V3= {1, 2}. Then the knowledge matrix

a b c

001.0010.00
D= 110.0011.01
010.1100.10
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001.0100.01

may be interpreted as a set of disjunctive equations

DATA MINING

A very important part of the pattern recognition problem is obtaining knowledge from data [3]. The data could
be represented by a sampling population F — a set of some randomly selected elements from the regarded
world W.

As it was formulated above, we solve that problem by analyzing the distribution of elements of the set F in the
space M (suppose it is Boolean) and revealing implicative regularities which are reflected by empty intervals
(not intersecting with F). That operation can be reduced to observing a Boolean data matrix K and looking for
such combinations of attribute values which do not occur there.

The number of attributes coming into an implicative regularity is called its rank. It coincides with the rank of the
corresponding interval. Remind that the less attributes are tied with a regularity, the stronger is the tie. So, it is
worthwhile to look for regularities of smaller rank.

Consider, for example, the following data matrix K:

abcdef
100110
011100
110101
000110
010110
001010
111100
100011

There are no empty intervals of the rank 1, because each column contains 1s and 0s. So we look further for
empty intervals of the rank 2 and find five of them, corresponding to the following combinations: (a =0, f=1),
(b=1,d=0), (b=0,e=0), (c=1,f=1), (d=0,e=0). In a more compact form these intervals may be
represented by conjuncts a'f, bd’, b'e’, cf, d'e’. Can we consider that these found empty intervals reflect real
regularities inherent in the world from which the data were extracted? Such conclusions could be accepted if
only they are plausible enough.

Consider the general case of n binary attributes and m elements in the sampling population (selection) F.
Suppose, we have found an empty interval of the rank r (comprising 2™ elements of the Boolean space M and
put forward the corresponding hypothesis, affirming that this interval is free of any elements from the regarded
world W. May we rely on it and make with its help some logical conclusions when recognizing an object with
the unknown value of the goal attribute? The problem is to estimate the plausibility of that hypothesis.

We should take into account that the regarded interval could be empty quite accidentally, while in reality the
selection F is taken by random from the whole space M — in that case there could be no regularities in the
disposition of the elements from F in M.

It would be useful to express the probability p of such an event as a function p(n, m, r) of the parameters
n, m, r. The hypothesis can be accepted and used further in procedures of deductive inference if only this
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probability is small enough. Its calculation is rather difficult, so it was proposed in [5] to approximate it by the
mathematical expectation E(n, m, r) of the number of empty intervals of the rank r.
That value can be calculated by the formula

E(n, m, 1) = Cf 2 (1-27)m

where Cy' is the number of r-element subsets of an n-element set, C, 2" is the number of intervals of the
rank rin the space M, and (1-27)m is the probability of some concrete interval of the rank r to be empty, not
containing any elements from F.

Some empty intervals could intersect, hence E(n, m, r) > p(n, m, r). The question is how big could be the
difference E(n, m, r) - p(n, m, r)? It was shown, that it becomes negligible small for small values of E(n, m, r).
But that is just the case of interest for us.

It turns out that the value of the function E(n, m,r) grows very rapidly with rising r. That is evident from the
Table 1 of the dependence E on r under fixed values of other parameters: n =100 and m = 200.

Table 1. The dependence E on r under fixed nand m
r 1 2 3 4 S 6
E(100, 200,1) | 1.24x10%8 2.04x102' 3.26x10¢ 1.56x102 4.21x106 3.27x10°

It is clear that the search for empty intervals and putting forward corresponding hypotheses can be restricted
in this case by the relation r < 4. If some empty interval of the rank r <4 is found, we can formulate the
corresponding regularity with good reason, but there are no grounds for that if r> 4. So, when n=100 and
m = 200, there is no sense in looking for empty intervals of the ranks more then 3. The search for regularities
could be strongly restricted in that case by checking for emptiness only intervals of the ranks 1, 2 and 3, which
number is

Croo'™x2" + C10?x22 + Cyp03x2% = 1,333,400.

Not much, compared with the number 3% of all intervals in the Boolean space of 100 variables, approximately
5.15x10%.

A threshold » may be introduced to decide whether it is reasonable to regard an empty interval as presenting
some regularity: the positive answer should be given when E < w. Its choice depends on the kind of problems
to be solved on the base of the found regularities.

Suppose @ = 0.01. Then the maximum rank rua of intervals which should be analyzed when looking for
regularities could be found from Table 2, showing its dependence on n and m.

Table 2. The dependence of the maximum rank rmax On parameters n and m
n\m 20 50 100 200 500 1000
10 1 2 3 4 5 6
30 1 2 2 3 4 5

100 1 1 2 3 4 5

Two conclusions, justified for the regarded range of parameters, could follow from this table. First, in order to
increase I'max by one it is necessary to double the size of the experiment — the number m of elements in F.
Second, approximately the same result could be achieved by reducing by a factor of 10 the number of
attributes used for the description of the regarded objects.

Suppose Imax = 2 Which is enough when the selection F is rather small. In that case we have to pay attention
only to pairs of attributes, looking for some forbidden combinations of their values. This task can be executed
by an incremental algorithm. It analyzes the elements of the selection F consecutively, one by one, and fix
such two-element combinations which have occur, using a symmetrical square Boolean 2nx2n matrix S for
that, with rows and columns corresponding to the values x1=0, x1=1, x2=0, x2=1, etc. Its elements
corresponding to occurring combinations are marked with 1. The rest combinations (not occurring) are
presented by zero (empty) elements and accepted as forbidden. The regularities presented by them connect
some attributes in pairs and are called syllogistic [6]. For example, regarding the following selection F (only to
illustrate the algorithm, despite the fact that the selection is too small for rmax = 2):
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abcde

01001 1
11011 2
10011 3
01100 4
10011 5
01100 6

we shall find in the end ten two-element combinations which do not occur in F, and consider them as
syllogistic regularities. They can be presented by the following ternary knowledge matrix D:

abcde

00---
0--1-
1-1--
1---0
D= -01--
-0-0 -
20--0
11 -
S
---10

When the selection F is noticeably bigger compared with the number of attributes, the maximum rank rmax of
implicative regularities could be 3, 4 or even more. The run-time for their finding swiftly increases.
Nevertheless it is restricted, because the number of intervals to be checked could be approximated by C.% 23,
Cit 24, etc.

It is a litle more difficult to extract knowledge from the space of n multi-valued attributes x1, X, ..., Xa [9, 11].
To begin with, define the probability p that some concrete disjunct will be satisfied by an accidentally chosen
element of the space. It could be calculated by the formula

n
p=1-II(nls),
i=1
where s; is the number of all values of the attribute Xi, and r; — the number of those of them which do not
enter this disjunct. For instance, p = 1 — 2/2x3/4x1/3 = 3/4 for the disjunct 00.1000.101. Let us divide all
disjuncts into classes Dj, forming them from disjuncts with the same value of p. And let us number these
classes in order of increasing p and introduce the following conventional signs: g; — the number of disjuncts in
the class Dj, p; — the value of p for elements from D;.

Find now the mathematical expectation E; of the number of disjuncts from the class D;, which do not contradict
the random m-element selection from the regarded space:

E=q(p)",
and introduce the analogous quantity Ey*for the union of classes D1, Do, ..., Dk

k
Ed = > E.
=1
Inductive inference is performed by consecutive regarding classes Dj in order of their numbers and
summarizing corresponding values E; until the sum surpasses a threshold m, which is introduced with taking
into account the specific of the problems to be solved. All disjuncts belonging to these classes are accepted
as regularities if they do not contradict the data, i. e. if they are satisfied by any element of the selection F.
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The expert may fix several thresholds and assign accordingly different levels of plausibility to the found
regularities. For example, regularities obtained by thresholds 10-19, 10-6, 10-3 could be estimated as absolutely
plausible, usually, most likely. This differentiation gives some flexibility to recognition procedures. Choosing a
proper level of plausibility one can use only some of regularities contained in the knowledge base and vary in
such a way the plausibility of the logical conclusions obtained during recognition. For example, using only the
most plausible regularities can result in obtaining a little number of logical conclusions, but more reliable ones,
while extending the used part of the knowledge base extends also the set of obtained logical conclusions, at
the expense of their plausibility.

We do not regard here the important problem (touched in [12]) of extracting knowledge from partial data —
when values of some attributes of the elements from F remain unknown.

SOLVING EQUATIONS OF DEDUCTIVE INFERENCE

The recognition problem can be regarded as the problem of a closer definition of qualities of some observed
object not belonging to the experimental selection from the subject area [5, 14]. It is formulated in terms of
logical equations, Boolean or predicate, and the tree searching technique of deductive inference is applied for
their solution [4, 10, 13].

Suppose, we know the values of s from n attributes of this object. That is equivalent to location of the object in
a certain interval of the Boolean space M presented by the corresponding elementary conjunction k of the
rank s. The problem is to define by logical reasoning, as sure as possible, the values of the remaining n — s
attributes, using for that the information contained in the knowledge ternary matrix D and in the corresponding
veto function V.

Let us regard the set X of attributes with known values and the set of all forbidden combinations of values of
the remaining attributes - for the considered object. The latter set can be described by a proper Boolean veto
function V(k) that could be easily obtained from V. Indeed, it is sufficient for that to transform the formula
representing the function V by changing symbols of attributes presented in k for values (0 or 1) satisfying the
equation k = 1. Denote this operation as V(k) = V:k.

Suppose that we want to know the value of an attribute x; which does not come into Xx. The necessary and
sufficient condition for the prohibition of the value 1 of that attribute is presented by the formal implication
kxi= V, i. e. belonging of the interval presented by the conjunction kx; to the prohibition region described by
the function V. Analogously, the necessary and sufficient condition for the prohibition of the value 0 is
presented by kxi = V.

It is not difficult to deduce from here forecasting rules to define the value of the goal attribute x; of the object
characterized by k. These rules are shown in a compressed form in Table 3 presenting the decision (a set of
possible values of X; _the bottom row) as a function of predicates kxi = Vand kx' = V.

Table 3. Forecasting the value of the attribute xi

kxi =V 0 0 1 1
kx' =V 0 1 0 1
Xi 0,17 ({1} {0} @)

Note that four outcomes could appear at this approach. On a level with finding the only value (0 or 1) for the
attribute x;, such situations could be met when both values are acceptable or neither of them satisfies the veto
function V. At the last case the existence of the object o characterized by k contradicts the knowledge base,
and that could stimulate some correction of the latter. However, the probability of such an event is low
enough, taking into account the way of forming the knowledge base.

For example, if

V=acf vbe'fvadevbdfvbcd
and k = abf, then V(k) = V:abf = €. It could be concluded from this that the regarded object o has value 1 of

attribute e, but there are no restrictions on other attributes (c and d). If by the same function V the object o is
characterized by k = c'e'f, then

V(k)=b v b'dvb'd =1 (allis forbidden),
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and that means that the object contradicts the knowledge.

The predicates kxi = V and kx’ = V are accordingly equivalent to the predicates V:kxi =1 and V:kx/=1,
and that allows us to reduce their calculation to checking corresponding submatrices of the knowledge matrix
D for consistency. Fixing values of some attributes in the function V is changed for selecting the
corresponding minor of the matrix D by deleting some rows and columns, which could be followed by further
possible simplification.

Suppose, we regard the same (already minimized) knowledge matrix D corresponding to the veto function V =
acf’ v be'f v a'de v b'df v b'c’d’ and know that for the observed object a=1 and ¢ = 1. Taking into account
this new information we transform the matrix D. We delete from it the columns marked with a and ¢ because
these variables became constant, and delete also the rows 3 and 5 now satisfied by these constants. Further
simplification is rather evident, using the following rule: x (x' v H) = x H, where x is a Boolean variable and H
— an arbitrary Boolean formula.

abcdef bdef bdef

0-0--11 - -1 - -1
D)= -0--10 2 —> 0-10 —> 0-1-

1--10- 3 10-0 10 --

-1-0-0 4

-111--5

We can conclude now that f = 1, by necessity. As to the remaining attributes, their values cannot be
forecasted uniquely. They obey the next two conditions: b’ v e =1 and b v d = 1. This system of logical
equations has two solutions. Either b = d = 0 (with an arbitrary value of e), or b = e = 1 (with an arbitrary value
of d).
Solving the recognition problem in a special case, when the values of all attributes are known except the goal
one, could be facilitated by preliminary partitioning the Boolean space of attributes into four regions. After that
it would be sufficient only to find out to which of them the regarded object belongs and make the
corresponding conclusion.
The characteristic Boolean functions of these regions are obtained on the base of the rules shown in Table 3.
The operations f:x and f:x' changing the argument x; of the function f for constant 1 or 0, accordingly,
are used by that. The region where the value of the attribute x; remains unknown is described by the function
V-(x) = (V:x)A(V:x), the region where X receives the value 1 is presented by the function V(x) =
(V:x)A(V:x), the region where x; receives the value 0 — by the function VO(xi) = (V: x)A(V : x)', and the
region of contradiction - by the function V*(x;) = (V : X)A(V : X/).
Using the same example we obtain:

V=acf v befvadevbdfvbcd,

V:f=be'vadevbdvbcd,

V:f=acvadevbcd,

V-(f) = (be’ va'devbdvbcd) A(acvadevbcdy,
Vi(f) = (be’ va'de v b'd vb'cd) A (ac v ade v bcd),
VO(f) = (be’ v a'de v b'd v bc'd) A (ac vade v bcd),
VA(f) = (be' vade v b'd v b'c'd) A (ac v a'd’e v b'c'd).

DEDUCTIVE INFERENCE IN FINITE PREDICATES

In the case of multi-valued attributes the disjunctive knowledge matrix D turns out to be a sectional Boolean
matrix presenting some finite predicate. There is some specific in dealing with it [7, 10].

Let us state the central problem of deductive inference: a disjunctive matrix D and a disjunct d mated with D
(that means defined on the same pattern) are given, the problem is to find out whether d is a logical
consequence of D. In other words, the question is if the conjunctive term d is derived from CNF D, that means
it becomes equal to 1 on all elements of the space M where CNF D takes value 1?

Two ways for solving such problems are known: the direct inference and the back inference.
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When the direct inference is executed, the initial set of disjuncts is expanded consecutively by including new
disjuncts following from some pairs of disjuncts existing already in the set. This procedure continues until the
disjunct d is obtained or the set expansion is exhausted without finding d. At the last case it is proved that d
does not follow from D.

Any pair of disjuncts u and v can generate several disjuncts-consequents wi, obtained formally by the
operation w; = u<x>v which may be called the resolution in regard with the variable x; and which can be
considered as the generalization of the resolution operation, well-known in the theory of Boolean functions,
onto finite predicates. It is defined as follows: the domain (section) of w; corresponding to the variable X
equals the component-wise conjunction of the corresponding domains from u and v (this can be considered
as the unification by the variable x;), and the rest domains equal the component-wise disjunction of the
corresponding domains from u and v.

But far not all disjuncts obtained in such a way deserve subsequent consideration. There is no sense in
including into the regarded set a disjunct which follows from some other disjunct belonging to the set, because
it represents only some expansion of the latter one. For example, disjunct 110.0111.00 follows from disjunct
010.0110.00. It is reasonable to look only for non-trivial consequents. Such is a disjunct which follows from
some pair of disjuncts u and v but does not follow from u or v taken separately. Let us call it a resolvent of
disjuncts u and v, and determine the rules for its obtaining.

Disjuncts u and v are called adjacent in regard to the variable x; if and only if the corresponding domains are
incomparable (their component-wise disjunction differs from each of these domains) and there exists in each
of the rest domains a component with the value 0 in both vectors. Note that at violating the first condition a
disjunct is obtained which follows either from u or from v, whereas at violating the second condition a trivial
(identical to 1) disjunct is found, which follows from any other disjunct.

Affirmation 1. If disjuncts u and v are adjacent in regard to the variable x; and w = u<x>v, then the disjunct
w is a resolvent of the disjuncts u and v.

For example,
a b c

=100.10.0011
010.00.0110

It is easy to see that these disjuncts are adjacent in regard to a and also to c, but not to b. Hence, they give
rise to the following two resolvents

< C
1

000.10.0111
110.10.0010

The direct inference is simple but time-consuming because the number of obtained consequents could be
very large. The back inference is more efficient. It solves the problem by transforming the initial system of
disjuncts into such a system which is consistent if and only if d does not follow from D. So, the problem is
reduced to the regarded above problem of checking some disjunctive matrix for consistency.

Denoting by —d the vector obtained from d by its component-wise negation, and by D A —d the matrix
obtained from D by the component-wise conjunction of each of its rows with vector — d , the following rule
may be formulated.

u<a>v
u<e>v

Affirmation 2. A disjunct d follows from a disjunctive matrix D if and only if the disjunctive matrix D A —d is
not consistent.

Checking this condition is rather easy: 1s are expelled from all columns of D which correspond to components
of the vector d having value 1, then the obtained disjunctive matrix is checked for consistency.
For instance, if
001.0010.00
D= 110.0011.01,
010.1100.10
001.0100.00
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d=011.1000.00,

then the following disjunctive matrix should be checked for consistency

000.0010.00
DA—d=100.0011.01
000.0100.10
000.0100.01

This matrix is not consistent, hence the disjunct d follows from D.

CONCLUSION

Implicative regularities were proposed to fix the knowledge extracted from data on the stage of inductive
inference and to play the role of axioms on the stage of deductive inference, when the values of goal
attributes should be forecasted. A set of algorithms was developed to implement those operations. The
suggested means were used when constructing several expert systems of various purposes where the pattern
recognition problem was the central one. The computer experiments testified the high efficiency of the
proposed approach.

Bibliography

1. Bongard M. Pattern recognition. — Spartan Books, New York, 1970.

2. Chang C.L., Lee R.C. T. Symbolic logic and mechanical theorem proving. — Academic Press, New York — San
Francisco — London, 1973.

3. Frawley W. J., Piatetsky-Shapiro G., and Matheus C. J. Knowledge discovery in data bases: an overview. — In:
Knowledge discovery in data bases (ed. by Piatetsky-Shapiro and Frawley), Cambridge, Mass: AAAI/MIT Press,
1991, pp. 1-27.

4. Nilsson N. J. Problem-solving methods in artificial intelligence. — McGraw-Hill Book Company, New York, 1971.

5. Zakrevskij A. D. Revealing of implicative regularities in the Boolean space of attributes and pattern recognition. —
Kibernetika, No 1, 1982, pp. 1-6 (in Russian).

6. Zakrevskij A. D. Logic of recognition. — Minsk: Nauka i tekhnika, 1988 (in Russian).

7. Zakrevskij A. D. Matrix formalism for logical inference in finite predicates. — Philosophical bases of non-classical logics.
Institute of Philosophy AN SSSR, Moscow, 1990, pp. 70-80 (in Russian).

8. Zakrevskij A. D., Levchenko V. ., Pechersky Yu. N. Instrumental expert system EDIP, based on finite predicates. —
Applied systems of artificial intelligence. Mathematical researches, issue 123, Inst. Math. AN Mold. SSR, Kishinev,
1991, pp. 24-40 (in Russian).

9. Zakrevskij A. D. EXSYLOR - expert system for logical recognition. — Upravlyayushchie sistemy i mashiny, 1992, No
5/6, pp. 118-124 (in Russian).

10. Zakrevsky A. D. Logical recognition by deductive inference based on finite predicates. — Proceedings of the Second
Electro-technical and Computer Science Conference ERK'93, Slovenia Section IEEE, Ljubljana, 1993, v. B, pp. 197-
200.

11. Zakrevsky A. Logical recognition in the space of multivalued attributes. — Computer Science Journal of Moldova,
1994, v. 2, No 2, pp. 169-184.

12. Zakrevskij A. D., Vasylkova I. V. Inductive inference in systems of logical recognition in case of partial data. —
Proceedings of the Fourth International Conference on Pattern Recognition and Information Processing, Minsk-
Szczecin, May 1997, v. 1, pp. 322-326.

13. Zakrevskij A. D. Pattern recognition as solving logical equations. — Special Issue 1999 — SSIT'99 (AMSE), pp. 125-
136.

14. Zakrevskij A. D. A logical approach to the pattern recognition problem. — Proceedings of the International Conference
KDS-2001 "Knowledge — Dialog — Solution", S.- Peterburg, June 2001, v. 1, pp. 238-245.

Author information

Arkadij Zakrevskij - The United institute of informatics problems of the NAS of Belarus. Surganov Str. 6,
220012 Minsk, Belarus. e-mail: zakr@newman.bas-net.by




54 International Journal "Information Theories & Applications" Vol.10

MULTI-AGENT INFORMATION PROCESSING AND ADAPTIVE CONTROL
IN GLOBAL TELECOMMUNICATION AND COMPUTER NETWORKS

A.V.Timofeev

Abstract: The problems and methods for adaptive control and multi-agent processing of information in global
telecommunication and computer networks (TCN) are discussed. Criteria for controllability and communication
ability (routing ability) of dataflows are described. Multi-agent model for exchange of divided information
resources in global TCN has been suggested. Peculiarities for adaptive and intelligent control of dataflows in
uncertain conditions and network collisions are analyzed.

Keywords: adaptive and intelligent control of dataflow, models for multi-agent processing and information
transfer, telecommunication and computer networks.

Introduction

The main aim of control for global telecommunication and computer networks (TCN) is a fast search and
delivery (transportation) of necessary information to TCN users-agents with high quality of submitted services.
So the general problem of control and multi-agent processing of information in TCN may be divided on four
interconnected subproblems:

- control for dataflows between TCN agents with adaptation to different kinds of heterogeneous traffic;

- organization for multi-agent dialogue between TCN agents;

- telecommunication equipment control;

- administrative control for productivity and configuration of TCN.

In global TCN (for example, Internet) control for transfer and distribution (routing) of dataflows between agents
should be done not on severe program but “in loose” on changing unpredictably users or nodal TCN
components requests.

Traditional approach to TCN control does not provide interactivity in real time (for example, speech dialogue
without relays) often. The other disadvantages are non-adaptivity (by relation to changing traffic) of control for
dataflows, impossibility for automatic avoiding of network conflicts, fault recognition and TCN reconfiguration
without human (administrator or network operators) participation.

1. Problems of Adaptive Control and Multi-Agent Processing in TCN

At design and exploitation of modern TCN important role is given to theory and tools of control for flows of
transferred data. However today theory of TCN control (differently from, for example, theory of automated
control for motions of aircraft, robots and the other mobile objects) has been developed weakly.

Therefore necessity in setting, formalisation and solution of problems for control, processing and information
transfer in TCN in dialogue mode in uncertain conditions arises.

Specific character of TCN as control object is in distributed character of TCN components and controlled flows
of different (heterogeneous) data, transferred through TCN nodes along different routes and communication
channels. Consequently TCN control system should be distributed and have multi-level hierarchical structure.
Specific aims and problems of control arise on every level of this system. However many of those aims are
not formalized and problems are not solved (it means that theoretically proved models of “collective dialogue
and control algorithms” do not exist for these problems). So in the paper significant attention is devoted to
setting and solution of problems for organization of multi-agent dialogue and dataflows control in uncertain
and network conflicts conditions.

Uncertainty of TCN exploitation conditions is in unpredictable character of change and in heterogeneity of
network traffic. The number of TCN users-agents is also uncertain and change significantly during the day.
TCN may have misworks or faults of separate components as well as different kind of network conflicts. So it
is necessary to have adaptation for traffic, monitoring and diagnosis of TCN states and also classification and
resolution of network conflicts.

Noted TCN specifities require investigation and development for adaptive approach to solution for problems of
‘collective” dialogue and dataflows in TCN on the base of modern intelligent and multi-agent technologies.
Suggested methods for adaptive and intelligent control provide adaptation to traffic, changing unpredictably,
adaptive routing of dataflows, multi-agent information processing, TCN functional diagnosis, recognition and
resolution of network conflicts [Timofeev A.V.,1996,2001,a,b,2002].
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A wide class of complex distributed TCN may be presented as multi-agent system (MAS). Here users of TCN
or nodal computers or local TCN as TCN segments work as TCN agents.

Typical features of these TCN agents are existence of local databases and knowledge bases and
telecommunicational channels for information exchange between agents in the process of mutual use of
distributed informational resources and processing of transferred information.

The main peculiarity of multi-agent processing of information and control is that firstly complex problem is
decomposed (fragmented) on the series of local problems, which solution is distributed (disparallel) between
agents, and then results of solution of these local problems are agregated (integrated) and realized with the
help of telecommunicational resources.

Information processing MAS work is supported by TCN, realized network technologies of data transfer
between agents. Communication between remote agents is executed on the level of their local databases and
knowledge bases by the way of controlled message exchange in the process of solution for local (individual)
or general (global) problems.

Significant theoretical and practical interest is given to two strategies for multi-agent processing and
information transfer:

- with coordinator (when one of the agents is responsible for coordination of behaviour of all other agents);

- without coordinator (when all agents have “equal rights” and do not submit to leading agent-coordinator).

At multi-agent control for dialogue and dataflows in TCN it is necessary to develop the methods for automatic
avoidance or resolution for conflicts, which may occur between TCN agents.

In connection with it a significant value belongs to multi-agent models and algorithms for information
processing (code replication, data fragmentation, adaptive routing etc.)

At design for TCN dataflow control systems a reliability of used equipment plays important role. Reliability of
global TCN is lower if TCN consists of more nodal computers. It is explained that with increased number of
TCN nodes the probability for failure of one or several computers increases. That is why necessity for
adaptive control and multi-agent processing for information in TCN, that guarantee problem solution at
unpredictable traffic change, fault or failure of one or several nodal TCN computers, appears.

2. Global Controllability and Dialogue Possibilities of TCN

The main requirement for global TCN is the possibility to provide the main function - to provide for real and
potential users a controlled access to distributed informational, computing and telecommunicational resources
of all nodal computers or local TCN, united in a global network. To satisfy this requirement TCN, as
complicated dynamics object for informational control, should be globally controlled.

Modern control theory means global control of dynamics control object as existence for control, providing
conversion of this object from any allowable initial state to any allowable finite (aimable) state for a finite time.
If control object has control property, it means that there are one or several algorithms for allowable control,
providing aim achievement. Otherwise it is generally impossible because corresponding algorithm does not
exist simply.

In connection with TCN a global controllability means a possibility for access from every nodal computer in
arbitrary time moment, called as initial, to informational and telecommunicational resources of any other TCN
computer for a finite time. At it a controlled access of user to existing distributed resources is provided by
automatic planning of one or several computers, connecting user's computer with aim computer, which
contains requested resources and transfers them to user in the form of informational dataflow.

However it should be note that TCN literature (see, for example, [Olifer V.G., 2001]) means network
controllability as “a possibility to control centralizely a state of main network element, find and solve problems,
arising at a network work, execute an analysis for productivity and plan a network development”.

Such definition of TCN controllability is too general and fuzzy. It mixes in fact property for controllability of
TCN as dynamics control object with requirements to TCN control systems, modes of their work, TCN fault-
stability, their productivity etc.

Usefullness of concept of TCN global controllability and necessity for automatic routing, control for information
dataflows and dialog organization appears most brightly in complex corporative and global (public) networks.
However nowadays TCN control area has many unsolved problems. Consequently convenient, multi-protocol
and multi-agent TCN control systems, able to adapt to heterogeneous traffic, unpredictably changing, and to
solve automatically network conflicts have not been created yet.

Many modern TCN are controlled in fact by qualified men-administrators or network operators. Existing
automatic tools do not control TCN but provide observation (monitoring) for their work on the base of change
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of some important TCN operation indexes. Really they track only for rightness of TCN operation, form and
store “history TCN exploitation” and partly control arising faults.

Existing systems for monitoring and information processing are not able in fact to control automatically for
dataflows in global TCN, to adapt for changing traffic, to solve network conflicts, to diagnosis and eliminate
faults and failures.

Modern tools for TCN automation provide control only for separate network elements, i.e. are tools for TCN
local control. Functions for global control, observation and diagnosis of TCN belong to man (for example, to a
network administrator or a network staff).

The most important characteristic for controlled global TCN is its productivity. Real productivity of TCN
depends significantly on used control system and may approximate to a certain limit, which is naturally called
as a potential productivity of TCN.

Productivity of global TCN is characterized by the following main indexes [Olifer V.G.,2001, Wallrand
G.,2001]: TCN reaction time, TCN capacity and dataflow transfer delay. TCN reaction time is the duration T of
time interval between the initial moment ty of users request to TCN and the finite moment tr of answer
receiving on this request. The value of this index T=T(ou1 , a, ...) depends on a series of factors: o - the
type of TCN service, requested by a user; a. - the type of nodal server, requested by a user; o - the current
state of TCN elements (load of segments, routers, commutators, through which a request passes, etc.); ou-
the daytime, when user is requesting TCN etc.

TCN reaction time is a global characteristic for TCN productivity with the point of an agent-user view. It is
determined by the formula

T= gTith -1p, (2.1)
i=1

where Ty - the time for preparation of request on a user computer, T, - the time for request between a user
and nodal TCN server through communication equipment and TCN segments, T; - the time for request
processing on TCN server; Ty - the time for answer transfer from server to a user (client); Ts - the time for
processing of obtained reply on a user (client) computer
Additive decomposition of the reaction time T on components T; is not interesting for a user. The finite result
is interesting for him, i.e. minimal value of global TCN time reaction on his request in a dialogue mode.
Knowledge of the network local components T; of the reaction time T allows evaluating productivity of
separate TCN elements, to find the most unproductive TCN elements and to minimize the global reaction time
T by control tools or by means of modernization of used TCN equipment.
Thus, a principal possibility for increasing of TCN productivity by optimization (on speed) of control appears.
For example, it is possible to minimize T3 by controlled choice of the shortest or fastest routes “client-server”,
satisfying an informational user’s request. For it it is possible to use neural models for optimal routers.
TCN capacity V is a volume of dataflow, transferred by TCN or its component for a time unit. Usually the value
V is measured in bits per a second or in package per a second. In contrast to TCN reaction time, depending
particularly on a user, TCN capacity V is an objective index of network productivity, characterizing a speed of
dataflow transfer between TCN nodes through different communicational equipment. It is accepted to differ an
average, instant and maximal TCN capacity [Olifer V.G., 2001].
Average TCN capacity V. is determined as a dataflow volume, transferred for a sufficient large time (for
example, hour, day or week). Instant TCN V; - volume of dataflow, transferred for sufficient small time (for
example, 1msec or 1sec). Maximum capacity V., is determined as the largest value of Vo , fixed on all
interval for observation of TCN work.
Among these indexes of TCN or its components capacity the most informative are the values V. and V, -

Average TCN capacity V. evaluates TCN productivity on a sufficient large time interval, when unpredicted by
them accidental “picks” and “decays” of traffic particularly compensate each other. Maximum capacity V.
characterises TCN work ability at graph “picks” (for example, in the beginning of work time, when many users
are registered simultaneously and requested for TCN).

Global TCN capacity V depends on local capacity abilities V; of its components, measured, for example,
between network nodes or input and output router ports. Because of consequent character of dataflow
transfer by different TCN components a global capacity of any complex route of data motion in TCN will be
equal a minimal of capacities of elements for this route. So to increase global TCN capacity it is necessary to
increase a capacity of its the most slower components. It may be done, particularly, by means of TCN control
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tools (for example, by way of routers optimization) on criterion for search of the shortest or fastest
communicational routes.

3. Heterogeneity and Uncertainty of TCN Traffic

Traffic of messages, sent in telephone networks or in cable television networks, differs significantly from traffic
of informational dataflows in global TCN of Internet type. These flows transfer not only files, DB efc., but also
multi-media data, presenting in a digital form images and speech. Exactly so global TCN are used more
widely for teleconference holding, remote learning etc.

For controlled transfer of multi-media information it is necessary to have not only a special equipment but and
new protocols and control algorithms, providing adaptation to changing multi-media traffic. The matter is in
that sound oscillations and light waves are continuous processes. Therefore for their high-quality reproduction
it is necessary to measure, to code and transfer them sinchro that significant distortions and delays would not
appear.

Traditional traffic for data, transferred by TCN, may change unpredictably in wide limits. Really this traffic has
‘pulsating” character and unknown beforehand intensity. For example, users request in DB of remote
computer generates a datalow between its local and remote computer, depending on many factors (text
edition etc.), and its insignificant delay does not depend practically on a quality of TCN users service.
However at traffic change in wide limits a service quality may significantly worsen. Therefore necessity for
adaptation of TCN control system to unknown traffic, changing in wide limits unpredictably, appears.

The other reason of appearance of necessity for adaptive control is connected with that in global TCN both
usual dataflows and multi-media information should transfer. It means that real traffic for global TCN is usually
uncertain and heterogeneous. Therefore systems for control of global TCN dataflow should adapt to unknown
beforehand specifities of heterogeneous traffic and provide a high quality of service for users, which structure
can also change unpredictably.

4. Decentralized Control of “Client- Server” Dialogue

Among computer networks global TCN appeared first by chronology and united between each other
computers, distributed on different cities and countries and providing possibility of controlled information
change on a big distance.

At design of global TCN the main ideas, mechanismes and technology of modern computer network operation
were suggested and completed. Principles of multi-level building of telecommunicational protocols, routing
technology and information packages communication efc. are related to them [Wallrand G.,2001,Timofeev
A.V.,2002]. These principles and technologies found realization in the most popular TCN — Internet and
continue to perfect theirselves with consideration of new needs of informational society.

Global TCN belong to distributed computer networks with decentralized control for local centres (nodes) of
processing and transfer of information on the base of computers with network adapters, connected between
each other by communicational channels. For local control of computers in a mode of request for its resources
it is necessary to have programme modules — servers, constantly waiting and serving constantly for requests
of global TCN users on resource access.

From the other side, for local control of computers in mode of request forming to resources of TCN remote
computers it is necessary to have programme modules - clients, moderating and transferring requests to
address of necessary computer of TCN.

Pairs of modules “client-server” are important part of network operational system. They provide controlled joint
access to certain type of remote informational resources (for example, to files).

A set of those pairs (on all types of resources) makes a network service, controlling information exchange
between computer-server, presenting its resources to the other computers of TCN, and computer-client, using
these resources. The same TCN computers may play simultaneously both server and client.

Control system for global TCN consists of network operational system, control system for local and distributed
resources, named a network service, and control systems for informational flows, connected with so named
network applications (network DB and KB, systems for data archiving, mail systems, systems for network
conflicts resolution etc.).

TCN as a control object is characterized by topology of physical links between controlled TCN computers. As
topological model for global TCN we will name a graph for TCN network configuration, nodes of which are
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corresponded by computers (or local computer networks), and edges - by physical (electric) connections
between them. Computers (or local networks) of global TCN are named as network nodes.

Optimization of topological TCN models is executed usually (because of economic reasons) on criterion of
minimization of total length of physical communication channels. However for improvement of TCN reliability
and balancing of separate channels traffic (load) redundant (reserve) communicational channels are
introduced sometimes.

In local TCN with a small number of computers (several decades) topological model is homogeneous and
corresponds to one of typical network configurations: “ring”, "general bus’, “star’, “cellular” and “full-
connectional [Wallrand G.,2001].

Global TCN are created on the base of connection of remote local TCN, which play role of big TCN. Therefore
global TCN are decomposed on homogeneous local TCN, having one of typical configurations and their
topological model is mixed (heterogeneous).

5.Multi-Agent Model for Controlled Exchange of Divided Information Resources of TCN

Let describe the set of agents-users of global TCN : A={a;,a,,...an}, (5.1)
consisting of N=|A| agents.
Let present a model for distributed information resource, allowable for an every agent from the set A, in the
kind of the vector :  I=|ly,l2,...,Iu|. (5.2)
The vector (5.2) is in geometry as a point in M-dimension Euclide information space RM. Components of this
vector are the values of the quantity |; of information of j-th type, connected with concrete types of data and
knowledge in distributed system of local DB and KB of agents.
Let give to an every agent a<A in accordance the vector of its personal (local) information resources
I(@)=(a).l=(a), ... (@I, (5.3)

which components are the values of quantity |;(a) of local information of j-th type, accessible for this agent.
Let note, that if I;(a)=0, it is meant that an agent has no access for information of j-th type or it is equal zero.
It is suggested that agents from the set A may contact each other through telecommunication channels and
unite in Ax <A group (brigade) work to use jointly an accessible information. Here the agent aicAx  may
increase or maximize its information state, consisting of local (single-agent) information | (a;) and group
information state | (a;), a € Ax, j#i , accessible for other agents of the group Ax.
Quantity of interconnected agents of the group A is written as Nk = | Ak |.
Then the every agent a; € Ax has in the limits of one tact of communication simultaneous (parallel) access to
local information | (a;) of other agents from the group Ak with the help of N1 communication channels. Thus,
every agent from work group Ak has two-side information communications with Ni.1 partners from Ax.
Every agent a has a right to request from other agents from the group Ak only that type of the information |;
(a), which it is interested in. At it an agent understands (knows), that it is preferable for it to connect with such
agents that have bigger information on interested for it types of transferred information, i.e. on determined
components of vectors of local (single-agent) information (5.3).
Using global TCN, agents try to maximize their information state (knowledge state) by information resources
of other accessible for it agents. So such agents create information unions (groups, brigades) on interested for
them information types.
Determine information interests (requests) of the agent a €A with the help of binary vector of interesting in
information of the different types

R(@)=IR1(a), Ra(a),....Ru(@)|, (54)
which components are predicates of the interests of the kind

R(a) = 1,if the agent a is interested in j—th type of information,

@) 0- otherwise,

where j=1,2,...,M. For example, if Ri(a) = Rz(a)=...=Ru-1(a)=0, and Ru(a)=1, then information interests of the
agent a are reduced only to the information of the M-th type, and other information is not interested for it.
Degree of interest of the agent a € A in distributed information resources (5.2) of other agents in the simplest
case may be characterise by the value

M 2 M
Re2)]= ZRi(2)= 2Rd(a) (56)

(5.5)
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Digital index of interest of the agent (5.6) is Euclide norm of the vector (5.5) and is Hemming distance in 2M-
dimension binary space of information interests (request) of agent. At ||R(a)|| = 0 the agent a has no interest
in any accessible information and at ||R(a)]] = M the agent a is interested in all types of accessible
information, which other TCN types have.
Let name as Wi a degree of the agent a wish to request the agent & and let consider that W; < [0,1]. Then
necessary and sufficient condition of two-side wish of the agents a and & to communicate (request
information from each other) has the kind

Wi W;i> 0, i4. (6.7)
At it every agent ai may request and obtain information of any type from other agent a;. If W;;=0, it means that
the agent a has no desire or denies to request information at the agent a.
The case, when W; =W;=1 means, that between the agents a; and &; there is an open channel for two-side
communication and information request of all types is possible.
It is important to consider also for every agent the right for “veto”, i.e. possibility to refuse to divide definite
types of information with other agents. Need in it may be occur, for example, in the cases, when information of
determined type is a secret and is not allowed for transfer through open TCN communication channels.
Let name as n=n(a) quantity of telecommunication channels of the agents a € A, by which it is communicated
with other agents to have a possibility for access to distributed informational resources of these agents.
In ideal case global TCN gives a possibility for every agent a € A to connect with all other agents from A, i.e.

n=n(a)=]A]-1=N-1,a € A. (5.8)
In the case of the group Ak from Nk =|Ax | of interconnected agents
n=n(a)=| Ax|-1= N -1, a € Ax. (5.9)

In this case each agent a € Ak has a possibility of access only to N, -1 agents from a set. For example, the
set can consist of all agents interested in k-th type of an information, i.e.
Ac={a: Rq(a)=1}. (5.10)

Global TCN allows its agents to share for any part (the type of information) from divided information resource
or all its local information (5.3) with other agents.

Let name as p(a) this part of the information type (5.3), which agent a € A is ready to share (give) to other
agents. Obviously p(a)<[0,1]. At p(a)= 0 the agent a hides (makes as a secret) all its local information (5.3)
from other agents. At p(a)= 1 all components of the vector (5.3), i.e. all types of stored information I;(a),
ji=1,2,...,M, are open for requests of other agents.

6. Singularities of Adaptive and Intelligent Control for Informational Flows in TCN

Complexity of modern global TCN, providing access to enormous informational and computational resources
is that in process of their control a central role is played by men-professionals in the area of informational and
telecommunicational technologies. However on specialist evaluations, if such TCN, as Internet, will grow so
fastly as it happens in the beginning of XXI century, in 10 years 200 million of people will be necessary for
control and service for Internet-users. Therefore a sharp necessity for automation of control processes in
global TCN on the users requests appears.

Solution of this problem is difficult because there are no formalized models of basic components and
processes, happening in TCN, changing conditions of TCN exploitation are not learned etc. Without
overcoming of these difficulties it is impossible to develop a theory for automatic control of TCN with
adaptation to changing traffic of tools for automatic design for control systems and communicational
equipment in TCN of a new generation.

Access of distributed informational and computational resources for TCN users is done in conditions of
uncertainty and non-stationarity, i.e. at lack of information about current state of TCN and constantly changing
informational environment.

The major factors of uncertainty and non-stationarity are:

1) uncertainty or unpredictable changes of heterogeneous traffic in TCN;

2) unpredictable changes of TCN users number;

3) apriori unpredictable character of agent-users request, connecting with their current local interest;

4) possibility of network conflicts in TCN etc.

In these real conditions of uncertainty and non-stationarity a necessity for robust, adaptive and intelligent
control appears. It is a matter that precisely robust and adaptive control systems are possible to provide right
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operation of TCN in beforehand uncertain and unpredictable changing conditions by signals of feedback about
TCN current state and compensation of arising factors of uncertainty [Timofeev A.V.,1996].
Intelligent control systems, inheriting properties of robustness and adaptivity, have additional functions of
artificial intelligence. In other words, they can solve autonomously (i.e. independently) some intelligent
problems. For example, intelligent systems can diagnosis TCN states, recognize network conflicts and provide
their avoidance or automatic resolution.
TCN with adaptive control will be named as adaptive TCN and TCN with intelligent control will be named as
intelligent TCN. Such adaptive intelligent TCN behave as self-adjusting “clever” systems, able to overcome
independently difficulties and to solve appearing problems in TCN before a user knows about them.
Such TCN, related to new generations of computer networks, have the following distinctive features:
constant accessibility and readiness to satisfy any (admissible) users requests, i.e. dialogue ability;
adaptability (adaptivity) to factors of uncertainty and ability to react “reasonably” on unpredictable events
(traffic or users number changes, network conflicts etc.);
ability for autonomous reconfiguration and reconstruction in the case of faults and failures (for example, at
disconnection or fault of some communication channels or TCN nodes) or unpredictable changes of
external environment;
self-defence from possible threats and attacks, directed on work ability loss of TCN or its main
components.
Since a global TCN consists of many local components, it is very important, that all controlling components
are adaptive and intelligent. Then superposition and network integration of these components provides
adaptivity and intelligence of TCN in a whole. Here it is appropriately to make an analogy of local and global
TCN of a new generation with man or people team, which consist of many interconnected self-adjusting
adaptive and intelligent subsystems, maintaining not only their “vitality” but also achievement by them local
(particular) or global (collective) aims and needs [Timofeev A.V.,a,b,2001].

Conclusion

In context of above described an interest is given to a new concept of IBM, stated in 2002 in the manifesto
“‘Autonomic Computing: IBM Perspective on State of Information Technology”. Searching for solution IBM
Research turns its attention to control organization in alive nature. Any alive organism consists of many self-
adjusting systems and subsystems. Elementary system with self-adjustment is named autonomic and
superposition of such systems is named autonomic computing. Memorandum has been built as appeal for
scientists of academic institutions and representatives of commercial companies to realize that “time of great
changes” has become.

The work has been done under support of grant of Ministry for Industry, Science and Technologies of RF Ne
37.029.11.0027 and grant of RFBR Ne 03-01-0024 and grant of RHSF Ne 03-06-12019b.
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INTERFACE ENGINEERING AND DESIGN: ADAPTIBILITY PROBLEMS!
T. Gavrilova, E. Vasilyeva

Abstract: The paper describes some investigation's problems intended to construct user model via
psychological assessment for further interface adaptation. The proposed concept of user model comprises
formal representation of demographic, professional, physiological and psychological data about the user with
stress put on psychological features. Essential users physiological, communicative and cognitive peculiarities
are in the center of view in the research theoretical part. The presented research develops flexible user-
centered approach as a unity of two main investigation directions — user modeling and adaptive interface’s
design. The adaptation engineering procedure is investigated via special interface modeling approach. The
targeted implementation is distance learning process. Special software tool InterTrivium for interactive
questionnaire presentation is described

Keywords: human-computer interaction, user model, adaptive interface, web-based learning system.

Introduction

The user interface development is one of the main stages in the computer software design process now. The
main requirements for user interface are friendliness, comfort and easy studied. The branch of science called
usability is working to build main principles of the user interface design now. Psychologists, ergonomists,
computer specialists try to find out basic criterions of the user interface development.

In this paper a major research focus we concentrate on the problems of the human-computer interaction in the
distance learning systems with the stress on individualised teaching. Web-based system design problems are
actively discussing by the usability engineers [Nielsen, 1999]. The main idea of there work is to think out
fundamentals of user interface design as “User Interface for all’. This approach is not corresponding to the
main psychologist's conception. Users are differing by their own characteristics and peculiarities such as age,
education, psychological and cognitive peculiarities. The other approach to user interface design — developing
of adaptive interfaces on the base of the user model - is supposed to be more fruitful for the user interface
elaboration to such computer applications class as web-based systems.

The main reason of user model developing for the distance learning system is to adapt learning process. Use
model may include the group of user characters that can influence the learning material generation, navigation
via learning course parts, type of students testing. In this paper problems of the user model generation for the
distance learning systems and the task of the interface adaptability in this class of the intelligent systems are
discussed.

The paper discussed the first results of the current co-operative Russian-Byelorussian project intended to
work out the methodology of distance learning systems interface adaptation and to develop special software
tool to carry out interface adaptation. User and interface models’ assembling for the distance learning system
are the initial project milestones. The major distance learning interface properties able to adapt were
combined into several special groups of the user interface model as well as key user features were arranged
to the set of the user model groups. The preliminary propositions of the user and interface model's correlation
were formulated to prove by the series of experiments. Special software tool InterTrivium was developed to
provide the experimental part of research. It carries out the user questioning and user model design. Some
single-purpose questionnaires were composed to determine user’s interface preferences.

Interface Model of the Web-based Learning System

The distance learning system interface model involves four groups of interface parameters (see Fig. 1). There
are functional, interactive, service and lay out features of the distance learning user interface. More than 50
different interface characteristics were primarily selected to include to the interface model. The investigation of

1 The research work reviewed in this paper has been carried out in the context of the Russian Foundation for Basic Research funded project
“Adaptable Intelligent Interfaces Research and Development for Distance Learning Systems”(grant N 02-01-81019). The authors wish to acknowledge
the co-operation with the Byelorussian partners of this project.
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all interface parameters adaptation attainability is a very difficult task. Thereby several interface
characteristics, which have the significant influence the human-computer interaction and education process,
were selected for our research.

Functional interface parameters contribute greatly the system interaction behavior. It means difference in
the representation of learning material and tests’ performance. The examination of distance learning systems
allowed to choose the following user functional parameters, which can be adapted:

* The set of the available working processes. This characteristic implies several distance learning system
access modifications — for students, for administrator and for lecturer.

* The learning course material’s structure. The user is allowed to study a certain limited suite of learning
material according to his education, psychological peculiarities, interaction time and tests’ results.

* Tests’ content. Each user is provided by individual set of tests according to his user model.
*  The navigation tool. The navigation tool adaptation supposes individual route for learning material study.

Interface Model '

- e o~

& >

Functional Interactive Service Lay out
parameters parameters parameters parameters

Fig. 1. Distance Learning System Interface Model Structure.

Interactive interface parameters determine the usability during the interaction with the system, the
interaction scenario features. These characteristics group includes the information layout in the distance
learning systems. it Is advisable to select the following parameters within this group:

* Dialogue type. The dialogue type management supposes providing different forms of tests.

* Controlling elements composition (menu configuration). The individual menu configuration should be
formed for each user.

* learning materials and tests’ content being shown to the user at a time. The hypothesis of this
parameter’s adjustment according to the user’s psychological peculiarities and his skills is put forward.

* Learning material performance format. Adaptation of this interface component assumes learning material
presentation (font size, structure, graphic material availability) in the format most suitable to the user
individual peculiarities.

* The highest possible hyperlink level (hypertext depth). According to the individual user model parameters’
values the hyperlinks’ number and hierarchy are generated to the distance learning system user.

* Navigation status. This characteristic's adaptation task is to follow the user navigation via learning
material, to remind last visited page for starting with it during the next interaction with the system.

Service interface parameters include all objects participating in the reference and information dialog
interface’s functions. In our project we study adaptability of the reference information level, in other words we
study individual user support system development feasibility.

Lay out interface parameters characterized information layout on the user display and level of user
participation in it. In our project we tries to investigate adaptability of the following lay out interface
parameters:

*  Current window set-up. Distance learning system interface should be optimized to user screen sizes.

* Information lay out influences the learning material assimilation effect. Taking into consideration of
psychological, physiological user’s features will let to adapt this web-interface parameter.

* Menu appearance. The task of this parameter's adaptation is to design menu, which will be suit to user's
psychological characteristics (as a text, icons, special images etc.).

*  Background color.
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* Textcolor.
*  Hyperlinks color.

User Model

User model is not a new concept. First it was introduced in 1974 by the Institute of Informatics of the USA
Congress. Now user model is interpreted as system’s notion about the user, which generates either on the
base of predetermined information about the user or on information acquired in the process of human-
computer interaction. In spite of the fact that the user modelling is studying for a long time, there are no
common principles of user model generation and it's implementation as a complex adaptation criterion.

The basic tendencies of the current user modelling research are:

o the number’s increase and variety expansion of parameters included to the user model;

o user modelling use for adaptive systems development,

e user modelling implementation for the wide range of software systems development,

o attempts of generalized user models generation.

The network technologies expansion ensured new application fields for user modelling. Thus user model
generation uses in adaptive hypertext navigation systems.

In the adaptive hypertext navigation systems the user model includes:

e users' goals,

e user’s knowledge,

e user’s hyperspace experience,

e user’s background,

e user's preferences.

Also the more simple stereotype model (Rich model - [Rich, 1983]) is used for user knowledge representation.
The stereotype model differentiates several groups of typical or «stereotype» users. For each user model
measuring the system should offer several possible stereotypes.

The distinctive feature of our research is an attempt of user model generation process systematization and
also including of psychological, physiological and cognitive features into the user model. Up to nowadays the
major part of users modelling approach have comprised only the group of the human-computer interaction
parameters (number of errors, main executed commands, visited pages) and also user knowledge about the
subject domain. We suppose that including of psychological, physiological and cognitive features into the user
model should improve human-computer interaction process quality as well as it will considerably increase
user interface adaptation flexibility.

In our research we propose the concept of the user model [Rich, 1983; Wagner, 1982] as a set of formal
representation of different factors, which affect the users productivity in distance learning system
environment. The user characteristics are grouped into several classes. The proposed distance learning
system user model structure is shown on the Fig.2.

User Model '

P ——

<% >

Demographic Psychological Physiological Professional
factors factors factors factors

Fig. 2. Distance Learning System User Model Structure.

Demographic factors comprise such essential user's parameters as age, gender, first language, place of
birth, social and cultural peculiarities. In our research we study two demographic factors — gender and age.

The group of the psychological factors in the distance learning system’s user model consists of cognitive
and communicative psychological peculiarities. The distance learning system’s user model in our study
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includes the following psychological factors: ability to study, conformism, the level of locus control, cognitive
style, logical mentality style.

The study of the psychological characteristics group is in the centre of attention in our research. For the
distance learning systems tasks the user cognitive style [Witkin, 1981] is an extremely important factor. It
considerably influences the problem solving way. The study of the user logical mentality style or
deductive/inductive strategies can help to present the learning material more comfortable for the student,
because those who are using deduction always perform their cognitive activity with the top-down strategy from
the higher level of abstraction to more and more detailed schema and in the variant of induction the users
ascend from the unconnected elementary concepts to metaconcepts.

The user's physiological parameters have the greatest influence the productivity of the human-computer
interaction. We have included two factors into the distance learning system user model - attention and
mistakes frequency - for the purposes of our research.

In our study professional factors group consists of the following user features: expertise level, user
professional experience in the subject domain, user education and user computer skills.

In this part we have described the most common structure of the distance learning user model. In our project
we study all factors mentioned above and some other factors to be included at the distance learning systems
user model final structure.

Adaptation of the Distance Learning System

We consider the process of the distance learning system adaptation twofold — as interface adaptation and
scenario adaptation. Scenario adaptation implies adjustment of the learning process scenario to the user
peculiarities. Therefore we have included some characteristics, which in our opinion influence the learning
materials navigation scenario, to the user model. Our adaptation comprehension corresponds the classical
adaptation notion [Brusilovsky, 1996] (see Fig. 3).

gets

Information about the user ]

\ 4

User Modeling
A

Adaptation Tool
User Model ]

\ 4

Adaptation

Adaptation Effect

Fig. 3. Classical notion of the adaptation process in the adaptive systems

The major aim of the reported project is to develop interface adaptation tool for the distance learning systems.
The process of the interface adaptation supposes inferences rules implementation to the interface generation.
We are going to form knowledge base comprising user/interface models correlation rules. Now we carry out
special experiments, which will allow to study correlation between user and interface models. The special
software tool InterTrivium was developed to provide this experiments.

InterTrivium — User Model Acquisition Tool

InterTrivium is a specially designed software system to form distance learning system’s student model (first
version called TOPOS was developed by Voinov, second version TRIVIUM developed by Geleverya T.).

It is an application for multi-factor quiz's data interpretation developing and the user model generation. The
system can work with all types of question-answer tests (graphical tests, multi-factors test etc.). InterTrivium
includes tools for interactive visual editing of tests’ descriptions and tests’ scales.

The main InterTrivium major targets are:
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o test development,

e quiz/questionnaire executing,
o the result data interpretation,
e user model generation.

In the system there is an intelligent tool for automatic verbal interpretation of test results for each respondent
using rules, defined by experts-psychologists.

The prototype of InterTrivium is implemented in the framework of PHP scripting language and can store data
in MySQL database or in text files.

The outcome of the described application may then be used both by Internet-based and standalone computer-
aided learning systems. InterTrivium can serve as a user model generation tool and as an application for the
different testing and queering support.

Now InterTrivium supports several tests on the user interface preferences and some professional
psychological tests. Some experiments aimed to find correlation between the user model and distance
learning interface components are providing. The interface adaptation tool for the distance learning system
will be developed on the base of experiments results.
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Conclusion

The importance of the user interface adaptability is evident. The intelligent interface development can
noticeably improve distance learning systems outcome. The approach described in this paper can be titled as
design and building of adaptive interfaces embedded in the distance learning systems via user modelling. This
approach is based on the user-centred technology that puts stress at the usability, handiness and efficiency of
human-computer interaction.

The described project is under active development. Currently, different system components are studied — up
to considerable extent — separately. This is referred to, e.g., user modelling, distance learning, Internet
programming, description of subject domain.
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USING THE SIMULATION MODELING METHODS FOR THE DESIGNING REAL-
TIME INTEGRATED EXPERT SYSTEMS

G. Rybina, V. Rybin

Abstract. Certain theoretical and methodological problems of designing real-time dynamical expert systems,
which belong to the class of the most complex integrated expert systems, are discussed. Primary attention is
given to the problems of designing subsystems for modeling the external environment in the case where the
environment is represented by complex engineering systems. A specific approach to designing simulation
models for complex engineering systems is proposed and examples of the application of this approach based
on the G2 (Gensym Corp.) tool system are described.

Keywords: integrated expert systems, real-time, simulation modeling, object-oriented model, rule, complex
engineering systems, electrophysical complex.

Introduction

The more and more sophisticated character of modem software systems is due to the fact that their archi-
tecture comprises a great number of subsystems and components with different functional characteristics,
which interact with different groups of users. Because many components are created and developed autono-
mously, without any provision made for the possibility of joint operation and support of integration processes
in the course of evolution of systems, this results, as a rule, in a substantial deterioration in the reliability of
such systems. On the other hand, tendencies towards the integration of investigations in different fields,
which have prevailed over the last ten years, have necessitated the integration of semantically dissimilar
objects, models, methods, concepts, and technologies. This circumstance has inevitably led to the emergence
of new classes of systems, such as integrated intelligent systems, integrated expert systems, integrated
information systems, integrated manufacturing systems, etc.

Thus, research and development in the field of advanced integrated systems are of particular importance at
present. Among the studies in this field, we can mention certain results on the theory and technique of
designing integrated expert systems (IES) for static application domains (AD) obtained by the author in the
course of conducting the AT-TECHNOLOGY research project (see, e.g. [Rybina,1997]).

However, the integration problems are most conspicuous in the construction of dynamic IES operating in a
real-time mode (real-time integrated expert systems (RTIES)), because in this case it is hecessary to ensure
the following (see [Rybina,1998]): simulation of the external world and its various states; representation,
storage, and analysis of time-varying data incoming from external sources; simultaneous temporal reasoning
about several distinct asynchronous processes (tasks), support in functioning the inference mechanism under
conditions of resource (time and memory) limitations, and other capabilities.

In this connection, special software tools (ST) are needed. These tools must make it possible to design and
develop RTIES that can operate in dynamic AD, including the case where the correction of search strategies
and knowledge acquisition are possible directly in the process of searching for a solution. The most widely
known ST of such a kind are G2 (Gensym Corp.) and RT works (Talarian Corp.).

Over recent years, the author has accumulated certain experience in designing RTIES on the basis of the G2
tools for diagnostics and control problems, such as the control of modem electrophysical complexes
[Rybin,Rybina,1998a, Rybin,Rybina,1998b], the diagnostics of complex engineering systems [Rybina,1998],
the launch readiness verification of carrier rockets (prelaunch monitoring of carrier rockets)
[Rybin,Rybina,1999], radioecological monitoring of areas adjacent to nuclear power plants [Kosterev et al,
1998].

By and large, despite the external dissimilarity of AD, complex engineering systems (CES) were studied.
These systems are objects of a technical nature characterized by the following [Rybin,Rybina,1998]: their
parameters constantly vary (in real time); they comprise from several hundred to several thousand functionally
and structurally interrelated components, subsystems, modules, units, etc.; the diagnostics of these objects
can be considered as a specific control process with the goal of determining the technological state of objects
at each current instant (the general task of diagnostics of the object status) and, in addition, the task of fault
finding (as a special case of the general diagnostic task); the functioning of these objects is a complex
technological process accompanied by a multitude of abnormal conditions, rapid changes in the environment,
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and the lack of time for decision-making in response to abnormal conditions; a high price is paid for errors
made by operators.

Therefore, any RTIES for diagnostics and control of CES (which are discrete and discrete-continuous for the
main part) must ensure, in the general case, support for the execution of the following tasks: the dynamic
modeling of all processes of functioning the of CES; monitoring the CES operation, detection of deviations
from the prescribed regime, prefailure alerting and abnormal condition warning, emergency cut-out, etc.;
studying the actions of the operators who control CES and training of personnel; a convenient graphic user
interface for monitoring variations in the basic parameters characterizing CES operation, etc.

The architecture of an IES that is designed for real-time operation undergoes substantial changes due to
these circumstances, because practically all basic components of a static IES are modified and two new sub-
systems are added—one of them is intended for the environment simulation, and the other supports the
interface with the physical equipment.

The primary emphasis in the present paper is made on the problems of designing one of the most important
components of the RTIES, the subsystem for simulation of the environment, which is represented by CES.

1. Statement of the Problem

The problems of real-time modeling of the external environment and its various states are very important in
designing any RTIES. The methods and tools of simulation modeling (SM) are the most appropriate here,
because the dimensionality of problems being solved and the unformalizability of complex objects and sys-
tems for which the RTIES are designed do not allow one to use rigorous mathematical methods.

On the whole, the SM is quite efficient, but, at the same time, it is a rather labour-consuming method and
entails a number of problems such as the necessity to provide an adequate description of systems and
processes in these systems, a correct interpretation of the results obtained, questions of stochastic
convergence of simulation processes, the necessity to overcome difficulties caused by the problem of dimen-
sionality, etc.

As was noted above, the application of methods and tools of SM in RTIES is caused primarily by the neces-
sity for real-time modeling of the external environment and, in particular, to include the corresponding sub-
systems that adequately reflect all the processes and laws of functioning of the CES in the architecture of
RTIES.

In [Rybina,1997] the author consider and solve these problems within the framework of the general-purpose
problem-oriented methodology (POM). This methodology is intended for use in static and dynamic applica-
tions; it is a set of models, methods, algorithms, and procedures for designing of applied IES.

Since IES are implemented by integrating the methods and technologies of ES with those of conventional
programming, the basic problem of integration within the framework of POM should be considered in the fol-
lowing way (see [Rybina,1997]): integration in the framework of IES of different components that execute
formalized and unformalized tasks and determine the specific character of functioning of the entire IES (the
top integration level); integration (functional, structural, and conceptual) related to basic system designs and
concepts of development and design of particular classes of IES and their components (the medium
integration level); integration (informational, software, and hardware) related to the technologies, ST, and
platforms used (the bottom integration level).

Analyzing the problem of the top-level integration problem, we proposed the classification of IES and
introduced the concepts of IES with the superficial and deep integration of components. It was also shown
that the methodology for developing simple ES can be used only for designing IES with superficial integration
and is completely inapplicable for IES with deep integration. In this case, we propose to apply the approach
that improves ES by incorporating functions of a certain component N (where N is a database management
system, an application package, SM system, etc.) that are unconventional for such ES, which is an important
conceptual basis of the POM.

Here, the problems of integrating ES with SM in the framework of RTIES with deep integration of components
are of primary interest, because, in this case, it is necessary to ensure the following (see
[Rybin,Rybina,1998a]): the conceptual uniformity of approaches, models, and methods being used; the
combination of rigorous mathematical methods of search for solutions with unformalized heuristic methods
based on expert knowledge; due regard for the time factor both in the construction of models of AD and in the
search for solutions, and other capabilities. The problems of designing RTIES that integrate simulation,
conventional ES, as well as other constituent components of IES, are not clearly understood yet; therefore,
the present paper deals with these problems. The modular principle of designing RTIES on the basis of POM,
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as well as the similarity of certain concepts used in ES and SM, makes it possible to integrate these
technologies.

Below, we describe the results of experimental approbation of the elaborated models and methods of POM
that ensure the integration of ES with SM in designing prototypes of RTIES for problems of control and
diagnostics of CES; moreover, we focus mainly on one of the most complicated problems in the construction
of RTIES, namely, the control problem for CES.

2. Construction of Simulation Models of CES

As noted above, the complexity of CES under study does not allow one to apply rigorous mathematical
(analytical and numerical) models when describing these systems. There is no way in which this problem can
be solved except by constructing a simulation model (MSM); moreover, preference should be given to the
application of methods of the intelligent SM. Now, we consider an example of designing the simulation model
MSM for the life-support and survival system (LSS) of the electrophysical complex (EPC)
[Rybin,Rybina,1998a].
It should be noted that, due to their complexity, modern EPC are designed to eliminate the effects of
subsystems on each other to the greatest possible extent; hence, each particular subsystem can be consid-
ered as a CES, and EPC can be treated as the set of CES, i.e., CES = (CESy,..., CES\}. Therefore, the
control system (CS) for a given object is a hierarchical CS whose control object at the top hierarchy level is
the control system of a particular subsystem of the LSS.The simulation model MS™ can be subdivided into the
model of internal stochastic perturbations (Msp) and the model of the control system (Mcs). To simplify the
description of the structure of the simulation model MSM, we assume that the LSS comprises only one
subsystem, for instance, the subsystem of vacuumizing. In this case, the simulation model MSM of the life-
support and survival system of the EPC will be represented by the simulation model MSM of the subsystem for
vacuumizing.
Thus, from the standpoint of SM, the life-support and survival system of the EPC is a discrete-continuous
system. In the general case, the set-theoretic model of this system has the following form:

MSMLSS = {MCO, MCONTR, MSD, \/x’ VU, VE’ VY, \/z, S, FY_)U, FXEU_>YZ },
where Mco is the model of a control object, Mcontr is the model of a controller; Msp is the model of internal
stochastic perturbations; Vx = { v¥}, i = (1, m), is the set of monitored uncontrolled inputs; V= { vy}, j= (1, s),
is the set of monitored controlled inputs of the Mco; VE= {vi¢}, h = (1, k), is the set of stochastic perturbations,
Vv={w}, I = (1, r), is the set of output parameters of the Mco (this set is used in the controller); Vz= { v}, g =
(1, q), is the set of output parameters of the Mco; S ={sc}, ¢ = (1, n) is the set of possible (admissible and
abnormal, i.e., inadmissible) states; F Y-V is the function generating the control vector u(ti+1) on the basis of
the incoming output vector y(t); F*'—"2 s a function mapping the input of the CO into its output.
Let | denote the input of Mco (V*, VY, Vé), and let 0 denote the output (WY, VZ); then, we have o(t) = Peu—Y(i(),
vt e [v, t], oM(v), k = &; (n - 1), t), where [o®(t)(t=v)= ok(v), k = &; (n - 1), are the initial conditions (IC).
Thus, at any instant t, the output is a certain function of the input and the IC.
The output of Mco has the dimension (r + g) <'n; therefore, O < S, and each particular state of the CO is
described by the set of selected (on the basis of different criteria) properties (characteristics), i.e.,

= {c1,G)

where C- are the valuated properties of the CO. Thus, the set C~ can be used to describe the set of states S
c Sad < Sab where S is the set of admissible states and S# is the set of abnormal states.
This formalized representation of the simulation model MSM of LSS of the EPC describes the operation of the
entire system, but it is still too abstract for further implementation. In the present paper, in order to make the
obtained model more specific and universal, we have used the Rational Rose Real-Time 6.0 CASE tool and
the UML with enhancements for the support of real-time system engineering (UML-RT) is used as a language
of model designing; these enhancements include the structural elements of the UML-RT-like Capsule and
behavioral elements of type of Protocol. The idea is to represent all units using the diagram of classes and to
write the diagram of states and transitions for each class. For instance, all units of the equipment making up
Mco and Mcovrr are represented in the form of capsules (abstract representations of real-world objects, i.e., the
equipment of the LSS of the EPC) with a necessary set of ports (abstract representations of data-transfer
channels of real-world objects) through which the messages from other elements (from capsules in abstract
declarations, from EPC's equipment in the real world) are incoming.
Since O < S, the output (W, V2) of the Mco is completely described by the attributes of capsules that rep-
resent Mconrz; the component (V) is described by the capsules of the component representing the generator of



International Journal "Information Theories & Applications" Vol.10 69

stochastic perturbations; and each arrow (V) is represented by a message (information) transfer channel, i.e.,
by a protocol.

For each capsule, a diagram of states and transitions is constructed; the sets of these diagrams for all cap-
sules are defined (represented) by the functions F*—U and Freu—yz, Thus, the representation of the simulation
model MS™ in terms of UML-RT has the following form:

MSMss = <C, P, S, T, E, Re, Ry, A>,
where C is the set of capsules; P is the set of ports, S is the set of states of capsules; T is the set of
transitions; E is the set of events initiating a transition to another state; Rc is the set of relations between
capsules, Ry is the set of relations between protocols; A is the mechanism for event tracing and the initiation
of transitions (actions) corresponding to an event.
The representation of the model MSM obtained above allows one to pass to its implementation at the level of
tools; moreover, no constraints are imposed on the choice of ST for this purpose. In the present paper. the G2
system is used as a toolkit for implementing the simulation model MM of the life-support and survival system
of the EPC and as a software development environment of the entire RTIES. In the G2 object-oriented
environment, the above model is unessentially modified, namely: the diagram of classes, which was
developed in the Rational Rose RealTime, is turned into an analogous diagram in the G2 environment; the
hierarchy of protocols transforms into the hierarchy of connections and relations; the logic of the diagram of
transitions and states is described using the G2 rules for the whenever construction; the application of these
rules allows one to form the mechanism of event tracing.
An event means that the system is in one of the following a priori known states: a variable, a parameter, or an
attribute of an object received a new value; an error occurred when a value was assigned to a variable; a
variable lost its significance (the value is no longer significant); an object of some class was created; an object
was moved (changed its coordinates) on the desktop; an object passed into an active or dormant state; two
objects became related by a certain relation; two objects was connected to each other.

Therefore, MS™ in the G2 environment can be represented as the following set:
MSMss = <CL, O, C, E, RLg, Re1, Ro >,
where CL is the set of system classes; 0 is the set of objects; C is the set of connections between objects; E is

the set of model events; RLe is the set of rules of the event-tracing machine; Rc: is the set of relations
between classes; Ro is the set of relations between objects.

3. Methodology for Designing Simulation Models of CES

Thus, the following particular methodology for constructing the simulation model MSM of a CES, which is
oriented towards use in the G2 environment, was developed within the framework of POM.

1. An AD is analyzed; the basic concepts of the AD, as well as the characteristics and operations of func-
tioning of these concepts, are specified.

2. The abstractions of these concepts are described as classes in G2. The characteristics of concepts of a
CES are represented by attributes, and the operations are represented by methods.

3. A powerful visual editor is employed to construct a scheme of the equipment of the real-world CES using
the program objects and instances of described classes. Moreover, the interrelations of objects of the real-
world CES are assigned by connections and relations.

4. As a result, one obtains the scheme S = <0, R>, where 0 is the set of objects of the scheme and R is the
set of relations-between these objects.

5. Then, a set of model and temporal events, E = {e} is constructed. A model event is an a priori specified
state, i.e., the set of valuated attributes of one or several particular objects. A temporal event is a priori preset
model or real time.

6. The set D = {d }} of actions, which are associated with the set of events, E, is constructed (an action is the
totality of methods of objects of the scheme S), as well as the Scheduler (sequence monitor) of their joint
functioning (sequential, concurrent, or with time delay). An action has a duration, which is realized in G2
through the use of the wait for t construction, where t is the delay time.

7. Based on ltems 4 and 5, an event-tracing machine is constructed. This machine is applied for scanning the
states of the system and for the initiation of an action associated with an event, when the system passes into
a state for which this event is described in the set E. This mechanism is implemented in the G2 environment
through the use of the rules of the whenever construction.

8. The set B of initial states is determined. The initialization of the scheme S with one of the initial states is
carried out by executing constructions of the type initially.



70 International Journal "Information Theories & Applications" Vol.10

4. Example of Application of Methodology for the Construction of Simulation Models of CES
for RTIES

We use the example of modeling the LSS of the EPC for an operational prototype of the RTIES [Rybin,
Rybina, 1999] to illustrate the elaborated methodology for designing simulation models of CES in the G2
environment. The LSS of the EPC, the charged-particle accelerator in the case under consideration,
comprises interrelated subsystems for electric power supply, water supply, vacuumizing, magnet cooling,
tunnel ventilation, high-frequency electric power supply, radiation protection, and fire safety.
We restrict ourselves to the consideration of the vacuumizing subsystem designed for the development and
maintenance of vacuum in vacuum chambers. When the accelerator is started up, the air is evacuated in two
stages; moreover, different types of pumps are used. At the first stage, a low vacuum is developed; at the
second stage, the air is evacuated so as to develop a high vacuum. If an abnormal condition arises in the
process of operation of the accelerator, i.e., if the pressure is at variance with that existing under high
vacuum, then a specific control signal is sent to the emergency system and the vacuum chamber is blocked;
the corresponding message is generated and sent to the control desk with the aid of the RTIES (see Fig. 1).
The construction of the simulation model MSM of the vacuumizing subsystem is started simultaneously with the
object-oriented analysis of the AD when the basic concepts of the AD are specified and the relations (their
type, multiplicity, etc.) between objects are refined. In the case under consideration, one can distinguish the
following: the vacuum chamber, the vacuum sector, and the exhaust units (VN1-MG, NEM-300, TMN-200). As
has already been noted, the model is designed using, the Rational Rose for RealTime (although this is not
obligatory and the designing can be carried out directly in the G2 environment). A diagram of classes is
constructed; in our case, we apply the UML-RT, so this diagram is a diagram of capsules; moreover, the
relations between capsules can be of the following four types: association, utilization, aggregation,
inheritance.
Then, the interacting capsules and the message flows that describe their interaction are specified. For each
such interaction, the concept of the message transmission channel and, as a consequence, that of the pro-
tocol of transmission of these messages are introduced abstractly. Thus, the diagram of capsules is refined by
the diagram of protocols. Further, the sets of attributes that characterize the abstract state of a given capsule
as a consequence of the state of the real-world equipment are specified, the conditions for transition from one
state to another and the corresponding actions (i.e., the variation of a particular variable, the start-up of the
capsule method, the transmission of a message to another capsule) are specified. On the basis of the
information thus obtained, a diagram of transitions and states is constructed with the use of the UML-RT tools.
After this, the complete source information for the implementation of the obtained model in the G2 envi-
ronment is available. In order to generate a list of events, it is sufficient to simply write out the conditions for
transitions between states. The actions that are performed when a certain event occurs are also represented
in the diagram of states and transitions using Rational Rose for RealTime. It only remains to connect the
events and the actions associated with them by whenever constructions; these constructions represent one of
the types of rules of the G2 system:
<whenever rule> :: = whenever <event declaration>

[or <event declaration>] [and when <logical expression>] then <list of actions>.

Then, a set of system states is constructed. To simplify the further description of the model, we assume that
the vacuumizing subsystem can be in one of the nominal states only, for instance, the system is in the "off"
state, which is described by the condition none of the pumps is powered; the system is at the stage of
maintaining a low vacuum, which is described by the condition the vacuum is in the range from 107 to 102
mm Hg; the system is at the stage of maintaining a moderate vacuum, which is described by the condition the
vacuum is in the range from 107 to 10® mm Hg; the system is at the stage of maintaining a high vacuum,
which is described by the condition the vacuum is in the range from 10 to 10 mm Hg.

Then, a set of actions is constructed in the G2 environment. The actions in this case are the G2 procedures
that initiate and suspend the methods of objects and the methods themselves; for instance, the procedure that
initiates all the methods of air evacuation used by pumps of the second type is declared as follows:
power_all_p2(VC), etc.
And, finally, the event-tracing machine is constructed. In our case, the machine for event tracing and initiation
works is as follows:
whenever the pressure of any vac_chamber VC receives a value and when the pressure of VC < 10 and the
status of VC /= 2 and the status of VC /= 3 and the status of VC /= 4 then conclude that the status of VC = 1;
whenever the status of any vac_chamber VC receives a value and when the status of VC = 1 then conclude
that the status of VC = 2 and start power_all_p2(VC);
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whenever the pressure of any vac_chamber VC receives a value and when the pressure of VC < 10e-5 and
the status of VC /=4 then conclude that the status of VC = 3;

whenever the status of any vac_chamber VC receives a value and when the status of VC = 3 then conclude
that the status of VC = 4 and start power _all_p3( VC).
The initial conditions are determined using the rules of the initially type, which invoke the procedures of the
system initialization when the applications are started up, i.e., initially start initial_top_value (top_value) and
start initial_bottom_yalue (bottom_value) and start initial_stub posts (stub_posts).
An example of operation of the current version of the prototype of the RTIES for control of the EPC is
presented in Fig. 1. This figure presents the case of detection of an abnormal condition in the operation of the
vacuumizing subsystem. This condition is simulated with the aid of the simulation model M ssS™; it is detected
by the RTIES; and, using the rule-based inference, a message indicating possible causes of this condition and
suggesting remedies for the trouble is issued to the operator.

3

Fig. 1. An example of operation of the prototype of the RTIES for the control of the EPC

Conclusion

Thus, a simulation model MSM of any CES in the G2 environment is an object-oriented model; i.e., it is the set
of program objects that simulate the dynamics of the behavior of the real-world CES described with the use of
these objects; these latter are interrelated both by data transfer channels and by logical circuits. The real-time
simulation process as such is supported by the G2 Scheduler (sequence monitor), which coordinates the
processing of model and temporal events; this circumstance substantially facilitates the elaboration of the
simulation model MSM,

It should be noted that, if necessary, the MATLAB system or its analogs can be additionally used for modeling
complex continuous processes described, in particular, by differential equations of the second or higher order;
in this case, integration with G2 is carried out on the basis of tools of the GSI interface (G2 Standard
Interface).
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EXPERIMENTAL ESTIMATION OF ERGONOMIC PARAMETERS OF THE
COMPUTER TRAINING PROGRAMS ON ELECTROTECHNICAL DISCIPLINES
D.A. Yakovetc, L.H. Zainutdinova

The abstract: The present research offers the technique of the experimental estimation of the ergonomic
parameters of the computer training programs, created on the basis of the method of theoretical images are
submitted.

Key words: the computer training programs, ergonomic parameters, method of theoretical images

Introduction

Computerization as well as the information process built on it are being widely implemented in all spheres of
human life, including such an important sphere of social activity as education. New information technologies
and computer-based facilities being the nucleus of the information process of education. Nowadays a
computer classroom in the educational institution has become the same necessary and habitual attribute, as
library. New means of training: all kinds of computer training programs (CTP), including electronic textbooks
(ET) are developed.

The learning efficiency is influenced by various factors, among which comfortable conditions for work with the
computer program are great importance. The analysis of this aspect of interaction of the person and computer
will be carried out within the framework of ergonomics — the science that studies in complex the law of
interaction of the person and engineering during this or that activity with the purpose of development of the
requirements for increasing the efficiency of this activity. In the present research the task was to estimate the
ergonomic parameters of a number of computer educational programs on Electrical Engineering.

The basic part

The electronic textbook, as a special case of the man - machine system (MMS), is characterized by system-
technical and ergonomic properties. According to [3apakoeckuin u gp., 1993, c.27], system-technical
properties are those that cause the adaptation MMS to performing its appropriate functions (efficiency,
reliability, cost, etc.). Ergonomic property - characteristic of MMS and its elements, which are defined by
biomechanical, physiological and psychological possibilities of human activities.

Already at the first stages of the development of computer facilities the problem of interaction of the person
and computer has become a subject of research in engineering psychology, ergonomics, psychology of labor.
Various aspects of an operator's work with the use of a computer were originally examined in Automatic
Management System. The most attention was paid to optimization of hardware component of the human-
machine interface (HMI). Now, because of the constant perfection of computer engineering the ergonomics
attention was switched to software components of HMI. Recently some researches have been ergonomic
carried out which dealt with ergonomic designing of interaction of the man and computer in the system of
educational: preschool, secondary, university; the questions of maintenance of optimum work conditions being
mostly examined: such correct mode, the microclimatic conditions, the light exposure, the correct pose during
with work, the organization of the workplace. But the questions of the ergonomic of optimization of properties
of CTP are paid less attention to. The recommendations on organizing the procedure of dialogue, the
adaptations of the program to students’ individual features, on color and spatial design of the information on
the display are often of generalized character. There are not any works investigating the ergonomic properties
of CTP of a narrow purpose and having their own specific character, for example, for teaching general-
engineering disciplines (GED). Thus, the question of the estimation of quality of educational software is
extremely urgent.

One of central problems of ergonomics is the study of functional condition of the users arising during this or
that activity, and the development of adequate methods of their estimation and correction. Functional
condition (FC) of the person - complex of the characteristics of those functions and qualities of the person,
which directly or indirectly determine performance of working operations [BeegeHne B aproHomuky, 1974,
c.94].

Traditionally researched types of FC are exhaustion, tension, stress. As the phenomena of physical and
mental exhaustion, as well as the way of their description can depend in great degree on the examinees,
personal peculiarities and aims, it is also advisable to get his personal profile, especially concerning his
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stability and introversion / extraversion. The factors, causing the increased motivation of the user also require
deep study.

Taking the above-stated facts into account, as well as the specificity of teaching GED with the use of
information technologies and using the data of the analysis of the scientific literature devoted to the ergonomic
criteria of efficiency of activity and the questions of psychological testing, Yakovetc D.A. has developed a
technique of an experimental research of ergonomic parameters of computer training programs (picture 1.).

Methods of study of the ergonomic parameters of the computer training
nroarams

pd ' N

Estimation of the Estimationofthe [ >| Estimation of the
students’ individual  |-—o—o— ergonomic l«—— students’ functional

features parameters of condition during the
the CTP work with CTP
Pictiire 1

Nowadays we have a situation when the greatest number of CTP under development belongs to the branches
of humanitarian disciplines and natural sciences disciplines for the school system of education. The quota of
CTP on general engineering disciplines (electrical engineering, heat engineering, hydraulics, theoretical
mechanics, etc.) and special technical disciplines (according to the profile of the graduating faculties) is
insignificant. One of the reasons that slows down the development of CTP on technical disciplines for system
of secondary and higher education is the lack of theoretical bases of ergonomic designing of the similar
programs.

The present research offer the method, of an experimental estimation of the ergonomic parameters of CTP
enables the comparative analysis of the existing CTP. This technique has been applied for the estimation of
the several computer training programs on electrical engineering. The research were carried out on «The
Three-phase circuits» (TZ) program, created on Electrical Engineers Faculty of Astrakhan State Technical
University (ASTU), as well as «The Theory of electrical circuits » (TEC) program, developed in Siberian
State Academy of Telecommunication and Computer Science [bakanos u gp., 1998].

We consider that the TEC computer program represents the most widespread type of modelling program in
the branch of engineering disciplines. The software for mathematical and imitating modeling allows expanding
the borders of experimental and theoretical researches, to supplement a physical experiment. During the work
with the TEC program the student is given the possibility to choose the necessary parameters of the electric
circuit, the TEC program demonstrates the change which occurs in the work mode of the circuit. The
drawback of the similar programs is the lack of feedback and of active educational activity of the students. The
student acts in a role of the observer. On the finishing work with the TEC program the student isn’t given any
mark for the lesson.

The TZ program is an electronic textbook. According to [3aitnyTauHosa, 19991, ¢.35]): " The Electronic
textbook (ET) is an educational program system of a complex purpose, ensuring the continuity and
completeness of the didactic cycle of the teaching process, which gives the theoretical material, ensuring the
drilling activity and the control of the level of knowledge, as well as the information retrieval activity,
mathematical and imitating modeling with the computer visualization and service functions on the condition of
realization of an interactive feedback".

The program TZ is designed on the basis of the method of theoretical images [3aitHyTanHoBa, 19992]. The
educational material of the GED is know for its high level of abstraction and therefore is perceived and
acquired by the students with difficulty. The offered method of theoretical images ensures the increase of
availability of the form of an abstract educational material.
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The scientific knowledge is in the overwhelming majority of passed on in verbal form as theories, laws,
concepts and is accompanied by some symbolical explanations, for example, mathematical formulas, it
enables to speak about the verbalized form of scientific knowledge. It is know form psychology that for
understanding and mastering the educational material well, the semantics of the text should be represented
in the form of visual images. On the basis of the above-stated facts, the author of the present work introduces
the following definition: "The Theoretical image is a visual-figurative representation of the semantics of
the verbal forms of scientific knowledge (concepts, laws, theories)" [3aiHyTauHoBa, 1997, c.164].
One of interest, but poorly developed problems is the problem of passing on the image from one person
to other during dialogue [Jlomos, 1991, ¢.69]. It is that problem that comes to the foreground in computer
training systems. The theoretical image that has been formed in experienced teacher's consciousness for
many years, can not be directly handed down to, the student. During the application of the traditional
technology an image passes on to other person on the thinking-in-words level. The application of new
information technologies principally new possibilities appear, which enable to pass on the visual - figurative
concepts from the teacher to the student. The necessity of a verbal description is reduced. The theoretical
image being property of the experienced teacher can be passed down to the student with the least losses
and distortions through a didactic program system. But there is a necessity for the development of new
technologies or strategy of such transmission. On the basis of the psychological and pedagogical theories of
training the present research gives recommendations for designing theoretical images for CTP
[3aiHyTamHoBa, 19991, C.144-145].
The method of theoretical images is capable to some extent to affect all the components of the student’s
learning process, but the most significant changes take place during the perception, understanding,
memorizing and revision of the educational material. Besides the method is supposed to improve the
emotional attitude t the process of learning and to reduce the necessity for volitional efforts on the part of the
student. While using the method of theoretical images the educational information is given not only as texts
and formulas, but also in a visual - figurative form. Both the verbalized left-hemispheric and the visual right -
hemispheric information are percepted simultaneously. The processing of the right -hemispheric information is
carried out at high speed, in complex. There is a sort of a complex (synergism) effect of interaction of the left -
and right -hemispheric mechanisms of our thinking. At the achieved level of the quality of both hardware and
software the visuality and vividness of the information can attract the user’s attention to such extent that the
necessity for a volitional regulation of the process of perception and understanding is reduced considerable.
The method of theoretical images has high potential possibilities of presentation of the educational material
with the support on the interrelation and interaction of conceptual, figurative and effective components of
thinking, what is of immense importance for the creation of the CTP for general-engineering disciplines.
The high pedagogical efficiency CTP, developed with application of the method of theoretical images, was
confirmed by research [3aiHyTamHoBa, 19997, The aim of the present work is comparative experimental
estimation of the ergonomic parameters of a number of CTP oh Electrical Engineering: the TEC modeling
program and the TZ program, the latter being created with the application of the method of theoretical images.
The experimental research was carried out among 85 ASTU full-time students of the second year. It was
participated by the students of the following specialties:

« The Automated systems of processing of the information and management (AS) - 220200 », 31

persons;

« Automation of technological processes and enterprises (AP) 210200 », 22 persons;

« Networks of communication and commutation system (AC) 200900 », 32 persons.
The research was carried out in two stages. At the first stage the individual peculiarities of the personalities of
the students who take part in the experiment were being estimated. At the second stage the ergonomic
parameters of the computer educational programs and student functional state during the work with these
programs were being estimated.

The first stage of research

The estimation of the students individual personal peculiarities was carried out once at the specially
arranged time (at the lecture).
For the estimation of the student’s individual features (IF) it is necessary to fulfil some requirements:

1. The techniques of the estimation of the student’s IF should be reliable and valid.
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2. The techniques of the estimation of the student’s IF should be convenient for a group testing. It is
necessary to ensure the equal conditions of testing. The procedure of measuring, processing and
interpretation of the investigated parameters should be limited in time.

3. The time required for carrying out the tests is to be taken into consideration (the IF-estimation is to
be carried out during one lecture).

The first stage of research included:

1. The definition of the student’s professional propensities.

2. The definition of the level of logical ability of thinking.

3. The definition of the basic properties of the nervous system:

- The steadiness of the nervous system (the balance of nervous processes, expresses the
correlation between the processes of excitement and inhibition in the cells of the cortex);

- Mobility of nervous system (ability to react quickly to changes in the environment);

- The force of nervous system (reflects a limit of efficiency of the cell of the cortex - their
capacity to endure either very strong or very long-termed though not strong excitement,
without coming to the state of inhibition.

The definition of the student’s professional propensities. As the authors see for the estimation of the level
of the student’s interest in the study of GED it is very important to reveal their professional propensities.
Presence or absence of a positive motivation during the work with a computer program is an e important
factor that influences to a learning efficiency, the perception of the properties of CTP, the creation of the state
of functional comfort or functional discomfort. According to [UanHosa, 1985] The functional comfort is the
optimum functional condition of the working person, during which the correlation between the means and
conditions of work is achieved. In this case the person develops a positive attitude to his activity, which
ensures the adequate activization of his psycho-physiological processes, postpones the development of
exhaustion, promotes long and high capacity for work without determent to health.

On the basis of the analysis of the literature on psychological testing and concordance with the above-state
requirements, for the definition of the student’s professional propensities differential - diagnostic questionnaire
by E.A. Klimov [[opbaTos, 1998].

The definition of the level of logicalability of thinking. As it is noted in the work [3aiHyTanHoBa, 19992,
¢.95], while teaching GED, where also electrical engineer belongs, the student mast form in his memory rather
great number ( a bank) of theoretical concepts, taking into account their interrelations. Besides the system of
the scientific notions of GED are characterized by a high level of hierarchism and abstraction and a high
degree logical interrelation of its components. Therefore, the authors maintain, that the level of the
development of the logical ability of thinking is an important factor that affects the efficiency of the students
work with the date of CTP. The level of the development of the logical ability of thinking was investigated with
the help of the increasing difficulty test (Roven’s technique) [Ctonspenko, 2000, ¢.111]. The given test
corresponds to the above mentioned requirements.

The definition of the basic properties of the nervous system of the students participating in
experiment, is of great importance for the given research. According to [Crosapb ..., 1998, ¢.600], the
property of nervous system are the steady features of nervous system, that influence, when all the other
conditions are equal, the person’s individual psychological peculiarities. The whole set of the nervous system,
forming a certain type of the nervous system, makes a physiological basis of the individual originality of the
person’s activity, directly influences a functional condition (exhaustion, stress, functional comfort, productive
or unproductive tension, etc.) during various activities. Laboratory techniques for the diagnostics of the basic
properties of nervous system require special conditions of realization and equipment. They are rather labor-
consuming. Therefore in this research for the definition of steadiness and mobility of the nervous system the
authors used the questionnaire Y. Strelyau [Ctonspenko, 2000, ¢.180], and a Tepping-test [CTonspeHko,
2000, ¢.187] for the definition of the force of nervous system.

The results of the first stage of an experimental research (the estimation of individual features of the
students’ personality) have shown:

1. Among the students of the three specialties (AS - 83 %, AP - 86 %, AC - 63 %) the great majority displayed
propensity for trades, whose labor objects are both / either technical and / or sign information, i.e. for the
activity that presuppose the usage of various machines, materials, other products of a civilization and / or
based upon the preferences to processing figures, letters, codes, other symbols.
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Thus, it was found out, that for the quota of the students participating in the experiment, the choice of trade is
basically adequate to the person’s propensities. Hence, it is possible to assume a positive motivation of the
students and their interest in mastering material in the Electrical Engineering.

2. The majority of students, participating in the experiment, have a high or middle level logical ability of
thinking: in the stream AP - 83 % from the general number of the students of this specialty, AC - 97 %, AS -
95%. Therefore, the students participating in the experiment have a sufficient level of the logical ability of
thinking for perception and mastering of the educational material in GED.

3. The students of all the three specialties have weak or middle-weak nervous system. The advantage of the
weak nervous system over a stronger one is in its capability to react to stimuli of lower intensity. The weak
nervous system is more delicately organized, is more sensitive. Hence, the influence of various properties of
CTP on the students’ functional condition during the work with the given programs will be displayed to a great
extent..

The second stage of the research

The estimation of the ergonomic parameters of the computer training programs and the students’
functional state during the work with CTP on Electrical Engineering was carried out in practical lesson in a
display classes during few lessons.

While operating a computer the significant part of the information is perceived by the person through the
visual analyzer. The increase of quality of the displayed visual information can be performed in two directions:
the optimization of the light mode (the brightness, the light exposure in the room, the contrast of elements on
the screen) and optimization of human-machine dialogue. It is necessary to note, that the continuous
perfection of computer engineering leads to the reduction of the urgency of an estimation and control of
hardware parameters of display. Therefore ergonomists’ attention is concentrated today, mainly, on the area
of the software of the processes of the information display. The present research will be carried out within the
framework of the given direction.

On the basis of the analysis of the scientific literature, devoted questions of the ergonomic designing of
software of various purposes and a long-termed practice of using electronic textbooks in educational process
in ASTU it was suggested in the present work that the following ergonomic parameters should be introduced
for the estimation of the quality of the training programs:

1. The used color scale: excessively bright; normal; insufficiently bright.

2. The convenience of reading the information: small print, normal; excessively large.

3. The spatial arrangement of elements of the information on the screen: inconvenient; rather
convenient; convenient.

4, Dynamic presentation of the information (moving objects on the screen): promotes a better

understanding of the educational information; does not improve the perception of the educational information;
irritates.

5. The degree of clearness of the sequence of actions during the work with the program: the sequence
of actions clear; sometimes there are difficulties in understanding the sequence of actions; the sequence of
actions not clear.

The authors used the method of filling a questionnaire. The students estimated a particular computer training
program according to the given parameters at the end of the lessons in this program.

The results of an experimental research of the ergonomic properties of TZ and TEC are show in pict.2.
The diagrams illustrate a great advantage of TZ over TEC in all parameters: a spatial arrangement of the
elements of the information, the degree of clearness of the sequence of actions, a color scale, the
convenience of reading of the information (a print).

While estimating the students’ functional state (FS) during the work with CTP it was necessary to meet
some requirements:

1. The estimation techniques should be reliable and valid.
2. The estimation techniques FS should be convenient for a group testing.
3. The FS estimation should not interrupt the plan of the educational process. The time spent

on the FS estimation should not exceed 10 minutes (5 minutes at the beginning of the lessons and 5
minutes at the end).
For an estimation of the functional state (FS) ergonomics uses two type of methods: physiological and
psychological [proHomuka, 1988]. From physiological methods of the estimation FS the given research
uses the measurement of pressure and pulse.
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Picture 2. THE ESTIMATION OF THE ERGONOMIC PARAMETERS
OF THE TEC AND TZ COMPUTER PROGRAMS
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These physiological parameters were measured selectively of some students at the beginning and at the end
of the lesson. The students for the control were chosen on the basis of the results of the tests on the
properties of nervous system. Students with the weakest and the least steady nervous system were chosen
as well as with the strongest and the steadiest nervous systems.
For diagnostics of the FS changes psychological tests for the volume of short-term visual memory (a test for
storing of numbers) and also volume of distribution and switching of the attention («A Numerical square») test
were used [Pabouyast kHura ..., 1996, ¢.172-174].
The results of the FS estimation with the usage psychometric techniques have shown:
The reduction of the volume of the short-term memory during work with TZ was registered of almost half of
students, whereas during the work with TEC the reduction of the volume of short-term memory was observed
of a smaller number of students (AS - 19 %, AP + AC - 28 %).
The reduction of the volume of distribution and switching of the attention during the work with TZ is lager that
with TEC (TZ -43 %, TEC- 30 % accordingly).
It is possible to explain the received results by a greater intensity of the learning activity of the students during
the work with the TZ program (the students do the calculation of electrical circuits, draw vector diagrams and
get a mark for each task). The work with the modeling program TEC is reduced only to observance of
diagrams and vector diagrams, a mark for the lesson is not given.
For a subjective estimation of their functional state at the end of the lesson the students were offered a test,
prepared on the basis of the test of the differentiated self-estimation (SAM) [CtonsipeHko, ¢.367]. The
parameters were chosen according to the scales «State of healthy, «Activity», «Mood» that has the clearest
and the most precise formulation. The examinees were asked to link their sensations with a number of
properties; the definition of each of them should be as curt as possible. The following parameters were
estimated:
The self-estimation of state of one’s health (feels well; badly; it's difficult to answer).
Tension (tense, relaxed, it’s difficult to answer).
Vivacity (vigorous, languid, it’s difficult to answer).
Mood (good, bad, it's difficult to answer).
Satisfaction from the work (satisfied, not satisfied, it’s difficult to answer).
The degree of concentration of attention (attentive, absent-minded, it's difficult to answer).
7. The degree of excitation (exited, sleepy, it's difficult to answer).

The analysis of the results of the students ‘state after the work with TZ and TEC program has shown:

- A significant advantage of TZ over TEC according to the parameters: «vivacity» (by 19 %), « satisfaction
with the work » (by 24 %).
- An advantage of TZ over TEC according to the parameters: «state of health» (by 13 %), «mood» (by 11 %).
- The both programs have caused the same degree of tension.
- TZ has required a higher degree of concentration of attention and caused a greater excitation of the
students. Apparently, it is explained by the fact, that on the results of his work with TZ the student is given a
mark, but after the work with TEC marc is not given.

Il

Conclusion

The results of the present research have shown the validity of the developed technique for an experimental
estimation of the ergonomic parameters of CTP. The present investigation has carried out the control and a
comparative analysis of the ergonomic parameters of a number of computer training programs on Electrical
Engineering, one of the general engineering disciplines. The received results have shown the advantage of
the TZ computer training program, which was worked out on the basis of the method of theoretical images
over the TEC modeling program.

The account of the ergonomic aspects of perception of the information is very important for designing
programs of educational purpose. Creating a comfortable interface, we shall promote the students ‘ effective
mastering of the knowledge, form their positive attitude to the learning educational activity, what causes the
adequate mobilization psycho-physiological processes, postpones the development of exhaustion, promotes a
long and highly effective serviceability without damage to health.
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THE STRUCTURE OF INFORMATION DIALOGUES: A CASE STUDY
M. Koit

Abstract: In the paper we consider the structure of information dialogues. Our study is based on Estonian
dialogue corpus which contains two kinds of dialogues — transcriptions of spoken conversations, and
dialogues collected with the Wizard of Oz method. We are using two ways for describing the structure of
dialogues — a typology of dialogue acts, and a system of communicative strategies. We depart from the notion
of communicative strategy introduced by Kristiina Jokinen in her Constructive Dialogue Model. The analysis of
our empirical material shows that people are using similar communicative strategies in telephone
conversations and computer interactions. In the same time, the structure of human-human conversation is
much more complicated.

Keywords: Computer intellectualization

Introduction

Estonian dialogue corpus consists of two kinds of dialogues. Firstly, 255 spoken dialogues are recorded and
transliterated by the transcriptional system of conversation analysis (Jefferson 1979). 150 of the dialogues are
telephone conversations where a person calls an office (railway station, bus terminal, travel agency, efc.)
aiming to get some information. The remained 100 are face-to-face conversations. Secondly, we have
collected 20 dialogues by the Wizard of Oz (WOZ) method. All the WOZ dialogues are information requests.
The participants of our WOZ experiments were allowed to ask questions about bus schedule in Estonia and
ship or plain traffic between Estonia and Finland. Therefore, we have a reasonable number of information
dialogues in our corpus.

Building our corpus, we have two goals. The first goal is studying of spoken human-human conversation, and
the second is modelling of human-computer interaction. Our further aim is to build an experimental dialogue
system which could act as a rational agent and provide the needed information to the user. The dialogue
system will integrate several language technology modules built up for Estonian so far (morphological and
syntactic analysis, text-to-speech synthesis etc.). To work out a dialogue manager, we are studying the
structure of our information dialogues.

There are several ways to describe the dialogue structure. From one side, we can use a system of dialogue
acts and represent dialogue as a sequence of such acts. From the other side, communicative strategies for
achieving certain communicative goals can be found in dialogues, and dialogue can be represented as
implementation of the strategies. Both of these developments are methods for expressing and achieving the
coherence of dialogues.

Typology of Dialogue Acts

There exist several typologies of dialogue acts. The first well known typology was worked out by J. Sinclaire
and M. Coulthard on the ground of the study of real dialogues (Sinclair, Coulthard 1975). The system of
dialogue acts was further developed by A.-B. Stenstrdm (Stenstrdm 1994). Several researchers are
considering practical problems of dialogue acts determination during the last decade — corpus linguists,
discourse and conversation analysts, language technologists (Hakulinen 1989; Allwood et al. 2000; Stolcke et
al. 2000; Jokinen et al. 2001).

Choosing a dialogue act mark-up system we have had two goals: to study spoken human-human
conversation and to model human-computer interaction. We started with analysis of existing dialogue act
systems and typologies (Klein, Soria 1998, Francis, Hunston 1992, Stenstrém 1994, Dybkjeer 2000). It proved
difficult to take over a ready-made typology because most of them are domain-oriented (eg. furnishing an
apartment, guessing a journey on the map, determining a meeting, etc.). Therefore, we decided to work out
our own typology. We departed from the Stenstrdm system which is based on conversation analysis.

There are 140 dialogue acts in our system divided into 8 groups:

1) rituals — greeting, introducing, etc.;

2) acts for re-structuring of conversation, with help of which the speaker starts a new topic or changes the
type of conversation;
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3) acts for exchanging of turn-takings, with help of which the speaker is asked to continue, or the existence of
contact is checked:;

4) repairing acts, with help of which partners are solving communication problems;

5) directive acts for giving and receiving of commands, requests, etc.;

6) questions and answers — pairs of acts, with help of which one partner asks a question and another answers
it:

7) acts for taking up of attitudes, with help of which one partner represents an attitude (belief, evaluation,
charge) and another responds it;

8) the last group contains the remaining acts (additional information, argument, conclusion, promise,
acknowledgement, signal of new information, etc.).

The acts from all the groups, except of the last, can form adjacency pairs. For that reason, they are divided
into 2 sub-groups: the first and second parts. The first parts are used to give commands, ask questions, etc.
The second parts express reactions to commands, answers to questions. Acts from the 8th group can
supplement both the first and second parts.

A simplified formal grammar determining our dialogue acts system is as follows (cf. Koit 2001). The terminals
(dialogue act names) are written in capitals.

interaction::= (transaction)+

transaction::= (exchange)+

exchange: := organisational-exchange | conversational-exchange
organisational-exchange::= ritual | repair | CONTINUER

ritual ::= CALL RESPONDING-THE-CALL | GREETING RESPONDING-THE-

GREETING | THANKING RESPONDING-THE-THANKING | LEAVE-TAKING RESPONDING-
THE-LEAVE-TAKING

repair::= hearer-initiated-repair | self-repair

hearer-initiated-repair::= INITIATING-REPAIR CARRING-OUT-REPAIR |
INITIATING-REPAIR CARRING-OUT-REPAIR EVALUATION

initiating-of-repair ::= NON-UNDERSTANDING | RE-QUESTION | SPECIFYING-

CONDITONS-OF-THE-ANSWER

self-repair::= REFORMULATION

conversational-exchange: := directive-exchange | question-exchange

directive-exchange: := directive’s-pre-member directive’s-re-member

directive’s-pre-member::= ORDER | REQUEST | PROPOSAL | WISH | CALL-UP |
OFFER | REQUEST-TO-WAIT

directive’s-re-member::= FULFILMENT | REFUSAL | AGREEMENT | POSTPONING-
THE-ANSWER | FULFILMENT-WITH-RESERVATIONS | YOU-ARE-WELCOME

question-exchange: := question’s-pre-member question’s-re-member

question’s-pre-member::= CLOSED-YES/NO-QUESTION | OPEN-YES/NO-QUESTION
| WH-QUESTION | SPECIFYING-THE-CONDITIONS-OF-ANSWER

question’s-re-member::= AGREEMENT-(YES)] AGREEMENT-(NO) | NON-AGREEMENT
| open-answer | POSTPONING-THE-ANSWER | ANSWER-AS-AN-ALTERNATIVE

open-answer::= GIVING-INFORMATION | INDICATING-THE-ABSENCE-OF-
INFORMAT ION

Our typology does not allow to annotate dialogues on several levels as it is possible, for example, in DAMSL
(Allen et al., 1997). However, some levels can be differentiated indirectly. Communicative status is indicated
by the dialogue act REFUSAL which marks a non-interpretable or unfinished utterance. Information level is
expressed by the conversational exchanges (as opposite to organisational ones). The role of forward-seeking
functions is played by the first parts (pre-members) and the role of backward-seeking ones by the second
parts (re-members) of adjacency pairs. Our scheme is more detailed as DAMSL. For example, the group of
rituals consists of 34 acts (there are only 2 acts in DAMSL - opening and closing). Such particularity is very
useful for study of human-human conversation even though it makes the annotation process more difficult. If
we had only one goal - training a question-answering system — then we could to be satisfied with a more
superficial typology of acts. But our primary goal is to study human-human conversation.

Our studies are currently centred on information seeking dialogues. We are using our system for annotating
our corpus. Supposedly, the typology can be reduced in process of the work.
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Dialogue Acts in Information Dialogues

For this paper, we annotated 10 spoken (telephone) and 10 WOZ dialogues from our corpus. It is possible to
outline the structure of information-seeking dialogue as consisting of four parts with different functions (Fig. 1).

[~ —ritual _beginning

A call
{B : responding the call
A greeting
_{B : responding the greeting
[——main_section
{A: pre - message
request
- - inserted sequence initiated by B
, | B tinitiating repair
A carring out repair
{B : evaluation
*B :answer
*{ additional message
- - inserted sequence initiated by A
. | A initiating repair
B : carring out repair
{A: evaluation

[ ——ritual _ending

A thanking

(B : responding the thanking

A leave - taking

{B : responding the leave - taking

Figure 1. The structure of information dialogue. Notations: ( — adjacency pair, [ — connects the whole
dialogue or its section, { — dialogue act, adjacency pair or triad which is optional, * — dialogue act, adjacency
pair or triad which can be repeated, -- — start of comment.

The four parts are

- a ritual beginning (greeting, introducing etc.);

- aritual ending (thanking, farewell);

- requesting and giving information (answering questions, giving telephone numbers, etc.);

- solving communication problems (misunderstanding, inaudibility, unreliability of information) in cooperation
of partners. This part often follows after the first question and forms an inserted sequence within the first
adjacency pair, also it can be repeated within the following adjacency pairs.

Ritual parts can be missed in conversations. It is usual in WOZ dialogues that the user (A) does not greet the
computer (B), (s)he starts interaction with request. A’s information request is expressed by directive’s or
question’s pre-member (usually, open yes/no question, wh-question or wish). Pre-messages can be added to
request (for example, ‘I have a question’). B's answer is expressed as directive’s or question’s re-member,
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usually as open answer: giving information. B often asks adjustable questions to specify the conditions of
answer.

Let us consider two examples from our corpus (cf. Examples 1 and 2). The first dialogue is a telephone
conversation and the second one is a WOZ dialogue. In the last case, the user put in his/her questions from
the keyboard, and got answers from the wizard on the screen. The ritual beginning and ending parts are put
out in the examples.

Example 1. A - client, B — a travel clerk. (Translated from Estonian.)

No Utterance Dialogue act
1 A:I'm interested in trips to Scandinavian states. WISH
2 B:Yes? YOU ARE WELCOME
3 More precisely? SPECIFYING THE CONDITIONS OF ANSWER,
POSTPONING THE ANSWER
4 A: Which variants do you have WH QUESTION,
POSTPONING THE ANSWER
5 to Sweden, Norway? ADDITIONAL INFORMATION: SPECIFICATION
6 B:mmm... You can buy tickets by us. ANSWER AS AN ALTERNATIVE
7 A:So. ACKNOWLEDGEMENT,
SIGNAL OF NEW INFORMATION
8 B: Plane and ship tickets. ANSWER AS AN ALTERNATIVE,
ADDITIONAL INFORMATION: SPECIFICATION
9 Unfortunately, we don'’t offer a whole travel packet. OPEN ANSWER: ANOTHER
10 A: So. ACKNOWLEDGEMENT,
SIGNAL OF NEW INFORMATION
11 B:Imean a group trip. ADDITIONAL INFORMATION: SPECIFICATION
12 A:mmm CONTINUER

Various adjacency pairs appear in our dialogues: in the first example, A’s wish (1st utterance) is closed by B’s
open answer (9), A’'s open question (4) is closed by B’s answer as alternative (6), etc. In the second example,
A’s open question (1st utterance) is closed by B's open answer (8-11). Any adjacency pair can contain other
pairs within. In the second example, the pair open question — open answer contains a pair adjustable question
— open answer: giving information (utterances 4 and 5). An utterance can hold more than one function, as
utterance 3 in the first example (postponing the answer that closes the utterance 1, and adjustable question
that opens a new adjacency pair).

Some of dialogue acts do not occur in WOZ dialogues, for example, checking contact, continuer, taking up of
attitudes. In our experiments, clients seldom asked questions which could be answered shortly, i.e. giving
information about one or two trips. For that reason the computer asked very many adjustable questions
followed by an open answer: giving information. In some degree, the questions were necessary for the wizard
to extend the time for information retrieval.

Example 2. A - user, B - WOZ. (Translated from Estonian.)

No Utterance Dialogue act

1 A: When will the bus depart from N. to Tallinn, OPEN QUESTION

2 in order that to arrive in Helsinki by ship at 12 o’clock? ~ ADDITIONAL INFORMATION

3 B: Wait please! REQUEST TO WAIT

4 Are you interested in a certain week-day? SPECIFYING THE CONDITONS OF ANSWER
5 A:lam interested in workdays OPEN ANSWER: GIVING INFORMATION

6 B: Do you agree to spend a night in Tallinn? SPECIFYING THE CONDITONS OF ANSWER
7 A:Yes. AGREEMENT (YES)

8 B: The bus departs at 9.10 p.m. from N. OPEN ANSWER: GIVING INFORMATION

9 Arrives at 10 p.m. in Tallinn. OPEN ANSWER: GIVING INFORMATION

10 The ship departs at 8 a.m. from Tallinn, arrives at 10.30 a.m. in Helsinki,

OPEN ANSWER: GIVING INFORMATION

11 or departs at 9.30 a.m., arrives at 12. OPEN ANSWER: GIVING INFORMATION
12 Do you need an earlier bus from N.? CLOSED YES/NO QUESTION
13 A: No. NON-AGREEMENT

14 Thank you. THANKING
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The wizard asked such adjustable questions as ‘Do you prefer a certain time-interval?’, ‘Do you prefer a
certain weekday?’, ‘Are you interested in certain arrival time?’ and so on.

The wizard often needed relatively long time to compile answers. In order that the user did not suspect of an
error of the program or slow Internet-connection, the wizard used the dialogue act request to wait in the form
‘Wait please!'.

Communicative Strategies in Information Dialogues

Let us depart from the notion of communicative strategy, considered in (Jokinen 1996a,b) as a part of the
Constructive Dialogue Model (CDM). The departure point of the CDM is in general communicative principles
which constrain cooperative and coherent communication. Dialogue participants are engaged in a cooperative
task whereby a model of the joint purpose is constructed. Contributions are planned as reactions to the
changing context. Communicative strategy is used by a participant to build up the next turn as a reaction to
partner's previous one. Thus, communicative strategies express the coherence of the dialogue similarly as
adjacency pairs of dialogue acts. Four context factors are used in CDM to determine communicative
strategies:

1) expectations - is the turn expected or not;

2) the central conception — does the partner’s turn keep the topic or not (related or unrelated);

3) goals — are the speaker’s goals fulfilled or not;

4) initiatives — has the speaker initiative or not.

The first two parameters are hearer-related and the last two speaker-related.

All the context factors have binary values (1 or 0) in CDM which gives 24=16 communicative strategies. Every
strategy can be represented by a vector of factors with coordinate values 1 or 0, for example, finish/start
(vector 1111, i.e. expected-related-fulfilled-speaker), new request (0010, i.e. non-expected-unrelated-fulfilled-
partner), subquestion (0101), follow-up old (1100), object (0001), etc.

By means of communicative strategies changing initiatives, achieving goals, changing topics, digressing from
normal talk can be traced in dialogue structure.

We annotated dialogue strategies in 10 spoken and 10 WOZ dialogues. The same information-seeking
dialogues were analysed as for dialogue acts. The more frequent strategies were follow-up-old (represented
by the vector 1100, i.e. expected-related-unfulfilled-partner), finish/start (1111), subquestion (0101) in spoken
as well as in WOZ dialogues. Wizard often implemented the strategy unrelated (0000) (‘Wait please!” in our
example) which is unusual in spoken dialogues. From the other side, there are more changes of topic in
telephone conversations as the WOZ dialogues. The user more strictly keeps the topic when interacting with
the computer. Likewise, the initiative more often goes from one participant to the other in telephone
conversations. Wizard tried to keep initiative and control interaction. The general structure of information

[ A :finish/start
- - inserted sequence initiated by B
*JB: subquestion | object
A: follow -upold | continue |backto
B: {notrelated
* follow -upold  |continue
{somethingselse
- - inserted sequence initiated by A
*J A . subquestion
B: follow - up old

{specify new | new dialogue

i {A: continue

dialogue is represented on Figure 2. The ritual beginning and ending parts are omitted.
Figure 2. The structure of information dialogue: communicative strategies. Notations: [ — connects the whole
dialogue or its section; { — an optional strategy or a sequence of strategies, * - strategy or a sequence of
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strategies which can be repeated, |- variants of strategies; -- — start of comment.

Let us go back to the examples and use now communicative strategies for expressing the structure of
dialogue (Examples 3-4).

Example 3 (cf. Example 1). A — client, B — a travel clerk.

No Utterance Vector of factors Strategy

1 A:I'm interested in trips to Scandinavian states. 1111 finish/start

2 B:Yes? 1100 follow-up-old

3 More precisely? 0101 subquestion

4 A: Which variants do you have

5 to Sweden, Norway? 1101 backto

6 B:mmm... You can buy tickets by us. 0101 continue

7 A:So. 1100 follow-up-old

8 B: Plane and ship tickets. 1100 follow-up-old

9 Unfortunately, we don't sell a whole travel packet. 1100 follow-up-old

10 A: So. 1100 follow-up-old

11 B: | mean a group trip. 1100 follow-up-old

12 A:mmm 0001 object

Example 4 (cf. Example 2). A - user, B -WOZ.

No Utterance Vector of factors Strategy

1 A: When will the bus depart from N. to Tallinn,

2 in order that to arrive in Helsinki by ship at 12 o’clock? 1111 finish/start
3 B: Wait please! 0000 unrelated

4 Are you interested in a certain week-day? 0101 subquestion
5 A:lam interested in workdays 1100 follow-up-old
6 B: Do you agree to spend a night in Tallinn? 0101 subquestion
7 A:Yes. 1100 follow-up-old

8 B: The bus departs at 9.10 p.m. from N.
9 Arrives at 10 p.m. in Tallinn.
10 The ship departs at 8 a.m. from Tallinn, arrives at 10.30 a.m. in Helsinki,

11 or departs at 9.30 a.m., arrives at 12. 1100 follow-up-old
12 Do you need an earlier bus from N.? 0111 new dialogue
13 A:No.

14 Thank you. 1110 follow-up-new

Discussion and Conclusion

When constructing the next utterance, a participant must act cooperatively and follow certain conversational
norms. The reason is that dialogue can be considered as a negotiation process where each participant is
responsible for continuation of communication. When we are speaking in terms of communicative acts, it
means that there are certain acts that typically can follow an act, and if a speaker does not choose one act
from this set then it can be treated as a violation of the norm. From the other side, when we are speaking in
terms of communicative strategies, then context factors determine the next strategy, and similarly, they
guarantee the coherence of interaction.

A many-to-one mapping can be determined from the set D of dialogue acts to the set S of communicative
strategies. The strategies where the speaker has initiative correspond to the first parts of adjacency pairs, and
any act sets up a new goal. For example, wish and open question represent the finish/start strategy,
specifying the conditions of answer — the subquestion strategy, opposing — the continue strategy, etc.
Therefore, when interacting with a user, the dialogue system which uses information both of dialogue acts and
communicative strategies, is able to respond to the user more adequately.

In our previous work, we have considered argumentation dialogues and determined communicative strategy
as an algorithm for achieving a certain communicative goal (Koit, Oim 2000a,b). We also determined
communicative tactics as algorithms for building the next utterances. Tactics of enticement, persuasion and
threatening were considered. Thus our communicative tactics correspond to communicative strategies in
(Jokinen 1996a,b). So far, we were interested in such conversations where participants could have
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antagonistic goals. The information-seeking communication, in opposite, is cooperative. Starting conversation,
one of participants, A, has a communicative goal ‘A get information P’. The communicative goal of the
(cooperative) partner B is this same. This type of dialogues clearly will be the area where in the next few years
already systems will be required that would be practically reliable, but at the same time could follow the rules
of natural human communication.

Our further work will be concentrated on a formal model which integrates both a dialogue grammar and
communicative strategies with our previous (a kind of BDI) model, and implementation of the model in
information-seeking interactions.

This work was supported by Estonian Science Foundation (grant No 4555).
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FROM AN ONTOLOGY-ORIENTED APPROACH CONCEPTION TO USER
INTERFACE DEVELOPMENT *

Kleshchev Alexander, Gribova Valeriya

Abstract: The paper describes a new approach to user interface development which is an evolution of the
model-based approach. The aim of the new, ontology-based approach is to eliminate the demerits of demerits
of the model-based approach but to conserve its merits and, as a consequence, to lower more the cost of
user interface development and maintenance. The main idea of our approach is to exchange models of
different interface components for corresponding ontologies. The ontology models accessible by the Internet
are used to form the models of there components.

Keywords: Ontology, interface model, user interface development

Introduction

A user interface is a central component of any modern software system. The efforts that are necessary to
design, implement, modify and maintain a user interface add up to 70% of all the labour consuming for a
software system development. Recent trends in development of software systems generally and of user
interface in particular are applying the tools that free developers from low-level programming. These tools
based on computer languages of the 4-th generation lower the cost of the development and maintenance for
the applied software systems. There are a number of different tools for user interface development. But many
user interfaces are implemented with interface builders as before. At the same time, there is a lack of tools
that help designers to put all the pieces of an interface design together [1], no support for specifying the
dynamic parts, and even for the static parts this support is not adequate [2,3]. These defects have given
impetus to the development of a model-based approach for constructing user interface and now several
model-based interface development tools have been built, for example [4,5,6,7]. The main goal of this
approach is an automatic translation of the declarative, high-level models of interface components into an
executable program[8,9]. As a result, the number of procedural components developed in the course of
designing an interface becomes considerably less, there is a possibility to reuse the knowledge making up a
model, there are powerful tools supporting development [10]. Except these merits, this new technology has
also a few demerits that are discussed in [11]. In addition to them it is possible to point out the following. First,
up till now there has been no universally accepted standard of interface components. As a result, every
model-based tool defines its specific model interface components. In the second place, the methods for
implementation of different interface model components by the same model-based tool are different. For every
model specific principles and mechanisms are used. This is a reason for difficulties in linking these models
together. In the third place, many these tools require the description of application program in detail. This
property makes the interface development and maintenance difficult. In the fourth place, different model-
oriented tools are based on different declarative languages and data models. This fact makes also a transfer
of the same models from one tool to another difficult. In the fifth place, a universally accepted terminology has
not been formed within the model-oriented approach yet. As a result, the components, which are identical by
meaning and effect, often have different names.

The aim of a new, ontology-based approach to the user interface development advanced in this report is to
eliminate the existing demerits of the model-based approach but to conserve its merits and, as a
consequence, to lower more the cost of user interface development and maintenance.

THE BASIC IDEAS OF THE ONTOLOGY-BASED USER INTERFACE DEVELOPMENT.

In this report four principal more precise definitions to the model-oriented approach are suggested.

1. A model of a user interface should be considered as a representation of such information about it that
should be modified if some conditions of using the software system are changed. The information uniform by
meaning should be combined into interface model components.

* The presented work has discussed on the KDS-2003. It has corrected in compliance with remarks and requests of
participants.
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Every component of the interface model should be represented in the form of an ontology model
[12,13,14,15]. The representation of knowledge in the form of an ontology model is a universally accepted
practice for development of knowledge based systems.

2. The ontology models accessible by the Internet should be used to form the interface model components for
which it is possible.

The great current interest in ontologies is caused by the fact that the ontologies of different domains,
represented in specific computer languages, can provide access of people as well as computer programs to a
huge volume of information and knowledge stored in the Internet and give a possibility to software systems to
use these ontologies and knowledge for solving different tasks. It is the ontologies that make possible the
development the Internet of the second generation or semantic Internet [16]. The main problem of the
semantic Internet is to give direct access of all comers to whole knowledge accumulated by the human
civilization.

To implement the approach suggested in this report, it would be necessary to develop, store and maintain the
user interface ontology in the Internet. This ontology could be used to form ontologies of particular user
interfaces. The user interface ontology as well as the others has to be perpetually maintained.

3. The user interface and application should be designed and implemented as independent components that
interact asynchronously through a set of common variables.

This improvement gives a possibility to do away with a task model description and a tool for linking the
interface and the application. This idea can permit to decrease the cost of development and to make better
interface maintainability.

4. The tool for interface development should be provided with a set of system functions. The interface
designer should have a possibility to include necessary system functions in the developed interface according
to the customer's requirements.

Any user interface has a set of possible functions according to the functions and tasks of user interface
defined, for example, in [17]. These functions are to input data, to solve the task, to exit the application
program, to view its results and so on

THE COMPONENTS OF AN INTERFACE MODEL

The user interface model has to contain all the information about this interface that can be modified during the
life circle of this interface. This model has also to be appropriate to automatic implementation of the interface
(by translation or interpretation).

Before describing components of an interface model we answer the next questions. What is the user
interface? What components it consists of? The Xerox Palo Alto Research Center and its official David Liddle
have investigated this problem and presented all the user interface components in the form of an iceberg
(fig.1). According to the research the interface consists of three main components: a presentation of
information to users, an interaction, and a relation among objects. The visible iceberg part is greatly smaller
than its invisible part. The iceberg top is information for users (color, animation, objects form, sound, graphic,
positioning information). It aggregates only 10% of the whole information and isn’t the main user interface
component. The middle user interface part is practice of interaction and feedback with users. It aggregates
30% of the whole information. And, finally, the lower and main iceberg part aggregates 60% of the whole
information. It includes objects properties and relations between them. On the basis of the research we
determine the components of an interface model. Since a dialog with an software system carried on within the
framework of a domain concept system, and the concept system can be modified during the life circle of the
software system according to user's wishes and also according to modifications of the domain and of the
program functions, the user interface model has to contain some information about this concept system. The
domain concept system has to be appropriate to express the input and output data of the system, the
information about the application program control, about the interface control and also about an intellectual
supporting user's actions.
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Fig. 1. User interface components in the form of an iceberg

Any user's dialog with the system is carried on using some display aspects of the interface such as methods
and means for information transmission, for the control of user interaction with the application program, for
dialog structures and so on. These display aspects can also be modified during the life circle of the system
according to customer's wishes, to modifications of the program functions and to the development of our ideas
about the display aspects of the interfaces. So this information about the display aspects has also to be a part
of the interface model.

A software system consists of its user interface and application specific program (application program), which
the user interface is closely connected with. The application program of the software system can be modified
during its life circle according to modifications of the requirements to it. So the information about the
application specific program has also to be a part of the user interface model. The less there is this
information in the user interface model, the less it is probable that this information will have to be modified
when the application specific program is modified, and so the better this part of the user interface model is.
The user interface presents the input and output information of the system to a user in terms of the domain
concept system, but to the application specific program in the form of the values of its variables. In this
manner there is a correspondence between the domain concept system and the set of the applied program
variables. This correspondence can be modified when the domain concept system and/or variables of the
application specific program are modified. So the information about this correspondence has also to be a part
of the user interface model.

The display aspects of the user interface are used in a dialog to present in a certain form the information that
is transmitted from a user to the application program and from it to the user. The user understands this
information within the framework of the domain concept system. In this manner there is a correspondence
between the domain concept system and the display aspects used in the user interface. This correspondence
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can be modified according to a modification of the display aspects and of the domain concept system, and
also according to user's wishes. So the information about this correspondence has also to be a part of the
user interface model.

Any dialog is carried on according to a scenario. This scenario can be modified according to user's wishes, to
a modification of the domain concept system and of the application program. So the information about the
scenario of the dialog has also to be a part of the user interface model.

The customer's requirements to the set of system functions of the interface can also be modified in the course
of using the application program. So the information about the set of system functions of the interface has also
to be a part of the user interface model.

In this manner the model of any user interface of an software system can be considered as the set of the
following models. They are the models of the domain concept system, of the display aspects for a
presentation of these concepts in the interface, of the application program, of a correspondence between the
domain concept system and the display aspects, of the scenario of a dialog and of the set of system functions.

The Domain Concept System Model

The direction of attention towards the user means that the interaction between the user and the application
program is realized in terms of the domain that the program is intended for. The domain is characterized by its
concept system, which consists of concept definitions and of the descriptions for correspondences among
them. An explicit representation of these definitions and correspondences is called domain ontology. Thus, a
domain concept system model of every user interface is a formal model of a domain ontology.

The concept system used for an interaction between a user and an application program is a part of the
concept system of an appropriate domain. It is possible to expect that in the near future formal ontology
models for some domains will be presented in the Internet, and the number of models will be increased in
time. The terminology of these ontologies will be standardized. If the domain ontology to which an software
system relates has been formed, then the ontology of the concept system used by its user interface either is a
part of this ontology or can be defined in terms of it.

Domain ontology often has the following property: many its components have the same structure. In this case
it is convenient to form its description consisting of two levels. The first one is a reusable metaontology or an
ontology of a domain class. It is the same for all the domains of the class. The second one is a domain
ontology formed on the basis of the metaontology.

A model for the display aspects of the interface

Now user interface development is an independent branch of software engineering, in which a rather stable
concept system has been formed. The display aspects used in every specific user interface can be described
as concrete definitions in terms of the concept system. Since designing the display aspects of a user interface
is a professional activity, it should naturally be carried on within the framework of this professional concept
system.

If this concept system is standardized, reduced to an ontology, formalized and made open to general use,
designing the display aspects of the user interface will be considerably simplified. So practical use of the
ontology-based approach to user interface development considerably depends on the fact, how quick the
open to general use, standardized and formal and ontology model for the display aspects of the user interface
will be formed. This ontology model has to contain descriptions for classes of objects having general structure
and purpose. It should be possible to expand this ontology by adding new objects and their properties. The
content of this branch of knowledge does not depend on a specific interface, but is determined by its
achievements. Today a version of the graphic user interface ontology model is accessible by the Internet [18].
In that way, there are two possibilities for designing a model for the display aspects of the user interface in
general case. The first one consists in extracting an appropriate concept system from the ontology model for
the display aspects of the user interface had presented in the Internet. Extracting this concept system consists
in defining the values of all the attributes in the definitions of general concepts. The second possibility is direct
forming a specific model using the terminology accepted in this branch of knowledge.
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An Application Program Model.

Any software system can be considered as consisting of two main components which are the application
program and the user interface. The application program solves some tasks, and the user interface supports
an interaction between a user and the application program. According to [17], the user interface is intended for
supporting an interaction between a user and an application program, that is a process fulfilling a task. The
functions of this interaction are transmission of information for a control of running the application program,
transmission of the input data from a user to the application program, of the output data from the application
program to the user. In this manner, the interface should transmit the input data and maybe some control
information to an application program, and the output data to a user.
An application program model is the better the less it contains information. It is obvious that the minimum
information about an application program is a description of all the application program variables by which the
exchange of information between the user and application program takes place. It may be considered that
every variable is either input or output one, and has an identifier and a possible value range, i.e. an
application program model can also be represented in the form of ontology.
When an application program ontology is described, it is necessary to choose an appropriate concept system
for the description of the variables. This description is possible:

- - 1in terms of the domain concept system;

- -interms of the implementation language;

- - in mathematical terms.
In the first case a transition from the application program ontology model to its implementation cannot be
monosemantic. This fact will require an additional description of this transition.
In the second case using different implementation languages will require different models of the application
program. This fact can considerably worsen their reusability.
In the third case the description of the variables in mathematical terms is monosemantically understood and
reusable.
Thus, designing an application program model reduces to a description of its variables common with its
interface in the form of ontology.

The Correspondence between a Domain Concept System and an Application Program Model

There is a correspondence between domain concepts and application program variables. The input data
should be transmitted from a user to the application program without information loss, as well as the output
data from the application program to the user. In this way, this correspondence between the models of the
domain concept system and of the application program has to be defined when an interface model is
designed.

The correspondence between a domain concept system model and a display aspect model of
an interface

A specific ontology for the display aspects of an interface is a subset of the domain-independent ontology. It
determines what interface elements are used in the concrete user interface, and what properties these
elements have. The meaning or information components of these interface elements are domain terms
described in the domain ontology. In other words, the domain term system forming the input and output data
of the tasks is presented to a user in the user interface in the form of different interface elements such as lists,
menus, tree control, edit field, graphical images and so on. Thus, there is a correspondence between the
domain ontology and the specific ontology for the display aspects of the interface.

At the same time, different communications can exist which communicate the same information. They form a
class of equivalent communications. Different users often need in the presentation of the same information in
different forms. And what is more, flexibility is an occurring everywhere requirement to the modern interface. It
means a possibility of adjusting the interface to user's requirements and its adaptability, i.e. self-adjusting to
the user.

Usually a concrete user interface consists of a subset of repeated interface elements, having different
meaningful components. For example, they may be menus of the same type which have domain terms as
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their names and elements. In this case, there is no necessity to give a presentation in the interface for every
domain term. It is enough to enumerate all the display aspects of the same type used in the interface and the
domain term classes corresponding to them. The domain term classes are defined in the metaontology. But if
there is no repetition in the interface, it is possible to assign explicitly every domain term its display aspect.

A dialog scenario model

In previous sections the knowledge branches are presented which are necessary for user interface model
development. Besides the declarative model descriptions and the correspondences between them, it is
necessary to define the functions for control of the interface by the application program and by the user. To do
this, the tool for interface development should have a set of system functions determining user interface
behavior. It is necessary to define in a dialog scenario model a correspondence between system functions
and their presentation in the interface, and also to define attributes of appropriate system functions.

A DESIGN PROCESS AND IMPLEMENTATION TOOLS FOR THE INTERFACE MODEL

In general case, the design process and ontology-based tool architecture does not differ from the model-
based ones. These tools also include design critics and advisors, automated design tools and so on for
helping to interface developers.

The user interface design process begins with developing the ontologies or with editing them, i.e. with forming
specific ontologies using general ontologies in the case, if the latter have been presented in the Internet. To
do this, the tools should contain an ontology editor. The ontology editor gives a possibility to read an existing
(for example, in the Internet) ontology and, using it, to extract a specific one. Since these ontologies may
appear in the Internet in the near future, their inner representation format has to be standardized. This
standardization gives the editor a possibility to read any ontology. If there has not been yet an ontology ready
for use in the Internet, then it is possible to form this necessary ontology by the editor, too.

After forming the ontologies of the domain, of the display aspects of the interface and of the application
program, models of all the correspondences between the different ontologies are defined by a linking editor.
At last, a model of the whole user interface is formed by it. As well as in the case of the model-based
approach, an implementation tool generates the source code either in a programming language or in the form
of a certain format file, which can be read by an existing UIMS (User Interface Manager Systems). The
interface model can also be interpreted at runtime.

Conclusion

The ontology-based approach to user interface development presented in this report permits to decrease the
cost of the user interface development and maintenance. The first reason of this fact is reusing ontologies and
their fragments both newly developed and presented in the Internet. The second one is using a library of
system functions. The third one is using minimum linking between a application specific program and an
interface. This property also simplifies the maintenance of software systems.
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MUTUAL ADAPTATION OF THE COMPUTER ENVIRONMENT AND INDIVIDUAL
V. Kolomeyko

Abstract: In article the problems of mutual adapting of the humans and computer environment are reviewed.
Features of image-intuitive and physical-mathematical modes of perception and thinking are investigated. The
problems of choice of means and methods of the differential education the computerized society are
considered.

Keywords: image-intuitive modes of perception, physical-mathematical modes of perception, differential
education.

Introduction

At present the human society and computerized environment are going through the complicated process of
mutual adaptation. The new approaches to the solution of the tasks and problems, making scientific
researches, studying, many more. Some of the processes are completely new for the humanity that is why
they demand undivided attention of the researchers and society on the whole. It is important not only to study
tendencies and to analyze possible consequences but to work out the means and methods of purposeful
control of them. The purpose of this work is to single out some key-problems, to set possible ways of their
solution.

Image-Intuitive and Physical-Mathematical Modes of Perception and Thought

The existed modes of studying and description of objects, processes and phenomena may be conditionally
united into two groups, named further as physical-mathematical and image-intuitive modes of perception and
thinking. The basis of physical-mathematical modes is formed by traditional for physics and mathematics
approaches and methods, including formalization, Laplacian determinism [1]. The basis of image-intuitive
mode is orientation to the image thought, intuition, subconscious, collegial and other informal methods of
making decisions [2].

It's natural that such division is rather schematic without clearly marked borders. It is easy to explain because
very often in practice a kind of symbiosis of these two approaches and the attempts of strict division may
seem to be controversial, artificial, incorrect.

For humanity image-intuitive mode is more usual, because it has appeared incomparably earlier historically.
So there is no wonder that small children in their attempt to know the word use image-intuitive mode only.
Even their abstractions and generalizations are based on the combination of imagines and inherent intuitive
methods of perception. But the traditional views towards science and education prefer physical-mathematical
mode. Such prevalence very often reveal itself in the primary school where to children with imaginary, intuitive
thought physical-mathematical mode of cognition of the world is instilled. But only for minority it is useful.
Rather typical test, connected with description of the leaf's flight from the tree. The child of pre-school age
describes such flight rather adequately. But as for the senior students very often they try to do this with the
help of physic’s textbook not taking into the consideration the striking difference between experimental and
theoretical results.

It is well known [3] that every individual has his particular features of thought, perception, cognition of the
world. For one people the complicated mathematical formulas bring the feeling of harmony and the
understanding of the heart of the matter. For another they are not more than dry notes which are hard to
understand, and the real harmony and understanding of heart of things is contained in quite another (the
classical example — Mozart and Saliery). Wrong selected way of teaching contradicts with the innate world of
the man, with his subconscious, mode of thought, becomes the obstacle for the development of the individual
and society in whole.

The methods of differential education, taking into consideration the abilities, inclinations, the character of pupil
were developed and used by different pedagogues [3, 4]. Not going into details of these methods, we should
admit that they are oriented into pre-computer world reality. That is why they demand reconsideration and
further development.
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The Formation Individual’s Personality in His Intensive Coordination with Computer
Environment

One of the most important factors making the influence on the forming of the modes of perception, thought
and cognition of the world is global computerizing. A human being as one of the biological spices has got
virtual intellectual assistants, advisors, prompters, persons to talk to, friends, the performers of the everyday
work, which take a lot of duties, functions unknown before. The role of influence of these assistants is not
always obvious and with only one meaning. But they exist, develop quickly enter different areas of human
activity. So it is time to take into consideration that not simply an individual with his abilities, priorities, modes
of perception and making decisions lives, studies, works, but the individual who has the virtual assistant.

More over, the development of the computer environment has reached such stage when the virtual assistant
performs a lot of tasks and functions more effectively than the man. That is why to our mind the teaching of
one or another specialist is advisable to consider as a process of creating and teaching the one human-
computer team, in which a man adapts to his virtual assistant (computer), and computer adjusts to the one
particular man. As the tasks, possibilities, needs of the man change during his whole life so the process of
mutual adaptation of each of the participators from every man-computer team may last during whole life.

This problem is complicated, closely connected with the help of return contact with a lot of other different tasks
and problems. That is why we should solve this problem from different sides. Because psychology, pedagogy,
computer sciences, and fundamental preparation and plus a lot of professional human cultural knowledge
abilities and skills are important here.

But we should start with the analysis of the influence of those principally new factors which computer brings
into the creative, innate world of the man. To our mind the most important are as follows:

1. The high level of lability, disposition, adaptation of the computer according to the tastes, needs, and
demands of different users.

2. A friendly programming environment which allows even unprepared users to establish effective cooperation
with computer.

3. The elements of game which exist in the associating with the computer. Clearly expressed play origin
arises the level of motivation of the users even in process of making everyday and burdensome work.

4. The possibilities of practical use of the most difficult methods of mathematics other sciences and subjects
by non-specialists.

5. Completely new possibilities of communication and multimedia.

6. The presence of the means and methods of fixation and notation of events, actions, decisions making
possible to simplify the following analysis and adaptation of the system.

7. The possibility to cooperate not with the real objects and phenomena but with their virtual copies and
worlds [5].

This and other factors connected with the rapid development of the computer environment make great
influence as well as on separate individuals and on the whole society. Some of these factors are considered
lower.

The Development of Means of the Differentiatial Education in the Computerized Society

Taking into the consideration upper said, we keep to the mind that for every student should be selected

individual combinations and proportions of different methods of teaching. The most important factors in such

selection must be:

o the particular features of the mind, perception and the character of the individual;

o the particular features of the future specialization and the work of the individual.

This supposes the necessity:

o the differentiation of the profession, the areas of activity, the teaching methods, in dependence from
correlation different modes of thought and making decisions;

o effective distribution of functions, tasks, roles among the society, individual and computer as it applies to
one or another situation, profession, area of activities.

To put it differently there are a lot of obvious and non-obvious dependencies and connections between the

choice of teaching methods and the distribution of functions in the computerized society in general and

human-computer systems in particular.

We do not claim to determine what subjects and in what amount should be studied by one or other student.

Our purpose is to investigate the mutual influence of the tendencies in the computer environment
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development and teaching methods. It is important to understand some things, to investigate general laws
based on the simply and impressive examples.

As one of such examples we have chosen the tasks connected with the architect education. The foundation
for such selection was follows. For the first, the profession of architect supposes the possession of both
imagine-intuitive and physical-mathematical thought. For the second, the profession of architect is in the great
demand according to creators of the systems of computer-aided design / computer-aided design
manufacturing (CAD/CAM) that let us say about the experience and tendencies. For the third, strongly
pronounced architect-builder inclinations reveal itself in a rather early childhood, that gives the reasons to
consider this profession and part of the conclusions and recommendations rather broadly.

It is obvious that the education of the architect, who designs the objects with the help of computer is one thing.
And the training of the architect who has to create computer programs of the calculation constructions and
expenses is quite another thing. The first one based on the image-intuitive way which is inherent to the
creative process. That is why he must “feel” mathematics, thermal physics, economics more than to know
them (it is supposed that this general technical subjects are based upon corresponding CAD/CAM or the
calculation group). The second one must know deeply all basic subjects because without it he can not “apply”
them in his programs.

Both of these two architects must professionally use proper CAD/CAM and effectively make every possible
constructions and calculations. The analysis of the present tendencies with the high level of confidence make
possible prognosis of two things. For the first that CAD/CAM will become the main working instruments of the
architects. For the second that for the majority of the architect-students the most effective methods of studying
of the courses and the units of the general technical subjects will be admitted the methods, based upon the
practical calculations, constructions, projects with the help of the intellectual instruments.

For example the methods of studying the courses oriented toward the first student to our mind must include
the possibilities of making the virtual experiments. When a student chooses one or another construction, the
results of this experiment are immediately shown: the gradients of thermal fields, voltage waveforms, the
grades of heat irradiation. When student changes the construction the appropriate modifications of fields and
loads appear on the monitor.

It is quite possible that at the beginning the student will advance to the acceptable decision with the help of
the cut-and-try method. But the experience of use of game situation shows that very quickly appear a kind of
understanding of the laws based possibly on the feeling of innate harmony. The chaotic selection of the
variants is changed into the sensible use of the method of the successive approximations. A man begins to
“feel” the problem, studies to solve it effectively.

At the set example with two students we have considered some extreme cases: image-intuitive thought or
physical-mathematical. In ordinary life such cases take place not very often. The intermediate variants are
more typical.

For example, in many professions connected with the design the best results achieve the specialists who
effectively combine image-intuitive and physical-mathematical modes of thought. A lot of experienced
specialists have learned on practice how to set themselves into one of another mode of thought, to select
important proportions of these modes according to the character of the tasks which are being solved and
works which are being made.

As people are very different and solve very different tasks so one of them are at a lack of the image-intuitive
thought and other are in need of physical-mathematical thought. This lack could be compensated at the
expense of choice of appropriate profession and work. But it is so not always. That is why a special attention
is paid to the creation of intellectual assistants, which are able to compensate the lack of knowledge, skills
and abilities of the individual.

We should stress that computer is not very reliable from the point of view of increasing the potential of the
image-intuitive mode of thought. The main achievements in this field are qualitative visualization, wide
multimedia possibilities. The rest is much worse, not talking about the intuition. This is significant argument in
favor of abrupt increasing the pedagogues’ attention to the development of the image-intuitive mode of
thought. Because the lack of development of physical-mathematical mode of thought computers compensate
more successfully.

One of the most effective methods of purposeful development of one or another ways of perception and
thought is the practical cooperation with the appropriate developing and teaching computer programs. These
programs usually contain a big number of specially selected game situations, which substantially increase the
level of user's motivation and simplify the teaching. There are a lot of such programs and games. The
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spectrum of them is rather wide too. Some of them are considered to be strictly specialized other is used for
wide application. There is positioning in fields of activities, age, interests. For the last years developing
computer games appeared which are ranged as the games for children of 3 to 5 years (we should notice that
they are played even by 2 years old children with the help of adults).

The analysis of results of practical use of such games persuade us in advisability of fundamental expansion in
this direction. The basing on the game approaches gives powerful stimulus for the development and teaching
the child. At the same time the investigations directed on the revealing and use of another positive treats and
particular features of child’s perception are necessary. Without it the game may bring not only the benefit but
harm. Besides this, it is very hard to develop the scenarios of games, create appropriate interesting
understandable and at the same time useful play situations, without studying the particular features of
perception.  In this case it is advisable to our mind to base on such instincts of creation that the majority of
people has. The child willingly builds something from the sand, bricks and details of constructor. That is why
at the beginning the substitution of bricks, details of constructors by their virtual analogs may be possible.
Then goes the rapid increase of the number and types of virtual details. A new effect will take place in that
case if the computer begin to form a kind of evaluation figures of constructions created by the child. For
example if it is said about the building of virtual house so such figures may be the durability of the house, the
value of the flats, their temperature conditions, the isolation of sounds... In another words the things, which the
child knows and understands.

Practice shows that when a child plays so-called strategic and emulation computer games he begins to
understand very quickly that a lot of things in the world are interconnected. The improvement of one thing
leads to the deterioration of another. It leads to multi-criterion optimization by the certain examples. In games,
which are oriented towards the children of pre-school age, should not be a lot of criterions (1 - 2). In primary
school classes the number of optimization criterions may run up to 3. As regards senior school, a lot of things
here depend upon the definite subjects and teaching purposes.

It is obvious that the extension of range of the studied problems leads to increase of optimization criterions.
The same example with the construction of buildings supposes the studying and analysis of many factors
(including visual, social, ecological). That is why the number of optimization criterions may reach 10 and 20.
As for the means and methods of education in the senior classes the author, taking into consideration the
limits of article, can repeat the same arguments as in the example with architects. Adding that many things
are still not clear, require studying, development and approbation.

Studying the questions of differentiation of education with the help of computers we should point to the
possible risks and negative moments. The most obvious those demerits and difficulties which are on the top.
For the first these are the factors of negative influence of computer environment upon the children, additional
stratification of society, expenditure and difficulties connected with the considerable reorganization of
educational process, the individual choice of educational programs, teaching forms, means and methods.
Besides the differentiation of education at the primary school classes supposes the necessity of making
appropriate decisions about career-guidance because such decisions are always connected with
multitudinous risks.

As the humanity has started the path of rapid computerization and there are no other real alternatives so the
demerits and possible risks only stress the main thesis of article: the problems of global computerization are
complex, require special attention of investigators and society on the whole.
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AN APPROACH TO NEW ONTOLOGIES DEVELOPMENT:
MAIN IDEAS AND SIMULATION RESULTS

B. Dobrov, N. Loukachevitch, O. Nevzorova

Abstract: In the paper we consider the technology of hew domain's ontologies development. We discuss
main principles of ontology development, automatic methods of terms extraction from the domain texts and
types of ontology relations.
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Introduction

The present article is dedicated to the technology of creation of the so-called linguistic ontologies, i.e.
ontologies, concepts in which are generally based on the semantics of the domain terms. Such ontologies are
usually used for the automatic processing of texts in a natural language.

The technology has been developed in the process of creation of large and extra large ontologies and

thesauri for various domains and their actual usage in multiple applications of automatic text processing.

Among such works are the following:

thesaurus of the social and political life (28 thousand concepts, 67 thousand terms, 100 thousand
conceptual relations), - Sociopolitical thesaurus [Loukachevitch, 2002], which is a search means
in the University information system RUSSIA (www.cir.ru) and is used in such applications of
automatic text processing as conceptual indexing, automatic text categorization, automatic text
summarization;

the Russian language thesaurus RuThes (43 thousand concepts, 100 thousand words and
expressions, 166 thousand conceptual relations) [Loukachevitch N., 2002];

thesaurus for the domain «Electionsy - is included into the Sociopolitical thesaurus;

thesaurus for the domain «Economic statistics»;

ontology for the domain «Software functionality» for decision making support during software
testing;

Avia-Ontology for the domain, describing behavior of an operator (air crew) and board equipment
in various flight operations (1200 concepts, 3400 terms). Aim of the Avia-Ontology
development is the analysis of the completeness of documents, describing the logic of work in
typical flight regimes [Nevzorova, 2001].

Avia-Ontology is currently being developed and will be used as a basic source of examples for the article

[Dobrov, 2002].

It should be highlighted that the peculiarity of the proposed technology and the existing experience is hamely

the activity of a knowledge engineer, who at the beginning of work has a very superficial idea of the

conceptual structure of a domain and its terminology.

1. The formation of text collection

One of the essential conditions of the successful development of a linguistic ontology is preliminary creation of
an electronic text collection with reference to a domain. The collection may be of various genres and may
include textbooks, scientific articles, technical data, mass media works and so on.

During the development of the Sociopolitical thesaurus we used the text collection of the University
Information system RUSSIA, comprised of over 700 thousand documents: official documents, laws, scientific
works on social studies, newspaper releases.

During the development of the Avia-Ontology a great effort had to be made in order to form a sufficient
collection of electronic documents on the given domain. To a great degree scanning of the printed matter and
search of relevant materials in Internet had to be done. As a result an electronic collection with the size over
100Mb was formed.
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2. Automatic terms extraction from the domain texts

2.1. Terms extraction based on syntactic information

Having formed an electronic collection of domain texts it is necessary to obtain its “terminological portrait”, for

which the procedures of automatic extraction of terms, essential for the given domain, are employed. For the

Russian language terminology the syntactic structure of over 90 percent of domain terms [Loukachevitch,

2002] refers to one of the following constructions:

single nouns, adjectives, and words not described in the morphological dictionary — usually
abbreviations;

noun phrases (NP): noun + noun in the genitive case;

NP: adjective + noun

NP: adjective + adjective + noun

NP: noun + adjective + noun in the genitive case

Such types of constructions are collected on the basis of preliminary morphological processing of texts. In this

process noun and adjective agreement was checked, after which the bulk of such noun phrases are

syntactically correct groups. Decreasing frequency-ordered lists of such words and word expressions present

important data for the formation of an idea about the domain.

It should be mentioned that the list includes many non-terminological linguistic expressions.

First of all, domain texts contain a great number of words of general meaning, e.g. possibility, means,

condition, type, point and others.

The larger a domain and a text collection are, the bigger problem is to exclude multiword constructions of

general meaning, such as task solution, further development, uniform system, beginning of the year, present

time. During the development of Sociopolitical thesaurus we made use of special lexical filters, organized as a

specialized vocabulary to exclude such general expressions from consideration [Loukachevitch, 2002]. Such

filters are undoubtedly useful for the creation of extra large ontologies, however, they also depend on a

domain. So, for instance, the word argument may be considered as a non-terminological one in the

sociopolitical domain, however, argument is an important term in the domain of software production.

Besides, in a domain there may be longer terms or terms of a different syntactic construction, like those

containing prepositions.

It should however be highlighted that the simplicity of the given algorithm of term extraction is an important

factor of its use for the analysis of the domain structure.

2.2. Multiword terms extraction on the basis of the text structure

In order to extract longer terms and/or terms containing prepositions another method is used.

Many algorithms of multiword term extraction use the supposition that words, comprising a term, frequently
occur together. [4, 5]. To find terms of a more complex syntactic structure that described earlier, we use our
own variant of algorithms of such type.

If the text author use a certain term as a separate unit of narration, then exactly in this text words of the term
will occur alongside more frequently than spaced out.

To reveal this during the text processing for every word (noun, adjective) an immediate neighbor word and
neighbor-words in the text window of a given size are stored. A table of immediate neighbor words and a
neighbor table in the text window are created and the frequency of word pairs occurrence is calculated.
Further it is expected that if a pair of words occurs as immediate neighbors in over half of cases of their
occurrence in the same text window, this proves that this pair in aggregate serves as a reference point in the
text, i.e. represents a term or a fragment of a term.

In this case the word pair is glued together to form a common terminological unit and the tables are
recalculated as if this unit has been known from the very beginning before the text processing. This step gives
the possibility to the further development of the term, thus forming units of length 3 and longer. Examples of
terms obtained in this way in the aviation domain are as follows: break off the attack, position of tactical
advantage, flying in pairs and so on.
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In the domain “Elections” such terms as member of election committee with right to deliberative vote,
executive body of local government, local governor's elections were obtained.

When being reviewed, the terms obtained are ordered not by the frequency of their occurrence, but by the
number of texts in which they occurred. It is supposed that a special attention should be paid to those word-
combinations which remained stable in over two texts. As a result of the experiment on the text collection of
50Mb newspaper releases 1346 such word-combinations were obtained. 80% of them were qualified as
terms. The comparison was drawn with the Sociopolitical thesaurus and there were singled out approximately
30 important terms, not present in it at that moment, such as volume of output, economy in transition, capital
flow.

The algorithm drawback is that it practically does not extract terms from short texts - a term has to be used in
a text at least twice, better three times. However this drawback is insignificant when dealing with extra large
collections, such as the collection of UIS RUSSIA. Thus we suggest to process the whole collection using the
abovementioned algorithm to single out terms not present in the Sociopolitical thesaurus and to further
monitor the appearance of new terms in the sociopolitical domain.

We consider useful to apply both described algorithms to work with small domains.

3. Using general linguistic resource as a base for the development of applied ontology

The terminology of any domain contains both specific terms, used only in the given domain or in the range of
similar domains, and rather commonly known terms. In the given domain the examples of such commonly
known terms are pilot, airplane, pursuit plane, weapon, attack and many others. This allows us not to begin
the domain model development from point zero, but to use the knowledge described in more general linguistic
and terminological resources.

As such a source we used the Thesaurus of the Russian language RuThes [Dobrov, 2002]. The Thesaurus
represents a hierarchical network of concepts, each of which has a number of text variants (linguistic
expression means) and conceptual relations with other concepts of the thesaurus. The resource volume
nowadays makes up 100 thousand words and word expressions, confined to 43 thousand concepts. Over 166
thousand relations were manually determined between the concepts. Over 1200000 relations between
concepts of the Thesaurus were established on the basis of the transitivity and inheritance properties.

The RuThes Thesaurus contains two big parts. RuThes is comprised of the Sociopalitical thesaurus, including
terminology of economic, political, military, social, scientific and other spheres (64 thousand words and terms).
The zone of words and word expressions of the thesaurus, designating actions, situations, objects, which can
occur in any subject area texts, and thus not included in the Sociopolitical thesaurus, is called general lexicon
(33 thousand words and word expressions).

The presence of a big generally valid linguistic resource makes possible to compare the given resource with
the domain texts, to single out the knowledge types described in the thesaurus (concepts, synonyms, relations
between concepts), to transfer them to a special working domain as a basis for the creation of a domain
ontology. Lists of gathered words and word-combinations in the domain were compared to the terms of the
Sociopolitical thesaurus. If the comparison of the next word-combination was successful, a corresponding
concept from the thesaurus together with all the terms that express it in the text, was copied into the domain
model. During next step all the relations of the Sociopolitical thesaurus between the copied concepts were
copied.

Besides, the closing of relations was performed: if concept B is superior compared to concept A, concept C is
superior to concept B, while concepts A and C were copied into a domain, then concept B is also copied into
the domain model together with its terms variants and relevant relations.

The comparison with the general lexicon zone was controlled manually, as part of such words preserved its
general meaning, for instance necessity, conditions, etc. and , thus, do not need to be reflected in the domain
model, other words like chandelle, cover, escort are important concepts of the domain, which therefore have
to be reflected in the model. In the second case the corresponding concepts were also copied together with
their terms and relations, just as during the comparison with the Sociopalitical thesaurus terms.

Undoubtedly, the transferred concepts and relations require a thorough additional test for adjusting the setup
to a certain domain. For instance, as a result of transfer among the terms we can come across a synonymic
variant, which is improbable in a given domain, for example, the word «rotorcraft» as a synonym of the word
«helicopter» is unlikely to be found in the professional technical area.
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In the present version of the Avia-Ontology about one-third (1100) terms were transferred from the thesaurus
RuThes together with synonymic relations and relations between concepts, which provided fast development
of the Avia-Ontology and considerable reduction of the new resource development time.

4. The main procedure of the ontology construction

Having exhausted the available linguistic resources, we begin analyzing the available texts and terms lists for

the further ontology development.

The decision making in this process consists of the following steps:

on the basis of the available text material we look for a word or a word-combination, designating
an important concept (how to determine the concept «importance», we will consider in the
following sections).

Entering a new concept we must provide it with an understandable and unambiguous name. If
possible it is better to enter the concept names which are unambiguous even outside the current
domain. For instance, when entering the concept "airplane wing" it is possible to name it
“wing” — in the given domain this word is unambiguous, but it is better to give it a clearer name,
which will not lose its unambiguity with the domain expansion or after including this ontology
into a larger ontology;

when entering a concept at least one relation of this concept with the other ontology concepts is
entered. On the one hand, it is supposed that if it is rather complicated to set a relation for the
entered concept, then it is too early to enter such a concept and additional analysis is required.
On the other hand there is no need (and as a rule it is impossible) to describe all the necessary
relations of a new concept at once. Practice proves that by entering further new concepts the
initial position may become clearer — in order to enter something new, it is often necessary to
correct the inaccuracies and distortions of the old. Properly speaking, inclusion of new concepts
helps to reveal the problems of the existing description;

- and, at last, a concept must be supplied with a list of words and multiword expressions, which
can be used to refer to the entered concept in texts. As such text entries single words (nouns,
adjectives, verbs), noun and verb phrases can be included. We suppose that a multiword
linguistic expression must be used in a text as an inseparable construction. A text entry may be
ambiguous (may have another meaning), then it must be specially marked. Besides, a sequence
of normalized forms of all constituents of a multiword expression must be entered (masculine
gender, nominative case, singular), which will be used for term recognition in texts.

5. Ontology concepts selection

5.1 Single word-based concepts

The single words, occurring in domain texts, have two subgroups, on which it is easy to decide whether to
include or not include the corresponding concepts into an ontology.

One of such groups - evident terms of a given domain, for example, aircraft, flaps, and corresponding
concepts must be included in an ontology. Another group — evident words of general meaning, such as
necessity, possibility, creation, etc., for which inclusion into an ontology is not necessary.

It is more problematic to make a decision on the other groups.

One of such groups - terms of a given domain that appear on the basis of general lexicon words like turn,
reversal, dive. Narrowing or other changes of basic meanings are characteristics of such words. So, in the
aviation domain turns refer to the airplanes. Besides, to help in distinguishing such terms serves the fact that
in the terminological word-combinations lists there is a considerable amount of different word-combinations
with the inclusion of this word, which should also enter the ontology: turn, combat turn, turn radius.

Another «complex group» of words are words that clearly refer to the vocabulary of a general meaning, but
ontology includes a certain number of concepts, based on the terms with this word: break off — break off
combat, break off attack. The questions arise if corresponding generalizing concepts should enter an
ontology. Two aspects should be considered. On the one hand, the appearance of such a generalizing
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concept provides an additional structure to the ontology, which is a positive factor. However, on the other
hand, if a word is very ambiguous in the framework of a given domain, and abstract, then it may cause serious
problems in the lexical ambiguity resolution, and this corresponding concept should not enter the ontology.
The last group of words, which requires a special effort to decide if a corresponding concept should be
included into an ontology or not, are words, that are on the borderline between domains or those that were
relatively accidentally used in a text collection, for instance, aircraft construction (whether refers to the subject
area or not), adapter, heat insulation and so on.

5.2. Multiword word-combinations-based concepts

Any domain text contains a great number of various multiword linguistic expressions. Selection of such
expressions for the inclusion into an ontology is a serious problem. Existing terminological lists of a domain
usually embrace only a small part of those term-like expressions that are met in texts. Experts may not also
have a certain opinion on the bulk of such expressions. Therefore it is necessary to have a total of principles
to decide which specific factors are to be taken into account for including concepts based on multiword
expressions into an ontology.

We should highlight the main principle at this point. If such a concept is included into an ontology, it should
happen not so much because the corresponding word-combinations refer or not to the vague category of the
given domain terms, as which new information the appearance of this concept in the ontology gives. Thus, a
new concept in an ontology is the application point of additional information which can be used in automatic
text processing.

Such information may be divided into several types.

5.2.1. Existing and important

Any domain has a small number of main points which are extremely important in the given domain. Terms and
other linguistic expressions that correspond them are highly frequent in the subject area texts. Such main
points (concepts, single objects) must be reflected in the ontology. So, working in the domain «Elections» it is
essential to have in the ontology a conceptual unit CENTRAL ELECTION COMMITTEE OF THE RUSSIAN
FEDERATION.

If concepts entered into the ontology have a fixed and small number of narrower concepts, then they have to
be reflected in the ontology. So, for the domain «Elections» types of elections are reflected, in the
Sociopolitical thesaurus — types of budget, in the subject area of military aviation - bombing flight regimes
(dive bombing).

Another important type of information is that two concepts have a common subtype. For instance, concepts
DEFENSIVE MANEUVER and COMBAT TURN have a subtype DEFENSIVE TURN, concepts FINE
(PENALTY) and ADMINISTRRATIVE PUNISHMENT- subtype ADMINISTRATIVE FINE.

5.2.2. Multiword expression has «interesting» synonyms

A concept can unite the total of various text expressions with the same meaning (derivatives (to take off, take
off) are also considered as text entries of the same concept). So, the revealing of synonymic expressions or
derivatives often leads to the introduction of a new concept for the fixation of the synonymy found. The variety
of textual expressions in this case often points at the importance of a corresponding concept.

After the concept is set up, special effort is applied to find other ways of referring to the same concept in texts,
i.e. the synonymic raw of the concept is maximally filled. These variants may seem obvious for a person, and
their entry may seem tiresome, but as practice proves, during automatic processing of various texts direct
matching is better that any logical inference. It is often supposed that this or that variant exists, and then its
actual occurrence is checked by Internet. For instance, if a new concept is entered on the basis of the term
horizontal flight bombing, then instantly existence of the synonym horizontal bombing, which actually exists, is
checked. If afterwards a concept for the term pitch-up bombing is entered, then, naturally, the existence of the
term pitching bombing is checked; such term was not found in Internet. Let us give example of synonymic
row:
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ENGINE POWER INCREASE
Increase engine power
Increase engine thrust
Increase thrust

Engine acceleration

5.2.3. Relations that do not follow from the structure of a multiword expression

The principle used to evaluate the necessity of entering a concept into many thesauri and ontologies is that a
multiword term has relations that do not follow from its structure.

Examples of such relations are:

accelerated turn — loss of speed,

attack evasion — defensive maneuver,

superiority in energy — tactically advantageous position.

To fix this relation it is necessary to introduce the corresponding concepts.

5.2.4. Completion of ontology levels

An important principle of ontology completion is the “closing” principle, which has two subtypes.

In the first place, if a new concept, introduced by any reason has created a new inferior ontology level, then it
has to be completed by other essential concepts of the same level. For instance, if MISSILE LAUNCH
concept is entered as an inferior one for the concept USE OF WEAPON, then it is necessary to enter, for
example, the concept CANNON FIRING, as the second most important type of using weapons in the given
domain.

This principle is at the same time limiting: if we decide to enter a new-level concept, we must evaluate the
consequences of such a step: how many concepts of the same level we are going to enter; if the number of
potential concepts of this level is too big, then the entry limiting principles should be determined at once. So,
for instance, in the Sociopolitical thesaurus there can be a lot of concepts inferior to the concept GOODS FOR
CHILDREN. The appearance in the inferior row of concepts CLOTHES FOR CHILDREN, SHOES FOR
CHILDREN, TOYS FOR CHILDREN is additionally justified by the existence and inclusion into the thesaurus
of certain types of these goods, having single lexemes as text entries.

On the other hand, an opposite situation may emerge: several concepts sharing common features are found,
it is necessary to find a common concept. For instance, on the basis of subject area texts analysis concepts
FLAPS and SLATS are introduced, common features of which is that both are located on the wings and that
they serve to control a flight. Extra attention is paid to searching for a generalization, which is found - FLIGHT
CONTROL SURFACES.

Another example of generalizing two concepts that were entered: AFTERBURNER LIGHTING and
DECREASE THRUST lead to the entry of the concept THRUST CONTROL.

5.2.5 Single words are ambiguous and word-combination is unambiguous

An important factor which helps to determine the entry of a new concept is the presence of ambiguous words
inside an unambiguous multiword expression.

So, an ambiguous term press is important for the sociopolitical area, and to support the ambiguity resolution
process we introduced such concepts as LOCAL PRESS, CENTRAL PRESS, ILLEGAL PRESS into the
Sociopolitical thesaurus.

Working in the same broad sociopolitical area we may hesitate if the introduction of concepts SHORT FILM-
FEATURE FILM is necessary, but as soon as it becomes known that SHORT FILM has the synonym short
subject, the corresponding concepts are included at once.

We should emphasize that all the abovementioned does not mean that for every word-combination, consisting
of ambiguous words, a corresponding concept is created; the described principle only helps to make the
decision in such cases when we are almost ready to introduce a concept.
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6. Ontology relations

The most important part of the prevailing number of ontologies is the total of relations between the concepts.
This set of relations largely depends on the domain and on the task for solving which ontology is meant. We
suggest to begin the construction of an ontology on a minimal set of relations and to determine the domain
structure according to this set. Such a minimal set of relations does not depend on the type of a domain, on
the type of a problem solved, as it is based on the fundamental properties of concepts. In the first place for a
given concept we determine such concepts on which depend its existence or existence of the given concept
examples, i.e. determining the so-called relations of ontological dependence, which are studied in the
framework of the philosophical discipline «formal ontology»

The main instruments of entities analysis within Formal Ontology [Smith, 1998] are the following:

the theory of identity, integrity. The main problems of this type of analysis: what does the fact that
two entitles are one and the same thing means, how can an entity change and preserve its
identity, what properties are essential for preserving one’s identity, etc.

the theory of part and the whole (mereology, mereotopology). The main problems here are the
following: what is considered as a whole, what makes an entity a whole, what is the connection
of parts in the whole, what properties such a connection relation has, how is the whole separated
from the «background», what are boundaries and so on.

the dependence theory [Guarino, 1998].

The main question of the dependence theory is if an entity can exist by itself or it supposes the existence of

something else:

whether the existence of an entity supposes the existence of something else (rigid dependence), for
instance, boiling is impossible without the existence of a certain volume of liquid which boils;

whether existence of examples of a certain class (generic dependence) is supposed, like, the
appearance of the concept garage is impossible without the existing concept motor vehicle,
though a certain garage may appear without any reference to a certain motor vehicle;

- when the existence of an entity in moment T presumes the existence of another entity in moment T1
before T (historical dependence), so, for instance, straw historically depends on threshing, as straw can
not appear without a preliminary threshing process, altogether this work comes to an end, while straw
continues its existence for a long time.

Examples of conceptual dependence relations in the Avia-Ontology are as follows:

ALTIMETER depends on FLIGHT ALTITUDE (generic dependence),

TANKER AIRCRAFT depends on AIRCRAFT FUEL (generic dependence),

AIR PATROL depends on FIGHTER AIRCRAFT (rigid dependence)
Thus, for each ontology we suggest to develop a sort of an “initial” ontology, in which non-taxonomic relations
are relations of the conceptual dependence. Such ontology can serve as a basis for explication of the domain
structure and determination of a new set of relations, necessary for solving the main problem. In this case the
conceptual dependence relations are so important for any domain, that there is no need to delete them, it is
only necessary to re-name them in the newly introduced relations system.

A specific set of relations, which is used by us now besides taxonomic relations (BROADER-NARROWER

relations), is the following:

PART- WHOLE - is used to describe the traditional parts, participants of situations, properties.
Here the conceptual dependence of concept-part on the concept-whole is required;

unsymmetrical associations ASC1-ASC2 — are used for the rest of conceptual dependence
relations;

symmetric association is used for concepts, similar by meaning.

Thus, two types of relations in the relations set employed by us are significantly bound with the concept of

ontological dependence. Relations of these types occupy approximately half of all relations in our thesauri and

ontologies.
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Conclusion

The described technology of constructing ontologies for various domains was employed to create the so-

called linguistic ontologies, which are used to solve problems of the automatic text processing. However,

application of such technologies, connected with the processing of large text collections is also useful for the

creation of ontologies in those domains, which are not directly connected with text processing.

The carried out analysis of the electronic text collection ensures:

completeness of concepts covering in reference to the collected corpus;

objectivity of concepts and terms interpretation, as various texts from the collection are analyzed.

‘Minimal” relations set

makes possible to begin the ontology construction at once, as soon as a task is set and a domain is
determined;

provides a conceptual basis for communicating with experts in the given domain;

provides the initial domain structuring which may be used as a basis for singling out special
relations in the domain.
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AN ALGORITHM FOR OPTIMAL BIPARTITE PLA FOLDING
Liudmila Cheremisinova

Abstract. This paper presents some results of PLA area optimizing by means of its column and row folding. A
more restricted type of PLA simple folding is considered. It is introduced by Egan and Liu and called as
bipartite folding. An efficient approach is presented which allows finding an optimal bipartite folding without
exhaustive computational efforts.

Key Words: Programmable Logic Array, area optimization, PLA folding, bipartite folding

Introduction

Programmable Logic Array (PLA) is widespread used hardware form for the structured design of digital VLSI
systems due to the regularity of its structure. PLA layout design is easily automated because of its direct
correspondence with PLA personality matrix. The price paid for the structural regularity is that much PLA area
is unused because a large percentage of the row-column intersections are not personalized. Several
techniques have been proposed for reducing the area required.

Two approaches are usually used to reduce the area occupied by the PLA: logic minimization that provides
logic expressions with minimal number of products and topological minimization reclaiming unused space.
The proposed paper deals with the problem of topological optimizing PLA area by means of its folding [1 - 5].
PLA folding allows reducing needed area without loss of regular structure of the PLA. There exist different
types of PLA folding. They are based on merging several columns (and/or rows) of a PLA into a single column
(row). The paper focuses on simple column (and/or row) folding that involves merging pairs of columns
(and/or rows) into single columns (rows).

Folding a column of a PLA supposes to split that column into two segments so that two inputs or outputs may
share the same column of the folded PLA. This means vertical lines are broken into an upper and a lower
parts and two variables (pair of inputs or pair of outputs) don’t need two lines but only two segments of the
only line of the PLA. The task is to find such a permutation of PLA rows, which allows a maximum set of
column pairs to be implemented on segments of single lines of the folded PLA.

In[3, 4, 5] a special type of simple column and row PLA folding is considered, in which all of the breaks of the
columns (or rows) occur at the same level (Fig. 1, 2). Such a case is referred to as bipartite folding. The single
break level of bipartite folding allows speaking of an upper and lower folding regions, which contain the
segments of those folded columns that are correspondingly above and below the breaks.

While bipartite folding may theoretically be only 25 percent as effective as regular simple folding for PLA’s with
column type constraints, this class of folding approaches the effectiveness of column simple folding for sparse
PLA’s. Some justifications for this approach are offered [3, 4], the most important of them are 1) the folded
columns (rows) entering from the top (left) of PLA can be ordered independently of the folded columns
entering from the bottom (right) of the PLA, that simplifies the routing signals; 2) the same algorithm can be
applied for the row folding a previously column folded PLA, that simplifies subsequent PLA row folding; 3) a
bipartite folded PLA allows to use much less additional area required for inclusion of testability features. The
bipartite folding can be used to partition a large PLA into smaller PLA'’s, i.e. bipartite folding can be considered
as a special type of PLA decomposition too.

In this paper a new bipartite PLA folding technique is presented. It is based on transformations of a Boolean
column disjoint matrix that specifies the relation to be disjoint on the column set. That allows the PLA bipartite
folding problem to be treated as a maximum unit minor problem. Before searching for a desired maximal unit
minor some procedures of the column disjoint matrix reduction are made that allow pruning some rows and
columns. Some of suggested results could reduce the search space for algorithm from [4], the other allow
yielding optimal solutions.

Definitions

The overall combinational PLA is a standard two level NOR-NOR structure. Vertical lines of a standard
combinational PLA are assigned with the input variables (and their complements) and output variables. Inputs
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run vertically through the first part of a PLA matrix, called as the PLA AND plane. It generates signals on its
rows, which are used as inputs to the second part of a PLA matrix called as the PLA OR plane.

An example of the PLA AND plane (that is the example PLA from [4]) is shown in Fig.1. In this figure, columns
are associated with complemented and uncomplemented inputs. Each horizontal line of the PLA carries a
product term. A dot means placing a transistor on crosspoint of vertical and horizontal lines. This PLA AND
plane will be used further throughout the paper. Here the OR plane is not shown but either AND plane or both
AND and OR planes together can be described in symbolic form by a Boolean matrix. And the only difference
is that inputs can share the columns with inputs only and outputs share the columns with outputs.

The area of a PLA is proportional to the total number of its columns times the number of rows. The area
occupied by the PLA AND plane in Fig.1 is 273.

Before we formulate a mathematically tractable definition of PLA folding problem and its solution we have to
give some definitions.

Each PLA column c; implies the set R(ci) of rows, which are populated on it. Any two columns ¢; and ¢; are
disjoint if R(ci) m R(c;)) = &. A pair of disjoint columns is defined to be a column folding pair, and only those
two columns of a PLA can be folded together.

For example PLA, columns ¢4 and cs are disjoint, since R(c1) M R(Cs) = {r12, r21} M {r1s, r1e, 7} = . But R(Cs)
M R(cs) = {r14, r17}, hence columns ¢s and ¢cs do not generate folding pair.

The square Boolean matrix that depicts when the PLA columns are disjoint will be called a column disjoint
matrix D. This matrix has as many rows and columns as the number of the PLA columns. The element dii € D
is 1 if columns c; and ¢; are disjoint, otherwise d; = 0.

The following column disjoint matrix corresponds to the example PLA AND plane of Fig. 1:

123 45 6 7 8 9 10111213
1 0 0001 11111010
2 0 0000 01111010
3 0 0000 O0OT1TOOOOT OO
4 0o 000111111110
5 1 001001111110
6 1 001001111110
7 11111 10011110
8 1101110011110
9 11011 11100000
10 11011 11100000
1 o 001111100000
12 11011 11100000
13 0 0000 OOOOOOTU OO
weight 7 51 88 8 109 7 7 5 7 0

The relation to be disjoint on the column set is symmetric and irreflexive, so the column disjoint matrix D is
symmetric too and has all 0's on the leading diagonal.

Bipartite folding is a column or row folding in which all of the breaks of the columns (or rows) occur at the
same level (Fig. 2). The single break level of bipartite folding allows speaking of an upper and lower folding
regions, which contain the segments of those folded columns that are correspondingly above and below the
breaks.

In bipartite folding all column breaks used to facilitate folding are made between the same two rows. Thus all
columns, which are folded and placed at the top of the PLA must be disjoint from all columns folded and
placed to the bottom of the PLA. Let the PLA columns of the set C! belong to the upper folding region and the
columns of the set C' belong to the lower one.

Thus the necessary and sufficient condition, the pair CY, C! of the column sets involves bipartite folding, is the
columns of CU to be disjoint from each column of C' (and symmetrically vice versa). So, the rows of the
column disjoint matrix D corresponding to the PLA columns of the set C'have 1's in all columns of the set C.
Such a pair of equinumerous sets is called a bipartite folding pair of sets. The cardinality of these sets defines
the size of the bipartite folding pair of sets and the size of induced PLA bipartite folding.

It is clear that a pair C{, C' of column sets contains all information needed to fold a PLA i.e. it specifies the
pairs of columns to be folded and their relative position (top or bottom).
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Fig.1. An example PLA Fig.2. A bipartite folded example PLA

Transforming bipartite PLA folding into unit minor identification

The column disjoint submatrix, their columns and rows correspond to the PLA columns of the set CU and the
rows correspond to the PLA columns of the set C!, is called a folding matrix F if the pair CY, C' involves
bipartite folding. Such a matrix satisfies the following properties:

— itis square, m x m matrix, where m is the number of folding pairs of PLA columns;

—columns of the matrix correspond to the elements of the upper folding region, and rows of the matrix
correspond to the elements of the lower folding region;

-CunCl=g;

— all matrix elements are 1's.

Thus a folding matrix is a unit square minor of the column disjoint matrix of a PLA. It implies from this that
bipartite folding of size m exists if and only if there is a folding matrix of size m.

A folding matrix F of the bipartite folded PLA in Fig.2 is specified by the pair Cu = {c7, Cs, Cg, C10, C12} and C' =
{c1, €2, €4, C5, Cs} and is highlighted above in the column disjoint matrix D in thick print.

Identifying the optimal column bipartite folding set is to find a bipartite folding pair of sets of the greatest size,
in other words the task is to find unit square minor of the PLA column disjoint matrix D with the greatest
number of rows (or columns). That minor will be folding matrix required.

It is evident that the greatest size m of the folding matrix does not exceed n/2, where n is the number of PLA
columns. The example PLA (Fig. 1) has 13 columns, so it allows for at most 6 pairs of folded columns.

Let the weight of the column c¢; (row i) of the column disjoint matrix D be the number of 1's in it. The last row
of the matrix D given above shows weights of its columns.

So, if a PLA permits bipartite folding pair of sets of size m then there is at least 2m columns having weights
greater than or equal to m in the column disjoint matrix [4]. This statement follows from folding matrix
definition. In other words, if looking for a bipartite folding of size m all candidate columns and rows of the
column disjoint matrix should have weights greater than or equal to m.

The example PLA (Fig. 1) has only 9 columns with weights at least 6, so there is no folding matrix of size 6.
But the example PLA has 11 columns with weights greater than or equal to 5. Thus a folding matrix is upper-
bounded by 5.

Reducing the search space for bipartite folding

The optimal bipartite folding problem was shown to be NP-complete [3]. The classification of a problem as
NP-complete is not sufficient reason to develop only heuristic optimizing methods. In many cases it is
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interesting to get just an optimal solution. Some results of reduction of exhaustive computational efforts on the
search for the optimal PLA bipartite folding have been described.

The proposed PLA bipartite folding algorithm is organized such a manner to give an optimal solution during an
exhaustive search but to allow finding “good” solution at the first its iteration. This algorithm starts from the
pruned column disjoint matrix D. And then after each algorithm step pruning techniques are made.

The evident way to find a bipartite folding pair of sets of the greatest size is to find a unit minor of the column
disjoint matrix D of the greatest size. PLA columns that correspond to the unit minor columns can be referred
to the upper folding region, and the PLA columns that correspond to the unit minor rows can be referred to the
lower folding region. These two PLA column sets Ct and C' are independent. Before the algorithm functioning
the set Cv contains all the PLA columns and the set C'is empty. It should be noted that the same PLA
column is never placed into the unit minor row and column sets simultaneously (both in Ctand in C') owing to
the column disjoint matrix D has 0's on the leading diagonal. In the process of the algorithm functioning, some
PLA columns will be referred to C' and eliminated from Cu. Thus corresponding rows (or columns) of the PLA
column disjoint matrix D should be eliminated too.

Before seeking for the minors we can reduce search space, i.e. reduce the matrix D. First, for a dense PLA
some columns have small weights.

1. Itis trivial that columns (and rows) with weights equalled to 0 should be eliminated [4]. They are useless for
folding. As well the columns (and rows) with weights equalled to 1 are superfluous: the bipartite folding pair of
sets of size 1 can be found trivially.

For example, there exist two superfluous columns (and rows) in the example column disjoint matrix D: 3 and
13, having weights 1 and 0.

When the column disjoint matrix D has at least 2m columns having weights greater than or equal to m there
can exist a folding matrix of size m. It can be found after reducing search space by means of elimination of all
columns with weights less than m. But if the search fails we will have to decrease the value of m and repeat
the search as it is proposed in [4]. So, we should choose such a value of m that there would be substantially
greater than 2m columns having weights greater than or equal to m to refrain from repetition of the search for
folding matrix.

2. The identical rows of matrix D should be united. These rows are not disjoint. Otherwise they would not be
equal. And they are in the same relation with the rest PLA columns. So they will be in the same folding region
in any permissible solution of the folding problem.

After removing superfluous columns (and rows) from the example column disjoint matrix D there are three
groups of identical rows (and columns): 5 and 6; 7 and 8; 9, 10 and 12. Thus they can be united as it is shown
below.

12 45 6 7 8 9 10 1112
1 oo0o0111 11101
2 o o0o0001T11101
4 cooo0o1 1111111
5,6 10100111111
78 11111001111
91012 11111110000
1 o011 111000O0°0O0
weight 7 5 8 8 8 9 9 7 7 5 7

Here weights take into account repetition factor of the corresponding rows.

3. Further, the PLA column (and row) that is disjoint from every other can be added both to the set Cv,
identifying the upper folding region, and to the set C!, identifying the lower folding region. The column (and
row) of the matrix D, corresponding to such a PLA column, has all 1’s but the only 0 (on the leading diagonal).
The column weight is equal to n—1. So the column and the row can participate in no process of minor seeking
and can be eliminated from the matrix D. After desired minor has been found the column can be included
eitherin Cuor in C!, depending on what of them has the less cardinality. Thus we should seek not necessarily
a square unit minor but a unit minor of the greatest area.

For column disjoint matrix D, depicted above, the group of rows (columns) 7 and 8 is disjoint from all others.
So that group can be eliminated from D. Having 1, 2, 3 in mind we get the following reduced column disjoint
matrix D:
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12 45 6 9 101112
1 000111101
2 0000O0T1T101
4 oo00111111
5,6 101001111
91012 1 1111 0000
1" 001110000
weight 5 3 6 6 6 5 5 3 5

For dense PLAs, most columns have small weights, resulting in a small size of the column disjoint matrix. For
sparse PLAs, most columns have large weights, resulting in a large number of identical rows (and columns).
Thus in both cases it is expected that reduced column disjoint matrix D to be solved will have moderate size.

The search algorithm

The maximal unit minor is sought in the process of traversing the search tree in which each node represents a
pair of two sets CU and C' of unit minor columns and rows. The rows for including to the set C' are chosen
from the set R of row-candidates corresponding to the node. CU includes all columns that correspond to
intersection of rows from the set C!. At the first step the set CU contains all the columns of the reduced column
disjoint matrix D, the set C' of minor rows is empty and the set of row-candidates for C' contains all rows of
the reduced column disjoint matrix D. The size of a folding matrix, associated with the unit minor described by
the sets Cuand C!, is the lesser of the cardinalities of these two sets.

The transition to a son of any node of the search tree consists in adding one more new row-candidate from R
to the set C!, thus decreasing, in general case the number of minor columns. The optimal solution is found
during an exhaustive search of the tree reduced by means of some pruning techniques.

We are going to build successively one by one the unit minors of the Boolean matrix D. After getting a new
better solution we store it and its size k. At each next step we need to consider only those minors of greater
size than that early-found (i > k). If we get a new better solution we can reduce the Boolean matrix D at the
sacrifice of elimination of all its columns and rows with weights less than or equal k.

The search tree. The set of all possible unit minors is organized in the form of a search tree in which each
node represents two sets: C and C!, presenting columns and rows of the corresponding unit minor and the
set R of row-candidates for including in C!. The sons of a node represent those minors that contain one
additional row in C'. By traversing this search tree all possible unit minors of increasing size should be
systematically examined. The process continues until a solution is found or all possible choices have
exhausted.

Pruning the search tree. Traversal of the search tree is done in a depth-first manner, backtracking from a
node whenever the sub-tree rooted by a node has been completely explored. The size of such search tree
grows exponentially. However the suggested branch and bound algorithm restricts the exploration to within
only a small subset of the nodes in the tree by means of pruning the search tree. A sub-tree can be pruned
only if the algorithm can determine that this sub-tree contains no unit minor of size greater than that has been
found so far.

A node of the search tree is called viable if the size of the corresponding unit minor is greater than the size of
a minor found when traversing the tree before getting to this node. Only viable nodes need to be examined
during an exhaustive search of the tree. When reaching a viable node, the rows with weights, less than or
equal to the size of the unit minor corresponding to that node, should not be considered. This allows reducing
the search space. If in any step a unit minor of the greatest possible size m is found then it is the desired
maximal unit minor and the algorithm ends.

Backtracking is made if not viable node is reached. In that case a row, last included in C!, is discarded and
another one, not considered earlier, is selected.

Heuristic for choosing the traversing path of the tree. The algorithm suggested employs a simple heuristic to
determine an order in which sub-trees, rooted in a node, are traversed so that a near optimal solution can be
discovered quickly. Finding a near-optimal solution quickly is important since the sooner such a pair of sets
Cuand C'is found the sooner it can be used for pruning purposes.

The selection steps are important to produce a “good” solution the sooner the better, so to find a solution at
the first branch of the search tree as close as possible to the maximum. It appears that justified strategy is
greedy one. Therefore, a good heuristic is to select, at the first step, a row with maximum weight as candidate
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to be placed in the set C'. Then a row of the matrix D is chosen that most intersects the set C: in other words
it has the greatest number 1’s in the columns of the set Cu.

Starting with reduced column disjoint matrix D depicted above, the algorithm finds maximal unit minor with Cu
={9, 10, 12} and C' = {1, 2, 4, 5, 6}. It is highlighted in the matrix D in thick print. Having in mind that PLA
columns 7 and 8 may be included either in CU or C!, we insert them in the set Cu with less cardinality. Thus
the following folding matrix F is associated with found maximal unit minor:

012
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The resulting bipartite folded PLA is given in Fig. 2. The area occupied by the bipartite folded PLA is 168
instead of 273 (Fig. 1).

Additional chance to reduce the area of bipartite folded PLA

After completion of the algorithm for bipartite PLA folding we can get a unit minor that is defined by a pair of
sets Cu and C! of different cardinalities. In this case we have some extra (for the bipartite folding) PLA
columns. That is another possibility to reduce the area of the PLA. Such extra members of CY or C' can be
folded with any PLA columns that are disjoint from them. It is possible to find unit minors with row (or column)
set containing only some of the extra PLA columns and with column (or row) set containing PLA columns not
includedinCvu C'.

An example of such a case of double folding is shown in Fig. 3 (that is example PLA from [4] with modified 13-
th column) and Fig. 4. The area occupied by the double bipartite folded PLA is reduced to 147 instead of 168
(Fig. 2).

The following column disjoint matrix corresponds to the example PLA AND plane of Fig. 3:

12345 67 8 9 10111213
1 cooo0oo01t11t11 1011
2 cooo0oo00o01t111011
3 00000 O01TO0OOOTO OO
4 cooo0o1t1t 11111111
5 1001001111111
6 1001001111111
7 11111 10011110
8 11011 10011110
9 11011 11100000
10 1101111100000
1 oo0011 11100000
12 11011 11100000
13 11011 1000O0O0O00O0
weight 8 6 1 9 9 9 109 7 7 5 7 5

There exists the only superfluous column (and row) in the above column disjoint matrix D — 3, having the
weight 1. After its removing there are three groups of identical rows (and columns): 5 and 6; 7 and 8; 9, 10
and 12, they are united. Thus we have the following reduced column disjoint matrix D:

12 45 6 7 8 9 10111213
1 0o00111111011
2 0000011111011
4 ocoo0oo0111111111
5,6 101001111111
78 111110011110
91012 111111100000
1 o011 111000O00O0
13 111110000000
weight 7 6 9 9 8 9 97 7 5 75
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Fig. 4. A bipartite folded d le PLA
Fig. 3. The second example PLA 9 ipartite folded second exampie

The bipartite folding (Fig. 4) is induced from the maximal unit minor with Cu={7, 8, 9, 10, 12, 13} and C'={1,
2,4, 5, 6}. Itis highlighted in the above PLA column disjoint matrix D in thick print. Extra PLA columns 7, 8 of
the set Cu are disjoint from the PLA column 11 constituting one of the possible unit minors of size 2.

Conclusion

In this paper a new bipartite folding technique is presented. Compared with the other bipartite folding methods
the suggested method has the following new features. The problem of bipartite folding is reduced to a search
for a maximal unit minor of a Boolean matrix. The method contains some new procedures of reduction of
Boolean column disjoint matrix that allow reducing the search space before functioning the basic bipartite
folding algorithm. The approach presented in the paper may lead to the optimal bipartite folding without much
wasteful computation.
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QUALITY ASSURANCE IN EXTREME PROGRAMMING
Plamen Balkanski

Abstract: Our previous research about possible quality improvements in Extreme Programming (XP) led us to
a conclusion that XP supports many good engineering practices but there is still place for refinements. Our
proposal was to add dedicated Quality Assurance (QA) measures, which should be sufficiently effective and
at the same time simpler enough in the context of XP. This paper intends to analyze the possibilities for an
effective way for applying approved quality assurance practices to XP. The last should not affect negatively to
the process and in the meantime must lead to better quality assurance. We aim to make changes to XP that
even if would slow down a bit the development process, will make it more suitable for widest range of projects
including large and very large projects as well as life critical and highly reliable systems.

INTRODUCTION

By our means XP suggests some very good practices proposed almost by every proven software
development method but at the same time skips most of the documentation, rejects code reusability and relies
on some circumstances which can be considered as not always completely realizable. We think that XP might
be extended in a way that it will become more suitable for large and very large projects and teams and at the
same time we will be able to keep it extreme. The first step in this direction will be adding the QA. In this paper
we will try to propose a convenient way to implement well-known and effective QA practices in the XP
process. XP is considered as a defined and disciplined process. Having in mind this we will make
comparisons and look for relations using ISO standard 9000-3 which defines Quality Management System
relevant to software development and Capability Maturity Model for Software (CMM), which defines at its level
2 the QA practices. The goal of this research will be achieved by examining both sides’ practices, comparing
activities and analyzing possibilities for implementation of the QA proposed by the above mentioned
documents in the XP process.

SOFTWARE QUALITY ASSURANCE PROPOSED BY CMM

As is well known the CMM describes an evolutionary improvement path from an immature process to a
mature disciplined process. CMM defines key practices to improve the ability of the organization to meet goals
for cost, functionality and quality.

The QA activities are defined at level 2. According to CMM the purpose of Software Quality Assurance (SQA)
is to provide the management with appropriate visibility into the process being used by the software project
and of the products being built. It is required that the project follows a written organizational policy for
implementing the SQA. The project should have assigned a SQA group that is responsible for coordinating
and implementing SQA for the project. This groups should be provided with adequate resources and funding
and should include members that are trained to perform their SQA activities.

CMM defines eight activities to be performed as follows:

- A SQA plan is prepared for the software project according to a documented procedure. This plan is
developed among with the overall project planning and is reviewed by the affected groups and
individuals (managers at different levels, client representative and any other involved) The SQA plan
should be managed and controlled.

- The SQA Group’s activities are performed in accordance with the SQA plan which includes:

0 Responsibilities and authority of the SQA group
0 Resource requirements for the SQA group
0 Schedule and funding of the project’s SQA activities
0 Participation in establishing the software development plan (SDP), standards and
procedures for the project
Evaluations to be performed
Audits and reviews to be conducted
0 Project standards and procedures to be used as the basis for the SQA group’s reviews

O O
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0 Procedures for documenting and tracking noncompliance issues
o0 Documentation to produce
0 Method and frequency to providing feedback to other related groups
- The SQA group participates in the preparation and review of the project’s software development plan,
standards and procedures. The SQA group provides consultation and reviews on: compliance to
organizational policy and to external standards and requirements, standards that are appropriate for
use by the project, topics that should be addressed in the SDP and other areas assigned by the
project. The SQA group verifies that the plans standards and procedures can be used to review and
audit the software project
- The SQA group reviews the software engineering activities to verify compliance
- The SQA group audits designated software work products to verify compliance
0 Software products are evaluated before they are delivered to the customer
o Software is evaluated against the designated software standards and procedures
0 Deviations are identified and tracked and Corrections are verified
- The SQA group periodically reports the result of its activities to the software engineering group
- Deviations identified in the software activities and software work products are documented and
handled according to a documented procedure.
0 Deviations are documented and resolved if possible
0 Not resolvable items are periodically reviewed by senior management until they are
resolved
- The SQA group conducts periodic reviews of its activities and findings with customer’'s SQA personnel
as appropriate

At the same time when performing these activities, measurement and analysis are made to be used to find out
the cost and schedule status of the SQA activities. These measures include:

- Completion of milestones for the SQA activities compared to the plan
- Work completed, effort expended and funds expended compared to the plan
- Numbers of products audits and activity reviews compared to the plan

CMM also proposes verification of the SQA activities made by 3 different instances.

- The SQA activities are reviewed by the senior management on a periodic basis to provide awareness
of and insight into software process activities at an appropriate level of abstraction

- The SQA activities are reviewed with the project manager on both a periodic and event driven basis
- Independent experts periodically review SQA activities and software work products of the SQA group.

QUALITY ASSURANE PROPOSED BY ISO 9000-3

ISO 9000-3 is the standard of the ISO 9000 series that is most relevant to software development and
maintenance. Organizations typically use ISO 9000 standards to regulate their internal quality systems and
assure the quality systems of their suppliers. ISO proposes a quality assurance manual that consists of
management responsibilities, a set of measurements, analysis and improvement activities, and required
documentation.

An I1SO 9000 organization should have implemented a Quality Management System (QMS) that is
continuously maintained for effectiveness and process improvement. The effectiveness of the quality
management system should be improved by the use of Quality Policy, quality objectives, audit results,
analysis of data, corrective and preventive actions and management reviews.

The organization defines and documents its Policy, which provides the overall objectives for an effective
QMS. The Quality Policy should be relevant to the organization’s goals and expectations of its customers.

ISO 9000 requires an organization to plan and perform audits. The results of audits are communicated to
management and any deficiencies found are corrected.
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ISO 9000 states that organizations must establish adequate statistical techniques and use them to verify the
acceptability of process capability — this is also called measurement. According to 1ISO 9000-3 “there are
currently no universally accepted measures of software quality”. The auditors can accept the use of statistical
tools or any consistently collected and used data.

The organizations should implement and maintain documented procedure to initiate corrective and preventive
actions. Corrective action procedures define the requirements for:

- Reviewing non conformities including customer complaints

Determining causes of non-conformities

Evaluating the need for action to ensure that non-conformities do not recur
Determining and implementing the action needed

Records of the results of action implemented

- Review of corrective action implemented

The QA manager is responsible for Corrective and Preventive actions and a feedback system should be used
to provide early warnings of quality problems. Preventive action procedures define requirements for:

- Determining potential non-conformities and their causes

Evaluating the need for action to prevent occurrence of non-conformities
Determining and implementing the action needed

Records of the results of action implemented

Reviewing preventive action implemented

The QMS documentation structure can be described at five levels. “Level 1" is maintained in the form of
Quality Policy. “Level 2" documentation is maintained in the form of the Quality Assurance Manual. “Level 3"
consists of quality procedure; “Level 4” contains work instructions. “Level 5” documentation is maintained as
records/reports.

QA IN XP AND WAYS OF IMPROVEMENT

Adding QA seems to be the easiest part on the way to develop XP version suitable for large teams and
projects. If we study the XP practices carefully we will notice that there already is some form of QA. It just
need to be structured and controlled as well as somehow documented in order to use its results for analyzes.
Bellow we will try to find out which of the above practices, measures and recommendations are suitable for
the XP process, what roles are needed to conduct the new actions and how the collected information can be
used. All the changes must be made in a way that would not slow down the development but still reaching the
desired QA process.

We will go through the QA practices proposed by CMM and ISO and then will review the situation with XP and
will propose our solution where appropriate for actions to be taken, roles to be added or other changes.

a) QA
- CMM defines the SQA aim as: providing the management with appropriate visibility into the process.

- ISO proposes a quality assurance manual that consists of management responsibilities,
measurements, analysis and improvement activities, and required documentation.

XP:
- In XP the QA is not even mentioned but a lot of QA practices are presented. These are:

0 The automated acceptance tests to prove that a feature is implemented correctly. We can add
here the test-first development XP practice, which also relies on the acceptance tests.

o Pair programming which assures that the entire source code is reviewed all the time.

0 Refactoring practice, which means removing duplication, increasing code integration and
lowering mixture of the code.

o Collective ownership, which proposes code reviewing a common coding standard.
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We see that XP uses QA practices but the difference is that these practices are only oriented to achieve the
direct goal. For example Automated Tests intent to assure that the current version is good enough for a
release, but does not keep any data for the results and does not makes any decisions. The same is for Pair
Programming — both programmers care for the same code and make fewer errors but the errors are not
recorded.

b) QA group

- CMM: 1t is required that the project follows a written organizational policy for implementing SQA. The
project should have assigned a SQA group that is responsible for coordinating and implementing SQA
for the project

- ISO: The organization should have implemented a QMS that is continuously maintained for
effectiveness and process improvement. The effectiveness of the quality management system should
be improved by the use of Quality Policy, quality objectives, audit results, analysis of data, corrective
and preventive actions and management reviews.

XP:

- According to XP every project is different so it needs a different approach. However it is obvious that
every team, which is working on more than one project gradually, builds its own software development
process. So the next time everyone in the team understands better his responsibilities. The QA is in
many ways independent from every single project system, which can be easily achieved in an XP team
by adding another role — the QA Manager. As all other roles in the team individual that already has a
role but not a programmer also can handle the QA role. The QA Manager will be involved in creating
the plans and gathering any analytical information as well as taking decisions about any changes
provoked by the QA results.

c) Activities
- CMM defines eight activities as listed above.

- I1SO suggests that the organizations implement and maintain documented procedure to initiate
corrective and preventive actions also described above.

XP:

Which of the proposed actions already exist in XP and which are a must? Both standards propose a
documented procedure (ISO) or an SQA plan (CMM) that is missing in XP. We propose that the QA
Manager must develop a documented procedure for the QA of an XP team. The QA process is very
similar in most of the projects. Thus the QA manager can use a pattern, which can be tuned as
appropriate for every project and of course developed through the process. Using such patterns or a
generalized QA plan for the XP projects we think will save time or at least will not lead to serious
delays.

In the context of XP we guess that it is better to use only one person for the QA instead of a group.
This is needed for a number of reasons including keeping a small team and funding reasons. The QA
Manager will take actions defined here and some automated registration programs (ARP) will help him
with gathering the information. At the meantime as we cannot reject Code reviews then a lot of QA will
be done by programmers but here come the ARPs which will present the QA manager with relevant
information which can be used directly. The participation of the QA manager in establishing any plan or
procedure or standard is automatically guaranteed by the fact that the team works together. Using
common standards is related with the practice Collective Ownership that requires such common
standards in every XP team.

The QA Manager should define a QA schedule. However we guess that this should be in relation to the
versions issued by the XP team. This is because on every version there is a lot of testing and in this
moment the integration can be also assessed.

Evaluations, tracking and reporting of the non-conformities are related to the used measures and will
be discussed bellow. What we must note here is that the QA Manager should take part in defining the
automated tests, as this is a good approach to evaluate clients as well as project internal quality
measures.
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d) Measures
- CMM proposes using measures which include:
0 Completion of milestones for the SQA activities compared to the plan
o Work completed, effort expended and funds expended compared to the plan
0 Numbers of products audits and activity reviews compared to the plan

- IS0 states that organizations must establish adequate statistical techniques and use them to verify the
acceptability of process capability. These can be the use of statistical tools or any consistently
collected and used data.

XP:

- The first thing to say when writing about XP and measures is that in the initial process there are no
measures. There are no analytical data as the only aim is to complete each project quickly and then to
start over again with the next.

However we will need measures, as we would like to use the results for management decisions. As we have
already mentioned above we propose using a number of ARPs which will record most of the measures like
code compilation failures, syntax or functional changes, acceptance tests results or even programmers
effective time. Such automatic registration can also be easily applied to some popular metrics as Lines of
Code or Functional Points. All other tests as logical program behavior or program usability must be planned
and assigned for failures registration by the QA Manager. Such failure registrations we propose must be
added to the same database used by the ARPs.

Reporting of failures must be delivered to the QA Manager who can re-assign the problems to the
team or send the lists to the Team Coach for re-assigning. Reporting of measures which do not directly
affect the program functioning are delivered to the QA Manager, which can discuss them with other
team members with management responsibilities and propose changes regarding the process.

CONCLUSION

By using the experience of ISO 9000-3 standard and CMM for Software regarding QA we made an analyze
and conclude that adding QA to XP will be harmless for the process and will lead to the desired results —
measuring which will provide the managers with relevant information and thus they will be able to make
changes to improve their process. The main changes proposed by us are adding a new role — the QA
manager that is responsible for the QA plan development and conducting and the use of ARP - small agents
to record a number of measures which will be additionally proposed.

As was stated in the paper the QA manager on its own or by assigning tasks to the developers and using the
ARRPs fulfills nearly completely the requirements proposed by both ISQ 9000-3 and CMM. At the same time it
is clear that we will need a list of measures, which will be appropriate and can give the exact information that
will be most useful and proper for an XP team. This is the first important step on the way developing an XP
version, which can be used as a process for development of large and very large projects.
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