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AHHOTaNusa
B npenpuHTe o6cywpanTcA BONpOCH 3(HPEKTMBHOM OpraHM3almMu

Ananoroeoro BaamMopeiicTBus ¢ IBM. PaGora cocrour us mgByx yac-
Telt. llepBas uacTh noceameHa oGLETEOPETUUECKUM BOIPOCAM. Bo BTO-
PO/t 4acTM TEKCT PacCMaTPUBAETCA KaK CJOXHAS MEPApXMUECKAs CUC—
TeMa, KOTOPAA MOXET OHWTb ONUCAaHA DEKYPCHUBHEMM CTDPYKTypamu. IIpu-
BelleHa (uanuecKas WHTEPIpPEeTals CTPYKTYPHOTO DPa3BUTHS TEKCTa U
IpenJIoxeHa UUCIeHHasA XapaKTEePUCTHUKE OLIeHKM "eCTeCTBEeHHOro" Tex-
cra. Bropas uacTh BKJOYAET TAKKE MPUIOKEHUS, COLNEpKANUE pe3yilb—
TaTH SKCIEPUMEHTOB, CIMCOK JUTEPATYDPH IJd 06enx uyacTeit u obumue
BHBOIH .

Abstract

Questions dealing with effective organization of inter-
action with computer in dielogue are considered. The paper
comprises two parts. The first part is devoted to general
aspects of the problem. In the second part text is treated as
a complex hierarchical system which can be described by re-
cursive structures. Physical interpretation of structural de-
velopment of text is given and quantitative characteristics
of natural language text evaluation are suggested. The second
part includes also Appendixes listing the results of experi-
ments, the list of references for both parts and general con-
clusions.



Introduction

The technique of analysis presented in the first part of
the paper is used here to help reveal specific patterns of va-
rious texts structures (poetry, translations, computer prog-
rems)e The results of applying cluster analysis proce&urés to
natural and artificial language texts indicate that their stru-
ctural patterns differ significantly. This may be contributed
to the difference in manners of constructing dialogues on the
basis of them. Dialogue in natural language is based on use of
words concepts, attributes, which the humen participants can re-
cognize thanks to previous experience and knowledge. Organiza-
tion of such a dialogue is supported by linguistic approach,
which is characterized by a definite regularity exhibited by
the size (number of words) of text functional core and the
number of auxiliary and specific wordse.

The artificial dialogue, on the other hand, (mathematical
formulae, computer programs, etc.) is based on symbols which
can be identified by means of the a priori specified defini-
tions (axioms).

Orgenization of artificial language dialogues is supported
by logical approach, based on sequential presentation of data
which should not contradict initial axioms.

On the basis of the asnalysis of the two approaches to
dialogue organization elasborated in the first part of the paper
we may conclude that in the process of a dialogue the linguis-
tic approach is oriented mainly to self-education and the role
of the logicel approach is to facilitate actual realization
of the dialogue.

To enable use of the analysis results in synthesis of
dialogues for problem-oriented information systems it was ne-
cessary to give physiceal interpretation of text structural
development and find its artificial prototype. For example, a
positional calculus system defined by the number of positions

n , the number of different symbols 9, end the number of
different texts N= Ct,n may be referred to as an artificial



text. A physical interpretation of such a developing structu-
re (or rather system, because its elements are related hierar-
chically) is made possible by use of the concept of the rate of
its structural development (increase of number of elements
as a function of level number). For such a developing struc-
ture we can construct a sequence of numbers, in a way gimi-
lar to the ranking frequency distribution tables, which would
reflect the relation between the number of modes in a subtiree
and the number of subtrees having such a number of nodes (tab-
le, part 2).

Eventually, it became evident to us that to solve the
problem of synthesis of text structural development one has
to devise such artificial constructions whose developing tree
structure would have the structural pattern similar to the
ranking distribution of natural language texts.

Recursive structures

What should we make out of the results obtained by the
investigation-of texts and what can we propose in the way of
their physical interpretation ? What are the laws that govern
structurel development of texts ?

The results of classification suggest that the laws of
Zipf, Mandelbrot and their modifications are more suitable to
be applied in identification of integral interrelationships
among sige, vocabulary and problem orientation of various textis



than in revealing structural characteristics of text construc-
tione To overcome this restriction the authors of the current
study have striven intuitively to estimate the parameters of
approximation function in such a way so as to achieve the best
concordance between the empirical and theoretical ranking dis-
tributions for the observed class of texts. That deficiency
is aelso one of the reasons why graphs based on direct plotting
of the empirical and theoretical ranking distribution, in ac-
cordance with (2) - (5), part 1 of various texts (Appen-
dix 5) failed to provide us with sufficient information to
facilitate classification.

Nonetheless, we were able on the basis of classification
experiments to identify the role and the effect the individual
parameters (table 1) have in the process of classification.

- The methodology we employed in text classification allo-
wed us to ascertain beyond doubt that approximation of ranking
distribution on the basis of the collective of parameters ena-
bles one to gain insight into the general and specific pattern
of text structures. :

To be able to carry out physical interpretation of the
observed specific patterns of text structures one should syn-
thesize the artificial structural systems and in the process
of classification match system parameters defining its deve-
lopment and functioning with parameters of texts (Appendix I).
Consequently, the primary objective of an investigation sho-
uld be the identification of structural interrelations among
the elements comprising observed object (text in our case).

We based all our observations on the premise that the
structure of a text should coincide with the structu-

re of a dialogue, if we wish to achieve an aim of establishing
common understanding between its participants (unambigous
comprehension of the concepts being conveyed)., That is, for

a text to be comprehended easily, it should incorporate ex-
plenations of all the concepts, rarely used words, expressi-
ons, etc. that are being introduced in the course of a dialo-
guee The rate of text structure development depends on the



way and degree this explanation facility is embedded.

It seems obvious that the highest rate of interaction
should be at the level of generic structural entities (words)
which form the basis for the construction of the higher level
elements like definitions, etc. At the level of definitioms
and concepts the rate of interaction should be less intensive
on account of the simple fact that these elementis are products
of the interaction on the lower level.

The process of recursive construction of semantically
significant texts proceeds until all the words, concepts,etce
used in the process, are interrelated by means of definitions
and associations.

Chomsky indicated that the most evident formal feature
of an utterance is a possibility to divide it by means of pa-
renthesis notation into components of various types, i.e. an
utterance is associeted with tree-structures /25/,

Formelly, any text could be represented by a set of inter-
related elements forming a system with complex relationse.

On the other hand numerous asuthors /26,27,28/ obser-
ved that to predict the behaviour of any complex system of
arbitrarily interrelated structure (that is to make it contro-
lled) the system should be of necessity hierarchicale.

In /26/ we read "...a step towards hierarchical struc-
ture makes the diversity of strategies less but at the same
time it reduces indefinity, i.ee it makes it possible to have
more effective solution".

However the question remains open of how to represent
any complex system with a given set of relations in the form
of a set of hierarchical systems.

To bring some light into this matter let us introduce se-
veral definitions and theorems /14,15,29/.

Definition 1. 'Quasihierarchy is an oriented graph, which

terminal - nodes (leaves). If an initial tree is binary, then
the resulting quasihierarchy is called the binary quasihie-
rarchye.



Theorem 1. Any /1 -ary relation R defined over a fi-
nite sét M can be represented by a quasihierarchy, with ter-
minal-nodes being the elements of the set M ,

Consequence. Any system of relations defined over a fi-
nite set M may be represented by:

a) a system of quasihierarchies, with the terminal-nodes being
the elements of M ;

b) a quasihierarchy with the terminal-nodes being the elements
of M ;

¢) a binary hierarchy with the terminal-nodes being the ele-
ments of M .

Definition 2. A hierarchy H defined over a set M is a
self-gimilar recursive structure if it can be reduced to a

Ho= M, Hm+4=G(;'/m)>
Where an operator (¢ does not depend on the level number of
the hierarchy /7.

A structure produced by means of using & -operator pos-
sesges a feature of self-similarity, because every succeeding
level is produced by ( -transformation of the given level.
Information about & number of elements generated at the next
level is also hidden in G .

The definition just introduced represents a special case
of primitive recursion:

po)=v, flme1)= @im, f(m)),
and illustrates the possibility to obtain the developed hie-
rarchy by defining only once the rule of decomposition of the
initial set M: H'= G (H) with all the following levels of
the hierarchy being derived automatically.

Generally, a self-similar structure is characterized by
incorporating an etalon (genotype) and the recursive law of
its development,

Constructive technique of generating of self-similar re-
cursive” structures in the form of ordered trees /15,30/ con-
sists in superposition of a leaf with the root of an etalon
(tree fragment).

notation:




This technique facilitates construction of any complex
tree configuration by means of etalon compositionse.

For a set of self-similar trees analytic formulae can be
used instead of comstructive technique /15,30/.

Example 1.

Let us interprete a function

f(o)=0, f(n)=n-{(n-4) (1)

given in the form of primitive recursion as a tree function.
If we use natural numbers sequentially as arguments /1 =1,2,3...
we shall produce a sequence of values each presenting succe-
ding node for an argument, i.e. & string called canonic rep-

resentation of a tree structure /31/,

n: 123456789 10 «ce
fn:1 12233445 5 ...
So (9) presents a binary tree.

Examplé 2e

20)=0, f(1)=1, f(r)=n-flr-1)-f(rn-2) 2)

n: 123456789 10 ...
fln): 111222333 4 ...
Function (10) corresponds to a ternary tree.

Example 3.

plo)=0, f(n)=r - p(f(r-1)) (3)
n: 123456789 10 «c.
f(n):1 12334556 6 ...
Function (10) corresponds to g tree enumerated in such a way
that numbers of nodes at the right edge of the tree present
the sequence of Fibbonacci: 1,1,2,3,5,8,13,21 ...
Pige 1 a,byc illustrates binary, tefnary and Fibbonacci
trees; the dashed lines indicating etalons which according to
constructive technique rule can be used for their construction.




Figel. Ordered trees generated by (1) - (3);
a) binary tree, b) ternary tree, c) Fibbo-
nacci tree.

Theorem 2. Any quasihierarchy can be presented by self-
similar recursive structures (SRS).

Theorem 3. Self-similar recursive structures have the
least complexity (in the sense of Kolmogorov /32/) of their
algorithmic presentatione.

From the analytic representation of SRS it follows that
the complexity of generating of dynamic discrete system de-
pends only on a number of steps (tacts) /1 .

Using a constructive technique the complexity of genera-
ting of such structures is determined by & complexity of imi-
tial etalon and a number of its applicationse.

SRS are defined in a unique way by its etalon adAd a num-
ber of levels, which ought to be sufficient to classify them
as different types. Recognition of SRS types, a composition
of which presents a developing system with complex structural
relations, provides the wayfor its physiéal interpretatione.
For example, positional system of calculus -~ a special case
of SRS (fige1 2,b) - is fully defined by a rate of increasing
of elements number from one level to another. Physical inter-
pretation of this parameter - the rate of quantitative changes,
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i.e. changes of value of one end the same sign depending on
& level number (position).

It is quite clear that in artificiel systems where an
unambigous identification of an object is predetermined by the
rules of object construction (logical approach) the rate of
increasing of their number can be much higher than in natural
systems, where the redundance is inevitable in identifying an
object (linguistic approach)

Table 2 presents structural development of positional
systems of calculus with base g =2 end base q/=3 corres-
ponding to SRS in figel a&,b and an SRS corresponding to a

Fibbonacci tree in figel, Ce
Table 1.

a) Ternary tree (N°30)
243 121 40 13 4 1
1 2 6 18 54 162

b) Binary tree (N°31)
256 255 127 63 31 15 7T 3 1
1 1 2 4 8 16 32 64 128

- ¢) Fibbonacci tree (N°32)
233 232 231 142 88 87 54 53 33 32 20 13 12 11
+ 1 1 1 1 2 1 3 2 5 3 8 5 13 8

6 4 3 2 1
21 13 34 21 89

-3

d) Iuces tree (N°33)
72 271 270 269 186 126 85 82 81 80 59 58 57 40 39
101 01 1 1 1 1 1 1 1 o1 o1 3 1

38 27 26 25 22 22 21 20 18 17 16 14 12 11 10
4 1 1 5 1 1 1 1 3 3 8 1 4 4 13

8 7 6 5 4 3 2 1
5 5 18 9 9 41 32 86
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e) Tree f(n)=n-L(L({(£(n-1)))) (Wo34)
250 249 248 247 246 177 127 91 68 67 66 65 49 48 47
T 17 1 1 1 1 1 1 1 1 1 1 1 1 1
46 35 34 33 32 25 24 23 22 18 17 16 15 13 12
31 1 1 4 1 1 1 5 2 2 2 7T 3 13
11 10 9 8 T 6 5 4 3 2 1
3 10 4 4 4 19 5 12 36 31 69
f) A.S.Pushkin (N°3)
113 69 57 30 29 27 26 24 16 15 14 13 12 11 10
T 1 1 1 1 1 1 1 1 1 1 1 2 4 2
9 8 7 6 5 4 3 2 1
5 4 6 13 17 27 54 151 665
" 'g) P.Verlaine (N°17)
4 3 2 1 - o
4 5 9 31
" h) Dialogué with IS SITO (N°23)
187 150 135 134 115 113 91 60 36 30 26 25 24 22 20
T 1 2 1 1 1 1t 1 2 1 1 1 1 1 1
19 17 15 14 12 11 10 9 8 7 6 5 4 3 2
11 2 2 1 3 1 3 3 2 13 14 14 96 95
]
250
i) Algol-60s SITO (N°25) -
282 246 238 208 172 165 164 110 97 58 48 47 46 38 35
T 1 1 1 2 2 1 1 6 5 2 2 1 1 2
34 32 30 26 25 24 23 22 21 20 18 17 16 15 14
2 2 3 2 1 3 1 1 4 1 2 1 2 2 4
13 12 11 10 9 8 7 6 5 4 3 2 1
1 3 3 1 3 5 3 9 7T 12 12 21 41

.........
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The first line of the table contains sequence of numbers
of nodes in a subtree of the initial tree F(fj> and the se-
cond line contains corresponding numbers of subtrees with the
same number of nodes (ry ). The set of all existing subtrees
is arranged in decreasing order of numbers in the first line
(the number of levels of initial tree being fixed).

Values in this table reflect structural characteristics
of artificial systems with clear physical interpretation. We
used these strings as additional artificially constructed
texts ( N°30-34).

We included also in the table 1 the strings of ranking
distribution of word frequency describing development of stru-
cture in text systems where the first line contains the number
of occurrences of a word and the second line contains the cor-
responding numbers of words with such a number of occurrencese.

Let us give an example of construction of structural de-
velopment of text N°3 and its approximation by means of SRS
(fige2)e.

Fige3 presents graphs plotted according to table 1 the
physical basis of which is the rate of development of systems
with structural relations.

It follows from the fig.3 that structural development of
a text type structures possess features of its own. It is po-
ssible to recognize three distinct segments I, II, III in the
rate of structural development.

The rate of development could be approximated by a composition
of three self-similar recursive structures:
n-1 , 1 mx<¥€/2
fn) = {n-f(f(n-1), €¢h<ms< -2
n-2p(r-c), me=c-2¢-1, §£€< /0
where /7 is a level number of the tree-structure, £ - is
the number of the last level. ‘

Let us examine physical sense of this formula.

The segment I of a function in fig.3 is approximated by
& unary system which is characterized by an absence of struc-
tural relations influencing qualitative chénges in the union.

(4)
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Fige3. Rate of structure development corresponding to
texts a) N° 30, b) N°31, c)N°32, 4)N°33, e)N°34,
f) N°3, g) H°17, h)N°23, i) N°25.
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In fact this segment correspcnds to ranks representing auxi-
liary words (propositions, pronouns, conjunctions, etce)e.

The second segment is characterized by a slow development
of the structure and corresy nding SRS rate is consequently
lower than that of a binary <:-<. .

The third segment has &a ho re = of structural develop-
mente.

If we compare functions in = fi. .3 with their approxi-
mations (4) we shall see, that tu ste of structural deve-
lopment of natural texts (An ) occu;: an intermediate posi-

tion between those of artificial texts o{q) and positionel
systems of calculus (@% ):

o§o>0<n>6(a,>/°(u

where «, symbolizes primitive (unary) system where union

of elements does not result necessarily in quelitative changes;
a#; is a system possessing the highest rate of development
(qualitative changes).Let us remind that a fundamental disco-
very for such systems was the demonstration of sufficiency of
Z signs to identify N objects, where Z = fogN.

Now we may interprete the role assigned to special lan-
guages: their function is to facilitate generating of defini-
tely comprehended texts out of signs (notions, definitions).
The role of their grammar is to form rules of transforming

D(U to D(P .

The main difference between natural and artificial texis
is that natural texts are characterized by Specific inner con-
struction and the way the concepts and axioms are defined and
developed (a posteriori) while artificisl texts inevitably
have a priori postulated axioms which predetermines text con-

structions. In this sense SRS may be treated as ahaloéués of
netural texts. They contain in their notation = (1)-(4) -

both the technique of etalon construction (genotype) and the
regularity of structural relations which differ from the tradi-
tional mathematical methods of function representatione.
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Conclusionse.

In place of answering directly the basic question put
forth in thesubtitle of the present study "Is Dialogue a
Science or Art?" let us paraphrase the quotation of Flauybert
which we used in the way of an epigraph to introduce our the-
mee.

Strenge as it may seem the natural language texts appear
to be more scientific than their artificial counterparts on
account of the capability of naturasl langueges to be more
easily comprehended and handled by arbitrary human end-usere.

If we really wish the computer to be utilized effective-
ly by large community of various users we should organize com=-
munication with it on the basis of natural languege in such a
way that both the structure and principle of organization of
man-machine interaction correspond to the structure of natu-
ral language textse. Consequently, their dialogue will turn in-
to a discourse of '"equal" partners mutually striving in a fri-
endly way to achieve common understanding of the concepts be-
ing imparted in the form of text,

In the structure of natural language texts the following
three segments can be distinctly distinguished:

I - constant part comprising auxiliary or service words;

II - collection of definitions and generalizations (ex-
tension and elaboration of the meaning of a word). Here, the
rate of structural development is rather low;

III - rapid accumulation of the essential vocabulary repre-
senting the basis for text construction, Here, the rate of
structural development is the highest.

All three segments together meke the foundation of the
linguistic approach to construction of information processes.
On the basis of exploratory investigation we carried out and
by means of the parameter ol which we conceived to specify
the rate of structural development we are able to formulate
now the main features which distinguish linguistic from logi-
cal approach to construction of information processes.
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At the bottom of the logical approach lies an axiomatic
system defined a priori. The texts generated on the basis of
the logical approach proved themselves to be very effective
in construction of reproducible messages and are characteri-
zed by the high rate of structural development. However, when
using this approach one has to constantly hold in mind all
the rules of the generic axiomatics, and in case of their be-
ing modified or extended both conceptual meaning and reprodu-
cibility of the text are destroyed.

On the other hand, the linguistic approach is founded
upon an a posteriori formed axiomatic system which consists
of the inveriant characteristics such as winter, summer o..,
attributes like good, bad..., and concepts of the form; person,
thing «.., all of which could be comprehended either directly
or associatively by means of an information model created in
the process of interaction with surrounding world. The inam-
biguity of reproduction may be achieved through gradual nar-
rowing of the indeterminacy region and use of appropriate axi-
oms in description of information processes. Accordingly, the
prime objective of culture and languasge in society seems to be
to preserve and synchronize the invariants of perception. At
the same time the texts which generate these invariants may
take variety of forms and differ in content. In contrast to
logical approach the linguistic approach necessitates large
vocabulary of generic items to be used for construction of
texts (messages).

That is the reason why logical approach appears to be
superior to the linguistic approach if measured by the crite-
rion of traditional information theory, i.e. by the number of
bits necessary to transmit a message (but certainly not in
respect to comprehension capability). If we take into conside-
ration the efforts spent on coding and décoding of semantical-
ly significant texis then the advantage is obviously on the
side of the linguistic approach.

In case their axiomatic bases coincide the linguistic and
logical approach seem to attain equal position. The attempts
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to achieve such concurrence resulted in development of prob-
lem-oriented systems and languages akin to the natural onese.
However, to exploit to the full extent the advantages that
presents the use of logical type systems (they perform at the
rate of the logarithm of the vocabulary size) one should spe-
cify in the rigid form the texts comprising perception inva-
riants which are intended to perform the role of the sign,
symbol, operator. The information interaction of the specia-
lists should be based on the logical approach and the linguis-
tic constituent should assume the role of a link in introdu-
cing new definitions and generalizations and of an interme-
diary in interacting with neighbouring subject areas. Infor-
mation interaction of educational character should be based

on the linguistic approach particularly in respect to constru-
ction of text perception invariants. Inner conceptual content
of such texts is being revealed, however, through the use of
external structural forms of knowledge representation which
have been developed independently.

Accordingly, the word "good" may be referred to as a per-
ception invariant only in case its use results in provoking
corresponding run of activities.

Evidently, this brief report could not cover all the
issues we engaged in and all the dilemmas we were confronted
with in our exploratory investigation of dialogue process.

It might be said, that it is not carrying out concrete
tasks, describing an instruction or creating a progrem that
generates the need for linguistic approach but rather a stri-
ving to explore and comprehend the unknown, e wish to estab-
lish common understanding, a possibility to learn and evolve.

Thus, to perform an effective dialogue the elements of
both linguistic and logical approach should be embedded in its
orgenization and structure. For, in logical approach the know-
ledge develops in depth (specialization) and in linguistic ap-
proach in breadth (universalization). Investigation of texts
embodying either of these approaches indicates that they differ
significantly in respect to the rate of their structural de-
velopment. This is due to the logical eapproach being oriented
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to action (they i.e. the texis based on logical approach, are
always specialized) and the linguistic approach to self evolu-
tion (teaching is always of a universal character). In other
words, the transition line separating o(,o y o, and ?(q_
seems to represent division of qualitative properties.

Tn sccordance with the #( -characteristics which we in-
troduced to specify the rate of system structural development
the program texts may be associated with the unary systemse.
Although the unary systems represent the most primitive sys-
tems in terms of the rules of interaction of vocabulary
items they require large computer memory for their storagee.
Hence, it was not by accident that early programming langueges
were crested in such a way that the individual operators were
given the nemes associated with their actual meaning in natu-
rel language (e.ge go to). Further evolution of artificial
progremming languages led to inclusion of the linguistic con-
stituent (e.ge LISPy, APL, etc.). This aspect is clearly exhi-
bited in the case of the texts 26,27,29 which on account of
their commentary constituents were classified by our methodo-
logy as naturel language texts.

It was intriguing to confirm the reputation of text N°3
"Bronze Horseman" by Pushkin as a mysterious poem /22/.
Results of classification carried out on the basis of diffe-
rent methods pointed unequivocally to this text as belonglng
to the class of artificial textse. As can be seen from fig. 5
which presents the ranking distribution of word occurrence
frequency by means of self-gimilar recursive structures the
Pushkin text exhibits possession of clearcut, stern and for-
mal structural pattern. The method of ranking distribution
of word occurrence frequency on the basis of self-similar re-
cursuve structures which we used to interprete the text col-
lection classification allowed us also to explein the phenome-
non of the Verlaine texts. It is due to his manner of using
service words to create sense and rhytm in the same way the
basic words and notions are used to define conceptual content
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(total absence of segment I )that Verlaine texts stand out as
a separate group in the class of natural language texts.

By using self-similar recursive structures to represent
ranking distribution we were able to acquire evaluation cri-
teria of degree of correspondance between the translation and
the original (certainly not in terms of the genersl quaiity
of translations). For example, the translations of Verlaine
verses by ﬁrenburg and Pasternak exhibit specific structural
patterns differing from those of the originals (texts N°19
and 20). It was the poetic genius of these literary giants
that transformed the structure of the original into the stru-
ctures of their own and left the sense intacte.
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Projection on 1 & 2 features plane
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Projection on 2 & 11 features plane
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Projection on 3 & 4 features plane
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Projection on 5 & 6 features plane
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Projection on 7 & 8 features plane

-el33 REl] o707 lelMY 1.5%% 1.900 2.404 2.82" 3.292 Y576 4, N9 (3532 ., 087 s.'N
1 1 1 1 H 1 1 1 I 1 t \J 1

« v e e e s e s & e s o » LY * e e & ® o & s & e+ « » s e & e s e e »

8.

6.1}
o. 8?7
8. 00
6. 74
8.%7
T
Teld
T.29
Tos2

24

R
e R R

s s 8 e 0 v .

7.9%
T49
T7.82
T.386
3.9
3.23
2,37
.50
.04
a,77
4.31
3.04
.14
9.32
9.45
.59
.72
.98
9.99
10.13
10.26
10.40
10,596
10,67
1J.41
10.394
11.00
11.21
11.3%
1l.69
11 .02
1176
11.39
12,03
12.1%
12.30
12443
12.57
12.M
12.34
12.94
13.11
13.25
13.30
13.52
13.065
13.79
13.9
14,06
14.20
14.33
14047
14,60
16,74
16.07
1%.01
1%.15
15.28
15,42
19.55
15.069
1%5.082
15.9¢

26

34
33
19

28 3
27

32 39

21 22
23 11

10

12 5 6

t e o 6 8 8 5 2 s e e s s s e e e b s e e e e s e st

© 6 8 8 @ 5 6 8 a s e s S 8 s s e e s a8 a8 e a0 e P e e e e

.
et et 1t ot 0 e g 4 B it bt g N g S 4 e o e e m e 4 St e g o4 et et e Y e

-



31

Projection on 9 & 10 features plane
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Projection on JAg & Ao plane
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Appendix 3

Features clustering on 1&2 principle components

Plane
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Appendix 4

Projection plane Ay - Ao for feature set:
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Projection plane A, - A, for feature set:
255,6,9,10
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Projection plane )1 - )\2 for feature set:
2y4,9,10
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Appendix 5
Hierarchical cluster-procedure for the set of
11 features
1) Nearest neighbour variant Fuclidien distance
Step 23
class 1: 1 2 4
2: 3 21 22 27 30 31 32 33 34
3: 5 6 8 91011 12 19 20
4: T
5:13
6:14 17 18
7:15 16
8:24
9:25
10:26 28
11:29
2) Mean connection variant Fuclidien distance
Step 27

class 1: 1 2 4
3 21 22 23 24 27 30 31 32 33 34
5 6 8 9 10 11 12 19 20

7
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3)Further neighbour variant FEuclidien distance
Step 24
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Hierarchical cluster-procedure for the set of
features: 1,3,6,798,9,10
1) Nearest neighbour variant Euclidien distance
Step 25
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