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PREFACE

The scope of the International Book Series “Information Science and Computing” (IBS ISC) covers the
area of Informatics and Computer Science. It is aimed to support growing collaboration between
scientists from all over the world. IBS ISC is official publisher of the works of the members of the ITHEA
International Scientific Society.

The official languages of the IBS ISC are English and Russian.

IBS ISC welcomes scientific papers and books connected with any information theory or its application.
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IBS ISC are given on www.foibg.com/ibsisc. The camera-ready copy of the papers and books should be

received by e-mail: info@foibg.com.
Responsibility for papers and books published in IBS ISC belongs to authors.

The Number 2 of the IBS ISC contains collection of papers from the field of Neural Networks, Genetic
Algorithms and Natural Language Processing. Papers are peer reviewed and are selected from the
several International Conferences, which were part of the Joint International Events of Informatics “ITA
2008", Varna, Bulgaria.
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The main ITA 2008 events were:

KDS XIVth International Conference "Knowledge - Dialogue — Solution"

i.Tech Sixth International Conference "Information Research and Applications"

MeL Third International Conference "Modern (e-) Learning"

ISK Second International Scientific Conference "Informatics in the Scientific Knowledge"
INFOS International Conference "Intelligent Information and Engineering Systems"

GIT Sixth International Workshop on General Information Theory

CS Third International Workshop "Cyber Security"

eM&BI  Second International Workshop "e-Management & Business Intelligence"
IMU ICT International Seminar "Information Models’ Utility in Information and Communication Technologies"
ISSI Second International Summer School on Informatics

More information about ITA 2008 International Conferences is given at the www.foibg.com.

The great success of ITHEA International Journals, International Book Series and International
Conferences belongs to the whole of the ITHEA International Scientific Society.

We express our thanks to all authors, editors and collaborators who had developed and supported the
International Book Series "Information Science and Computing".

General Sponsor of IBS ISC is the Consortium FOI Bulgaria (www.foibg.com).

Sofia, June 2008 Kr. Markov, Kr. Ivanova, I. Mitov
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EXTENDED NETWORKS OF EVOLUTIONARY PROCESSORS

Luis Fernando de Mingo, Nuria Gémez Blas, Francisco Gisbert, Miguel A. Pefia

Abstract: This paper presents an extended behavior of networks of evolutionary processors. Usually, such nets
are able to solve NP-complete problems working with symbolic information. Information can evolve applying rules
and can be communicated though the net provided some constraints are verified. These nets are based on
biological behavior of membrane systems, but transformed into a suitable computational model. Only symbolic
information is communicated. This paper proposes to communicate evolution rules as well as symbolic
information. This idea arises from the DNA structure in living cells, such DNA codes information and operations
and it can be sent to other cells. Extended nets could be considered as a superset of networks of evolutionary
processors since permitting and forbidden constraints can be written in order to deny rules communication.

Keywords: Networks of Evolutionary Processors, Membrane Systems, and Natural Computation.

ACM Classification Keywords: F.1.2 Modes of Computation, 1.6.1 Simulation Theory, H.1.1 Systems and
Information Theory

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Natural sciences, and especially biology, represent a rich source of modeling paradigms. Well-defined areas of
artificial intelligence (genetic algorithms, neural networks), mathematics, and theoretical computer science (L
systems, DNA computing) are massively influenced by the behavior of various biological entities and phenomena.
In the last decades or so, new emerging fields of so-called "natural computing" [1,2,3] identify new
(unconventional) computational paradigms in different forms. There are attempts to define and investigate new
mathematical or theoretical models inspired by nature [8], as well as investigations into defining programming
paradigms that implement computational approaches suggested by biochemical phenomena. Especially since
Adleman's experiment [4] these investigations received a new perspective. One hopes that global system-level
behavior may be translated into interactions of a myriad of components with simple behavior and limited
computing and communication capabilities that are able to express and solve, via various optimizations, complex
problems otherwise hard to approach.

The origin of networks of evolutionary processors is a basic architecture for parallel and distributed symbolic
processing, related to the Connection Machine [7] as well as the Logic Flow paradigm [5], which consists of
several processors, each of them being placed in a node of a virtual complete graph, which are able to handle
data associated with the respective node. All the nodes send simultaneously their data and the receiving nodes
handle also simultaneously all the arriving messages, according to some strategies, see, e.g., [6,7].

Networks of evolutionary processors (NEP) [9,11] are language-generating device, if we look at the strings
collected in the output node. We can also look at them as doing some computation. If we consider these networks
with nodes having filters defined by random context conditions, which seems to be closer to the recent
possibilities of biological implementation, then using these simple mechanisms we can solve NP-complete
problems in linear time. Such solutions are presented for the Bounded Post Correspondence Problem in [10] for
the 3-Colorability Problem in [9] and for the {\it Common Algorithmic Problem} in [12] As a further step, in [12] the
so-called hybrid networks of evolutionary processors are considered. Here deletion node or insertion node has its
own working mode (performs the operation at any position, in the left-hand end or in the right-hand end of the
word) and different nodes are allowed to use different ways of filtering. Thus, the same network may have nodes
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where the deletion operation can be performed at arbitrary position and nodes where the deletion can be done
only at right-end of the word.

In this paper, we present some results regarding a network of evolutionary processor based on an extended
behavior from the biological point of view. This is a preliminary work in which rules pass through the net, they are
not associated to a fix processor.

Networks of Evolutionary Processors

Connectionist models consists of several processors which are located in the nodes of a virtual graph and are
able to perform operations in that node, according to some predefined rules. Information is passed through
connections in order to obtain a collaborative solution to a given problem. All processors work in a parallel way
and they only perform simple operations.
A network of evolutionary processors is a tuple

r=WV,U,G,N,a,z1,20)
o V, U are the net alphabet and input alphabet respectively.

e G is an undirected graph in which each node is a processor. Processors have a set of objects/strings and a
set of evolution rules.

¢ Nis a mapping that associates each processor with a set of filters.

e o is a mapping that defines the behavior of filters (weak or strong conditions).

® X, Xo are the input and output processors.

Objects in processors can evolve and communicated to other connected processors. That is, rules can be applied

(evolution) or objects can pass filter conditions (communication). These two steps could be sequential (evolution
and then communication) or parallel (evolution and communication at same time).

Evolution

A given string x can evolve provided there is some rule to apply it. Taking into account that there are an arbitrary
large number of copies of string x in processor, several rules can be applied in parallel to different copies in one
evolutionary step.

Therefore, the set of objects in a processor i after an evolution step, denoted by L', are those before the evolution
(Lj) adding objects obtained after rules in i are applied. That s,

Lfb- =1, Urk(m), z € A, € R;

Communication
A given string/object x can pass filters in processor , iff the following constraint is satisfied:
o (2N (3)), B = {s,w}
Where, V() is the filter set associated to a given processor i. This set can contain just input and output filters, or

forbidden context filters as well. That is, N (i) = {PI, PO}, or N (i) = {FI, PI, FO, PO} Constraints are
defined as follows:

o Constraints conditions with permitting filters (PI, PO); where P is either input filter or output filter, it depends if
the string is sent out or received with strong conditions (s) or weak condition (w):

o (2 N(5)) = P C alph(z)
o) (23 N(3)) = P N alph(z) £ 0

¢ Constraints conditions with permitting filters (P/, PO) and forbidden context (FI, FO); where P, F is either input
filter or output filter, it depends if the string is sent out or received with strong conditions (s) or weak
conditions (w):
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gogs) (; N (2)) = P C alph(z) A F Nalph(z) =0
@Ew) (z; N (3)) = PNalph(z) #0 A FNalph(z) =0

Therefore, the set of objects in a processor i after a communication step, denoted by L’ are those before the
communication (L;) removing objects sent out and adding objects from other processors connected to /. That is,

Li=Li—{wlg"(mNN)} [ {2le®(@N (V) At (@ N ()}

{N;,N;}€E

The most important result of such networks of evolutionary processors is that they can solve NP-complete
problems in linear time and linear resources.

Extended Networks of Evolutionary Processors

The communication step is only applied to objects in traditional nets. An extended version is proposed in order to
be able to send rules from one processor to other ones. This property provides a more realistic behavior since
operations are not fixed in processors, they can pass through the net in the same way objects do.

A rule can pass filter conditions provided:
o (rj 2 =y N () = o (@3N 6) Al (1N (3)
That is, given rule r; belonging to processor i can be sent out if both antecedent and consequent strings can pass

filters in processor i, and can be received by other processors if the rule pass their input filters (weak or strong
conditions).

A network of evolutionary processors can be transformed into an equivalent extended network of evolutionary
processors just choosing the right filters. For example, antecent belonging to rules can be added to forbidden
filter in order to avoid rules communication.

Following theorems regarding computational power of non-extended networks of evolutionary processors can be
also applied to extended networks of evolutionary processors.

Theorem 1. A complete NEP of size 5 can generate each recursively enumerable language. [9]
Theorem 2. A star NEP of size 5 can generate each recursively enumerable language. [9]

Theorem 3. The bounded PCP can be solved by an NEP in size and time linearly bounded by the product
of K and the length of the longest string of the two Post lists. [12]

Theorem 4. The families of regular and context-free languages are incomparable with the family of
languages generated by simple NEPs. [10]

Theorem 5. The 3-colorability problem can be solved in O(m + n) time by a complete simple NEP of size
7m+2, where n is the number of vertices and m is the number of edges of the input graph. [10]

Conclusions and Future Work

This paper presents an extended behavior in networks of evolutionary processors. Now, rules can pass from one
processor to another one provided filter constraints are satisfied. This mechanism allows operations and data to
pass through the net, not only data like in networks of evolutionary processors. This idea tries to model DNA
behavior in which information combines data and operations for living cells, the information is a whole, does not
matther if it is data or operations. Rules can pass filters as well as objects do, according to filter specifications.

It is clear that this model is a superset of networks of evolutionary processor and therefore it can solve NP-
complete problems in linear time and linear resources. Main advantage of such extended model is that the time to
solve a problem is lower than non-extended models since rules can travel to transform objects at different
processors.
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There are some other possibilities when defining conditions of rules in order to pass filters,
7 (rj @ =y N (D) = o (@ Uy N (D)
o7 (rj 12 - N (D) = 0l (@ Ny N (D)
oy g N(0) = o @\ i N (D)
A lot of open problems that can be taken into account to probe computational power of extended networks of

evolutionary processors. First step will consist on solving same problems than non-extended net in order to
compare time and resources.
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THE CASCADE ORTHOGONAL NEURAL NETWORK

Yevgeniy Bodyanskiy, Artem Dolotov, Iryna Pliss, Yevgen Viktorov

Abstract: in the paper new non-conventional growing neural network is proposed. It coincides with the Cascade-
Correlation Learning Architecture structurally, but uses ortho-neurons as basic structure units, which can be
adjusted using linear tuning procedures. As compared with conventional approximating neural networks proposed
approach allows significantly to reduce time required for weight coefficients adjustment and the training dataset
size.

Keywords: orthogonal activation functions, ortho-synapse, ortho-neuron, cascade orthogonal neural network.
ACM Classification Keywords: .2.6 Learning — Connectionism and neural nets

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Nowadays artificial neural networks (ANNs) are widely applied for solving large class of problems related to
processing information given as time-series or numerical data arrays generated by nonstationary stochastic or
chaotic systems. The most attractive properties of the ANNs are their approximating possibilities and learning
capabilities.

Traditionally by learning we understand a process of the net's synaptic weights adjustment accordingly to
selected optimization procedure of accepted learning criterion [1, 2]. Quality of received result can be improved
not only by adjusting weight coefficients but also by adjusting of the neural network architecture (the number of
nodes). There are two basic approaches of the neural network architecture adjustment: 1) ‘constructive approach’
[3 - 5] - starts with simple architecture and gradually adds new nodes during learning; 2) ‘destructive approach’
[6 - 8] - starts with an initially redundant network and simplifies it throughout learning process.

Obviously, constructive approach needs less computational resources and within the bounds of this approach
cascade neural networks (CNNs) [9 - 11] can be marked out. The most efficient representative of CNNs is the
Cascade-Correlation Learning Architecture (CasCorLA) [9]. This network begins with the simplest architecture
which consists of a single neuron. Throughout learning procedure new neurons are added to the network,
producing multilayered structure. It is important that during each learning epoch only one neuron of the last
cascade is adjusted. All pre-existing neurons process information with “frozen” weights. CasCorLA authors,
S.E. Fahlman and C. Lebiere, point out high speed of learning procedure and good approximation properties of
this network. But it should be observed that elementary Rosenblatt perceptrons with hyperbolic tangent activation
functions are used in this architecture as nodes. Thus output signal of each neuron is nonlinearly depended from
its weight coefficients. Therefore it is necessary to use gradient learning methods such as delta-rule or its
modifications, and speed of operation optimization becomes impossible. In connection with the above it seems to
be reasonable to synthesize cascade architecture based on elementary nodes with linear dependence of output
signal from synaptic weights. It allows to increase speed of synaptic weight adjustment and to reduce minimally
required size of training set.

Ortho-neuron

Within the variety of the functional structures, used for approximation of nonlinear dependences, orthogonal
polynomials [12, 13] deserve a special attention. They possess quite attractive properties, which make it possible
to reduce computational complexity and increase precision of received results. At the present time we can
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observe more and more realizations of the orthogonal polynomials theory in the field of neural networks [14 - 21],
which demonstrate impressive effectiveness.

Elementary one-dimensional system described in “input-output” space of some unknown functional
dependence y(x) can be expressed by the following sum:

. h
V= f(x) = wo@o (%) + W@ (X) + ...+ w0, (x) = ZWjC"j (), W)

j=0
where xand y(x) are input and output variables of the estimated process correspondingly, ¢;(x) - orthogonal

polynomial of the j-th order (j = 0, 1, 2,..., h), which possesses the orthogonality property, j, g, — nonnegative
integer numbers, k=1, 2,...,N — current discrete time or the ordinal number of an element in the sampling.

Equation (1) can be realized by the elementary scheme shown at the Fig. 1 and called us the ortho-synapse [22].

Qoi Woi

X
@1i Wi
" Pni Whi

Figure 1. The ortho-synapse — OS;

At the Fig. 1 x; is the ith (i =1, 2,..., n) component of the multidimensional input signal x=(xl,x2,...,xn)r,
w; (=1, 2,...,h) - synaptic weights which should be determined, f;(x;) — output signal of the ortho-synapse,
which can be expressed in the form

h
Ji(x) Zzwji(oji(xi)- ()

Different systems of orthogonal polynomials (Chebyshev, Hermite, Laguerre, Legendre, etc) can be used as the
activation functions of ortho-synapse. Particular system of functions can be chosen accordingly to the specificity
of the solved problem. If the input data is normalized on the hypercube [-1, 1]7, the system of Legendre
polynomials orthogonal on the interval [-1, 1] with weight »(x) =1 can be used:

jl2

L S (2j-2p)! -2
“(x)=2"/ -2 J P,
P = D @)

where [ ®] - is the integer part of a number.
Also to simplify calculations we can exploit recurrent formula

L 2j+1
(0j+1,f(xi) = I

_J
x,Py(x;) FES| P_i(x;). 4)
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System of Legendre polynomials is the best suited for the case when we exactly know interval of data changes
before network construction. This is quite common situation as well as an opposite one. For the other case the
following system of Hermite orthogonal polynomials can be used:

/2

] —2p
H,(u) = I!Z(—lp)M

2 -2y ©)

This system is orthogonal on (—o0,+00) with weight function %(u) = e and gives us a possibility to decrease
influence of the data lying far from origin.

Also it can be readily seen that ortho-synapse has the same architecture like a nonlinear synapse of the neo-
fuzzy-neuron [23 - 25], but provides smooth polynomial approximation, based on orthogonal polynomials, instead
of piecewise-linear approximation.

We use ortho-synapse as a structural block for the architecture called us ortho-neuron and shown at the Fig. 2.

Figure 2. Ortho-neuron — ON

Ortho-neuron which has the same architecture like a neo-fuzzy-neuron realizes the mapping
n n h
,)}:Zfi(xi)zzzwjigoﬁ(xi)a (6)
i-1 i=1 j=0

and provides high precision of approximation and extrapolation of significantly nonlinear nonstationary signals
and processes [16, 17, 19 - 22]. But in what follows ortho-neuron will be used as the elementary node of the
architecture called us the Cascade Orthogonal Neural Network (CONN).

The Cascade Orthogonal Neural Network Architecture

The CONN architecture is shown at the Fig. 3 and mapping, which it realizes, have the following form:
o first cascade neuron :
n h
V= Z z W%](”ji (x;); (7
i=1 j=0
e second cascade neuron

n h h
V, == z Z W_[/lz‘](”ﬁ (x;)+ z WE%JLH(”/‘,HI () (®)
=0

i=1 j=0
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o third cascade neuron

ZZ ¢jl (‘x )+ z j n+1(0] n+1(y1) + Z 11+2¢J n+2(y2) (9)
i=1 j=0
e m-th cascade neuron
n h n+m-1 h
P == D0 W, (x)+ Y D Wil (5, ). (10)
i=1 j=0 I=n+1j=0
1 ON2
I ON3

» I
> I
> Vs

Figure 3. The Cascade Orthogonal Neural Network

n+m—1

Thus the CONN contains (& +1)(n+ ZZ) adjustable parameters and it is important that all of them are

I=n+1

linearly included in the definition (10).
Let us define vector (A+1)(n+m—1)x1 of orthogonal polynomials of the m-th ortho-neuron

(/’[m] = (001 (%1, @11 (X1 )sees @41 (X1), P2 (X)), 05 (3 )au-a@ji (% )55 @y (X,), P01 (0 ) RO~ (F1)seees

Prnemt(Fmr)) and corresponding vector  of  synaptic  weights w"™ = (wi" wim

wit Wl whs bl i) which has the same dimensionality. Then

we can represent expression (10) in the vector notation:

" [m]T [m]

Y =W (11)
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The Cascade Orthogonal Neural Network Learning

The Cascade Orthogonal Neural Network learning is performed in the batch mode using entire training set
x(1), y(1); x(2), ¥(2);...; x(k), y(k);...;x(N), y(N).At the beginning a set of orthogonal functions values
A1), 0M(2),...,0"(N)is calculated for each training sample, so we obtain a sequence of
vectors (4 + 1)nx 1. Then using direct minimization of the learning criterion
1 & 1 & n
EV' == e(k) == (k)= (k) (12)
2 k=1 2 k=1
vector of synaptic weights can be evaluated

wH(NV) = Li (0[”(/6)(0“”(16)} ﬁco“](k)y(k) =PV )i (k) y (k). (13)
k=1 k=1 k=1

If dimension of this vector is sufficiently large it is suitable to use procedure (13) in the form of recursive least
squares method with sequential training samples processing:
[ _ L r 1
P (k)(fgkﬂ) " (k)? (k+1)) Ak +1),
1+ " (k+ 1) P (k)™M (k +1)
P ()" (k + 1™ (k +1) P (k)
1+ (k+ )P (k) (k +1)

w ke +1) = w' (k) +
(14)
PYU(k+1) =P (k) -

It is necessary to notice that using procedures (13), (14) for adjusting weight coefficients essentially reduces
learning time in comparison with gradient algorithms underlying delta-rule. Also orthogonality of activation
functions ensures numerical stability during matrixes inversion.

After first cascade learning completion, synaptic weights of the neuron ON; become ‘frozen’ and second cascade
of network consisting from a single neuron ON; is generated. It has one additional input for the output signal of

the first cascade. Then procedures (13), (14) again applied for adjusting vector of weight coefficients w!?!, which
dimensionality is (2 +1)(n+1)x1.

The neural network growing process (increasing quantity of cascades) continues until we obtain required
precision of the solved problem’s solution, and for the adjusting weight coefficients of the last (m-th) cascade
following expression are used:

N N N
w"(N) = [Z P (k)d’””(k)] D" k)y (k)= PN o™ (k) y(k) (15)
k=1 k=1 k=1

or
[m] _imlT [m]
P (k)[(y](Tk +1)—w" (k)™ (k +1)) A"k + 1),
1+ "™ (k + 1) P (k)™ (k +1)
P k)™ (k + D™ (k + 1) P™ (k)
1+ "™ (k + 1) P"™ (k)™ (k +1)

W (ke +1) = w™ (k) +

(16)
Pk +1)= P (k) -

where vectors w'™ and o' have dimensionality (% + 1)(n+m —1)x1.

The main disadvantage of CasCorLA is the necessity of the batch mode learning usage, when all training set
should be given priori. CONN can be trained in on-line mode, because of algorithm (16) possesses maximal
possible squared rate of convergence. In this case at the first step architecture consisting of m cascades is
generated. Each cascade trains using proper algorithm. Since outputs of the previous ortho-neurons become
additional inputs for the m-th cascade, algorithm (16) realizes recurrent method of the prediction error [26], well
known in the theory of adaptive identification. Changing cascades quantity during learning process also can be
easily performed.
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Simulation Results

We have applied proposed Cascade Orthogonal Neural Network to solve ‘breast cancer in Wisconsin’ benchmark
classification problem.

Dataset containing 699 points have been used for this purpose (ftp://ftp.cs.wisc.edu/math-prog/cpo-
dataset/machine-learn/cancer/cancer1/datacum). 16 points had parameters with missed values so they have
been eliminated from the dataset and remaining 683 points have been separated on training set — 478 points
(70%) and test set — 205 points (30%).

Each point has 9-dimensional feature vector and 1 class parameter which should be determined and identifies
either benign or malignant tumor have current examined patient. Features values have been normalized on
interval [-1; 1].

There are 3 optional parameters must be specified to start CONN constructive algorithm: 1) type of the
orthogonal polynomials system in each ortho-synapse; 2) quantity of orthogonal polynomials in each ortho-
synapse; 3) maximal number of cascades. Since input data have been normalized on interval [-1; 1], we choose
systems of 1 type Chebyshev orthogonal polynomials as activation functions for each ortho-synapse to avoid
unlimited weight values growth. Previous experiments have shown that optimal ortho-synapse dimensionality is 3-
4 polynomials per input, so these values have been chosen for experiment. For avoiding generalization loss
maximal number of cascades has been limited by 10.

For comparison the same classification problem has been solved using the Cascade-Correlation Learning
Architecture and Multilayered Perceptron. The CasCorLA had 8 cascades and each of them utilized gradient
minimization for adjusting weight coefficients. MLP had 9x15x1 architecture and tuned with Levenberg-Marquard
minimization procedure during only 20 epochs. Increasing number of epochs (in this case) results in
generalization loss. Obtained results of classifications can be found in table 1.

When output signal be found within the range [0.3; 0.7] it is lesser probability that classification were correct. We
quantify and marked out such classified samples as points outside the ‘belief zone’.

Table 1 - Classification results for different architectures

ANN Architecture Accuracy on training set / Points Accuracy on testing set / Points
outside the ‘belief zone’ outside the ‘belief zone’
CONN 99,8% /1 98% /4
CasCorLA 95% / 46 99% /15
MLP 99,2% / 4 98,5% /3

We can see that CONN shows quite good results of classification, comparable with MLP’s, and much better than
CasCorLA’s ones. Therewith CONN’s learning procedure takes considerably lesser time and computational
recources than backpropogation or Levengerg-Marquardt minimization Also using CONN architecture makes
possible to avoid two significant disadvantages of CasCorLA and MLP: unrepeatability of obtained results and
necessity to use first- or second-order derivative procedures.

Conclusion

The Cascade Orthogonal Neural Network is proposed. It differs from its prototype, Cascade-Correlation Learning
Architecture, in increased speed of operation, numerical stability and real-time processing possibility. Theoretical
justification and experiment results confirm the efficiency of developed approach.
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OFFLINE HANDWRITING RECOGNITION USING GENETIC ALGORITHM

Shashank Mathur, Vaibhav Aggarwal, Himanshu Joshi, Anil Ahlawat

Abstract: In this paper, a new method for offline handwriting recognition is presented. A robust algorithm for
handwriting segmentation has been described here with the help of which individual characters can be
segmented from a word selected from a paragraph of handwritten text image which is given as input to the
module. Then each of the segmented characters are converted into column vectors of 625 values that are later
fed into the advanced neural network setup that has been designed in the form of text files. The networks has
been designed with quadruple layered neural network with 625 input and 26 output neurons each corresponding
to a character from a-z, the outputs of all the four networks is fed into the genetic algorithm which has been
developed using the concepts of correlation, with the help of this the overall network is optimized with the help of
genetic algorithm thus providing us with recognized outputs with great efficiency of 71%.

Keywords: Handwriting Recognition, Segementation, Artificial Neural Networks, Genetic Algorithm.

ACM Classification Keywords: 1.2 Artificial Intelligence, 1.4 Image processing and Computer Vision, 1.5 Pattern
Recognition.

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Over the years, computerization has taken over large number of operations that had been taken care of manually,
one such example is of offline cursive handwriting recognition, which is the ability of a computer to receive and
interpret intelligible handwriting input present in the form of scanned images [I]. The various methods for
character recognition have already been published[IT] but the method presented here is advanced than those
methods since cursive handwriting can be recognized with the help of a combination of artificial neural networks
and genetic algorithm, this becomes the primary advantage of the method over other existing methods. The
methodology here has been developed with four multilayer artificial neural networks with Levenberg-Marquardt
back propagation algorithm along with genetic algorithm unlike few published methods that use a multilayer feed-
forward neural network[III] thus providing an efficient output as compared to the previously published works.

The recent spurt in the advancement in handwriting recognition has provided publications one of which discussed
here is recognition of text written in ‘Oriya’, a traditional south-eastern Indian language [I'V] but do not involve any
combinations of artificial neural networks and optimization techniques such as genetic algorithms which lead to
lower efficiency in recognition as compared to the ones that our approach here presents. Several areas have
seen application of neural networks such as the Processing of Verbs and Nouns [V], Face Detection [VI] and
Real-time Face Detection [VII]. The application of genetic algorithms in various areas like initial population
generation methods [VTII], mooring pattern optimization [IX], substitution ciphers [X] and designing of reverse
logistic networks [XT] has proved its advancement over its predecessors. The handwriting recognition model
described here works at three stages, segmentation of the handwritten text, recognition of segmented characters
with the help of artificial neural networks and lastly selecting the best solution from the four artificial neural
network outputs with the help of genetic algorithm.

The cursive handwriting recognition is carried out with the help of artificial neural networks, which is an
interconnected group of artificial neurons that uses a mathematical or computational model for information
processing based on a connectionistic approach to computation and which has the capability of being adaptive
and thus can change its structure based on the information provided to it. The artificial neural networks made in
this case contain 625 input neurons, 3 hidden layers and 26 output neurons. The recognition model involves the
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usage of artificial neural networks which form the basis of recognition after the network has been exhaustively
trained to recognize different types of handwritings. This is achieved by training the four artificial neural networks
using a highly efficient supervised learning algorithm, Levenberg-Marquardt back propagation algorithm
[XILXIII] unlike other published methods like fast learning method for neural networks based on sensitivity
analysis [XIV].

In general, a single neural network is used for recognition purposes.

The method described does not have any limitations on the type of font or text that is being taken in as input
[XV], any handwritten information can be converted into editable textual information. Plethora of the character
recognition methods have been published previously [XVT] but they do not incorporate advanced optimization
techniques such as the ones provided by the genetic algorithms which have provided high efficiency in the
method described here. Only a few handwritten character recognition papers for applications like form
registration [XVII] have been published fill date with optimization with the help of genetic algorithms but we
advance by application of both artificial neural networks and genetic algorithm to cursive handwriting.

The purpose of this paper is to present a new methodology for cursive handwriting recognition using artificial
neural networks and genetic algorithm. Handwriting segmentation is carried out with the help of a novel algorithm
which is capable of extracting handwriting words from the handwritten text given as input in the form of an image
and carries out segmentation of the selected word to generate vectors for individual characters of a word. These
vectors are given as an input to four neural networks. The four neural networks generate four sets of final outputs,
each out of which the genetic algorithm chooses the fittest set of values to provide the user with a highly efficient
handwriting recognition model. The usage of Levenberg-Marquardt algorithm along with genetic algorithm
assures highly efficient results.

Handwriting Segmentation Algorithm

The handwritten document is scanned and taken as an input to obtain individual characters which are written in a
text file and are later read back and are passed as inputs to the four Artificial Neural Networks. In the algorithm,
the scanned gray scale image is read into an image matrix which is converted into a monochromatic image matrix
which pixel values of 0 for black points and 255 for white points. Then row wise searching is started from the point
(0,0) to find out the first black point. This is the assumed top point of the first word of the handwritten text that has
been inputted. This point is referred to the “Upper Point”. After the upper point is found, all the black pixels that
are connected to this pixel are given a value of 999.

AoodXh. RiolIN  |A| 2o t]x X

a. b. C.
Fig.1(a-c). Different stages of handwriting segmentation.

Once this step is complete, then all the characters linked to that word have a value of 999 in the matrix under
consideration. After finding all the connected points, a row wise search starts from the bottom to the top to find
the first 999 value. This value corresponds to the “Lowest Point”. After this point is obtained, the area between the
top and bottom point is searched on the left to check if any word has been missed on the left. In case another
word is present on the left, then the new top point is obtained and the bottom point is found again else the
procedure continues. After this is carried out, the left and right points of the word are found out by column wise
searches. After the four points, the Upper, Lower, Right and Left point are found out, the word can be extracted
and stored in a different matrix. This step is followed by marking of intersection points between various characters
in the cursive handwriting. The word is searched for the number of cuts in a column wise manner. All the cases in



International Book Series "Information Science and Computing" 23

which number of cuts is one and has an edge on either left or its right are marked and then all the successive
markings are averaged to provide one optimum point through which a cut is marked with gray value of 0.5. After
all the cuts are marked, in a loop all the characters are written into a file which is later read by the neural network
to recognize the character.

Architecture of Artificial Neural Network used

The four artificial neural networks used consist of an input layer, three hidden layers and an output layer for each
of the individual networks. The input layers takes the input from the image segmentation algorithm thus has 625
input neurons. The number of hidden layer neurons is as shown in the Table 1. The output layer consists of 26
neurons; this is due to the fact that there are 26 characters to be identified. Thus each output neuron corresponds
to every character. Four artificial neural networks have been employed for the character recognition. The
properties of each of the four artificial neural networks are designed using different parameters as shown in Table
1. The outputs of these four artificial neural networks are fed into the genetic algorithm with chooses the fittest
and the best solution and provides us with the recognized alphabet. Thus providing us with an overall high
efficiency for the offline handwriting recognition using artificial neural networks and genetic algorithm.

AT | Inpur Layer | Hidden Laver | Output Layer Inpur Layer | Hidden Layer | Output Layer | AWIN3
Genebc
Algonthm
ANN2 | Inpur Layer Hidden Layer | Output Layer Inpur Layer Hidden Layer | Output Layer | T34

Output

Fig.2. Architecture of neural networks used.

Table 1. List of parameters used for the four artificial neural networks.

Name of Parameter Artificial Neural | Artificial Neural | Artificial Neural Artificial Neural
Network 1 Network 2 Network 3 Network 4
Input Layer 625 625 625 625
Hidden Layer1 8 8 6 8
Number of |~ ;i den Layer2 16 14 16 12
neurons
Hidden Layer3 8 8 6 8
Output Layer 26 26 26 26
Training function(Algorithm) trainim (Levenberg-Marquardt algorithm)
Number of Epochs 5000 4000 3000 2500
Performance Function Mse (Mean square error) Sse (Sum squared error)

Training Goal

0.01

0.05

0.012

Memory Reduction
Parameter

50

Transfer Function

Purelin (Pure Linear)
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Segmented handwritten character recognition method

A column vector is generated by the Image Segmentation consisting of 625 elements, which is saved in a “.xt”
file. This “.txt” file is read and the elements are fed as an input to each of the four neural networks. These neural
networks read all the weights and biases values that were saved in another files during the training process.
Corresponding to the input, output is generated at the output layer. A “1” is set at the index of the characters that
has been recognized. There can be more than one character that could be recognized based on the noise in the
input of the neural network.

Methodology used for segemented handwriting recognition

The following method is applied for handwriting recognition:

1. Provide initial inputs of sample handwritten letters to train the four artificial neural networks with different
parameters (Table 1.).

2. Start the process of training the networks with different sets of letters.

3. Store the weight matrices and bias values obtained after training as files.
4. Read the file containing the input matrix.

5. Feed this as the input to all the four neural networks.

6. Send the outputs of the neural networks to the Genetic Algorithm.

As we have developed four artificial neural networks we need to select the best and fittest solution from the set of
outputs obtained. This is carried out with the help of Genetic Algorithm which is applied such that it accepts the
outputs of the four artificial neural networks. There are cases when the neural networks recognize more than one
character. For that case we have created four neural networks, which have different training parameters and also
trained differently from each other. We pass the input column matrix in all the four neural networks and get the
output. The outputs are sent to the Genetic Algorithm and hence making the initial population for the Algorithm.
We then calculate the number of “1’s” at the output for each neural network.

The one with the minimum number of “1’s” is selected. The characters corresponding to the index of those ones
are shortlisted. These shortlisted indexes are sent to the fitness function where the correlation coefficients of the
indexes are calculated. We specify the threshold value. Below this value of the correlation coefficients the
indexes are discarded. The correlation coefficients above this value are selected and this forms the new
generation of the indexes. The steps are repeated again and again for different training sets. These results are
taken and the character which has the maximum correlation with the input set is selected and shown as the
output. With the combination of four artificial neural networks and their optimization using genetic algorithm, the
efficiency of the offline handwriting recognition model increases to a great extent delivering accurate results of
recognition.

The following method is applied for applying genetic algorithm to the outputs of the four artificial neural networks:

1. Initialization: Select the output of the neural network with the indexes comprising of “1's”. This
corresponds to the initial population for the Genetic Algorithm.

2. Selection: Select the indexes from the neural network that has minimum number of “1’s”.
3. Fitness function: Compute the correlation coefficients of the selected indexes.

4. Mutation & Crossover: For the correlation coefficients less than the threshold value 0.50 repeat the step
of the fitness function for a different training set. Discard the indexes that have coefficient values less than
0.3.

5. Evaluation: Select the index which has the maximum correlation coefficient with the input matrix.
6. Output the selected character.
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Results and Discussions

In order to check the accuracy of the individual modules of the approach discussed here, handwriting samples
were collected from various people and segmentation was carried out after which the four neural networks were
trained and various characters were subjected to the neural networks and genetic algorithm to see how well the
recognition process is carried out for the various different handwritten scanned input characters.

The testing phase was to check the efficiency of recognition and the recognition rates of the individual four neural
networks. Once the network weights and biases are initialized, the network is ready for training. The network can
be trained for function approximation (nonlinear regression), pattern association, or pattern classification. The
training process requires a set of examples of proper network behavior — network inputs p and target outputs t.
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During training the weights and biases of the network are iteratively adjusted to minimize the network
performance function. The gradient is determined using a technique called back propagation, which involves
performing computations backward through the network. When the networks are trained the weights and the
biases of each neural networks are saved into “.txt” files. The following error graph was obtained after training the
neural network with trainlm. The algorithms have been specially designed for handwriting recognition using the
various mathematical logics for image segmentation and neural networks for recognition.

The three above mentioned algorithms for handwriting segmentation, neural networks and optimization using
genetic algorithms were programmed and trained with the help of 260 handwritten character samples, 10
samples per letter on a Pentium 4 (3.4 GHz), 2GB RAM and MATLAB 7.0 and tested individually and then the
integration of the three algorithms after exhaustive testing has provided us with a highly efficient handwriting
recognition with the help of which a human handwritten text can be converted into a textual format on a computer
thus providing the user flexibility to edit the text. The algorithms were tested with 200 handwritten samples out of
which 142 samples were correctly recognized providing us with an overall efficiency of 71.0%.

Conclusion

The paper has presented a new method of handwriting recognition using a unique and robust combination of
artificial neural networks and genetic algorithms. On programming and testing the modules a very high efficiency
has been noted. The handwriting recognition is indeed a tough task which can be easily done with the help of the
methodology described here. A high efficiency reflects the accuracy of segmentation as well as the recognition
using the neural network that has been optimized by genetic algorithms. The concept here has abridged
handwriting recognition completely with artificial intelligence after the application of both artificial neural networks
and genetic algorithms.
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SIMULTANEOUS CONTROL OF CHAOTIC SYSTEMS USING RBF NETWORKS

Angel Castellanos, Rafael Gonzalo, Ana Martinez

Abstract: Chaos control is a concept that recently acquiring more attention among the research community,
concerning the fields of engineering, physics, chemistry, biology and mathematic. This paper presents a method
to simultaneous control of deterministic chaos in several nonlinear dynamical systems. A radial basis function
networks (RBFNs) has been used to control chaotic trajectories in the equilibrium points. Such neural network
improves results, avoiding those problems that appear in other control methods, being also efficient dealing with a
relatively small random dynamical noise.

Keywords: Neural Network, Radial basis function, Backpropagation, Chaotic Dynamic Systems, Control
Feedback Methods.

ACM Classification Keywords: F.1.1 Models of Computation: Self-modifying machines (neural networks); F.1.2
Modes of Computation: Alternation and nondeterminism; G.1.7 Ordinary Differential Equations: Chaotic systems;

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Nowadays, with the electronics communications growth, signals processing has become a technology of multiple
facets. It has passed from implementation of tuned circuits to digital processors of signals. The base of the
industry continues being the design and realization of filters to carry out noise elimination con carrier signals of
information. Chaos is a special feature of parametric nonlinear dynamical systems. It is usually difficult to
accurately predict its future behavior. The chaotic phenomena take place everywhere, so much in natural
systems as in mechanisms built by the man. Previous works have been mainly focused in describing and
characterizing the chaotic behavior in situations where there is not any intervention. A family of artificial neural
networks has gotten good results on the prediction and control of the nonlinear plants [Haykin, S].

Chaotic systems are characterized by their sensitive dependence to small perturbations. An abundance of
theorical and experimental research has been developed to capitalize on this fact and utilize it to control chaotic
systems by applying very small, appropriately timed perturbations.

The control of chaotic signals is one of the most relevant research areas that have appeared in last years, taking
the attention of computer scientists [Hibler A. W. ]. Recently they have being proposed ideas and techniques to
transform chaotic orbits into desired periodic orbits, using temporarily programmed controls [Chen G. & Dong X].
In 1990, Ott, Gebogi Yorke [Ott E., Grebogi C. & Yorke J. A.] developed methods to control two nonlinear system
stabilizing one of the no stable periodic orbits embedded in the chaotic attractor.

This paper shows how mixed chaotic signals can be controlled using a radial basis function neural networks
(RBFNSs) as filter, in order to separate and to control at the same time.

The radial basis function networks provides a more effective control, it can be applied to the system at any point,
even being too far from the desired state, avoiding long transient times. The control can be applied if there are
only a few data of the systems, and it will remain stable much more time even with small random dynamical
noise.

A Radial Basis Function Networks (RBFNs) Model.

Radial basis function emerged as a variant of artificial neural network in late 80’s. Radial basis function (RBF)
neural networks provide a powerful alternative to multilayer perceptron (MLP) neural networks to approximate or
to classify a pattern set.
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RBFs differ from MLPs in that the overall input-output
map is constructed from local contributions of
Gaussian axons, require fewer training samples and
train faster than MLP. The most widely used method to
estimate centers and widths consist on using an
unsupervised technique called the k-nearest neighbor
rule (see figure 1). The centers of the clusters give the
centers of the RBFs and the distance between the
clusters provides the width of the Gaussians.
Computation of the centers, used in the kernels
function of the RBF neural network, is being the main
focus to study in order to achieve more efficient
algorithms in the learning process of the pattern set.
The choice of adequate centers implies a high performance, concerning the learning times, convergence and

HX(’Z)_Ci .
B fori=12...m

1

Figure 1.- Radial Basis Function Neural Network.

generalization. The activation function for RBFs network is given by ¢, =¢(

where C, = (cil,...cip) are the center of the function radial, d; is standard deviation. The Gaussian function

_Xz

? ] is the most useful in these cases [Moody, J. and Darken C].
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Simultaneous control of chaotic systems.

A discrete dynamical function is going to be controlled, all the trajectories are focused towards the stable point
X, = f(x,) wherex, e R*, [ R> > R°.

Several systems are employed: The Lozi, Ikeda and Tinkerbell.

Lozi system [Chen G. & Dong X.] is described by the following equations:

X =L (X, Ve, ) =—px |+ v, +1
{"” (520 P) = =P+ where p and q are two real parameters

Vier =L, ye.9) = gx,

The values of the parameters that are taken to study
the Lozi systemare p =1, ¢ =0.997 . The stable

points of the systems are given by :

N ) . g W\
0 =(41,9,) (p—(q—l)’p—(q—l)J 7 = “ .-',-'.;i

, -1 -q

0 =(95,94) = [ , J o
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The attractor of Lozi system is the one that figure 2 L=/

shows.




30 Advanced Research in Artificial Intelligence

Ikeda system [Casdagli, M.] is described by the
following equations:

with ast 1§

Xy =14 p(x, cosz—ysinz)
Vi = H(x; 8inz — y cos z) Bl
6
z=04—————, u=07 a5t
1+x* + y2 H A
The attractor of Ikeda function is the one that figure 3 23l : - : - )

shows.
Figure 3.

Applying the Newton methods with double precision, it
can be found that the point
P =(0.60144697,0.18998107) is the equilibrium

point.
Thinkerbell system is described by:

X=X =y +Cx +Coy,
Virt =2% 7 + Cx + Cuyp
C,=09,C, =-0.6013
C,=2.0,C, =0.4

The attractor of Thinkerbel function is the one that
figure 4 shows. Figure 4.
The equilibrium pointis P =(0,0) .
A radial basis function networks (RBFNs) has been used to control chaotic trajectories in the equilibrium points.
The neural network employed as the main controller is a radial basis function networks.
The radial basis function network employed as the main controller consisting of three layers of neurons (input
layer, hidden layer and output layer). The input layer has two neurons, one for each of the variables of the
function ( £ : > — R*) of the systems. In the hidden layer the configuration in the learing phase were seven
neurons. And in the output layer again two neurons, one for each coordinate of equilibrium point of chaotic
functions. We added noise too in the input patterns, in each case. We use a basis radial function with the
competitive rule concienceful, the metric Euclidean, the function transfer tanhaxon and the learning rule
momentum.
Learning Procedure
1. Input patterns. The input patterns are obtained of chaotic functions (Lozi, lkeda and Thinkerbell) taking
initial points Z, = (0.3,-1), 1, =(-0.9,0.8) and 7;, =(-0.3,0.4). The time series of Lozi, lkeda and
Thinkerbell are calculated obtaining the collection of training patterns. The patterns set are obtained from
mixed the tree time series previous. Also included a set of patterns with added noise.
2. Output patterns. The output patterns are the equilibrium points where the function must be controlled.
3. Hidden neurons. Several simulations have been performed in order to know how the number of hidden

neurons affects the mean square error, in find the corresponding stable point. The best results obtained
are with seven hidden neurons.
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4. Number of input patterns. The variation of error along the number of input patterns has been studied,
among them files with 500, 1500 and 3000 for each system. The figure 5 shows error for 1500 patterns
and figure 6 shows error for 3000 patterns of the input file.

5. To finish the learning phase of the network, another input pattern is obtained starting with other initial
points for each chaotic function, finding the time series and training the neural network again.

I B " Active Cost I.&y I B " Active Cost [__J-é:?—- 1
—Active Cost —Active Cost
0.4 0.5
0.4
0.3 A
0.3
0.2 1
0.2
0.1 l"\ 0.1 1 -
[ Active Cost at epoch #10101: 0.024505 [ Active Cost ot epoch #10101: 0.021157
1001 3001 5001 7001 9001 1001~ 3001 5001 7001 9001

Figure 5 Figure 6

Achieving the control

Once the training phase is ended, it is necessary to check if the neural network is able to separate and control the
function in the stable point in each case. Then choose several points for each system chaotic, are far enough
from the stables points. These points are the basis for the pattern generation of the chaotic function. Each pattern
set are made up of 1500 patterns for training RBFNS.

The network is also able to control the function when there exist only a few data and with some kind of noise.
Next dynamical noise is added to the input, distributed on interval [-0.01,0.01]. The results after training are

similar to the obtained error without noise. We obtained the table 1 and table 2.

Active Performance @ Active Performance @
MSE 0.048677115489 MSE 0.042866512744

NMSE 0.079412035298 NMSE 0.069932607445

r 0.959940877137 r 0.966031616392

% Error T7.041473765294 % Error 6.913486464162

ATC -4287.81%400732160 ATC —8084.993039748872

MDL -4084.056346926107 MDL -6718.821699180137

Table 1 Table 2
Conclusion

In this paper we have demonstrated the feasibility for using radial basis function neural network to implement
schemes for simultaneous control of deterministic chaos in several nonlinear dynamical systems. The simulation
experiments have illustrates the proposed method is effective for chaotic systems.

An important advantage of this control technique is that the obtained controllers are very stable, presenting a
good behavior even with a small random dynamical noise or with a few data.
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STUDY OF THE APPLICATION OF NEURAL NETWORKS
IN INTERNET TRAFFIC ENGINEERING

Nelson Piedra, Janneth Chicaiza, Jorge Lopez, Jesus Garcia

Abstract: In this study, we showed various approachs implemented in Artificial Neural Networks for network
resources management and Internet congestion control. Through a training process, Neural Networks can
determine nonlinear relationships in a data set by associating the corresponding outputs to input patterns.
Therefore, the application of these networks to Traffic Engineering can help achieve its general objective:
‘intelligent” agents or systems capable of adapting dataflow according to available resources. In this article, we
analyze the opportunity and feasibility to apply Artificial Neural Networks to a number of tasks related to Traffic
Engineering. In previous sections, we present the basics of each one of these disciplines, which are associated to
Artificial Intelligence and Computer Networks respectively.

Keywords: Traffic Engineering, Artificial Neural Networks, Internet Traffic Engineering, Computer Networks.
ACM Classification Keywords: D.4.4 Communications Management

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

The rapid expansion of the Internet regarding services, applications, coverage and users, has changed its
traditional approach. A few years ago, the Internet was only a restricted means for data flow. Today, due to the
liberalization, flexibility and easy access to Internet, the demand for the requirements of the applications has
increased: better quality of service, higher bandwidth, less delay, better transmission quality, amongst others.
This involves the research and develpment of more inventive solutions in order to provide a better quality of
service for users.

One of the key factors that providers and users must face is the congestion in the service, which what causes
undesirable consequences for both parts: loss of money and dissatisfaction for both. A quick solution to this
situation is the increase in the capacity of the resources offered by those services. However, this is not an
acceptable alternative because the use of the service is not constant and/or static and the budget of resources is
limited. Besides, the distribution of data traffic is a stochastic process; therefore, during some periods there are
low levels of activity or there is not any activity at all; thus, this capacity is subused.

To improve the performance of networks, we apply the principles, concepts and technologies of Traffic
Engineering (TE); consequently, congestion is reduced, and traffic and resources are properly managed. The
Internet Engineering Task Force (IETF) RFC 3272 describes the supports of Internet Traffic Engineering (ITE).

Due to their capacity and characteristics, Artificial Neural Networks (ANN) are being applied in various fields in
which traditional methods and techniques have not efficiently solved underlying problems.

ANNs appeared with the purpose of emulating some characteristics of human beings, specifically, the capacity for
memorizing, relating ideas and perform actions.

Through a training process, ANNs can determine nonlinear relationships in a data set by associating the
corresponding outputs to input patterns. Therefore, the application of these networks to Traffic Engineering can
help achieve its global objective: “intelligent” agents or systems capable of adapting dataflow according to
available resources.

This document consists of three chapters. The first and second chapters deal with the fundamentals of Traffic
Engineering and Artificial Neural Networks respectively. Later, in the third chapter, some experimental
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applications as well as the comparison of results of ANNs with other techniques for the implementation of specific
traffic engineering functions are analyzed.

1. Traffic Engineering

The general objective of Traffic Engineering is to improve the performance of an operational network [Awduche et
al., 2002]; consequently, reducing its congestion and increase the efficiency in using its resources [Delfino et al.,
2006].

Trafic Engineering attempts to solve one of the main problems of IP networks: to adjust IP traffic flows to make a
better use of bandwidth as well as send specific flows on specific paths too [Alcocer and Garcial.

IETF has proposed several techniques to provide Quality of Service (QoS) on the Internet. Currently, IP networks
have three significant characteristics: (1) they provide real-time services, (2) they have become mission critical,
and (3) their operating environments are very dynamic [Awduche et al., 2002]. From this perspective, it is
complex to model, analyze and solve problems related to maintenance, management and optimization of
computers networks.

1.1. Concepts of Traffic Engineering

According to Garcia (2002), Traffic Engineering can be defined as the process of controlling data flow through a
network, that is, the process of optimizing the use of available resources from various flows and optimizing the
global use of resources and benefits of the network [Xio et al., 1999] y [Xio et al., 2000] and [Garcia et al., 2002].
Consequently, TE encompasses the application of technology and scientific principles to the measurement,
characterization, modeling, and control of Internet traffic.

Traffic Engineering deals with planning, control and network optimization with the purpose of achieve its goal: to
adapt traffic flow to the physical network resources so that there are no congested resources whereas other
resources are subused.

In IETF RFC 3272, the principles of Internet Traffic Engineering (ITE) are described, including aspects such as
context, model and taxonomy. Moreover, there is a historical review, contemporary TE techniques and
recommendations as well as other fundamental aspects.

According to [Awduche et al., 1999] and [Awduche et al., 2002], ITE deals with the management of the capacity
of network traffic distribution, considering aspects such as evaluation and performance optimization of operational
[P networks.

1.2. Causes of network congestion

From what Delfino (2006) [Delfino et al., 2006], network congestion can be caused by:
¢ Insufficient network resources (for example, link bandwidth or buffer space).

o Inefficient use of resources due to static traffic assignment to certain routes.

The first problem can be solved by increasing the capacity of resources. For the second problem, Traffic
Engineering adapts traffic flows to physical network resources; thus, trying to optimally balance the use of these
resources, so that there are no subused resources or over-utilized resources that cause bottlenecks. Solving
congestion problems at reasonable costs is one of the main objectives of ITE.

When utilizing resources economically and reliably, we must consider requirements and performance metrics:
delay, jitter, packet loss and throughput [Awduche et al., 2002]. The application of TE concepts to operational
networks helps to identify and structure goals and priorities in terms of enhancing the quality of service. The
application of traffic engineering concepts also aids in the measurement and analysis of the achievement of these
goals. As a general rule, traffic engineering concepts and mechanisms must be sufficiently specific and well
defined to address organizational requirements, but simultaneously flexible and extensible to accommodate
unforeseen future demands.
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1.3. Traffic Engineering Tasks
In [Villén-Altamirano], we can find the four major traffic engineering tasks and their recommendations:

Traffic Demand Characterisation Grade of Service Objectives

. s N

'/"'r“mc "'\ T Leagsic '\ \\E\'.Equ:xeme:::{-/)
 Modellng ) Measurement ) ’-*I*"

" Eadtoend

GOS Objectives
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Figure 1. Traffic Engineering Tasks [Villén-Altamirano]

For modeling the complex behavior of the network, traffic models, we use the Traffic Characterization task.
Using these models traffic demand is characterized by a limited set of parameters (mean, variance, index of
dispersion of counts, etc). Only those parameters that are relevant to determine the impact of traffic demand on
network performance. Traffic forecasting is also required for planning and dimensioning purposes. This is
necessary to forecast traffic demands for the time period foreseen. In order to validate these models, traffic
measures are used.

GoS objectives are derived from Quality of Service (QoS) requirements. Grade of Service is defined as “a number
of TE parameters to provide a measure of adequacy of plant under specified conditions; these GOS parameters
may be expressed as probability of blocking, probability of delay, etc”.

TE must provide a design and operation of the network that guarantees the support of the traffic demand as well
as the achievement of GoS objectives. Thus, network dimensioning (of the physical and logical network)
assures that the network has enough resources to attend the traffic demand. Among the traffic controls we can
distinguish: traffic routing, network traffic management controls, service protection methods, packet-level traffic
controls, and signaling and intelligent network controls.

Although the network performance monitoring it can be correctly dimensioned. GoS monitoring is needed to
detect errors or incorrect approximations in the dimensioning and to produce feedback for traffic characterization
and network design.

1.4. Historical Review and Recent Developments

The first routing algorithms tried to minimize the use of network resources by choosing the shortest path, but this
selection criterion can cause congestion in some network links whereas other links could be infra-utilized [Garcia
et al., 2002]. When applying TE concepts, some flows could go through other links with less traffic even if they
are on a longer route (Figure 2).

Currently, MPLS (Multi Protocol Label Switching), is highly regarded as the proper technology to provide capacity
for Traffic Engineering and QoS, -especially for backbone applications- [Sawant and Qaddour]. Among other
aspects, MPLS offers: resources reservations, fault tolerance and resource optimization. The combination of
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MPLS and DiffServ-TE (Differentiated Services for Traffic Engineering) has advantages to provide QoS while the
utilization of network resources is optimized [Minei, 2004]. Among the characteristics of MPLS to provide TE, we
have [Roca et al.]:

o Establishing explicit routes (physical path at LSP -Label Switched Path- level).

o (Generating statistics regarding the use of LSPs. This information could be used for network planning and
optimizing.

o  Flexibility in network administration. Constraint-Based Routing can be applied so that routes for certain QoS
or special services can be selected.

— Shaortest path 1GP-based
— Path selected with MPLS for TE

Figure 2. Routing of Packages by means of IGP and MPLS [Roca et al.]

Besides MPLS and DiffServ, other approaches have been proposed or implemented to offer TE. Some routing
approaches, used a few years ago, are described in [Awduche et al., 2002].

e [tis known that Internet evolved from ARPANET and adopted dynamic routing algorithms with distributed
control to determine the routes that packets should take to reach their destination. This type of algorithms are
adaptations of shorther path algorithms where costs are besed on link metrics. One of the weaknesses of
using link metrics is that unbalanced loads in the network can occur. “In ARPANET, packets were forwarded
to their destination along a path for which the total estimated transit time was the smallest”. This approach is
known as Adaptive Routing, where routing decisions were based on the current state of the network in terms
of delay and connectivity. One inconvenient of this approach is that it can cause congestion in different
segments of the network; thus, resulting in network oscillation and instability.

o Type-of-Service (ToS) routing involves different routes going to the same destination with selection
dependent upon the ToS field of an IP packet. A separate shortest path tree is computed for each ToS.
Classical ToS-based routing is has been updated outdated and the ToS field has been replaced by a Diffserv
field. The Diffserv model essentially deals with traffic management on a per hop basis.

e “SPF is modified slightly in ECMP (Equal Cost Multi-Path) so that if two or more equal cost shortest paths
exist between two nodes, the traffic between the nodes is distributed among the multiple equal-cost paths”.
Thus, it is possible that one of the paths will be more congested than the other.

e Nimrod is “a routing system developed to provide heterogeneous service specific routing in the Internet,
while taking multiple constraints into account (RFC, 1992)". Essentially, Nimrod is a link state routing protocol
with mechanisms that allow restriction of the distribution of routing information. “Even though Nimrod did not
enjoy deployment in the public Internet, a number of key concepts incorporated into the Nimrod architecture,
such as explicit routing which allows selection of paths at originating nodes”.

o The overlay model using IP over ATM requires the management of two separate networks with different
technologies (IP and ATM) resulting in increased operational complexity and cost. “The overlay model based
on ATM or frame relay enables a network administrator or an automaton to employ traffic engineering
concepts to perform path optimization by re-configuring or rearranging the virtual circuits so that a virtual
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circuit on a congested or sub-optimal physical link can be re-routed to a less congested or more optimal

»

one'.

e In Constrained-Based Routing (CBR), the network administrator can select certain paths for special services
with different quality levels (explicit delay guarantees, bandwidth, fluctuation, packet loss, etc). CBR can
compute routes subject to the satisfaction of a set of constraints (bandwidth, administrative policies, etc), that
is, this procedure considers parameters beyond the network topology in order to compute the most
convenient route.

‘Path oriented technologies such as MPLS have made constraint-based routing feasible and attractive in
public IP networks”. CBR, MPLS and TE in IP networks are defined in RFC 2702.

o As said, MPLS is used to provide TE. Today, there is a wide variety of protocols used for the distribution of
labels. MPLS architecture does not specify one of these protocols, but recommends their choice depending
on the specific network requirements. The protocoles used can be grouped into two classes: explicit routing
protocols and implicit routing protocols. Explicit routing is suitable to offer traffic engineering and allows the
creation of tunnels. On the other hand, implicit routing allows establishing LSPs but does not offer traffic
engineering characteristics [Sienra, 2003].

Among the most common routing protocols we have; the Constraint-based Routing Label Distribution Protocol
(CR-LDP) and the Resource Reservation Protocol-Traffic Engineering (RSVP-TE). CR-LDP is an extension of the
LDP, which is an implicit routing protocol, sets up a determined path in advance, that is, LSPs will be established
with MPLS Quality of Service. CR-LDP is a solid-state protocol, in other words, after establisshing the connection,
this connection remains “open” until it is closed. The operation of RSVP-TE is similar to that of CR-LDP, since it
sets up a point-to-point LSP that guarantees an end-to-end service. The difference is that RSVP-TE requires
periodic refreshment of the route to remain active (soft state). With these last protocols and the application of
various traffic engineering strategies, it is possible to assign different quality of service levels in MPLS networks.

1.5. Recommendations for Internet Traffic Engineering

In [Villén-Altamirano] some recommendations for Traffic Engineering are proposed. They are classified according
to their major tasks.

RFC3272 [Awduche et al., 2002] describes high-level functional and non-fuctional recommendations for ITE.
Functional recommendations are necessary to achieve TE objectives and non-functional recommendations are
related to quality attributes or state characteristics of a TE system.

Likewise, in [Feamster et al., 2003], there are some guidelines to provide traffic engineering between domains,
more specifically; some approaches of BGP (Border Gateway Protocol) are discussed.This protocol by itself does
not facilitate common TE tasks.

2. Artificial Neuronal Networks

The idea of Artificial Neuronal Networks (NNA) was conceived originally as a try for modeling the bio—physiology
in the human brain; this is, to understand and explain how the brain works. The aim was to create a model
capable to emulate the human process for reasoning. Most part of the starting works in neuronal networks was
done by physiologists but not by engineers [TRECSoluciones, 1995].

Since Santiago Ramén y Cajal discovered the neuronal structure in the nervous system, many contributions have
tried to “reproduce” or at less imitate in a "litte scale” the way the human brain works.; in this context, in 1943,
Walter Pitts and Warren McCulloch, proposed a mathematical model of neuron which explains the way that those
processing units work.

In 1949, the physiologist Donald Hebb pointed out in his book “The Organization of Behavior’ the learning rule
known as Rule of Hebb. His proposal had relation with synapses conductivity, or with neurons connections. Hebb
showed that the repeated activation in a neuron for other through a established synapses, increases its
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conductivity and made it more alike to be active successively, inducing to the formation of a neuronal circuit
strongly connected.

In the summer of 1951, Minsky and Edmons made the first neuronal networks machine which consisted basically
of 300 empty tubes and an automatic pilot from a B-24. They called their creation “Sharc”; it was a network with
40 artificial neurons which imitated a rat’s brain.

In 1957, Frank Rosenblatt presented the Perceptron, a neuronal network with supervised learning which learning
rule was a modification to the Hebb’s proposal.

Almost one decade later, in 1969, Marvin Minsky and Seymour Paper wrote a book called “Perceptrons”, in which
they probed the limitations of perceptrons in solving problems relatively easy; when they published the book, all
the research about perceptrons were suspended and annulled.

In the 60°s other two supervised models were proposed, based in the Perceptron of Rosenblatt called Adaline
and Madaline. In those cases, the adaptation of the weights was done taking into account the error, calculated as
the difference between the wished output and the one given by the network, similar to the perceptron,
nevertheless, the learning rule used is different.

The modern age for ANN surges with the backpropagation learning technique. In 1977, James Anderson
developed a lineal model, called Lineal Associator, which consisted of some lineal integrators elements (neurons)
which added their inputs. In 1982, John Hopfield showed a work on neuronal networks in the National Sciences
Academy; which describes clearly and with mathematical rigor a network which was give his name, and is a
variation from the Lineal Associator. Also, in this year, Fuijitsu Enterprise started the development of thinking
computers for application in robotic.

The 80°s decade was overpowering for spreading the ANN, as some non supervised and hybrid models and
more developed kind of networks were proposed. Nowadays, many works show their successful application in
different non lineal problems, which have not been modeled using traditional methods such as Statistics,
Operations Research and others.

2.1. Structure and Functioning

A Biological Neuronal Network (brain) is constituted by a series of interconnected elements, called neurons,
which operate in parallel. It has been estimated that in our brain there are around 100 thousand million neurons
and more than 100 billion of connections (synapses).

Neurons, as the other cells in the body, work through electric impulses and chemical reactions. The electric
impulses that a neuron uses to exchange information with other neurons in a network go through the axon which
makes contact with the dendrites in the next neuron through the synapses. The intensity in the signal — synaptic
weight- transmitted depends in the efficiency of the synaptic transmission. The signal transmitted to the neuron
can be inhibitor or stimulator. The neuron shoots, or sends the impulse through its axon, if the stimulation
exceeds its inhibition by a critic value — neuron threshold- [TRECSoluciones, 1995].

2.2. Elements of Artificial Neuron
Following, is presented the basic structure of the artificial neuron.
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Figure 3. Elements of Artificial Neuron
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¢ X, neurons inputs.

o Wij (weights) are coefficients which can be adapted inside the network. They determine the intensity in
the input signal registered.

e Propagation function. Allowing obtaining, from the inputs and the weights the value of the post- synaptic
potential of the neuron (hi). The most common function is the pondered addition of all the inputs (Figure
3). However, the propagation function can be more complex than just products addition.

e Activation or Transference Function. The result of the propagation function is transformed in the real
output of the neuron through an algorithmic process known as activation function.

There are some activation functions to determine the neuron’s output; for example, when the output value in the
neuron is compared with a threshold value; if the addition is higher than the threshold value, the neuron will
generate a signal; if the addition is lower than the threshold value, none signal will be generated; this function is
called heaviside. It also can be used the lineal, sigmoid, hyperbolic tangent and others function. Particularly the
sigmoid one works quite well and is normally the most common.

¢ Yj, neuron output.

A more complete artificial neuron model includes other elements such as: an output function, which is applied
after the activation function is calculated; in most cases the identity function is used, therefore, it is not part of the
basic figure presented.

2.3. Training of artificial neural networks

Every learning process, has two phases; the training one and the testing one; in both cases, we supply the ANN
with a series of prototypes or cases, this knowledge is which allows the network to learn from the experience; in
the case of supervised models, the network get its errors comparing the calculated value and the desired value.
When there is a difference between those two values, the learning rules are applied to modify the weights in the
ANN, until minimize the global error or any other cost function. On the other hand, in unsupervised models (or
self-organized), the desired output is not known; in this case the network must organize itself to find common
characteristics in the training data.

An additional element that must be established in the training phase is the learning rate. The learning rate in the
ANN depends of different controllable factors which must be taken into account. Obviously, a low value in the
learning rate means more time for training in order to produce a well trained ANN. With higher learning values,
the network could not be able to discriminate in the same way that a system that learns slower does. Generally,
additional factors -apart of time- must be considered when discussing the training off-line:

o Network Complexity: size, paradigm, architecture.
e Type of learning algorithm
e Error allowed in the final network

If changing any of those factors the training time can increase to an elevated value or obtain an unacceptable
error.

2.4. ANN Architecture and Topology

The ANN topology is determined for the neurons organization and their disposition in the network. One layer is a
inter-connected neurons set, most of connections happen between neurons in adjacent layers.

Therefore, the collection of parameters that define an ANN architecture are: number of layers, generally one input
layer and one output layer and 0 or more intermediate (hidden); the number of neurons by layer, one or more;
and the connectivity grade between the neurons, which is the number of connections between the neurons in
different layers or between neurons in the same layer. In the Figure 4, it is described the architecture of a more
used network called Feedward [Pizarro].
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2.5. Evaluation of the Neuronal Network to be used

The model of ANN to be used, can be selected according to:

The number of layers, the ANN can be Monolayer —one input layer and one output layer- or Multilayer,
generalization of the last one, which are added intermediate layers (hidden) between the input and the
output.

The connection type, the ANN can be: Feedforward, if the signal propagation is produced in just one way,
therefore, they do not have a memory. And Recurrent if they keep feedback links between neurons in
different layers, neurons in the same layer or in the same neuron.

The connection grade, They can be: Totally connected, in the case where all the neurons in a layer are
connected with the neurons in the next layer (feedforward networks) or with the neurons in the last layer
(recurrent networks); and Partially connected networks, in the case when there is not total connection
between neurons from different layers [Soria].

The learning paradigm, networks can be supervised or unsupervised (or hybrid), which basic functions were
described before.

Between the main neuronal models which combine the networks types mentioned before, there are:

Perceptron, is a supervised network, monolayer, feedforward and is the base for the most of the a
architecture of the ANN which interconnect between their selves.

Backpropagation, as the perceptron, the backpropagation network uses supervised learning; however, this
one is multilayer. The importance of this network is its generalization capacity or produce satisfactory outputs
for inputs that the system has never seen before during its training phase.

Self-organized maps, they constitute a practice of unsupervised learning and competitive; it considers that
the influence that a neuron exercises on the others is a function of the distance between them. They can be
applied to cover two basic functionalities; as classificatory or to represent multidimensional data in less
dimension spaces (normally one or two dimensions), preserving the topology from the input.

Once presented the fundaments and models of the most important neuronal networks, following will be presented
some successful applications in the Traffic Engineering field.

3. Applications of Neural Networks in Internet Traffic Engineering

Below we mention some characteristics of Artificial Neural Networks that can be crucial when applying them in
areas such as Internet Traffic Engineering:

ANNSs, through a training process, are capable of determine nonlinear relationships in a data set by
associating the corresponding output or outputs to input patterns. Consequently, many ANN models are used



International Book Series "Information Science and Computing" 41

for determining forecasts based on a data source. This characteristic can be used for making predictions. For
example, to determine the available bandwidth, detect traffic congestion patterns, forecast the use of
resources (for instance, links) and even to establish or improve routing algorithms and, in general, to apply it
to the tasks related to TE.

o The types of learning available for some models are batch learning (off-line) and on-line learning. They can
be used for forecasting and classification depending on the data available and the available processing
capacity. On-line learning is usually used in those problems in which there are a lot of training patterns. With
these capacities trace files generated by some devices and network applications could be processed (in real-
time or off-line); thus, facilitating TE tasks such as traffic modeling, control optimization and network
dimensioning.

e Supervised Models such as the Multilayer Perceptron through the backpropagation algorithm or Adaline; or
unsupervised models such as Kohonen Maps (due to their capacity for memorizing patterns) can be applied
to extract or eliminate noise in signals.

e A neural network considers changes in the environment and can adapt itself to these changes, that is, once
the network has been trained and tested, it will be capable of establishing the learned relationships on a new
data set.

e An ANN-based approach can learn specific models from each network system and provide acceptable
solutions of the underlying real systems.

Now, we will mention some characteristics of the tasks to be performed by Traffic Engineering (associated to the
processes in Figure 1). Later, some projects of ANN applications in this area will be described.

o Measurement and network performance forecasting. The use of shared network resources and bandwidth
are dynamic [Eswaradass et al., 2005]. Therefore, a bandwidth forecast is a very complicated task for being
approached with traditional methods such as Statistics.

o Network systems modeling is a complicated tasks that can be solved trough neural networks (network traffic
is nonlinear and very difficult to model and predict). In addition, traffic statistics of various applications show
that each type of traffic presents a different traffic patter. By using a neural network, we can characterize the
heterogeneous nature of changes in network traffic [Eswaradass et al., 2005].

o Network planning. Since a neural network is capable of establishing patterns that model traffic nature, it will
also be capable of establishing mechanisms for network planning by providing guides to adapt traffic flow to
physical network resources (so that there are no congested resources where as others are underutilized, this
is a Traffic Engineering objective).

3.1. Bandwidth Forecasting

There are some methodologies and tools for estimating bandwidth capacity and availability respectively (some of
them are mentioned in the Eswaradass’, Sun and Wu job). However, they do not provide complete metrics; for
instance, they do not predict bandwidth. Due to the heterogeneous and dynamic nature of network traffic, there
are a few available works to predict network performance in terms of available bandwidth and lantency
[Eswaradass et al., 2005].

In [Eswaradass et al., 2005], an available bandwidth forecasting method is proposed, this approach is based on
Artificial Neural Networks. The prediction must consider various network applications (TCP, UDP, ICPM and
others). This system has been tested on traditional trace files and compared to a system known as NWS
(Network Weather Service, a model that is widely used for prediction). The experimental results showed that the
neural networks approach always provides a better prediction (more precision based on the minimum global
error) on NWS systems.

Predictions have been made by making an ANN for each type of network traffic, integrating partial results to
obtain global predictions. Besides, noise and performance predictions are categorized after noise reduction.
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In Table I, some details about the model are shown, according to [Eswaradass et al., 2005]. Although, it is not
specified in the document, we can conclude that the network used (due to the description of the solution) is the
Multilayer Perceptron, to which the real bandwidth value has been provided and the adjustment of its is based on
the network error calculations.

Table |
Description of the Neural Network Model

Configuration Parameters

Parameter Description Value
Learning rate Determines the network learning rate 0.01

Number of epochs Indicates the number of times a data set is trained 700

Network Architecture

Layer type Description

Input layer Depends upon the number of selected parameters: timestamp, average packet rate and

average bit rate (in this case 3).

Hidden layer 3 hidden layers and 3 perceptrons in each layer. The nonlinear sigmoid function is used as an
activating function.

Output layer Available bandwidth/minute

Training Patterns. As input data for the training process, trace files generated in the University of Auckland have been
used. These historic files have been previously pre-processed and contain the record of time and network traffic — of
different types: TCP, ICMP and UDP-. Each frace log contains incoming packet (timestamp, packet length, source and
destination IP addresses). According to [Eswaradass et al., 2005], the number of packets in each second and the number
of bits in each second are sufficient to produce estimates of the consumed bandwidth over time.

Cost function. The metric used for evaluation is the relative prediction error, err.err = P-redictedValue-ActualValue
ActualValue. PredictedValue is the bandwidth predicted for the next n seconds and ActualValue is the bandwidth
measured for the next n seconds. Mean error, which is calculated by averaging all of the relative errors, is used as the
cost function to be minimized.

Simulation Software. For the simulation of the network model WEKA has been used, which is a free software package
that offers a collection of various algorithms for solving data mining, including ANN.
1) Implementation in ANNSs: Predictions have been made by making an ANN for each type of network traffic,

integrating partial results to obtain global predictions. Besides, noise and performance predictions are categorized
after noise reduction.

In Table |, some details about the model are shown, according to [Eswaradass et al., 2005]. Although, it is not
specified in the document, we can conclude that the network used (due to the description of the solution) is the
Multilayer Perceptron, to which the real bandwidth value has been provided and the adjustment of its is based on
the network error calculations.

2) Discussion on the Problems and Strengths of the ANN-based approach: Below we discuss some problems,
strengths and future works of the neural networks-based approach.

e With more parameters and input data, the accuracy of the results is better. However, the increase of
parameters and input data will increase prediction time and network training [Eswaradass et al., 2005].
Therefore, trace files must be analyzed in order to identify small data sets and input parameters.

o The selection of parameters can be done with the technique known as analysis of main components, which
is implemented through a unsupervised network model, that is, all the components of an input pattern —or
many parameters of trace files- could be provided for the unsupervised ANN; finally, we will get only more
important parameters for forecasting.

e One problem to be solved is the selection of a proper training set. According to [Eswaradass et al., 2005],
“the prediction performance with an ANN is not satisfactory for short-term trace files, which contain data for a
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couple of hours or less than 1 day”, or files containing traffic data more than 3 weeks. On the contrary,
‘network traffic data in 7-10 days is enough for neural network training”.

e The construction cost of an ANN in general “is greater than those prediction systems that use linear
prediction models”.

e The ANN-based prediction mechanism is viable and practical. It can be used as an only prediction
component or can be incorporated into the NWS for a better network prediction.

o This approach uses batch learning, that is, considers historic trace files as training patters. The next step is
to provide run-time prediction. For this, the on-line processing algorithm should be used.

Table Il summarizes the experimental results of the prediction performed with the data recorded at the University
of Auckland uplink. AUCKLAND Il is a collection of 1-day trace between December 1999 and June 2000.
AUCKLAND IV is a single trace that contains data of the traffic reported between February and April 2001 (6 1/2
week trace). As seen, ANN-based prediction is the most accurate in all cases. The most reduced error
percentage (5% for daily traces) occurs when a separated prediction for each type of traffic is done.
Consequently, if the trace file would contain traffic data of a single application, the prediction could be even more
accurate.

Table Il
Global error reduction percentage for NWS and ANN
Original Prediction* Before noise reduction** After noise reduction***
AUCKLAND IV 1.39% 2.33% 3.14%
AUCKLAND Il 2.49% 3.68% 5%

* Prediction performed considering the various traffic flows as a whole
** Prediction performed after separating the various types of traffic
“*Results after removing ICMP and UDP, only keeping TCP, which is the dominant constituent of the network traffic (95%).

3.2. Classification of Internet Traffic

The classification of Internet traffic can be used for differentiating services or for applying network security
schemes. The traditional classification is usually done using the packet header field of ‘port number”, the layer 4
header (TCP/UDP). However, the use of this number could be unreliable in the classification of Internet traffic
given the nature and characteristics of this network: free. Therefore, it is not mandatory that these applications
use specific port numbers [Li et al., 2000] in [Trussell et al., 2005].

In [Trussell et al., 2005], a classification and estimation method of traffic intensity in an application is proposed.
This method is based on the size distribution of packets registered in a switch (or router) during a short period
time, identifying flows with significant quantity of time-sensitive data, such as voice over IP or real-time video. A
switch (or router) can give preference to these flows, thus, being a mechanism to increase the Quality of Service
(QoS).

As said, packet size distribution, as part of the characteristics of an application, is used as an indicator of
application type. The distribution data can be obtained from the IP packet (layer 3) in order to avoid accessing the
TCP header, which takes additional time and computation [Trussell et al., 2005].

1) Comparing MMSE, POCS and ANNs: In [Trussell et al.,2005], three methods for estimation of the traffic are
compared: CLLSQ (Constrained Least SQuares), POCS (Projections Onto Convex Sets) and Neural Networks.
According to this document, methods that use ANNs performed best in the tests. The detection of several
significant classes can be done reliably. Below we describe some details of the project:
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Table IlI
Details of the Project [Trussell et al., 2005]

Training Data. The data for the ANN training are collected from the North Carolina University backbone network using a
tool for analysis of network traffic, named TCPDUMP. The data was collected continuously for four hours. The recorded
parameters are: source port number, destination port number, packet size. “The applications were identified using the
source and destination port numbers depending on the port assignments by IANA” (Internet Assigned Numbers Authority).

Histogram Generation. “In order to reduce the dimensionality of the data, the Ethernet packet sizes range from 60-1514
bytes were considered (some of them divided into a manageable number of bins)”.

Clustering. “To verify the conjecture that applications could be reliably characterized by their histograms”, the histogram
collection using several clustering methods was analyzed, “which all resulted in natural groupings of the histograms of
applications”.

Estimation an Detection. “The total distribution of packet sizes at a particular network node is the mixture of the
distribution of the individual applications. Therefore, we can model the total network traffic as the linear combination of
major applications”.

“The architecture used for the neural networks was a simple single hidden layer with a single output neuron”, the
activation function for hidden layer is the log-sigmoid. For estimation, the output neuron used a linear function;
while for the detection case, the output neuron used a log-sigmoid function”. According to [Trussell et al., 2005],
in the case of estimation, it was determined that using six neurons in the hidden layer is appropriate to model the
problem “In the case of detection, it was found that two hidden neurons were sufficient to give good results”. In
this document, no method is indicated to establish the number of hidden neurons that should be used in every
layer. Consequently, a simulation using software tools and the “trial and error” are required to determine this data.

The result of estimation performance is given in Table IV. The RMS (Root Mean Square) error obtained by the
ANN is inferior than the other methods. “This result is obtained by training on one set of 24 samples and testing
on the other set . If the estimation was limited to the percentage of a single application, all methods improve” and,
as in the previous case, the ANN performs best.

Table IV
RMS error [Trussell et al., 2005]
- Error RMS
Application Average
CLLSQ POCS ANN
RTP 0.0119 0.0010 0.0029 0.0004
Napster 0.0111 0.0016 0.0013 0.0001
eDonkey 0.0097 0.0052 0.0010 0.0002

2) Estimation of the presence of a single application: To estimate the probability of a specific application being
present in the traffic flow a neural network was used. “Since the original data contains most applications in each
data set, to test detection, we created artificial data sets, based on actual data files”. According to [Trussell et al.,
2005], the method obtains a very high accuracy of detecting the presence of specific applications, even at low
percentages. In some applications, there is a lower detection rate due to the fact that these applications have
statistical properties that are similar to other applications (in this case eDonkey).

An strengths of the ANN approach is that “will allow the reduction of the size of the histograms and a
corresponding decrease in computation timet Very small weight on a particular bin of input vectors for all neurons
indicates that this bin is not needed for estimation or detection”.
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3.3. Overload Control in Computer Networks

Neural Networks can also be used for controlling overload in Computer Networks. In [Wu and Michael], a
supervised network model capable of learning control actions based on historical records. The result, according
to this, is a control system that is simple, robust and near-optimal.

Guaranteeing good performances of overload control systems is essential. Therefore, control actions are required
to protect network resources from excessive loads. These actions must be based on mechanisms that regulate
new arriving requests.

According to [Wu and Michael], there are two kinds of control strategies, namely, local or centralized; according to
the amount of information the control decisions are based.

As known, “traffic is stochastic and the mapping from traffic to optimal decisions is complex. To solve this
problem, ANN can be used, “bearing in mind its ability of learning unknown functions from a large number of
examples and its implementation in real time once being trained”. The first step is to “generate examples for the
training the network. The second step is to train a group of neurons based on these data. After training, the
neurons cooperate to infer the control decisions based on locally available information”.

1) Requirements for Implementing Overload Control: A network device is “overloaded if its work load averaged
over a period exceeds a predefined threshold. Overload control can be implemented by gating new calls. The
gate values, i.e., the fraction of admitted calls, are updated periodically. An effective control is to find out the
optimal gate values for each period”. In [Wu], five requirements are described and than an ideal control algorithm
should satisfy.

2) Solution using Neural Networks: The network inputs are parameters about requests to a network device and
output corresponding control decisions accordding to maximum value allowed. The input-output mapping is
reached through learning process using examples generated by CCM (Centralized Control Method). “It is difficult
to train the neural networks properly using examples generated for a large range of traffic intensity, but on the
other hand, training them at a fixed traffic intensity makes them inflexible to changes”; thus, losing generalization
performance. Hence, for each network device, a group of neural networks was built; “each member being a single
layer perceptron trained using examples generated at particular background traffic intensity”.

In [Wu and Michael], the training of a member of the group of neural networks is explained. This training is similar
to that of a back-propagation network in output signals and the calculation of the mean square error. “Each
hidden unit is trained at a particular traffic intensity”.

Wu'’s approach compares the CCM, LCM and ANN methods. To obtain results, they performed simulations on
part of the Hong Kong metropolitan network. Call attempts (call arrival rates between different nodes) “were
generated according to the Poisson process, and accepted with probability given by the corresponding gate
values”.

Finally, the results prove that ANN “has a throughput higher than CCM, moreover, decreases the time for making
decisions (about 10% of the CPU time of CCM); thus, NNM can be implemented in real time”.

3.4. Fault Diagnosis

In Computer Networks, the proper management of error messages can facilitate fault diagnosis in a system. For
example, when occur a network breakdown, a lot of error messages are generated, making it difficult to
differentiate the primary sources and secondary consequences of a problem. Thus, it is desirable to have an
efficient and reliable error message classifier [Wu and Michael].

Several learning machine-based algorithms can be used for classification tasks, such as, decision rules, nearest
neighbor-based, tress, and more; nevertheless, they do not support a high level of “noisy and ambiguous features
inherent in many diagnosis tasks”. Thus, ANN can approximate highly nonlinear functions with a high precision.
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In [Wu and Michael] we can see that the hybrid classifier is composed of an input layer, a hidden layer that
contains R nodes representing classification rule vectors and a perceptron output layer. The approach is based
on a competitive network model called winner-take-all.

In this case, el training set was a collection of error messages generated from a telephone exchange computer.
The training set consists of 442 samples and the test set of 112 samples. As mentioned in previous cases the
ANN-based approach yields better results than the other options analyzed.

Conclusion

The Traffic Engineering in order to reach its aim of improving the performance of an operational networkwork,
minimizing the congestion of resources and the effective use of them, must take into account the different
requirements and metrics of performance, mechanisms and politics that improve the integrity and reliability of the
network [Awduche et al., 2002] covering aspects like: characterization of the traffic demand, planning, control and
optimization of the network.

Nowadays, publications, studies, applications and efforts related to NNA are considerable, despite its complexity.
There are different simulation tools that can facilitate its comprehension and results verification. According to
[Werbos, 1998] y [Brio and Sanz, 2001], can be considered that the application of neuronal networks have
reached their maturity.

The application of the ANN in traffic engineering is quite promising. As Del Brio [Brio and Sanz, 2001] points out,
the characteristics which make that a specific situation to be an ideal candidate for NNA application are the
following, which are massively present in all the traffic engineering problems.

e There is not a method which describes the problem completely; therefore, modelling it becomes a complex
task.

e To have an important amount of data, which will serve as examples or patterns for the learning of the
network; the data related to the problem is imprecise or include noise; the problem is high dimensionality.

¢ In changing working conditions, The NNA can adapt their selves perfectly due to its adapting capacity (re-
training).

There are different proposes that have shown a potential application of the Artificial Neuronal Networks in the

Communication Networks field; in this work, applications in specific tasks of the Traffic Engineering have been

shown, such as: prediction, control, monitoring and resources performance. Have been seen some

approximations for prediction of bandwidth prediction [Eswaradass et al., 2005] overcharge control [Wu and

Michael], traffic classification [Trussell et al., 2005] and diagnosis of error messages [Wu and Michael].

Due to the own characteristics of network traffic, the application of the methods and conventional statistics
techniques is not appropriate to provide optimal predictions; On the other hand, the experimental results provided
by NNA models demonstrate that those tools offer best predictions - minimal error — in contrast with other
systems.

For data prediction tasks, in general, different models can be used: deterministic, statistical, probabilistic, and
based on machine learning; each model has its own strengths and weaknesses. Real problems can be
disarranged in different modules, each one implemented with different techniques; it implies, depending of the
problem characteristic and requirements, the best technique can be selected or use hybrid models to obtain
better results.

The described works for NNA application in Traffic Engineering have in common a pre-processing phase, in
which, the incoming data are treated, depurated and selected, before being processed by the neurons of the
NNA; this phase can be the most extensive and determine extensively the success in the realization of other
parts of the project, helping to control risks, to reach a maximum performance and avoid mistaken conclusions.
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INTELLIGENT COMPUTATIONS FOR FLOOD MONITORING

Nataliia Kussul, Andrii Shelestov, Serhiy Skakun

Abstract: Floods represent the most devastating natural hazards in the world, affecting more people and causing
more property damage than any other natural phenomena. One of the important problems associated with flood
monitoring is flood extent extraction from satellite imagery, since it is impractical to acquire the flood area through
field observations. This paper presents a method to flood extent extraction from synthetic-aperture radar (SAR)
images that is based on intelligent computations. In particular, we apply artificial neural networks, self-organizing
Kohonen’s maps (SOMs), for SAR image segmentation and classification. We tested our approach to process
data from three different satellite sensors: ERS-2/SAR (during flooding on Tisza river, Ukraine and Hungary,
2001), ENVISAT/ASAR WSM (Wide Swath Mode) and RADARSAT-1 (during flooding on Huaihe river, China,
2007). Obtained results showed the efficiency of our approach.

Keywords: flood extent extraction, neural networks, data fusion, SAR images.
ACM Classification Keywords: |.4.6 Segmentation - Pixel classification

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

Introduction

Increasing numbers of natural disasters have demonstrated to the mankind the paramount importance of the
natural hazards topic for the protection of the environment and the citizens. Climate change is likely to increase
the intensity of rainstorms, river floods, and other extreme weather events. The dramatic floods of Central and
Eastern Europe in summer 2002 and spring 2001 and 2006 emphasize the extreme in climatic variations. Floods
are among the most devastating natural hazards in the world, affecting more people and causing more property
damage than any other natural phenomena (Wood 2001). That is why; the problems of flood monitoring and flood
risk assessment are among priority tasks in national satellite monitoring systems and international system of
systems GEOSS (GEO Work Plan, 2007-2009).

Efficient monitoring and prediction of floods and risk management is impossible without the use of Earth
Observation (EO) data from space. Satellite observations enable acquisition of data for large and hard-to-reach
territories, as well as continuous measurements. One of the important problems associated with flood monitoring
is flood extent extraction, since it is impractical to acquire the flood area through field observations. Flood extent
can be used for hydraulic models to reconstruct what happened during the flood and determine what caused the
water to go where it did, for damage assessment and risk management, and can benefit to rescuers during
flooding (Corbley 1999).

The use of optical imagery for flood monitoring is limited by severe weather conditions, in particular presence of
clouds. In turn, SAR (synthetic aperture radar) measurements from space are independent of daytime and
weather conditions and can provide valuable information to monitoring of flood events. This is mainly due to the
fact that smooth water surface provides no return to antenna in microwave spectrum and appears black in SAR
imagery (Elachi 1988; Rees 2001).

As a rule, flood extent extraction procedure consists of the following steps: image calibration, geocoding,
orthorectification using digital elevation model (DEM) and shadowing effects removal, filtration, thematic
processing, testing and results verification. This paper proposes to use artificial neural networks (NN), in
particular self-organizing Kohonen’s maps (SOMs) (Haykin 1999; Kohonen 1995), for SAR image segmentation
and classification. SOMs provide effective software tool for the visualization of high-dimensional data,
automatically discover of statistically salient features of pattern vectors in data set, and can find clusters in
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training data pattern space which can be used to classify new patterns (Kohonen 1995). We applied our approach
to the processing of data acquired from three different satellites: ERS-2/SAR (during flooding on Tisza river,
Ukraine and Hungary, 2001), ENVISAT/ASAR WSM (Wide Swath Mode) and RADARSAT-1 (during flooding on
Huaihe river, China, 2007).

Existing approaches to flood extent extraction

To this end different methods were proposed to flood extent extraction from satellite imagery. In European Space
Agency (ESA) multi-temporal technique is used to flood extent extraction from SAR images (ESA Earth Watch,
http://earth.esa.int/ew/floods). This technique uses SAR images of the same area taken on different dates (one
image is acquired during flooding and the second one in “normal” conditions). The resulting multi-temporal image
clearly reveals change in the Earth’s surface by the presence of colour in the image. This method has been
implemented in ESA’s Grid Processing on Demand (G-POD, http://eogrid.esrin.esa.int). In (Cunjian et al. 2001),
threshold segmentation algorithm is applied to flood extent extraction from RADARSAT-1 imagery. The value of
threshold is chosen manually. In (Csornai et al.2004), SAR (from ESA’s ERS-2) and optical data (Landsat TM,
IRS WIFS/LISS, NOAA AVHRR) are used for flood monitoring in Hungary in 2001. To derive flood extent from
SAR imagery change detection technique is applied.

Though these methods are rather simple and quick (in computational terms), they posses some disadvantages:
need of manual threshold selection and image segmentation, require expertise in visual interpretation of SAR
images, require the use of complex models for speckle reduction, spatial connections between pixels are not
concerned. To overcome these difficulties we propose neural network approach to flood extent extraction. Our
approach is based on SAR image segmentation using self-organizing Kohonen maps and further image
classification using additional information on water bodies derived from Landsat-7/ETM+ images and Corine Land
Cover (for European countries).

Data sets description

We applied our approach to the processing of remote-sensing data acquired from three different satellites: ERS-2
(flooding on Tisza river on March 2001 (Fig. 1),

@ B )
Fig. 1 Flooding (a, date of acquisition is 10.03.2001) and post-flooding (b, 14.04.2001) SAR/ERS-2 images of
Tisza river (© ESA 2001)

ENVISAT and RADARSAT-1 (flooding on Huaihe river on July 2007 (Fig. 2). Data from European satellites were
provided from ESA Category-1 project “Wide Area Grid Testbed for Flood Monitoring using Spaceborne SAR and
Optical Data” (Ne4181). Data from RADARSAT-1 satellite were provided from RSGS-CAS. Spatial resolution of
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ERS-2 images was 4 m (in ENVISAT SLC format (Single Look Complex)), for ENVISAT 75m and for
RADARSAT-1 was 12.5 m.

For more precise geocoding of SAR images and validation of obtained results we used the following set of
additional data: Landsat-7/ETM+, European Corine Land Cover (CLC 2000) and SRTM DEM.

(b)

Fig. 2 SAR images acquired from ENVISAT (a, 15.07.2007) and RADARSAT-1 (b, 19.07.2007) satellites during
flooding on Huaihe river, China (© ESA 2007; © CSA 2007)

In order to train and calibrate neural network, we manually chose test pixels (with the use of additional data set)
that correspond to both territories with presence of water (we denote them as belonging to class “Water”) and
without water (class “No water”). The number of test pixels for each of the image is presented in Table 1.

Table 1. Distribution of test pixels for ERS-2, ENVISAT and RADARSAT-1 images

Satellite image/Region Number of test pixels for images

“‘No water” “Water” Total
ERS-2/Ukraine 30016 12939 42955
ENVISAT/China 60575 34493 95068
RADARSAT-1/China 135263 130244 265507

Among test pixels we did not use those ones that relate to boundaries between water and no water lands.
Classification of SAR images on more than two classes (e.g. “Water”, “No water”, different levels of water
presence) is beyond the scope of this paper and will be investigated in future papers.

Neural network method for flood extent extraction from SAR imagery

Our method for flood extent extraction consists of data pre-processing, image segmentation and classification on
two classes using SOMs. These steps are as follows:

1. Transformation of raw data to lat/long projection. Level-1 data from ERS-2 and ENVISAT satellites in Envisat
format and from RADARSAT-1 satellite in CEOS format were provided with ground control points (GCPs) that
were used to transform images to lat/long projection in GeoTIFF format. For this purpose, we used gdalwarp
utility from GDAL (Geospatial Data Abstraction Library, http://www.gdal.org).

2. Image calibration. In order to calibrate ERS-2/SAR and ENVISAT/ASAR images, we used standard procedures
described in (Laur et al. 2004) and (Rosich and Meadows 2004 ) respectively. As a result of image calibration, the
output signal (pixel values) was transformed to backscatter coefficient (in dB). For RADARSAT-1 image, we used
original pixel values in DN (digital number).

3. Geocoding. We made additional geocoding procedure for ERS-2 image in order to improve the accuracy. This
was done by using Landsat/ETM+ and CLC2000 data.
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4. Image processing using self-organizing Kohonen’s maps (SOMs). SOM is a type of artificial neural network
that is trained using unsupervised learning to produce a low-dimensional (typically two dimensional), discretized
representation of the input space of the training samples, called a map (Haykin 1999; Kohonen 1995). The map
seeks to preserve the topological properties of the input space. SOM is formed of neurons located on a regular,
usually 1- or 2-dimensional grid. Neurons compete with each other in order to pass to the excited state. The
output of the map is a so called neuron-winner or best-matching unit (BMU) whose weight vector has the greatest
similarity with the input sample x.

The network is trained in the following way: weight vectors w ; from topological neighbourhood of BMU vector i
are updated according to (Haykin 1999; Kohonen 1995)

i(X)=ar anHX—W<
(X) =argmin J

3

W, (n+1) =W, (n)+n(mh;,,(mX=w,(n), j=1, L, (1)

where 7 is leaming rate, /1, ., (n) is neighborhood kemel around the winner unit i, x is input vector, |||| means
Euclidean metric, L is number of neurons in the output grid, n is number of iteration within learning.
As neighborhood kemel £, (n), we used Gaussian function. For leaming rate we used the flowing

expression:

nn)=n,-e *,m,=0.1,n=0,1,2,..., (2)

where 7 is a constant.

Kohonen maps are widely applied to image processing, in particular image segmentation and classification
(Haykin 1999). Before neural network training, we need to choose image parameters that will be input to neural
network. For this purpose, one can choose original pixel values, various filters, Fourier transformation etc
(Gonzalez and Woods 2002). In our approach we use sliding window with backscatter coefficient values for ERS-
2 and ENVISAT images and DNs for RADARSAT-1 image as inputs to neural network. The output of neural
network, neuron-winner, relates to the central pixel of sliding window. In order to choose appropriate size of the
sliding window for each satellite sensor, we ran experiments for the following windows: 3-by-3, 5-by-5, 7-by-7, 9-
by-9 and 11-by-11.

We, first, used SOM to segment each SAR image where each pixel of the output image was assigned a number
of the neuron in the map. Then, we used test pixels to assign each neuron one of two classes (“Water” or “No
water”) using the following rule. If neuron was activated by majority number of pixels that belong to class “Water”,
then this neuron was assigned “Water” class. If neuron was activated by majority number of pixels that belong to
class “No water”, then this neuron was assigned “No water” class. If neuron was activated by neither of test
pixels, then it was assigned “No data” class.

For neural network quality assessment, we used two parameters:
- quantization error that is estimated with the following expression

1 N
E=—
0 NZl

X, —W

2

Xz _Wz‘(x,) ) l'(X,) =arg mm j
Jj=LL
where N is the number of test pixels.

— classification rate that shows relative number of correctly classified test pixels.
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Results of image processing

In order to choose the best neural network architecture, we ran experiments for each image varying the following
parameters:

- size of sliding window of images that define number of neurons in input layer of neural network;
- number of neurons in output layer, i.e. sizes of 2-dimensional output grid.
Other parameters that were used during image processing are as follows:
- neighborhood topology: hexagonal;
- neighborhood kernel around the winner unit: Gaussian function;
- initial learning rate: 0.1;
- number of training epochs: 20.

Initial values for the weight vectors are selected as a regular array of vectorial values that lie on the subspace
spanned by the eigenvectors corresponding to the two largest principal components of input data (Kohonen
1995). Using this procedure, computation of the SOM can be made orders of magnitude faster, since (i) the SOM
is then already approximately organized in the beginning, (i) one can start with a narrower neighborhood function
and smaller learning rate. The results of experiments for images are resented in Table 2.

For image with higher spatial resolution (ERS-2 and RADARSAT-1) the best results were achieved for larger
input sliding window 7-by-7. In turn, for ENVISAT/ASAR WSM image we used sliding window of smaller size 3-
by-3. The use of higher dimension of input window for ENVISAT image led to the coarser resolution of resulting
flood extent image and reduced classification rate.

Table 2. Results of SAR images classification using SOMs

Satellite image Input Output grid of | Classification rate for test pixels
dimension neurons «No water» | «Water» Total
ERS-2 7-by-7 5-by-5 99.81 99.86 99.90
ENVISAT 3-by-3 7-by-5 100.0 95.70 98.44
RADARSAT-1 7-by-7 5-by-5 99.99 91.92 96.03

The resulting flood extent images for ERS-2, ENVISAT and RADARSAT-1 satellite are shown on Fig. 3-5.

@ | (b)

Fig. 3 Raw ERS-2 image (a) and resulting flood extent shown with white color (b) for Tisza river, Ukraine and
Hungary (© ESA 2001)
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(a) (b)

Fig. 4 Raw ENVISAT image (a) and resulting flood extent shown with white color (b) for Huaihe river, China
~(©ESA 2007)

(@) | E—
Fig. 5 Raw RADARSAT-1 image (a) and resulting flood extent shown with white color (b) for Huaihe river, China
(© CSA 2007)

Conclusions

In this paper we proposed neural network approach to flood extent extraction from SAR imagery. To segment and
classify SAR image, we apply self-organizing Kohonen’s maps (SOMs) that possess such useful properties as
ability to automatically discover statistically salient features of pattern vectors in data set, and to find clusters in
training data pattern space which can be used to classify new patterns. As inputs to neuron network, we use a
sliding window of image pixels intensities. We ran experiments to choose the best neuron network architecture for
each satellite sensor: for ERS-2 and RADARSAT-1 the size of input was 7-by-7 and for ENVISAT/ASAR the
sliding window was 3-by-3. The advantages of our approach are as follows: (i) we apply sliding window to
process the image and thus considering spatial connection between pixels; (i) neural network’s weight vectors
are adjusted automatically by using training data. This enables implementation of our approach in automatic
services for flood monitoring. Considering the selection of test pixels to calibrate the neuron network, i.e. to
assign each neuron one of the classes, this process can be also automated using geo-referenced information on
water bodies for the given region.

We applied our approach to derive flood extent from SAR images acquired by three different sensors: ERS-
2/SAR for Tisza river (Ukraine); ENVISAT/ASAR and RADARSAT-1 for Huaihe river (China). Classification rates
for manually selected test pixels were 99.99%, 91.92% and 96.03%, respectively. These results demonstrate the
efficiency of our approach.
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OUTLIERS RESISTANT LEARNING ALGORITHM
FOR RADIAL-BASIS-FUZZY-WAVELET-NEURAL NETWORK
IN STOMACH ACUTE INJURY DIAGNOSIS TASKS

Yevgeniy Bodyanskiy, Oleksandr Pavlov, Olena Vynokurova

Abstract: In this paper an outliers resistant learning algorithm for the radial-basis-fuzzy-wavelet-neural network
based on R. Welsh criterion is proposed. Suggested learning algorithm under consideration allows the signals
processing in presence of significant noise level and outliers. The robust learning algorithm efficiency is
investigated and confirmed by the number of experiments including medical applications.

Keywords: computational intelligence, hybrid architecture, wavelet, fuzzy-wavelet neural network, robust learning
algorithm, outliers resistant.

ACM Classification Keywords: .2.6 Learning — Connectionism and neural nets.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

Introduction

Nowadays artificial neural networks (ANN) have gained the significant prevalence for solving the wide class of the
information processing problems, uppermost for the identification, emulation, intelligence control, time series
forecasting of arbitrary kind under significant noise level, and also the structural and parametric uncertainty.

The multilayer feedforward networks of three-layer perceptron type, where the elementary nodes are so-called
P - neurons with monotonic activation functions are the most known and popular. The efficiency of the multilayer
networks is explained by their universal approximation properties in combination with relative compact
presentation of the simulated nonlinear system. It means, that they can be used successfully in the tasks of the
simulation (emulation) non-linear systems, which can be described by the equation

y(k) = F(x(k)) + & (k), (1)

where y(k) is the output system signal in % -th instant of discrete time £ =0,1,2,..., x(k)e X - (nx1) is the
vector of input signal, including both exogenous variables and previous values of the output signal, £ (e) is the
arbitrary function, generally in some unknown form, &(k) is the unobserved disturbance with unknown
characteristics. Usually it is assumed that function F(e) is defined either on the unit hypercube or on the
orthotop

x,(k)e[x™,x™,i=1,2,...,n,

i 27

min max

where x™, x™ are the known low and upper limits of the i -th input influence variation.

The principal disadvantage of the multilayer networks is the low learning rate which is based on backpropagation
algorithm which makes their application in the real time tasks impossible.

Alternative to the multilayer ANNs are the radial basis function networks, having one hidden layer consisting of,
so-called, R -neurons. These networks learning is realized on the level of the output layer which is usually
represented by the adaptive linear associator [1-6]. Unlike P -neurons, R -neurons conventionally have bell-
shaped activation function £, (x), where the argument is a distance (usually in Euclidean metric) between the

current value of input signal x(k) and the center ¢, of the j-th neuron, i.e.
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@, (x(k)) =¢j[i<x,- (k)—cj,-fj =¢j(\\x<k>—c,-\\2). )

The principal advantage of RBFN is the high learning rate in the output layer, because the turning parameters are
linearly included to the network description. At the same time the problem of R -neurons centers allocation is
remaining, and its unsuccessful solving leads to the «curse of dimensionality» problem. Using clustering
techniques though allows reducing the size of the network, but excludes the possibility of on-line operation. Here
it can be noted, that in [7] the gradient recurrent procedure of the component-wise tuning parameters ¢, is

described, but it is characterized by the low learning rate.

Along with neural networks for the arbitrary type signals processing, in the last years the wavelet theory is used
sufficiently often [8-9], providing the compact local signal presentation both in the frequency and time domains. At
the turn of the artificial neural network and wavelets theories the wavelet neural networks [10-15] have evolved
their efficiency for the analysis of nonstationary nonlinear signals and processes.

Elementary nodes of the wavelet neural networks are so-called radial wavelons [16], where the activation
functions are the even wavelets with argument in form the Euclidian distance between x(k) and wavelet

translation vector c;, where that every component of distance ‘xl. (k)- cﬁ‘ is weighted by the dilation parameter

o such, that

n

¢j(x(k))=¢j (Z((xi(k)_cji)/o-ji)zj ) (3)

i=1

where ¢, (e) is wavelet activation function. The receptive fields for such wavelons are hyperellipsoids with axes

which are collinear to coordinate axes of the space X .

Taking into consideration the equivalence of radial basis ANN and fuzzy inference systems [17, 18], and also
possibility of using even wavelet as a membership function [19, 20], within the bounds of the unification paradigm
[16] we can talk about such hybrid system as Radial-Basis-Function-Wavelet-Neuro-Fuzzy Network (RBFWNFN)
having the radial-basis function network fast learning ability, fuzzy inferences systems interpretability and
wavelet's local properties.

It can be noted, that mostly tuning algorithms based on traditional squared learning criteria in the case of the
processing data being contaminated by outliers with unknown distribution law, have shown themselves very
sensitive to anomalous outliers. Thus the actual task is a synthesis of the robust learning algorithms, that allow
signal processing in presence of anomalous outliers.

This paper is devoted to synthesis of robust learning algorithm for RBFWNN, which has adjustable level of
insensitivity to the different kind of outliers, rough errors, non-Gaussian disturbances, has high convergence rate
and provides the advanced approximation properties in comparison with conventional computational intelligence
systems.

1. Radial-basis-fuzzy-wavelet-neural-network architecture

Let us consider the two-layers architecture shown on fig. 1 that coincides with the traditional radial-basis neural
network. The input layer of the architecture is the receptor and in current time instant & the input signal in vector

form x(k) = (x,(k),x,(k),...,x,(k))" is fed on it. Unlike radial basis function network the hidden layer consists
of not by R -neurons, but by wavelons with wavelet activation function in the form

@, (x(k)) =, ((x(k) =)' Q) (x(k) —¢))), j=1,2,...., (4)
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in which instead of translation parameters o, in (1) the positive-definite dilation matrix O, is used, i.e. it is not
Euclidian distance, but Itakura-Saito metric [21].

1P (k) > ,(I.) A)
x,(k) \
= v
p.(x(k)) w (U
- \ I(A)
(k)
Lo (x(k)) R (l\)
x(k)°
-
ga,,{\(k}}—» W (A)

P
Fig. 1 — Radial-basis fuzzy wavelet neural network

This results to the fact that receptive fields — wavelons hyperellipsoids (2) can have the arbitrary orientation
relatively to the coordinate axes of space X , what extends the functional properties of RBFWNN.

Fig. 2 shows the wavelons activation function (2) with arbitrary matrices Q, .

Fig. 2 — Wavelons activation function with arbitrary matrices Q,

And at last, the output layer is the common adaptive linear associator with tuning synaptic weights w,
h
) =w, + 2w, ((x(k) =) Q)" (x(k) —c;)) = w' p(x(k)), (5)
Jj=1

where @, (x(k) =1, w=(wy, W, wy,...,w,)", @(x(k)) = (1, (x(K)), 0, (x(K)), .., 0, (x(K)))" .
Thus the tuning parameters of architecture to be determined in the learning process form the set of the A +1
synaptic weights w., & (nx1)-vectors ¢; and & (nxn)-matrices Q]fl. In total such network includes %

(1+n+n")+1 adjustable parameters.
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2. The robust learning algorithm for radial-basis-fuzzy-wavelet neural network

The experience shows that the identification methods based on the least square criterion are extremely sensitive
to the deviation of real data distribution law from Gaussian distribution. In presence of various type outliers, an
outrage errors, and non-Gaussian disturbances with “heavy tails” the methods based on the least squares
criterion loose their efficiency.

In this case the methods of robust estimation and identification [22] which have obtained the wide spread for the
learning of the artificial neural networks [23-25] appear on the first role.

Let’s introduce into the consideration the learning error

e(k) = y(k) = (k) = y(k) = w" (k)p(k) (6)
and robust identification criterion by R. Welsh [26, 27]
E(k) = (k) =/ In(cosh(e(k)/ §)), Y

where [ is a positive parameter, that is chosen from empirical reasons and defining the size of zone of
tolerance to outliers. It is necessary to note, that robust criterion (7) satisfies to all metric space axioms.

Further we shall consider synthesis of the learning algorithms. For the synaptic weights and the waveleon
parameters (vectors ¢, and matrices ijl) tuning we use gradient minimization of criterion (7), thus unlike the

component-wise learning considered in [7], we make some corrections in the vector-matrix form, that, firstly is
easier from computing point of view, and secondly it allows to optimize learning process on the operation rate.

In general case the learning algorithm can be written in form
w(k+1) =w(k)-n,V E(k),
c;(k+)=c,(k)-n V. Ek), j=12,..h, (8)

0, (k+D)=0;' (k) ~1,, {0E()[00)'}, j=1,2,....h,

where V E is vector-gradient of the criterion (7) on w, V. E is (nx1) -vector-gradient criterion (7) on c; ;
{8E(k)/ GQ;I} is (nxn)-matrix, formed by partial derivatives £ on components Q]T'; Mys Mo, 1,0 8T8 the

learning rates.

For arbitrary wavelet o((x(k)—c,)" O;' (x(k)—c,)) we can write

V, E(k) =~ tanh (e(6)] £) ¢, ((x(k) - ¢, (k) O} (k)x(k) —¢, (K))) =~ tanh (e(k)/ £)J,, (k),
V. E(k) = tanh(e(k)] B)w, (6)g, (x(k) - ¢, (k) O} (k)x(k) —¢, (k)
-0, () (x(k) — ¢, (k) = tanh (e(k)/ £)J,, (k), )
{OE(k)/00;"} =B tanh (e(k)/ B) w, (6)o (x(k) - ¢, (k) O] (R)(x(k) ¢, (K)))
() = ¢, (RNG(k) = ¢, (k) = tanh (e(k)/ B)J,,,(K),

where goj’ (e) is the derivative ;-th wavelet on the argument (x(k)—c; (k))Tij1 (k) (x(k)—c; (k).
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Then the wavelons learning algorithm of the hidden layer subject to (9) is taking the form
w(k +1) = w(k) + 1, S tanh (e(k)/ 8) @, (x(k) —¢; (k)" O;" (k)(x(k) ¢, (k))) =
= w(k)+7, tanh(e(k)/ B)J,, (k),
c;(k+1)=c,;(k)- m,ﬂtanh(e(k)/ﬂ)w,- (K)o, (x(k) ¢, (k)" O; (k)(x(k) = ¢, (k))) -
-0 (k)(x(k) = ¢, (k) = ¢; (k) - 1., tanh(e(k)/ﬂ)]c/ (k),
0/ (k+)=0;'(k)+ Mg pranh(e(k)/ B)w;(k)p, (x(k)—c, (k)" OF (k)(x(k) — ¢, (k)))-
- (x(k) =, (k) (x(k) =, (k)" = 0} (k) +77,,, tanh (e(k)/ B) J .. (k),

(10)

at that convergence rate to the optimal value w, ¢, and QJT1 is completely defined by learning rate parameters
ﬂw’ ncj and 77Q,71 .

The learning rate increasing can be achieved by using procedures more complex than gradient ones, such as
Hartley or Marquardt procedures, that for the first relation (10) can be written in general form [28]

wk+1)=wk)-A,(J, (k)L (k)+n,1)"J, (k) tanh(e(k)/ﬂ), (1)

where [ is the (nxn)-identity matrix, A

w

is a positive dampening parameter, 7, is @ momentum term
parameter.

Using the inverse matrices lemma and after applying simple transformations we obtain the effective parameters
learning algorithm in the form

w(k +1) = w(k) - 4, (tanh (e(k)/ ), (k) / (m |, B )
¢, (k+1)=c, (k)= ,(tanh (e(k)/ B)J, (k)| / (qc T

7,6 ) (12

0} (k+1)=0]' () + 4, (tanh(e(k) 18)J,,. (k)) / (77 o HTFL (R, (k))).

In order to add more smoothing properties, using approach proposed in [29], we can introduce the modified
learning procedure:

Wk £ 1) = (k) 5 4, tanh(e(k)(/ S)JW (). ko) a0+ o s
771/»’
h(e(k)/B)J, (k 2
e A= ()4, tanh (e(k)/B)J, ( )’ o Gen—an D+l @l
‘ . ' 77¢J (k) / J g
o . tanh (e(k)/ B)J .. (k) T
Oy (k+1)=0; (k) + 4, D Mg (k+ 1) =at, 77, (k)+Tr(JQ;1 (k+1)J,, (k+1))

(here OSaWSI,OSaC/ sl,OSO:QTl <1 are the parameters of weighting out-dated information), being

nonlinear hybrid of the Kaczmarz-Widrow-Hoff and Goodwin-Ramadge-Caines algorithms and including both
following and filtering properties.

(13)



60 Advanced Research in Artificial Intelligence

3. Results of the experimental research

In the first experiment the developed robust learning algorithm was tested out on the basis of a signal with
intensive outliers. The signal had been obtained using Narendra’s nonlinear dynamical system (it is a standard
benchmark, widely used to evaluate and compare the performance of neural and neuro-fuzzy systems for
nonlinear system modeling and time series forecasting) whose output signal is artificially contaminated by random
noise generated according to the Cauchy distribution with the inverse transform method described by equation in
form

F;(x)zxo+)/tg[7r(x—0.5)] (14)

where x, is the location parameter, y is the scale parameter (y > 0), x is the support area ( x € (—o0,+)).

The nonlinear dynamical system is generated by equation in form [30]
y(k+1)=03p(k)+0.6y(k—1)+ f(u(k)), (15)

where £ (u(k))=0.6sin(u(k)) +0.3sin(3u(k)) + 0.1sin(5u(k)) and wu(k)=sin(2k/250), k is discrete
time. The values x(z —4),x(t—3),x(t—2),x(¢ —1) were used to emulate x(z+1). In the on-line mode of

learning, RBFWNN was trained with procedure (13) for 20000 iterations. The parameters of the learning algorithm
were S, =1,5=05,8,=05a,=0a =a,=099, A ,=4 =4, =099. Initial values were

n,,(0) =1, 0)=n o (0) =10000 . After 20000 iterations the training was stopped, and the next 1000 points

were used as the testing data set. Initial values of synaptic weights were generated in a random way from —0.1
to +0.1.

Fig. 3 a shows the results of the noised signal emulation (real values (dashed line) and emulated values (solid
line)). Fig. 3 b shows segment of the learning process; as it can be seen the number of outliers with large
amplitude, present in the beginning of the sample, didn’t have a significant influence on the learning algorithm.

NRMEEchk=0.1906
T T T T T T T T T 40 F

0F . 0r

of

-20F

A0t

-60F

-80F
-1001

-10F 1 1ol

100 200 300 400 500 600 700 : 800 800 1000 16 165 17 175 18 185 19 185
a) b)
Fig. 3 — Results of noised signal processing based on robust learning algorithm

The comparison of emulation results based on robust learning algorithm with results of emulation based on
gradient algorithm and the algorithm based on recurrent least squares method where the structure network and
the number of tuning parameters were identical was carried out.

Under RBFWNN learning using the gradient algorithm the first outlier in the beginning of the sample, had a
noticeable influence on the learning algorithm. Under RBFWNN learning using the recurrent least-squares
method the first occurred outlier leads to the covariance matrix so-called “parameters blow-up” what results in
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inability to emulate signals noised by anomalous outliers. Thus it is obvious that the proposed robust learning
algorithm allows signal processing under high level outliers noise conditions.

In Table 1 the comparison results are shown.

Table 1: The results of noisy signal emulation

Neural Network / Learning algorithm NRMSE
RBFWNN / Proposed robust learning algorithm (13) 0.1906
RBFWNN / The gradient learning algorithm 1.1242
RBFWNN / RLSM 0

The second experiment has been made on the data set, presented by Government Institution "Institute of
General and Urgent Surgery (Academy of Medical Sciences of Ukraine)". It has been carried out studying of the
homeostasis indexes dynamic of the patient with the stomach acute injury [31, 32] based on outliers resistant
radial-basis-fuzzy-wavelet-neural network. The indexes of oxygen cascade, system hemodynamics, daily pH-
measurement, and hypoxia marker and endotoxemia were analyzed. Result of processing studied clinico-
laboratory data set was the degree defining of enteral deficiency, that it has allowed to lead the adequate
stomach-protect diagnosis and therapy.

Conclusion

In the paper computationally simple and effective all RBFWNN parameters robust learning algorithm is proposed.
The robust learning algorithm has following and smoothing properties and allows on-line processing of non-linear
signals under a number of outliers and “heavy tails” disturbances. Addition of wavelons receptor fields, including
their transformations (dilation, translation, rotation) allows to improve the network approximation properties, that is
confirmed by the experiments research results.
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INTELLIGENCE ALGORITHMS
FOR INCREASING NAVIGATION SYSTEMS ACCURACY

Aleksandr Zbrutsky, Mohamed Rahmouni

Abstract: Application of neural network algorithm for increasing the accuracy of navigation systems are showing.
Various navigation systems, where a couple of sensors are used in the same device in different positions and the
disturbances act equally on both sensors, the trained neural network can be advantageous for increasing the
accuracy of system. The neural algorithm had used for determination the interconnection between the sensors
errors in two channels to avoid the unobservation of navigation system. Representation of thermal error of two-
component  navigation sensors by time model, which coefficients depend only on parameters of the device, its
orientations relative to disturbance vector allows to predict thermal errors change, measuring the current
temperature and having identified preliminary parameters of the model for the set position. These properties of
thermal model are used for training the neural network and compensation the errors of navigation system in non-
stationary thermal fields.

Keywords: neural network, navigation system, time model of the sensors errors, errors interconnection function,
unobservation, model adequacy, verification, neural network algorithm, increasing the accuracy

ACM Classification Keywords: I.5.1 Models - Neural nets

Conference: The paper is selected from International Conference "Intelligent Information and Engineering Systems"
INFOS 2008, Varna, Bulgaria, June-July 2008

Introduction

Neural networks (NN) can solve many problems that could not be approached previously in any practical way. NN
have been trained to perform complex functions in various fields of application, where they already have been
applied, including control and navigation systems. The basic trends of using this theory are connected with the
solution of complicated practical tasks. At present time there are various types of NN, which are assigned to solve
diverse tasks. These models differ in connection structure methods of weight determination or teaching principles
[Heerman, 1992]. Control systems anyhow using artificial NN are one of possible alternatives to classical control
mode. The opportunity of using NN for solving problems of control in many respects is based on that NN consists
of two layers, where the first layer is sigmoid and the second layer is linear, can approximate any function of real
numbers with the set degree of accuracy [Rauch, Winarske, 1988].

The purpose of paper is to show that in many navigation systems such as inertial navigation systems and
strapdown navigation systems, where a couple of sensors are used in the same device in different positions and
the disturbances act equally on both sensors, the trained NN can be advantageous for increasing accuracy of
such navigation systems. As a particular case a NN to designate the interconnection function of dynamically
tuned gyroscope (DTG), which is used in Kalman algorithm to avoid the unobservation of the system, is trained,
after that the errors of corrected gyrocompass, that allow to increase the accuracy of course determination is
estimated.

Errors time model

Math model of DTG can be presented as follows:

o Y =d =dy+Adp. 0 Y == fy+ Ay
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where ¢, 3, - systematic errors and Ad,,AS, - thermal errors.

As long as the analysis of thermal errors components shows their mainly linear dependence on temperature, then
subject to temperature variation in an unsteady thermal field can be written:

Adiy =iLk(1—e""/fk); AB, =§:Rk(1—e_kt/”); (1)
k=1 k=1

L, , R, - constant coefficients depend generally on ambient temperature, disturbance that acts on gyroscope and
gyroscope parameters; 7, is determined only by gyroscope parameters.

The examination of the character of DTG thermal errors variation (1) enables the functional dependence of errors
to be presented as power series

a=Yat’; f=Xbt (2)
=0 =0

which are regression equations.

Findings in (1) show that the errors variation in both measurement channels in time, in unsteady thermal fields,
depend in the one way on the temperature change. The received dependences of DTG thermal errors show, that
the change of its errors on both axes in time at non-stationary thermal fields is described in workmanlike manner
qualitatively by similar dependences, and depend identically on temperature change.

Thus the unity of influence of factors (both determinate and casual), causing the change of disturbing moments of
a gyroscope (thermal or magnetic fields, gravitation, etc.) on both measuring axes takes place.

In order to solve the task of algorithmically increasing the accuracy of gyrocompass by compensating DTG
thermal errors, it is necessary to make sure that coefficients «,,b, (2) for the given device remain constant. With

this purpose statistical equality of pairs coefficient b,,b; a,,a; , received at various tests of DTG, is verified.

For an estimation of means of distribution A/ (a;) and M (a;) - their best estimations of samples a; a; are
utilized, and for an estimation of a dispersion o* - selective estimations:

1 zl(ai _Ei)z , §a’i2 _ 1 zz(alr _Evi )2 )
n -1 i=1 n, -1 i=1

o 2
Sai -

§ai2 (m -+ ga'iz (n, =1) .

The best estimation for dispersion in this case is 2 =
n+n,—2
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If a hypothesis M (a;) = M(a)) it is fair, then random variable (a; —a;) submits to the normal law of

distribution with average of distribution equal to zero and dispersion equal to o> = (L+L) .
non

. . . N 1 |
As sample estimate of dispersion D(a, —a]) usually accept an estimation of S°(,-a;) = (n— + n—)S 2,
1 2

If the random variable @, — a; submits to the normal law of distribution, so statistics

t, = (@, —a)-M(a, ~a) _ (@, -a)- M@ -a) has 7,- Student distribution, and
Sa,-al) (i N L) (n, -S> +(n, =S’
non, n+ny,—2
k=n+n,-2.

Having chosen probability p =1-e« , according to the table z, of distribution it is possible to determine critical

value ¢ for which  p(z.

cnl+n2-2;0 0 > tcnl+n2—2;a) =a.

If the calculated value

tC

>t with the probability of p =1-« then divergence of a,,a; will be

cnl+n2-2;a

considered to be significant (not casual).
Experimental measurement of DTG drift change at the change of external temperature is shown on fig. 1.

B, -
° T I I T T I
Deg/h I I I I | |
62— — -l ___L___d____-___|
| | | | | |
| | | | | |
] e e At f ki i i
T
! NN U Y b At L |
628 | l“\ I i | | |
L I | | |
6.3———— e .
| | | | |
d | | | | |
R e O 1 e e At St Bl
t | | | | | |
eaal ol 0 L ___]
| | | ] | |
| | | | | | |
63t ——+———d————————+———4——————— —
| | | | | |
[ | | | | | l
B e e e e
| | | | | |
64 | | | I | |
0 20 40 60 80 100 120
0) t time

Fig. 1. Dependence of DTG drift at external temperature change on two channels.

The carried out statistical testing of coefficient values «,,b, according to the resulted technique has shown, that
with the probability of 95 %, regression coefficients of the equations (2) at identical initial conditions are constant.

Function of the gyroscope drift, which approximated by polynomial (1), can be inadequate to observable values of
the drift. Therefore it is necessary to check up its adequacy to the experiment data with the help of calculations
deviation estimation of function values (2) from experimentally established ones, which are averaged by the
number of experiences at factorial space points. For deviations estimation, Fisher's criterion is used.

In the table 1 the results of verification of statistical significance of regression coefficients estimation are adduced.
It is seen, that the model (2) is adequate to the experiment at a significance value of ¢ =0.05, since

F

cale

<F;ab'

The obtained and statistically estimated mathematical model of gyroscopes thermal drift has shown its adequacy
to physical process that allows using it for solution tasks of algorithmically increasing the accuracy of
gyrocompass.
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Verification of DTG drifts has confirmed their repeatability. Let's determine interconnection function between drifts

a, ,81 of a gyroscope in its different channels.

Advanced Research in Artificial Intelligence

Table 1. Verification of model adequacy

Statistical characteristic Gyroscopes orientation
H Vertical H Horizontal
| channel | Il channel | | channel | Il channel
S2(deg/ h)? 1,975102 | 1,144 102 | 5,43102 | 5,83 102
S (deg/ h)? 4,1969 102(1,9837 10-2|6,7338 10-2|7,1884 10-2
F .. 2,125 1,734 1,566 1,233
Tabulated value F - criterion at significance value ¢=0.05, F =2.52.

Neural network algorithm

The possibility of using neural network algorithm to determine the interconnection between the DTG's two drifts in
both its channels is approved by training the neural net work and defining weight coefficients and biases, the

algorithm’s input and output are ¢, = w.” and A, = w," accordingly

dr
£¢ﬁ

linear func.

SUmm

Fig. 2. Model of neural network of a straight propagation for DTG drift approximation

N
o, " () =YW, - (sigm(W,,; - .” (1) +b;,)) + b,

Jj=1

where W, i

W,,; — weight coefficients; 5,, b, — biases, N- number of neurones in net's hidden layer.

The teaching algorithm of neuronet are the next.

1-st step. Weights of the net are given smalll initial values.

2-d step. The next teaching pair ( X,Y ) are selected from the teaching ensemble; vector X is delivered to net's
input.

3-d step. The output of the net is calculated.

4-d step. The difference between the required (target, ¥ ) and the real (calculated) net's output is calculated.

5-th step. Weights are adjusted so, to minimize the accuracy (in the beginning the weights of the output layer,
then with the use of differentiation complicated functions rule and the above mentioned derivative sigmoidal
function, then the weights of previous layer and son on)

6-s step. Steps from the 2-nd to the 5-th are repeated for each pair of the teaching ensemble until the error in all
ensembles does not reach the acceptable value.

Steps 2 and 3 similar to that carried out in the taught yet net.
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The experimental investigations showed that the absolute error of estimating one drift by using the
interconnection function (3) and the known other drift is less then 2%.

Increasing the accuracy of gyrocompass

Confining the analyze of those gyrocompass errors that caused by gyroscope drifts only, then the precession
equations of gyrocompass motion when the ship is moving at a constant speed, heading and without heaving are
[Zbrutsky, Nesterenko, Prokhorchuk, Lukjanenko, 1997]:

a-w,f=ks+o;
/?+wna=—kz§+a)f’; (4)
T5+5=4,

where «,f - deviation angles of the gyrocompass principal axis from the meridian and horizon areas

accordingly (« — gyrocompass error); 6 — output signal of accelerometer amplifier; T, — constant time of
accelerometer amplifier; o, — angular velocity northern projection of geographic accompanying trihedron turn;

k., k,—torque’s pendular and damping slopes; a)f’, a)jfr — gyroscopes drifts angular velocities around vertical
and horizontal axes.

The application of Kalman optimal filter method to a gyrocompass in its standard statement (4) shows, that the
positive result of increasing the accuracy cannot be achieved because of the nonobservability system. But the
use of the offered interconnection function between gyroscope drifts (3) and the application of Kalman optimal
filter method allows to estimate the heading identification errors and algorithmically compensate them.

a—a
grad
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0 il
-0.005 J |

=
—
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-0.015
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Fig. 3. Kalman optimal filter estimation of the gyrocompass heading error
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Then (4) will be
a-o,f=ko+ o
,B+ w, 0= —kzé'+f(a)j’);
T,0+8=p;
¥ =w,.

where f(w“.)= w® - horizontal drift as function of vertical drift, 7, - white noise.

It is obvious from the fig. 3, that the estimated fault of the gyrocompass heading error, using the Kalman optimal
filter and the proposed interconnection function between the two drifts of DTG, does not exceed 0.02 degrees and
the standard deviation of this error is less than 0.003 degrees.

Conclusion

Using the above discussed method we assume that it can be used for improving accuracy characteristics of many
navigation systems where two one-component sensor are used in the same device in different positions such as
accelerometers, strap down inertial systems etc.
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A DNA CODIFICATION FOR GENETIC ALGORITHMS SIMULATION

Angel Goni, Francisco José Cisneros, Paula Cordero, Juan Castellanos

Abstract: In this paper we propose a model of encoding data into DNA strands so that this data can be used in
the simulation of a genetic algorithm based on molecular operations. DNA computing is an impressive
computational model that needs algorithms to work properly and efficiently. The first problem when trying to apply
an algorithm in DNA computing must be how to codify the data that the algorithm will use. In a genetic algorithm
the first objective must be to codify the genes, which are the main data. A concrete encoding of the genes in a
single DNA strand is presented and we discuss what this codification is suitable for. Previous work on DNA
coding defined bond-free languages which several properties assuring the stability of any DNA word of such a
language. We prove that a bond-free language is necessary but not sufficient to codify a gene giving the correct
codification

Keywords: DNA Computing, Bond-Free Languages, Genetic Algorithms.

ACM Classification Keywords: |.6. Simulation and Modelling, B.7.1 Advanced Technologies, J.3 Biology and
Genetics

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Since the beginning of computation, John Von Neumann held that the different machine models should try to
imitate the functions which take place in living beings. Recently, two paradigms of biological inspiration are being
applied very satisfactorily to the resolution of problems: neural nets and genetic algorithms. Nowadays, computer
scientist try to go a little bit further by working with the same row material the nature does. That is the case of
Leonard Adleman who is the pioneer in this field and solved a problem using real DNA strands. In a short period
of time DNA based computations have shown lots of advantages compared with electronic computers. DNA
computers could solve combinatorial problems that an electronic computer cannot like the well known class of NP
complete problems. That is due to the fact that DNA computers are massively parallel [Adleman, 1994].

Despite all the impressive benefits that DNA computations have, they also have several drawbacks. The biggest
disadvantage is that until now molecular computation has been used with exact and “brute force” algorithms. It is
necessary for DNA computation to expand its algorithmic techniques to incorporate aproximative and probabilistic
algorithms and heuristics so the resolution of large instances of NP complete problems will be possible. Without
algorithms DNA computing has linear time solving NP-Complete problems but exponential space.

DNA, deoxyribonucleic acid, is the main motor which moves this new computer paradigm. A DNA molecule
consists of two single strands twisted. Each strand is a long polymer of bases. Four different bases are presented
in DNA: adenine (A), thymine (T), cytosine (C) and guanine (G). It is the sequence of these four bases that
encodes information

Leonard Adleman [Adleman, 1994], an inspired mathematician, began the research in this area by an experiment
using the tools of molecular biology to solve a hard computational problem in a laboratory. That was the world’s
first DNA computer. A year later Richard J.Lipton [Lipton, 1995] wrote a paper in which he discusses, in detail,
many operations that are useful in working with a molecular computer. After this moment many others followed
them and started working on this new way of computing.

Adleman’s experiment solved the travelling salesman problem (TSP). The problem consists on a salesman who
wants to find, starting from a city, the shortest possible trip through a given set of customer cities and to return to
its home town, visiting exactly once each city. TSP is NP-Complete (these kinds of problems are generally
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believed cannot be solved exactly in polynomial time. Lipton [Lipton, 1995] showed how to use some primitive
DNA operations to solve any SAT problem (satisfiability problem) with N binary inputs and G gates (AND, OR, or
NOT gates). This is also a NP-Complete problem.

Genetic Algorithms (GA’s) are adaptive search techniques which simulate an evolutionary process like it is seen
in nature based on the ideas of selection of the fittest, crossing and mutation. GAs follow the principles of
Darwin’s theory to find the solution of a problem. The input of a GA is a group of individuals called initial
population. The GA following Darwin’s theory must evaluate all of them and select the individuals who are better
adapted to the environment. The initial population will develop thanks to crossover and mutation.

John Holland in 1975 was the first one to study an algorithm based on an analogy with the genetic structure and
behaviour of chromosomes. The structure of a basic genetic algorithm includes the following steps. (1) Generate
the initial population and evaluate the fitness for each individual, (2) select the best individuals, (3) cross and
mutate selected individuals, (4) evaluate and introduce the new created individuals in the initial population. All
those steps together are called a generation.

Before generating the initial population, individuals need to be coded. That is the first thing to be done when deal
with a problem so that it can be made combinations, duplications, copies, quick fithess evaluation and selection.
Nature is a big genetic algorithm in which we are the individuals of the problem. Each of us is coded as a base
sequence. We are all different form each other thanks to that sequence. A concrete code must have some
characteristics that identify the individual to be more or less qualified.

A GA receives an initial population and after several generations, some codes will disappear and others will
appear more often. That is how we can get the solution of the problem without exploring the complete search
space.

Previous work on molecular computation for genetic algorithms [J.Castellanos, 1998] shows the possibility of
solving optimization problems without generating or exploring the complete search space. A recent work
[M.Calvifio, 2006] produced a new approach to the problem of fitness evaluation declaring that the fitness of the
individual should be embedded in his genes (in the case of the travelling salesman problem in each arch of the
path). In both cases the fitness will be determined by the content in G+C (cytosine + guanine) which implies that
the fitness of an individual will be directly related with the fusion temperature and hence would be identifiable by
spectophotometry and separable by electrophoresis techniques [Macek 1997] or centrifugations.

Gene Characterization

In DNA computing is very important to know that instability of DNA strands can cause undesirable reactions.
When facing a problem of any kind, one of the most important things to do is assuring that the data the problem
will use is stable. It does not matter whether we are working with DNA or not to carry out this task. During the next
sections we will tackle the problem of data encoding in DNA computing problems, concretely, in a simulation of a
genetic algorithm with DNA.

The input data for DNA computing must be encoded into single or double DNA strands. Many conditions can
cause loss of DNA bases or strand breakage and due to the Watson-Crick complementarity’s parts of single DNA
strands can bind together forming a double-stranded DNA sequence. Also, several DNA operations like
electrophoresis or isopycnic centrifugation, which are absolutely essential for a correct DNA computation, are
based on certain characteristics of the DNA strands. Those characteristics can not be altered if we want carry out
a problem with DNA. For example, in the case of genetic algorithms, electrophoresis helps us to select the better
adapted individuals. That operation is essential for the process of selection of the fittest and we have to take it
into account we generating our data: the genes.

We must take care of all these conditions and characteristics so that we can assure the stability of every data of
our problem. We can not choose our data randomly making long sequences of bases (A, C, G, and T) because
as bigger is our initial data set, more mistakes we will find during the computation.
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Taking all into account, we can distinguish two different problems: codification of a stable DNA language and
codification of the genes.

Codification of a DNA language.

First of all we have to recall a list of known properties of DNA languages which are free of certain types of
undesirable bonds and give a solution as a uniform formal language inequation [Lila Kari, 2004]. That is to create
a language from which you can choose any word and be sure of the stability of that DNA molecule.

Codification of the genes.

We want to highlight the possibilities that offer the storage of the information in genes, one word is saved in a
different gene, and these genes possess numerous properties (weight, size, ability). Some of the most precise
operations that we can realize with the DNA are based on these properties. In our simulation each gene has a
different amount of C+G bases. That condition identifies each gene.

When simulating a genetic algorithm, the individuals are formed by several genes and each gene has its own
information or characteristic. This characteristic is the content of Cytosine and Guanine they have. An individual
would have this aspect:

PCR-primer Np Rep XY REO XY RE1 ... REn-1 XY Rep Np-1 PCR-primer
XY (gene) is better evaluated as more C+G content

Were the beginning of the individual and the end of it is the almost the same sequence of bases (PCR-primer Np
Rep) and the different genes are separated by restriction enzymes (RE).

In this way the individuals are already evaluated. Once they are evaluated we must select them. By isopycnic
centrifugation we can select the best suited to their environment. This technique is used to isolate DNA strands
basing on the concentration of Cytosine and Guanine they have. The relationship between this concentration and
the density () of the strand is:
0 =0,100[%(G+C)] + 1,658

To begin the analysis, the DNA is placed in a centrifuge for several hours at high speed to generate certain force.
The DNA molecules will then be separated based primarily on the relative proportions of AT (adenine and
thymine base pairs) to GC (guanine and cytosine base pairs), using 6 to know that proportion [Gerald Karp,
2005]. The molecule with greater proportion of GC base pairs will have a higher density while the molecule with
grater proportion of AT base pairs will have a lower density. In this way the different individuals (different paths or
solutions of TSP) are separated and can be easily selected.

With this technique we can identify one gene from the rest. But this work would be useless unless we codify the
rest of the gene using a stable DNA language. If not, the genes we define in a genetic algorithm could be altered
due to DNA instability.

The first problem can be solved using bond-free languages [Bo Cui, 2007] but those kind of languages do not
allow us to codify the genes. We can not choose a word of that language, a sequence of nucleotides, to make a
gene because it won't be different from the rest. These methods give a language which assures that any word w1
of such a language is stable and won’t bind together another word w, of the same language , but does not assign
a proportional weight to the different words of the language. This implies that the genes could not be arranged by
weight, preventing from realizing operations with DNA of that properties of the language could take advantage
directly.

Every genetic algorithm will need different genes. The genes are the initial data and they must be well defined in
order to obtain the correct solution to the problem. However, all the genes would have a similar format. This
format must solve both of the problems, codification of a DNA language and codification of the genes. We will use
a bond-free language to define most part of the gene but we will add some other characteristic (the fitness of the
gene) that must be suitable for a concrete problem. This would be the aspect of a gene:
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Bond-Free DNA language (w1) — Fitness(w3) — Bond-Free DNA language(w2) ‘

Gene Encoding Language
Words w1, w2, w3: nucleotide sequences

For the language used to surround the fitness we will use a bond-free language. This language assure stability
taking care of several conditions like temperature, complementarity, sequences of the same base, concentration
of G+C, etc. Any word we take from a bond-free language can be optimal for this task, taking into account that all
the words must be different to create different genes. A concrete problem will tell us how long this word must be
and how many nucleotides we will use to make this words.

That kind of language could be useful in the resolution of DNA problems that uses ‘brute force’. That is the case
of Adleman’s experiment. But if we try to go further in exploring the possibilities of DNA computing we must use
algorithms like, for example, genetic algorithms. To complete the Gene Encoding Language we use a certain
characteristic (fitness) which is outside ‘stable’ languages but are necessary to give a weight to each gene.

This characteristic which makes a gene different from the rest of the genes of the problem is based on the
concentration of Cytosine and Guanine they have. Here also the problem will tell us how long this word must be.
Anyway, this word should be much smaller than the other parts preserving the stability.

Example

Now we are going to establishing the notation that would allow us to describe the formalizations. Specifically, we
define the terms node, fitness, gene and language of genes. For this example we will use the well known
Travelling Salesman Problem (TSP), see figure 1. If the salesman starts at city X1, and it he distances between
every city are known, what is the shortest path which visits all cities and returns to city X1?

We define Xi as a node of the graph (a city), and Wij as the length or fithess of a archers in the graph (the
distance of the road).

We consider a gene as the minimal data unit of our problem and it is denoted by Yi. Yiis based on three
parameters { Xi + Wij + Xj} which are three different nucleotides sequence. The number of different genes in a
problem is always the same as the number of arches in the graph.

Yi={Xi+Wij+Xj} Ij=1.n
Once we codify all the genes, we have an alphabet of genes which can be used to form paths. A path is
composed by a sequence of genes and they are possible solutions of the problem. We represent a path by Zi.
We codify Xi using a bond-free language, and Wij using a special language that preserves the weight of the gene.
In this case, that special language gives each gene a different concentration of C+G.

More concentration of guanine and cytosine represent a shorter way. On the other hand, the lack of these
nucleotides means that the gene represents a long way between two cities.

X2

W24 =1

Xa

Fig. 1
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Fig. 1 represents a map with five cities. Several cities are connected by roads of length Wi The city X7 is the
initial city. Five nodes are represented {X1, X2, X3, X4, X5} and only six roads {W12, W13, W24, W34, Was, W15}.
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In figure 2 we assign each city a different nucleotide sequence based on a bond-free language in order to make
our data set stable. Also we assign sequences to the roads. The sequences of the roads are not chosen
randomly from a certain language. They are chosen by the rule explained before: as shorter a road is, more
concentration of C+G that gene would have. Only three values are possible for the roads as they are one, two or
three kilometres long.

To represent the cities we use a 4-base sequence and to represent the roads we use a 6-base sequence. A gene
is the conjunction of a departure city, a road and the arrival city. In this case there are only six different genes.
Those genes are:

The possible solutions of the problem are represented by a sequence of genes which we call a path. A possible
path for the TSP shown in figure 1 is the next;

| ANTT | GTTTIC | ATAT | ATAT | GGGCCC | TTTA § TTTA | GTTTTC | TAM | TAM | GGTICC | AMA § AAMA | GGGGCC | AATT |
Detail Way 1
Fig. 4

When all the paths are formed in a soup they do not bind together and they do not disappear because of strand
breakage. That is due to the fact that this gene encoding uses a bond-free language. Also, they can be easily
identified by several DNA operations like gel electrophoresis which select those paths with more C+G. Using this
technique will give us the shortest path of the problem



74 Advanced Research in Artificial Intelligence

Conclusion

One of the problems DNA computing has is the instability of the DNA strands. Many conditions can cause loss of
DNA bases or strand breakage and because of that the problem will probably be doomed to failure. We propose
a codification of data when solving a genetic algorithm with DNA. That is, a codification of the genes. In this
codification we take care of the conditions that can cause DNA instability and, at the same time, it is preserved
the identity of each gene. As a result of such a process we have a DNA codification forming genes that assures
stability of DNA and give a concrete property to each gene.

That property (fitness) which makes a gene different from the rest of the genes of the problem is based on the
concentration of Cytosine and Guanine they have. However, the base sequence which forms the fitness is a
small part of the DNA strand which represents a gene. For assuring DNA stability we use a bond-free language to
complete the gene.
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DISTRIBUTED GENETIC ALGORITHM IMPLEMENTATION
BY MEANS OF REMOTE METHODS INVOCATION TECHNIQUE - JAVA RMI
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Abstract: The aim of this work is distributed genetic algorithm implementation (so called island algorithm) to
accelerate the optimum searching process in space of solutions. Distributed genetic algorithm has also smaller
chances to fall in local optimum. This conception depends on mutual cooperation of the clients which realize
separate working of genetic algorithms on local machines. As a tool for implementation of distributed genetic
algorithm, created to produce net's applications Java technology was chosen. In Java technology, there is a
technique of remote methods invocation - Java RMI. By means of invoking remote methods it can send objects
between clients and server RMI.

Keywords: Genetic Algorithms and Evolutionary
ACM Classification Keywords: G.1.6 Optimalization — Global optimalization
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Introduction

To accelerate the optimum searching process in space of solutions for genetic algorithm, distributed genetic
algorithm (so called island algorithm [Schaefer, 2002]) was implemented. On the whole, a characteristic feature of
classical genetic algorithm is that it has small chances to fall in local optimum. It is very positive feature which
distinguish it from the other heuristic algorithms, but nothing is without a defect. Unfortunately, this algorithm has
this negative feature, that searching of global optimum lasts much longer than in other heuristic algorithms. It is
essential to aim at the acceleration of these algorithms.

To repeatedly accelerate working of any algorithm it is necessary to parallelize or distribute it. Parallelization
depends on this, that application which realizes this algorithm has a lot of threads and each of them realizes the
separate kind of working. In order to parallelization leads to acceleration of the algorithm this machine on which
the application is running must have a lot of processors or multi-threading processor, in such a way that each
thread can be run on separate processor or core of processor. Distributing of an algorithm relies on working
which is divided on a lot of machines and each of them realizes its separate part. These machines communicate
witch each other through the local net or the Internet. The most often there is also the main server on which there
are common resources and which manages the work of whole distributed system. Distribution of algorithm has
this advantage in comparison to its parallelization that the amount of machines in net unlimited, however, in
multiprocessor machine the more processors there is, the more complications occur with the selection of the
proper hardware to operate with any amount of processors. Regarding to this distribution of the algorithm not its
parallelization was chosen.

Nowadays, there are a lot of technologies which assist in creation of distributed systems. Some of them are
independent of platform and programming language as DCOM, CORBA, others are created for specific
programming language or platform as RMI mechanism in Java technology [Horstmann, 2003, 2005] or Remote
mechanism in .NET platform [Troelsen, 2006]. There is also a possibility of using ordinary TCP/IP sockets but it
would be a work from basis in coding/decoding of objects and its packetizing through net, so the best way is to
use already checked solution, so as a technology to work out distributed system, in this work Java and its
mechanism of Remote Method Invocation (RMI) was chosen.
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Working of local genetic algorithm

Genetic algorithm belongs to the group of heuristic algorithm [2], which does not search whole space of solutions,
but they work systematically going in some direction or directions of searching, which in particular moment seems
to be the most optimal. To the group of heuristic algorithms belong, among other things: Taboo search, ant's
algorithms, evolutionary algorithms. Most of these techniques were created on the basis of observation of nature
and man. Evolutionary and genetic algorithms were created on the basis of transferring nature evolution methods
on computer science area. The area of working genetic algorithms is, among other things, solving optimization
problems.

The whole idea of this solution depends on the existence of population of specific amount of individuals and each
of them has one or several chromosomes which are a sequence of bits or other data which represent single
genes, thanks to which they can intersect with each other and be mutated. Each of the individuals presents a
specific solution of the problem which is suitably coded in a chromosome. Besides a chromosome, each of the
individuals has a function of the adaptation which determines, which of the individuals (solution of the optimization
problem) are better and which are worse. The individuals or descendants of the individuals which have the best
function of the adaptation, have the highest chance of passage to next epoch, however, the individuals or
descendants of the individuals which have a worse function of the adaptation have small or none chances
depending on a method of the selection which was applied. Thanks to it every next epoch we have better and
better collection of the individuals — the evolution of whole population lasts. Thanks to this strategy, separate
solution is not favouring but a lot of the best solutions that lover chance of falling in local optimum.

Local genetic algorithm that work on single client's machine in presented in this work distributed system, works in
the same way as a classical genetic algorithm, with such a difference that sometimes the amount of individuals in
population is higher, when taking of the best individuals from server which came from other clients occurred. As a
problem of genetic algorithm, necessary to test its working searching of maximum function of two variables which
possess a lot of local maximums [3] was chosen.

F(x,y)= 2000—64(sin(x1*6”j+ sin[y :ZB —0.185*((x—64)> +(y — 64)*)

Values x and y coded in binary chromosome belong to range of <0,128>. If we assumed that C4 - C, are genes of
chromosome, so values x and y [3] can be work out from formulas:

x=Y ¢ %27 *128 y= Y *2" " *128
i=1 i=n+l

As a selection technique to the next epoch of individuals designed for reproduction the most popular method —
roulette was applied. It depends on application of virtual roulette in which each of the individuals has its own
segment proportional to value of its function of adaptation. In practice there are ranges of real values from range
<0,1>. Then, there is a drawing of a value from this range and checking to what range it belongs. An individual
which is associated with this range is admitted to the reproduction. Depending on this, if intersection follows or
not, either it or its descendants came to the next epoch. Reproduction occurs always on sorted in this way
individuals, regarding to this, if the intersection occurs (the random to this aims value is smaller than probability of
the intersection) the descendants of the parents move to the next epoch. However, if the intersection do not
occurs, parents move to the next epoch. If the intersection occurs, the position of the intersection is randomized
and the first of the descendants receives a fragment of the chromosome from the beginning of the position of the
intersection from the first parent, however, from the second parent it receives a fragment of the chromosome from
the position of the intersection to the end of the chromosome. This algorithm uses a selection of the parental pool
and creates new individuals, as long as the population of the new epoch files. With every reproduction there is
some probability that after carried or not carried out operation of intersection mutation occurs. To recapitulate,
single genetic algorithm epoch on the local machine operates as the followings:

1. Work out the value of the function of adaptation for each of the individuals in the population.

2. If the best individual in this population is better than the best actual individual from the whole algorithm, then
chose it as the best and set a flag which informs about this, that it has to be sending on the server.

3. Do genetic operators (intersection and mutation), as long as, a new population will create from nothing.
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The description of the distributed genetic algorithm

The system created in this work bases on mutual communication of clients — agents that realize local genetic
algorithm. This communication relies on an exchange of the best individuals among the agents. Each of the
clients communicates with the server by means of mechanism of Remote Method Invocation — Java RMI. By
means of an invocation of the appropriate methods (functions) on the server, it can place there its best individuals
as well as take these which were left there by other agents. Mechanism of serialization of objects in Java
technology allows on sending in this way whole structures of objects which are placed on RAM of the computer,
not only to reference to them.

The description of the algorithm on client’s side

The client contains two threads: thread A realizes an operation of genetic algorithm and thread B realizes a

communication with the server and an exchange of individuals.

Algorithm on client side:

1) Client's thread B is logging to the server, invoking the remote method: int login(), and a name tag in the form
of number is assign to it.

2) Thread B serially checks, by means of invoking on the server the remote method: boolean permission(), which
turns a value 'true’ if the expected amount of logged clients to a server will be achieved. In such a case
algorithm comes to point 3.

3) To establish the individuals of the population in such a way that every now and then a new the best individual
does not occur, thread A carries out specific amount of genetic algorithm epochs, and at the same time
updates the best individual from the algorithm's start.

4) After carry out specific amount of epochs threads A and B start to work simultaneously (Fig. 1).

The description of the server

The server serves in this distributed system as a relay of the best individuals among clients. It makes registered
on it remote methods available to communicate with clients and transfer of objects between them. Besides
remote methods it has a table of individuals on which individuals from clients are saved. In this table each of the
clients has assigned its index which receives in the time of logging. Besides this table there is also matrix of value
logical type, on which there is saved which of the client load an individual which comes from another specific
client. It will be needed in order to a given client does not load repeatedly the same individuals from the server
which could overload server and whole algorithm. The best global individual is also saved on the server. After the
start of the server, the amount of the clients which should log in to it should be inserting, in order to start whole
algorithm after a log in all clients.

The description of the remote methods:
int login() - the method which is used to log in a client to the server and give to it a name tag

boolean permission() - the method which returns the value of the logical type 'true' if a client can start its algorithm
and 'false' if not. It depends if the established earlier amount of the logged in clients is achieved and the flag 'start'
is set.

boolean endcondition() - the method which returns the value 'true' if the condition of the end of the algorithm was
fulfilled. This is established on the server and different conditions of the ending can be considered

void send(int ID,Individual i) — the method which is used to send the best individual to the server. It is placed in a
table in a position determined by ID. Additionally, there will be set suitable logical values in matrix that specify
which of the clients loads the individuals which comes from individual clients. In the whole column there are set
values 'false' because the new individual has not been load by nobody, yet (Table 1). If necessary there is also
actualized the best global individual on the server.
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Individual 0 Individual 1 Individual 2 Individual 3
Client 0 true false false true
Client 1 true false frue true
Client 2 false false false true
Client 3 false false true false

Table 1. The example of a content of this matrix after sending an individual by client no.1

public void send(int ID,Individual i) {
if(ID>=0 && ID<n_clients && !theend) {
table_of _individuals[ID]=i;
for(int ind=0;ind<n_clients;ind++)
matrix_of_loading[ind][ID]=false;
i.Print();
if(i.Value() > threshold) {
System.out.printin("The end, MAX Value="+i.Value());
theend=true;
I
Individual [] get(int ID) — the method which is used to load the table of the individuals saved by all other clients
except of our own. ID is used to avoid an individual from actual client and to set the suitable value in the matrix
that determines which of the individuals were loaded by specific clients. This matrix is especially needed here
because it enables us to load a table only of these individuals which were not loaded by a given client (Table 2).
Thanks to this it is not possible to load the same individuals by some client. The load is possible only when
individual on a given position, that is, this from other client will change.

Individual 0 Individual 1 Individual 2 Individual 3
Client 0 true false false true
Client1 true true true true
Client 2 false frue false true
Client 3 false true true false

Table 2. The example of a content of this matrix after loaded an individual by client no.1

Value ‘'false’ means that a given individual has not been load by a given client, yet, however, 'true' means that
there are non individuals yet or a given individual was loaded to a given client. Individual 0 comes from client 0,
individual 1 from client 1 etc. When a new individual is send by client (e.g. Client 1) in the whole column
'Individual 1' values 'false" are written.
public Individual [] get(int ID) {
if(ID>=0 && ID<n_clients && Itheend) {
ArrayList list=new ArrayList();
for(int i=0;i<n_clients;i++) {
if('matrix_of_loading[ID]fi]) {
list.add(table_of _individuals]i]);
matrix_of_loading[ID][i]=true;
} } Individual [ftab=new Individualflist.size()];
for(int i=0;i<list.size();i++)
tabfil=(Individual)list.get(i);
return tab;
} else return null; }
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The algorithm on server’s side:

1) Initiation of all the pools of the matrix that specify which of the clients loads the individuals which comes from
individual clients to 'true’, in order to block loading from server because there has been no individuals sent by
clients, yet.

2) Loading of the required amount of logged in clients

3) Waiting, as long as, the required amount of logged in clients will be achieved.

4) Setting of the flag 'start' thanks to which the clients get to know through the 'permission' method that they can
start.

5) In this moment the main programme of a server does nothing, besides of continue checking if the condition of
the ending of the algorithm is not fulfilled. If it fulfils the best individual is introduced and the flag 'stop’ is set.
Remaining work is doing by remote methods invoked by clients on server's objects.

The system testing

To check to what extent the system increase the speed of finding the optimum in the space of solutions series of
experiment, which depends on testing the working of an algorithm on many computers, was carried out and in
which the amount of the computers was constantly increasing. On the server, there is a threshold. After a
crossing of this threshold the algorithm finishes its working and displays the time of working. Thanks to this, we
can compare periods of the calculation of the algorithm for different amount of clients which work on the separate
computers. For a given number of computers 5 tests were made and median of working time was calculated.

1st series of the experiment:

Settings of the algorithm:

probability of intersection 0.6
probability of mutation 0.1
number of individuals 150

threshold of the finish of the algorithm 2107.417

The number of clients

Test 2 3 4 5
1 32,5s 1,28 0,7s 1,11s
2 2,28 4,32s 0,7s 0,7s
3 7,05s 1,31s 0,8s 0,61s

4 5,53s 1s 2,22s 1s
5 3,11s 0,91s 0,61s 0,61s
Median 5,53s 1,2s 0,7s 0,7s

Table 3. 1%t series of the experiment

From these results (Table 3) it is noticeable that when the amount of clients working on separate machines is
increasing the speed of finding of the optimum about function of adaptation higher from the given threshold is also
increasing. However, it is noticeable that approximately for 4 of 5 computers the time of finding the optimum is the
same. It is caused by this, that at the beginning of the algorithm's working there is a big movement in web
because very often a new the best individual is found. It slows down the working of the algorithm, but, because
finding of the optimum last in this cases short, so this delay is here very essential and it levelled them time of
finding the optimum for 4-5 clients. In order to see the difference for a larger amount of computers we should
cause the extension of the time of searching the space of the solutions. It can be caused by establishing the
threshold of ending of the algorithm which is adequately higher.
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2nd series of the experiment:

Settings of the algorithm:

probability of intersection 0.6
probability of mutation 0.1
number of individuals 150

threshold of the finish of the algorithm 2107.4173

The number of clients
Test 3 4 5 6
1 1,92s 1s 0,52s 0,61s
2 0,72s 1,41s 0,91s 1,31s
3 19,42s 1,11s 0,7s 0,61s
4 16,41s 0,52s 2,02s 0,91s
5 25,05s 0,7s 1,31s 0,92s
Median 16,41s 1s 0,91s 0,91s

Table 4. 2"d series of the experiment

After this series of the experiments (Table 4) it is noticeable that when the amount of computers is increasing
finding of the optimum speeds up, and when the time of searching is small for different amount of clients the
changes are invisible.

Conclusion

The distributed model of genetic algorithm in Java technology was implemented. It accelerates the finding of the
optimum in the space of the solutions. The speed of searching increases together with the amount of the clients
which are working on the separate machines.

In the implemented example this algorithm solves the problem of searching the maximum of the function which
can be written by means of mathematical formula, but nothing stands in the way to solve any other problem by
this algorithm. It is implemented by means of objected technique of Java language, so it is easy to adapt this
through the modification of some classes.
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AN ADAPTIVE GENETIC ALGORITHM WITH DYNAMIC POPULATION SIZE
FOR OPTIMIZING JOIN QUERIES

Stoyan Vellev

Abstract: The problem of finding the optimal join ordering executing a query to a relational database
management system is a combinatorial optimization problem, which makes deterministic exhaustive solution
search unacceptable for queries with a great number of joined relations. In this work an adaptive genetic
algorithm with dynamic population size is proposed for optimizing large join queries. The performance of the
algorithm is compared with that of several classical non-deterministic optimization algorithms. Experiments have
been performed optimizing several random queries against a randomly generated data dictionary. The proposed
adaptive genetic algorithm with probabilistic selection operator outperforms in a number of test runs the canonical
genetic algorithm with Elitist selection as well as two common random search strategies and proves to be a viable
alternative to existing non-deterministic optimization approaches.
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Introduction

Queries in a relational database management system (RDBMS) are defined in a declarative, non-procedural
language, such as SQL. This raises the need to transform the declarative query into a procedural, effective plan
for its execution. Each query can be mapped to a set of execution plans which are equivalent in terms of the
result they generate but the execution cost of the different plans can vary by many orders. The execution plan is
selected from the set of all alternatives by a dedicated RDBMS module - the Query Optimizer.

Due to the high processing cost, the evaluation of joins and their ordering are the primary focus of query
optimization. Traditionally, the optimization of such expressions is done by complete traversal of the solution
space (probably utilizing some pruning techniques). This is a possible approach for most of the classic database
applications, where the size of the query (the number of joined relations) rarely exceeds 8-10, but it is completely
inapplicable to some contemporary databases (Object-Oriented Databases, Multimedia Databases) and database
applications such as Decision Support Systems (DSS), Online Analytical Processing (OLAP), Data Warehousing,
Geographical Information Systems (GIS), etc. Queries in such applications may involve tens or even hundreds of
joined relations.

This paper is focused on the optimization of a particular type of queries — single flat conjunctive queries, also
known as selection-projection-join (SPJ) queries or non-recursive Horn clauses.

The Problem

Each query Q against a relational database defined by some data dictionary @ with a set of relations R is
represented by the ordered tuple (R9, P9), where R = {R;| R;is referenced in Q}, RI < ® and P = {p(R, Rix) | pi
is a join predicate in Q, R}, Rik € Rd}.

A query execution plan (QEP) of Q is a binary tree, in which the internal nodes represent join operator

implementations (join methods), e.g. nested-loop join, merge join or hash join, and the leaves are base relations.
Unlike the query itself (that has only declarative semantics), the query execution plan contains the procedural
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information about how to obtain the query result. Each execution plan has a cost that reflects the computational
resources needed to evaluate it.

The problem is, given a query Q to find the execution plan (from the set of all equivalents) with the lowest cost
that evaluates it (the global optimum). Since the combinatorial explosion makes the exhaustive solution search
impossible, the aim will be restrained to finding a good /ocal optimum.

Given a query Q of n relations against a database supporting a set § of different join methods, there are
1

(2(” ) I)J possible QEP tree structures, for each of it its n leaves can be ordered in n! different ways and each
n

n-1

internal node is selectable from s different join methods, where s =| §|. In this work we limit our considerations to
the space of left-recursive solutions (containing all trees for which it holds that each of their nodes has a base
relation for a right successor), but there are still n!s™! different solutions.

The problem of finding the optimum join order can be assumed a static optimization problem - although the
database state is dynamic (it may change during the optimization of a query), the cost function depends on
database statistics (rather than on the real-time database state) which can be considered static as they are
updated in a controlled way and do not interrupt any ongoing optimizations.

There are a number of polynomial-complexity algorithms for solving some special cases of the problem. All of
them however impose some major restrictions on the form of the queries, the type of the cost function used, the
particular implementation of the join methods, etc. The join ordering problem in its general form is unfortunately
NP-complete.

Related Work

Due to the inapplicability of deterministic optimization algorithms (different variations of the classical dynamic
optimization with pruning) to the join ordering problem for large queries (where large is usually defined as queries
with 8 or more joins), the problem has been approached by two classes of non-deterministic algorithms —
randomized and genetic.

Two well-known randomized algorithms have been applied to the problem of optimizing large join queries —
lterative Improvement and Simulated Annealing, as well as a combination of the two [6]. Though the effectiveness
of randomized algorithms strongly depends on the shape of the solution space, they generally prove to be a
possible alternative to deterministic search for large queries.

Genetic algorithms (GAs) have been first applied to query optimization in [5] and [4]. The fitness function used
requires backward transformation from chromosome to tree representation, which is complex and with high
computational cost. The chosen crossover operators have a serious flaw — they disrupt the chromosome
structure, transforming two valid parent chromosomes into an invalid one, which then needs to be “repaired” to
become a correct solution encoding. Despite these shortcomings, the achieved results are promising. Later in [3]
some of these disadvantages have been overcome.

A theoretical comparison of randomized and genetic optimization algorithms concluded that many GAs (the
canonical GA in particular) are characterized by higher probability of finding good solutions than randomized
algorithms, as long as the solution space fulfills several restrictions. These restrictions however are weak and
hold for almost any choice of the genetic operators [2].

Currently the only popular non-experimental genetic SQL query optimizer is the GEQO (GEnetic Query
Optimizer) in the Postgres (PostgreSQL) RDBMS. It considers only left-recursive solutions, implements an Elitist
selection operator, a simple edge recombination crossover and does not apply mutation. The population size is
fixed.

Recently, self-adaptation in genetic algorithms (population size adaptation in particular) is receiving great
attention [1]. However, no adaptive genetic algorithm has been applied so far to database query optimization.
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The Algorithm

We introduce an adaptive genetic algorithm with dynamic population size as an efficient solution to the optimal
join ordering problem.

Solution representation (Coding). The coding operator © transforms an individual & into a vector of genes,
each gene being an ordered tuple of a relation number and a join method number:;

0(8) = O(Ri Py ReP<pa...PonaRin AP 1Rin) — (i1, 1), (P2, P2), .., (iny i)

Mutation. The mutation operator M transforms an individual & into a new individual £ by swapping two randomly
selected genes yx and y, and changing the join method of another randomly chosen gene y:

M(EJ) = M(((H! p1)! Ty (iX’ px), Ty (im, pm), Ty (iy, p}’)l ey (i”l pn))) - (((H! p1)! Ty (iy, p}’)l Ty (im, p|m), Ty (iX! pX)’ ey
(i pn); X, y,me{1,2,...,n}, XE Y, pm# P'm

The mutation rate y is the probability of an individual § to mutate on each generation, i.e. M(g) = § with probability
(1 - u). The mutation operator is never applied to the individual with maximum fitness in the population.

Crossover. The crossover operator X combines the chromosomes of two generation-g individuals & and & to
obtain two new generation-(g + 1) individuals ¢*'; and ¢*'. Random locus x is chosen, the two parent
chromosomes are split at that locus and each of the two offspring receives a whole fragment from one of the
parents (the first child - the left and the second child - the right relative to the locus) and the rest of the
chromosome s filled up with the missing genes in the order they occur in the second parent. This guarantees
both structural and functional similarity of the children with both their parents.

X(ggi’ ggf) = X(((“! p1)! ey (in pX)’ (iX”’ px+1), Ty (in, pn)), ((j1l q1)l Ty (jX! qX)’ (jX+1! qX+1)! Ty (j”l qn))) - {((“’ p1)l Ty (iX!
P)s (Fxety Pxs)s ooy (o @), (1, P'0)s o (P )y Gty Qo) oy (s Qo)) X € {1, 2, .., )

Each individual ¢ in the population selects a crossover partner from its neighborhood, defined as its k neighbors
by index in the population vector, k = const. The probability of an individual § from the neighborhood to be chosen
for a mating partner is proportional to its fitness ¢(&).

Selection. The selection operator Z transforms one population € into another population § < &;

2(8) = 2({&n, & - 83) = {81, G2 .., Gmp M= k.

We propose an algorithm called Probabilistic Selection with Adaptive Population Size. All classical selection
algorithms keep the population size fixed. This simplifies the algorithms but it is an artificial restriction and does
not follow any analogy to biological evolution, where the number of individuals in a population varies continuously
in time, increasing when there are high-fit individuals and abundant resources and decreasing otherwise. Intuition
hints that it may be beneficial for the population to expand in the early generations when there is high phenotype
diversity and there is opportunity to “experiment” with different characteristics of the individuals, and to shrink with
the increase of population convergence, when the unification of the individuals in terms of structure and fitness no
longer justifies the maintenance of a large population and the higher computational costs associated with it.

The proposed algorithm achieves this control over the population size by defining a collective probability for the
population to survive (i.e. to expand or to shrink), together with the personal probability of each individual to
survive.

The personal survival probability for each § € € is defined as pi= 9(§) / ¢*, where ¢(§) is the fitness of § and ¢ is
the maximum fitness within the population. In other words, ¢ e ¢ with probability p; for each & e &,

The size N of the population after selection can decrease (in the extreme case - to one, if just the individual with
the maximum fitness survives), remain the same or increase (in the extreme case — to 3.N, if all parents and



International Book Series "Information Science and Computing" 85

offspring survive). It is desirable that the population size never gets below the initial (i.e. generation-0) population
size and the population increase is desirable to be inverse-proportional to the convergence degree of the
individuals. The convergence degree can be measured by the ratio between the average fitness and maximum
fitness in the population.

The expected population size sE after selection can be roughly approximated by the sum of the survival
probabilities of all individuals in the population?.

The desired population size sP is defined as a linear combination of the two extreme alternatives with coefficients
depending on the convergence degree:

sP= %+ 3N(1 - ¢),
c=¢'/¢,
where s0is the desired population size,
N is the current population size,
c is the convergence degree,
@' is the average fitness and
@' is maximum fitness.

The collective survival probability p* is defined as the normalized ratio between the desired and the expected
population size (p* = sP/ (sP + sE)).

The individual survival probability p; is then scaled up or down depending on the collective survival probability p*.
In case the population size drops below s%in some generation, new random individuals are generated to fill it up
to size 0.

Note that with this algorithm the individual with the maximum fitness survives with probability 1.0, i.e. the
proposed selection algorithm always preserves the best individual.

Performance Analysis

The GA proposed in the previous section is convergent, i.e. the fitness of the best individual converges to the
global optimum in the solution space as the number of generations tends to infinity. This is a corollary of the
properties of the three genetic operators: the selection operator preserves the best individual in the generation
with probability 1.0, and the mutation and crossover operators guarantee that every point in the solution space is
reachable starting from any randomly selected initial set of points (i.e. individuals in the initial random population).
A formal proof of the GA convergence under the above limitations on the properties of the genetic operators can
be found in [7]. Convergence is proved by means of homogeneous finite Markov chain analysis.

In order to evaluate the performance of the optimization algorithm, we need to define a performance measure and
run a series of statistically significant experiments. The GA proposed in this paper is compared against the most
popular classical GA (using Elitist selection) and against the two simplest randomized optimization algorithms, the
Random Search and the Random Walk. In Elitist selection, population size is fixed during the whole optimization
process. If the fixed population size is N, Elitist selection simply sorts the individuals in the population in
decreasing order of their fitness and preserves the first N of them. The Random Search algorithm generates a
finite sequence of random solutions and preserves the solution with the highest fitness found. The Random Walk
algorithm starts from a random point in the solution space and on each iteration makes a “move” from the current
point to a “neighboring” one (i.e. one that can be reached by applying some mutation operator on the current
solution), if this move improves the fitness value.

' The exact calculation of the mathematical expectation of the sum of N random variables is significantly more
complex and great precision is not needed here.
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All experiments were executed using a randomly generated data dictionary and randomly generated queries
against it. One and the same simplified cost model and fitness function are used in all experiments. Mutation
activity was set to 0.1 and the neighborhood size parameter k was set to 6.

A good measure for the performance of the optimization algorithms is the evolution of the maximum fitness as a
function of the number of solutions processed. Most performance studies evaluate the evolution of the maximum
fitness as a function of the number of generations (for GAs) or iterations (for randomized algorithms) but this
metric is inappropriate in our experiments as one of the GAs is characterized by dynamic population size.
Experiments with different initial population sizes for the GAs were also executed.

First, we consider the performance of the two GAs and the two randomized algorithms optimizing a query with 7
joined relations. The reason for choosing this particular query size is that it is considered the upper limit for
“classical” (or “small”) queries and it roughly marks the boundaries of applicability of deterministic query
optimization algorithms (for larger queries, deterministic search is not applicable). In fact, this is the largest query
whose solution space we were able to fully traverse for a reasonable computation time and so we have the exact
values of the global minimum and global maximum of the fitness function.

Fitness as a function of the number of evaluated

solutions
(Random query on 7 relations, initial population size 10)

=== Probabilistic Genetic

e==g===E|itist Genetic

e==@===Random Search
Random Walk

Fitness

Number of evaluated solutions

Figure 1. Performance comparison of genetic and randomized optimization algorithms. Random query with 7
joined relations, initial population size 10.
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(Random query on 7 relations, initial population size 10)
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Figure 2. Performance of Probabilistic selection GA. Values compared to the average solution space fitness, a
good local optimum and the global optimum.
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The two GAs obviously outperform the two randomized algorithms. The random search strategies were easily
trapped into local optima and failed to produce solutions that could compete with the best ones found by the GAs.
The two GAs show overall similar performance, but the Probabilistic Selection seems a bit better when the
number of evaluated solutions gets larger. One pronounced advantage of the Probabilistic Selection is the slower
convergence compared to the Elitist selection, which allowed the Probabilistic GA to escape some suboptimal
plateaus into which the Elitist GA was trapped. One probable reason is that the populations under Elitist GA are
characterized by poorer diversity (very close values of the minimum, average and maximum fitness within the
population).

Both GAs performed very well in terms of quality of the solutions found. Figure 2 shows the evolution of the
maximum fitness in Probabilistic GA within the boundaries of the average fitness in the solution space and the
global optimum. One of the best local optima (into which many of the runs were trapped) is also shown.

Further we test the performance of the four algorithms on a much harder optimization problem - a query with 100
joined relations.
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Figure 3. Performance comparison of genetic and randomized optimization algorithms. Random query with 100
joined relations, initial population size 10.
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Figure 4. Performance comparison of genetic and randomized optimization algorithms. Random query with 100
joined relations, initial population size 100.

Here the superiority of the two GAs over Random Search is even more pronounced. The Random Walk however
performed surprisingly well, with results often comparable to those of the GAs. The relative performance of the
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Probabilistic GA and the Elitist GA varied considerably depending on the initial population size, as we can see
from the comparison of Figure 3 and Figure 4.

Similar results were observed in experiments with smaller queries also. No rule linking the relative performance of
the two GAs and the initial population size could be deduced however — for example, optimizing a query with 10
joined relations, Probabilistic GA was better on initial population size 10, worse on initial population size 20, again
better on size 50, etc.

Conclusions and Future Work

In this work an adaptive genetic optimization algorithm is proposed for the join ordering problem. It outperforms
the canonical genetic algorithm with classical fixed-size population selection operator such as the Elitist selection
in a number of query optimization experiments. Considering the facts that

e Probabilistic Selection is expected to be faster than the Elitist — computational complexity O(N) versus

O(N.log(N))

o the performance of the two selection operators are comparable and in many cases Probabilistic selection is
better than Elitist

o Probabilistic Selection maintains a population with better diversity and more easily escapes suboptimal
plateaus in the solution space,

the proposed optimization algorithm is a viable contender.

Overall, the results unconditionally prove the applicability of genetic optimization algorithms to the join ordering
problem. GAs prove to be a competitive alternative to deterministic optimization algorithms even for small solution
spaces.

One direction for future work would include experimenting with adaptive mutation and crossover operators. It is
reasonable to expect further performance improvements, as it is suggested by a number of recent researches.
The proposed algorithm can also be used as a basis for a hybrid optimization algorithm incorporating certain
domain-specific heuristics and randomized local search techniques.
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ONTOLOGY-BASED CLASSIFICATION OF NEWS IN AN ELECTRONIC NEWSPAPER
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Abstract: This paper deals with the classification of news items in ePaper, a prototype system of a future
personalized newspaper service on a mobile reading device. The ePaper system aggregates news items from
various news providers and delivers to each subscribed user (reader) a personalized electronic newspaper,
utilizing content-based and collaborative filtering methods. The ePaper can also provide users "standard" (i.e., not
personalized) editions of selected newspapers, as well as browsing capabilities in the repository of news items.
This paper concentrates on the automatic classification of incoming news using hierarchical news ontology.
Based on this classification on one hand, and on the users' profiles on the other hand, the personalization engine
of the system is able to provide a personalized paper to each user onto her mobile reading device.
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1. Introduction

Electronic, online newspapers started appearing at about the same time that the Internet became public. An
electronic newspaper has many forms. One form is electronic edition of the printed newspaper (namely, the
publisher publishes its "standard" newspaper on a Website, using e.g. PDF files). The user can read the
electronic edition similar to a paper edition; there is no personalization, neither with respect to content nor with
respect to layout. Another form of electronic newspaper is news website, which enables the user browsing in
menus that are organized in subject categories and sub-categories. Yet, another form of electronic newspaper
can be seen more like a search engine, which enables the user to insert search terms (i.e., topics of interest)
and get in response respective news items that are published on the Web by various news providers. In contrast
to the previous forms of services, this one does not publish and does not edit news; rather, it searches and
provides links to news published elsewhere by news providers/agencies. In addition to searching according to
user-defined terms, such systems enable personalization: the user can define a profile by selecting topics of
interest, and the system would search for items in the selected topics. Personalization features are supported in
some sites via RSS technology, like in portals that deliver news and have built-in news aggregator capabilities.
Personalization is sometimes done based on collaborative filtering methods (e.g. Google News). Interactivity is an
additional feature, and exists in the form of reader feedback capabilities and in the form of capabilities for "pulling”
personalized news and other information. The general picture is that of much diversity and heterogeneity between
the various players in the online newspaper branch of the newspapers industry.

Common to most of the above forms of electronic newspapers is that the user is assumed to read the news from
a computer screen, while connected via the Internet to a certain news provider or search engine. But these
services might not be sufficient for many readers and reading situations. A newspaper reader may be willing to
read articles from various favorite daily and weekly newspapers and magazines while being on the move; for
example, while on a business trip, or on vacation, or waiting for a fried at a café, etc. A reader would prefer that
someone or something would make interesting articles, from favorite sources; accessible to her all the time and
anywhere, delivered directly onto a mobile reading device. A reader would like to subscribe to one unique,
personalized newspaper that includes the interesting articles from favourite sources, arranged and presented in
an order that best fits her interests and reading habits. An advanced electronic newspaper service should enable
a reader, with just one click of a button, to check whether updates of her personal newspaper are available, or to
choose receiving updates automatically as soon as they are published.



90 Advanced Research in Artificial Intelligence

This paper deals with such a service. ePaper is a prototype of an electronic newspaper system aims at providing
personalized newspaper on mobile reading devices. The ePaper is projected to provide a "look and feel" of a
newspaper that is run on a medium-format mobile device, providing up-to-date news aggregated from many news
providers, and personalized according to each user's preferences. The ePaper system is a client-server
application: On the server side, it aggregates news coming continuously from many news providers; classifies
each news item to subject concepts, based on a news ontology; and then determines the relevancy of the news
items to each of the subscribed users (readers), based on both content-based and collaborative filters, and ranks
the news items that will be delivered to each user, thus providing personalized newspapers. On the client side,
the user, who gets the news on her reading device, enjoys an intuitive interface, enabling easy navigation and
browsing, and advanced content adaptation capabilities, including switching and configuring layouts. This paper
concentrates on only one part of the system - the classification of news items that are obtained by the system, so
that later on the personalization algorithms can determine the relevancy of each item to each user.

The rest of this paper is structured as follows: Section 2 presents the general architecture of the ePaper system;
Section 3 describes the content managed layer, which is, among else, in charge of the classification of news.
Section 4 surveys some related work on classification methods, and Section 5 describes the classifier
implemented in the ePaper. Section 6 summarizes and discusses further research.

2. General Architecture of ePaper System

The ePaper is a research project aimed at developing a prototype system that can be viewed as a central
newspapers or magazines provider. On one hand, it obtains news obtained from various providers; on the other
hand, it distributes personalized newspapers to subscribed users on specialized mobile reading devices. In this
section, we describe briefly the general architecture of the system. Figure 1 presents an overview of the ePaper
architecture.

The system is implemented based on client-server architecture. The server system consists of five layers:
Aggregator, Content Manager, Personalization, Content Delivery Services, and System Management Tools.

Content Providers
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Figure 1. General architecture of the ePaper

The Aggregator interacts with content (news) providers and imports news item to the ePaper repository. (It may
be assumed that the management of the ePaper service has business arrangements with certain providers. The
business models with the providers, as well as with the clients/users, are beyond the scope of this project, and
are immaterial for the description of the system.) A news item obtained from a provider may consist of one or
more text and image files in certain formats, and include various metadata. For example, Reuters uses the
NewsML format and its specialized metadata structures. (NewsML - News Markup Language - is a standard for
the exchange of news supported by the IPTC (www.iptc.org). The main responsibility of the aggregator is to
check the content providers for new news items, download them, create an index for each, and store the new
aggregated items in the ePaper's file system.
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The Content Manager processes the content of each news item received from the aggregator, and prepares it
for personalization and delivery to relevant users. Its main responsibility is classification of the items: A text
classification algorithm is used to analyze the content of each item and determine the concepts that best
represent it. For this, the system maintains a hierarchical news ontology, which is based on the IPTC Subject
Codes taxonomy. (More details on the Content Manager and the classification process in subsequent sections.)
The Personalization layer consists of a novel personalization engine that determines the level of relevancy of
each news item to each user. The personalization engine applies content-based and collaborative filtering
algorithms. The content-based filtering algorithm computes the similarity of the ontology concepts that represent
each item, to each user's profile. A user's profile too consists of ontology concepts, which are initially defined by
the user (upon registration to the system), and later on are dynamically updated by the system based on implicit
user feedback. The measure of similarity between an item's and a user's profile considers the ontological
proximity (or distance) between concepts in the two profiles. The collaborative filtering algorithm determines the
similar users of each user (based on how many common items they have read), and computes a time-factor
which considers how long ago (in hours) each item was read by each user. The final relevancy score of an item is
computed as a weighted average of the two filters' rankings, taking into consideration the "maturity” of each item
in the system: the more readers an item had, the more weight is given to its collaborative score. The result of the
personalization process is a ranked list of items that will be delivered to each user, classified within the main
ontology concepts that are of interest to her. The user can ask the system to refresh the items list anytime; as
result, more news items may be delivered, and the ranking of all items on the reading device may be updated
according to the fresh personalization process. The user can overrule the personalization engine, either by asking
to get a "standard edition" of a certain newspaper, or by browsing the news items that exist in the repository,
using menus of ontology concepts.

The Content Delivery Services layer orchestrates the processes of the system. It interacts with the
Personalization layer, submits requests for personalized news from users, and sends the ranked news items it
receives to the user. It also receives feedback from the user (tracking user's behavior data) and sends this data to
the Personalization layer, which updates the user's profile to reflect the recent user's reading preferences.

The System Management Tools layer provides standard system tools such as logging and reporting, as well as
special tools for the ePaper application. This includes, among else: a) Ontology Editor: this tool enables
maintenance of the ontology, i.e. adding new concepts to the ontology, as new concepts may evolve over time. b)
Registration subsystem: this is a web-based system where each new user registers and subscribes to preferred
ePaper services, including: 1) some demographic and billing information (which are of no interest here); 2)
selection of favorite content providers (i.e. newspaper) from whom to receive news; 3) an option to select a
"standard" edition of a newspaper (instead of a personalized one); 4) an option not to track the user's reading,
which my be desirable by certain users, and by that avoiding implicitly update of the user's profile; 5) definition of
an initial content-based profile, by selecting concepts from the hierarchical ontology and determination of their
initial weights of importance. As said, the initial profile will be updated dynamically according to implicit feedback
from the user's reading device.

The Client system interacts with the Content Delivery Services layer for receiving data. The data sent to a user
includes the user's profile information and a ranked-list of news items as determined by the Personalization layer.
The Client is in charge of rendering the content and adapting it to preferred layout, and presenting the content to
the user. To manage the variety and constraints of different mobile devices, the system supports dynamic content
adaptation mechanisms based on the user's device, the user's preferences and local customizations made by
each user. Thus, the presentation of content functionality is loosely coupled with the content preparation process,
a capability that may scale the number and variety of devices supporting this service easily.

3. Content Management

Figure 2 presents the Content Management layer. It receives news items from the Aggregator, parses each item
to extract content and metadata, classifies its content, and stores it in a repository of "active" items, to be
delivered to users. (ltems that are not read for some while by users are archived and become inaccessible from
the mobile device). The Content Management layer consists of several units; some of them are described below.
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Figure 2. Content Management layer

3.1.  The Content Manager

The Content Manager is orchestrating the processes of the Content Management layer. It receives news items
from the Aggregator and sends them to the Interpreter Manager. Then it receives classified data back from the
Classifier and sends them to the other functional units of the Content Management layer. After an item passes all
the functional units, it is stored in the repository of "active" items, ready to be used by the Personalization layer.

3.2.  The Interpreter Manager

The ePaper system is able to handle news items coming from multiple news providers, in multiple languages and
in multiple formats. The Interpreter Manager is responsible for identifying the item's format and activating an
appropriate interpreter, i.e., the interpreter that is able to "understand" the item's format and language, and extract
from it the relevant metadata. The metadata it extracts from the item includes e.g., the item's provider/source,
language and date of creation. Then it passes the item along with these metadata to the Classifier.

Currently, two interpreters have been implemented in the ePaper prototype system: one for NewsML format,
which is used by many news providers, e.g. Reuters. The other interpreter is for RSS format. The ePaper can
easily be extended to handle other standard formats by developing dedicated interpreters to each standard.

3.3. The Classifier

The ePaper system uses a news-ontology as a common language for content-based filtering. The ontology
concepts are used to represent the news items' profiles and the users' profiles; the content-based filter will
measure the similarity between the two profiles to determine the level of relevancy of each item to each user.

The ontology of ePaper is based on IPTC NewsCodes. NewsCodes is a set of controlled vocabularies; among
other, it includes a Subject ontology, which consists of about 1400 concepts, organized in a 3-level hierarchy
(termed Subject, SubjectMatter and SubjectDetail). News-providers who use NewsML use these concepts to
describe the content of their articles, including them as part of the metadata attached to each news items.

For example, some of the first (Subject) level concepts of the IPTC Subject codes taxonomy are Sport, Politics,
Economy, Education, Health and Science and Technology. Some of the second (SubjectMatter) level concepts of
Politics are Election, Diplomacy, Defense, Government, and Parties. Some of the third level (SubjectDetail)
concepts of Diplomacy are Summit, International Relations and Peace Negotiations.
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The Classifier is responsible for determining the ontology concepts that will represent each news item and their
weights, i.e., to define its content-based profile. A news item may deal about more than one concept; hence, we
are dealing with a multi-label classification problem, where a news item may be classified into many concepts
and in different levels of the ontology hierarchy. For example, a news item about an attempt of assassination at a
presidential elections campaign can be classified to a number of concepts, such as Elections (which is a sub-
concept of Politics) and Crime.

The classification process will be described in more detail in Section 5; before that, in the next section we provide
a brief overview and related work on classification

4. Related Work on Classification

First, we provide a general introduction on text classification; then we present related work on news classification.
41 Text Classification

Text Classification or Categorization (TC) is the task of automatically assigning a text document (in our case, a
news) to one or more predefined categories (in our case, ontology concepts) based on its contents. Nowadays,
the dominant approach in TC is Machine Learning [Sebastiani, 2002]. According to this approach, a general
inductive process automatically builds a text classifier by learning, i.e., by observing the characteristics of a set of
previously classified documents - a training set. These characteristics are then used to classify new documents.

Different types of TC tasks can be distinguished: From a category assignment point of view, we distinguish
between single-label and multi-label classification. In Single-label (also called multi-class) TC, exactly one
category must be assigned to a document. In Multi-label TC, any number of categories may be assigned to a
document. Binary categorization is a special case of single-label categorization, in which there is only one

category and each document can be assigned to it or not (“yes”, “no”).

TC tasks can also be differentiated by the structure of the predefined categories set. In Flat categorization, the
predefined categories are treated in isolation and there is no structure defining the relationships among them.
Most of the studies in TC have focused on flat classification, and after many years of research flat classification
has become a well-established research area and many good classifiers have been developed [Sun and Lim,
2001]. In Hierarchical categorization, the predefined categories are organized in a hierarchical structure that
reflects relations between them. Most hierarchies are organized in tree-like structures, i.e., there are parent-child
relationships between categories. In hierarchical classification, we can distinguish between cases where all
documents belonging to a child category also belong to the parent - called strong subsumption; and cases where
a child category has documents that do not belong to its parent category - called weak subsumption.

4.2 Multi-Label Classification

Many classification methods, such as Naive Bayes, SVM, and Logistic Regression, are of the single-label type.
Research on multi-label classification has received much less attention. Some methods that are mainly used for
multi-label classification are presented below [based on Tsoumakas and Katakis, 2007].

The most popular approach for multi-label classification is binary approach (also called one-against-the-rest). A
separate classifier is learned for each category Ci. The original data set is transformed into |C| data sets. The
data set for each category C; contains all examples of the original data set, labeled as c if the labels of the original
example contained ¢, and as —c otherwise. For the classification of a new instance x, this method outputs as a set
of labels the union of the labels predicted by the |C| classifiers.

This method has two main problems. First, it assumes independence of categories, which is not always true;
there may be strong dependence between categories, in particular in hierarchical classification. Also, relations
between categories on the same level can exist. For example, the following categories have some dependency:
‘Politics’ and ‘Unrest, Conflicts and War’; ‘Environmental Issue’ and ‘Health’. In such cases, association of an item
with one category may influence its probability to be associated with a related category. But the binary approach
cannot model such relations. The second problem is that a big number of binary classifiers have to be learned,
which may cause memory problems, and take a lot of time because each new instance should be processed by
all |C| classifiers.

Another, less popular approach, in multi-label classification, is to consider each different set of labels that exist
in the multi-label data set as a single label. It so learns one single-label classifier for C categories, where C" is
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the power set of initial C categories. One of the negative aspects of this method is that it may lead to data sets
with a large number of classes and few examples per class.

Another, yet not well-documented method is to learn one multi-class classifier, which can output a distribution
of certainty degrees (or probabilities) for all labels in C, and then post-processes this distribution to output a set of
labels. One simple way is to output labels for which the certainty degree is greater than a specific threshold (e.g.
0.5). A more complex way is to output labels for which the certainty degree is greater than a percentage (e.g.
70%) of the highest certainty degree. This method too ignores possible dependencies among categories.

4.3  Hierarchical Multi-Label Classification

Hierarchical classification has two main advantages compared to flat classification. First, it enables easy location
of required categories when there are a significantly large number of categories; it is much easily to search
among some high-level categories and then among some related sub-level categories, than to perform a general
search among all existing categories. Second, it reflects the intuition of relatedness of topics that are close to
each other in the hierarchy.

Two approaches were adopted by existing hierarchical classification methods: big-bang, and top-down level-
based approach. In the big-bang approach, a document is classified (or rejected) into (or from) a category in the
category tree by a classifier in one single step. In the top-down level-based approach, one or more classifiers are
constructed at each level of the category tree, and each classifier works as a flat classifier at that level. A
document will first be classified by the classifier at the root level into one or more lower level categories. It will
then be further classified by the classifier/s at the lower level categorylies, until it reaches one or more final
categories, which can be leaf categories or internal categories. (A classifier can stop at an internal node if an item
cannot be classified to any of its child categories.)

One of the important works on hierarchical TC is [Koller and Sahami, 1997], who divide the hierarchical
classification task into a set of smaller classification tasks, each of which corresponds to some split in the
classification hierarchy. They show that this approach enables obtaining significantly higher accuracy compared
to a single massive classifier.

4.4 Classification in the News Domain
In this section, some implementations of classification algorithms in news domain are presented.

An interesting implementation of multi-label classification is presented in [Antonellis et al, 2005]. They
implemented a news categorization system that decomposes each document into its sentences, computes term
to sentences matrix and performs multi-label classification by estimating the similarity of each sentence to the
category vectors. Category vectors are computed by combining the columns of the corresponding term to
sentences matrix of the training set. If the estimated similarity is above a threshold defined during the training
phase, the document is classified to the corresponding category. Thus, multi-label classification is allowed.

[Calvo et al., 2004] applied automatic Naive Bayes classifier on news stories from Reuters RCV1 Corpus. They
performed flat multi-label classification using two different thresholding strategies: score-based, where all
categories with a score above some threshold are assigned to a document; and rank-based, where the k top-
ranked categories are assigned to a document. The results were compared to a kNN classifier. It was shown that
for the rank-based thresholding strategy, the best performance was achieved for k = 1. The explanation is that in
this data set, the average of categories that each document is assigned to is approximately 1. It was also noted
that the best performance of the rank-based strategy is considerably worse than the score-based thresholding
strategy. Regarding the comparison to kNN classifier, it was concluded that Naive Bayes classifiers produce
lower quality classification but seem to be better suited for applications were classification needs to be performed
at real time; kNN instead produces better classification but places to much load on classification time.

One of the examples for implementation of hierarchical classification in the news domain is presented in [Eilert et
al., 2001]. The developed system called Bikini was supposed to classify news from several WWW news sources
into concepts hierarchy (ontology). Bikini's ontology was handcrafted and included approximately 130 categories,
with a maximum three-depth of four. For classification purpose, it was interpreted as a flat list of concepts. Any
node in the tree was interpreted as a leaf tree. For intermediate nodes this was achieved by introducing an
artificial ‘miscellaneous’ successor node. The classification was performed by comparing document
representation vector with categories representation vectors using simple similarity measure.
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5. The ePaper Classifier of News

In ePaper, we implemented hierarchical multi-label classification algorithm utilizing a flat multi-class classifier
provided by LingPipe open source software [LingPipe]. The utilized LingPipe’s LanguageModel (LM) Classifier is
based on statistical language modeling techniques and performs probability-based classification into non-
overlapping categories.

The motivation for language modeling has traditionally come from speech recognition; recently it became widely
used in many other application areas. Language modeling aims at predicting the probability of naturally occurring
word sequences, s = wiw2...wn. It puts high probability on word sequences that actually occur, and low
probability on word sequences that never occur. The simplest and most successful approach to language
modeling is based on the n-gram model [Peng, 2003]. An n-gram is a sub-sequence of n items from a given
sequence. The items can be characters or words. If the language model is based on character sequences, it is
called character language-model. According to language modeling approach, the probability of any word or
character sequence is calculated as frequency of the observed patterns
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where #( ) denotes the number of occurrences of a specified gram in the training corpus.

The LingPipe’s LM classifier constructs a character language-model for each category during the training phase;
then, at classification time, it calculates conditional and joint probabilities of each category for the classified
object. Also, a score, which is the character cross-entropy rate normalization allowing between-document
comparisons, is provided. This score is ordered in the same way as the joint probabilities. Finally, LingPipe
classifier returns one best category as result of classification process.

It was found in many researches that the language modeling approach provides competitive and often superior
results compared to more sophisticated learning techniques [Peng, 2003]. Moreover, it provides scalable training
and classification time performance. Therefore, we utilized LingPipes LM Classifier, allowing classification into
one of non-overlapping categories, and enhanced it to satisfy our hierarchical and multi-label requirements.

For multi-label classification, we apply an approach based on estimations of a posteriori probabilities of an item
to belong to some category. According to this approach, we can think of a classification as “better estimated” if
the probability of the destination category is above some threshold. For example, if the probability of an item D to
belong to category C is 0.9 it is better estimated than if it is only 0.4. To determine the threshold for multi-label
classification we use the cross-entropy scores provided by LingPipe classifier, as they are better suited for cross-
document comparison. Using this principle, we classify item D in n categories Ci, such that

score(CiD)>T1;1<i<n and 1< n<|C|

where the threshold T is learned on empirical runs. Then, the set of categories assigned to item D is {C1,...,Cn} a
set of “n best” categories with classification score above the defined threshold.

We chose this approach as it has shown favorable results compared to the more standard binary approach to
multi-label classification [Vilar et al, 2004]. Moreover, it is very scalable in terms of memory and time
performance: it does not require additional classification models to be loaded into the memory and an additional
classification to be performed at run time. Also, it natively ranks the categories assigned to an item according to
their level of relevance; this rank is later used by the personalization and content delivery services of ePaper.

For hierarchical classification, we apply the top-down level-based approach. We implemented this approach by
constructing a separate classification models for each non-leave concepts of the ontology tree. At the first level,
there is one model for classification into one or more of 17 Subject concepts. At the next level, there are 17
models for classification into the SubjectMatter concepts; and about 130 models for classification at the third
(SubjectDetail) level of the ontology. Hence, the number of models generated is identical to the number of non-
leave concepts in the hierarchy plus one for the root node.
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After all the above multi-label and hierarchical extensions, the classification of a new item is performed as follows:
First, the item is classified into one or more top level (Subject) concepts. Then, if one or more of the Subjects are
assigned to the item, it is further classified into one or more child concepts (SubjectMatter) of the Subjects. Then,
if one or more of SubjectMatter concepts are assigned to the item, it is further classified into their child concepts
(SubjectDetail). The classification process stops when classification to the detailed concept is not confident
enough. (Initial confidence thresholds are defined by configuration parameters, depending on empirical runs.)

Once the results of the classifications at each level are obtained, the final classification is determined according to
the received concepts’ weights and defined confidence thresholds. The most specific concepts having
classification scores above the pre-defined threshold are assigned to the item.

The following example will clarify the classification process. Suppose a certain news item has to be classified.
First, it is assigned by the root classifier to one or more of the top-level concepts; assume it is assigned to
Economy and Science & Technology. Then, the second level classification starts for each of these concepts. The
Economy and Science & Technology classifiers are invoked one after the other, attempting to classify the item to
one or more of their sub-concepts. Assume that Macro Economics and Energy & Resources concepts are
returned by the Economy classifier, and Applied Science concept is returned by the Science & Technology
classifier. When Macro Economics and Energy & Resources concepts are received, the third level classification
starts for each of them. The Macro Economics and Energy & Resources classifiers are applied on the item one
after the other, attempting to classify it to one or more of their sub-categories. The same is for the Applied
Science concept: its classifier is applied on the item attempting to classify it to one or more of its sub-categories.
Assume that the results of the third level classification are as follows: Macro Economics classifier returns
Government Aid concept; but Energy & Resources and Applied Science classifiers cannot classify the item to any
of their sub-categories (because the results are below the defined thresholds).

The weight of each assigned concept is calculated based on its cross-entropy score received at the
corresponding classification level. Assume the scores of the assigned concepts are as follows: Economy (-1.65),
Science & Technology (-1.78), Macro Economics (-1.73), Energy & Resource (-1.75), Applied Science (-1.84),
Government Aid (-1.80); and the defined threshold is (-1.86). The item is classified to the most specific concepts
according to their location in the hierarchy, i.e., Government Aid, Energy & Resources and Applied Science. We
then convert each concept’s score onto a weights scale of 0--1, where a concept’'s weight expresses its absolute
importance in the item. This is done as follows: the "best" concept gets the weight 1; the weights of the other
concepts are lower, proportionally. In our example, the following concept—weight pairs are assigned to the item:
Energy & Resource, 1 (= -1.75), Government Aid, 0.97 (= -1.75/-1.80), and Applied Science, 0.95 (= -1.75/-1.84).

6. Summary and Future Issues

The ePaper prototype system is now undergoing various evaluations. This includes evaluations of the content
personalization algorithms and the content adaptation to the reading device and users' preferences. Regarding
content personalization, we examine the effect of various parameters of the content-based and the collaborative
filtering algorithms, e.g. the optimal scores of the various types of ontological similarity between user and item
profiles; the optimal number of concepts to be considered in a user’s profile; and the optimal method to update a
user's profile based on implicit feedback. For this, we run controlled experiments with users who evaluate the
relevancy of news items provided to them, and compare their evaluations to the system’s ranking of those items,.

Regarding the classification process, additional work is required for tuning threshold parameters. For this, a
combination of multi-label and hierarchical measures will be defined, that will take into consideration specific
system requirements. We plan to compare the results of the adopted ‘thresholding’ strategy to the common binary
approach to multi-label classification. Since the construction and classification using about 1400 binary classifiers
seems unacceptable for the ePaper system (because of time required for each classification), perhaps the binary
approach will be applied only on the top level of the hierarchy (i.e. for the 17 Subject concepts). A method for
multi-label classification taking into in consideration dependencies among concepts is also under development.
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DERIVATION OF CONTEXT-FREE STOCHASTIC L-GRAMMAR RULES
FOR PROMOTER SEQUENCE MODELING USING SUPPORT VECTOR MACHINE

Robertas Damasevicius

Abstract: Formal grammars can used for describing complex repeatable structures such as DNA sequences. In
this paper, we describe the structural composition of DNA sequences using a context-free stochastic L-grammar.
L-grammars are a special class of parallel grammars that can model the growth of living organisms, e.g. plant
development, and model the morphology of a variety of organisms. We believe that parallel grammars also can
be used for modeling genetic mechanisms and sequences such as promoters. Promoters are short regulatory
DNA sequences located upstream of a gene. Detection of promoters in DNA sequences is important for
successful gene prediction. Promoters can be recognized by certain patterns that are conserved within a species,
but there are many exceptions which makes the promoter recognition a complex problem. We replace the
problem of promoter recognition by induction of context-free stochastic L-grammar rules, which are later used for
the structural analysis of promoter sequences. L-grammar rules are derived automatically from the drosophila and
vertebrate promoter datasets using a genetic programming technique and their fitness is evaluated using a
Support Vector Machine (SVM) classifier. The artificial promoter sequences generated using the derived L-
grammar rules are analyzed and compared with natural promoter sequences.

Keywords: stochastic context-free L-grammar, DNA modeling, machine learning, data mining, bioinformatics.

ACM Classification Keywords: F.4.2 Grammars and Other Rewriting Systems; 1.2.6 Knowledge acquisition; 1.5
Pattern recognition; J.3 Life and medical sciences.

Conference: The paper is selected from International Conference "Intelligent Information and Engineering Systems”
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Introduction

Promoters are short regulatory DNA sequences that precede the beginnings of genes. They are common both in
prokaryotic and eukaryotic genomes. It is important to distinguish between promoter and non-promoter
sequences, because this distinction allows identifying starting locations of genes in uncharacterized DNA
sequences. Though there are conserved patterns in the promoter sequences of a species, there are many
exceptions which make the promoter recognition a complex problem. Although many complex machine learning
methods have been proposed so far for promoter recognition, the problem is still open [Sobha Rani et al., 2007].

The crucial obstacle in finding mammalian promoters is that they usually do not share extensive sequence
similarity even when they are functionally correlated, which prevents detection by sequence similarity-based
search methods such as BLAST or FASTA. Mammalian promoters can be seen as small structures of coding
regions with few functional elements (exons) interspersed in a larger sequence with no known biological function
(introns) [Werner, 2003].

Modern promoter recognition tools use machine learning techniques such as Naive Bayes, Decision Trees,
Hidden Markov Models, Neural Networks or Support Vector Machine (SVM) [Monteiro, 2005]. Best machine-
learning based promoter recognition methods allow achieving up to 98% accuracy [Ranawana and Palade, 2005],
however they do not provide any insight on the internal structure of the promoter sequences. Analysis of some
promoters suggests that promoter sequences may have a modular structure. Identification of promoter structure
may enhance our understanding of gene regulation mechanisms and genome evolution process.

Formal grammars can provide a means of describing complex repeatable structures such as DNA. The structure
of promoter sequences can be described using a formal context-free grammar such as L-grammar (or L-system)
[Lindenmayer, 1968], and the problem of promoter recognition can be replaced by grammar induction [Unold,
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2007]. Several authors consider grammar induction in the context of bioinformatics as well as L-systems. The
possibility of discovering the rewrite rule for L-systems and the state transition rules for cellular automata using
genetic programming techniques is discussed in [Koza, 1993]. So-called semi-Lindenmayer systems are
considered for the study of protein formation in [Marcus, 1974]. An algorithm to construct a short context-free
grammar (also called program or description) that generates a given sequence is proposed in [Jimenéz-Montano,
1984]. The inference of regular language grammar rules based on n-grams and minimization of the Kullback-
Leibler divergence is described in [Infante-Lopez and de Rijke, 2004]. O'Neill et al. [2004] generate regular
expressions for promoter recognition problem using Grammatical Swarm technique. Each individual swarm
particle represents choices of program construction rules, where these rules are specified using a Backus-Naur
Form (BNF) grammar. Denise et al. [2003] generate genomic sequences and structures according to a given
probability distribution and syntactical (grammatical) parameters. The method is applied for generating basic RNA
secondary structures. Stochastic context-free grammars constructed from sample sets of sequences are also
considered for modeling RNA sequences [Grate et al., 1994; Sakakibara et al., 1994]. The usefulness of
Chomsky-like grammar representations for learning members of biological sequence families is analyzed in
[Muggleton et al., 2000].

The aim of this paper is 1) to describe automatic derivation of stochastic L-grammar rules from promoter datasets
using Support Vector Machine (SVM), and 2) to apply the derived L-grammar rules for structural analysis of the
promoter sequences.

Modeling of DNA Sequences Using L-Grammar

If we treat the genome as a language, we can generalize the structural information contained in biological
sequences and investigate it using formal language theory methods [Fernau, 2003]. Some aspects of formal
languages are similar to biological processes in general and genetic mechanisms in particular, e.g.:

— Pure grammars do not differentiate between terminal and non-terminal symbols, so that all words generated
from the grammar rules are put into the generated language. This notion is well-motivated biologically,
because all symbols in a DNA sequence have similar role.

— Erasing rule 4 — ¢ models the death of a cell (which has been in a state 4 before its disappearance) or a
delete mutation in a DNA sequence.

— Chain rule 4 — B reflects a change of a state of the corresponding cell or a single nucleotide mutation in
DNA.

— Repetition rule 4 — 44 models highly repetitive DNA sequences such as tandem repeats.

— Growing rule 4 — BC models the split of a cell being in a state 4 , into two children being in state B and C,
or growth of a DNA sequence.

— Stochastic rule p: A — B models the random mutations of DNA sequences.

From the biological point of view, the components of any biological organism evolve simultaneously, so we
cannot expect that biological processes could be modeled using a sequential approach. It is more likely that the
cells that reproduce simultaneously would be modeled by a mechanism that is based on the same behavioral
principles. This makes a special class of grammars, called parallel grammars [Fernau, 2003], particularly
interesting for research of biological sequences such as DNA. L-systems are a special class of parallel grammars
that can model the growth of living organisms, e.g. plant development, but also able to model the morphology of a
variety of organisms [Prusinkiewicz and Lindenmayer, 1990]. They produce sentences that can be interpreted
graphically to produce images of fractals or organisms. L-grammars have been applied also for modeling DNA
sequences [Searls, 1993; Yokomori and Kobayashi, 1998; Mihalache and Salomaa, 2001; McGowan, 2002;
Gheorge and Mitrana, 2004].

The essential difference between sequential grammars such as BNF and L-systems is that in sequential
grammars the production rules are applied sequentially, one at a time; whereas in L-systems they are applied in
parallel and may simultaneously replace all letters in a given word. Also, in L-systems there is no distinction
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between the terminal and non-terminal symbols. All symbols that appear in the grammar are valid in the final
string, and any symbol in the alphabet can head a rule [Prusinkiewicz and Hanan, 1989]. The recursive nature of
the L-system rules leads to self-similarity and fractal-like forms which is also a property of DNA sequences
[Abramson et al., 1999].

For modeling DNA sequences we use a context-free stochastic L-grammar, which is defined as a tuple:
G={V,o,R,P} 1)

where:

V ={4,C,G,T} is a set of symbols containing elements (nucleotide types, in our case) that can be replaced, i.e.

the alphabet.

o =V* isa K -length string of symbols that define the initial state of the system.

RcV'xvt is afinite set of production rules defining the way symbols can be replaced with combinations of
other symbols. A rule consists of two strings - the predecessor (an individual symbol from ') and the successor
(L -length string composed from ¥ elements). Each production rule refers only to an individual symbol and not
to its neighbors.

P is a set of probabilities p ; e [0,1] that a production rule r; € R will be applied.

Machine Learning Using Support Vector Machine

Support Vector Machines (SVM) [Vapnik, 1998] are one of the most popular tools in bioinformatics for supervised
classification of genetic data (biosequences, protein structure data, microarray gene expression, etc.). SVM is a
structural risk minimization-based method for creating binary classification functions from a set of labeled training
data. SVM requires that each data instance is represented as a vector of real numbers in feature space. Hence, if
there are categorical attributes, we first have to convert them into numeric data. First, SVM implicitly maps the
training data into a (usually higher-dimensional) feature space. A hyperplane (decision surface) is then
constructed in this feature space that bisects the two categories and maximizes the margin of separation between
itself and those points lying nearest to it (the support vectors). This decision surface can then be used as a basis
for classifying vectors of unknown classification.

Consider an input space X with input vectors x, € X , a target space Y ={I,-1} with y, e ¥ and a training set
T ={(x;, 9 ). (x> vy )} - In the SVM classification, separation of the two data classes ¥ = {I,-1} is done by the

maximum margin hyperplane, i.e. the hyperplane that maximizes the distance to the closest data points and
guarantees the best generalization on new examples. In order to classify a new point x, the classification

function g(x; ) is used:

g(xj): sgn[ Zaiyil((xi,xj)+ bJ 2)

x,eSV
where: SV are the support vectors, K(x,.,x j) is the kernel function, «; are weights, and 5 is the offset
parameter.
If glx;)=+1, x; belongs to the Positive class, if g(x;)=~1, x; belongs to the Negative class, if g(x,)=0, x,
lies on the decision boundary and can not be classified.

Here we have a binary classification problem in which the outcomes are labeled either as positive (P) or negative
(N) class. There are four possible outcomes from a binary classifier:

— True positive (TP) — the outcome from a prediction is P and the actual value is P.
— False positive (FP) - the outcome from a prediction is P and the actual value is N.



International Book Series "Information Science and Computing" 101

— True negative (TN) — both the prediction outcome and the actual value are N.

— False negative (FN) - the prediction outcome is N while the actual value is P.
The efficiency of the classification function g(xj) can be evaluated using several different metrics such as
Sensitivity, Specificity, F-measure or Mathew's Correlation Coefficient. Here we use a simple Accuracy (ACC)
metric, which is a measure of how well a binary classification test correctly identifies or excludes a condition.

ACsz-IOO% (3)
np+ny

where n; is the number of i cases in the classification results.

The best possible classification method would yield 100% accuracy (all TPs and no FPs are found).

Grammar Rule Inference

Derivation of formal grammar rules, also known as grammatical induction or grammar inference, refers to the
process of inducing a formal grammar (usually in the form of production rules) from a set of observations using
machine learning techniques. The result of grammar inference is a model that reflects the characteristics of the
observed objects. Here, for inference of L-grammar rules we use a “trial-and-error’ method [Duda, 2001]. The
method suggests successively guessing grammar rules (productions) and testing them against positive and
negative observations. The best ruleset is then mutated randomly following the ideas of genetic programming
until no improvement in accuracy is found within a certain number of iterations.

The rules of the L-system grammar are applied iteratively and simultaneously starting from the initial string. Let us
denote L(G) all those strings over ¥ that can be generated by starting with the start string » and then applying
the production rules in R with probabilities P . We describe the grammar inference problem as a classical
optimization problem as follows. Determine G, where V is constant, from a given set of input sequences X =1V
such as to achieve the best classification ¢(x"):

ox)=max el @

where: x,,x; € X' c L(G) are strings produced by production rules R with probabilities P, and g(x j) is the

Jj?

classification function trained on a set of input sequences x; € X .

Case Study: Derivation of L-Grammar Rules from Promoter Datasets

Datasets
We use the following datasets:

1) The 2002 collection of data of drosophila (D. melanogaster) core promoter regions [Drosophila]. The test file
contains 6500 examples (1842 promoters, 1799 introns, and 2859 coding sequences), each 300 bp length.

2) The collection of data of human and additional eukaryotic (vertebrate) promoter regions. The promoters were
extracted from the Eukaryotic Promoter Database rel. 50; the negative set contains coding and non-coding
sequences from the 1998 GENIE data set [Human]. The test file contains 5800 examples (565 promoters, 4345
introns, and 890 coding sequences), each 300 bp length.

The positive set consists of promoter sequences and the negative set consists of introns and coding sequences.
Description of L-grammar rule generation
The L-grammar rule generation process is performed in two stages as follows:

1) Derivation of a learned classifier. The promoter dataset is used for training a SVM classifier. As a classifier, we
use SVMignt which is an implementation of SVM in C [SVMIight]. Nucleotide sequences are mapped onto a
feature space using orthogonal encoding, where nucleotides in a DNA sequence are viewed as unordered
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categorical  values and represented by the 4-dimensional orthogonal  binary  vectors:
{4 —0001,C — 0010,G — 0100, — 1000} . For training, the linear kernel function is used. The result is a

model of a learned classifier that can separate promoter and non-promoter sequences.

2) L-grammar rule induction. The classifier model is used for evaluating the fitness of the generation of L-
grammar rules. Rules are generated by L-grammar rule generator using a directed random search method: the
best ruleset so far is mutated randomly and used to generate 1000 of 300 bp length L-system strings. The
mutation parameters are the start string, successor strings and production rule probabilities. The number of rules
as well as the predecessor strings is fixed. There are four rules for each type of nucleotide: A-rule, C-rule, G-rule
and T-rule. The generated strings are encoded as 4-dimensional orthogonal binary vectors, fed to the trained
SVM classifier and the accuracy of the classification is obtained. If the accuracy of the mutated ruleset is better
than the accuracy of the previous best ruleset, the mutated ruleset is saved as the best ruleset; otherwise the
previous best ruleset is retained. The process is continued until the required accuracy is achieved.

The structure of the L-grammar induction system is summarized in Fig. 1.

Promoter Non-promoter
sequences sequences
SVM learner
L-system
generator
Classifier
model

Random Generated
/; L-grammar rules sequences i
L-grammar _\-V SVM classifier ™ Predictions

rule generator

L-grammar
rules

Fig. 1. Structure of the L-grammar induction system

Results

The classification was done in two stages: (1) SVM was trained using promoter vs. non-promoter sequences, and
the trained classifier was used to classify (2a) random sequences labeled as promoters, and (2b) artificially
generated (from the induced L-grammar rules) sequences labeled as promoters. The classification results using
the Accuracy metric (see Eq. 3) are presented in Table 1.

We can see that artificially generated sequences can be classified vs. non-promoter sequences almost as good
as real (natural) promoters. That suggests that induced L-grammar rules indeed capture some essential dataset
properties of promoter sequences. The results are worse for the vertebrate dataset, because vertebrate
promoters have more complex patterns with more irregularities and exceptions.

The derived stochastic L-grammar rules are presented in Fig. 2, a) and Fig. 2, b) for drosophila and vertebrate
promoter sequences, respectively. Note that in drosophila grammar rules C and in vertebrate grammar rules T
symbols are completely missing from the right (successor) side of production rules.
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Table 1. Classification results

Classified sequences No. of sequences  Classification accuracy
Drosophila Vertebrate
dataset dataset
Promoters vs. non-promoters 6500/5800 99.74% 94.67%
Random sequences 1000 3.3% 1.2%
Artificially generated sequences 1000 93.40% 92.10%
Variables: A, Cc, G, T Variables: », ¢, G, T
Start: AAACTAAT Start: A
Rules: 0.85: (A -> TATA), Rules: 0.50: (A -> CGGAR),
0.94: (C -> TAn), 0.86: (C -> CcCCCG),
0.91: (G -> TAG), 0.19: (G -> ACGG),
0.10: (T -> TGA) 0.50: (T -> RAR)
a) b)

Fig. 2. Stochastic L-grammar rules for generating
a) drosophila, and b) vertebrate promoter-like sequences

Evaluation

After analyzing the induced promoter sequence production rules, we can conclude that these rules can fairly good
characterize the subsequences that are typical for promoters. The drosophila promoter production rules feature
the TATA successor string, which matches the TATA-box (TATAA or TATAAA) typical for the drosophila
promoters. Other subsequences typical for the promoter sequences are produced by the successive application
of the production rules, e.g., the Pribnow box (TATAAT ) is produced by two successive applications of A-rules.

The vertebrate promoters are typically more complex than the drosophila promoters, because there are many
TATA-less promoters, which are characterized by other more complex subsequences. These subsequences also
can be produced from the induced grammar rules, e.g., the CACG subsequence characteristic to the E-box
(CACGTG) is produced by the successive application of the A-rule and G-rule. The AACC subsequence
characteristic to the Y-box (GGGTAACCGA ) is produced by the successive application of the G-rule, A-rule,
and C-rule. Human promoter sequences are also characterized by the occurrence of DPE (downstream promoter
element), a distinct 7-nucleotide subsequence (A/G)G(A/T)CGTG that is similar to the derived G-rule.

Conclusion

The advantage of the machine learning method combined with formal grammar is that additionally to recognition
which does not provide any structural information, the modular structure of the analyzed genetic sequences can
be identified. The structural analysis of the derived L-grammar production rules allows identifying common
promoter sequence elements (so called “boxes”) such as TATA-box, Pribnow box, E-box, Y-box and DPE.

The classification results of the artificial promoter sequences generated using the derived L-grammar rules are
almost as accurate as that of the natural promoters, thus showing a great deal of similarity between the
discriminating features of both types of sequences.
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AUTOMATIC GENERATION OF TITLES FOR A CORPUS OF QUESTIONS

Jesus Cardefosa, Carolina Gallardo

Abstract: This paper describes the followed methodology to automatically generate titles for a corpus of
questions that belong to sociological opinion polls. Titles for questions have a twofold function: (1) they are the
input of user searches and (2) they inform about the whole contents of the question and possible answer options.
Thus, generation of titles can be considered as a case of automatic summarization. However, the fact that
summarization had to be performed over very short texts together with the aforementioned quality conditions
imposed on new generated titles led the authors to follow knowledge-rich and domain-dependent strategies for
summarization, disregarding the more frequent extractive techniques for summarization.

Keywords: Summarization, text processing, subjective clustering.
ACM Classification Keywords: H.3.1 Content Analysis and Indexing

Conference: The paper is selected from Sixth International Conference on Information Research and Applications -
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction to the Problem: context and antecedents

Management information based on summaries is frequent in libraries, documentation centers, press or document
collections based on short texts. Some libraries have at their disposal information based on summaries of articles
or abstracts that have been not generated by the authors but by documentalists. These abstracts have been
made in such a way so that information search can be done over the complete document or over the abstract
instead. Frequently, these summaries are indexed with some keywords that identify them thematically. Another
case is given by news. News are relatively short documents but are identified by means of a title. The ftitle is
defined by the author of the new and it serves to search over this news. Titles can be conceived of the most
condensed abstraction of the contents of a document. Thus, summaries do not serve a unique function: they can
be used for information searches or as indexes of their documents, mainly.

In the area of automatic summarization, summaries can vary in their form. Form relates to the way that the
summary has been produced, thus the summary can be composed of extracts of the document (extractive
summarization) or by and abstract (a concise summary of the central subject matter of a document). Obviously,
techniques used for extractive summarization are different from those used for abstracting and more frequent as
well. Extractive summarization tries to identify the relevant sentences of the document. To distinguish which
sentences are relevant from irrelevant ones, several criteria are used: a positional criterion (e.g., sentences at the
end or beginning of the paragraph are considered to be more relevant) was used in [Brandow et al. 95]; [Lin and
Hovy, 1997] considered as relevant those sentences that contained signature words (id est, key words that
defined by means of frequency measures like the tf-idf schema); on the other hand, [Osborne, 2002] classifies
sentences as relevant/non relevant according to the existence of certain word pairs, sentence length, sentence
position and discourse features. In essence, extractive summarization typically uses statistical techniques to
extract the relevant sentences. As such, they constitute domain-independent techniques.

Non extractive trends in single-document summarization rely on knowledge-based techniques and tend to be
domain-dependent approaches. A paradigmatic system, SUMMONS described in [Radev and K. McKeown,
1998], is restricted to the summarization of news about terrorism. SUMMONS firstly extracts relevant information
(like places, victims, authors, date, etc.) from texts using predefined templates. Then the extracted information is
passed through a language generator module which is also based on templates. Other knowledge-based



106 Advanced Research in Artificial Intelligence

approaches make use of linguistic processing, like [Tucker and Sparck Jones, 2005], together with domain
knowledge, exemplified by the works of [Saggion and Lapalme, 2002] or [Hahn and Reimer, 1999]. In any case,
during the last decade there has been much less research and work in knowledge-based summarization (see
[Spérck, 2007] for an up-to-date review of the summarization area).

In our specific case, the problem is defined by the necessity to assign a title to the questions that belong to the
opinion polls that the Centre for Sociological Research (CIS — Centro de investigaciones sociolégicas) of the
Spanish government. A question is a short text with the objective of collecting the value or one of more
sociological variable. A sociological variable can vary from a specific piece of information about the interviewee
(like labour situation, education level, social class, number of cars that the interviewee has, efc.) to the
interviewee’s opinion about a given issue, institution or public person. Questions include a number of different
answer options, then interviewees have to choose between one or more, free answers are not allowed. Thus, a
title for a question is more than an identifier: it is a summary of the content of the question that permits the
understanding of the distribution of the frequency of answers without reading the complete text of the question.

Bearing in mind the particular nature of our problem, any extractive technique will prove inadequate for our
problem. Since there is a need to generate new titles that are a condensed abstracting of the question, the
strategies to follow will have to be knowledge-rich and domain-dependent. This article will describe the process
that we have followed to automatize the process of title generation. Although our proposal is based on domain-
dependent criteria, it is applicable to similar problems.

Analysis of the Domain

The specific problem is as follows. The complete corpus of different questions belonging to the opinions polls is
composed of;

o 39257 questions with a title, assigned manually by experts.
o 47964 questions with no title (hereafter, they will be referred as untitled questions).

Since there is a corpus of already titled questions, the generated titles have to be coherent and similar with the
manually assigned ones. To do that, we performed a thorough analysis of the domain with the main objective of
searching for relations (of any kind) between the existent questions and their titles and extrapolate such relations
to the corpus of untitled questions. Although there are many aspects that can be analyzed in this particular
problem, we focused on two main aspects: linguistic features of titles and relations between titles and questions.
The analysis is completed with the estimation of frequencies of the different types of titles and relations.

l. Linguistic features of titles

The set of titles (without questions) were thoroughly examined. Aspects like length of the title, existence of
repeated titles, linguistic constructions and tackled themes were taken into account. For our purposes, we
established two broad categories of titles: subjective topic titles and objective specific titles.

Subjective topic titles

This sort of titles refers to the judgement about a given topic of the interviee. The judgement can be an approval,
rejection, preference, evaluation, etc. of a topic; and this sort of judgement is included in the title, together with
the object of the judgement. It is remarkable that from a thematic point of view, the most frequent tackled themes
are vote, elections and politicians. Besides, the titles dealing with these three topics shows less variation that
others. In general, the structure of subjective topic titles follow the general schema of: Type of judgement +
Nexus + Topic. Where type of judgement is a word like “opinion”, “preference”, etc., “nexus” is a the preposition
that requires the initial word, and topic is the nominal group denoting what the question is about. Table 1 shows

some examples.
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Table 1. Example of Subjective topic titles

Type of Judgement | Nexus | Topic

Approval of the labour of Felipe Gonzalez as Prime Minister
Preference between | different alternatives of territorial organization of the State
Satisfaction with the job of the interviees that do not study

Objective Specific Titles

These titles asked for an objective piece of information about the interviee. Thus, in their linguistic structure there
is not an initial word denoting a judgement. There are two types:

o Fixed: they seem to be obligatory in all surveys and usually refer to sociodemagraphic aspects of
interviees like labour situation, social class, etc. Some examples are:

o Age of Interviewee; Head of the familiy
o Specific: they are specific to a given survey and usually refer to habits like smoking, sports, leisure, etc.
For instance:
o Starting Age for smoking; Number of mobile phones of the interviewee
II. Linguistic relation between titles and questions

The degree of success in automatizing the process of generating titles is directly related with the relation between
a question and its title. We have identified three main types of relations:

a) The title is a summary of the question. As in the following example:
TITLE: Acceptance of fraudulent behaviour regarding the National Institute of Employment
QUESTION: In our society, there are happen things that are completely acceptable for some people and

absolutely unacceptable for others. | am going to read you some of those things and I'd like to know whether
they are acceptable or not for you. [....]

- To evade taxes | - To receive an unemployment subsidy while working. | ....

b) The topic of the title is a nominalization or paraphrasis of a part of the question.
TITLE: Frequency of attendance to religious services

QUESTION: How often do you go to mass or attend religious services if you have other religion?
- Never | - Several times a year | - Sometimes in the month

c) The topic of the title is a literal fragment of the question.

TITLE: Attitude towards the creation of an International Court

QUESTION: In any case, are you in favour or against the creation of an International Court of these
characteristics.

-Infavour | - Against |- Not know — not answer

lll. Frequency of the different types of titles & questions

Our work is based on the hypothesis that the analysis results obtained from the existent corpus of titled questions
are valid for the corpus of untitled questions. In this way, we assure similarity of the generated titles with the
existent ones. It is important to estimate the frequency of the different types of titles and of the different types of
relations between titles and questions. To estimate frequencies, we established five categories of questions that
resulted from the reorganization of the classification from the analysis of the linguistic features of titles and from
the relation between title and question, namely:

o From the linguistic analysis of titles, there results four categories. Subjective topic titles branches into two
categories: a) Topics about vote, elections and politicians; and b) Rest of topics. Whereas Fixed
Objective Specific titles divides into other two categories: c) Fixed; and d) Specific.

e From the relation between title and question, we are just interested in identifying the untreatable
questions, since these are the ones that will pose more problems to the task. Thus, only one category is
posed: Untreatable questions.
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Thus, we will postulate 5 categories: (1) Topics questions about vote, elections and politicians; (2) Rest of topics
questions; (3) Fixed question; (4) Specific questions; and (5) Untreateble questions. In order to estimate the
frequency of these five categories, we extracted six samples of 40 questions from the corpus of titled questions.
For each sample, we classified the question —along with its title- under one of the five postulated categories.
Table 2 shows the estimated frequency of different types of titles.

Table 2. Frequency of different types of titles

. . , . Type of Question Frequency
Under the hypqthe3|s that untitled qgestlons behave as tltlfd ONeS, °F|actions, vote and politicians 14.58 %
these frequepmes helpled us to estlmgte that laround 25% of the Topic questions 12.92%
corpus of untitled questions would remained untitled. Specific questions 10.83 %
Fixed questions. 37,08 %
Untreatable questions 24,58 %

Development of the work: Methodology

We imposed the following working hypothesis: only questions whose title can be generated from a nominalization,
paraphrasis or exact wording of a fragment of the question will be assigned a title. We will not include deep NLP
processing technology but shallow language analysis and domain-dependent patterns to identify the relevant
fragments of the sentence and to generate the corresponding title.

The main reason to reject deep natural understanding techniques are given by the number of language resources
required, such us dictionaries, grammars for analysis and grammars for generation. A domain-dependent strategy
instead does not require either deep natural language understanding or big language resources. On the other
hand, it requires an exhaustive domain-analysis and a representative corpus of examples.

Let's examine the following example:

TITLE: Religiosity of the interviewee
QUESTION: How would you considered yourself regarding religion?
- Practising catholic. | - Non practising catholic | - Other religions | - Non believer | - Do not answer

This specific question and its title are repeated around 800 times in the corpus of titled questions however it will
fall into the category of untreatable questions. It represents a simpler case where to fairly repeated string it is
assigned a fixed title, disregarding any kind of linguistic analysis.

Thus the chosen technique was a domain-dependent one. This option was supported by the following facts: a)
high frequency of fixed questions; b) homogeneity in the existent titles; and ¢) the results of the analysis of the
domain already pointed out at patterns.

Strategies for the different types of questions

Each type of questions have a different strategy. For example, fixed questions are the simplest, their treatment
imply looking for a specific string and assign another string, while the rest of categories require to look for the
topic, type of opinion, etc. Let's have a look at how each different type have been dealt with.

l. Questions about vote, elections and politicians

The questions about these topics fairly frequent in the corpus of both titled and untitled questions. They show little
variability in their wording, being the variable elements the type of election (European, general, regional or
municipal), the date of the election or the politician that is being evaluated.

The strategy for generating the titles for this type of question is a) to associate a specific sequence of words in
the question to a specific partial title; b) identify the variable elements (type and date of election, name and
position of the politician); and ¢) concatenate the different elements. That is, these titles have the following
general schema:
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TITLE — Partial title + Variable element
For example, pattern 1 shows one specific pattern for the identification of a partial title.

PATTERN 1. PARTIAL TITLE: “INTENTION OF VOTEIN ...”
[Q] /Do you think you will vote in/ — [PT] “Intention of vote in”

That is, if the string “do you thing you will vote in” matches the question [Q], then identify the partial title
[PT] as “Intention of vote in”.

Pattern 2 identifies one variable element (type of election).

PATTERN 2. VARIABLE ELEMENT: TYPE OF ELECTION

[Q] /<these|the|forthcoming> elections X PUNCTUATION/ - [VE] “the X
elections”

In this case, if the question matches any of the words <these|the|forthcoming> followed by the string
“elections” and any string (denoted by X) until a punctuation mark, then identify the variable element
[VE] as the string “elections X".

The following question and title illustrate these patterns:

QUESTION: Do you think you will vote in the elections to the European Parliament, to be celebrated next 15th
June.
TITLE: Intention of vote in the elections to the European Parliament.

Il. Rest of topic Questions

The strategy to generate the titles for these questions follows two steps: a) identify the sort of judgement that is
being required to the interviee (that is, an opinion, approval, reason or evaluation); and b) identify the topic of the
question. The final title will be the concatenation of the type of judgment and the topic:

TITLE — Type of judgment + topic
Both elements are extracted with the help of regular expressions, but in some cases some linguistic knowledge is
also used. Pattern 3 shows an specific example to identify the type of judgment, whereas pattern 4 identifies the
topic of a question.

PATTERN 3. JUDGEMENT TYPE: “DEGREE OF AGREEMIENT WITH”
[Q] /TELL <the|your> degree of agreement/ — [JT] “Degree of agreement with”

That is, if the question is composed of any form of the verb “to tell” followed by determiner “the” or
pronoun “you”, followed by the string “degree of agreement with”, identifies the judgement type as
“degree of agreement with”.

PATTERN 4. TOPIC

[Q] /going to read (you) some <opinions | statements> about X FINAL MARK/ -
[TOPIC]: “some opinions about X”

That is, if the question matches the string “going to read you some opinions about” and its possible
variations (presence or absence of “you”, disjunction between “opinions” or “statements”) followed by
any string (represented by X) until a final mark, identify the topic of the sentence as “some opinions
about X”.

FINAL MARK
[FINAL MARK]: <;|:|.|CLAUSE>

That is, a final mark can be any of the following: a semi-colon, a full stop, colon or the beginning of a
new clause (for example: pronoun + verb).

These patterns show how (very) shallow linguistic knowledge aids to the task of identifying patterns. They can be
directly applied to the following question, where both the type of judgement and topic are highlighted:
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QUESTION: Now, | am going to read some opinions about the development of the State of Autonomies
and | would like you to tell me your degree of agreement with each of them. Autonomous Communities ...
- Have contributed to ...

TITLE: "degree of agreement with the development of the State of Autonomies”.

Ill. Specific Questions

These questions usually ask for objective data about the interviee. Thus they present more variability in the topics
of the questions. For this reason, the strategy is slightly different from the previous ones: patterns for these
questions do not rely on the identification of a particular string in the sentence but on the identification of specific
linguistic constructions. Thus, for the process to be successful, it is required that the linguistic constructions
present in the questions are homogeneous. Consequently, this type of questions are the ones that require more
linguistic knowledge for their processing, in particular, the recognition of the shallow structure of wh- questions.
Patterns 5 and 6 are two paradigmatic examples for specific questions.

PATTERN 5. TITLE: “NUMBER OF TIMES ...”

[Q]: /How many times (in total) have you X?/ - [T] “Number of times that the
interviee has X”

That is, if the question matches the string “how many times have you” followed by any string
(represented by “X”) and a question mark, identify the title [T] of the question as “Number of times that
the interviee has X"

This pattern has been directly applied to the following question:

QUESTION: How many times have you been hospitalized in the last twelve months?
TITLE: Number of times that the interviee has been hospitalized in the last twelve months.

PATTERN 6. TITLE: “PERSON/ENTITY THAT ...”

[Q]: /Who do you <think|believe> that X <:|?>/ - [T] “Person/Entity that X”
That is, if the question matches the string “who do you think that” (or “believe”, instead) followed by any
string (represented by “X”) and a question mark, identify the title [T] of the question as “Number of times
that the interviee has X".

Pattern 6 generates the following title:

QUESTION: Who do you think that should provide information about the social and sanitary assistance and
services for old people?

TITLE: Person or entity that should provide information about the social and sanitary assistance and services
for old people

IV. Fixed Questions

The strategy for the generation of this titles does not require any linguistic knowledge. The process merely
consists in the assignment of a fixed title (without variations) to questions that present a particular wording with
hardly any variation. Patterns 7 and 8 deal with two different types of fixed questions.

PATTERN 7. FIXED TITLE

[Q]: /what 1is your social class/ — [T]: “Subjective social class of the
interviee”

That is, if the question matches the string “what is your social class”, identify its title as “Subjective social
class of the interviee”

PATTERN 8. FIXED TITLE

[Q]: /Which of the following describes your current situation?/ — [T] “Labour
situation of the interviee”

That is, if the question matches the string “Which of the following describes your current situation?”,
identify its title as “Labour situation of the interviee”.
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V. Untreatable questions

These questions do not have any feature to identify them. In this case, we do not attempt to generate a title.

Finally, in addition to untreatable questions, there is a set of questions that are left untitied intentionally. These
questions does not have enough content to generate a title. In particular, they present any of the following
characteristics:

a) The question has less that 4 words. For example:
| QUESTION: And why not? |

b) The question ends with suspensions dots. For example:
| QUESTION: What do you think about ...? |

c) The questions contains enclitic pronouns and general terms like “that’, “statement”, “reason” in their
topic. For example:
| QUESTION: Do you agree with that? |

Thus, any question with any of the aforementioned characteristics is left out from the process of title generation.
They are referred to as filtered questions.

Results

There are two main aspects to be evaluated: the quantity and the quality of the generated titles. Quantitative
results are summarized in table 3. As can be seen, at the end of the process, we were able to generate 22347
titles and leaving apart 1627 questions as filtered ones. This means that we automatically titled around 47% of
the questions.

Table 3. Results for untitled questions

Type of Question Number
Titled questions 22347
Untitled questions 23990
Filtered Questions 1627
TOTAL 47964

We also reviewed the quality of the generated titles. To do that, we evaluate the quality of titles of six samples of
50 titles each. The average percentage of correct titles for all the samples was 96%.

Thus after the evaluation, we can ask ourselves again whether our initial hypothesis were correct. From the
quantitative point of view, our hypothesis about the frequency of the different types of questions is only partially
correct. Untreated questions represented 24% of the titled questions, whereas they represent 50% of untitled
questions. Fixed questions are also less numerous in the corpus of untitled questions. However, from a
qualitative point of view, we have assured homogeneous and correct titles.

Conclusions

There are several conclusions from this work. The first one made us think about the differences in the distribution
of the frequency of the different types of questions. This shift is sometimes due to the evolution of society. The
sociological changes are reflected in the topics of the questions.

The second one refers to the followed techniques and strategies. In this work, domain-analysis and ad hoc
patterns prevails over domain-independent linguistic processing. Linguistic processing is kept to a minimum,
since the linguistic resources are expensive. On the other hand, domain-dependent strategies prove to be highly
efficient while quick to be developed.
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EXPERIMENTAL SUPPORT OF ARGUMENT-BASED SYNTACTIC COMPUTATION

Velina Slavova, Alona Soschen

Abstract: Linguistic theory, cognitive, information, and mathematical modeling are all useful while we attempt to
achieve a better understanding of the Language Faculty (LF). This cross-disciplinary approach will eventually
lead to the identification of the key principles applicable in the systems of Natural Language Processing. The
present work concentrates on the syntax-semantics interface. We start from recursive definitions and application
of optimization principles, and gradually develop a formal model of syntactic operations. The result — a Fibonacci-
like syntactic tree — is in fact an argument-based variant of the natural language syntax. This representation
(argument-centered model, ACM) is derived by a recursive calculus that generates a mode which connects
arguments and expresses relations between them. The reiterative operation assigns primary role to entities as
the key components of syntactic structure. We provide experimental evidence in support of the argument-based
model. We also show that mental computation of syntax is influenced by the inter-conceptual relations between
the images of entities in a semantic space.

Keywords: natural language, mathematical modeling, cognitive modeling

ACM Classification Keywords: .2 Arificial Intelligence, 1.2.0. Cognitive simulation,1.2.7. Natural language
processing - Speech recognition and synthesis.

Conference: The paper is selected from International Conference "Intelligent Information and Engineering Systems"
INFOS 2008, Varna, Bulgaria, June-July 2008

Introduction

We use mathematical formalism of Generalized Nets to develop a stage-simulating model of NLP. This formal
approach allows a more exact representation of information flows during the stages of processing, expressed as
the transitions Z1_Zy of the Net (Slavova 2004). The analyses performed on this basis suggest that information
treatment consists of the operations that use two types of Long Term Memory knowledge (syntactic and
semantic) in parallel. As an example, this is the case of transition Z,7 which expresses the stage when the system
builds the syntactic structure of a sentence after its last word-form was stored in Working Memory (figure 1.). A
detailed examination of the incoming information flow allows us to suggest that the procedure, running on Zy,
must use semantic and syntactic knowledge in parallel. We assumed that syntactic structure is better clarified

when it receives semantic justification.
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Figure 1. Information treatment of a sentence, based on language and semantics

1o



http://portal.acm.org/ccs.cfm?part=author&coll=GUIDE&dl=GUIDE&row=I.2.7&idx=9&idx2=I.2.7&idx3=6&query=%2BCCS%3A%22I%2E2%2E7%22%20%2BCCS%3A%22Speech%20recognition%20and%20synthesis%22&CFID=39779402&CFTOKEN=54057620�

114 Advanced Research in Artificial Intelligence

For further analyses, the two types of knowledge stored in Long Term Memory were modeled by means of a
database structure that shows the interconnection of syntactic rules, semantic primitives, and semantic operators
(Slavova, Soschen, Immes, 2005). The assumption was that language units (word-forms) have images as
semantic primitives such as “concepts”, “attributes”, “events” etc, and that grammatical rules comply with
semantic operations on these primitives. This formalization of the Language as a “joint” Information System was
used to study a particular language rule - secondary predication in Russian'- This rule was modeled by means of
the formal approach described above. That led to a coherent and well-defined formal procedure and confirmed

that the rule entails operations on semantic primitives.

Further efforts are put forward to obtain the proof that semantic knowledge and syntax are interrelated. The
question so far is how syntax is related to operations on semantic primitives — concepts, events, attributes, etc.
This is one of the most important questions in contemporary linguistics and cognitive science.

Syntax as Computation

Following one of the widely accepted linguistic theories, the key component of Faculty of Language (FL) is a
computational system (narrow syntax) that generates internal representations and maps them into the
conceptual-intentional interface by the (formal) semantic system (Hauser et al., 2002). There is a consensus that
the core property of FL is recursion, which is attributed to narrow syntax. In other words, the process of mental
generation of syntactic structures relies on the capacity of the human brain to perform specific operations in
compliance with the principles of efficient computation. The claim in the recent theories is that this computation is
based on a primitive operation that takes already constructed objects to create a new object. This basic
operation, called “Merge”, provides a “language of thought”, an internal system to allow preexistent conceptual
resources to construct expressions (Chomsky, 2006). Although these questions receive a lot of attention, there
are no convincing proposals yet concerning the precise type of resources on which such computation is
performed in a recursive manner to build syntactic structures.

a. Figure. 2. b.

Following from the above, the study of syntactic recursion by mathematical means may provide valuable insights
into the principles underlying the human language. One step in this direction was provided in Slavova and
Soschen (2007). Syntactic structures, presented in the traditional sense of Chomskyan theory (Bare Phrase
Structures, XP-structures), were re-defined in terms of finite recursive binary trees. The “traditional syntactic tree”
does not correspond to the finite nature of a sentence; consequently, it cannot be defined recursively as a finite
object. Another reason to introduce this modification is to build a structure that complies with the principles of
optimization, namely with the principle of efficient growth (Soschen 2006, 2008). The tree was modified; the

' The linguistics theories don’t provide a consistent explanation of Secondary Predication in Russian.
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nodes related to syntactic role of verbs were discarded. The structure obtained in this way is a tree of Fibonacci
(figure 2. a).

This tree can be seen as is an operator — it “performs” a bottom-up Merge (figure 2.b.), its nodes are the results of
Merge. In the model under development, XPs are sets, Xs are ‘unbreakable’ entities, and Merge can be applied
to two non-equivalent substances (the tree has ordered nodes). These formal transformations of the traditional
tree result in a structure that incorporates two operations of fundamental importance in the syntactic model. The
first is “@-Merge”, operation that takes place at the point where Xs as initial substances form singleton sets, ready
for further syntactic computation. The second is fype-shift, which results in a transition from sets (XPs) to entities
Xs and expresses a property of the dual mental representation of XP as either consisting of two separate
elements or as an ‘unbreakable’ whole (part of a larger unit).

The Fibonacci-like tree shows the patterns of relating arguments (Soschen 2006, 2008). An important question is
the height h of the XP Fibonacci-tree, since it refers directly to the memory, necessary for the computation. The
tree is a recursive object; the same patterns of Merge are repeated at its levels. It is easy to show that merge-
patterns start to reiterate when h>3 and that any tree with h>3 can perform more than one merge-pattern. We
defined the tree with h=3 as the basic tree (fig. 2.b). We interpret its properties as follows: the basic tree defines
the maximal number of Xs that can be merged in a procedurally unambiguous way. It could be suggested that
this structure is determined in the same way as the number of nodes and relations that can be treated by the
human brain within a semantically meaningful argument space.

XP

s

XP

b. Mary in Mary smiles.

c. Two arguments Mary, John in d. Three arguments Mary, John, apple in
Mary loves John. Mary gave John an apple.
Figure 3.

The tree represents a bare (label-free) syntactic structure that has no lexical input; what it has are the paths that
connect smaller units in order to produce a larger meaningful unit. We called the tree in (fig. 2.b) "the Argument-
Based Syntactic Tree”.

According to the hypothesis put forward in Soschen (2005, 2006, 2008), a general rule governing efficient growth
applies in syntax in such a way that minimal syntactic constituents incorporate arguments (agent, recipient,
theme) which are related to each other. In the Fibonacci-tree model, the type of merge configuration determines
the type of relation between arguments. The maximal configuration (fig. 3.d) corresponds to thematic roles agent,
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recipient, and theme. The “syntactic meaning” of the schemes in (fig. 3) corresponds to configurations offered in
(Soschen 2006, 2008).

These schemes represent all possible configurations and relations between arguments in the human theta-role
Semantic Space. Carnie (2006) shows convincingly that the number of arguments in a thematic domain is
necessarily limited to three, a fact that has not found an explanation in linguistics so far. The model under
development suggests that the number of arguments is limited in a particular way in compliance with the
principles of efficient growth, which are, in our terms, the principles of efficient computation as well.

Of importance to linguistic theory is our proposal that the argument-based model of syntax has a fundamental
character. This model shows that syntax utilizes recursive calculus to connect arguments and express relations
between them. The argument-based model assigns a primary syntactic role to entities, usually expressed as
nouns. This viewpoint is in contrast with verb-centered models of syntax.

Our efforts are focused on the experimental evidence that supports the argument-based model. The difficulty of
designing an appropriate experiment is that mental computation runs on a deep (pre-linguistic) level and cannot
be captured on the lexical level by a standard experiment. One possible way to extract some information about
the primary mechanisms is to force the mental system to solve ambiguities on the lexical level and to analyze the
system’s response.

Experimental Design

Bulgarian is the only Slavic language which, during the last 10 centuries, has undergone a transition from
synthetic to analytical language. Prepositions replaced case-flections, and a suffixed definite article appeared.
One interesting result of the transition is that the Genitive and Dative cases are both expressed by means of the
preposition ‘Ha’ (na). “Na” has several meanings: to, of, on. Our experiment is based on the following two
meanings of “Na”;

1. Of - meaning (whose, Slavonic Genitive)

The X| [the Y| means “the X of the Y” i.e. “the Y's X", as in:

The X Ha The Y
Kblwama Ha Kyyemo
The house of The dog The dog's house

2. To — meaning (to whom, Slavonic Dative)

Subject Verb means that the subject S acts To the Y. For transitive verbs, Ha assigns the syntactic
role of a Recipient:

SVerb O The Y (Recipient)
Tow poHece cTon Ha OupekTopa
He brought a chair To the director

In the example above, Object is not marked with an article. Such sentences always have the meaning S-(V)-O-R
(three arguments: agent, theme, and recipient).

When the Object is marked with an article, the sentence becomes:

Subject| Merb| |the X (Object) ithe Y J
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and its second part fits the Genitive construction @ . In result, the available grammatical rules of
the language assign to the noun Y two possible roles:

1. Subject Verh| [the X (Object)| [tol [the Y (Recipient). S-(V)-O-R, Resipient

2.[Subject Verb| [the X (Object) [of [the Y (Possessor).  S-(V)-O-of-P, Possessor

In such sentences, preposition Ha indicates that the noun that follows it is either Recipient (argument), or it is the
object’s owner/ Possessor. The difference between these two interpretations is crucial, as the basic syntactic
structure of two sentences is completely different - in the former, there are three arguments, and in the latter,
there are two (corresponding respectively to the trees on fig. 3.d and 3.c). In Bulgarian, all the sentences of type:

[Subject \Vert| [the Object [d [the Y]

are ambiguous: they assign two different meanings to Y - Recipient and Possessor.

In normal listening or reading-comprehension conditions, native Bulgarian speakers interpret one of these
meanings depending on the context. The sentence “Mary gave the book Ha the boy.” in the context “Mary entered
holding a book and she saw a boy” is interpreted as “Mary gave the book to the boy.” And, in the context “The
boy left his book. Mary was asked about the book.” the very same sentence is interpreted as “Mary gave the
boy’s book to someone else.” Speakers of Bulgarian are never mistaken about the conveyed meaning. However,
as our experiment has shown, they are not even aware of the existence of the two meanings. It appears that in
the cognitive space such “Ha-sentence” acts as a Necker Cube — one may “see it” in either of the two ways. The
context makes one of the meanings explicit, while the subjects are not aware of the other meaning. And, in fact,
as is the case with Necker's Cube, if one concentrates long enough on an isolated Ha-sentence, one will discern
that it has two meanings.

Our goal is to study the mechanisms of mental computation of the syntactic structure of an isolated sentence,
with regard to the role of the verb and the arguments.
1. If the assumption is correct that the argument-centered computation is the key to mental operations, an
isolated Ha-sentence will be constructed by assigning to Y the role of Recipient.
2. The Ha-sentences are ambiguous; if the role of entities (nouns in this case) is primary, semantic relations
between their images in the conceptual nets will influence the final result of the syntactic computation.

Experiment

In what ways an isolated Ha—sentence is interpreted? We prepared 13 examples of Ha-sentences (Table 1). Each
of these sentences has an argument that conveys either of the two meanings — Recipient (Rc) vs. Possessor
(Ps). All the verbs used in the test examples are transitive and allow Recipient. All the sentences can exist as
complete sentences without Possessor and without Recipient. The verbs are in the past tense, Perfective form.

Table 1. | 200.Ex MeaH Tpopage Kbuwara Ha falya cv
Ivan Sold The house to/of ~ his father
201.Ex Mapus  MMpogape Konara Ha Cueepnkata
Mary Sold the car to/of  the neighbour
202.Ex Mwxaun [lpogape  Kbata Ha cbceaa cu
Mihail Sold The house to/of  his neighbour
203.Ex EneHa [pogage Kovuwara Ha Kyueto
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Elena Sold The house to/of  the dog
204.Ex AnHa [pogage  AGbnkute Ha MomyeTo
Anna Sold The apples to/of  the boy
211.Ex AvHa  lopage Crona Ha [upektopa
Anna Gave the chair to/of  the director
212.Ex Metsp  [donece  Crona Ha [upextopa
Peter  Brought  the chair to/of  the director
220.Ex Mapus  Tokasa  Konata Ha Cbcegkata
Mary ~ Showed  the car to/of  the neighbour
221.Ex MBaH [okasa  [MbTekaTa Ha Bala cu
Ivan  Showed  the wolk to/of  his father
222.Ex Metbp  [okasa  Kobuara Ha Bala cu
Peter  Showed  The house to/of  his father
231.Ex Kymyo Bbnyo  Mpopage  Kbuwara Ha Kyyeto
The Big Bad Wolf Sold The house to/of  the dog
232.Ex MoHTbOpbT  [lokasa  Konata Ha Cbcenkata
The fitter ~ Showed  The car to/of  the neighbour

We need to find out which of the two meanings of these isolated sentences is obtained FIRST, i.e. in the most
natural way. That can provide information about the mechanisms of mental computation of the basic syntax.

The difficulty in designing an efficient experiment is that when asked to explain the meaning of such a sentence,
subjects usually reply by repeating the very same sentence. For them, in the first moment, the sentence has only
one meaning that can be put into words in one particular way only. The subjects do exactly what they were asked
to do: they express the meaning by using words. Further efforts to make them reveal the meaning make them
focus on the sentence for a longer period of time. As a result, they discover that the sentence has one more
meaning, and they report that the sentence can mean two different things.

This difficulty was overcome in a tricky way. We used the fact that sentence structure, including word order, is
exactly the same in French. The crucial difference is that the preposition Ha is translated in French as “a” (to) for
the Recipient-meaning and as “de” (of) for the Possessor-meaning.

The subjects of our experiment were the students in the masters program of the Francophone Institute for
Management in Sofia, all of them fluent speakers of French. The subjects, 62 students with different backgrounds
(economists, sociologists, biologists, linguists, engineers etc.), were: native speakers of Bulgarian - 39, of
Ukrainian - 6, of Rumanian - 5, of Russian - 3, of Georgian — 3, of Albanian — 3, of Macedonian — 2, and of Arabic
— 1. Some of the non-native Bulgarians spoke Bulgarian fluently, some were less fluent.

The statements in Bulgarian were presented in a written form to the subjects, on small separate pieces of paper,
with the only instruction “Translate into French”. It was done at the end of regular classes, under circumstances
implying that “it is not something you should worry about, do it speedily”.

Each statement was presented to 10-12 different subjects. Each subject was given 2 different statements in a
random manner, while the statements did not contain the same verb or the same noun. The 23 non-native
Bulgarian speakers could ask the experimenter about the meaning of Bulgarian words. There were a few
questions about the meaning of “moHTbop” (fitter), “Tanuuep” (upholster) and “nbTteka” (path) as well as about the
corresponding French-tense of the verbs (Past-perfect forms are translated with “passé composé”). There were
no questions about the meaning of Ha.

The 124 written translations of the test statements were stored in a database. Table 2 contains the proportion of
the Recipient- and Possessor-meanings assigned to each statement (Of% and To%).
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Table 2.

Subject Verb Object ‘ Ha ‘ Y Of% | to% Tendency
204.Ex Anna Sold The apples = Tolof the boy 100 [ Y =Recipient
202.Ex Mihail Sold The house Tolof his neighbor 29 71| Y ->Recipient
201.Ex Mary Sold The car Tolof the neighbor 30 70 | Y ->Recipient
231.Ex The Big Bad Wolf Sold The house | Tolof the dog 33 67 | Y ->Recipient
200.Ex Ivan Sold The house | Tolof his father 67 33 | Y ->Possessor
203.Ex Elena Sold The house | Tolof the dog 100 Y = Possessor
221 Ex Ivan = showed | The path Tolof his father 100 [ Y =Recipient
220.Ex Mary = showed | The car Tolof the neighbor 11 89 [ Y =Recipient
222.Ex Peter ~ showed @ Thehouse | Tolof his father 33 67 | Y ->Recipient
232.Ex The fitter | showed = The car Tolof the neighbor 50 50 Equivalence
211.Ex Anna gave The chair Tolof the director 100 | Y =Recipient
212.Ex Peter ~ brought  The chair Tolof the director 13 88 | Y =Recipient
233.Ex The upholster ~ brought ~ The chair Tolof the director 50 50 Equivalence

This experimental design was successful in the sense that only 4 subjects, native Bulgarian speakers, became
aware that a given sentence has 2 meanings. It is interesting that some of these subjects noticed the double
meaning of one of the statements that they had to translate, but not of the other. They were asked to put down
the two possible translations in the order in which the meanings came to their minds, and only the first one was
taken into account for further analyses.

The results in Table 2 show that, in spite of the “Necker's cube property” of each statement, one of its possible
meanings is interpreted by the subjects more often than the other. The second observation is that for some
statements the preferred interpretation is the Recipient-meaning and for others — the Possessor-meaning. The
third observation is that these changes do not depend on the verb. For one and the same verb, the interpretation
“switches” from one to the other meaning. For example, as one can see in Table 2, “Sold” appears in statements
varying from 100% of Recipient-meaning, to 100 % of Possessor-meaning.

Based on the available experimental data (at least ten trials for each statement from different subjects), we
assume that the experiment has captured some major tendencies in the interpretation of the test statements. This
experiment allows us to further explore the principles of mental operations underlying interpretation of the basic
syntactic argument structure. So far, a linguistic theory that would explain the observed tendencies in obtaining
some particular result, “computed” by the subjects, has not been developed. Our experiment has shown that the
explanation can be provided by using the argument-oriented model derived in compliance with the principles of
efficient computation.

First Analyses of Experimental Results

The experimental results show that the interpretation of the syntactic structure depends on entities (in this case,
nouns). The verb itself does not predetermine the type of structure: either S-(V)-O-R (three arguments) or S-(V)-
OofY (two arguments). Many of the contemporary linguistic theories mostly consider predicate-based and verb-
centered syntactic structures. Actually, if the verb does not allow a recipient, the syntactic structure of the Ha-
sentence is calculated as S-(V)-O of Y.

Suppose that mental calculus depends solely on the type of the verb. Then in the cases where the verb allows
Rc, Ha would ALWAYS imply a S-(V)-O-R structure. But that is clearly not the case in the last four examples
given in Table 3:
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Table 3
Subject ’ Verb ‘ Object | Ha | Y of% | To% Tendency

Anna Sold the apples to/of the boy 100 Y = Recipient

lvan  showed the path to/of his father 100 Y = Recipient

Anna Gave  the chair to/of The director 100 Y = Recipient

Mary  showed the car tolof the neighbor 11 89 Y = Recipient

Peter  brought the chair to/of The director 13 | 88 Y = Recipient

Mihail Sold the house to/of his neighbor 29 71 Y -> Recipient

Mary Sold the car to/of the neighbor 30 70 Y -> Recipient

The Big Bad Wolf Sold the house to/of the dog 33 | 67 Y -> Recipient
Peter  showed the house to/of his father 33 67 Y -> Recipient

the fitter ~ showed  the car tolof the neighbor 50 50 Equivalence

the upholster ~ brought  the chair to/of The director 50 50 Equivalence
Ivan Sold the house to/of his father 67 33 Y -> Possessor
Elena Sold the house to/of the dog 100 Y = Possessor

As it is shown in Table 3, when the verb allows a Recipient, Ha implies preferably, but not necessarily the
structure S-(V)-O-R (three arguments). The noun Y selects the Rc role in most cases. If mental operations were
not dependent on the calculus which relies on the arguments as primary substances, all the statements of the
experiment would be with around 50% interpretation of Y as Rc and 50% - Y as Ps.

We conclude that the argument-centered representation of syntax is the key to syntactic analyses.

The next question is: if the argument S-(V)-O-R structure is calculated first, what are the reasons that lead the
calculus to take another route and assign a S-(V)-O of Y structure to a similar sentence? Our assumption is that
the sentence is kept in working memory (figure 1.) and that the final “solution” about basic syntactic roles is
assigned to all its parts after semantic verification. If that was not true, the word order would be the key factor in
the syntactic computation and the observed differences in the interpretation would not appear.

Let us analyze why the statement:

Elena Sold The house to/of  The dog. 100% of Y = Possessor,

is interpreted as having S-(V)-O of Y structure. The reason for that seems very clear: the noun dog is rejected as
Rc of “sold”. The noun takes upon itself the role of the owner of the house. If this is the right mechanism, it is
sufficient to provide “the dog” with the possibility to be the Rc of the house, or to modify a noun: “Elena sold the
house to a dog-buyer”.

The argument-centered syntactic model attests to the fact that syntactic relations depend on the relations
between concepts that exist in the semantic space. In fact, as the experimental results show, it is sufficient to
replace the subject noun with the one that can be related to the dog as a buyer in a fairy tale context:

The BigBad Wolf ~ Sold  The house  fo/of The dog To 67% | Y ->Recipient

This result indicates that mental calculus takes into consideration not only the meaning of the noun but also the
relations between the nouns. Thus:

lvan  Showed The path To/of  His father To | 100% Y = Recipient
Ivan Sold The house To/of  His father 67% Of Y -> Possessor
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The three possible arguments of both sentences correspond to concepts that exclude relations such as “fathers
have paths” or “sons sell houses to their fathers”. Note that sentences reveal the relations between all the three of
the arguments. The predominant meaning in the semantic space of the second sentence is ‘fathers have houses
and sons operate their father’s property’.

These dependencies between the basic concepts expressed as Subject and Object are shown as two pairs of
statements below:

Subject Verb Object ‘ Ha ’ Y 0f% To% Tendency
Mary Showed The car to/of the neighbor 1" 89 Y = Recipient
The fitter Showed The car to/of the neighbor 50 50 Equivalence
Peter Brought the chair to/of the director 13 88 Y = Recipient
The upholster Brought the chair tolof the director 50 50 Equivalence

When Mary shows the car, she shows it TO the neighbor; when the fitter shows the car, there is a high probability
that this is the neighbor’s car. In the semantic space, fitters operate on cars, while neighbors have cars. That
same tendency is observed in the second in pair (upholsters and a director’s chair). Once again, argument
structure is influenced by the inter-conceptual relations.

These examples provide evidence about the nature of the primary elements - participants in mental operations. It
becomes clear that syntactic computation depends on the meaning of the nouns and inter-conceptual relations.

Conclusions and Future Work

Assumptions about how the argument structure is computed have led to the development of the argument-based
model of basic syntax. We applied the methods of cognitive, information, and mathematical modeling, and
linguistic theory. An experiment designed to test our ideas confirmed that the argument-centered model is the key
to mental operations. The semantic role of entities (nouns) is primary in syntax. The semantic relations between
the nouns’ concept-images in the conceptual nets influence the final result of syntactic computation.

The role of the noun has proven to be primary from the point of view of evolution, language acquisition, and other
factors of major importance for language. The proposal that arguments (nouns) play the key role in syntax has
been supported by experimental evidence. Further study requires a more precise picture of the dependencies
between semantic primitives, lexical items, and syntactic rules. That will lead to an advanced modeling of the
phenomenon under examination.
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PERSONALIZED QUESTION-ANSWERING MOBILE SYSTEM

Lee Johnston, Vladimir Lovitskii, lan Price, Michael Thrasher, David Traynor

Abstract: Mobile messaging is an integral and vital part of the mobile industry and contributes significantly to
worldwide total mobile service revenues. In today’s competitive world, differentiation is a significant factor in the
success of the business communication. SMS (Short Message Service) provides a powerful vehicle for service
differentiation. What is missing, however, is the availability of personalized SMS messages. In particular, the
exploitation of user profile information allows a selection and content delivery that meets preferences and
interests for the individual. Personalization of mobile messages is important in today’s service-oriented society,
and has proven to be crucial for the acceptance of services provided by the mobile telecommunication networks.
In this paper we focus on user profile description and the mechanism for delivering the relevant information to the
mobile user in accordance with his/her profile.

Keywords: mobile text messages, user profile, personalization, question-answering system
ACM Classification Keywords: .2 Artificial intelligence: 1.2.7 Natural Language Processing: Text analysis.

Conference: The paper is selected from International Conference "Intelligent Information and Engineering Systems"
INFOS 2008, Varna, Bulgaria, June-July 2008

Introduction

This paper represents results of our further research in the text data mining and the natural language processing
areas [1-6] restricted by mobile phone text-based SMS messaging. SMS actually accounts for approximately 75%
to 80% of non-voice service revenues worldwide [7]. Last year we represented the Question-Answering Mobile
ENgine (QAMEN) [6], which is able to support now its mobile users with personalized situation-aware services.
Moreover, QAMEN frees users to have an expensive mobile phone with a web browser. Internet connections
from mobile devices remain expensive.

Let us distinguish four different types of Mobile Message (MM):

1. Person—~QAMEN MM (MMps) wherein QAMEN receives user’s search query and immediately sends
back a text message with the carefully selected result. User’s Profile (UP) might be involved to meet the
user’'s demands for searching.

2. QAMEN (UP)—Person MM (MMsup) When user describes in User's Profile what kind of information
he/she wants to receive what kind of events need to be taken into account to generate the MMsyp, and
when MMsyp should be sent to user. QAMEN, in accordance with those descriptions, generates replies
and sends them to user. For example, user wants to know “the weather in Doncaster on the day of the
horse races”.

3. External MM (MMg) when MME is sent by some external organisation e.g. “dental appointment
reminder”.

4. Person-to-Person MM (MMgp) is ordinary MM when one person sends MM to another person and
QAMEN is not involved.

Only MMps and MMsyp will be considered in this paper.

The success of using MM (MM without index means MMep and MME) is clearly described by Metcalfe’s Law [8] -
“The usefulness, or utility of a network equals the square of the number of users” i.e. put simply, the more users
on a network, the more useful and successful it is. This is clearly demonstrated by the success of national SMS
interworking — national SMS traffic grew nearly eight times in nine months once the four UK networks were fully
interconnected [9].
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Mobile question answering differs from standard information retrieval methods. First, it needs to retrieve specific
fact information rather than whole documents. Secon, it should select among the found facts the shortest and
appropriate fact to meet the 160 characters requirement. In short what a user really wants is a precise answer to
a question. For instance, given the question “When Alexander Pushkin was born?”, a user wants to get the
answer “In 1799, but not to read through lots of documents that content the words “Alexander’, “Pushkin” and
“‘born”. QAMEN takes MMes as input, classifies it, transforms it into enquiry taking into account UP and current
events. When a set of relevant facts is retrieved, the QAMEN extracts from them the most appropriate one and
sends it to user's mobile. Search technologies of QAMEN are evolving to provide users with appropriate results
despite of unstructured web content. The reasons for web content data remaining unstructured are:

e Data comes from multiple unstructured repositories (file servers, document management systems, intranet
sites, internet sites, etc.).

o Data in unstructured documents is of widely varying quality.
o Different types of unstructured data vary greatly from area to area.
That is why processing of personalized MMps has to take into account Who uses MMps and in What area.

Who uses MM and How often?

According to a recent BBC report, SMS has taken the lead as the most popular function for a mobile phone
amongst young people. Some 80% of people under 25 would rather send an MM than make a call, but the
number reduces to 14% among those aged 55 years and above. When considering gendered differences, the
data shows that while 36% of the men reported daily use, more than 40% of the women said that they send MM
on a daily basis. The mean number of words per message for men was 5.54. By contrast, the mean number was
6.95 words per MM for women.. Using abbreviations in their MM text-messages: F = 89%; M = 57%.

MM survey

A survey was undertaken by SMS text-messaging company, KAPOW [10]. A summary of survey findings are
presented below:

e How many MM do you receive per day? (a) None — 9%; (b) 1-5 — 59%; (¢) 5-10 — 17%; (d) +10 — 15%.

e Have you ever received MM from the following? (a) Mobile-phone operators — 45%; (b) Mobile-phone
resellers — 17%; (c) Adult-content providers — 4%; (d) Doctors/dentists (for appointments etc) — 3%; (e) Banks
—10%; (f) Charities — 1%,; (g) Bars & Clubs — 9%; (h) Other - 11%.

o Has MM helped you to remember a meeting, work commitment or any other appointment? (a) Yes —
65%; (b) No— 35%.

o [f you opt to receive sales information how do you prefer to receive it? (a) via phone call - 3%; (b) via e-
mail — 62%; (c) via MM — 16%; (d) via instant messaging — 1%; (e) via post — 18%.

e For which service would receiving MM be most useful? (a) Football scores — 14% (b) Confirmation of
appointments — 28% (c) Entertainment services such as ringtones and logos etc — 4% (d) Bank account

balances — 18% (e) Insurance quotes/confirmation — 4% (f) Bar and club promotions — 6% (g) Travel
information — 19% (h) Other 7%.

¢ Do you agree that MM will become a much bigger part of our working and domestic lives over the
coming years?(a) Yes — 87% (b) No— 13%.

o 84% of users expect a MMp response in five minutes.

In What area is MM used?

MM is being used in increasingly sophisticated ways, and is fast becoming a huge money earner for operators as
well as a tool for businesses. Growth in the MM market is directed towards the area of value-added MM services.
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These range from downloads of simple ring tones to news and sports updates. MM is increasingly also being
used for finance based transactions. Some might say internet businesses could even consider the technology a
means to accept micro-payments for content and services. With premium-priced MM customers simply find
something they wish to purchase from a website, and then send a text message to a specified number, including
a product code, and moments later a reply is received with an access code. Once a code is used for a purchase,
via the phone, a charge is debited on a customer's phone bill or - in the case of a pre-paid mobile phone -
directly.

MM is a low-cost communication exchange method that is relatively stable. For example, there is an increased
use of one-way outbound alert notifications for crisis because MM is more secure, it's faster, and it enables
users to reach a wide array of citizens and alert them to pending dangers.

MM is an ideal way for advertisers to reach target markets and establish a one-to-one relationship with the
consumer, which is every advertiser's ultimate aim. For example, weather application is defined as personalized,
localized weather prediction according to user location, personal profile. Weather related advertisement system
knows how to match the right add to the right weather where the advertisement is most effective. For example,
implementing a decision to start a soft drink campaign when the temperature approaches, 32°C / 90°F according
to user location (if the user is close to the beach and experiencing higher levels of effective temp he will enjoy
different add in different temperatures). Such approaches would help the advertiser to optimise its advertising
campaign.

As for MMps 34% users use MMps for news and sport, 25% - for map and location, 21% to search some data,
and 20% for checking weather [11].

The most usable areas for MMe are meeting reminder, sales management, work order, system alert, appointment
confirmation, job dispatch, workflow management, information update, payment reminder, customer notification,
marketing message, stock and fund quotes, travel information, local weather.

Intelligent MM

The MM has quickly become a boon to the business world as well as to consumers, but so far developers are
only scratching the surface of its potential business usage. To fully realize the benefits of MM, businesses must
integrate it into their business processes, and into their existing IT systems. When MM is used as part of an
overall business process that interacts with consumers, for example, then the enterprise has moved from
traditional MM (TMM) to intelligent MM (IMM).

IMM may be differentiated from TMM in these ways [12]:

e The service application is typically a rich enterprise application with business process data, compared to
“lightweight” application such as queries for TMM.

e The transaction is “pushed” by the service application, compared to the mobile user “pull” method of TMM.

o An IMM is typically interactive between the service application and the user, whereas TMM is typically a one-
way action.

e An IMM allows the user to respond to a message with a “one button” response, where TMM requires the
keying in of a response message.

o Authentication of the user with the server application is embedded and automatic to IMM, whereas TMM may
be based upon the mobile phone number, plus codes that must be entered by the user.

We have some experience of IMM implementation. 2ergo launched of its MultiSend messaging suite, a range of
products that will introduce a new level of interaction and engagement between organisations and their target
audience [13]. Design and build a scalable MultiSend solution that would be capable of transmitting up to 40
million messages per month (SMS, MMS and Email). Companies that have already signed up for the MultiSend
suite include the internationally renowned travel company Thomas Cook, the major UK car rental company,
National Car Rental, and the trans-national publishers, Reed Business International. The suite gives
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organisations the capability to automate many of their regular outbound communications and to engage in one-to-
one dialogue with their target audience, not only to encourage rapid responses, but to also conclude many forms
of business transactions. For example, appointment and payment reminders, membership and subscription
renewals, or marketing campaigns and customer surveys.

The central question to be addressed by this paper, however, is how to provide the response to a personalized
user's MM (MMps and MMsyp). Let us underline that in this paper we consider the precise situation when an MM
is sent to the QAMEN i.e. to the artificial system, but not to another person (MMge). It is important to notice
because there is a significant difference between MMes, which is very similar to internet enquiry, and MMgp.

Difference between MMps and standard text

There are several elements that lead us to think that MMps is more like speaking than writing. Firstly, MMps is
intended for immediate response. Secondly, as with most spoken language MMps makes the assumption of
informality. In addition, as a rule, MMps is ungrammatical:

¢ Dropping ‘7’ at the end of MMps.
¢ Not using any punctuation at all.

o Dispensing with the verb e.g. “2ergo address” instead of “What is 2ergo address?’, or “Where is 2ergo
located?”. Specific questions are used as a rule to find out date: “When Pushkin born”, or place: “When
Pushkin born’”.

e Deletion of articles.
In the next sections a definition of UP is given and elements of UP are described.

User Profile

Various, quite different definition of personalization can be found in [15] and [16]. However, throughout this paper
the definition from [14] is used:

“Personalization of a service is the ability to allow a user U to adapt, or produce, a service A to fit user U's
particular needs, and that after such personalization, all subsequent service rendering by service A towards user
U is changed accordingly.”

Personalization is provided by the user by means of the user profile (UP). A UP is a group of settings that define
how QAMEN is set up for a particular user. Simply stated, the UP serves as a bridge between the generic queries
from the diverse users and the heterogeneous data. The main task of UP creation is to establish UP structure.
There are, as yet, no standards for representing these, because there is no general agreement on what UP
should contain. That is why we were free to offer our vision of UP structure. The UP is uniquely identified by a
mobile phone number. Its content composes of three parts: (1) a collection of personal data, (2) set of frames
representing the user demands, and (3) history activities. The history activities of the user is a crucial feature in
order to automate UP improving process i.e. provide self-improved UP. In this paper we focus solely on the
description of user demands and the process of the self-improving UP is not therefore considered.

The personal data of the user consists of the following items:
¢ Mobile No and Password;
e First Name, Last Name, Date of Birth, and Gender.

User's requirement to MMps and MMsyp is represented by Demand’'s Frame (DF), i.e. by DFps and DFsyp
accordingly. DF should take into account the fact that different users may expect different answers to the same
query and the same user for the same query may expect different answers in different periods of time. That is
why the possibility to define the desire date and time in UP becomes relevant. DF is defined by a Type (DFT) and
a set of attributes.
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The general form of a DF is the following:

DFT<AI>,<VAI><Priority>[Value][City Country]<Web Site><Date and/or Time><Event><SMS>,

where:

DFT is a type of DF and will be described in the next section;

Al stands for area of interest and is represented by the first level of Areas of Interests tree (see Figure 1);
VAl is the value that is associated with Al;

Priority has just one meaning Default and can be used only in one DFps;

[Value] and [City Country] represent the DF slots. They might be predefined during UP creation, or be
empty;

Web Site allows the user to define the desirable site for searching;

Date and/or Time is used to set require date and/or time only in DFsup, i.e. user can specify the delivery date
and/or for incoming messages;

Event indicates that list of events for current day (see Figure 2) must be involved for both MMps and MMsye
modification;

SMS is used only in DFsyp and designate that MMsup must be created (if Event is mentioned), QAMEN
should search for reply, and send the found response to user.

The general requirements to UP creation are:

it

Only one Default DF might be used in DFps;
Duplication of DFT is not allowed in DFps, but there is no any restriction in using the same DFT in DFsyp;
Empty MMps might be used only for Default DFps. For example, if DFps is described as:
Weather [Default] [Varna Bulgaria]
would be enough for user just to send empty MMes to receive the proper information about weather in Varna.

T SN

Business Entertainment Finance  Knowledge Health Location News Politics Price Sport Weather
Farm Music Insurance  Glossary Pain relief Company  World Local Computer  Football  Football
Industry ~ Cinema Mortgage ~ Omit Heart disease Organisation U.K. International  Mobile Rugby  Rugby
Finance  Theatre Solicitor Overweight ~ Pub Business Election Furniture  Tennis ~ Tennis
Hotel Show Investment Cancer Hotel Sci/Tech Omit Equipment  Golf Golf
Restaurant Omit Bank Back pain Restaurant ~ Sport Holiday Cricket  Cricket
Shop Stock Omit Cinema Entertainment Medication Racing  Racing
Omit Omit Shop Health Used Car Sailing  Sailing

Night Club ~ Omit New Car ~ Olympics Omit

Casino Omit Snooker

Theatre Omit

Omit

Figure 1. Areas of Interests

The described structure of UP may change in the future but unless some of the requirements were missing it
seems the existing choice is simple and flexible enough that no big change should be needed in the future. UP
can be easily created and updated via the web-based interface (see Figure 3).
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Keywords and Short Code of DFT

QAMEN is an SMS oriented engine which allows the user to enter requests in the shortest form, which provides
the user a better response to their enquiry. For example, instead of entering the full enquiry: “’'m looking for
pizza hut restaurants in Preston” it's enough to type in: “Pizza hut Preston”, or instead of “What is the address of
2ergo?” better to enter the request “2ergo address”. Only specific questions When and Where should be used
e.g. “When Pushkin was born?” and “Where Pushkin was born?” but not “Who is Pushkin?” because you should
enter just “Pushkin” to received the proper answer.

There are several Keywords and Key symbols (short code of DFT), which significantly simplify the request
presentation. The selection of these keywords and DFT was initiated by areas of interests (see Figure 1). The
following keywords and key symbols should be used as DFT:

o By default, i.e. for ANY USER, any request without DFT is considered by QAMEN as a request for searching
General Knowledge. Firstly, QAMEN is searching in the Local Knowledge Base (LKB), and then, if the result
of searching was not success, QAMEN is searching in the Internet. If (for any reason) searching in the LKB
need to be omitted DFT ¢ should be used e.g. q British Civil War instead of British Civil War.

o Weather (or simply w), followed by the location. Usually a city name will be enough, but to avoid an ambiguity
better to include the country as well e.g. weather Plymouth UK or (w Plymouth UK).

o Location (or simply a), followed by shop’s (or organisation’s) name, city and country (just in case to avoid an
ambiguity) e.g. a used car Preston, or a HSBC Nice France, or a opera London, or a NINO’s
Rawtenstall) provides an Address and/or Telephone.

o News (or simply n) followed by the searchable values e.g. n Manchester United, or n Tony Blair.

o Sport (or simply s) followed by the searchable values e.g. s tennis Sharapova.

e Price (or simply p), followed by the product description e.g. p coffee maker, or p Dell XPS.

¢ Finance (or simply f), followed by company’s name e.g. f 2ergo plc.

e To have result of searching in specific file type request should starts with searchable values followed by
space, semicolon and file type e.g. David Traynor :pdf.

o To provide searching within the local site request should start with searchable values followed by the www
address e.g. David Traynor www.2ergo.com.

¢ Population, followed by the country e.g. population of UK (or population UK).

¢ Evaluation of Mathematical Expressions e.g. sqrt(34"7/356)*sin(pi/2.3).

e Currency Conversion e.g. 10 GBP in Bulgarian money.

o Measurement Conversion e.g. 61 F in C, or 16 stones in kg.

22-28.10.2007<*>DARTS<*>Dublin<*>Skybet World Grand Prix
22-28.10.2007<*>TENNIS<*>Basle<*>Swiss Indoors
22-28.10.2007<*>TENNIS<*>St Petersburg<*>St Petersburg Open
22-28.10.2007<*>TENNIS<*>Lyon<*>Grand Prix
22-28.10.2007<*>TENNIS<*>Linz<*>Generali Women's Open
25-28.10.2007<*>GOLF<*>Majorca<*>Mallorca Classic
26-27.10.2007<*>HORSE RACING<*>Doncaster<*>Trophy meeting
26-28.10.2007<*>DARTS<*>Bridlington<*>World Masters
27.10.2007<*>RUGBY LEAGUE<*>Huddersfield<*>First Test, GB v NZ
27.10.2007<*>HORSE RACING<*>Qceanport<*>Breeders' Cup

Figure 2. List of Events for 27.10.2007
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MMes Processing

The purpose of MMes processing is to match MMps against the UP (for explanation UP shown on Figure 3 will be
used) and modify MMps in accordance with the corresponding DFps to query (Qes). In the result of searching
response (RPS) is produced and is sent to user i.e.

MMps @ DFps > {QPs} = {Rps} and MMps & DFps — Qps = MMps > Reps

where symbol @ means that MMps match against DFps, and symbol & has an opposite meaning.

{Qps} and {Res} designate finite sets of Queries and Response accordingly. {Qes} might be empty if, on the one
hand, DFps requires to take into account Events, but, on the other hand, at the current day required event does
not exist. {Res} might be empty if in the result of both KB and Internet searching information was not found.

ff‘ User Profile - Windows Internet Explorer

@ v & http://192.168.100.155:8080,/ TUserProfie/TUserProfieServiet " X 2
&
W ok & User Profile & r il

3 ergo. &

User's Profile Creation for Mobile

Mobile No: 0 7977 299886 First Name: Viadimir Last Name: Lovitskii DOB: 06.08.1941 Gender: M

« 07977 299886, Vladimir Lovitskii, 06.08.1941. M

) General Knowledge[Default][?][7 7]

O Sport. Tennis[Davydenko][? 2[Webmwvww.eurosport.com][D&T:After 19:00][Evnt][SMS]
) Finance[2ergo plc][? 7][D&T Before 8-00][SMS]

) Weather[?][Varna Bulgaria][D&T:20.06.08-03.07.08][SMS]

O Location[?7][Varna Bulgaria]

O Price[?][Varna Bulgaria]

O News[?][Kiev Ukraine]

O Sport, Tennis[Sharapova][? 7][Evnt]

Options: O Next O Delete O Save ONew

Done & Internet & %1000 -

Figure 3. Example of User’s Profile

A general process for MMps modification can be explained by means of the following examples:

o MMeps="a pizza hut’. DFps="Location [?] [Varna Bulgaria]’ (see Figure 3). In the result of MMps parsing

QAMEN placed pizza hut into value’s slot [?] i.e. Qps="a pizza hut Varna Bulgaria”.

MMes="a HSBC Nice France”. DFps="Location [?] [Varna Bulgaria]’. In the result of MMps parsing QAMEN
recognised Nice as a city and France as a country, and replaced the contents of slot [City Country] i.e.
Qps="a HSBC Nice France”.

MMes="p". DFps="Price [?] [Varna Bulgaria]’. Value for slot is not given and that is why QAMEN generate the
Res="What to you want to buy in Varna Bulgaria?” and send it to user.

MMes="s". DFps="Sport, Tennis [Sharapova] [? ?][Evnt]". If there is not any tennis events at the current day
then Qps=nil. Suppose, MMps has been sent at 27.10.2007 (see Figure 2). For this day four different tennis
events occurred and therefore for queries have been generated by QAMEN: Qps={“Sharapova Basle Swiss
Indoors”, “Sharapova St Petersburg Open”, “Sharapova Lyon Grand Prix”, “Sharapova Linz Generali
Women's Open”}.
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DFsup Processing

The main purpose of DFsyp processing is to generate the set of Qsue in accordance with Date and/or Time, and
Events (if given), get responses and send them to users i.e.

DFps > {Qps} > {Rps}

The subset of {Rps} is shown on Figure 4.

MOBILE: 0 7764 446240
SMS = Weather for Wigan UK 11C Mostly Cloudy Wind NE at 10 km/h
Humidity: 82
Temperature:
Thu 10C - 3C
Fri12C - 8C
Sat 16C - 13C
Sun 15C - 6C

MOBILE: 0 7764 446240
SMS = Broca PLC (BROC). 69.00p Down 1.00p (-1.43%). Market cap: £25.965m

MOBILE: 0 7977 299886
SMS = BASEL Switzerland - David Nalbandian lost to Stanislas Wawrinka in the first round of the Swiss
Indoors on Wednesday three days after beating Roger ...

MOBILE: 0 7977 299886
SMS = PETERSBURG Russia - Top-seeded Nikolay Davydenko defeated Filippo Volandri 6-1
6-1 Wednesday to advance to the second round at the Petersburg Open ...

MOBILE: 0 7977 299886
SMS = Top-seeded Andy Roddick was upset by Fabrice Santoro in the first round of the Lyon Grand Prix
on Wednesday at Lyon France. Santoro 34 hit three aces in...

MOBILE: 0 7977 299886
SMS = Linz Austria (Sports Network) - US Open semifinalist Anna Chakvetadze was an easy second-
round winner Wednesday at the $600000 Generali Ladies Linz...

Figure 4. Result of Responses

Conclusion

In this paper we have proposed a profile-based approach to improve the efficiency of SMS. We turned our
attention towards the UP creation and its possible application in a mobile environment. The object of our research
is to improve query response by creating UP. Most importantly, the structure of UP and general process of
personalization was given. It is important to offer and realize some ideas (not necessarily the best) when there
are as yet no standards for representing UP, because there is no general agreement on what these profile should
contain. Of course, the ultimate criterion of “good” UP is that a user should be satisfied with search results without
the necessity of understanding the structure of UP, MMps modification, search methods etc.
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METHODOLOGY FOR LANGUAGE ANALYSIS AND GENERATION
IN CLOSED DOMAINS: PHARMACEUTICAL LEAFLET

Jesus Cardenosa, Carolina Gallardo, Adriana Toni

Abstract: The best results in the application of computer science systems to automatic translation are obtained in
word processing when texts pertain to specific thematic areas, with structures well defined and a concise and
limited lexicon. In this article we present a plan of systematic work for the analysis and generation of language
applied to the field of pharmaceutical leaflet, a type of document characterized by format rigidity and precision in
the use of lexicon. We propose a solution based in the use of one interlingua as language pivot between source
and target languages; we are considering Spanish and Arab languages in this case of application.

Keywords: Controlled languages; Interlingua-based Machine Translation
ACM Classification Keywords: |.2.7 Natural Language Processing

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Most of translated publications belong to a technical, commercial or management field. This discussion only
ratifies the challenge supposed for automating, as far as possible, this kind of document translation, because due
to its nature, they only require translations that could be described as mechanic or routine. Literary texts, or
generally the natural language, escape to the efforts of computer treatment because it is difficult to integrate the
contextual knowledge that the speaker has, which is the only one that in many cases can solve the ambiguity that
cannot be solved at a syntactic or semantic level. The quality of automatic translation remarkably improves when
the advantages offered by specialty languages can be taken, regarding its precision, possibility of
standardization, and vocabulary limitation. The automation of the translation requires, in this case, a laborious
initial linguistic analysis of a corpus (texts of the domain that by its number and variety may be representative),
but this initial effort is compensated by the time saved if the post-edition of produced documents is not needed.

Within the text translation pertaining to specific thematic fields (technical manuals, weather forecast, reports, legal
texts, etc.), we must still distinguish between free or fixed format texts, understanding by fixed format a document
structure divided into sections, with specific headings whose type content is known. The biggest structuring of the
document is again an advantage when automating the translation, because it reduces the possible ambiguity of
the terms to translate since there is information about the context where they appear.

The approach to the Automatic Translation (AT from now on) by means of the use of interlinguas consists of
using an intermediate representation of the contents to translate, independent of source and target languages,
from which the text is generated. One of the greater difficulties of this process lays in the definition of an
interlingua that can work as an intermediate representation between any of the two languages. In fact, it is a new
language requiring a definition of all of its components, with the additional challenge that being an artificial
language it has to be as expressive as the natural languages. None of these systems have been successfully
developed in text translation regarding domains with opened formats due to the difficulty in the interlingua design.

An advantage of these systems is the possibility of incorporating new languages without affecting the modules
already developed for the other languages - it is necessary an encode module and a decode module (fo and from
the interlingua respectively) for each language. Figure 1 shows all the necessary modules to cover all possible
pairs among A, B, and C languages.
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Language A Analyser A Generador A Language A
Analyser B Generador B Language C

Figure 1. Modules for analysis and generation among 3 languages in an interlingua-base MT system

Interlingua

Language B Language B

In this paper we are presenting a methodology devised to approach automation of analysis and language
generation in a well defined and limited domain —pharmaceutical leaflet, with Spanish as source language and
Arab as target language.

A pharmaceutical leaflet constitutes a text example pertaining to a closed domain with a fixed and standardized
format. We are proposing the use of translation based in interlingua, because it is the only one guaranteeing a
very precise coherence between the different language versions: the Universal Networking Language (UNL) a
computing language developed as an essential element of UNL Project, an international project, promoted by the
Institute of Advanced Studies of the United Nations (UNU/IAS).

It has software programs that allow introducing Spanish contents to UNL and from UNL to Arab. They work in
interaction with linguistic resources typical of each one of the languages, stored in an electronic format: Grammar
rules for language analysis and Spanish/UNL dictionary in the Spanish case; and Grammar rules for the language
generation and UNL/Arab dictionary in the Arab case. The final mission is to adapt rules and dictionaries to the
leaflet domain, so that the quality level of the produced translations may be acceptable, not requiring a post-
edition process. This project is in phase of accomplishment, and the work plan — that we will expose in section 4
of this article—, has been born from the study of the difficulties posed by the dominion and characteristics of the
source and target chosen languages.

Section 2 introduces UNL language and generally the translation process by means of an interlingua. In section 3
we give a brief explanation of software tools referred in the work plan. The most relevant contribution of this
article, however, goes beyond the interlingua specifically chosen or the tools. The work plan could be carried on
using other interlingua or other tools, because basically their functionality would have been the same one.

UNL Project: Aims and Components. Description of Translation Process

The UNL Project is born with the aspiration of developing an interlingua system to support a multitude of
languages without any domain or lexical type restriction. It is an international project developed by the Institute of
Advanced Studies of the United Nations together with research groups throughout the world, such as the Spanish
Language Centre (CLE, http://www.unl.fi.upm.es), to which the authors of this paper belong. Their
main objective is the dissemination, promotion, and formation in UNL technology with the aim to eliminate
linguistic barriers in the Internet.

The UNL is composed of three main elements: Universal Words, Relations and Attributes. Formally, a UNL
expression can be viewed as a semantic net, whose nodes are the Universal Words, linked by arcs labelled with
the UNL relations. Universal Words are modified by the so-called attributes. UWs are a key element for UNL. A
UW is intended to express a concept found in any natural language. To do that, UNL uses words and phrases
taken from English but these English words are modified by semantic restrictions in order to eliminate ambiguity
present in the vocabulary of natural languages. Thus, UWSs are linked to the vocabulary of natural languages. The
reason for choosing English is just practical: the inventory of the English vocabulary is rather well covered by
many authoritative dictionaries and there are bilingual dictionaries of English to almost any other natural
language.
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Next we present an overview of the translation process by means of the UNL. For more detailed information see
the references suggested in the bibliography (section 5).

The Analysis Process or Enconversion

This process consists in putting contents from a natural language to the UNL. The essential resources in this
phase of the process are:

- A set of Grammar rules linked to the source language to transform the contents written in that language
into UNL. Each language requires the development of a specific set of rules.

- Adictionary where each word of the source language having a semantic meaning is linked to a UW —
again each language requires the development of such dictionary. The following pairs illustrate how a
different UW is linked to each sense of the word “state” in order to disambiguate its meaning:

Pair 1: <estado, state(icl>administrative_district>thing, equ>country)> denoting the territory
occupied by a nation.

Pair 2:; <estado, state(icl>political_unit>thing)> denoting a politically organized body of people
under a single government.

- The Enconverter is the component — a parser - that allows automatically passing the content from a
source language to UNL. It interacts with the set of Grammar rules and the dictionary already mentioned
in the previous section.

The UNL produced texts come to be part of the “Base Documental UNL”, containing documents written in UNL
language which are available to the user community of UNL System.

The Generation Process or Deconversion

This process consists in putting contents from UNL to a target language. The elements taking part in the process
are:
- A set of Grammar rules for the generation, beginning from the UNL linked to a target language. Each
language requires the development of its specific set of rules.

- A dictionary that links each UNL word to a word in the target language (same dictionary used in the
process of Analysis).

- The Deconverter is the “opposite” component to the Enconverter. It is responsible from passing the UNL
to a natural language. The set of programs forming the Deconverter works with the rules and dictionary
already mentioned in the previous section.

For the Spanish language there are several thousand rules for the Generation process in Spanish language, that
provide a rather acceptable cover up for the Spanish generation from contents written in UNL.

The Research Centres and Universities working together with the UNL/IAS Centre in the UNL Project are
responsible for the development and permanent updating of the resources own to their respective languages —
Grammar rules for the analysis and generation, and dictionaries — besides supervising the correct application of
the UNL standards, maintaining the language servers for the testing tools, giving technical support to the users,
content providers and builders, and in general to carry on all the necessary activities to promote the UNL system.

Software Tools of the Spanish Language Centre

The Spanish Language Centre represents the UNL Center for the Spanish language, and must help it in the
programming, coordination, support, financing, research, and formation of the whole UNL System. It includes all
the languages whose roots are related to the Spanish language, namely, all the Spanish-speaking countries and
developments affecting the indigenous languages of Latin America. Most of the CLE members are also
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researchers of the Grupo de Validacién y Aplicaciones Industriales (VAI, http://www.vai.dia.fi.upm.es) of the
Facultad Informética, Universidad Politécnica de Madrid.

Next, the functionality of the software tools, already mentioned in our work plan, is briefly explained. The tools
have been developed in the VAl laboratory.

Generator of Universal Words: it is used in the Analysis phase in particular in the identification and extraction of
the words from the document in Spanish language that have a semantic content, and the construction of the
corresponding universal word.

UNL Editor: it is a platform that integrates the components used in the Analysis, Verification, and Generation
phase, allowing carrying on these processes in a comfortable and unified way from a unique program. Basically,
the environment consists of a central module (UNL Editor) that controls and coordinates the rest of the system
components; see Enconverter, Deconverter, rules and dictionaries. The functionalities of this editor are:

- Manual and automatic analysis of documents in a given language

- Text edition and graphic structures

- Validation and verification of UNL code

- Generation of a code in any language from UNL

- Access to word dictionaries

Work Plan: Pharmaceutical leaflets

Next, it is presented a list of tasks whose fulfillment will provide us the resources (programs and linguistic
resources in an electronic format) needed to automate the translation of the pharmaceutical leaflets from Spanish
to Arab.

Among the different tasks needed to approach, we emphasize two as the most important;

o Exhaustive study of linguistic characteristics, characterizing the leaflets. A deeper study will result
in a higher lucidity in conclusions, more quality in translations and greater automation of translating
process, since we will be able to anticipate every difficulty that may arise. This study will be carried on
from a very numerous and varied number of leaflets —that we shall compile— in order to obtain general
conclusions

o Adaptation of linguistic resources managed by the programs in charge of translation, to the
outcomes of the study. We are considering sets of syntactic and morphologic rules, linked to Spanish
and Arab languages, that interacting with the parsers and generators we have, will determine the
translation from Spanish to UNL and from UNL to Arab respectively, and also bilingual dictionaries
Spanish/UNL, and UNL/Arab.

A first examination of a reduced number of pharmaceutical leaflets in Spanish language shows us that there are
several variations in their format, regarding their section division as well as their extension — reduced or
extended versions — being the latter the most widely used at a commercial level. Differences are determined by
issues as: type of symptom or disease for which medicine is prescribed, administration form — syrup, pills, etc. —
and the manufacturing laboratory. Therefore, before compiling the set of leaflets that will constitute the corpus of
the work, we will establish the quantitative criteria — how many will be enough? — and the qualitative criteria that
they must fulfill in order to make them representative of the different types of leaflets found in the market. We
must as far as possible include all the different groups of medicines regarding their pharmaceutical classification,
and within each group, cover all administration forms, and also include medicines from the greater possible
number of laboratories.

Once compiling and storage is finished, we will proceed to study the corpus. First, we pay attention to the
documents structure, and we find a basic core of sections (“Indications”, “Composition”, “Administration”, etc.)
common to all of them. Variations come mainly from the manufacturing laboratory and type of product (symptom
or fighting disease). The format study concludes relating each epigraph to the type of content it includes. It is

important to identify the vocabulary, sentences etc., that appear linked to each epigraph, because it helps us to
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disambiguate meanings in the process of translation and to recognize new words (is it a “component’, a
‘secondary effect”, a medicine name?).

As to the linguistic study, due to the previous knowledge of the difficulties posed in that sense by automatic
translation, and by detailed observation of the texts, we are synthesizing the most relevant aspects to be
considered:

o Lexical aspects: as the degree of semantic ambiguity of the used words; estimation of specific
vocabulary ratio compared to common vocabulary; or the guidelines in the words composition by
frequently used suffix and prefix.

o Syntactic aspects: as the existence of syntactic constructions linked to the different sections and
contents (type of sentence to express contraindications, or administrative instructions, etc.); and the
observation of prepositional ambiguity.

The conclusions obtained in the phase of corpus study will be used for the adaptation of the syntactic and
morphologic rules that we have in order to put contents from Spanish to UNL, and from UNL to Arab. Because of
the type of vocabulary included in the leaflets, we shall emphasize the following aspects:

- Recognition of unknown words

- Recognition of proper names

- Recognition of morphologic composition processes.

We must also adapt the available Spanish/UNL and UNL/Arab dictionaries, incorporating new vocabulary own of
the domain and disambiguating the translations of common words, which appear with certain frequency in the
leaflet field. The updating of the dictionaries must be done according to the rules of general dictionaries and UNL
specifications.

Passing to expose the work plan with more detail, we distinguished 5 great tasks whose content we will be
refining according to the difficulties posed. Basically, these tasks must be successively developed, because the
results of each task are used by the following ones. Figure 2 presents the dependencies diagram and priorities of
the identified tasks and subtasks. After it, we are including an explanation table of the required objectives and
resources in each task.

T11 > [T12
T1

| [T > [T22
T2

T3.2

13 > [T31 733

—— | [T41 »[T42 )
T4 )

T5.1 T52 | [«

T5 .

Figure 2. Diagrama de dependencias
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Task identifiers stand for:
- T1.1: Criteria for the selection of texts
- T1.2: Obtaining and classification of texts
- T2.1: Analysis of text structure
- T2.2: Linguistic analysis of texts
- T3.1: UWs production
- T3.2: Update of Spanish/UNL dictionary
- T3.3: Update of Arab/UNL dictionary
- T4.1: Review of resources for Spanish language
- T4.2: Codification of texts into UNL
- T5.1: Review of resources for Arabic language
- T5.2: Generation into Arabic language

Detail of the tasks

TASK 1: CORPUS CREATION

Aims: compile a set of leaflets in Spanish language in order to constitute a representative corpus. To do that, it is
necessary to establish how many are needed and the qualitative criteria that the chosen leaflets must fulfill (T1.1),
and subsequently, proceed to their obtaining, classification, and storage (72.2).

Resources: Access to leaflets in Spanish language (in electronic format).
TASK 2: CORPUS STUDY

Aims: study of the leaflets structure —section division, their content—- and the international rules and standards
that may exist regarding this (T2.1). Also, the linguistic characteristics of the texts as to the lexical employed —
polysemy, general or specific vocabulary, suffix, and prefix— also, syntactic construction own to each section,
and the possible prepositional ambiguity will be studied (T2.2).

Resources: Access to the corpus of the selected texts.
TASK 3: PRODUCTION OF DICTIONARIES

Aims: To produce dictionaries adapted to the vocabulary employed in the leaflets. The first step (T3.1) is to
automatically obtain the pair list [Spanish word/UW] for all those words having a semantic content that appear in
the leaflets. The next step (T3.2) is to add the list of pairs to the general Spanish/UNL dictionary, adapting, if
needed, the list of attributes describing each word to the domain. Finally (T3.3) a dictionary [UNL/target language]
must be produced, from the list of the obtained UWs in T3.1. Again, any existing dictionary of general purpose, if
there is one, may be reused, adapting the attributes to the leaflet field.

Resources: Generation Tool of UWs (T3.1), text editors to adapt the text format of the corpus to the one required
by the Tool, dictionaries of general purpose pairing UNL with Spanish and Arab languages.

TASK 4: SPANISH ANALYSIS AND UNL ENCODING

Aims: to generate a UNL version of the leaflets in Spanish. In the first place, the base of Spanish analysis rules
will be adapted according to the lexical studies and the syntactic phenomena, identified when making the corpus
study (T4.1). The enhancements will be focused in the rules adaptation to the unknown words, proper names,
processes of morphologic composition, and treatment of syntactic structures identified when making the linguistic
study. If it was necessary, ad hoc rules and specific attributes of the domain will be incorporated (the latter will
also require the modification of the attributes of the domain dictionary). After reviewing the rules and dictionary,
the UNL encoding (T4.2) of the leaflets will be automatically obtained.

Resources: Enconverter, UNL Editor, texts’ editors to adapt the texts’ format to the corpus required by the
Enconverter.
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TASK 5: GENERATION OF LEAFLETS IN ARAB

Aims: to generate the Arab version. In the first place (T5.1) the Grammar rules must be adapted for the
generation of Arab language and the [UNL/Arab] dictionary with the aim of allowing, as far as possible, producing
understandable and correct texts. The last phase of the task and the global process — excluding final tests and
evaluations — is to generate the Arab version in the selected leaflets (T5.2). This is a totally automated process,
and there will not be any type of post-edition in the generators’ outcome.

Resources: Deconverter, UNL Editor, texts' editors to adapt the texts format to the one required by the
Deconverter.

We identified an additional task of tests that would consist in assessing all the generated resources along the
process. We described in the summary diagram the type of tests that must be carried out and the software tools
in order to accomplish them (see section 3 for a summary description of tools functionality).

TASK 6: TESTS AND ASSESSMENT OF RESULTS

Aims: To test and asses the adaptation of all the resources to the awaited results. The UNL Editor will help us to
analyze the UNL generated code (T6.1). We will use the inference engine to verify that the corresponding set of
rules and dictionaries allow adequately putting of contents (T6.2). Finally it will have to be verified the legibility
and correctness of the translated version to the target language from the corpus texts (T6.3).

Resources: Editor UNL, Grammar rules of Spanish analysis, rules of Arab generation and dictionary, set of
translated texts to Arab.

Conclusions

This paper describes a methodology of work to approach the translation based in interlingua among different
pairs of languages in closed domains. The use of an interlingua allows us, on one hand, the total reuse of the
analysis modules and the generation of language already existing before the inclusion of new pairs. On the other
hand, to narrow down the problem to closed domains simplifies the analysis and generation tasks, producing
results of better quality in comparison with those obtained from opened domains.

This methodology has been applied to the treatment of pharmaceutical leaflets; however, it would be equally valid
for the treatment of any type of texts within any domain with a controlled language.
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COMPUTER-AIDED SYSTEM OF SEMANTIC TEXT ANALYSIS
OF A TECHNICAL SPECIFICATION
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Abstract: The given work is devoted to development of the computer-aided system of semantic text analysis of a
technical specification. The purpose of this work is to increase efficiency of software engineering based on
automation of semantic text analysis of a technical specification. In work it is offered and investigated the model
of the analysis of the text of the technical project is submitted, the attribute grammar of a technical specification,
intended for formalization of limited Russian is constructed with the purpose of analysis of offers of text of a
technical specification, style features of the technical project as class of documents are considered,
recommendations on preparation of text of a technical specification for the automated processing are formulated.
The computer-aided system of semantic text analysis of a technical specification is considered. This system
consists of the following subsystems: preliminary text processing, the syntactic and semantic analysis and
construction of software models, storage of documents and interface/
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Introduction

Now designing of the software represents the labor-intensive process demanding of the user deep knowledge of
a subject domain and skills in designing.

Most known of the commercial software products used at designing of the software, basically are intended for
visualization intermediate and end results of process of designing. Some of them allow fully automating last
design stages: generation of a code, creation of the accounting and accompanying documentation, etc. Thus the
problem of automation of the initial stage of designing - formations and the analysis of the text of the technical
project remains open. It is connected to extraordinary complexity of a problem of synthesis and the analysis of
semantics of the technical text for which decision it is necessary to use methods of an artificial intellect, applied
linguistics, psychology, etc. However, it is possible to come nearer to achievement of the given purpose, having
allocated some small subtasks quite accessible to the decision by known methods of translation.

Proceeding from the aforesaid, it is possible to draw a conclusion, that the problem of creation of means for
automation of process of designing is actual [1].

On CAD-department of the Volgograd state technical university questions of automation of designing of software
products with use of natural - language support for a number of years are investigated.

The main ideas of the developed direction are:

- realization of the unified procedures of the designing equally answering to requirements of the expert

- design the requirements to technology to modeling of software products.

Designing of the software at the initial stages with use of a natural language is based on the following main
principles:

1. Performance of all design procedures is modeled in language of internal representation of system. Internal

representation is the unified model of designing of the software, based on methodology of the theory of
systems and technologies of natural language processing.
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2. A number of representations of the project is generated. Translation of a condition of the project into the

certain language which is distinct from language of internal representation refers to as representation.
Programming languages, natural languages or artificial formal languages of modeling of processes of
designing can be attributed to such languages (UML, IDEF-diagrams, model of diagrams of streams of the
data). Different representations reflect only separate aspects of the project.

. Thus due to use of uniform internal model consistency of representations is provided.

4. The software of process of the designing, guaranteeing an opportunity of conducting the project on any of

languages of representations is developed.

. The basic language of representation of the project for the person - the customer and the designer - is the
natural language. Dialogue between the customer and the designer is traditionally conducted in a natural
language - language of human dialogue, but, as a rule, are entered new formal structures - diagrams, circuits,
schedules. According to the developed concept, natural - language representation of the project supplements
formal and serves as the tool facilitating understanding of process of designing.

As illustration of process of designing ON with use of the offered concept the diagram «to be», resulted on figure

1 serves.
(—  Techniques
and algorithms
N\ 2\
£ Technical specification
on limited natural
Development of .
eaetggni:alto language v The software in
—> specification - Frame structure the form of the | Program .
Automated analysis of . rogram documentation
Statement A0 the text of a technical Diagrams P i
tasks e documentation | and software product
T specification or in the form
Al 3 of a software
1 Development of |Product
a tacnical projct v
and a working
documentation Introduction
A2 A3
N | 5 I
—
Customers Computer-aided system of semantic text analysis ofa Designers

technical specification

Figure 1: Diagram of process of designing «TO BE»

The given work is devoted to development of the computer-aided system of semantic text analysis of a technical
specification.

The purpose of this work is to increase efficiency of software engineering based on automation of semantic text

analysis of a technical specification.

To achieve this purpose it is necessary to solve the following tasks:

1. To carry out the analysis of software engineering process and models of semantic text analysis;
2. To develop and investigate model of the text analysis of a technical specification;

3. To develop a technique and analysis algorithms of text of a technical specification and construction of the
software models;

4. To develop the computer-aided system of semantic text analysis of a technical specification;
5. To apply the system in software engineering process.
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Model of the Text Analysis of a Technical Specification

In work it is offered and investigated the model of the analysis of the text of the technical project is submitted, the
attribute grammar of a technical specification, intended for formalization of limited Russian is constructed with the
purpose of analysis of offers of text of a technical specification, style features of the technical project as class of
documents are considered, recommendations on preparation of text of a technical specification for the automated
processing are formulated.

Model input is the requirement specification written in the limited natural language, its output is a set of the data
flow diagrams, describing the program system (see Figure 2).

Level of model Level of realization Stages of algorithm
Natural language
(NL) Text of a technical
Model of Lyt specification in the | Processing
language ofa limited natural of a technical specification
technical language
specification

Internal representation

<f------ Frames R=<F,DF> < — — —{ Creation of frames

Frame structure

Formal model

Diagrams:
(FM)
] 1. General structure  <— — {Creation of diagrams)
Data Flow 2. Carried out

diagrams functions

Figure 2: Model of the Text Analysis of a Technical Specification

The model consists of two levels:

1. Natural Language (NL), level of specification on the limited natural language.

2. Formal Model (FM), level of the description of limitations on the graphic Data Flow Diagrams language.
FM level includes the set of data flow diagrams:

1. Common system structure with the specification of incoming and outgoing data flows.

2. System functions and their incoming and outgoing data flows specifications.

According to the proposed model, the system can be considered as a black box. System behavior specification
can be treated as a description of functions and data flows.

Structurally level NL can be divided into two parts: grammar of software specification on the limited natural
language and frame model [3].

Grammar of software specification contains syntactic and semantic attributes (see Table1)
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Table 1: Grammar of software specification

<list of incoming <incoming data flow name > :: 'Name' <incoming data flow description> ::
data flows > 'Contents' < list of incoming data flows >| €

<incoming data flow |The text containing "entrance” or “entrance data ”:: 'Clause’
description> <incoming data flow>::“Frame Data Flow=Creation ”, “Input=Giving”

[<Number of data units>]:: “Slot AMOUNT OF DATA = Giving” [<7Type of
<incoming data flow>|data>]:: “ SLOT TYPE OF DATA = Giving ” <the Name of incoming data flow
>:: “ Slot NAME OF INCOMING DATA FLOW= Giving”

<function < name of the functions liss > :: "Name'< function description >:: ”Frame
specification > FUNCTION = Creation ”; < List of functions> / ¢

< function type > «main» | «basic» | «additional»

< function < Name of function>:: 'Name', “ Slot NAME OF FUNCTION = Giving ” < [ist
description > of incoming data flow > <List of out coming data flow>

In connection with that the natural language is context-dependent for the description context-dependent
grammars attributes are used. With their help it is possible to transfer the information from the left part of a
generating rule in right and from the right part in left. Advantages attributive grammars that they can specify both
context-free and context-dependent languages.

In rules of grammar there are syntactic and semantic attributes. For example, the syntactic attribute is underlined
as follows: <incoming data flow name > :: 'Name', and semantic: < function description >:: "Frame FUNCTION =
Creation” - the name of attribute and action.

Actually grammar of a technical specification is used for splitting the initial text of the document into sections and
processings of most important of them for our problem. It needs precise observance of structure of the document.
Technical specification represents the structured text consisting of sequence of preset sections.

Level FM represents a set of Data flow diagrams: general structure of system with the indication of its entrance
and target streams; the functions which are carried out by system with their entrance and target streams

Formally frame model can be described as R = <Ng, Fg, Iz, Or>, where Nris a name of system, Fris system
functions vector, Ir is incoming data flows vector, Or is outgoing data flows vector Fr= <N, Ir, Df, Gr, Hr, Of,
where Nris function name, Iris incoming data flows vector of F function, Dr is function action, Gr is subject of the
function action, , Hr is limitations and restrictions for F function, Or is outgoing data flows vector of F function.
Let's denote the data flow by DF (Data Flow), then I, Or, Ir, Or are denoted by:

DF = <Npr, Dor, Tor, Cor>, where Nor is data flow name, Dor is data flow direction, Tor is data type in flow, Cor is
data units per frame.

The model proposed is represented as a frame model with “a-kind-of” links (see Figure 3).
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Figure 3: Frame network



International Book Series "Information Science and Computing" 143

Computer-Aided System of Semantic Text Analysis of a Technical Specification

The computer-aided system of semantic text analysis of a technical specification consists of the following
subsystems: preliminary text processing, the syntactic and semantic analysis and construction of software
models, storage of documents and interface (see Figure 4).

——Computer-aided system of semantic text analysis of a technical specification ———

Subsvstem
ystem

Subsystem Subsystem «Preliminary
«Storage of " "
Interface text
documentsy .
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Syntactic rules
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Figure 4: Architecture of computer-aided system of semantic text analysis of a technical specification

Preliminary text processing is necessary to share of a technical specification on separate lexemes. The incoming
information of a subsystem is the text of a technical specification in the limited natural language, the target
information - tables of sections, sentences and lexemes of a considered technical specification. Results can be
submitted both as corresponding tables, and as a tree of sections.

Already after the first stage work not with the text of a technical specification, but with its parts submitted on
sections is made. On a course of work of a technical specification shares all over again on more and more fine
sections, then on separate sentences (with preservation of sections structure) and lexemes with the instruction of
an accessory to sentences.

Preliminary text processing is carried out with use of final automatic device. During the work of final automatic
device the symbols acting on its entrance, collect in the buffer. In the certain conditions of final automatic device
record of the current contents of buffer in one of tables then the buffer is devastated is carried out. Work of
automatic device proceeds up to achievement of a final condition.

After that the received tables act on an entrance of a subsystem of syntactic and semantic analysis. The semantic
analysis of a text is made on the basis of the developed grammar of a text of technical specification.
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Rules of top level serve for analysis of sections of top level. Rules for analysis of sections consist of two parts: the
first part serves for analysis of a section name; the second part serves for analysis of a text contents in section.
Symbols of the given grammar possess syntactic attributes. In attributes of non-terminal symbols names of
frames or names of slots in which the information received during the further analysis should be placed are
specified. Syntactic attributes of text can be in addition specified in attributes of terminal symbols. Comparison of
words at analysis is made in view of their morphology. During analysis the syntactic and morphological analysis
are made only in the event that there is such necessity that time of performance of semantic analysis is
considerably reduced.

Let's consider a fragment of the developed attribute grammar submitted in a xml-format;

<global-rule 1id="Section42" comment = "Section 4.2. Requirements to functional
characteristics"> <rule><ruleref uri="#Section42Name"/><ruleref
uri="#Section42x"/></rule></global-rule>

<global-rule 1id="Section42Name"  sectionPart="Name" comment=  "Heading of the unit
4.2."><rule><clause clauseType="UNCERTAIN"/><rule type="or"><words contains="Functions"/>
<words contains= " functional characteristics "/> </rule></rule></global-rule>

<global-rule id="Section42x" frame= "FunctionFrame" frameSlot="Function"
comment="Function"><rule> <ruleref uri="#Section42xName" /><ruleref uri="#Section42xContent"
/> </rule></global-rule>

<global-rule id="Section42xContent" sectionPart="Content" comment="Inputs and outputs of
function"><rule><ruleref uri= "#Section42xInputs” minOccurs="0"/><ruleref
uri="#Section42x0utputs" minOccurs="0"/></rule></global-rule>

<global-rule id="Section42xInputs" comment="Inputs of function">

<rule><sentence/><clause/><rule type="or"><words contains="Inputs"/> <words contains="entrance
data"/></rule><ruleref uri="#Input" maxOccurs="unbounded"/></rule></global-rule> ..

The morphological and syntactic modules used in the program, are modules of the foreign developer. If in a rule
of grammar there is a terminal having syntactic attribute the mechanism of syntactic analysis for current
sentences is started [2].

After creation of a tree of analysis construction of frame description of a technical specification begins. For this
purpose the information on frames and names of slots which contains in attributes of symbols of grammar is
used.

The received frame structure contains the significant information about system: data about inputs and outputs of
system, functions and restrictions. For each function inputs and outputs also are allocated. It allows receiving
data flow diagrams of system which is described in a technical specification on the basis of frame structure.

The subsystem “Construction of data flow diagrams” carries out construction and ordering the column of data
flows, and also creation the figures of data flow diagrams in Microsoft Office Visio.

For construction of data flows it is prospected of functions inputs conterminous to system inputs. Then functions
on which all inputs data act, are located on the one level of diagram. Their inputs incorporate to system inputs.
Further it is prospected functions which inputs coincide with outputs of functions received on the previous step.
They are located on the following level, their inputs incorporate to outputs of the previous levels functions and
with system inputs.

Work of algorithm proceeds until all functions will not be placed on the diagram. After that connection of function
outputs with necessary system outputs is made.

The computer-aided system of semantic text analysis of a technical specification is developed on Microsoft NET
Framework 2.0 platform (language of development C#) using integrated development environment Visual Studio
2005.
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Scientific Novelty

Scientific novelty consists in the following: the model of text analysis of a technical specification at the initial
stages of software engineering, including semantic model of text of a technical specification, the technique of
transformation matter of text into the frame structure and construction of the model of the software on its basis
are developed.

Practical Value

Practical value of work is that as a result of development and introduction of a suggested technique quality of
software engineering raises due to automation of routine work of the person on extraction of helpful information
from standard documents and to displaying it as software models.

Conclusions and Future Work

Software designing differs from designing in other areas of a science and technics a little, therefore it is possible
to expand results of the given work for application in other areas of human knowledge. Thus, opening prospects
raise a urgency of the given work.
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SECOND ATTEMPT TO BUILD A MODEL OF THE TIC-TAC-TOE GAME '

Dimiter Dobrev

Abstract: We want to make a program which can play any game or in other words we want to make Al. It is
impossible to include in this program the rules of all games and that is why our program should be able to find
these rules by itself. We cannot solve this problem in the general case. So, our first task will be to make a
program which is able to find the rules of the Tic-Tac-Toe game. Even this task is too complicated. So, first we
will try to find these rules manually and this will help us make a program which is able to find these rules
automatically.

Keywords: Artificial Intelligence, Games, Automated reasoning.
ACM Classification Keywords: 1.2.0 Artificial Intelligence - Philosophical foundations

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

Introduction

We are trying to build a formal model of one particular game. We need such a model in order to predict the future.
For example, look at the third position shown on figure 1. At this position you see that if you play in the centre
then you will win but if you do not play in the centre then probably you will lose. This means that you have in your
head a model of the Tic-Tac-Toe game and you can predict the future and say what will be the consequences of
your next move.

We try manually to find a model of the Tic-Tac-Toe game which will give us the possibility to play this game
successfully. If we write a simple program which can recognise which move is wining and which one is losing
then this program will be a model of the game. Anyway, we do not like this model because it is not easily
discoverable. First reason for that is that the set of all programs is too huge. The second reason is that the
program models are not easily checkable. This means that if you have one program which is a model of the game
it is not easy to check this fact because for this you should play some time following the recommendations which
this model gives and after that judge how good this model is on the basis of the results achieved in the testing
period.

So, we are looking for an easily discoverable model. Do not forget that we need a model which can be found
automatically.

There is one more reason why programs are not good candidates for such models. The programs are not easily
modifiable. If you make a small random modification in one program then as a result you will receive a program
which will work in totally different way and in most cases it will not work at all. In most optimisation tasks we try to
find the best solution by making small modifications. Let's take for example the simplex algorithm which is for
solving the linear programming problem, or the “go up” algorithm for finding the highest place, or the process of
the evolution in nature where the child is a small modification of its parents.

How will our easily modifiable model look like? It will be a logic theory which consists of set of assumptions
(axioms). A modification will be to add or to remove one assumption.

! This publication is partially supported by the Bulgarian Ministry of Education (contract BOE 4-02/2004 r.)
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Formalisation of the game

Before finding a formal model of the game we have to formalise it. This means to represent the real game as a
mathematical object. In this case this mathematical object will be the set of all possible sequences of inputs and
outputs. Of course, the best representation of this set is the tree of all possible moves. Here when we say moves
we mean our moves and the moves of our opponent.

You see that for the formalisation of the game we need formalisation of our opponent. Really, when you play a
game you try to build a model both of the game and of your opponent. So, when you play you try to understand
your opponent and to predict his behaviour.

From formal point of view, playing with different opponents is playing a different game. This is because different
opponents play different moves and that is why the tree of all possible moves is different.

In order to formalise the game we need to fix the opponent. Let us assume that our opponent makes line and
wins if he can do this on the next move. Otherwise he plays a random move choosing randomly from all possible
correct moves with equal possibility for each of them to be chosen.

Note. If we have a game and a fixed opponent and if we try to make a model of both of them do we need to
separate the model of the game from the model of the opponent? For example, if our opponent never starts with
a move in the centre then should this fact be in the model of the game or should it be in the model of the
opponent. The answer is that we do not care why the opponent has certain behaviour. Maybe this is part of the
rules of the game or maybe not. In any case, if certain behaviour is fact then we can use this fact no matter what
is the reason behind it.

There is one case when it is good to separate the model of the game from the model of the opponent. This is the
case when we try to see the world through the eyes of our opponent. We will not try to do this because it is a
difficult task. They say that children younger than three years cannot do this, so our program will not be able to do
this either.

One more reason for this is that we will assume that each time we play the first move. So, the world is not
symmetric for us and for our opponent and this makes it more difficult to look at the world through the eyes of our
opponent.

In order to finish the formalisation of the game we have to say what is the information which we input and output
on every move. Let us assume that on every move we input the game status (i.e. what we have on the board)
and on every move we output the coordinates of the cell where we put a cross.

So, we want to represent the game as sequence of inputs and outputs like this:

ao, bo, a, by, az by...

On figure 1 you can see an example of a game.

X X @
(1, 1) (3, 3)

O O | X

Fig. 1: Part of a game
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The first attempt

On the basis of this formalisation we made our first attempt to build a model of the Tic-Tac-Toe game. Let's start
with the size of the input and the size of the output according to this formalisation. The input includes the situation
on the board. These are nine cells and to describe the situation we will use 18 bits (two bits per cell). Also we
need three additional bits which we will call “victory”, “loss” and “bad move”. These three bits give us information
about the result of our activity. For example, if we win the bit “victory” will be on and if the game is draw then both
“victory” and “loss” bits will be on. The bit “bad move” will be on when we try to do something forbidden (like
putting a cross in a cell which is not empty). These three additional bits give us the purpose of our program. It is
not sufficient to have a model of the game because if you do not have a purpose you cannot distinguish good
from bad and you cannot choose your next move even if you know perfectly well what will happen if you choose

this move.

Note. In the terms used in our definition of Al [1, 2, 3] the purpose of our program is called “the meaning of
life”. Here this purpose is clear. It is to achieve more victories and fewer losses. In this paper it is almost
useless to explain what the purpose of our program is because it is obvious that when we play the Tic-Tac-
Toe game our purpose is to win. Anyway, these explanations are not useless because in other games the
purpose may be difficult for defining. Let's take for example the real life of a human being. In this case if we
have a clear purpose (or a clear meaning of life) we can look at the real life as a game.

So, our input is 21 bits (18 for the state of the board plus three additional bits). Our output is 4 bits (two for the “x”
and two for the “y” coordinate). Now we will try to make simple implications of the type: “If you see this and do
that then on the next step you will see this.” Here is an example of such simple implication:

p11 & —outy; & —outy, & — outys & — outy, = bad_move

The meaning of this simple implication is that if you have a cross at position (1, 1) and if you play at this position
then on the next move you will see the bit “bad move” on.

How many are these simple implications? The maximum length of them is 46 (two times 21 plus 4). So, their
number is 3 to the power of 46. Of course, we do not need all of them but only these which are true and even only
small fraction of them which are essential. The number of these essential implications is millions and the first
program which we have made in order to decide the problem cannot manage to proceed with so many
implications. Anyway, we have made a more sophisticated program which keeps these implications in a tree
structure, which allows it to proceed with sufficiently many implications in a reasonable time. You can find this
program in [10].

The idea of the first attempt is that in the set of the simple implications which are true there is coded the
information about the experience (about the first moves which will be used for our education). Of course, this is
not all the information from the experience but this part of it which is essential. So, on the basis of this set of
simple implications we can say which move is bad. For example, the implication which is described above, says
us that if we have a cross at position (1, 1) we cannot play at this position.

Unfortunately, this first attempt was a complete disaster. Really, the essential implications were millions but this
was only a technical problem, which was solved in [10]. The real problem was the number of steps which we
have to make in order to collect enough experience. In [10] you will see that after 20,000 steps the program
almost stops to make bad moves. This means that the time (the number of steps) for education is extremely big.
Let's take an example connected with human beings. With people boys study slower than girls. Anyway, this is
not a problem because they study just a little bit slower. In our case we have a serious problem because the time
for education is so huge that it is practically infinite.

Where is the problem? This model is too stupid and here you cannot apply neither analogy nor something similar
to analogy. Here the problem comes from the formalisation of the game. On one hand, the input is too big (21
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bits) and on the other hand, we have made the wrong assumption that we see the full status of the game. For
example, in real world this assumption is not true because we do not see the full status of the world (Actually, we
cannot see behind our back.) The assumption that we see (receive as an input) the full status of the game is
possible only with very simple games.

The conclusion is that the next attempt to build a model of the Tic-Tac-Toe game will start with a new
formalisation of the game.

First published attempt

The first attempt was a complete disaster and that is why it is not published. The next attempt was much better
and that is why it is published in [4, 5].

As we've said, this attempt starts with a new formalisation of the game. Here we reject the assumption that we
see the full status of the game. Now we will assume that we see only one cell (the current cell). In figure 2 you will
see the eye which pinpoints the current cell. In this case the input is only one cell which is two bits. Of course, we
have also three additional bits as before. The output is also different. Before we had nine moves (to put cross in
one of the cells). Now we have six moves and they are to move the eye in the four possible directions, to put a
cross at the current cell and to start a new game.

up
0
left/# | __ |right
@
N
V
down

Fig. 2: The new formalisation

In this new formalisation the concept of the move is changed. Before the move was to put a cross somewhere but
now it is to move through the board or to put a cross. The main change is in the concept of what we see. Before
the assumption was that we see everything but now we see only a small part of the game status and we have to
imagine what the status of the game is. So, now building of the model is a much more interesting task.

On the basis of this new formalisation in [4, 5] there was made an attempt to build a model of the Tic-Tac-Toe
game. This model included three main parts: simple implications, FSMs (finite state machines) and first-order
formulas. The connection between these three parts was not clear and the attempt from [4, 5] did not give us a
working model of the game.

The second attempt

That is the reason why in this paper we will make a new attempt to build a model of the Tic-Tac-Toe game. The
basis of this new attempt will be the first-order logic with types. From the theoretical point of view, there is no
difference between this logic and the common first-order logic but types give us much bigger expressiveness.

What is the difference between the first-order logic and first-order logic with types? In the first case the universe is
one not empty set but in the second case the universe is a union of several non-intersected sets. The second
difference is that in the first case the relation and the function symbols have only valence but in the case with
types every argument has a type.
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In our first-order logic with types we will have one countable set T which will correspond to the time and several
finite sets which will correspond to the states of some FSMs. In this paper we will mention only the sets X and Y
which have three elements each and which correspond to the coordinates of the eye.

What will be the structure of the set T or what will be the structure of the time. We will have two function symbols
“‘next” and “previous”. These symbols will have one argument of type T and will return object of type T. We have
to decide whether to make T isomorphic to the natural numbers or to make it isomorphic to the integer numbers.
In other words, to introduce one constant for the first moment or not. The better choice is to make the time
isomorphic to integers because this model is simpler. Really, we have a first moment but we cannot use this
moment in order to make conclusions. You cannot conclude something like “When | am born they give me milk”
because you have not enough statistical information for such conclusion. Even if you have such rule you cannot
use it because you will not be born again.

Let's see what one simple implication will look like. For example, “If you see a cross you cannot put a cross”:
Ix(T) & put_cross(T) = bad_move(next(T))

Now, let us take My. This is the FSM which was described in [4].

right
left/% /\Q®Drlght/ﬁ
left left

Fig. 3: The FSM which gives the “x” coordinate

My is essential part of our model because it corresponds to the “x
our model. Here is the description of one of its arcs:

coordinate of the eye. My can be included in

x(T)=x1 & right(T) = x(next(T))=x

Here x is a function symbol which has one argument of type time and which returns an object of type X. The
meaning is that it returns the current “x” coordinate of the eye or the current state of My. The constants x; and x:
will correspond to two of the states of M. Of course, these constants will be of the type X.

We will notice that the simple implications and these FSMs are easily discoverable. (This is important because we
are looking for a model which can be found automatically.) In [10] you can see that the simple implications can be
generated automatically and if the size of the input and output is not too big this can be done without
combinatorial explosion. In [8, 9] you can see that My can be found through the method of suns. The idea of this
method is that FSMs are too many but every FSM can be decomposed in simpler objects, which we call suns.
You will receive such object if you observe only one letter in your FSM or observe only the arcs labelled with this
letter. The result is one or several simple directed graphs with one cycle and several paths which flow in this
cycle. Such graph looks like the picture of the sun which children use to draw. For example, if we take My and
observe it only on the letter “right” then we will receive one loop (which is a cycle with length one) and one path
with length two which flows in this cycle. In this way we will receive one “sun” which includes three arcs. This sun
is easily discoverable because one of its arcs gives bad move each time and the other two give correct move
each time.

As we said, for us it is important to make a model which is able to give us a mental picture of what we cannot see.
The FSMs My and M, give us the idea where we are at the moment (actually we cannot see directly the
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coordinates of the eye). The next information which we have to include in the model is what the situation on the
board is. For this we need first-order formula like this:

P(X(T), y(1), T) <= I{(T)

Here we did not say anything essential. In our input we have five bits and two of them are nameless (we do not
know nothing about them). It is normal to try to say something about these two bits. One of them is Ix(T). It is
normal to assume that I(T) depends on something other than T or to assume that I(T) is a projection of some
relation which has more arguments. Actually, p is this relation and it depends on the time and on the current
coordinates. Existence of such relation would be not interesting at all if there was not the following formula:

— put_cross(T) & — new_game(T) = (VX V'Y (p(X, Y, T) < p(X, Y, next(T))))

This formula gives us the stability of the relation p. This formula is not easily discoverable but we are looking for
stable relations and this means that we are looking for formulas which describe stability.

At the end we will show what the formulas which describe the victory look like.

(XYY p(X, Y, T)) = victory(T)
(PXVY(di(X, Y) = p(X, Y, T) )) = victory(T)

The first of these formulas says that if we made a vertical line we won. The second formula says that if we made
the first diagonal we won. The first diagonal is a relation between X and Y but we have 512 relations between X
and Y. Is this relation an easily discoverable one? Yes, because FSMs My and M, are isomorphic and there are
only two isomorphisms between them and these isomorphisms are the diagonals. So, this relation is easily
discoverable because it is special.

Modification of the method of resolution

Even if we have a model of the game, we need a method for proving formulas in the first-order logic in order to
make a program which can play successfully on the basis of this model. Of course, we have such a method and
this is the method of resolution.

This method has one serious disadvantage, which we have to fix in order to make Al which is capable to work in
acceptable time. In [6, 7] you can see that if we do not worry about the combinatorial explosion then it is easy to
make Al (which is useless because it cannot work in acceptable time). If we want to make useful Al then we have
to worry about its efficiency.

The problem, which is to be mainly blamed for the bad efficiency, is that the method of resolution starts every
time from the beginning. In this way it is practically impossible to prove anything complicated by this method.

We would like to make such modification that allows constructing a database of proven disjuncts. Of course, only
tautological disjuncts are true without any propositions but these disjuncts are not interesting. That is why we
would like to build a semilattice of different logic theories which are to contain interesting implications. For
example, if we want to prove ¢=>y then we can find the logic theory where @is a proposition and to check if y
is an already proven implication in this theory.

Unfortunately, this works only for formulas which we can prove without skolemization. The main reason that the
resolution starts every time from the beginning is that first we make the skolemization and on the next step we
make the resolution. In order to improve the efficiency of the resolution we have to allow the skolemization and
the resolution to work in parallel. This will be impossible if skolemization gives random names of the objects
because if it gives a name to one object twice then it will give two different names to it but we would like the name
on the second time to be the same.
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So, what type of systematic names should our new skolemization use? For us the best choice is the system
proposed by David Hilbert. For every formula ¢(x) he defined an object z@(x) which satisfies g(x) if there exists
an object which satisfies ¢(x) (description of these Hilbert's terms you can find in [12]). An important fact is that if
o(x) < yx) then wp(x) = wy(x). This means that for one and the same object we give one and the same
name.

For example, we want to prove Vx(¢(x) = w(x) ). If we do this in the old way the skolemization will give a
random name to the object which satisfies @(x) & — y(x). After that, the resolution will prove that the existence of
such object leads to contradiction. It will be much faster if we have already developed the theory of Zx @(x) and if
in this theory w(x) where x is z¢@(x) is already proven and this will be sufficient. Really, we want to prove that in
this theory is true y(x) where x is z(@(x) & — y(x) ) but there is a connection between z@(x) and z(@(x) & —
y(x) ). For the second object we know more, so everything which we can say for the first object we can say also
for the second one.

This modification of the method of resolution is only an idea and we need a lot of work in order to make a real
system which is based on this idea.
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BBeaeHue

Mpoueaypbl penpeseHTauuu W NOSyYEHUS HOBLIX 3HAHMIA 3aHMMalOT B oOLen npobrneme MCKYCCTBEHHOro
WHTennekTa Bedyllee MeCTo. B nouckax yHWBepcanbHbIX CPeACTB KOHCTPYKTUBHOTO OMUCAHMS OKPYXatoLlero
MaTepuanbHOro Mupa, afgeKBaTHOrO YEenoBEYECKOMY MbILMEHUIO W MO3HaHMIO, BCE valle obpawarTes K
oHTonorusiM.  OHTOmorms  npeacTaBnsieT Coboil  COBOKYMHOCTb  KOHLENTOB, OTHOLUEHUA U PYHKLWNA
nHTepnpeTauuu. K LOCTOMHCTBAM OHTOMOTMMA MOXHO OTHECTW: a) rnybokoe B3aumopencTBue OBBLEKTOB U
SIBMEHUIN C KOHTEKCTHOW cpefoi; 6) SKOHOMHOE XpaHeHue uHdopmauuu, Tpebytollee 3anoMUHaHMS KOHLLENTOB W
OTHOLLEHWI, @ He CLEH; B) yHUBEPCANbHbIV XapakTep OHTOMNOrMM, AOMYCKaoLWMiA MCNONb30BaHNe €€ CTPYKTYPbI B
KayecTBe MHCTPYMEHTA AN PelueHns 3aay CEMaHTUYECKOrO aHanm3a ecTeCTBEeHHO-A3bIKOBbIX (EA) TekcToB.
OpHoM 13 Takux 3aday SBMSETCH KOHCheKmuposaHUue mekcma Kak cnoco® CxaTtoro W peneBaHTHOro
NPeACTaBNEHNs COAEPKaHWs Auckypca. B kayectBe mpumepa nporpamMbl BbIMOMHSIOWEN KOHCNEKTUPOBaHME
PYCCKOS3bIYHOMO TekcTa MOXHO mpusecTy nporpammy KOHCTEKT [1], B KOTOpPOI ANs ykasaHUs CEMaHTUYECKUX
OTHOLLEHWUI MeXay CroBamu UCNOSb3YKTCA accoLmMaThBHble CBA3W, @ MHOXECTBO acCOLMATUBHBIX MPU3HAKOB
OTpaxaeT HEeKOTOpble KaTeropum BHELUHErO Mupa (Hanpumep, accoumaLmn no poay AesTenbHOCTH, N0 BPEMEHN
u apyrve). OpHako cnabbiM MECTOM CMCTEMbI aCCOUMATUBHBIX CBSA3EN SBMSETCS YNPOLEHHas, OAHOYPOBHEBAS
CTPYKTYpa, KOTOpas He Y4WTbIBAET ryOuHHYI0 MEpapXuio MOHATWN, OMKUCHIBAKOWMX peanbHbld mup. [Mone
accouuayui npeacrtasnsiet coboit NPOCTO CNUCOK KOHUENMO8, pa3MeLLEHHBIX B andaBUTHOM NOpPSIAKe.

OTCYTCTBME CTPYKTYpPbI Haf Nonem accoupauuit NpUBOANT K NoTepe rnyBGokux accouuauui i, KooMe Toro, He
Mo3BONsieT B pamkax BbIOPaHHOA CXembl ONEepupoBaTb JMEMEHTAMU CMbICIIOBOTO COMPOBOXIEHUS MNP
PaCKPbITUM COLIEPKaHIUS TEKCTA YEPE3 KOHCMEKT.

3agava 3aknyaeTcs B TOM, YTOObI NPEBPATUTL CUCTEMY aCCOLIMATUBHBIX CBA3EH B MepapXUUYECKy0 CmpyKmypy
penpeseHmayuu 3HaHull, aflekBaTHY0 UepapXun MOHATUIHOTO annapaTa YenoBeka, U UCMoNb3oBaTh eé 3aTem
ANs CEMaHTMYeCcKoro aHanmaa ESl TekcTos.

O60cHOBaHWe NoAX0Aa U peluaeMble 3aAadm

B HacTosiee Bpemsi NpeanoXeHO MHOTO BapuaHTOB OMUCaHUS MUpa, KOTOPble OMMPAOTCs Ha Tesaypychl U
oHTOnorm [2]. Ans penpeseHTaumm 3HaHui 06 YHMBEPCYME OHM LLMPOKO UCNONb3YHT MNOCOdCKIE KaTeropum
W npeaHasHayeHbl NMbo Ans cuctemaTsaumn nekcuyeckoro BoratcTBa eCTECTBEHHOMO A3blka (crosapn Poxe,
HopH3aiicha, Moeorpadmyeckuii cnosapb pycckoro sisbika O.C.bapaHosa [3]), nmbo ansa cTpykTypusauum sHaHui
yernoBeka 0 Mupe (oHTomormm «Mikrokosmos», SUMO, [x. Cosbl [4]). Cywectytor u npobnemHo-
OPWEHTMPOBAHHbIE OHTOMOMM, KOTOPbIE NPUCNOCOBNEHBI, HAaNPUMeEp, ANs NOCTPOEHNS S3bIKOBO-OHTONOTMYECKNX
WH(OPMaLMOHHBIX cucTem [5, 6]. [ns NOCTPOEHUS MHOTOYPOBHEBBLIX OHTOMOTMM WUCMOMb3YIOTCA MeTodbl W
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MaTeMaTnyeckue MOdenu, cogepxaie MOAENU OHTONOTUM, 3HAHUI U AEMCTBUTENBHOCTM NpeaMeTHON obrnacTtu
(Mpo) [7]. Mpepnaraemas 3aecb CTPYKTYpUpOBaHHAs OHTororus accoumaunit (OHTA) CnyxuT Ans peLlleHns
Oonee 4acTHOM 3agaun — meMamu4eckoeo aHanu3a mexcmos [8].

Mpu noctpoeHun OHTA aBTOpbl MCXOQMNM U3 CREAYIOLWMX NPEAnochINOK: a) Hay4YHOW METOAOoMormen
penpeseHTauM OKpy)XaloLero Mupa [LOMkeH OblTb cucmemHbil aHanus; ©) TepMmuHonorus (kateropun
KOHLENTbl OHTOMOrMM) AOIKHbI B OCHOBHOM 0a3npoBaTbCA Ha MOHSATUSX, KOTOPbIE YCTAHOBWMMCH B
€CMECMBEHHbIX HayKaX, C NpUBMEYEHWEM, B HEOOXOAWMbIX Cryyasx, (UIOCOGCKUX KaTeropun; B) ANS
KOHCTPYKTMBHOIO MPakTUYECKOr0 WCMONb30BaHUS CTPYKTYpa OHTOMOrMM AOIKHA OblTb MepapXu4eckon 1
cofepxaTb BEPXHWA, CPEAHWA U HUXKXHWIA YPOBEHb MepapXum NOHATUI.

CuctemHbIn_aHanu3. [MOHATUAHO-CodepKaTenbHbIN NOAXOL MPEeaCTaBNEHNS 3HAHMIA, MPUCYLLMA CUCTEMHOMY
aHanuay, B 0T/in4Me OT hOpManbHO-MaTEMaTUYECKOTO, BAXXEH UMEHHO C MO3WLMIA BbISBMIEHNS] CEMAHTUYECKMX
OTHOWeHMA. [lpn aHanuse cucmemMHo-UHOPMaYUOHHOU KapmuHbl Mupa [9] paccmaTtpuBaloT crnegylowme
OCHOBHble munb! pecypcos B npupoge u obluectse: Bewecmso — cybcTaHUms, oTobpaxatllas cocTosHue
MaTepumn; SHepaus — XapakTepucTika ABWXeHUs matepun; MHgopmayus — Mepa nopsiaka 1 camoopraHusaLmm
Matepuu; Yenogek — YHUKanmbHbIl pecypc 06LiecTBa, CyObEKT OCO3HaHWS MaTepuu, Mepa MHTENNekTa;
OpeaHusayus — opma ynopsii04EHHOCTU PEecypcoB W CYLLECTBOBAHUSA CUCTEMbI; [lpocmpaHcmeo — mepa
NPOTSXKEHHOCTM (PacnpoCTpaHeHUs 1 pacnpefeneHus) matepuu; Bpems — mepa CyliecTBOBaHWS COCTOSHUS
MaTepum (BeLlecTsa).

3TN pecypcbl, Ha HaL B3rnsA, o6nafatoT HeobXxoauMon codepxamesibHOl CmPo20CMbH, MOCKOMNbKY SABNSIOTCS
06bekTamMu UCCrefoBaHmii B U3NYecKUX 1 coLmanbHbix Haykax. OHM MOryT BbiTb UCMONb30BAHBI MPK CUHTE3E
OHTOMNOTN accoLMaLmii B kKa4ecTBe KaTeropui BepXHero ypoBHs. Tem cambiM HaMEYEHO CYLLECTBEHHOE OTNINYME
OHTA 0T M3BECTHbIX MOZENEi On1caHnst MMpa, KOTopble BbINK YNOMSIHYTHI BbiLLE.

anHUMﬂbI NOCTPOEHNA OHTOJIOTNMN. 3apaumn uccnenoBaHus U Lenb

C y4éToM pekoMeHZaLui, KOTopble HeOOX0AMMO BIMOMHSATL MPK NOCTPOEHUK oHTonorK [6, 10, 11], B AaHHOW
paboTe npeanaraeTcs TPEXYPOBHEBAs OHTONOTMS AMNS PELeHWs 3ajadn KoHcnekTuposaHus EA Tekctos. B
OCHOBY pa3paboTku NOMOXEHbI CeLyHoLWMe NPUHLMMLI.

1. MpuHyun nomHombl. KaTeropum BepxHEro YpOBHS [OMKHbI MCYepnbiBatowMM o6pasoM npeacTaBnsiTb
MaTeputo; 3a Npeaenamm 3TX KaTeropuii He JOMKHO CYLIECTBOBATL HUKAKMX NPOSIBNIEHUIA CYLLETO.

2. [puHyun ecmecmeeHHOHay4YHocmu u npobnemHol opueHmayuu. Bce kateropum M KOHLENTbI OHTONOrMM
OOIKHbI ObITb BbIpaXeHbl MOHATUSAMM, KOTOPblE YCTAHOBUICH B CTECTBEHHbIX M MaTeMaTUYeCKuX Haykax npu
N3yYeHU! MaTepuanbHOro Mupa W SBNSKOTCA OBLLENpUHATBIMU. [lpU 3TOM YacTb OHTOMOMMM AOMKHa ObiTb
NpeAcTaBneHa KoHUenTamm, KOTopble LUMPOKO UCMOMNb3YIOTCA B MEXAUCUMNIMHAPHBIX TEKCTaX (C HENTpansHoOM,
00LieOCTYNHON NEKCUKO), a BTOpas YacTb OHTONOMAW CTPYKTYPUPYETCS NOL KOHKPETHYt 06nacTb 3HaHMi
(MpO). MepBas yacTb MMEET NOCTOSHHBIA CTATYC, @ NPOBNEMHO-OPUEHTUPOBAHHASA OHTONOrMS hopmMUpyeTCs
CNeynanmcToM 1 HOCUT NEPEMEHHbIN XapaKTep.

3. MpuHyun e3aumocesizaHHOCMU yposHell. KaTeropim oHTONOMM BEPXHErO YPOBHS pacKpbIBaTCs Habopamu
KOHLIENTOB CpeaHEro YpoBHsi. B cBOK ouepeb, KOHLENTbI HUKHETO YPOBHSI AOIMKHbI CRY)XUTb ONPeAeNUTENAMM
Aans TepmuHoB crioBapst MpO. CBA3b MeXOy CPeAHUM U HKHUM YPOBHSMM OPraHM3yeTcsl C MOMOLLbIO
NMEHOBAaHHBIX OTHOLLIEHWI BUAA: «ObITb YACTbIOY, «NPUHAANEXATL MHOXECTBY», «COBNAAAaTh C», «HAXOAUTLCS B
CEMaHTU4ECKOM OTHOLLEHUM C».

4. [lpuHyun accoyuamueHocmu. KOHUENTbl OHTOMOMMWM HUXHETO YPOBHSA [OIKHbI CIYXUTb MOMeM [Ans
nHaekcnpoBaHus TepmMuHoB MpO. Mpy 3TOM MCMONb3YTCA CEMaHTUYECKNE OTHOLLEHWS BWAA: «HAXOAUTLCS B
accoLMaTMBHOM CBA3N C.

5. TMpuHyun ompaxeHus aHmazoHu3Mog. KOHLeNTbl, KOTOpble OTPaXalT CBOWCTBA UMM MOHATUS, UMEoLLMe
CBOK MPOTWUBOMOMOXHOCTb UMK JOMNOMHUTENBHOCTL MO PABHOMY OCHOBAHMIO, BXOASAT B OHTOMOMMIO Mapamu unu
TpOViKamu NONsiPHbIX 0603HAYEHMIA.
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Ha ocHoBe COpMYnMpoOBaHHbIX MPEAnOCHINOK CTAHOBUTCS SICHOW Credytollas nepcnekTusa AeNCTBUN.
Heobxoaumo BbiGpaTh KaTeropuu, KOHLENTbI 1 CBSA3M MEXAY HAMMU AN BEPXHETO U CpefHero ypoBHen OHTA.
Heobxoaumo co3faTb None KOHLENTOB HIKHErO YPOBHS — BHECTU B Hero TepmuHbl MpO. Cornacosatb nomne
KOHLIENTOB HWXHETO YPOBHS C KOHLenTaMmu CpeaHero ypoBHsl. Ha 3akntouutenbHOM aTane cnefyeTt cBsidaTb
HKHUIA YPOBEHb OHTONMOrMM C 6230/ AaHHbIX eCTECTBEHHOTO A3blKa, AN1S Yero HeobXoaMMO HaNTU akTyanbHble
accouMaTMBHbIE CBSI3W MeX[y CroBapéM OCHOB PYCCKOrO sisblka M TepMUHaMK, BblGMpaeMbIMKA 13 NOMs
KOHLIENTOB HWXHEro YPOBHs. [pOoLEeCC YCTAHOBMEHWS acCOLMATUBHBLIX CBSI3eN Ha3blBAaETCS MHOeKcaLmeil
croBaps.

B pesynbtate BbINOMHEHUS| 3TUX AEACTBWN OHTONMOrMYECKasi CTPYKTYpa CTAHOBMUTCS KOHCTPYKTMBHOW Ans
npoLeayp CEMaHTUYECKOro aHann3a U packpbiTis TeMbl. OHa 3aMKHET CrioBa PYCCKOro siablka (CroBa, B3siTble 13
TEKCTa) Yepe3 UX MHAEKCHI (CBA3M C KOHLIeNTaMM HUKHETO YPOBHS) Ha Mpaekmopuu BHYTPW CETEBbIX CTPYKTYp
HWKHEr0, CPEAHEr0 U BEPXHEro YPOBHEN. JTO NO3BOMMT, KDOME COCTABIIEHWUS CAMOrO KOHCMEKTa, COMPOBOANTL
ero KOMMEHTapusiMi, KoTopble GYayT aKTWUBM3MPOBaHbl HA TPAEKTOPUSIX CETEBbIX CTPYKTYP M TeM CambiM
YIYYLUMTb CEMAHTUYECKY0 KOMMOHEHTY KOHCMEKTa.

Lenb cTpykTypupoBaHus OHTOMOMM accouuauuin 3aknodaetcs B TOM, 4TODObl CO3AaTh TPEXYPOBHEBYH
NepapX1YecKyto OHTONMOMYECKYID CUCTEMY, KOTOPas B CKATOM BUAE OTPaXAET aKTyamnbHble 3HaHMS O CTPYKType
BHELLHETO MWpa, OpWEHTUPOBaHa Ha 0BpaboTKy Kopnyca TEKCTOB Kak OOLIEero (MeXauCLMnIIMHAPHOrO), TaK u
NpobneMHO-0pPUEHTUPOBAHHOTO XapakTepa, 1 no3sonseT Gonee rnyboKo packpbITb TEMY MpY KOHCMEKTUPOBAHUN
TeKcTa.

Bb160p KaTeropuin BepXHero ypoBHS OHTONOMMM accoLMaLuif

CyLecTByeT MHOTO MoaxofoB K AuxoTomun Mupa. Ham npegcraBnsieTcst Hanbonee KOHCTPYKTUBHOW uaesi,
BbIBMHYTas akafeMnkoM BepHazackiM, KOTOpbIA NOCTPOMN MaTepuanmcTM4eckoe MPOBO33PEHINE Kak ANHCTBO
KocHozo eewecmsa, buocghepbl u Hoocgepbl. B kayecTBe METOAOMNOMMM OHTOMOMMYECKOr0 CUHTE3a, Kak
YKa3blBanoCh BbILLE, MPUHAT CUCTEMHO-aHANMTUYECKUIA MOAXOA.

Y3noBoi TOYKOM OOLlel kapTuHbl Mupa sBnseTcs dwunocodickas kateropus Mamepus. OHa MOXeT ObiTb
ncyepnbiBaroMM  0bpa3oM npefcTaBneHa Tpems kateropusmu: Bewecmeo (kocHoe), OHepeus, KusHb
(cybeTaHums xuBoro). Kaxaas U3 Tpex kaTeropuil npeacTaBnieHa psaoM noakaTeropui, kak nokasaHo Ha puc. 1.
Vcnonb3yeMble BbliLLE KaTeropui BEPXHEro YpoBHS 06pasytoT Kracmepsbi NOHIMUG AN pasBUTHS U YCIIOKHEHUS
oHTOMOrMK. MpUBEAEHHYIO OHTOMOTMYECKYI0 CTPYKTYPY HE06X0aUMO CHabaNTb HEKOTOPBIMI MOSICHEHNUSAMM.

Mepeoe. OBLLENPUHSTLIMA B TEOPUM NO3HaHUS ABNSIOTCS TakMe BaxHble dunocodckme noHaTUs, kak Mamepus,
BEbimue, CosHaHue, Cybcmanuyus, Cyb6ecmpam, Mepa, [MpocmpaHcmeo, Bpems, CocmosiHue, Ceolicmeo,
Konuyecmeo, Kauecmso v opyrve. B OHTA nouTn BCe 3TU MOHSTUS, MW 3KBUBAIIEHTHbIE UM, NMEPEHECEHbI Ha
CpeAHMin ypoBeHb, briarogapst YemMy OHW 0CBODOXZAKTCS OT YMCTO MNOCOGCKOrO CMbicna W «paboTatoT» Kak
TEPMUHbI €CTECTBEHHbIX HayK. Hanpumep, NpoCTpaHCTBO W BPEMSI MPUCYTCTBYKT Kak KOHKPETHbIE MPU3HAKM
JI0Kanu3ayuu 00bEKTOB U SIBMEHUIA B YEThIPEXMEPHOM KOOPAMHATHOM MPOCTPaHCTBE. TEPMUHbI KONMYECTBO M
KayeCTBO ONPEAENsTCS NPU NOMOLLW MEpPb! U TaK anee.

Bropoe. Ha nparmaTnyeckom ypoBHE MOXHO MokasaTb, YTO npedfiaraemasi OHTOnorns obnagaeT CBOWCTBOM
nosiHomel. Byaem ucxoauTb U3 TOro, YTO BCE, YTO Mbl 3HaeM 0 cBoWcTBax Mamepuu, 3aKnio4eHO B CriedyoLmx
yeTblpéx noctynatax. Mamepus: a) cywecmeyem kak OObekTMBHas peanbHOCTb, 6) nposensem cebs B
OBWKEHUM W pas3BUTWW, B) pacnpedenieHa B NPOCTPAHCTBEHHO-BPEMEHHOM KOHTWHYYME W T) omobpaxaemcs
pasymoM. B Takom cnyyae cpopmamu npossneHus Mamepuu cnyxat Bewecmeo, XKusHb u SHepausi. B cBo
ovepefb, NPocmpaHemeo U 8pems cnyxat dopmamn pacnpegenenus Mamepuu. Bee natb hopM NposiBReHns u
pacnpefeneHnss MaTepuu WHTErpUpYTCS B eAWMHOM MOrmowaoweM noHatun — bbimue  Mamepuu.
CnepoBatenbHO, OHTOMOMMS, 3aMblkasCb Ha MoHATME bbimusi Mamepuu, wcyepnbiBatomMM 06pasom
oToBpaxaeT BCe U3BECTHbIE (UMK CyLLMe) CBOMCTBA JaHHON CyBCTaHLMK, TO eCTb — ABNSIETCS NOHOU cucmemol
BEPXHETO YPOBHSA penpeseHTaLuy 3HaHWi.
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Martepus
BeyecTtBo OHeprvs KnsHb
CocTtosHue | | lokanusauus | | CTpykTypa Buocdepa || Yenosek (|Opranusaums||[destensHoctb
(npcmpaxcmeo (pasymhblti || (o6wecmeo) || (nposeneHus
8pems, hopma) cybbekm) pasyma)
CBoWcTBO Bug

Puc. 1. CTpyKkTypa OHTONOMMM accoumaLuii BEPXHETO YPOBHS.

TpeTbe. B oHTONOMM accoumaLmii BaxHyto ponb UrpatoT Takue NOHSTUS, Kak Mepa 1 UMST: OHU NPOHW3bIBAKOT BCE
YPOBHW OHTONOMAM W XapakTepuaylT OONMbLUMHCTBO KOHLENTOB. 34€Cb MOHATME MEpbl MCMOMb3yeTcs He B
MaTeMaTUYECKOM W HE B (MNOCOGCKOM CMbICTIE (KaK CBS3b MEXAY KONMYECTBOM W KAYEeCTBOM), @ Kak pesynbraTt
n3mepeHuns; ms 0603HaYaeT MHOXECTBO UK KnacTep. VHorga MOXHO NpocneanTb TECHYI0 CBA3b MeXay Mepou
W UMEHeM: €CIA YUCMO CMYXKUT TOYEYHON OLIEHKOW KONMYECTBA W 4acTO HECET WM3BLITOYHYKD MHGOpMaLWto, TO
UMs 3a0aéT cpasy AuanasoH U3MepeHuit, To ecTb — Knactep. Hanpumep, Ha Lukane TemnepaTypbl pa3nuyaroTt
COCTOSIHMS: Xapa, menno, HopmanbHo, npoxnada, xonod, Mopo3; BCe OHM 00fmagatT  ACHOM W
HEeNnoCpeLCTBEHHOM CeMaHTUKOW. B OHTOMorMM accoumauuii nepevncnsitb BCe COCTOSHWS CUCTEMbI (Kpome
CnyyaeB, Korga OHM cywlecTBeHHbl Ans npegctasneHust MpO) HeT HeobxogumocTh; oHn ByayT 060OLiEeHbI
NOHATUAMU: Mepa menna WM UMS COCMOsSHUS wnm  cgolicmeo cucmembl. Xots OHTA onepupyeT ¢
OLHOCIOBHBIMW KOHLIENTaMM, B HEKOTOPbIX CRyYasx NPUMEHSIOTCS CMOXHbIE KOHLENTbI (Hanpumep, poxoeHue-
euberip), Korga napa Wnu Tpolka CBS3aHHbIX (N0 PaBHOMY OCHOBAHMWIKO W MPOTUBOMOMOXKHBIX MO CMbICIY) UMEH
noaYépk1BaeT obnacTb onpeseneHns CROXHOro KoHuenTta. B obliem cnyyae uMs CiyxuT WAEHTUUKAaTOPOM
COCTOSIHWS CUCTEMBI, UAEHTU(UKATOPOM MHOXECTBA Ui abCTPAKTHBIM MOHATUEM.

YHVKanbHbIM CBONCTBOM YENTIOBEYECKOrO SI3blka SBMSETCA nepefada CMbICNa «Mo YMONYaHuioy. ATy yHKUMIO
BbINOMHAET Mepa, KOr4a OHa COMPOBOXAAETCH KOHTEKCTOM. Hampumep, CMoBO «HOpManbHO» 0003Ha4YaeT He
TOMbKO CUTYaLMIO, HO U NOAPA3YMEBAET OMKIIOHEHUS OM HOPMbI B 00€ CTOPOHbI, TO ECTb — HECET 3HAYUTENBHYIO
CEMaAHTWUYECKYHO Harpy3Kky. ABTOpbI MCCNEL0BaHNS pas3nensitoT runoTesy, Yto NosHaHue YenoBekoM 6eckoHeuHo-
pasHooOpa3HOi BHEWHen cpefbl BO3MOXHO Gnarogaps ero ymeHwto knaccudumumposate. OTcioga crnegyet
HeoOXOAMMOCTb M YHUBEPCANbHOCTb CEMAHTUYECKON KaTeropun UMs, KOTOPOE MOXET CyLLEeCTBOBATb TOMbKO B
obLLen A3bIKOBON Cpeae.

C y‘-IéTOM NpUBEAEHHbIX BbIlIE YHMBEPCANbHbIX KaTeFOpMI;L MOHATUIA K KOMMEHTapuneB CTPOUTCA NPOAOITKEHNE
OHTOMNOrNYECKOM CXEMbI.

MocTpoeHne OHTONOrMM CPEAHErO YPOBHS

Ontonorus cpegHero yposHs (OCY) gomkHa CBA3bIBATb KAaTeropuyt BEPXHETO YPOBHS CIOXHOCTM C KOHLENTaMu,
KOTOPbIE OMUCLIBAIOT KOHKpETHble cBOMCTBA [MpO Ha HkHeM ypoBHE. [MPOMEXYTOUHBIN YPOBEHL MEpapXum
Heobxogum Aans Gonee rnybokoro M pPa3BETBMNEHHOTO PAaCKPbITUS OOLMX CBSA3EA M 3aKOHOMEPHOCTEN,
HaKOMMeHHbIX MPU  M3YYeHWW B pasHbiX AucumnnuHax. [lo-cytv, OH npegcTaBnseT cobow crol
MEeXAUCUYUNIUHapHO20 Yeroseyeckoeo 3HaHus 1 0606LaeT KOMnekTMBHBIN OnbiT. Bonee Toro, npoekuws
HWXHEro YPOBHSI OHTONOTMM Ha CPEAHW MO3BONSIET PaCcKpbiTb COAepXaTeNbHyl KOMNoHeHTy EA Tekcta u
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OAHOBPEMEHHO YCUNNTb €€ 0ObACHUTENBHON KOMMOHEHTOM OHTONOMMM accou,vlaumﬂ. Ot yOa4HOro nocTpoeHnd
3TOM (CpG,ElHGVI) 4acTW OHTOIOrNYECKON CTPYKTYPbl 3aBUCAT B LENOM WHTEPNPETaUUOHHbIE BO3MOXHOCTU
CNCTEMbI CEMaHTUYEeCKOro aHanmsa.

OCY npefcraBnseT coboil KOHCTPYKT, 3anONHSEMbI OQMH pa3 KOHUenTamu 0OWero HasHaveHus. OTO He
nckntovaeT ero gopaboTky cneuyuanuctamu pasHbix obnacten 3HaHus. MHXeHep no 3HaHWSM WMeeT npaBo
COrnacoBbIBaTh 06LLMIA YPOBEHL OHTONMOMM accoumaLuin ¢ TeMn NpodeccoHanbHbIMu 3HaHusamm MpO, koTopble
oH OyaeT AeTanbHO (hopMynMpoBaTh Ha HKHEM ypoBHe Wepapxiuu. daktnyeckn OCY BbICTYNaeT B KayecTBe
NOCTOSIHHON COCTaBASIOLLEN OHTONOMW accoumauuin. B oTnnume oT He€, OHTONOIUS HIKHErO YPOBHS SBNSETCS
nepeMeHHOI COCTaBNAOLLEN.

Onucanve cTpykTypbl OCY. OHTONOTMS CpeaHEero YpOBHS nNpencTaBnserT coboi COBOKYMHOCTb CETEBbIX
CTPYKTYP: MMEHEM KaXzoil CTPYKTYpbl CMYXUT KaTeropusi BEPXHEr0 YPOBHS, Y3NnaMu SBASKOTCS KOHLENTLI
CPEAHEro YPOBHS, @ BHYTPEHHME CBA3W PacKPLIBAKOT (XapaKTepu3ytoT) OCHOBHbIE CBOMCTBA KaTeropu.

3anonHeHue yanos OCY npousBeaeHO TakuMK MOHATUSIMU, KOTOPbIE SBNAOTCS 06LeynoTpebutenbHeiMiN Ans
0003Ha4eHNst ANEMEHTOB 3HAHWUS W UMEKT ONMPEAEnE&HHbIA CMbICA ANS CMELManucToB pasHbiX, B TOM yucne
rymaHuTapHblx, obnacten. OgHako 3apayel LAHHOTO CMOSi He SBMSETCH MOMHbIA OXBAT 3TUX 3MEMEHTOB,
HaobopoT: yrnybrneHne B nNpegMeTHy obnacTb JOCTUraeTCs CPeaCTBaMU HUXHErO YpoBHS. OpneHTUpoM Ans
BblGopa koHuenToB OCY ABnsSeTCH CeMaHTUYECKMIA aHanM3 QUCKYPCOB 0BLLETEMATUYECKON HAanPaBMNeHHOCTM!.

Kaxpas ctpyktypa OCY copep#uT Kak 6e3ycrnoBHble, Tak W COMHUTEMNbHble CBSA3M, KOTOpblE MOryT ObITb
CKOPPEKTMPOBAHbI 3KCMEpPTOM. OTO He SBMSETCS HEAOCTAaTKOM OHTONOMAW accouuauuii, a npupaét eil
OMHaMU4Yecknii xapaktep. Kpome TOro, akcmepT NO CBOEMY YCMOTPEHWKO MOXET CBOGOAHO BbibMpaTh U
CMeLUMBaTb KOHLENTbl 1 OTHOLIEHUS! PasHbiX TUMOB (POA-BWA, YacTb-LENoe 1 T.4.); NPW 3TOM OH mpecneayeT
Lienb BbISIBNIEHNS 3HAYNMbIX CEMAHTUYECKIX accoLMaLminz 4Ns BbIpa3uTENbHOM penpeseHTauui 3HaH!i 0 JaHHOM
kateropu. MHOrMe OTHOWEHMS B  KaTeropusx CPeAHEero YpPOBHS  MpefcTaBneHbl  OTrMarofbHbIMU
CYLLEeCTBUTENbHBIMA U MOTYT MOBTOPATLCS B PACKPbITUM CTPYKTYPbl PasnuyHbix kateropuit. «Cuna cBS3w»
MeXay pOAOBUAOBBLIMA MOHATUAMM, NOHATUAMM TUNA YaCTb-LIEMNOE BbILE, YEM MeXAY NMOHATUAMM, CBA3AHHBIMU
OTIMarofbHbIMMA ~ CYLLECTBUTENbHbIMM.  BBeneHuMe  cBs3edl,  NpeACTaBNEHHbIX  OTFNArofbHbIMM
CYLLECTBUTENbHBIMM, MO3BONSET PACLUMPUTL LIEMOYKM accoLMaLmii 1 NOBLICUTb CBS3HOCTb TEKCTA, 0TOBPaHHOTO
B KOHCMEKT.

30ech, B Liensx 3KoHOMUM MecTa, norHble cnucky koHuentos OCY (0T gecaty 4o TpUaLAaTK CNOB Ha KaTeropuio)
BMECTE C WX CBA3AMM He NPUBOZATCA, a KOHUENTbl B CKoOKax [faHbl BbiGOpoyHO. B kauecTBe npumepa
npeAcTaeneH dparMeHT rpada CBA3W NOHATUI kaTeropumn buocghepa (cm. puc. 2).

CocmosHue = {yCTONYMBOE — M3MEHUNBOE; MOKON — ABWKEHNE; KOHEYHOE — MPOMEXYTOYHOE; TBEPLOE — XMAKOE
— rasoobpasHoe;...}. Cmpykmypa = {cuctema; OQHOPOSHOCTb — HEOAHOPOAHOCTb, (HOPMA; COAEpKaHue;...}.
Jlokanuzayus = {npocTPaHCTBO; BpeMS; pacnpesenerune; Havano — KoHel;...}. Ceolicmeo aHepauu = {oBuxeHne
— MOKOW; MpoLecC — aKT, AeUCTBME — NPOTUBOLENCTBME; NPeBpaLleHue — CoXpaHeHue;...}. Bud sHepauu =
{TennoBas; kMHeTMYeCKas — NOTEHUManNbHas; coangaHue — paspyLienue;...}. buocgepa = {cyLiecTBo; opraHuam;
PaCTEHWEe; XMBOTHOE; MOMyNAUWS; Cpeda; SKOMOrWs;, CyLLECTBOBAHME; BbDKMBAHWE; 3BOMIOLMS; pa3BuTUeE-
BbIPOXEHWE; Pa3MHOXEHME, MOTOMCTBO, poXaeHne — mbenb; onacHocTb — OesonacHocTb; Bopbba;...}.
Yenosex = {opraHuam; amouLuu; pasyMm; xapaktep; Bonsi; 3aHatue;...}. OpeaHusayus = {counym; ynpaBreHue;
cembsi; 3aKkoH; cBoboga — HeobxogumocTb; ...}. JesmenbHocmb = {Teopusi — npakTuka; pabota — 3aHsTHe;
no3HaHWe; MHGOPMaLMS; TaKTUKa — CTPATErUst; NePeMELLEHME; ...}

[maBHoe HasHayeHne OCY cocTouT B TOM, 4YTOObl packpbiBaTb KaTEropuu BEPXHErO YPOBHS U OAHOBPEMEHHO
NHTEPNPETUPOBATb B CKATOM BUAE KOHLENTbI HKHETO YPOBHS OHTOMOMAW acCoLMaLmi.
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Buocdepa
CyliectBo OpraHusm PacTeHune KnBoTHOE Cpena
‘ OnacHoCTb-
CylecTBoBaHue Bopbba Jkonorus
6e3onacHOCTb

BbikuBaHue
3Osonouus

NoTomcTBO

Passutune-
BbIpOXAEHNE

PoxxneHne
- rmbenb

Pa3mHoxeHune

Puc. 2. CTpyKTypa OHTONOrMM accoLmaLmii CpeiHero YpoBHs Ans kateropum buocgepa.

OHTONOIrNA HUXHErO YPOBHSA.

OnTonorust HuxHero yposHs (OHY) npegmeTHoi obnacTu npeacTaBnseT cobon Tabnuuy, B KOTOPOM Croea w3
CNnoBapsi OCHOB PYCCKOro si3blka (M3 0asbl JaHHbIX) HaMpsIMyld CBS3aHbl C OrpaHUMYEHHbIM MHOXECTBOM
KOHLLeNToB nmpeameTHoW obnactu, npuyém koHuentsl MMpO, B CBOK ovepedb, WMEKT BOCXOAsLUME CBS3N K
OHTONMOTMM CpefHero ypoBHs. Bnarogaps [ABYCTOpOHHMM cBsisam B OHY 6asa JaHHbIX 4epes Tabnuuy
BKMIOYAETCS B MOMHYI OHTONOrO-acCoLMaTMBHYI0 CTPYKTYpy. CroBa pyccKoro si3blka, KOTOpble MOMELLEHbI B
CroBapb OCHOB U YMOTPebnATCA B TEKCTaX, OKA3blBAaTCA C MOMOLUb) CEMaHTUYECKUX OTHOLIEHW
COMPSPKEHHBIMM C KATETOPUSIMIA W KOHLIENTaM BCex ypoBHel. Co3aaHHbIA KOHCTPYKT MO3BONSIET peLlaTh 3adayun
cemaHTu4eckoro aHanusa Ef tekcra.

Mpobnema BbIGOpa NOMS KOHLENTOB HIMKHETO YPOBHSA 3A4€Ch NOAPOOHO He paccMaTpuBaeTCs, NOCKOMbKY BbIGOp
3aBUCUT OT CMeLmanucTa, KOTOPhLIN pellaeT onpedenérHyo 3agady. Cneumanuct (3kcnepT) B cBoen obnactu
BblOMpaeT TepMUHbl U OnpedeneHns U3 LOCTYMHbIX €My WCTOYHUKOB: Y4eBHWKOB, TOMKOBbLIX CrOBapew,
MoHorpaduit u T.4. u hopmmupyeT none MpO. 3To none MoXeT BbITb CTPYKTYPUPOBAHO. BaxHO, 4TOBbLI TEPMUHBI
MpO 6binu HekoTopbiM 06pasom cesadaHbl ¢ OCY, To ecTb, 4ToObl pO He oOKasanacb M30NMPOBAHHOM OT
BEPXHUX CTPYKTYp OHTA.

Hanpumep, B onpefeneHun CeMaHTUY4eCKOM CeTW, B3TOM W3 TOMKOBOTO CROBapsi MO BbIYMCIMTENbHBIM
cuctemam [12], akcnepT BbIOpan TepMuHbl: npedcmasneHue 3HaHUl, NOMeYeHHbIl epa, eepwiuHa 2pada,
noHsmue, KoHuyenm. VIMEHHO 3T TepMuHbI ByayT COeAMHEHbI C KOHLENTOM cemaHmuuveckas cems OHY w
“cnonb3oBaHbl Ansg 0T6opa NpeanoXeHuit U3 OUckypca B KOHCMEKT MO TeMe «CemaHTuyeckas ceTb». KoHuent
ceMaHmuy4eckasi cemb, B CBOK O4vepedb, MOXET ObiTb CBA3aH C KOHLENTamu CPEAHEr0 YPOBHS OHTOMOMUM,
Hanpumep — uHgopmayus wnu Hayka u3 kateropum desimenbHocmb OBY. CTpyKTypa OHTONOMAWN HUKHErO
YPOBHS CO30aETCs B 3aBUCUMOCTK OT TpebyeMmon feTanusauun B BbiAENeHUN TeMaTieckoil HanpaBeHHOCTM
TeKcTa.

TexHomoausi KOHCNEKMUPOBaHUSi Mekcma COCTOUT B criedytolieM. Ha Bxoa cUCTeMbl CeMaHTUYeCcKoro aHanmsa
MocTynaeT O4YepefHOe 3HauMMoe CMOBO, KOTOpoe BblbpaHo M3 auckypca. OHO aKTUBM3MPYET HYXHble CBSI3W
OHTOMOTMWN accouMauMid M Ha KaxOoM YPOBHE Wepapxuu Bo3bYxaaeT onpenenéHHble parmMeHTbl CETH.
TpaekTopust BO3OYXAEHNS 3anOMUHAETCS M UCmonb3yeTcs 3aTeM nubo ans Gonee rmyGokon MHTEpPRpeTaLum
TEKCTa, NGO Kak MHCTPYMEHT ANsi HOBOTO PACKPLITUS TEMbI — C YY4ETOM YXe HaWAEHHbBIX KOHLIENTOB.



International Book Series "Information Science and Computing" 159

3akniouyeHue

Pa3pabotaHHas TpéxypoBHeBas Wepapxuyeckas CTPYKTypa OHTOMOMMM accouuauuii  SBNSETC  CeTbio,
onpegensieMo COBOKYMHOCTbIO CBSI3aHHbIX MeXdy COOOW KaTeropuit, MOHSITUIA, KOHLENTOB M OCHOB PYCCKOrO
A3blka. E& cospaHve nopuMHeHo 3ajadve TeMaTUYeckoro aHanMsa TeKCTOB kak obler npupodbl, Tak W
NPo6neMHO-0pUEHTUPOBAHHBIX. OHTONMOMMS BEPXHETO YPOBHS OTPaXaeT CUCTEMHYIO KAapTUHY MWpa U CIyXuT
Gasoit gns passutus oHTOnorMW. OHTOMOMMS CpefHero ypoBHS OBCMYXWBAeT, B OCHOBHOM, KOHTUHYYM W
CTPYKTYPY MEXOMCUMNANHAPHBLIX 3HaHWA. MpobnemHas obnactb KOHCTPYMPYETCS CMELManucTOM Ha HUKHEM
YPOBHE OHTOMOTMW, rOe CUCTEMATU3VPYIOTCS TEPMMHONOTMYECKME W CheuuanbHble 3HaHMs, B3ATble W3
NpoeCcCOHarnbHbIX WCTOYHUKOB. Bce Tpu ypOBHA Mepapxun 3HaHUA 3aMblkatoTcs Ha 6asy  AgaHHbIX
€CTECTBEHHOTO A3blka. MpoLeaypa KOHLENTyanbHOr0 TeMaTMYeckoro aHanusa Tekcta COCTOUT B TOM, YTO Ans
04YepesHOro 3Ha4MMOro CroBa, KOTOpPOE BbILENEHO B TEKCTE, Ha BCEX YPOBHAX MepapXun akTUBU3MPYIOTCS
COOTBETCTBYIOLLME €My KOHLENTbI, NpuHagnexawme onpeaenéHHoi CeMaHTUYECKO TPaeKkTopun, Nocne 4ero
[aHHas TpaekTopus ucnonbayetcs Ans 6onee rnybokoro packpbIT S TeMbl NPY KOHCMEKTUPOBAHUN TEKCTA.
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K BOMPOCY NPOEKTUPOBAHUA
OHTONOr OYMNPABNAEMOMN UC OBPABOTKM EAI0

Anekcangp ManaruH, Hukonai MeTtpeHko

AHHOMayus: B cmambe paccmMompeH hopmarnbHbili nodxod U OCHO8HOE CcodepxaHue Memodonoauu
opmManu308aHHO20 NPOEKMUPOBAHUS

Knrouesnbie cnosa: oHmonozo-ynpasnsiemoli UHGhopmMayuoHHoU cucmembi 06pabomku 3HaHul, co0epxaujuxcs
8 €CMeCcCMBeHHO0-3bIKosbIx 0bbekmax (ES0).

ACM Classification Keywords: |.2.7 Natural Language Processing - Language parsing and understanding

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

lMocTosHHOE yBEnMYyeHWe OOBLEMOB HayyHOM WHGOpMauun B CeTU VHTEpHET M ApYruX WCTOYHMKOB C
€CTECTBEHHbIM CMocoboM npeacTaBneHus TpebyeT yCOBEPLUEHCTBOBAHUS W3BECTHbIX M pa3paboTki HOBLIX,
bonee addhekTUBHLIX POpManbHbIX MOAXOA0B M Mogenei obpaboTku, HauMHas OT Moucka PEneBaHTHOW
WH(bOpMaumK, €€ aHann3a, YCTpPaHeHWs pasHOrO poda HEOAHO3HAYHOCTEN,  hopMarbHO-NOrNYECKOro
NPeACTaBMEHNS, OHTONOr0-CEMAHTUYECKOTO MPEACTaBMeHMs, UHMOPMALMOHHO-KOAOBOTO  NpeACTaBneHus,
npeacTaBneHns Ha opManbHOM A3blke OMMCAHMS 3HaHWKA, afanTauuu M3BECTHbIX M pa3paboTku HOBbIX
npoueayp paboTbl CO 3HAHWUAMM U COOTBETCTBYIOLLMX UM anrOPUTMOB W A0 MOMYYEHNS KOHKPETHbIX PE3YNbTaToOB
nonb3oBaTens.

EcrecTBEHHO-A13bI- 0
HTONorng Aakik OWL
L (i bl 3HaHVI60pVIevH- npe,umeTHoﬂ <rdfs:Class rdf.ID= "ComputerProgram">
fs: f rdf; =
TUPOBaHHbIN ) > o6nactu > f#rg :; zggﬁrlss/io rdfresource
NNHrBUCTUYECKUN <rdfs:comment>A set of instructions in a
z - computer programming language that
Upole can be executed by a computer.
u O= (X, R,F, A) </rdfs:comment>
Cucrtema
SHAHWIA K(S) + Al = K (S + AS)
OHTOMorUs PewaTens \
»| | [punoxeHus \ (( ,4\
ApxvB
a
MeTopp! Obpabortka

3HaHWUN

Puc.1. KomnbtoTepHas 06paboTka 3HaHMIM, COAEPKALLMXCA B €CTECTBEHHO-A3bIKOBLIX 00beKTax
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B Gonee obLiem Buae npuBegeHHas Bblle NOCNEA0BATENbHOCTL 3TanoB 00paboTky 3HAHWIA, COLepX)aLLMXCs B
ecTecTBeHHO-A3bIk0BbIX 06bekTax (EAO) npeactasnsetcs Lenouykon TexHonoruin Natural Language Processing
(NLP) — Knowledge Representation (KR) — Knowledge Processing (KP) 1 nokasaHa Ha puc.1.

[MpoeKkTMpOBaH1e KOMMbIOTEPHBIX CPEACTB, peanusyowmx obbeanHeHne ykasaHHbIX TEXHONOrUi C Y4ETOM
cneundukn  BXOOHOW WHGopMaumm  (pasnmyHOro  Buaa MCTOMHMKM EAQ) MOXHO npeacTaBuTb  Kak
NPOEKTMPOBAHWE CMOXHOW CUCTEMbI, BKITIOYAKOLIENA S3bIKOBO-OHTOMOMYECKYI0 WMHAOPMALMOHHYID CuUCTEMY
(AOWNC), nonHyto oHTonornio npeameTHoit obnact (MpO) n cuctemy obpaboTkn 3HaHMi B 3agaHHom [MpO.
ApXUTEKTYPHO-CTPYKTYpHAs OpraHM3aums ykasaHHbIX MOACMCTEM, peanuayrowlas cxemy 06paboTku 3HaHWM
(pnc.1), cooTBETCTBYET OHTOMNOrOyNpaesnsemoit C 06paboTku 3HaHMI, cogepxalmxcsa B EAO [1, 2].

OcobeHHoCTH APXUTEKTYPbl W CTPYKTYPbl COBPEMEHHbIX "OHTOJ'IOFVI3I/1p0BaHHbIX” 3HAHNEOPUEHTNPOBAHHbIX
cucrem (VIJ'IVI OHTOMNOroynpaensaemblX MC) NMOMNHOCTbIO onpeaenAaArdT noaxod K KX NPOEKTUPOBaHWUIO. ot
0COBEHHOCTM MOXHO pas3nennTb Ha CUCTEMHbIE N TEXHOJTOTMYECKNE.

CuctemHble 0ocobeHHOCTM BbiTekaloT M3 TpeboBaHWs nocTpoeHns Ha 6Gase oHTOnoroynpasnsemon MC
WHCTPYMEHTamnbHOro Kkomnnekca 06paboTkM 3HaHWi B 3adaHHOM NpeaMeTHOM o6nact C  pasnuyHbIMK
TEXHUYECKUMM XapaKTepuUCTMKamu, B TOM YMUCMe C BO3MOXHOCTbHO MOAKIIOMEHWS annapaTHbIX CPeacTs
NoadepxKu1, CNPOEKTUPOBaHHbIX Ha Base coBpeMeHHbIx MTMC-TexHonoruin, NnoTPedUTENLCKUMIU CBONCTBAMI U
CBOASATCS K CO3AaHMI0 Knacca npobneMHO-0pUEHTUPOBAHHbIX OHTOMoroynpaensembix AC.

TexHomnornyeckne 0COBGEHHOCTM OMPEAENnsIoTCS COCTOSIHUEM Pa3BUTUSL 3NIEMEHTHO-TEXHONOrMYeckoil Gasbl
COBPEMEHHbIX KOMMbITEPOB M CBSi3aHbl, MPEXAEe BCEro, C MOSBEHMEM CBEPXMOLLHBIX MPOrpaMMMPYeMbIX
nornyeckix uHTerpanbHbix cxem (MNAC), BbI3BaBLUMX MHTEHCUBHOE Pa3BUTIE HOBbIX METOZOB NMPOEKTUPOBAHMS
3HaHNeopueHTMPoBaHHbIX MC. 3T0 06bsICHSETCS LienbiM PsiAOM MPEeUMYLLECTB COBMECTHOO MCMOMb30BaHMS
NPOrpaMMHbIX W annapaTHbIX CPEACTB, COCTABNSIOLLMX B LLENOM MHAOPMALMOHHYI0 cucTemy [3].

B kauyectBe (hyHOoameHTanbHOro MexaHuama npu paspabotke cpeacte uHTepnpetaumn EAO npepnaraetcs
MoanduKaLmMs U3BECTHOrO NIOTMKO-MHAOPMALIMOHHOIO noaxoaa [4], npuMeHUTENbHO K Lenoyke TexHonoruin NLP
— KR — KP, HasBaHHOM 0HmMos1020-uHgonoauyeckum (OUM), CyLLHOCTb KOTOPOro COCTOMT B CrEAYHOLEM.

B COOTBETCTBMM C NOMMYECKON KOHLEMUMEN OHTONOrO-MHAONOrMYECKOA MOLESNIM KOMMOHEHTHbIE MPOLECcopb!
NPeACTaBNAOTCA W3BECTHOM KOMMO3MLMEN CeTell OnepauuoOHHbIX W YNpaBnsilowmx asToMaTtos. [locnegHss
MOZENMPYET NepapXuyeckyto cuctemy ynpaeneHus coBpemeHHbix MC o0bpaboTku 3HaHWi, U, B CBOKO 0Yepesp,
ONWCLIBAETCA KOMMO3WLMEN NPOrpaMMUpyEMbIX aBTOMATOB.

B cooTBETCTBUM C WHCGOPMALMOHHOW KOHLENUMEeR KOMMOHEHTHble MPOLECCOpbl paccMaTpuBakoTCs  Kak
WH(bOpMaLMOHHas cucTema, BCS MHGOpMaUMs B KOTOPOM OTHECEHa K TPEM “‘cdpepam’ COCTOSHWIA XPaHEHMs,
TpaHCNopTUPOBKM W Npeobpa3oBaHus. O4YeBMOHO, YTO NPU OMPeeNEHHbIX COOTHOLEHWAX Mexay obbekTamu
WHGOpMaLMK B 3TUX cdhepax MOXHO NOMYyYMTb ONTUMAsbHbIE TEXHUYECKME NapamMeTpbl OHTONOMOYNpaBnsaeMon
nC.

lMog ypoBHEM YynpasneHus ri(Vi =0+h) MOHWMAETCA COBOKYMHOCTb CTPYKTYPHBIX M MHAOPMALMOHHBIX

(MporpaMMHbIX) CPeACTB MPEACTaBNEHUS W WHTEPNpeTauuu OnepaTopoB A3blka COOTBETCTBYIOLLENO YPOBHS
CUCTEMBI, @ TaKkxe (hopMUPOBaHMS HEOBXOAMMONM MOCNEeA0BaTENbHOCTM MX BbINMOSHEHWUS B COOTBETCTBUM C
3afaHHbIM - anroputMoM. Hanbonee W3BECTHBIMM M PACMpOCTPAHEHHBIMW B apXWUTEKTypax COBPEMEHHbIX
npoueccopos 1 3BM gaBNS0TCS MUKPONPOrpaMMHbIA, NPOrPaMMHbIA 1 anropUTMUYECKUIA YPOBHM.

Takum 0Bpasom, hopmarnbHoe onucaHue MOAEeNM MOXHO Npe/CTasuTs B BuAe Y/ 7, = <Ai, A, R>, e A, -
i=0,h

MHOXECTBO anropuTMOB, pearni3yemblX 1 3an1caHHbIX B NamMATh Ha i-M YPOBHE; A, - MHOXECTBO OrepaTopoB

MPOrPaMMUPOBAHNA i-TO YPOBHS, B TEPMUHAX KOTOPbIX MPEACTaBMEHbl 3TW anroputMbl; R - MHOXECTBO

MHOPMALMOHHO-KOLOBLIX NPEACTaBNEHWIA ONEPaTOpPOB i-ro YPOBHSI.
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OnTUManbHoOI CYNTAETCA Takas CTPYKTYpHasi peanuaaums MoAenn oHTonoroynpaensemon VC, ans kotopoii B
COOTBETCTBUM C MPUHATLIMU KPUTEPUSAMUM HaleHbl ONTUMAnbHOE KOMMYECTBO YPOBHEN UM OMTUMarbHble
COOTHOLLEHMSI MeXay OrnpefenéHHbIMU  XapaKTepucTUKaMM KOMMOHEHT Ha KaXaoM YPOBHE, a Takke
COOTBETCTBYHOLMMM XapaKTEPUCTIKAMU KOMMOHEHT COCEAHNX YPOBHEN.

KpaTko paccmoTpuM MeTOAOMOruio NpOEKTUPOBaHUS yKkasaHHOW oHTonoroynpasnsemoit VIC, kotopas B CBOI
ovyepefb NPEACTaBNSETC KOMMO3NLMEN METOAMK (hOPMarnn30BaHHOMO NPOEKTUPOBAHNS NoacucTeM 0BpaboTku
EAO, nonHoi onTonorm MpO 1 06paboTkM 3HAHMIA.

Moncuctema obpabotku EAO npeactasnsiet coboit AOUC, ogHoi M3 OTIMYMTENbHBIX 0CODEHHOCTEN KOTOPOI OT
W3BECTHbIX JIMHIBUCTUYECKMX MPOLECCOPOB SBNSETCS HanuuMe S3bIKOBO-OHTOMOTMYECKONM KapTWHbI Mupa
(AOKM), koTopas, mo cyTu, nmpencTaBnsieT cobOM OHTONOTMIO ANns MpeaMeTHoOW obracTu “KoMnbloTepHas
obpabotka EA”. OtmeTtnm, uto nogxoa k npoektuposanuio AONC u AOKM, ux cTpykTypHas 1 MHOpMaLMoHHas
MOZENu paccMoTpeHbI B psige pabot [1, 5-9].

Mopcuctema nonHon ontonori MNpO npeactaenseT cobON CMCTEMHYIO WHTErpaLmio OHTOMOTMYECKUX 3HAHWI
npobnemHoin 0bnacTu 1 ecTeCTBEHHO-A3bIk0BOrO 0becneyenus [10], 4o B 0bLieM cnyyae npeacTaenseTcs ans
nepBbIX — Kak komMno3avumst oHTonoru MpO M ogHOM M3 M3BECTHBIX OHTOMOMII BEPXHETO U CPEOHEr0 YPOBHEN
(Hanpumep, SUMO, ontonorust k. Cosbl unu Mikrokosmos), a gng BTopbix — komnosuumen AOKM u
FIMHIBMCTUYECKON OHTOMOrMM ans 3agaHHon MpO. Mpueeaém atanbl W nogaTtanbl NPOEKTUPOBAHMS MOMHOM
oHTonorum MpO, 13 Ha3BaHMiA KOTOPbIX CReLyeT CMbICT BbINOMHAEMbIX PaboT Ha COOTBETCTBYIOLLEM 3Tane.

Oman cocmasneHus mexHuyeckoeo 3adaHusi (T3) Ha MpoekTMpoBaHWe nonHom oHTonorun MpO BKMoYaeT:
U3y4eHWe 1 CMCTeMATU3aLMI0 HayarbHbIX YCROBUIA, ONpedeneHne nepedHs U KpaTtkoe OnucaHue “akTuBHBIX™ U
“naccuBHbIX” NpoLeayp (9TW NOHATUS COOTBETCTBYIOT BBEAEHHEIM B [2] OnpeaeneHuam “OHTonoroynpasnsemoin”
n “ontonorosHatolen” MC), uto BbinonHsiotcs B 6noke oHTonorun MpO, B TOM yncne npouesypbl CUCTEMHOM
WHTerpauum B BubnuoTeky OHTONOrMI; onpefenexne dopmarbHON Teopun npeacTasnerns oxntonorin MNpO Ha

HEKOTOPOM A13bIKe L; onpeaeneHne cxembl anpobauum paspabotanHoi oHTonorim MpO.
CrieayloLLyum, OCHOGHbIM 3ManomM NpoekmupogaHusi oHmornozuu pO SBAAETCA NOCTPOEHNE MHOKECTB {X |,
{R}, {F}, {4}, npenctaBnsiowmx kopTex M3BeCTHOIN CxeMbl (hopManbHoi Mogeni oTonorum MpO. Mpyu aToM

CUCTEMATU3NPYIOTCA pesynbTaThbl Npeablayllero aTana, BKMNoYatLLero, B TOM YUCIe aHanus, rpynnupoBaHue u
hMKCaLMIO 3HaHMI O MpeaMeTHON obnactw T.

O600LWeEHHas nocrnegoBaTenbHOCTL  LIArOB  anropuTMa peanu3auui OCHOBHOMO 3Tana MpOeKTMPOBaHUS
onTonoruu MpO BKroYaeT cneaytlLee.

Onpepenedve  MHokects {X}={x,}Ji=I,N, rme N — MHOKeCTBO KOHUeNTOB 43 T,

{4}= {a/.(d,,rs )}] =1,J,1=1L,m=1,M, rae J,L'u M - COOTBETCTBEHHO MOLLHOCTb MHOXECTB aKCHOM,
- m
onpeseneHnin 1 orpaHndeHnin ans X.

OnpepneneHne MHOXeCTBa {R} = {rp } p=1,P,roe P — MOLHOCTb MHOXECTBA KOHLIENTYasbHbIX OTHOLIEHUIA B T

N X paHXnpoBaHUE NO CTENEHU BaXHOCTU (T.e. NOCTPOEHUE KOPTEXA <I”l,}’2,...,l’p>, roe uHaekc 1 NMPUCBOEH

Hanbonee CyLIECTBEHHOMY KOHLIENTyarnbHOMy OTHOLLEHIO B T, a p — HaVMeHee CyLLECTBEHHOMY).
SameTm, uTo chopmupoBaHMe 6a3oBbix Habopos MHoxects {X |, {4} w {R} ocywectenseTcs

OPUMMHANBHBIMA  MHCTPYMEHTaNbHbIMU CPeACTBAaMM, Ha3BaHHbIMK COOTBETCTBEHHO “Concepts and Axioms
Formation” v “Relations Formation”.

Pa3spaboTka ¢hyHKLMOHANBHO-0PUEHTUPOBAHHbBIX KOMMNOHEHTOB OHTOMoru MpO.
3.1, AganTauust OHTONOMW BEPXHETO U CPEAHErO YPOBHS K OHTONOrMM 3agaHHo MpO.
3.2.  PaspaboTka NMHIBUCTMYECKO OHTONOMMM NPEAMETHON obnacTy.
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OnpepeneHne MHOXecTBa {F | = {f },q =1,0, re Q — MOLJHOCTb MHOXECTBA (DYHKLWMI MHTEpNpeTaLuy, Ha

q

kopTexe (X, R), onTumankHsix ans T.

lpacmueckoe  NpOEKTMPOBAHME  KOMMOHEHTOB  OHTOMOMMW Yy BbiOpaHHOW  aBTOMAaTM3MPOBAHHOM
WHCTPYMEHTaNbHOM Cpeae 1 UX CUCTEMHAs MHTEerpaums B nomnHyto oHtonoruto MpO.

Cospganue thaitna opmanbHOro onmcaxms paspaboTtaHHoit oHTonorum MpOo.

[Ins paHHOro aTana CyLeCTBEHHO He TONMbKO pa3paboTaTb MaKCMMarbHO MOMHble MHOXECTBA, BXOAALLME B
KOpTEX CXeMbl (hOpMaribHON MOLAENM OHTOMOTUM, HO 1 06eCneYnNTb aBTOMATUYECKYH) MPOBEPKY HA LIENOCTHOCTb
1 HENPOTMBOPEUMBOCTL COBOKYMHOCTM 3IEMEHTOB YMOMSIHYTBIX BbILLE MHOXECTB.

Otan anpobayuu pa3pabomaHHOU OHMOM02UU NOMHOCTLIO 3aBUCUT OT COAEepXaHWa nogatana T3, Ha KOTOpPOM
paspabatbiBanach cxema anpobauyum ans dopmansHon mogenu. Tenepb 3Ty cxemy Heobxoaumo peanuaoBaTb
Ha peanbHOM MPOTOTUNE OHTOMOTMK. B JOMONHEHWe K yka3aHHO cxeMe HeobXxoanMO BbIGpaTh M3 MOCTPOEHHOIO
MHOXECTBa (hyHKLWIA MHTepRpeTaLn {F'} Takue tyHKUMN, KOTOPbIE NO3BONMMN Bbl BLINOMHUTL BCECTOPOHHEE
TecTUpoBaHue. [pn 3ToM 0coboe 3HAYeHWe MMEKT TeCTOBblE MOCMEAoBaTeNbHOCTU. 1o pesynbTatam
TECTUPOBaHUS pa3paboTumky HeobXO4MMO PaccMOTpeTb BOMPOC O HEOOXOAMMOCTM MOBTOPEHWS HEKOTOPbIX
LLAroB NpOEKTUPOBaHUS.

MopcncTema 06paboTky 3HaHuMi (MO3) B 06LIEM BUAE NPEACTABNAETCS CTPYKTYPOI, NPeacTaBNEHHON Ha puc.2.

B3 MpO

Mpl1

Pwc.2. O606LwwéHHoe CTpyKTYpHOE npeacTasneHue M0O3

Ha pucyHke npuHsTbI cneaytolme 0603HauYeHus:

53 MpO - 6a3a 3HaHui npeamMeTHON obnacTy;

B[ C® EA — 6a3a oaHHbIX Cy»KaeHuit 1 ¢hakToB 13 3aaaHHoi [MpO Ha eCTECTBEHHOM SI3bIKE;

O MpO - oHTonorus MpO;

Mpl — npuKnagHoM NPOLECCHHT.

OcobeHHocTn 3agaHHoi MpO NOMHOCTLI0 ONPEAensT MOAXO4 K MPOEKTUPOBAHWKD KOMMOHEHT NOACMCTEMBbI
06paboTku 3HaHuih — B3 MpO u anroputmos MMpfT.

[Ansa komnoHeHTbl B3 MpO Heobxoanmo co3aath 6asy AaHHbIX Cy)XAEHWA W (hakTOB U pa3paboTaTb anropuTMbl
eé B3aumoaencTBusi ¢ oHTonorveit MpO, cnpoeKkTMpoBaHHOW B noacucteme nonHomn oHtonorin MpO. YkasaHHoe
NMPOEKTMPOBAHMNE BbINONHSAETCS B COOTBETCTBUN C U3BECTHBIMW METOAAMMU.

lMpoekTuposaHue komnoHeHTh! Mpll B obLlem cnyvae npeacraBnseTcs paspaboTkon COBOKYMHOCTM anropuTMoB,
peanuaylolwmx 3afaHHoe MHOXECTBO 3afad nonb3osatens, u ux saaumogenctans ¢ b3 MpO u pesynbtatamu
pacno3HaHHbIX 3HaHWN (monmyyeHHbIMM B mogcucteme AOWC), copepxalymxcs Bo BxogHom EAO. lMpu atom
annapaTHasi peanu3auusi ykasaHHbIX anrOpuTMOB OCYLLECTBNSIETCS B COOTBETCTBMM ¢ MeTogonornen CAIMNP
MANC, onucanHoi B [3].

B 3aknioyeHre oTMETUM, YTO nonHas oHTomorus MpO B npouecce peanu3aunm LEnoYkn TEXHOMOMN UrpaeT
Pa3NUYHYI0 POfib, @ TOYHEE — aKTUBHbI €€ Pa3NNYHbIE KOMMOHEHTI.

Mpn NLP-TexHomoruu OCHOBHYW ponb WrpaeT BHYTpus3blikoBoe obecneveHne [pO —  uHTerpaums
NIMHIBUCTUYECKON OHTOMOMW M3 cooTBeTcTBYIOWMM (hparmeHTom AOKM. OHO noagepxuBaeT BbINOMHAEMbIE
AOWNC npouepypbl aHann3a 1 pacrnosHaBaHUs 3HaHWI, copepxalumxcs Bo BxogHom EAO.
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Mpu KR—TeXHOMOrMM BLINOMHSETCS Nepexoq K hopManbHOMY ONMMCaHWK0 3HaHWA Ha HEKOTOPOM s3blke L, npu
KOTOPOM aKTWUBHYK POMb MrpaloT OHTOroruyeckue 3HaHus lpO, npefcrtaBreHHble oHTOrpadgom. [pu 3TOM
(hopMUPYIOTCA OHTOTpad) M WHTEpNpeTaLMOHHas CTPYKTypa, COOTBETCTBYIOLME 3HAHUAM, COLEpXalumcs BO
BxogHom EAO.

Mpn KP-TexHonory akTuBHyr ponb urpaet Gasa 3HaHui pO, B COCTaB KOTOPOA BXOAWT (hOpMasnbHOe
ONMUCaHWUE OHTONOTMYECKUX 3HAHWA 1 €& aKcHoMaTU3aLms.
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METO[bI PELUEHWSA NMUHITBUCTUYECKUX 3ALAY
HA OCHOBE OHTONOIMHK

Onbra HeB3opoBa, Bnagumup Hes3opoB, Hukonai MaTkuu

AHHOmauyus; OHMONUH2BUCMUYECKUE CUCMEMb! OPUEHMUPOBaHb! Ha PelleHue CroXHbIX 3aday 0bpabomku
€CMeCmeeHHo20  A3blka,  mpebylwux  ceMaHmuyeckux 3HaHul. B ocHoge  npoekmuposaHus
OHMOUH28UCMUYECKUX CUCMEeM fiexam npouecchbl CKOopOUHUPOBaHHO20 83aumodelicmeusi OHMOI02UYECKUX U
NuHegucmuyeckux modenel. B cmambe paccmampusatomesi MemoObl peweHus UH28UCMuYecKux 3aday Ha
OCHoge OHMoroeul, pa3pabomanHble Npu NPOEKMUPOBaHUU Cheyuanu3upo8aHHol OHMOMUHegUCMUYecKol
cucmembl «JToTA», npedHasHadeHHOU Ong aHanu3a cheyuanbHbIX mexHuUYeckux mexcmos «floauka paboms!
cucmeml... ».

Kntoyeenie cnosa: oHmosnuHegUCMUYECKUE CUCMEMbI, OHMOO02UU, KOMNBIOMEPHas TUH28UCMUKA
ACM Classification Keywords: |.2.7 Natural Language Processing

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBepeHue

[MoBcemecTHas KoMMboTepu3aLms 06LLECTBA, CTAHOBNEHWE 1 PA3BUTUE CETEBbIX MHGOPMALMOHHBIX TEXHOMOrMI
cnocobcTBOBanM nepexofy obWECTBa B HOBOE KAYeCTBEHHOE COCTOsHWE rnobanbHoi MHdopmaTtusaumm. B
3TO CBSI3N aKTWBHO CTanM pas3BMBaTbCs MHDOPMALMOHHbIE TEXHOMOrM 06paboTku TEKCTOBOM MHOpMaLIK.
AKTyanbHbIMW 11 BOCTPEDOBAHHBIMU ABMAKOTCA TEXHOMOMM MHPOPMALMOHHOMO NOWCKA, U3BNEYEHNS 3HAHMI U3
TEKCTOB, aBTOMATUYECKOrO pedhepupoBaHmns, MallMHHOTO Nepesoda 1 ap. B HacToswee BpeMs UCCreaoBaHNs U
paspaboTku B obnactv cospanusi cuctem IE (Information Extraction) akteHo BegyTcst Bo Bcem mupe [1-4]. Tog
n3eneyeHnem uHdgopmauumn (IE) noHumaetcs MOeHTUMKAUMS M CEeMaHTMYecKkast Knaccudukaumst 3HaHum,
M3BMEYEHHbIX M3 HECTPYKTYPUPOBAHHLIX MCTOMHMKOB, Takux Kak TekcT Ha EA, ans 3agay uHGOPMAaUMOHHbIX
cuctem. B nocnepHue rogbl 3agava IE uHterpupyetcs B 6onee KpynHble NPUNOXEHNS, Takue Kak BbIGOp (MOMCK)
MHOpMaLK ANS pasnuyHbIX LieneBbIx 3a4ad, 3agada NpuHAaTUS peluernid. LUnpoko pa3enBaeTcs HanpasrneHue
nccrenoBaHuii, CBS3AaHHOE C MOZENUPOBAHMEM OHTOMOrMYeckon cemaHtuku. Ocobo cregyetr OTMETUTb
pasMeyeHHble PoreBbIMU JECKPUNTOpaMi OHTOMOrMYeCkue pecypesl, Takue kak FrameNet, PropBank n VerbNet
AN aHIUIACKOTO A3blka; Salsa ansg Hemeukoro s3bika; Spanish FrameNet ons ucnaHckoro sisbika. Bce aTu
pecypchl ABNAKTCSH Heobxoaumoit 6a3oi Ans 3agay CeMaHTUYECKON KnaccudukaLmm.

BaxHeilwass ponb CEeMaHTMYECKUX 3HaHWA Bcerga MoAYepKMBanacb B KOTHUTWBHBIX MCCMELOBaHMUSX, Ha
OCHOBaHWM KOTOPbIX MOXHO YTBEPXAaTb, YTO CEMAHTUYECKUN YPOBEHb SIBMSIETCS YPOBHEM, CBSI3YIOLLMM BCE
3bIKOBbIE YPOBHMU, T.€. MHTErpanbHbIM CUCTEMOOGPA3YHOLLIM CBOACTBOM Si3bIKOBOM CUCTEMbI.

OHTONWHIBUCTUYECKME CUCTEMbI OPUEHTMPOBAHbI HAa PELUEeHME CMOXHbIX 3ada4 06paboTkM ecTecTBEHHOro
A3blka, TPEOYIOLWMX CEMAHTUYECKMX 3HAHWA. B OCHOBE MPOEKTUPOBAHMS OHTOMMHIBUCTUYECKUX CUCTEM Nexar
npoueccol CKOOPAMHMPOBAHHOTO  B3aWMOZENCTBUS  MPOLECCHl  CKOOPAWHWMPOBAHHOMO  B3aMMOAENCTBUS
OHTONOTMYECKUX W TIMHTBUCTMYECKMX Mogenen. Llenbto co3paHusi OHTONMHTBUCTMYECKMX CMCTEM SIBRISIETCS
obecrneyeHne peLLeHns CroXHbIX 3aday 00paboTku €CTECTBEHHOro si3blka NyTeM OpraHusauuu CUCTEMbI
B3aMMOAENCTBUN Pa3fMYHbIX A3bIKOBLIX YPOBHEH, BKMOYAs MOCTPOEHME afeKBaTHOM MOLENM NpPeaMETHOM
obrnactu, uccnegoBaHue CBOWCTB OOLEKTOB NpeaMeTHOM 06nacT W 3aBUCMMOCTEN Mexay obbektamu.
MogenupoBaHume npeaMeTHOW 00nacTM  OCYLECTBASETCA Ha  OCHOBE  OHTOMOMMYECKOro  MOAXoAaa,
WHTErpypYIOLLErO 3HAHMUS SKCIEPTOB U NIMHIBUCTAYECKNE 3HAHMS.



166 Advanced Research in Artificial Intelligence

Krnacc OHTOMMHIBMCTUYECKUX CUCTEM OTNMYAETCH 0ObEAMHEHUEM SKCTPANMHIBUCTUYECKUX (OHTOMOMMYECKUX) MU
NIMHTBUCTUYECKMX 3HAHMIA, SBPUCTUYECKUX 1 hopManbHbIX MeToaoB 00paboTki EA. TMpu aToM ponb 1 3HaueHne
3BPUCTUYECKMX METOLOB BO3pacTaeT Mo Mepe BO3PaCTaHWS CIIOKHOCTM PacCMaTPUBAEMBIX JIMHIBUCTAYECKMX
mozJenen.

Moaenb pelieHUs NPUMKNAAHON 3aAa4u B OHTONTMHIBUCTUYECKON CUCTEME

Mpn NpOEKTUPOBAHUM NMHFBUCTUMYECKMX MPUMOKEHWA NpeafiaraeTcs  MCNonb30BaTb  HOBbIA  MOAXOA,
LieHTpanbHOWM 1aeen KOTOporo SIBNSETCS MOCTPOEHWE PELUEHWS NPUKNaAHOWM 3ajays Ha OCHOBE OpraHv3aLmuu
B3aMMOZENCTBMS NONNGYHKLMOHANBHON OHTOMNOTMYECKON CUCTEMBI: NPUKNAAHO OHTONOMN, OHTONOMW CBOWCTB
n ontonormu 3apady. OcCHOBHas uaes HOBOTO Nogxoda 3aknmiodaetcs B cnegyiowem. O6bektramu
NIMHTBUCTNYECKOTO aHanmM3a SBMAKTCA TEKCTOBble AOKYMEHTbI, 0OpaboTka KOTOpbIX NpOWM3BOAUTCS  Ans
ONpedeneHHon LeneBon 3apaqn. TeKCTbl OMUCHIBAKOT COBOKYMHOCTb OOBEKTOB MpuKknagHoi obnactw,
obnaparwmx onpeaeneHHbIM HabopoM CBOWCTB, BaXHbIX A1t KOHKPETHOW LieneBoit cutyauun. MHble LeneBble
cuTyauuu moryT notpeboBatb 3adaHnst 06LEKTOB C ApyrMM HabopoMm CBOWCTB. [pyrumu croBamu, B pasHbiX
3afavax (NpakTU4eckux LeneBbiX cuTyaumusix CyObekToB) 06bekmbl o6nadarom pa3HbIM Habopom ceolicme,
He TONMbKO B pa3Hblx NpobriemHblx 06nacTsax, HO W B OJHOW W TOi e npobnemMHoi obractu, B KOTOPOM
PELLAIOTCS pasHble 3agaun.

3apava kak HeKOTOpbli mun NpaKkTUYecKol cuTyauum cybbekToB B OGonblueit CTeneHu onpegenserca wx
cnocoboM CyLLEeCTBOBAHNS (CTPYKTYPOM MBILLMIEHWS U NP.), YeM KOHKPETHOW npobrnemHoi obnactelo. Takum
06pa3om, MOXHO NPEANONOXMTb, YTO MOAMHOXECTBO Si3blka, MapKuUpyloLLee CTPYKTYPY COObITUA, CBA3AHHBIX C
3afavamu, KBa3nHe3aBUCUMO OT KOHKPETHOWM NpOBIeMHON CUTyaLui U COOTBETCTBYIOLLEN e/ CTPYKTYPbI CBONCTB
0OBbEKTOB, TO €CTb BbILENSAEMO B OTZAENbHYI0 OHTONOrMIO 3aAay. TeM CamblM, MOXHO BblAENUTb HEKOTOPOE
YHMBEpCanbHoe (MOMONMHAEMOe) MHOXECTBO ©a3oBbix 3aday (TMNOBBLIX 3NEMEHTapHbIX CUTyaLuit), Ha OCHOBE
KOTOPbIX MOXHO C MOMOLLBI0 ONMPEAEeNEeHHON FOTUKK NOCNeaoBaTeNbHOCTEN KOHCTPYMpOoBaTh Gonee CroXHbie
3agaun. Takum oOpasom, pelueHue npuKnagHoM 3adayn MoxeT OblTb CNPOEKTUPOBAHO Kak cucTema
B3aUMOAENCTBUI TPEX OHTONOIUM: NMPUKIALHOA OHTONOMMKM MPobnemMHoi 06macTi, OHTONMOMM CBOWCTB M
OHTOMOrMM 6a3oBbIx 3agay. [Ans Kaxaoi OHTONOrMM hOPMUPYIOTCA CBOM KOHLENTbI, COBOKYMHOCTb TEKCTOBbIX
BXOAOB KOHLIENTOB W CBSA3M MeXAy KOHLEeNnTamu, DasupyloMecs Ha KMo4eBbIX ANS AaHHOA OHTOMOrMM
OTHOLEHNAX. [pu 3TOM  B3aMMOLENCTBME OHTONMOMMN peanusyeTcs B pa3MeTKE KOHLENTOB NPWKNagHOM
OHTOMOrMM KOHLeNTaMn-CBONCTBAaMM ANS KOHKPETHBIX KOHLENTOB-3a4aY.

OHTonorust 3agay Ha ypoBHe (hainoBbIX NPEACTaBREHUA JOKHA ObITb YHUMUMPOBAHA C OHTOMOMUSIMU
CBOWCTB W NPUKMNaHOW OHTOMOrMM. BblgensatTcs chnepytoline TUMbl KOHLENTOB OHTONOTMM 3adady: 3adauyu,
onepayuu, OaHHble (BXOAHbIE/BbIXOOHbIE). MeToa MOCTPOeHUs cneumdukauuin NpuKnagHon 3agadn LOSmKeH
ObITb peann3oBaH Kak NPOLEeccop (MHTepnpeTaTop) CO BCEMU CBOMCTBAMM MPOrpaMMMpyeMOoNn cpefbl, KOTOPbIN
HacTpamMBaeTCs Ha KOHKPETHbIN KOHLUeNT-3afady M nocregoBaTenbHO peanuayeT 6as3oBble onepauum 3Tom
3agaun.  CoOTBETCTBYKOLAA  WHCTPYMEHTanbHas cpega [fomkHa  ObiTb  BLICTpPOeHa  Kak  Habop
Ccneuman1anMpoBaHHbiX 1 yHuBepcanbHbIX 0a30BbIX Onepauuii, ynpaBastowmx MNPOLECCOM pelueHus. Takum
obpasom, nobas 3agaya, peliaemasi NpoLECCOPOM, NpeacTaBnsaeT cobol KOHLEeNT OHTONOMN 3a4aY, CBSI3aHHbIN
C OpYrMMK KOHLENTaMn CBA3SAMU "nMpuHagnexHocTu-crnefoBaHus”. OHTONomS 3agay MOXET ObiTb CBs3aHa C
OHTONOTNEN CBOWCTB YEPE3 MEXaHM3Mbl KOHKPETM3aUMW MapaMeTpoB KOHLENTOB-AAHHbIX M 3HAYEHWA METpUK
OTHOLLIEHWIA, ONPEeENEHHBIX HAa OHTOMOTUN.

anI NPOEKTUPOBaHNN TEXHONOTNKN B3aUMOOENCTBUS I'IOJ'II/Id)yHKU,VIOHaJ'IbHOVI CUCTEMbI OHTOIOTMYECKUX MOAenei
Heobxoaumo obecneynTb pelleHne cneaywmnx 0CHOBHbIX 3afav:

- peanu3auuio onepauuit  pa3MeTKM KOHLENTOB NPUKMaAHOM OHTONOTMM  KOHLIeNTaMW-CBOUCTBAMW  A1s
KOHKPETHbIX KOHLIENTOB-3aau;

- pa3paboTky MexaHW3ma B3aUMOLENCTBUS KOMNOHEHTOB OHTONOMYECKO! CUCTEMBI;
- pa3paboTKy MexaHW3MOB KOHTPOMS LieNOCTHOCTM OHTONOMMYECKON CUCTEMBI.
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ApXMTEKTypa OHTONMUHIBUCTUYECKOI CUCTEMbI

B CTPYyKTYpe OHTONMHIBUCTMYECKON CUCTEMbI BbIAENAKTCS [BE OCHOBHbIE B3alMOAENCTBYIOLLME KOMMOHEHTbI:
OHTOMNOTMYECKast U NIMHIBUCTUYECKAS.

OHTOMOMYeckast KOMMOHEHTA MO3BONSET MOAAEPKMBATb OHTOMOMMYECKOE MOAENMPOBaHNe NPeaMETHOI
obnacTi. Pa3paboTka OHTONOMMYECKO KOMMOHEHTbI MOXET OnMPaTbCs Ha CYLLECTBYHOLME CTaHAapTb
pa3paboTky OHTONMOTMIA 1 Te3aypyCHbIX CUCTEM, a Takke MMETb CrieLnduyeckine METOADI.

(DYHKLI,VIOHMpOBaHVIe OHTONOTMYECKOI cUcTEMBI 0becneynBaeT NOAAEPXKKY peLleHna cneayowmnx 3agay:

- CeMaHTU4eCKasd pa3MmMeTka UCCrefdyemblX  TEKCTOB  SfieMeHTaMu (KOHLLeI'ITaMVI, OTHOLLIGHMFIMI/I)
OHTOMNOrNYECKON CUCTEMBI;

- U3BREYEHNE MHPOPMAaLMM 13 TEKCTOB (pacro3HaBaHUe U MHTEpPNpeTaLus KOHUENTYarbHbIX CTPYKTYP);
- OHTONOMMYecKas nogaepxka 3afay fIMHIBUCTUYECKOTO aHanusa:

paspeLleHne rpaMmmMaTyeCcKon N NEKCUYECKON MHOMO3HAYHOCTH;

CErMeHTaLus BHYTPU NPEANOXEHUS (YAaCTUYHbIN CUHTAKCUYECKN aHanu3);
paspeLleHne peepeHLmn 1 BOCCTaHOBIEHWE dnnmncuca

- MofdepXKa OHTONOTMYECKUX BbIBOLOB.

NnHreucTUYECKast KOMMOHEHTa 0BecneyMBaeT NOLAEPKKY PELLUEHNS CriedyoLLMX NIMHIBUCTUYECKMX 3aay:
- pacnosHaBaHWe CYMBOSIOB (rpadhemaTnyecknini aHanua);
- CerMeHTaLus NpeLIoKEHN;

- pacrnosHaBaHuWe TUMOB NIMHrBMCTMYECKUX OOBEKTOB (CNOBOGOPMbI, 4Yucna, AaTta, Bpems, abbpesuatypa
nT.n.);

- MOPAONOrMYECKMX aHann3 CroBogopM;

- paspeLleHre rpaMMaTU4eckom 1 NEKCUYECKON MHOrO3HAYHOCTY;

- CMHTaKCUYECKM aHanu3 v paspelLeHe CUHTaKCUYECKON MHOTO3HAYHOCTY;
- paspelleHre pedepeHLMM 1 BOCCTaHOBIEHIE NnMncuca.

MeTopapbl peweHna NMHrBUCTUYECKUX 3aaad

PaccmaTpuBaembll  Moaxoq peanu3oBaH B MPOEKTUPOBAHWWM  OHTOSMHIBUCTUYECKOM cUCTEMbl  «JTOTA»,
npeaHasHa4YeHHON 41151 aHanuaa cneyuanuanpoBaHHbIx TekcTos Tuna "Moruka ..." [Hesoposa&deayHos, 2001].

OcHoBHoW 3apaven cuctembl "TIOTA" sBNSieTCS M3BMEYEHWE U3 CTeLMani3npoBaHHOTO TEXHUYECKOrO TEKCTa
WHOPMALMOHHOM Mogeny CxeMbl BOPTOBbIX anropuTMOB, PELLAIOWNX  ONPeaeneHHyo 3agayy B
onpegeneHHon NpobreMHON CUTYaLMK, U KOHTPOMb CTPYKTYPHON 1 MHOPMALMOHHOM LIeNOCTHOCTM BblAENEHHON
anropuUTMUYECKOA CXEMbI.

PeLueHne ocHOBHOM 3aa4m 0becneumBaeTcs KOMMNIEKCOM TEXHOMOMA 00paboTKN TEKCTOB:
- TeXHOMOrMM MOpOCHHTAKCUYECKOrO aHanmaa;

- TEXHOMOrMM CEMaHTUKO-CUHTAKCUYECKOro aHanmsa;

- TEXHOIOrM B3aMMOAENCTBUS C NPUKNaLHON OHTONOTMEN.

YkasaHHas CymMMa TEXHONOTMA (HOPMUPYETCH Ha OCHOBE LEHTPaNbHOrO fapa — NPUKNAZHOW OHTONOTUK
(aBMaoHTONOrMM), ObecneunBatoLLen COrnacoBaHHOE B3aMMOAEMCTBME Pa3NMYHBIX MPOrpaMMHbIX MOZYMen.
ABWAOHTONOMMSA KOHLENTyanbHO NpeacTaBnseT npegMeTHyto obnactb MH(POPMALMOHHOTO (anropUTMUMYECKOro)
obecneyeHuns pasniyHbIX MONETHBLIX PEXUMOB aHTPONOLEHTPUYECKNX cucTeM [[obpoB u ap., 2004].

PaspabaTbiBaemasi NporpaMMHasi CUCTEMa COAEPXMT TUMOBOM HaGOp KOMMOHEHTOB OHTOMMHIBUCTUYECKOI
cuctembl. OCHOBHOE BHWUMaHWe NpW [aHHOM MoAxofe YAensieTcs paspaboTke MexaHW3MOB COBMECTHOTO
B3aUMOZENCTBUS KOMMOHEHTOB MPU PeLLEHUM KOHKPETHBIX 3aaa4 06paboTkm TekcTa.
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[MporpamMMHbIA KOMMSIEKC COCTOMT W3 ABYX B3aWMOLEACTBYIOLIMX MOACMCTEM: MOACUCTEMbBI FIMHIBUCTUYECKOTO
aHanuaa TeXHUYecKux TekcToB "AHanusaTop”, NoACMCTEMbI YpaBneHus 1 BeaeHus ontonoruu "Ontolntegrator”.
B3anmogeicTBie noACUCTEM peann3oBaHo Ha 0ase TexHomoruu "KNMEHT-cepBep”, MpuyeM B PasfiYHbIX
noasagayax MoOACUCTEMbI BbICTYNAIOT B PasfWYHbIX PEXUMax (Pexum cepeepa WM PEXWUM  KIWEHTa)
[HeB3oposa, 2006].

B pamkax pa3ssuBaemMoro noaxoaa paspaboTtaHbl MeTObl PELIEHUS PA3NMYHBIX NMHIBUCTUYECKMX 3aay:
- 3a/1a4a NOCTPOEHMNS NIMHTBUCTMYECKO 0BOMOYKA OHTOMOTUN;

- 3a[a4a NoCTPOEHMS MHOEKCMPOBAHHOI 6a3bl KOHTEKCTOB OMOHUMOB;

- 3a/1a4a pa3peLLleHns MHOrO3HaYHOCTH;

- 3a/la4a OHTOMNOTMYECKON PasMETKM TEKCTa;

- 3a[a4a CermeHTauUum TeKcTa.

MeTop NOCTPOEHUA NUHrBUCTMYECKON 060MOYKN OHTONOTMM 0becneynBaeT 3arpysky I'IpVIKJ'Ia,EI,HOVI OHTONOrMK B
cneymanbHy JIMHIBUCTUYECKYHO o6onoq|<y Onga nocnegywowlero ee UCnonb3oBaHnA B 3afadax 06p860TKVI
TEKCTOB.

MHTerVIpOBaHHaFI nporpamMmMmHasa TeXHOornad nOCTPOEHUA MHAEKCa 0asbl KOHTEKCTOB OMOHMMOB pa3nn4HbIX
TNoB (beHKLWIOHaJ'IbeIX, J'IeKCVI‘-IeCKI/IX) BKMO4aeT MOAYNU CO30aHUA U BEAEHNA UHOEKCa OMOHUMOB, MOAYIb
COrMacoBaHNA MHOEKCHOM ©a3bl C OCHOBHBIM JIMHIBUCTUYECKUM pecypcoM — rpaMmmaTuUyeckum crnosapem, a
MeXaHN3Mbl BbINOMHEHWA BHELLHUX 3anpOoCoB MO pa3peLleHuto (I'IOVICKy) TUNOBbIX OMOHUMNYECKUX KOHTEKCTOB B
TEKCTOBOM Kopnyce Ha OCHoBE MHAEKCa OMOHMMOB.

WHTerpupoBaHHasi MporpamMMHasl  TEXHOMOTMS!  Pa3pelleHst MHOrO3HAYHOCTW  SIBNISIETCS  KOMMIIEKCHOM
TEXHororveit, obbeauHstolwen Tpu paspaboTaHHble NporpamMHble TexHonoruu. [lepas TexHomorus -
TEXHONOMUSI pa3peLleHnst PYHKLMOHANbHON OMOHUMUM Ha OCHOBE KOHTEKCTHbIX MpaBur. MeToa paspelueHus
MHOMO3HAYHOCTM HA OCHOBE KOHTEKCTHbIX MPaBurl NO3BONSET paspellaTb (yHKUMOHANbHYK (rpaMMaTUYeckyto
OMOHUMMIO) HA OCHOBE KOHTEKCTHbIX MpaBWm, KOTOpble (DOPMYNMPYIOTC Kak pesynbTaT  TLiaTeNbHOM
NIMHIBUCTMYECKON 3KCMEPTU3bI NMOBEAEHUS OMOHUMA B COBPEMEHHBIX KOPMycaX PYCCKOro sisblka. B HacTosiwiee
BpeMsi pa3paboTaHo cBbile 40 0606LLEHHbIX NPaBUN HauGonee YacTOTHBIX TUMOB (hYHKLMOHAMBHBIX OMOHUMOB,
B TOM YmCrie NpaBuna st CNOXHbIX CIy4aes TUNa paspeLLeHist (Hanpumep, 4511 OMOHUMOB 3Mo, 8ce/8Cé U Ap.).

BTopas TeXHoMor1s paspeLLeHns OMOHUMIUN 6a3npyeTcs Ha UCMONb30BAHUM UHAEKCMPYEMOIl 6asbl KOHTEKCTOB
OMOHWUMOB. OTOT MeTOA Mo3BonsieT aEeKTUBHO paspellaTb kak (hyHKUMOHAMbHYIO, TaK M NEKCUYeckyto
OMOHMMMIO. MexaHu3Mbl pa3pelleHnst OCHOBaHbl Ha Pacro3HaBaHWW KOHTEKCTOB OMOHMMOB BO BXOAHbIX
npeanoxeHnsix. Moaenb KOHTEKCTa OMOHMMa WMeeT psi PacrosHaBaeMblX MapaMeTpoB (rpamMmaTiyeckme
XapaKTepUCTUKA KOMMOHEHTOB KOMMOKaLMK, paccTosiHie [0 paspeluatolien crioBochopMbl), Npy 0BHapyXeHum
KOTOpbIX BbIAAETCA MH(OPMALMS O TUME OMOHMMA W ero rPaMMaTUYECKIX XapaKTepUCTUKaX.

TpeTbsi TEXHONMOTUS Pa3peLUeHUs OMOHUMMM UCMOMb3YET JIMHTBMCTUYECKYIO OOOMOYKY OHTOMOrMM, T.e.
rpamMMaT4eCKyto HOPMaLWMIO 06 OHTONOTMYECKNX KOHLIENTAX W UX TEKCTOBbLIX (CMHOHUMUYECKIX) hopMaXx.

WHTerparnbHblii METof paspeLleHnst OMOHUMUK Peannu3yeT BeCb KOMMNEKC NEPEUNCIIEHHbI Bbilie TEXHOMOMN.
MepBOHaYanbHO OCYLLECTBASIETCS MOUCK B 6ase KOHTEKCTOB OMOHWMOB, MpU OTCYTCTBUM HEOOXOLMMOIA
WHhopMaLMK O pa3peLLEeH OMOHUMIUM 3anyCKaloTCs NPOLIeAYPbl Pa3peLLEHIs Ha OCHOBE KOHTEKCTHBIX MPaBUII.

MeToa OHTOMOrMYEecKo pa3MeTKM TEeKCTa Pacno3HaeT B TEKCTe OHTONMOrMYEeckue KoHuenTbl. Peannsaums
meToga 6Oasvpyetcs Ha cneumanbHbIX NpoTokonax obmeHa Mexay noacuctemonn "Analyzer" (KnMueHT) M
noagcuctemon "Ontolntegrator" (cepeep). PacnosHaBaHWe mNWHEMHBIX OHTONOTMYECKMX BXOOOB B TEKCTE
OCYLLECTBNSETCS HA OCHOBE rPAMMAaTUYECKMX OMMUCaHMIA, 3afaHHbIX B FIMHTBUCTUYECKON 0DONOYKE OHTOMNOMN.
HoBble pesynbTaTbl nomnyyYeHbl Npu paspaboTke METOAOB PaCrO3HaBaHUS OHTOMOTMYECKMX  €4MHWL,
NOABEPrLIMXCH COYMHWUTENbHOMY COKpalleHWto B TekcTe. [lpu  aHanmmM3e COYMHEHHBIX CUHTAKCUYECKMX
KOHCTPYKUMIA ONpeAeneHHbiX TUNOB pelaetcs obpaTtHas 3ajadva BblAENeHns NoTeHUMarnbHbIX COCTABASIOLNX
KOHCTPYKLMM 1 UX pacno3HaBaHue Kak CaMOCTOSTENbHbIX OHTONMOrMYECKUX eanHnL. Ha ocHoBe pa3paboTaHHbIX
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MEXaHM3MOB B TEKCTE pPacno3HaKTCA CUHTAKCUYECKME KOHCTPYKUWW C OAHOPOAHbIMK YneHamW, a TaKke
HEKOTOpPbIE TUMbl CUMMETPUYHBIX KOHCTpYKU'VIIZ. Hanpmmep, B CHUHTaKCWUYECKO KOHCTPYKL MK "amaku nap u

38eHbes ucmpebumenell" BbIAENAOTCA COCTaBNsOWMe "amaku nap ucmpebumenel” w "amaku 38eHbes

ucmpe6umeneu , KOTOpble pacno3HalTCA Kak OTAeNlbHblEe OHTONOrn4yeckue eanHuLbl.

PelueHve obpaTHoi 3apaum (BblgeneHne COCTaBMSAIOWMX) He BCeraa SBMSETCS OAHO3HauHbIM. Hanpumep, B
COYMHWUTENBHOM KOHCTPYKUMK "npukpbimue 6oMb6apOiuposLyukos u wmypMosukog 6 palioHe 6oesbix delicmeul’"
BbIOENSIOTCS COCTaBnsAWME "npukpbimue bombapduposwyukos 8 patioHe boesbix deticmaull" n "npukpbimue
WwmypmoguKoe 8 palioHe boesbix delicmeull”, 04HAKO B APYTUX CyYasx NpeanoXHo-nagexHas rpynna (tuna "e
patioHe boesbix Oelicmeull”) MOXET He SBRATbCA OOWMM 3MeMeHTOM cocTaensiowwmx. Bbigenenne
COCTaBNALMX M3 COMMHMTENbHBLIX KOHCTPYKUMA MPOW3BOAMTCS Ha OCHOBE CrewuarnbHbIX NpaBur, KOTOPble
YUMTBbIBAKOT SIBMEHME "CeMaHTMYeckoh ofHopogHocTH"'. CemaHTMyeckas OOHOPOAHOCTb npegnonaraet
NOCTPOEHNE CUHTAKCUYECKNX KOHCTPYKLMIA C CEMAHTUYECKM OJHOPOLHBIMM YNEHaMM, T.€. YneHbl OLHOPOAHbIX
KOHCTPYKUMIA [OOMKHbI OTHOCUTCS K OOHOMY CEeMaHTUYeckoMy knaccy. Ha atane nocTpoeHus npasun
BbIENATCA [ABa OCHOBHbIX CEMaHTWYeCKUX Knacca: KnacC NpeaMeTHbIX W HEMPeAMETHbIX  MMEH.
CemaHTnyeckast OAHOPOAHOCTb LONYyCKaeT MOCTPOEHWE CUHTAKCUYECKUX KOHCTPYKUMA Nbo Ang npeaMeTHbIX,
nubo Ans HenpeaMETHbIX CYLWHOCTeW. Hanpumep, 4ONYCTUMBIMW SBRSIOTCS KOHCTPYKUMW TUna "camonemsl u
pakemb! npomusHuka" (NpeaMeTHas OOHOPOAHOCTb), NMBo “"nepexeam U yHUYMOXEHUE NPOMUBHUKA"
(HenpeaMeTHas OAHOPOAHOCT).

CMHTaKCMYeCKME KOHCTPYKUMU C OOHOPOAHBLIMK ONPEeSeneHusiMii COCTaBMSAOT OPYron TUM CHUHTAKCUYECKOro
COKpalleHus. B aToM cnyvae Bblgensietcs rpynna COCTaBMSIOWMX C OAMHOYHBIMKM onpegeneHusamu. Tak,
HanpuMmep, OOHOPOAHAs CWHTaKCWYeckas rpynna Tuna "ecmecmeeHHble U  UCKYCCMBEHHble homexu"
pacno3HaeTcs, Kak COCTOSLLAs U3 ANEMEHTOB "ecmecmeeHHbIe noMexu" 1 "UcKycCmeeHHbIe nomexu".

Bce cocTaBnsitole CMOXHBIX CUHTAKCUYECKMX KOHCTPYKLMA 3aTeM OTOXOECTBNSIOTCA Kak OHTOMOrMYeckue
Bxodbl. C KaxabM pacrosHaHHbIM B TEKCTE OHTOMOMMYECKAM BXOAOM repedaeTcs MHgopmaums o6
OHTOMNOMYECKOM KOHLIENTE M ero CeMaHTU4YECKOM Kracce (KOHLEenTe BEepXHEro YpoBHs no uepapxuu). Metoa
PACcMo3HaeT PasfnyHbIe CUTYaLMM pacrpedenieHns OHTONOMMYECKUX BXOAOB B NPeAnoxeHuu. Mpu BROXeHUM
CEIMEHTOB Kak pesyrnbTaT nepedaeTcss CerMeHT MakcuManbHOW AfWHbI, MPU  NEepeKpbITUM  CErMEHTOB
nepeaaloTcst BCe NepeKpbiBaloLLMECs COCTABNSIOLLME.

3agava cermeHTaLmm TEKCTa Ha COCTaBNSIOLLME — CEMEHTbI SIBNSETCS OAHON 13 KMOYEBbIX B NpoLiecce aHanmaa
TekcTa. PesynbTatoM CermMeHTauun NpeanoXeHnus  SBMSETCS Mepapxnyeckasl COBOKYMHOCTb CEMaHTUKO-
CMHTAKCUYECKNX CErMEHTOB. BblaeneHHble cerMeHTbl ABNSOTCS "Grnokamm”, 13 KOTOpbIX COBMPAOTCS MO TEeKCTy
WH(OPMALMOHHbIE MOAENM, OnpedensieMble TWUMOM peliaeMon 3agadun. CEerMeHT MMeeT CMHTAKCUYECKUA W
CEMaHTMYecknin TUn. BblaensioTes 4Ba rMaBHbIX CEMAHTUYECKMX TUMa CEerMeHTOB: rpynna cybbekta u rpynna
npeavkata npeanoxenust. C rnaBHbIMU CEMAHTUMYECKUMM TUNAMM CBsi3aHbl NOAMHOXECTBA CUHTAKCUYECKNX
TMNoB. CUHTaKCUYECKU TWUN OMpefensieT CUHTAKCUYECKylo MoJenb cerMeHTa. BblgeneHHoe noaMHOXECTBO
CUHTAKCUYECKUX MOJeneil WCYNCNSET CUHTaKCMYecke LWabnoHbl AN [MaBHbIX CEMAHTUYECKUX TUMOB.
Pacnpegenenune rmaBHbIX CEMaHTUYECKUX TUMOB MO CUHTAKCUYECKMM MOZENsM DaKTUYEeCKM 3a4aeT pasnnyHble
CMHTAKCUYECKME CTPYKTYPbl MPEONOXEHUA pPYCCKOTO A3blka. Tekywlas Bepcus MOZyns CermMeHTauum
noadepxMBaeT CerMeHTaumio  0as’oBblX KNAacCoOB MOZENeil PYCcCKOro MPEANOXEHUs, a MMEHHO MOMHbIX
(DBycoCTaBHbIX) NpeasioxeHuit ¢ rpynnon cybbekta B popme N*umM/Abb (CyLl./MECTOMMEHHOE CyL. B UMEHMT.
nagexe unu abbpesmatypa) W rnarofbHbIM NPeauMKaToM. B 3TWX OrpaHMYeHUsIX KOMMYECTBEHHbIE OLLEHKM
CUHTaKCU4ECKMX MOoZenen Ans rpynnbl cybbekta — 4 nogTvna, Ans rarofbHoi rpynnsl — 11 NOATMNOB (NPOCTOM
rNarofibHbIA, OCMOXHEHHbIN YacTULUER, COCTABHOW [NarofbHbIA, MMEHHOW COCTaBHOM). [MOMWMO rNMaBHbIX
CEMaHTUYECKUX TWMOB BbIAENAOTC CEMAHTWYECKME CErMeHTbl C  AOMOMHWUTENIbHOM  CEMaHTUYECKON
XapaKTEPUCTUKON — aTpUBYTUBHbIE CErMeHTbl. ATPUOYTUBHbIE CETMEHTbI MMEKT COOCTBEHHOE MOAMHOXECTBO
CMHTAKCUYECKNX MoZeneil. AnropuTMbl CErMEHTALMM HA OCHOBE CUMHTAKCUMYECKUX MOZENeN BbIAENsoT [MaBHbIe
CEMaHTUYECKNE CErMEHTbI W UX pacLUMpeHNs B Buae aTpubyTUBHBLIX cerMeHToB. CermMeHThbl, He BOWeEALIME B
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pacllnpeHHble MoAenu rnaBHble CErMEeHTOB, WMHTEPNPETUPYHTCA Kak anI/I6yLI'MFI npeanoxeHua B LENOM
(Hanpmmep, CErMeHTbI - JIOKaTMBbI NN CETMEHTbI - TeMl'IopaTVIBbI).

3apava CermMeHTauun pellaetTca COBMECTHO C 3a7a4en OHTONOrMYECKON pa3MeTKu. HOCTpoeHI/Ie CEerMeHToB
OCyLleCTBNAETCA B rpaHnLUax pacno3HaHHbIX OHTOMOrMYeCKMX BXOO0B. I'Ipouecc opraHusauuu B3aUMOAENCTBIS
NOACUCTEM NMpPW peLleHnn 3aaay CermeHTaulnm u OHTOMNOrNYECKOM pa3MeTKM NpMBeaEH Ha puC. 2.

| _(Zep\ierl'l;al.l,!ﬂ ________ 3anpoc 1
Ontolntegrator p| Analyzer (cepeep)
(knmeHT) T
; X PelueHve 3afaum
OxuaaHue pesynbTata [ , sanpoca 1
sanpoca 1 v 3anpoc 2 Ha NokpbITHe v
Ontolntegrator < Analyzer (knmeHT)
(cepaep) >
i Ortgert 2 E
OxmaaHue pesynbTaTos : 1 Pewenve 3anawm
3anpoca 1 ' v 3anpoca 1
4 v
OtgeT 1
Ontolntegrator < Analyzer (cepsep)
(knmeHT)

Puc.2. Baumogeicteme noacucTEM Npu PeLLeHUM 3a4aum CerMeHTaLmmn

3anpoc Ha pelleHve 3apaun cermeHTauum nepepaetcs ot nogcuctembl Ontolntegrator kK cucteme Analyzer.
[ns pelwenuns atoit 3agaum nogcuctema Analyzer 3anpawwvsaet y noacuctemsl Ontolntegrator nHdopmaumio

06 OHTOMOrMYeckon pasmeTke Tekcta. [onyyeHHas MH(OpMaUMs WUCTIONb3YeTCs NS YTOYHEHWS TpaHuL
CErMEHTOB.
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3 ceasm ycr @ Cron
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s ctpoes 121.3) . axewoposanter & B4 (1.1.2)
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[Do6aEneHiE 1 PEAAKTHPOESHHE CADB0POP MCHOQHO o TEKCTa A8 PROPET OFER CLass TOM

Pwc. 3. BbiBog pe3ynbTaToB CermeHTaLuy npeanoxeHus
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Ha puc. 3. nokasaH pe3ynbTaT CermeHTauun npeanoxeHus "(McxodHas cmpykmypa cmpos camosemos
npomugHuka) (cpagHusaemcs) (co cmpykmypol cmpoes),(akmusu3upoganHbix 6 bBf1.)". TlocTpoeHHble
CETMEHTbI 3aKITtOYeHbl B KPYrible CKOOKM, KaXOOMY CErMEHTY MPUMKUCaH CeMaHTMYeckuii Tun. Ecnn cermeHt
COLEPXKUT B CBOWX [paHMLAX OHTOMOTMYECKMI KOHLENT, TO WH(OPMaLMs O CEMAHTUYECKOM Knacce
OHTONOMMYECKOTO KOHL|eNTa Y4YUTLIBAETCS NP ONPEAENEHUN CEMAHTUYECKOTO TUMa CerMeHTa.

3aknioyeHue

Knacc OHTONMMHIBUCTUYECKUX CUCTEM OTNMYAETCH 0ObeaNHEHNEM 3KCTPANMHIBUCTUYECKNX (OHTONOMMYECKUX) 1
NIMHIBUCTUYECKUX  3HAHWIA,  3BPUCTMYECKMX W hopmarnbHbix  MeTogoB  obpabotkm  EA.  Agpom
OHTONMHIBUCTMYECKMX CUCTEM SIBNSIOTCA 3HAHWS PasnWUYHONM MPUPOabl, B TOM YUCNE Pa3fMYHbIE OHTONOTUM,
NpeacTaBnaALLMe NpuUKNagHble 3HaHWSA, MeTasHaHWsl, B TOM YMCME 3HaHUS O MPUKNadHbIX 3ajavax W ux
CBOWCTBAX.

OCHOBHbIE NWHMBUCTUYECKME 3aaayu pewanTca 4yepes B3aWMOOENCTBINS OHTOMOMNYECKON M MUHTBUCTAYECKOM
KOMMOHEHT ~ OHTOSIMHIBUCTUYECKON CUCTEMD, npun 3T0M 06Ll.laﬂ CTPYyKTYypa peLuaeM0|7| 3ajayn  Moxer
OVHaMUY€eCKN MEHATbCA YepE3 CneLnarbHble MEXaHNU3MbI HaCTp0I‘/‘IKVI Tnna peLuaeM0|7| 3afadn.
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CEMAHTUYECKAS BUKUNEQKUA KAK UCTOYHUK OHTONOMIA
AnA NHTENNEKTYAIbHbIX MOUCKOBbIX CUCTEM

Anatonuit MnapyH, Onua PorywuHa

AHHomauyus;: OnpedeneHbl Nodxo0bl K UHMeNIeKmyanbHOMy NOUCKY UH(hOpMaUUU Npu NOMOWUU COBPEMEHHbIX
Web-mexHonoeud. [MpoaHanusuposaHbl UCMOYHUKU OHMOMI02UYECKUX onucaHull npedmemHbix obmacmel
noucka, 8 YacmHocmu, cemaHmuyeckas Bukunedus. lNpednoxeHsl memoOb! UCNOb308aHUs oHmMosnoaull dns
NO8bIWEHUS NEPMUHEHMHOCMU UHGOPMAYLUOHHO20 nouckKa.

Knroueenie cnoesa: Semantic Web, Bukunedus, oHmonoaus, me3aypyc, Nouck uHgopmayuu.
ACM Classification Keywords: |.2.4 Knowledge Representation Formalisms and Methods

Conference: The paper is selected from XIVt International Conference "Knowledge-Dialogue-Solution" KDS 2008, Varna,
Bulgaria, June-July 2008

BBeaeHue

B wHdopmaumroHHom 0OLLecTBe MPUOPUTETHLIM HanNpaBiEHMEM SBMSETCS CO3daHMe U 3MEKTUBHOE
CNONb30BaHNE 3HaHMI 1 MHAOopMaLMOoHHbIX pecypcos (MP). Mpespalenue World Wide Web B yHuBepcanbHbIi
UCTOYHUK MHKOPMALMK U 3HaHUA C HEM3BEXHOCTbIO MPUBOAUT K MOSIBIIEHWKO HOBbLIX TEXHOMOrMIA paboTbl C
KOHTEHTOM. Ero fanbHelwee passuTUE MHOTUE Y4YeHble CBA3LIBAIOT C MHTENNEKTyanu3aumen u uHTerpaumen
BCex cyLecTByowwmx P Ha cemaHTM4eckoM ypoBHe. B coBpeMeHHbIX WH(OPMAaLMOHHO-MOUCKOBBLIX CUCTEMAX
(NC) peanu3oBaHbl NMNLLb HEKOTOPbIE 3MIEMEHTbI MHTENNEKTyanbHOCTU. bonee yaoBHbIN JOcTyn K HyXHbIM VP
obecneunBaloT OH-NaHOBbIE 3HLMKNONEANN, CO34aHHble B MpOLEecce KOMMekTMBHOro cbopa M aHanuaa
nHdopmauwmmn, Hanpumep, Bukunegus. OHu He paccmaTpuBaroTes kak anbTepHatuea UIMC, HO LOMOMHAIOT MX.

Texnonorus Wiki u ee 0OCHOBHbIE XapaKTepUCTUKM

Wiki - aTo TexHonorus noctpoenns Web-caitta, nossonsiowas nons3osatensm yepes Web-uHTepdeinc akTmeHo
yyacTBoBaTb B MPOLECCE PeAaKTMPOBAHWSI €ro KOHTEHTA - WUCMpaBneHWn ownbok n aobaBneHu HOBbIX
matepunanos. Wiki-TexHonorus He TpebyeT 1Cnonb3oBaHMs cneuuanbHbIX MporpaMm, PErMCTpaLmMmM Ha CepBepe
3HaHua HTML. Kaxgas cTpaHuua 0bb14HO CogepxuT BorbLuoe KONMYeCTBO rMnepcehInoK Ha Apyrie CTpaHuubl.

TexHonorust Wiki no3BonsieT akkymynupoBaTb 3HAHWS YerioBeYeCTBa, NPEACTaBNsAs WX B 9NEKTPOHHOM
nHTeponepabenbHon opme, obecneunTb HaBUraumMio no aToi 6ase 3HaHWiA 1 CPeACcTBa ee akTyanusauum. Mpu
atom mcnonb3oeate Wiki MoryT coobluecTsa pasnnyHoro obbema u TeMaTUYECKO HanpaBneHHOCTH, CO3AaBas
npu 3toMm 6asbl 3HAHWN pa3nuyHoro Maciwtaba - oT rnobanbHbIX Bukuneaumin n anekTPOHHbIX SHLMKIONEAMiA
KPYMHbIX KOpnopauuini 4o nerko 0OHOBMSIEMbIX CMPABOYHbLIX CUCTEM HEBOMbLUMX OpraHM3aluMin, NPeanpUsTAR 1
y4ebHbIx 3aBegeHuit. OcHoBHble xapaktepuctikn Wiki:

1) KonnyecTao aBTOPOB CON3MEPUMO C KONMYeCTBOM nonb3osatenei Wiki-pecypcos;

2) ObecneunBaeTcs NoLAePXKa MHOrONONb30BaTENLCKOM paboThl;

3) MmeeTcs BOSMOXHOCTb MHOTOKPATHOMO PEAaKTMPOBaHMS TekcTa ¢ nomowbto camon Wiki-cpegpl (Web-caiita);
4) MMosiBNeHMe N3MEHEHMI Cpady ke Nocne UX BHECEHMS,

5) Kaxxgas ctatbs Wiki umeeT cOBCTBEHHOE YHUKAmNbHOE UMS;

6) A3bIk pasMeTkn JOCTAaTO4HO NPOCT U He TPebyeT crnelnanbHbIX 3HaHMIA,

7) CywecTByeT BO3MOXHOCTb BO3BPATUTLCS K MPEALECTBYIOLLEN BEPCUN.

Ha 6a3e Wiki-rexHonorun B 2001 rogy Obina cosgaHa Bukuneams - MHorosbldHas obLyenoctynHas cBo6oaHo
pacnpocTpaHsieMas sHuuknoneaus, nybnukyemas B VHTepHeTe. 3T1a «0BLECTBEHHANA» SHUMKMONEAMS SBMSETC
SPKUM NPUMEPOM CTPEMUTENBLHOMO POCTa 1 HAKOMMEHWS 3HaHWUI B pacnpeaeneHHo cpeae VHTepHer.
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CerogHs Havana opMMpOBaTLCA TEHAEHUMS MCMonb3oBaHus TexHonornidc Wiki ans  dopmupoBaHus
kopnopaTuBHbIX 6a3 3HaHUIA. ATO 0COBEHHO aKTyarbHO AN HOBLIX W ObICTPO pa3BuBatoWmMxcst obnacTei, rae
NHEOPMALMOHHbIE pecypcbl IHTEPHET YacTO OKa3bIBAKTCS YCTApPEBLUMMM UK HE COrnacoBaHHbIMM B 0bnacTu
TepMuHonoruu.  Ecnu  npegnpusTve  cuuTaeT  OnpedeneHHble  paspaboTkM  CBOE  MHTENNeKTyarbHOM
COBCTBEHHOCTbIO MO0 elle HeJoCTaTOYHO paspaboTaHHbIMKM  AfS  LUMPOKOW nybnukauuu, TO MOXHO
ncnonb3oBatb OAWH W3 cBoBoAHO pacnpocTpaHsemblx Wiki-aBKKOB 1 ChOpMMpOBATL KOPMOPATUBHYHO
SHUMKnoneamio  (pas3BepHYTLIA Te3aypyc), OXBaTblBAKLIYK OnpedeneHHyl npeameTHyto obnacte (MpO).
lMonomnHeHWe Takoi 3HUMKNONEAWN CTaHET NpaBOM W 00S3aHHOCTBIO COTPYAHWKOB [LAHHOTO MPEAnpUATUS W
APYrVX NPUBREYEHHbBIX UMK AL,

MpoekT Semantic Web u ero BnusHue Ha pa3sutue untennektyanbHbix Wiki-rexHonorui

Llenbto Semantic Web  siBnsietcst npeobpasoBaHne BCEN COBOKYMHOCTH MHOPMAUMOHHBLIX pecypcoB Web B
eauHyto 6asy 3HaHWil, NOMb30BaTbCs KOTOPOW MOryT Kak Moau, Tak W mporpammbl. [ns atoro Heobxoaumo
cHabauTb kaxabid WP onucaHnem ero cemaHTWKM W NpepocTaBWUTb CPEACTBa A1 aBTOMATU3MPOBAHHOM
06paboTky 3TX ONMCAHMI W NPELCTABIEHNUS 3HAHWI O HUX.

AsTopom 31OVt KoHUenuuu siensietcs T.bepHec-Jlu, koTopein paHee 3agyman w paspabotan Web, a tenepb
Bo3rnaenset KoHcopunym W3. Llenbto bepreca-fin 661no chopmmupoBath MHGOPMALMOHHOE NPOCTPAHCTBO, K
KOTOPOMY KaX[blit UIMEET HEenoCPEeACTBEHHbLIA W UHTYUTUBHBIA QOCTYM, U HE TOMBKO AN NPOCMOTPa, HO U Ang
c03AaHus MHgopmaumn. MalnHbl CTaHOBSTCS CMOCOBHBIMM aHanM3MpoBaTh BCE AaHHble B Web — KOHTEHT,
CBA3X U TpaH3aKuMu Mexay nogbMM U KOMMbloTepamu. OTa KOHUenuus Bbina npuHsTa M npogsuraeTcs
Koncopuuymom W3 — nuaep B passutum TexHonoruii ansg Web (MHorve m3 ocHoBomnonaratowmx TEXHONOTUI,
Takux, kak XML u RDF [1], 6einn paspabotaHbl nmenHo W3C). [ing eé BHeapeHus npegnonaraeTcs co3faqne
CETU AOKYMEHTOB, Cofepxallux MeTagaHHble 0 pecypcax Web. Torga kak camu pecypcbl npeaHasHayeHbl Ans
BOCMPUATUS  YENOBEKOM, MeTafaHHble WCMOMb3ylTCH MaliMHamy  (MOMCKOBbIMM poboTamn W OpyruMu
WHTEnnekTyanbHelMn  areHtamu).  CormacHo — onpegeneHwo,  fgaHHomy  Meta  Data  Coalition
(http: //Iwww.mdcinfo.com) B pgokymente "Open Information Model", meTagaHHble — 3TO onwcaTenbHas
WH(OpMaLWs O CTPYKTYPE W CMbICTE AaHHbIX, @ TaKkke MPUMOKEHWUA M NPOLECCOB, KOTOPbIE MaHUMYnMPYIOT
JaHHbIMKM.  PocTy nonynsipHOCTM M LWIMPOKOMY BHeapeHuto TexHomorumii Semantic Web  cnocobeTsyet
cTaHgapTu3aums koHcopumymom W3C CUHTAKCUYECKON M CEMAHTUYECKOM Pa3METKM SMEKTPOHHBLIX JOKYMEHTOB,
ocobeHHo TexHonorm XML, RDF/RDFS u OWL, nopgepkuBatoLLMX CUHTAKCUYECKYI0 W CEeMaHTUYECKYH
COBMECTUMOCTb.

B mogenn RDF poKyMeHT paccmaTpuBaeTcsl Kak YaCTUYHO YMOPSAOYEHHbI Habop abCTpakTHbIX OOLEKTOB,
obragaowme concTBaMmu (aTpubytamn) 1 UMELLMMI YHUKaNbHLIA uaeHTdmkaTop. Mioboin 06bekT npu cBoeM
CO3AaHMM NOJNTy4aeT reHEPUPYEMbIA CUCTEMON YHUKANbHBIA MAEHT(UKATOP, KOTOPLIA CBSA3aH C 0OBEKTOM BO
BCe BpeMsi €ro CyLEeCTBOBAHWS W He MeHSIeTCs Npu u3MeHeHun coctosHus obbekta. RDF nossonsert
onpeaensiTb NPon3BONbHbIE 06bEKTbI B JOKyMeHTe. ATpuOYTbl (MMEeHa M 3HaYeHus)) JOMKHbI BbIOMpaTbCs 13
CNoBapei, CBA3aHHbIX C TEMW UMM MHbIMKU NpeameTHeiMi obnactamu. ®opmancHo RDF He HaknagbiBaet
HWKaKUX OTpaHUYEHM Ha 3HaueHus atpubyToB OOLEKTOB, MepeknagbiBas CO34aHME COOTBETCTBYHOLLMX
CroBapen Ha 3auHTepecoBaHHble opraHusaLn. OCHOBHOM CrioBapb MMEH 0O6BEKTOB CUCTEMbI CO3A4aH Ha OCHOBE
CrioBapen CTaHAaPTHbIX CXeM MeTafaHHbIX.

Tpw TEXHOMOrMM COCTABASAKT OCHOBY Semantic Web: 1. nporpammHble areHTbl — 455 Toro, YTobbl NpeacTaBnsTh
pearnbHble 06BEKTbI 1 aBTOMATU3MPOBAHHYKO paspeLLaroLLylo CnocCOBHOCTb 3aAayum OT UMEHN WX Bragenbla [2],
2. OHTONOTAM — A1 CEMAHTWUYECKOrO pacLuMpeHns MHopMaLum, KoTopon obmeHuBatoTcs u obpabatbiBatoT
Web-npunoxenuns [3], 3. Web-cepsucel kak BbIMMCIUTENbHbIE CPEACTBA, JOCTYMHbIE Yepes HTepHeT [4].

LleHTparbHbIM KOMMOHEHTOM KOHLENUMWN SBMSIETCA NpUMeHeHne oHTonoruin. OHTonorum paspabatbiBaloTes W
MOryT ObITb WCMONb30BaHbl MPY PELUEHUNM Pas3nUuHbLIX 3aday, B TOM YMCMe ANsi COBMECTHOMO MPUMEHEHMS
NIOAbMI UK NPOTPAMMHbBIMK areHTaMm, 451 BO3MOXHOCTW HAKOMIEHNS U MOBTOPHOTO UCMONb30BaHMs 3HaHWA B
npeaMeTHOM obnacTu, 4fs CO34aHUs MOgenel U nporpamMm, OMEpUPYIOLLMX OHTOMOMMSIMKA, @ HEe KECTKO
3afaHHbIMW  CTPYKTYpaMy OaHHbIX, NS aHanuaa 3HaHui B npeameTHoi obnactu [5]. Wcnonb3oBaHue
TexHonornin Semantic Web npu paspabotke NporpamMMHbIX CMCTEM NO3BOMSET CYLIECTBEHHO YMPOCTUTb
npobnemy COBMECTUMOCTW CUCTEM W3 CMEXHbIX 0bnactern W SBNSETCA MepBbIM LUAroM K NOCTPOEHMI0
BbICOKOMHTENMNEKTYamNbHbIX KOMMOHEHTOB 1 areHTOB.
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Semantic Web  oTkpbiBaeT ZocTyn K YETKO CTPYKTYPUPOBAHHOM MHAOpMaLMM Ans MNoBbIX NPUNOXKEHUH,
He3aBNCUMO OT NaTgOPMbl U HE3ABMCUMO OT S13bIKOB NPOrpamMMmUpoBaHms. [porpammbl CMOTYT Cami HAXOAUTb
HYXHble pecypcbl, obpabaTtbiBaTb MH(OPMALMIO, KnaccupuUMpoBaTh AaHHbIE, BbISBNATL MOTMYECKUe CBA3M,
[enatb BbIBOAbI W faXe NMPUHUMATL PELLEHNS HA OCHOBE 3TWX BbIBOAOB. OJHAKO CErofHs He COBCEM MOHSATHO,
Kakie nporpamMMHble NPOAYKTbI MOXHO Ha3blBaTb NpunoxeHnamn Semantic Web.

XapakTepHble cBoWcTBa npunoxeHun Semantic Web

B npoekte "Semantic Web Challenge" paccmatprBatoTcs nepcrnekTvBbl NpUMEHeHNs TexHonommin Semantic Web
Ans pa3paboTku NpuUKnagHbIX NporpaMm, KoTopble 06pabaTbiBalOT MHKOPMALMIO C Y4ETOM ee CEMAHTHKM.

MpunoxeHnnem Semantic Web HasbiBalOT nporpamMmHbIA - MPOAYKT, KOTOPbIM  OTBEYAET  CReaytoLmuMm
MUHUManbHbIM TpeboBaHuaM [6]:

1. CemaHTMKa [daHHbIX WrpaeT OCHOBHY ponb: 1.1. CemaHTWKa AaHHbIX [OMKHA NpeacTaBnsaTbCA C
ncnonb3oeaHnem hopmarbHbIx onpeaenenuin; 1.2, [aHHble JOmkHbI  0BpabaTthiBaThCsl HETPUBMAMbBHBIMM
cnocobamu ¢ Lenbto nomnyyeHns nonesHoit uHcopmaumm; 1.3. ObpaboTtka cemaHTUYecKkon MHGOpMaLMK JOMKHA
urpatb LieHTPanbHy posib B JOCTUXEHUN Pe3yrbTaToB, KOTOPbIE HEMb3s NONYYMTb APYrAM NyTeM

2. WP, wncnonb3yemble B MPUNOXEHUM, OOMKHbI 2.1. MMETb pasnMuHbIX BragenbueB (T.e OTCYTCTBYET
BO3MOXHOCTb KOHTpONsS €€ Wu3MeHeHus); 2.3. ObiTb T[ETEPOreHHbIMW  (CMHTAKCUYECKM, CTPYKTYPHO W
CEMaHTUYeCK); 2.3. coaepkaTb JaHHble peanbHoro Mypa (a He ObITb UIpyLLEYHBIMI NPUMEpamK).

3. lMowuck ocyLlecTBNSAETCA B peansHOM MHAOPMaLMoHHOM npocTpaHcTee Web

Heobxogmmo, 4TOObl BCE NPUNIOXEHUS BOCMPUHMMANM OTKPbLITYIO BHELUHIO Cpedy, T.e. Y4YuTbiBanu, 4To
MH(OPMALWS O Hel HUKoraa He GbiBaeT NOSHO.

Mpeanonaraercs, YTO NPUNOXEHUST UCTIONbB3YIOT Kakum-nnbo obpasom RDF, RDF Schema unu OWL, xots 370 1
He sBNsieTcs 0bs3aTenbHbIM ycrosueM. Hanbonee BaxHOo, YTO, €CIN UCMONb3yeTCst CEMaHTUYECKast TEXHONOmS,
TO OHa UrpaeT KIloYEBYIO POSb B AOCTUXKEHNN HOBBIX YPOBHEMN (hYHKLMOHANBHOCTM UMW NPEACTaBNEHMS.

Kpome aTux MUHUManbHbIX TpeboBaHMIA, MOXHO CHOPMYNMPOBATH ELLE PR NOXENaHWIA:
e [leMOHCTPUPYIOTCS MPEUMYLLECTBA CEMAHTUYECKNX TEXHOMOTMIA UMK NONYYEHHbIX Pe3yrbTaToB

° I'Ip|/|n0>|<e|-||/1e AOMKHO ObITb MaCLUTa6I/IpyeMbIM (B TEPMUHAX obbema ncnonb3yemblX AaHHbIX U B
TEPMUHAX pacnpeaesieHHbIX KOMMNOHEHTOB, paGOTaPOLLI'VIX BMeCTe)

e OYHKUMOHANBHOCTb MPUNOXEHNS OTNIMYAETCS OT 0ObIYHOMO MH(OPMALIMOHHOTO Noucka

o [IpunoxeHne MMeeT SBHLIA KOMMEPYECKWIA NOTEHLMan

e KoHTekcTHas HopMaLms UCNONb3yeTCs A1 YNOPSAOYEHNS PEATUHTa UKW nopsifka

o  O6pabatbiBatoTCs MyNbTUMEOMNIAHBIE JOKYMEHTDI

e /lcnonbayloTcs AMHaMUYEcKne faHHble, BO3MOXHO B KOMOMHALMM CO CTaTUYHOI MHAhopMaLmen
e [loanepxmBaoTCs pasnuyHble S3bIKK

CemaHTuyeckas Bukunegus

MepcnexkTuebl pa3suTus Wiki-TexHONMOMIiA CBSI3aHbI C MX UHTENNEKTYanM3aUmMen, T.6. C NEPEX0AOM OT 0ObIYHbIX
TUNEepCChINOK K CUCTEME CEMaHTWYECKOM pPa3MEeTKM KOHTEHTa Ha OCHOBE MeTafdaHHbIX — cemaHTuyeckon Wiki.
Mpoekt Semantic Web okazan 6onbluoe Bo3aencTsie Ha passutue TexHomnorun Wiki. CemanTtuueckass Wiki -
paclumperne TexHonornn Wiki, ncnonbaylolee Mogenb 3HaHWA, KOTOpas NO3BOMSET yKasblBaTb TWUM CCbINOK
MeXOy CTaTbsIMW, TWMbl BHYTPWU CTaTel, a Takke MeTadaHHble O cTpaHuuax. Llenb cemaHtnyeckoin Wiki -
aBToMaTuanposaTb 00paboTKy CBeaeHwi, copepxawmxcs B Bukuneguu, n reHepupoBaTb BblgeneHne
WH(opMaLwmK no 3anpocam nonb3oBaTtenen. B aTom paclumpeHun ans 3anpocoB ucnonbayetes s3bik SPARQL.
Cuctema Semantic MediaWiki HanucaHa ¢ nomoLlbio MexaHuama paclumpeHuin MediaWiki. MoctpoeHHoe Ha
MaLUMHO-MOHATHOM  A3blke, 3TO  pacLIMpeHWe No3BONSeT ceMaHTuyeckn obpabatbiBath  Wiki-KOHTEHT,
NPeaocTaBnas Nonb30BaTEN0 BO3MOXHOCTb A1 A0OaBNEHUS CEMaHTUYECKON pas3MeTku MHdopmauuu. [ns
3anpocoB ucnonb3yetcs a3blk SPARQL. Cuctema Semantic MediaWiki HanucaHa ¢ nOMOLUb MexaHu3ma
paclmpennin MediaWiki. 310 ynpowiaet uHTErpaumio B cyLlectaytoLne npunoxerns MediaWiki.
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CemaHTnyeckass Bukunegus npegocTaBuT —criedylolwme ariemeHTbl A1 pa3MeTku CTaTel:  KaTeropuu,
TUNU3MPOBAHHbIE CChINKW U aTpubyTbl — CBOWCTBA COOEPXMMOr0 cTaTei. Kateropum knaccuuumpyoT cTaTtbi
CEeMaHTM4eckoi Bukuneamn B COOTBETCTBMM C UX KOHTEHTOM, Kak 1 B 06bl4HON Bukuneamn. Hanpumep, ctatbs
«CTaTuctuka» OTHOCUTCA K KaTeropuu «Hayku KaTteropusauus — 370 MPOLECC CTPYKTYPUPOBAHMUS CXOXKUX
cTaTen, HO Hanmuue xoTs Bbl OOHO KaTeropum B cTaTbe 06s3aTenNbHO.

TnnnampoBaHHbIE CChINKW NpeacTaBnsatoT coboir Tpoitkn RDF, cocToswme u3 cyobekTa, OTHOLWEHUS 1 0bbekTa.
Hanpumep, B Tpoike Kues:[[cTonuua :: YkpaunHa]] cybbekT — ums cTpaHuLbl «Kues», OTHOLIEHWE — «CTOMMLa» W
UMS CTpaHuLpbl «YKpauHay - 06bekT. TUNM3MPOBaHHbIE CCbINKV NO3BONAKT BbINOMHATL NPSMON 3anpoc («Kakoi
ropog sBnsetcs cronuuei YKpawHbl?»), norudeckuin BbiBoa («Kue — cronuua YkpauHbi») => («Kues
HaxoguTca B YKpauHe») W arperMpoBaHue MOUCKOBbIX KpUTepueB B 3anpoce («KueB — cronuua YKpawHbly,
«YKpauHa - rocygapcTso B EBpone) => («Knee — eBponeiickas ctonumuar). [Ins cosgaHus TpunneToB BBOAUTCA
HOBOE MPOCTPaHCTBO MMEH Relation:, no3sonstowlee nomyyYnTb CMUCOK W3BECTHbIX TPOEK (MO aHamnormm ¢
npoctpaHcTBoM Kateropusi: B Bukunegum). O6paboTka 3TUX TPOEK COCTOWUT U3 M3BIEYEHMS TUMU3MPOBAHHBIX
CCbINOK 13 TEKCTa cTaTb, Ux npeobpasosaHns B RDF-Tpoiiku 1 06HOBNEHUs cooTBETCTBYOWEN Bl

ATpubyTbl OnMCLIBAIOT CBOMCTBA OObEKTa CTaTbM CemaHTuyeckon Bukuneguu. Hanmpumep, MOXHO ykasaTb
YMCNEHHOCTb HaceneHns YkpauHbl unmn ee nnowadp. Mpu 06paboTke 3HaueHnn aTpubyTOB HYHO pacrnosHaBaTb
ncnonb3yemble eauHWLbl u3MepeHus. o3aToMy C nepemeHHbIMW, WCMOMb3yeMbIMM B kayectBe aTpubyToB
00bekTa, CBA3LIBAIOT HE TOMbKO ONpeeNeHHbIA TUM AaHHbIX (HANpUMEp, «LEenoe», «TEKCTOBas CTPOKa»), HO U1
WX CEeMaHTUKy (CKOPOCTb B KM/J wmm m/c). OTo no3sonsieT npeobpasoBbiBaTb 3HAYEHMS, MCMOMb3ytoLme
pasnuyHble eguHnlbl uamepenus. [ns atoro B paclumpeHne Semantic Wikipedia BctpoeH npeobpasoBatenb
ANs NONYNSPHbIX €ANHAL M3MepeHust. [Ins xpaHeHus 3HaueHuih atpubyToB Takke ucnonbayotcs RDF-Tporku.

CeMaHThyeckasi pasmeTka No3BONSIET 3HAUMTENbHO YNPOCTUTL BCHO CTPYKTYPY BukuM, noMoraeT nonb3oBatensam
BbicTpee HaxoAUTb HyXHYH MHAOPMALMIO.

OcHoBHble NpenmyLecTBa CemaHTM4eCKon Bukuneguu

1. 3HauuTENbHAA YacTb MHGOpMaLuM B Bukuneamm moxeT BbITb NpeacTaBnieHa B BUAE CMIMCKOB, MCXOAHLIMU
AaHHbIMW  ANst KOTOPbIX SBNSKOTCA pasnuuHble cTaTtbi. [pu oOHOBREHMM Takux crateir CemaHTUyeckas
Bukuneams aBTOomMaTMyecku OGHOBNSIET BCEe MNPOM3BOAHbIE OT HEE CMUCKM W Pe3ynbTUPYLLME [aHHble.
Hanpumep, ecnu NosBUNMCEL HOBLIE CBEAEHMS O HAaCENEHWUN Kakoro-nmbo ropoda, To aBTomMaThyecku obHOBMUTCS
MHOPMaLMS O HaCeneHUn CTpaHbl, K KOTOPOW OTHOCWTCS 3TOT ropoA. 3anpochl, Mo KOTOPLIM CTPOSATCS camu
CMMCKM, JOMKHbI (hOPMMUPOBATLCSA BHaYane nosb3oBaTeNsaMW, HO NOAOEPKaHNE UX B aKTyanbHOM COCTOSIHUM -
npobnema, pewaemas camon Bukuneguen. Takue CNnCKM BCErda akTyanbHbl M MX NErko HACTPOWUTL AMiA
Nony4eHust 4ONONHUTENLHOM MHApOPMaLMK.

2. Ucnonb3oBaHne MeTafaHHbIX MO3BOMSET Syylle CTPYKTYpWUpoBaTh WMHQOpMaUuMi. Hanpumep, ecrnv Hekui
0ObEKT, OMMCbIBAEMbIA B BUKMNEOMM, KraccuduumpyeTcs kak "YenoBek”, TO MOXHO OMMCLIBaTL Takue ero
atpubyTbl, kak "Mma" n "Tpodeccus”, a 3ateM MCMoNb30BaTh 3TW aTpuUbyTbl U UX 3HAYEHUS AN nowucka W
(hOPMUPOBAHMS HOBbIX CMIMCKOB, HaMpUMEp, HaWTX BCEX MNOAeN, YNOMSHYTbIX B Bukuneauun, OeHb poxgeHus
KOTOPbIX COBMAJAET C TEKYyLLEH AaToM.

3. MeTtagaHHble No3BoONsOT YCTaHOBUTb CBA3N MeXOy aHanornyHbiIMKU CTaTbsAMW Ha Pas3fUYHbIX A3blKaX, 4TO
NO3BONNUT aKTyanu3mpoBaTb AaHHbIE N Haxo4uTb HECOOTBETCTBUA MeEXAY HUMWU. Hanpmmep, €CIin Mbl BBEEM
nocnegHve ceedeHus o Hacenewun Kuesa B YKpanHCKyto Bukuneguio, TO aBTOMAaTUYECKM OBHOBATCS
COOTBETCTBYKOLLME CTATbN BO BCEX Bukuneausix, roe YNOMUHAETCA 3TO YMCno.

Takum 06pa3om, Bukuneaus npespalliaeTcs M3 NPOCTOrO XpaHUNMLLA JaHHbIX B pacrpeaenerHyto 6asy sHaHui.

MocTtaHoBKa 3agaum

CeropHs 0CHOBHas npobnema, BO3HWKaroLas Npy noucke MHgopmauun B IHTepHeTe, cBsidaHa ¢ unbTpaumeit
NOMyYEHHbIX pesynbTaToB 1 OTOOPOM TeX WH(POPMALMOHHBIX PECYPCOB, KOTOPbIE COOTBETCTBYKOT pearbHbIM
WH(OPMaLMOHHBIM - NoTpebHOCTAM  nonb3oBaTens. [ns  Takoro oTbopa Heobxogumo hopmanu3oBaTth
npeacTasneHns nonb3osatens o6 uHTepecytowen ero MpO n paspabotaTb cpeacTtBa aBTOMATU3MPOBAHHOIO
(hOpMMPOBaHMA COOTBETCTBYIOWEN 6a3bl 3HaHMA. [Ons onucanust MpO WKpPOKO MPUMEHSIOT OHTONOTMYECKNI
nogxod. OpHako cO3[aHMe OHTOMOTMA — CNOXHbIA M TPyAOeMkun npouecc. [loatomy npeanaraercs
NCMOMNb30BaTb B MOWCKOBLIX CUCTEMAX BHELUHWE OHTOMOTMM, CHOPMUPOBAHHBIE PA3MNYHBIMK MPUINOKEHUAMM
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Semantic Web, B yacTHocTH, cemaHTuyeckon Bukuneaueir. Mx MOXHO MCNONb30BaTh A1 CO3AaHUs Te3aypycos
nonb3oBarteneii u /P, a 3aTem Ha OCHOBaHWM 3TUX T€3aypycoB NepeynopsiaouMBaTh pelynbTaThl Noucka.

WUHTennekTyanbHbIW nouck B UHTepHeT

MHDOPMALMOHHBIN MOUCK - COBOKYMHOCTb Onepauui, HeoOXOOAMMbIX AN HAXOXAEHWS WHGOpMaLmK, KoTopas
YOOBNETBOPSIET MOTPEBHOCTSM MOMb3oBaTens, BbipaxeHHbIM B Buge 3ampoca. 3anpoc k UIMC sasnsertcs
nonbITKOA Monb3oBaTens (He BCerga yAauHoit) ¢opmanu3oBaTb CBOW MHGOPMALMOHHY NOTPeOHOCT.
TpagnuMoHHbIE MexaHW3Mbl noucka B MHTEpHET, Kak mpaBuro, paccmaTpuBatoT 3ampockl Morb3oBatens Ha
MOUCK WHGOpPMaLMM  M30NMPOBAHO APYr OT [pyra W HE Y4MTLIBAIOT MOMyYyeHHble paHee pesynbTaTbl.
ObekTnBHBIA  NOUCK MHGOPMaLmK B VIHTEPHET NO Mepe yBenu4yeHus ee obbema M paccpesoTodeHus ee
MCTOYHWKOB CTAHOBMUTCS BCE DONEe CNOXHLIM 1 TPYAOEMKUM. 1Py 3TOM KPUTUYHBIM SIBMSIETCS HE CTONBKO BPEMS
Moucka, CKONbKO 0TOOP MHChopMaLWK, PeneBaHTHOW 3anpocy nonb3oBatens. 104 TEPMUHOM «pPENEBaHTHOCTbY
(0T aHrn. relevancy - yMeCTHOCTb) NOHUMaeTcs JopManbHOE COOTBETCTBME MOJTYYEHHON B pesynbTaTe noucka
WHOpMaLmK 3anpocy.

OpHako Ans Monb3oBaTens BaXHee ApYroi napameTp OUeHKM kadvecTBa yHKUMOHMpoBaHus WIMNC —
NEPTUHEHTHOCTb, T.€. HePOpPManbHOEe COOTBETCTBME MOMYYEHHbIX PE3yNbTaToB peanbHbIM MHOPMALMOHHBIM
noTpebHOCTAM nonb3oBaTtens. [ns ee NOBbILLEHNS HAAO0 UCMONb30BaTb HE TOMbKO CBEAEHWS, COAepXallmecs B
3anpoce, HO 1 JONOMHMTENbBHYH MHOPMALMIO O NOMb30BATENE W €r0 NPEANOUTEHMSIX.

3HaunUTeNbHO NOBLICUTL MEPTUHEHTHOCTb MOMCKA MO3BONSET €ro NepCoHUMKaLms, T.e. UCNONb30BaHNE TaKoro
MexaHuamMa nomcka, KOTOPOMY MCMOnb3yeT CBEdEHWs O MpeablaylyMx 3anpocax nonb3osatens u cdepe ero
WHTEepeCcoB. Takon NEPCOHMPULMPOBAHHBIN NOUCKOBBIM MEXAHWU3M MOXET pasmeLlaThbCs Kak Ha cepeepe, Tak u
Ha knueHTe. Hanpumep, cepBepHblii MexaHuam noucka Google cnocobeH oTcnexuBaTtb nNpeapiayLyne 3anpoch
nonb3oBaTens ¥ BbibpaHHble M AOKYMEHTbI, @ 3aTEM Ha OCHOBE 3TOM WHOpMaLWW cAenaTb BbiBOA O cepe
€ro uHTepecoB. Ho 13-3a TOro, YTo 3aTpathbl Ha paboTy NOMHOMACLWITAbHOrO MexaHM3Ma Momcka O4YeHb BbICOKM,
nonHomacwTabHas nepcoHuUcMKaLUMs Ha cepBepe ceivac 00XoauTcs CIMLKOM OOPOrO ANst OCHOBHBIX
MexaHuamoB noucka B Web. YtobObl onpegennTb NePTMHEHTHOCTL OTBETA Ha 3anpoc, Hago, 4yTtobel UMNC kakum-
T0 0bpasom mogernmposana MpO, cOOTBETCTBYIOLYIO MHDOPMALMOHHBIM NOTPEBHOCTAM 3TOrO Nonb3oBaTens.
OauH 13 NepcnekTMBHBLIX NOAX0A0B K MogenuposaHuio MNpO 6asnpyeTcs Ha OHTONOMMYeCKkoM aHanuae [7].

OHTonorust - cuctema, coctosias M3 Habopa NOHATUI M Habopa YTBEPXAEHWA 00 3TVX MOHATUSX, HA OCHOBE
KOTOPbIX MOXHO CTPOMTb KNacchl, 0ObEKTbI, OTHOLEHNS, PYHKUMM 1 Teopun. OHTONOrMS, Kak npumep obLyero
cornawenns o cemantuke [pO, cnocobeTBYeT YCTAHOBMEHWMIO KOPPEKTHbIX CBS3eN MEXZy 3HaYeHWUsMU
anemeHToB atoi [pO, Tem cambiM co3haBasi YCMOBMS ANS WX COBMECTHOrO MCnonb3oBaHus. [pu atom
BO3HWKAIOT [Ba OCHOBHbIX Bonpoca: 1. OTkyaa OpaTb Takue OHTONOrMM (UK Kak 1x hOPMUPOBATL U N3MEHSTD);
2. Kak (no kakium anroputmMam) CpaBHUBaTb OHTOMOTAW 1 U3BMEKATL COAEpXKaLMECs B HUX 3HaHns o MpO noucka.

[nsa npeacTasnexns oHTonoruin paspabotaH s3sik OWL, a Takke co3aaH psag MHCTPYMEHTaNbHbIX MPOrpaMMHbIX
NPOAYKTOB, MO3BONSIOLMX OMNEpUpoBaTb C OHTONOTMAMM, npefcTaBrneHHbiMu Ha OWL (pegaktupoBaTb uX,
BM3yanuanpoBaTtb, 06beanHaTb 1 T.0.) [8]. UTobbl onucaTb CBOM WHOPMALMOHHBIE UHTEPECHI, NONb30BATENb
MOXET COCMaTbCA Ha MHTepecylolme ero ctpaHuubl CemaHTuyeckon Bukuneaun (1 COOTBETCTBYHOLLME UM
onTonoruun). UMNC aHanuaupyet Takne Habopbl CCbINOK W U3BMNEYb U3 HUX OHTOMOTMYECKYI0 MH(OpMaLMio —
Hanpumep, OOHY WM HECKONMbKO OHTOnoruin B ¢opmate OWL, Habopbl TEPMMHOB 3TWX OHTONOTUNA,
metaonucanns UP B copmate RDF » T.0. — M Ha OCHOBE 3TUX CBeAEHUN CGOpMMpPOBaTL Te3aypyc
nonb3oBatens.

MeToabl uCNONb30BaHWUA OHTONOIMIA ANA NOCTPOEHNA NOUCKOBbLIX Te3aypycoB

Hapsigy ¢ MCnonb30BaHWEM OHTONOMIA NpeacTaBnseTcs LenecoobpasHbiM MCNONb30BaTh 415 MOAENMPOBaHMS
3HaHWA nonb3oBatens o [IpO noucka 4YacTHbIA Criyyalt OHTONMOTMM — Te3aypyc, MOCTPOEHME KOTOPOro
OTHOCUTENBHO npoLue. [lo HeaBHEro BpEMEHW TEPMUHBI OHTONOTUS U Te3aypyC MCMONb30BANMUCh KaK CUHOHWUMBI,
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OfHaKo, Tenepb B T Te3aypyC 4alle NpUMEeHAKT AOnA OnuCaHWA NEeKCUKM B NPOoeKkunn Ha CeMaHTUKY, a
OHTOJIOTUIO - AJ14 MOAENNPOBaHNUA CEMAHTUKK U NparMaTuk B MPOEKLNN Ha A3bIK NpeacTaBneHnA [9]

Tesaypyc — ato Ts =<T,R>, rae T - MHOXeCTBO TEPMMHOB, @ R — MHOXECTBO OTHOLUEHUI MEXOy STUMW

TepMuHamn. MHoxectBa T 1 R koHeuHbl. [ins Toro, 4tobbl 0TMnbTpoBaTh pesynbTathl paboTsl BHewWwHen UMC
W nonyuntb Tonbko Te WP, koTOpble NEpPTUHEHTHbI WH(OPMALMOHHBIM NOTPEGHOCTAM Monb3oBaTens,
HeobxoanMO npeaBapuTensHO copmupoBathb Tesaypyc MpO, nHTepecytoLLer Nomnb3oBaTens, U Tesaypychl 3TUX
WP, a 3aTem cpaBHUTb 3TW Te3aypycbl. [locTpoutb Tesaypyc ans WP HecnoxHO — 3agaya BbIMOMHAETCS
aBTOMATU4YECKN Ha OCHOBE NEKCMYECKOro aHarnmnaa CoOTBETCTBYHLLErO TEKCTa.

CnoxHee noctponTb Tesaypyc MpO, nHTepecytoLei nonb3osatens. byaem cuutats, uto Tesaypyc MpO — aTo
COBOKYMHOCTb TEPMMHOB, 3HaKOMbIX nonb3osatento UMNC. 310 TepmuHbl, cogepxaimecs B WP, kotopble Bbinn
HanZeHbl paHee Mo 3anpocam Mob3oBaTens v Obinv NPU3HaHbI UM, Kak oTHocswmecs k aToi MpO. PaccmoTpum
aTanbl NOCTPOEHME NOMCKOBOrO Te3aypyca Ans nonb3oBaTens:

1. dopmupoBaHwe Tesaypyca MpO, uHTEpPECytoLLen nonb3oBatens. [ns 3Toro MoXHO NPUMEHNTb METOAOMOTNIO
pa3paboTku OHTOMOMMYecknx Mogenen — ctaHgapt IDEF5S cemeictea IDEF (www.idef.com/IDEF5.html).

2. dopmuposaHue Tesaypyca WP. Mo nepeyHto cros, ucnonb3yemblx B VP, cTponTcs cnoBapb TEPMUHOB, M3
koToporo oTbpacbiBalOTCs  CTOM-CroBa. ANrOpUTM  NpuUMeHsieTcs Tonbko Ana Tex WP, kotopble He
COMpOBOXZAOTCA MeTaonucaHusmu. MHave u3 metaonmcanuin (B dopmate RDF wumm OWL) umssnekatotcs
TEPMWHBI T€3aypyca ¥ CBA3N MEXAY HUMU, KOTOPbIE AOMOMNHAKT NOCTPOEHHBIN MO KOHTEHTY VP cnosapb.

3. dunbTpauust pe3ynbTaToB 3anpoca nonb3osatens k BHewHeh UIMC VHTepHeT aeTanbHo paccmoTtpeHa B [10].
Anroputm chunbTpayuu:
1. Monb3oBaTenb BBOAWUT 3anpoc, B KOTOPOM WAEHTUPUUMPYS CBOK MHAOPMALMOHHYK NOTPEeBHOCTL C
MOMOLLbHO MHOXECTBA KITHOYEBbIX CIOB.
2. 3anpoc nepenaetcst BHewHei UIMC, 0T KOTOpOM Nony4yakT B COOTBETCTBUM C 3aNpOCOM MHOXeECTBO | —
Habop CCbINOK Ha HamaeHHble VP 1 ux kpaTkme onucaHms .
3. Monb3oBatent opmupyeT Tesaypyc wWHTepecyowein ero [MpO (M ykasblBaeT Ha  paHee
chopMUPOBaHHbIN TE3aypyC) W COOTBETCTBYIOLLNIA eMy CRoBapb TepMUHOB aToM MpO .
4. Ecnm | copepxut Bonblue ogHoit cebinku Ha WP, To ang kaxgoro WP 13 | chopmupytoTes Tesaypychbl 1
COOTBETCTBYHOLLME UM CIOBAp¥ TEPMUHOB.
5. Ang kaxgoro VP 13 | BeicumTbiBaeTCS ero koadduumeHt 6nusoctu k MpO nonb3osartens

K':zf(t',’tm)mzﬁalzﬁ O,eCﬂut =t
J J J e f(t], 2): 1 2 (1)

m,l
Lecaut, =t,

rae t, - TepMuH 13 Tesaypyca MpO, uHTepecyioLLer nonb3osatens, ¢, - TEpMUH 13 Tesaypyca UP.

HaiigeHHble VP ynopsagounBatoTcs B 3aBUCUMOCTM OT KO3(h(ULMEHTOB (1), U MONMb3oBaTENIO NPeabABNSOTCS B
nepeyto ouepedb Te VP, koTopble MMELOT Hambonee BbICOKMIA koaddpuumeHT BmaocTu k MpO nonb3oBartens, T.e.
uHcopmaLms o cemaHTuke VP ncnonb3yeTes Ana ux ynopsaodeHns.

MporpammHas peanusauus.

WHTennekTyansHas uHopmaLmoHHo-nouckosas cuctema MAUIC  (http://progproblems.gradsoft.ua/maips-
2006/) opueHTMpOBaHa Ha NONb3oBaTENen C MOCTOSHHBIMU MHAOPMALMOHHEIMI NOTPEBHOCTAMM B 00NacTsiX,
roe OHU SBNATCS NpodheccuoHanamn (Hanpumep, Ha HayyHbIx paboTHUKOB). Takue Nonb3oBaTeny 4OCTaTOYHO
4eTKO NpeAcTaBnsaT cebe CTPYKTYpY M BaumocBssu ceoeir pO, BNagetoT COOTBETCTBYIOWEN TEPMUHOMOMMEN
1 xopoLuo npeactasnstot cebe VP, senswowmecs obbekTom noucka. [Ans HAX BaXKHO OTCMEXMBATb NOSBNEHME
HoBbIX WP B [OCTaTOMHO Y3KOW cepe Ha MPOTSXKEHWM ANUTENbHOMO nepuoga (Hanpumep, cTaten no
OnpeaeneHHon obnacTi 3HaHWN, SBNSKOLLMXCS pas3BUTMEM Waen kakoro-nubo uccnegosatens). Monb3oBatenb
[OIKEH BbIOpaTb OHTONMOMMI, XapaKTepusytollyto uHTepecytowyto ero MMpO, OTMETUTb B HEil MHOXECTBO
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TEPMUHOB, UMEIOLLMX OTHOLLIEHME K €r0 3anpocy, 1 chopMMpoBaTh Te3aypyc 3anpoca B BUAE NepeyHs TEPMUMHOB
C onpeaeneHHbIMM Becamn unm B Buae obnaka Teros. ocne hopMUpoBaHus Te3aypyca nonb3oBatenb CTPOUT
MOMCKOBbI 3anpoc, KoTopblil nepeaapecyetcst BHewHUM UMC. Pesynbtathl noucka Bosspatatotcss MAUMC un
YNopsA04MBAIOTCS B COOTBETCTBUM C TE3aYPYCOM.

BbiBoAbI

3a nocnesHue HeCKombKO NeT OOHWUM 13 BefyLUMX HanpaBneHui B pa3BUTAM aBTOMATMYECKOro noucka, cbopa u
o0bpabotkn uHopmauum ctana TexHonorns Semantic Web, npogsuraemas KoHcopumymom W3. Cpeaw
NocnegHnX 3Ha4nTenNbHbIX SOCTUKEHMIA 3TOrO NpOoekTa - cneundukaums sabika OWL, no3sonsioLero co3gasath
uHTeponepabenbHble oHTonorMn, 1 RDF, no3sonstowmin co3gaBaTb METaoNUCaHUs OOKYMEHTOB. PasnuyHble
npunoxenuss Semantic Web (B yacTHocTM, cemaHTWdeckast Bukuneaus) no3BONSIOT CTPYKTYypUpoBaTb U
aKKyMynnpoBaTb 3HaHusl, npefcTasneHHblie B Web, W CTUMynMpoBaTh CO3A4aHWE OHTONMOMMIA AN Pa3rUyYHbIX
MpO. 3TM OHTOMOrMM MOrYT BrOCMEACTBUAM WCMONb30BATLCA  APYTMMM NpUNOXeHUaMU Ans obpaboTku
WHOpMaLMN Ha CEeMaHTUYECKOM ypoBHE. B paboTte npeanoxeHbl MeToabl MPUMEHEHUS TakUX OHTONOMMA Ans
WHTENMeKTyanusawum noucka nHgopmauum 8 Web.
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CUHTE3 HEMPOHHbIX CETEN HA OCHOBE UH®OPMALIMOHHBIX FPAHYN

Napuca KatepuHuy, Anekcangp MposoTap

AHHomauus: [lpednazaemcsa (hyHKUUOHabHas MOOeSb KOMMYMAaUUOHHO20 3neMeHma HeUpoHHoU cemu
(uHehopmayUOHHOU 2paHyrbl).

Kntoueeble cnoea: uCKycCMBeHHbIl UHMeENNekm, HeUpOHHbIe cemu, 0bydeHue HelpoHHbIX cemed,
UH(hOpMaLUOHHas 2paHyrna.

ACM Classification Keywords: F.1.1 Models of Computation — neural networks, C.1.3 Other Architecture Styles
— Neural Nets.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBeaeHue

Mpn peanusauum cuctembl [omeonat [KatepuHud, 2007] BO3HMKNO psig Mpobrem CBSI3aHHbIX C TeM, 4TO
BblOpaHHas apxuTekTypa CeTW B HEKOTOPbIX Chy4vasx He MOXET  MOMHOCTBI) YOOBMETBOPSTL PELIEHNHO
NoCTaBNEeHHOM nepes Heit 3adaun. A UMEHHO, BO3HUKAET Takas CUTYyaLus, Korga pelueHne 3agadun amarHoCTUku
ABNAETCS OWMOOYHBIM MM He MOMHbIM. NS ycTpaHeHus Takux ownbOoK npeanaraeTcsi, kak npaBuno, pelathb
3afauu B CETW C ApYroi apxuTeKTypor n Apyrum anroputMomM o0ByyeHns COOTBETCTBEHHO.

Kak ussecTHo [XaikuH, 2006

- CTPYKTYpa HEMPOHHbIX CETel TECHO CBS3aHa C WCTMONb3yeMbIM anropuTMOM OOy4YeHUs, MpUYeM pasHble
anropuTMbl 06y4eHNst aPdEKTUBHBI ANS peLLeHns onpeaeneHHbIX KNaccoB 3aaad v npobnem

- BAXHbIM CBOWICTBOM HEMPOHHbBIX CETEN SBNSAETCS MX CNOCOOHOCTL 06y4YaTbCs HAa OCHOBE AaHHBIX OKPYKaOLLE
cpedbl U B pesynbTate 06y4eHWs MOBbILATL CBOK MPOU3BOAUTENBHOCTb. [MOBbILIEHWE NPOU3BOAUTENBHOCTY
NPOVUCXOAMUT CO BPEMEHEM B COOTBETCTBUM C ONpefeneHHbIMU NpaBunamu.

- He CYLLECTBYET YHUBEPCArbHOro anroputMa oby4eHus, NOOXOAALIEr0 41 BCEX apXUTEKTYP HEMPOHHBIX CETEN
[Bapckuin, 2004]. CywecTtByeT nuib Habop CpefcTB, NPEACTABMEHHbIA MHOXECTBOM anropuTMoB 0DyveHus
(anroputMmbl 06y4eHUst OTNMYAlOTCA APYr OT Apyra CrnocoboM HACTPOMKW CWMHOMTUYECKMX BECOB HEPOHOB),
KabKAbIA 13 KOTOPbIX UIMEET CBOM NPENMYLLECTBA U HEAOCTATKM.

- OTNIMYUTENBHON XapaKTEPUCTUKOI 00y4aeMO HEMPOCETN SBNSETCS cnocob ee CBA3M C BHELUHUM MUPOM.

YuuTblBas TO, YTO CYLLECTBYIOLME OCHOBHbIE MOLENN OBy4eHUs: Ha OCHOBE KOppPeKuwM owMOOoK (peanuayet
MeTOA OnTUManbHOM (unbTpauum), C WCMONb30BaHWEM NaMaTW (MpegnonaraeT SIBHOE WCMONb30BaHWe
oOyyatowmx aaHHbIX), XebboBCKkoe 1 KOHKYPEHTHOe 0byyeHne (OCHOBaHbI Ha HEMpobMonorieckmx NprUHLMNax)
n meTton bonbumaHa (Ha OCHOBE MAEN CTATUYECKOW MEXaHMKM) UMEKOT Psid OrpaHWUYeHuid, mpu CO3L4aHMM
YHUBEPCANbHBIX CUCTEM C MCMONb30BAHMEM HEMPOHHBIX CeTeln 0DONTUCL OQHON M3 Mogenei 0byveHus oYeHb
CMOXHO. A ecnn yyecTb elle psa ApYrvX BOMPOCOB M 3a4ad, BO3HUKAIOLMX B KON KOHKPETHOW NpeaMeTHON
0bnacTti, To NOCTPOEHWE YHUBEPCArbHOM CUCTEMbI HA OCHOBE CYLLECTBYIOLLMX MOAENEN U COOTBETCTBYHOLLErO
MaTeMaTU4ecKoro annapara NpeAcTaBnsaeTcs JOCTaTOYHO CNIOXHOMW, ECNU HE Pa3peLLIMMON 3adayei.

UHdpopmaumoHHas rpaHyna

Mcxopst 13 9TOr0 BO3HMKNA WMAes CO3AaHUs Tak Ha3blBAEMOTO KOMMYTALMOHHOMO arnemeHTa, obnagarowiero
HabopoM HeobXoaMMbIX 3HaYEHWA-NapaMeTpoB ANs B3aMOZENCTBUS CeTer, ONTUMAnbHO PeLlatoLmnX pasHble
3afaun M3 npegcTaBneHHon npegmetHoit obnactu (M0O), oCHOBbIBasiCb Ha pasHbIX MeTogax obyyeHus,
apXMTEKTYPe CETEM W T.4. C BO3MOXHOCTHI) MOCTPOEHMS YHMBEPCANbHON cucTemMbl ans atoi MO (BOMOXHO K
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Ans cmexHbix M10). BaxHbIM 1 04eHb LieHHbIM CBOMCTBOM TakuX cucTeM Bbifia Obl BOSMOXHOCTb MAEHTUMKALMM
y3Koil Npobnembl WnM 3agayn, YTO NO3BONANO Obl cucteme onTumanbHO nopobpatb MeTon obyveHust Beel
CMCTEMBI HOBLIMM AAHHBLIMU C YH4ETOM paHee NpUoBPETEHHbBIX 3HAHMIA.

KoMMyTaLMOHHBEIM ~ 3MEMEHTOM  MOXeT  BbICTynaTb Tak Ha3biBaeMas  WHQOPMaUWOHHAs  rpaHyna.
WHdopmaumoHHas rpaHyna B obuieM cryyae MOXET ObiTb MHTEPNPETMPOBaHa Kak OfHa U3 MHOMOYUCHEHHbIX
ManeHbKuX YacTuy, popmupyroymx 6onbLuyio eauHuy. OHU UMEIOT, NO KpanHe Mepe, TPU OCHOBHbIX CBOWCTBA:
BHYTPEHHME CBOWCTBA, BHELUHWE CBOWCTBA, KOHTEKCTHbIE CBOWCTBA. Takke rpaHyny paccMaTpuBatoT Kak
obbeanHeHre eanHUYHbIX 3NIEMEHTOB, OXapaKTepU30BaHHbIE BHYTPEHHUMMW CBOWCTBAMW M Kak Hepasgenvumoe
Liernoe, OxapakTepu3oBaHHOE BHELUHWMW CBOMCTBaMU rpaHynbl. PopmanbHO MHGOpMaUMOHHAs rpaHyna A
MoXeT ObITb NPeACTaBNEHa B HEKOTOPOM NpocTpaHcTBe X kak oTobpaxenne A : X — o(X). o obosHavaeT

hopmarbHyl CTPYKTYPY MHOPMALMOHHON rpaHyrbl TOMO MPOCTPaHCTBa B KOTOPOM OHa paccMaTtpuBaeTcs.
[Bargiela, 2003]

WHdopmaumroHHas rpaHyna WMeeT CBOK CeMaHTUKy W cuHTakcuc. CemaHTWyeckuir annapat obpaliaetcs
HEenoCpeaCTBEHHO K rpaHysie, @ UMEHHO K TOMY COCTaBNSIOLLEMY KOMMOHEHTY, KOTOPbI OTBEYAET 3a HaKOMeHue
1 oTobpaxeHne CoOTBETCTBYHOLIEN MHGOpMaLmn. CUHTaKCUYECK annapaT MHAOPMALMOHHON rpaHysbl YETKO
OTAEeNUM OT CemaHTW4eckoro annapata. OH WMEEeT CBOK apxuTekTypy W bopmasnbHble MeTofbl 0BpaboTku
nNpeacTaBneHHon uHopMauun. [py YETKOM pasgeneHn Mexgy KOMMOHEHTaMu rpaHynbl CylecTByeTt
nocTosiHHas cBa3b. OHa obecneunBaeT BO3MOXHOCTb KOHTPONMPOBAHMS NOTOKOB MHGOPMALMK.

B Hawem cnyyae uHopmaLumoHHas rpaHyna obnagaet cnegytowmmmy 6a3oBbIMM CBOMCTBAMU: BOIMOXHOCTHIO
Knaccuukaumum BXOQHOM M BbIXOAHOW WHGOPMaLMK, MOArOTOBKOM BbIXOAHOW WHGOpMauuW C OnTUMansHOM
MOArOTOBNEHHOM CTPYKTYPON AaHHbIX AN JanbHenwwen obpabotku.

PaccMoTpum peanuaauyio 3Toro MexaHnama Ha Takom npumepe.
ANroputm CuHTE3a HEMpPOCETEN.

1. Mepsoe, Ymo Heobxodumo cdemamb, MO 8bIOENUMb ME Xapakmepucmuku, N0 KOmopbIM cucmema 6ydem
Kraccuguyuposame 8xo0Hble daHHbIe U 8 OanbHeliluem ebibupamb my Modenb 0byyeHUs:, Komopas sensemcs
onmumarsnbsHol 8 amoll cumyayuu. [Ans peLleHns Takon 3agayum MOXHO OTTamnKMBaTbCA OT CneayHLLero, To eCTb
BbINOMHSATH PSiA NPOBEPOK.

Hanpumep, ecnu BxoaHble AaHHble (MpeacTaBneHbl BEKTOPOM) BbiGpaHbl M3 ABYX NWHEHO-Pa3aenymMblxX
KNaccoB, anroput™M NepcenTpoHa paspaboTaHHbii PoseHbnatom [XankuH, 2006] cxogutcs u chopmmupyeT
NOBEPXHOCTb PeLLeHuid B (hopmMe runepniockocTyi, pasnensowmx aTu asa knacca. [ns bonbliero konuyectsa
knaccos TpebyeTcs ropasgo 6onbiue BpeMeHn ans obyyeHus cet. Takum o6pa3om, OGHOCIOMHBIN NEPCENTPOH
He faeT 60nbLIoi CKOpoCTM 0By4eHust M NoaTomy Ans 6onbLMX HABOPOB AaHHbIX ABMSETCA HE ONTUMAsbHBIM B
ncnonb3oBaHnM. B TOXe Bpems Ha MeHblnx obbemax BXOAHbIX AaHHbIX OH OyaeT paboTath, M [gaBaTb
pesynbTaTthl ropasao beicTpee 1 addekTBHEE Yem Bonee noaaHue ero cobpatbsi. [aHHbIA NoAXod NO3BONSeT
1CNONb30BaTb €10 ANS PELUEHMST O4eHb Y3KOI 3aaaqm 3 npeactasneHHon 0.

CnocobHOCTb K 00y4eHmMto Ha COBCTBEHHOM OnbiTe 0BecneynBaeT BbIYUCIUTENBHYHD MOLHOCTb MHOTOCMOMHOMO
nepcentpoHa. OgHaKO Xe 3T Xe Ka4yecTBa SBNAIOTCSA NPUYUHON HENOMHOTLI COBPEMEHHDBIX 3HAHWA O NOBEAEHUM
TaKom cpeqbl [XankuH, 2006].

2. Cnedyrowum wazsom ecmb 0byyeHus nodcucmembl Ha 0CHoge 8bibpaHHOU Modenu u nepedaya NomyYeHHbIX
3HaHUl 8 peecmp KOMMYymayuoHHo20 snemeHma. OCHOBHOW 3ajadeit nocnegHero SBRSeTCs onpefeneHuns
Ba)XHOCTW NOJNY4YEHHBIX 3HAHMI C Bonee y3koi NpeaMeTHOM 0bnacTu 1 nepedava WX APYron nogcucteme Ans
nomnyyeHns HeOBXOAUMBIX UMK HEAOCTAIOLLWX 3HAHWIA B APYroi NogCcUCTEME.

Moacuctema — 970 (PYHKUMOHANBHBIM 3NEMEHT OCHOBHOM CUCTEMbI, Pearnv3oBaHHbIA C NOMOLLLI0 HEMPOHHOM
CETW C UCMONb30BaHMEM MeToaa 0byveHMs OMTUMAnbHOW ANs pelleHus 3apaqn B Bonee y3kon npeameTHON
obnactu. Taknx KOMMYTALMOHHbIX 3EMEHTOB MOXET ObITb N-1, rae n KONMYECTBO NOACKUCTEM.

3. Y nocnedHum amanom signsiemcst ébidaya HyxXHoU UHhOPMAYLU NOSTb308aMESTHO CUCMEMB|.
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Takon nogxod No3BoNseT pewnTb Gonblumii KpYr 3adad, a UMEHHO co3daTh Bonee yHWBEPCANbHYK CUCTEMY,
(OYHKUMOHMPYIOLLYI0 Ha OCHOBE OOBbEAMHEHNSI HEMPOHHBIX CETEN YMEIWMX ONTUMarbHO pelaTh Y3KuiA Knacc
3ajaY, Ucnonb3yss ONTUMAanbHbIA AN PeleHns CYLUEeCTBYIOWMA Ha AaHHbIA MOMEHT anroputm. Lpyrumu
crnoeamu Obina NpeanoxeHa KOHUENUMs MOCTPOEHMS Tak HasbiBaeMblX OOBbEAMHEHHbIX HEMPOHHBLIX CeTel C
MCNONb30BaHNEM KOMMYTALMOHHbIX 31EMEHTOB (MH(OPMALMOHHBIX rpaHyn).

Knaccudmkauums aaHHbIx B cucteme Momeonat

B cucreme «lomeonaTt» OCHOBHbIMA BXOOHbIMM AaHHbIMM €CTb CUMNTOMbl MaUWEHTOB, a TaKke
BCMOMOraTeNbHble  (AOMOMHMTENbHbIE) AaHHble TakWe Kak (hamunus, umsi, Bo3pacT, W T.4. Habop
BCMOMOraTesbHbIX AaHHbIX PUKCUPOBaH, HAbOP CUMNTOMOB BO3MOXHbIX AMst BBOAA NALMEHTOM HEOrpaHNYeHHa.
Takum 0bpa3om Mbl UMeem MHOXeCTBO Ginp=({S, P}, roe S={s1,52,...sn} — MHOXECTBO CUMNTOMOB NaLWEHTa,
P={p1,p2,...pn} — MHOXeCTBO BcrnomoraTernbHon UHpopMauuu, Gimp- MHOXECTBO BCEW AOMYCTUMbIX BXOAHbIX
AaHHbIX.

PaccmoTpum npuMep 3afaun knaccudukauyi. B ynpoLLeHHoN MoAen npeacTaBneHnst AaHHbIX 3aaada cocTouT
B BblpaboTke npaBUn KnaccudukaLumMu CUMNTOMOB Ans Nepedaus KOpPeKTHbIX [aHHbIX Ha  BXOd
COOTBETCTBYHOLLEN CETU B 3aBUCUMOCTM, HAMpUMep, OT UX KOPPEKTHOCTY.

[Ona yooberea uanoxeHus orpaHuummes gsyms HC ceTamu pellalowme pasHble Knacchbl 3ajad. B KoHTekcTe
cuctembl TOMEOTIAT ato MoxeT ObiTb, Hampumep, Knaccudvkaums KOPPEKTHOCTW BBOZA CUMMTOMOB.
Hanpumep, knaccudukaums cMntoMoB 3aboneBaHns cepaua v abixaTenbHbIX nyTei. Ans pelwerns npobnemsl
pasgeneHnst obpasUoB Ha knacchl NOTpebyeTcs HeCKONbKO runepnnockocten (npobnema HasbiBaeTcs
HennHeNHo.). ®yHKUMS BbibOpa PELUEHNS CMOLENMPOBAHA C NOMOLLLIO HEMPOHHOM CETU.

O6yu4eHune 1 HanonHeHWe MHPOPMALIMOHHbIX rpaHyn B cucteme Momeonar

OByyeHne cucTeMbl MPOMCXOAMT MO O4HOW 13 Mogenen obyyeHns. MNepedaya AaHHLIX NMPOMCXOQMUT HANPSIMYH.
Bce pencteus no obpaboTke AaHHbIX BbIMOMHAET KOMMYTAUMOHHBIA dneMeHT. KOMMYTaLMOHHBIA SNEeMEHT
peanu3oBaH ¢ nomoulbto HC. 3agava Takoro anemeHTa ecTb AanbHedlwas Knaccudukaums BXOOHOM B HETO
MHOpMaUMM C OanbHEMWMM pacnpedeneHnemM no CeTAM ONTUMAnbHO pelualoline 3aadn  KOHKPETHOM
npeameTHon obnactu. BxogHoid uHdbopMauuern Ha nepeoM AaHHOM 3Tane OyaeT KOPPEeKTHble CUMMTOMb
3aboneBaHuit.

Kak n3BecTHO npoekTupoBaHue, o0byyeHne 1 pabota B paboyem pexume CeTU HaknagbiBaeT psia OrpaHNyeHNN.
CeTb pomkHa 06yunTbes (0Oyyatolas BbibOpKa), a yxe B AanbHenwem, B paboyeM pexuMe npu nogadve Ha
Bxog HC cxonHoi uHopmaLmmn npaeumnbHO pearnpoBathb. Takke HC HanpaBnseT npeacTaBeHHYH0 el BXOAHYHO
nHpopmaumto Ha Bxogsl HC ontumanbHO peluarollyto aToT knacc 3agad. Obydatowen BbIBOpKoON B cucTeme
FOMEOIAT, Ha nepBoM 3Tane, CyXMT NPaBUIbHO KnaccuduumMpoBaHHas MHAOPMaLMs, a Ha AanbHenWwmx
aTanax pesynbTatbl pabotel HC pewatowme ontumanebHo 3agaum 10 ¢ pasHOW apXMTEKTYPOM U MeToaamu
obyyeHns. BxogHas Bbibopka BX1...BXN — BxogHas uHcbopmauus. Mpumep YHKLMOHAMBHOA CTPYKTYpbI
WHEOPMALMOHHO rpaHyIbl NpeacTaBneH B Tabnuue 1.

Tabnuua 1. PyHKUMOHANbHAs CTPYKTYPa MHGOPMALIMOHHON rpaHy bl

BX1 | BX2 ‘ BX3 ‘ BXN Knacc 3apad, anroputm o6yyeHns

Ynpaensemoe o6yyenme. HC obyyaetca knmaccuduumposatb
obpasubl B COOTBETCTBMM MHCTPYKUMSMW. Llenesoi  BXoaHOM
obpasel faeT MHGOPMAaLMIO CETH, O TOM, K KakoMy Kraccy crneayet
Hay41TbCS OTHOCUTL BXOAHOW 0BpaseLl.

Knaccudukaums obpasos
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ObyueHne 0e3 ynpasneHusi. CeTb BLIMOMHAET pasgeneHne Ha
rpynnbl (knactepusaumio) camoctosTensHo. Bce o6pasubl ogHoro
knactepa [OIMKHbI MMeTb 00wyt cyTb — TOorga OHu  Oygy
OL|eHMBaTLCA Kak NOJ0DHbIE.

Knactepusaums obpasuos

CyTb 3akmioyaeTcs B BbIOOpe HyxHoro obpasua u3 namsiti, gaxe
npu OTCYTCTBMM BCEN Heobxogumon uHdopmaumu Ans Hadana | Accoumaums obpasos
noucka coxpaHeHHoro obpasua.

ObpaboTka CTPYKTYpbl BXOAHBIX AaHHBIX KaK NOCMeAoBaTenbHOCTY.
MocnepoeatenbHocTb(M) — 370 Lenoyka 00pasuoB, MMeENLWMX | PekyppeHTHbIe ceTy
OTHOLLIEHME K OLHOMY 1 TOMY ke 06BeKTY. 1 UMEIOT PasHyto AnuHY.

3akniouyeHue

lMpeacTaBneHHbIA NOAX04 NO3BOMSET, UCMONb3YA Kak KOMMYTALUMOHHBIA 3NIEMEHT - MHADOPMALIMOHHYIO rpaHyny,
NOCTPOUTb CUCTEMY, COCTOSILLYIO 13 Pa3HbIX CETE C Pa3HON apXUTEKTYPON W METOAOM 0By4YeHUsi, YTO B CBOK
ovyepedb MO3BONSET YCKOPUTb B LENIOM Peakuuio BCE CUCTEMbl Ha MPEeLCTaBfeHHYK MHDOPMaLMIO.
KOMMYTaUMOHHbIN  3NEeMEeHT B CWIy CBOMX (DYHKUMOHAMbHBIX CBOWCTB MO3BOMSIET  KraccuuumpoBaTh
NPEACTaBMEHHYI0 HA BXOA MHOPMALMIO W Ha BbIXOZE NPEROCTaBNATb UHGOPMALWMIO C TOW CTPYKTYPON AaHHbIX,
koTopast Hanboree onTUManbHO NOAXOAMT A1 HEMPOHHOW CETU peLUaloLLlyto 3TOT Knacc 3apad. Takke cregyet
OTMETUTb, Y4TO OAHUM W3 KIHOYEBLIX (PYHKLUWA SBNSETCA BO3MOXHOCTb 00paboTKM BXOAHOM MHGOpMaLun C
parnbHenwem BbIGOPOM anropuTMa 1 apXUTeKTypbl CETH.
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KOMBUHUPOBAHHbIW NOAXOM K MPEACTABNEHWIO COOEPXAHMS
W TEKCTOBOIO ONMUCAHUA MYNIbTUMEANA

Amutpun HovyeBHoB

AHHOmayusi: B cmambe paccmompeHa npobnema ceMaHmMudeckoll pasHuubl Mexdy COOepXUMbIM
mynbmumedua U €20 MmeKcmoebiM onucaHueM, onpedensembiM 8py4Hyto. [lpednoxeH KOMOUHUPOBaHHBI
nodxod Kk npedcmasfeHuU ceMaHmuKu Mynbmumedua, OCHOBaHHbII Ha 06BeAUHEHUU bIU3KUX No codepxaHu
U MeKcmosoMy onucaHuto Mynbmumedua 8 Knacchl, codepxaujue 0606wéHHble onucaHus 0bbekmos, cessell
MexAy HUMU U KITKOYe8bIX CI08 MeKcmosbix MemadaHHbIX U3 HEKOMOP0o20 mesaypyca. [ns ¢hopmuposaHus
3MUX Knaccos UCNOMb3ylomesi onepayuu uepapxuyeckol Knacmepusayuu u MawuHHo20 0ByyeHus. [JaHHbil
nodxod noseonsem pacwupums 0bnacmb noucka U Hasueauuu mynbmumedua 6na2o0aps NpuBIEYEHUK
medua-OaHHbIX, UMEIWUX CX0xee codepxaHue U mekcmosoe OnuUCcaHue.

Knioyesnie cnosa: multimedia data mining, content based image retrieval, text-based image retrieval.

ACM Classification Keywords: H.3.1 Content Analysis and Indexing - Abstracting methods. H.5.1 Multimedia
Information Systems - Evaluation/methodology.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBepeHue

WHTepec k obnactu obpabotkn mynbTumeama obycnosneH Ooictpom poctom cet WWW u BosHukatowen
HeobxoaMMocTH BbICTPOI MHAEKCaUMu M noucka Meaua AaHHbIX cpean BonbLIoro U pasHOPOAHOrO Maccuea
nHcbopmaumn. MponseoacTBO M NOTpebneHne MynbTUMEANAHOTO COOEPXaHWUSt U JOKYMEHTOB cTanm 0OblYHOM
npakTukon  Gnarogaps  CyweCTBOBAHMIO  d(PPEKTUBHBIX ~ MHCTPYMEHTOB  CO3[4aHMA  MeTafaHHbIX B
MaLLMHOYMTaEMOM TEKCTOBOM hopmate unu xe B popMe Bu3yarlbHbIX U ayauo AECKpUNTOpoB (Hanpumep, B
topmate MPEG-7), n uHgekcaumm mynbtumeamna. 1o obneryaet ux oOpaboTKy MOMCKOBBIMM MalUMHAMK 1
nHTEnnekTyanbHbiMU areHtamn [Stamou, 2005]. OgHako oCTaéTtcs HepelwéHHoW npobnema CemaHTU4ECKOro
Gapbepa Mexay TakuMU HU3KOYPOBHEBLIMM XapakTepuUCTUKaMW MynbTUMEOMA, TakWMKU Kak LBET, TEKCTypa,
CLUeHa M T.M., U BbICOKOYPOBHEBLIMW KOHLIEMUMAMM TWMA «TOPHbIA NaHAwadT», «aHoManbHoe noBefeHue
yenoBekay, UCMoMnb3yeMbIMU YENTOBEKOM A1 onucaHns MynbTumeaua. MNpeogonexne atoro bapbepa sBnseTcs
ogHoit u3 3agay Multimedia Data Mining [Stamou, 2005], [Petrushin, 2007].

TpagnUMOHHBIA MOMCK MyNMbTUMEAMA NPUHATO pPa3fensTb Ha ABa OCHOBHbIX Buga [Buxposckuin, 2006],
[Goodrum, 2000 :

1. Mounck Ha ocHoBe TekcToBOro onucanus (Text-Based Retrieval). [laHHbIN NOMCK MCMOMb3YeET BbICOKOYPOBHEBYHO
MHEhOPMaLMIO, ONMPASCh Ha KNKYEBbIE CHOBA HEKOTOPOrO Te3aypyca Unu CBOBOAHYH TEKCTOBYIO aHHOTaLMIO.

2. KoHTeHTHO-3aBMcuMbIn - monck  (Content-Based  Retrieval), «koTopbii  onupaeTcss Ha  WMCMONb30BaHUE
HU3KOYPOBHEBOM MHCOPMALN 1 BU3YarbHbIX AAHHBIX B ka4ecTBe 3anpoca.

OcHosHom npobnemon Text-Based Retrieval sBnsieTcs CNOXHOCTb TOYHOTO W MOMHOMO TEKCTOBOTO OMKCAHMS
MynbTMEMA, KOTOPOE pasHble NOMb30BATENM MOMYT MAEHTU(ULMPOBATE NO Pa3HOMY UCX0AS M3 COBCTBEHHOrO
onbiTa n 3HaHui [Goodrum, 2000]. OgHum M3 pelueHuin aToi npobnembl sBnsietcs Content-Based Retrieval Ha
OCHOBe LuabnoHa uckomoro MynbtTumeana. OgHAKO B HEKOTOPLIX Cly4asx TOMbKO HA OCHOBE HWU3KOYPOBHEBOMO
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ONM1CaHUS CMOXHO aBTOMATUYECKN OMPEeenUTb MHTEPECYIOLLYI0 UCKATENs MH(OpMaLMo, HanpUMep cosaaTenst
MyNbTUMEAMa, TOUHOE BPEMS CyTOK, OOBbEKTbI «3a KaipOM», TPEXMEPHbIE OTHOLLEHWS MEXAY M3006paKEHHBIMU
obbekTamu 1 T.0. Kpome 3TOro CroxHo ob6ecneyntb TOYHOCTb M MOMHOTY Takoro Noucka u3-3a pasHoobpasust
0TOGPaXeH!s CXOXIX N0 TEKCTOBOMY OMMCAHMI0 MyTbTUMEAMA B pa3HbiX NPeaMeTHbIX 06nacTsix.

Wcxops u3 aToro LenecoobpasHo WCMonb30BaHWE KOMOMHMPOBAHHOrO MOAXOAA K MHAEKCAUMW W MOMCKY
MynbTUMEAMa, 06beaVHSIOWEro HU3KOYPOBHEBOE OMUCaHME MynbTumeana U Gonee BbICOKOYPOBHEBOE €ro
TekcToBoe onucaHue [Goodrum, 2000]. 3To fOMKHO cNOcOOCTBOBATL MOBLILLEHMIO 3ADPEKTUBHOCTM 0BPaboTkn 1
noucka MynbTumegua Gnarogapsi NMPUBMEYEHWIO B MPOLECC MOMCKA CBEAEHWA O MynbTUMEaMa, WMEHLLMX
CXOXee CofepkaHue 1 TEKCTOBOE OnmncaHue.

1. KomOGuHMpoBaHHaA moaenb NpeacTaBNeHnsa 3HaHWI MynbTUMeana

B BonblunHCTBE CBOEM Meana-AaHHble (akTUYecKu cogepxaT Bu3yarbHble v 3ByKOBble Credbl (PU3NYeCcKuX
00BeKTOB, 3anuCaHHble C MOMOLbt0 CeHcopoB [Stamou, 2005]. Ecnm Takmx OOBLEKTOB HECKONMBbKO, TO
COXPAHSAETCA Takke WHGopMaums 06 MX NPOCTPAHCTBEHHBLIX (B Ciyyae M300paXeHWui U BUOEO AaHHbIX) WK
BPEMEHHLIX (B Cryyae ayauMo W BWOEO OaHHbIX) B3aWMOCBA3AX. [ns 0B03HauyeHust 3TUX OOBEKTOB MOXHO
NCMONb30BaTh CYLLECTBYIOLME OHTONOTMM W Te3aypychbl, COAepXallue HasBaHWs OObEKTOB MynbTUMeaua,
Hanpumep Getty's Art and Architecture Thesaurus [AAT], coctosiwumin u3 6onee yem 120000 TepmuHOB Ans
ONMCaHUs UCKYCCTBA, apXUTEKTYPbI W OPYruX KynbTypHbIX 06bekToB, unm xe Library of Congress Thesaurus of
Graphic Materials [LCTGM], # xpaHuTb BMecTe C Ha3BaHMEM COOTBETCTBYlOLME MeTadaHHble B opmaTe
MPEG-7, xapaktepusytolme OaHHbIM 06bekT. MogobHbI Noaxon K NpeACTaBNeHMI0 3HaHW MynbTUMeama
MOXHO HaiTun B pabote [Petridis, 2004], B koTopon Ans XxpaHeHus onucanms MPEG-7 wmynbTumegma
ucnonbayeTcs oHTonorua B chopmate Semantic Web. [Ins dopmanusaumm cesseit Mexagy o6bekTamin MOXHO
NCNonb30BaTh A3bIK NPeANKaToB NEPBOro YPOBHSI.

Bcé 970 no3BONMT aBTOMaTU3MPOBATL BbideneHue OGBLEKTOB M CBA3EH MeXOy HUMM BO BpeMsl MHAEKcaLuu
MYNbTUMEAMA, a TakKe paclMpuTL 06nacTb noucka NyTém NpuBReYeHNst GrIMaKkIX No cMbicry 0GbEKTOB.

1.1. Mogenb cogepxaHus MynbTumeama

OfHMM 13 NOAXOAO0B K NMPEACTaBMEHUO MyNbTUMeana SBnseTcs opMmanuam cemaHThyeckux ceten [Petridis,
2004], [Dance, 1996]. Criegys emy, ans opmanusaumm 0BbeKTOB M CBA3EN, 0TOBpaxaeMblx B MynbTUMeana m,
11 €ro TEKCTOBOrO onucaHusi, byaem 1enonb3osath rpadha, cogepxaLuii:

1) MHOXECTBO BepLWWH Ve Vi, NpefcTaBnsiowmx obbekTbl, 0TOBpaxEHHble B MynbTUMEAMA M; Kaxgon 3
BEPLIMH CTABMTCA B COOTBETCTBME HEKOTOPOE KMo4eBoe CroBo d(v) M3 Tesaypyca HauMeHOBaHW OOBEKTOB,
Takoe 4To 3HaveHuss MPEG-7 geckpunTopoB 3TuX OOBEKTOB OMM3ku K 3HAYEHWSIM OEeCKpUNTOPOB OOBLEKTOB
Te3aypyca;

2) MHOXECTBO CBsi3ell Mexay ABYMSI BepluHaMu ajxeAm, COOTBETCTBYIOLIME peanbHbIM CBA3SM MeEXay
o6bekTamu, 0TOBPaxXEHHBIMK B MyNbTUMEAMA; KOOI CBS3W CTABUTCS B COOTBETCTBIE NPeAmKaT p(aj);

3) TEKCTOBOE OnuCaHue MynbtTuMeana Tm, npeacraBngemMoe B BMOE MHOXECTBa KNHOYEBbIX CNOB, WU
onpenensemoe Bpy4HYyo, Un aBToMaTn4eckm I'IyTéM MHOEKCaUMn TEKCTOBOMO onncaHna mynbtumenna.

OpHoMmy KnioyeBOMy CroBy Tesaypyca d MOXET COOTBETCTBOBATb HECKONbKO BEPLUMH MOAENeN OAHOW Wiu
HECKOMbKMX MyNbTUMeaMa B Crlyyae MOBTOPEHUS! OAHOIO W TOTO e Tuna obbekta. OAUH U TOT Xe TUN CBSI3M,
0603HaYeHHbIN MpeaukaToM p, Takke MOXeT ObiTb NPEACTaBNeH B MOAENsSX OAHOW WNN  HECKOMbKUX
MyNbTUMEaMa.
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1.2. Mopenb knacca MynbTumegma

CemaHTuyeckn 6nuskve MynbTMMmeaua mpeM; npeanaraem O6'beﬂVIHFITb B Knaccbl €, coaepxatline
0606LL|,éHHYPO VIHdJOpMaLI'I/I}O 0 TUMUYHbIX OOBEKTAX W CBA3SAX, 0T06pa)KaeMbIX B MynbTUMEOMa, a TaKxe
KIHOYeBbIE CroBa UX TEKCTOBbIX ONMUCaHWNA.

[ins ero choopmanuaaLmm Takke UCnosb3yeM rpad), CoaepxaLlui:

1) MHOXeCTBO B3BELLEHHbIX BEPLMH Ve V., ONUCbIBAKOLLMX NPEACTaBMEHHbIe BO MHOXeCTBE 06beanHSeMbIX
MynbTUMeana m,e M, 06beKTbI; KaXA0N U3 BEPLUMH CTaBUTCS B COOTBETCTBME HEKOTOPOE KIOYEBOE CMOBO d(V;)
13 Tesaypyca HaMMeHOBaHU OOBEKTOB, a Takke BeC W(Vj), 0603HaYaOLLMA KONMYECTBO MOBTOPEHWIA AAHHOIO
obbekTa BO MHOXecTBe M:;

2) MHOXeCTBO B3BELUEHHbIX CBA3e Mexay AByMS BepluMHaMmu ajeAc, ONUCHIBAKWMX NMPeAcTaBneHHble BO
MHOXeCTBE 0ObeAMHSIEMbIX MyrnbTUMeana myeM; cBA3N Mexay obbekTamu; Kaxaon W3 CBA3en CTaBUTCS B
COOTBETCTBME HEKOTOPbIN NPeaunKaT p(aj), a Takke BeC w(aj), 0603HaYaloLLMin KONMYECTBO NOBTOPEHUIA JaHHOM
CBSi3W Mexay obbekTamn BO MHOXecTBe M;

3) TEKCTOBOE OMWCaHWe Krnacca MynbTumeama T, Onpedensemoe MHOEeKCcaUMel TEKCTOBbIX OMUCaHWA tp
MHOXEeCTBa MynbTUMeana m,<M; npeacraBnsiet coboit MHOXECTBO B3BELLEHHbIX KITHOYEBbIX CIIOB 13 TEKCTOBbIX
OnncaHuit tr ¢ Becamu w(t), 0003HaYaOLMMM KONMMYECTBO NOBTOPEHWIA AAHHOTO KIKOYEBOrO CoBa cpeaw tn.

2. MocnepoBatenLHOCTL 00pabOTKN MynbTUMeAMa

MoXHO NpeAnoXuTb CrieayHoLLui anroputm 06paboTki MynbTUMeaMa:
1. ViHpekcauus HOBOro MynbTUMeAMa 1 COCTaBNEHNe MOAENM COAEPXKaHNS MynbTUMeaua m:

a) aBTOMaTMYeCKoe BblAeneHne OOBEKTOB, OTPaXEHHbIX B MynbTUMeanWa M nouck Haubonee 6mnskux no
3HaveHnsm MPEG-7 geckpunTopoB KntoueBbIX CoB d Te3aypyca 00bekToB;

6) aBTOMaTUYECKOE BblAENEeHMe CBA3EH MexLy 06bekTamu 1 NOUCK COOTBETCTBYIOLLMX STUM CBS3SIM NPEANKaToB
P, ¥ COCTaBNEHNE MOAENM CoflepaHust MynbTUMEaUa;

B) OnpeaeneHue TEeKCTOBOrO On1caHus ty.

2. OnpeueneHme CeMaHTM4ecku Hambonee GnM3Koro K MynbTUMEaMa Knacca c; U 0OHOBNEHWe €ro Moaenu
AaHHbIMW O HOBOM MynbTUMEANa, UM Xe nobasneHne HOBOrO Knacca MynbTUMEaNa.

3.MpoBepka kayecTBa pasbMeHWUst MynbTUMEAMa Ha KnacCbl M NMpu  HeoBXOAMMOCTW  KracTepusauust
CEMaHTUYeCKI OHOPOAHBIX KIaCCOB.

4. /cnonb3oBaHue BO BpeMst MOMCKa CBEAEHWA O ONMW3KMX MO COAEPXaHWI W OMMUCAHMIO MynbTUMEOMa U3
MOAENM Knacca MynbTumMeaua.

CemaHTMYecku Hanbormee ONM3KWIA KnacCc ¢ MMM MHOXECTBO knaccoB C  MoryT ObiTb  OnpeneneHs
nonb3oBaTenem npu Haeurauuu B 6ase 3HaHMII MyNbTUMEAMA, WM Xe BbIYMUCIEHbI ABTOMATUYECKA MYTEM
aHanu3a paccTosHUS MeXay MynbTUMeAna m 1 CyLLECTBYHOLMMI Knaccamu no popmyne:

c=c,,npnh(m,c,)=min(h(m,c,))<h_..i=1N,, (1)

max ’

roe N; — obLyee Kor-BO KnaccoB MymnbTUMeaNa.

3. Dopmanu3auus paccTosiHMA MeXAay Knaccamu U 3K3eMnasipamn MynbTuMeama

Ol'lpe,D,eJ'IVIM METOA4 BbIYUCIIEHUA PACCTOAHNA MeXOYy KrnacCaMu W 3K3emniapamu  MynbTuMenua. ,D,J'IFI
npeanoXeHHbIX B npedblaywemMm pasaene Mogenen Hanbonee noaxogar MO,L'J,M(*)VILWIpOBaHHbIe cnocobbl
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BbIYMCNEHUSI CXOACTBA, OCHOBAHHbIE HA OMUCAHUM XapaKTEPUCTUK 0BbeKTa B BUAE BEKTOPA KMHOYEBLIX CIIOB U
BbIYMCIIEHUM COBNAAEHUS AIEMEHTOB BEKTOPOB 1 X BecoB [O3kapxaH, 1989].

CornacHo onpegenexnto 13 [[iopan, 1977]:

Onpegenenue 1. HeoTpuuatencHas BelecTBeHHas QyHKUMS Z(x, y) HasbiBaeTcs GyHKyuel busocmu, eCnu:
N0<z(x, y)<1anax#y,

2) z(x, x) =1,

3) z(x, y) = z(y, X).

Onpepenenue 2. HeoTpuuatensHas BellecTBeHHas yHKUMS  h(y, X) =1 - z(y, X) HasbiBaetcs yHKyuel
pPaccmosHUsI.

Mpw BbIYUCTIEHUM CEMAHTUYECKM BNKU3KOrO Knacca MynbTumeama HeobXoanMo onpeaensTb paccTosHUE Mexay
KaccoM M 3K3eMmnnsipom MynbTumeama h(m,c). Ansa ero pacyéta Oygem yunTbiBaTb COBMajeHue OOBLEKTOB
MOZENeEN, CBA3EH MEXAY HAMM, KIKOYEBbIX CMOB B TEKCTOBbLIX OMMCAHNSX W X BECOB:

h(m.c) =1— z(m.c) = 1 A, -z,(mc)+ A, -z,(mcc)+ 4 -z,(m,c) ’ 2
A, +,+ 4

rae A,,4,,4, € [0,1]- koapduuneHTbI BIUSHMA, Onpeaensemble OmbITHbIM NyTEM,

2. w(v)] card(V., N\V.)
z,(m,c)=| 1—Lxla¥e) - m %) _ crenenb 6M30CTM MO COCTABY OGBEKTOB,
card(V,, nV,) | card(V,, LV,)
> niw,(a)] A A
z,(m,c) =| 1—2=n0) artlA, N A) _ renenb Grusocti o coCTaBy CBSI3el Mexay oGbekTamu,
card(A, NA,) | card(A, UA,)
D niw, (t)] AT ~T
z,(m,c) =| 1—L<nl) GardTy O T.) _ cranens GrusocTv Texcrosbix onucanmii MynbTAMEaNa,

card(T, NT,) | card(T UT,)

n(x) = |0.1 dg(1+ x)|mo " (DYHKLMS HOpManu3aLum BeCOB MOLENM Knacca MynbTumeaua,

A, =0,ecmcard(V, UV,)=0; A, =0,ecucard(A, v A)=0; A =0,ecmucard(T, VT,)=0.

I'IpM 06'be,D,VIHeHVIVI MHOXecTBa 6nuskux no COOEPXaHUI0 MynbTUMEOAMa B KnacC BO3HMKAET I'IOTpe6HOCTb B
onpeneneHnn pacCctosaHUA Mexay OTAeNbHbIMU 3K3eMNNApaMmn MynbTumMeama h(mk,m,). ,D,J'IFI ero pacqéTa 6y,qu
yynTbiBaTh COBNageHne 00BLEKTOB M CBSI3EN, 0T06pa)l(aeMbIX B Mynbtumeana my U m;, a Takke coBnageHue
KMOYEBbIX CMOB UX TEKCTOBbIX ONUCAHWIA:

A-z,(m, ,m)+ A, -z, (m ,m)+ A, -z,(m, ,m,)
hm,m =1—Zm,m =1_ v v k i El a k i t t k I’
(my.m,) = 1= z(m,.m,) ) ®)

card(V,, NV, )

— cTeneHb 6r130CTH NO CcoCTaBy 0BBLEKTOB,
card(V,, NV, )

t8e z,(m,.m) =
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_card(A, NA,)

= — CTeneHb 6M30CTY MO cocTaBy CBA3eH Mexay obbekTamu,
card(A, NA,)

Za(mk’ml)

card(ka me’)
card(T, NT,)

m

Zr(mwm/) = — CTeneHb BrIM30CTM TEKCTOBLIX ONUCAHUIA MynbTUMeaua,

A, =0,ecnmcard(V, vV, )=0; A, =0ecmcard(A, VA )=0; A =0ecnmcardT, T, )=0.

[nsa onpeaenenns kavectsa pasbueHns MHOXECTBa MyMNbTUMEAMA Ha KNnacchl CrefyeT BblYUCIATb PacCTosHNE
Mexay Knaccamu MmynbTumegua h(cic). byoem onpefenstb ero ¢ yy4éTom coBnageHne O6BHEKTOB KNaccos,
CBSI3eM MeXAY HUMM, KIHOYEBbIX CIOB B TEKCTOBbIX OMUCAHUSIX M UX BECOB:

A 2,(6,€))+ 4, - 2,(C;.C;) + 4 - Z,(Ci.C))

h(c;.c;)=1-2z(c;,c;) =1- ) , (4)
v a t
n(w, (v)—w, (v
we(vzqu (e (V)= e )‘) card(V, NV, )
roe z,(c;,c.)=[1-—— . " —cTeneHb GNIN30CTM MO COCTaBY OGBLEKTOB,
! card(V, NV, ) card(V, LV, )
n(w, (a)—w, (a
Vac(A oA, ) (e (a) = )‘ card(A, NA, ]
z,(c,,c.)=1- — . ' I~ — cTeneHb 6NM30CTW NO COCTaBY CBA3EN,
! card(A, NA, ) card(A, U A,
n(w, (t)—w,(t
o, e (0w M . AT AT v
z(c,¢))=|1-—— : 1~ —cTeneHb BNM30CTV TEKCTOBbIX OMMCaHWA,
card(T, NT; ) card(T, T, )

A, =0,ecmcard(V, WV, )=0; A4, = 0,ecncard(A, WA, )=0; 4 =0,ecnucard(T, T, )=0.

4. O6HOBNEHMe Knacca MynbTUmMeana

O6HOBNEHWe knacca MynbTUMeOWa CBEAEHUSMM O HOBOM MyNbTUMEaMa npeanaraem [enatb B pexume
oby4eHus:, yBenuuMBasi Beca TOMbKO TeX OOBEKTOB, CBA3EHA MeXOy HUMW W KIHOYEBbLIX CMOB TEKCTOBOTO
OMMCaHMsi, KOTOpble MOBTOPSIOTCS B HOBOM MymnbTuMeaua. B COOTBETCTBMM C 3TUM NPaBUNIOM BO BpeMst
06yu4eHus knacca ¢ MHdopmaLmeis o MynbTUMeNa m NoCneLoBaTENbHO BbINONHSETCS:

1) MognchukaLms 3HaueHMI BECOB BEPLUMH MOZENN Knacca we(v) no dopmyne:
v, eV'=V, NV, 5w (v,)=w,(v,)+1.
2) MOaMMKaLMs 3HaYEHNA BECOB CBSA3EN 0OBEKTOB We(a)) No hopmyne:
Va, e A=A, NA —>w,(a)=w,(a)+1;
3) moamndmKaLms 3HaYEHNiA BECOB KIHOYEBbIX CIOB TEKCTOBOrO ONUCaHWS Knacca we(f) no dopmyne:

Vt eT'=T, NT, > w,(t)=w,(t)+1;
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4) nONONHEHWe Knacca ¢ HeQOCTaOWMMN 0GBEKTaMMU, CBA3SMM 1 KITHOYEBLIMW CIOBaMI TEKCTOBOMO ONUCaHNS ¢
Becamy, paBHbIMK 1:

c=c+(m\c)={V, =V, +V. \V.,A =A +A \A,T, =T, +T \T}.

B cnyuae, ecnu He GyaeT HanaeH ceMaHTYecku Bnskuin knacc, MHGOpMaLMs 0 HOBOM MyNbTUMEAMA MOXET
ObITb fJobaBneHa B 6a3y 3HaHWN B BUAE HOBOTO Knacca C eANHUYHbIMK 3HAYEHNSMIU BECOB OOBEKTOB, CBA3EN 1
KMtoYeBbIX Cnos f.

5. ABTOMaTU4eCKas KﬂaCCM(*)VIKaLIMﬂ MynbTUmMeagua

[na aBTOMaTMYeCcKOM Knaccudukauum MynbTumeamna U pasbueHnst ux Ha Knaccbl npeasniaraem Mcnonb3oBaTth
cobuparowuli memod uepapxudeckoli knacmepusayuu [Pedrycz, 2005]. B coOOTBETCTBUM C HUM KnacTepusaums
OyAeT HauMHaTbCS C €AMHCTBEHHBIX KNaCTepoB AMNs KaXAoro MynbTUMEaMa, KOTopble 3aTeM 0DbeanHAKTCS B
KnacTepbl, (hOpMUPYS ABYXYPOBHEBYIO MEPAPXMYECKYI0 CTPYKTYPa, B KOTOPOA:

1-bIit ypoBEHb— KnacTepbl Cj C MUHUMATbHBIM PacCTOSHUEM MexXay Knactepamnt Amin=1;

2-011 ypoBeHb — nogknactepbl Cj C MUHAMANbHbBIM PAcCTOSIHUEM MeXAY Knactepamut Amin<1.

PasbueHne MynbTuMeana Ha Nogknactepbl BTOPOrO YPOBHS Npeariaraem BbiNOMHATL NOWAroBO ¢ U3MEHEHWEM
3HaveHus hpin o7 0 go 1, noka He GydeT QOCTUrHYTO MpUEMIeMoe KayecTBO pasbueHus. [ns ero oueHku
npeanaraem 1cnonb3oBaTb Mepy BHYTPEHHE OAHOPOAHOCTM KnacTepa fo W Mepy PasHOPOAHOCTU KNacTepoB
Nm, BblYNCTSEMbIE CEAYIOLLMM 06pa3oMm:

N, N

Z h(m.,m,),ecrmN, > 1 .
Mo, =3 N.(N i , rae N — Kor-BO MynbTUMESMa, 06beauHEHHbIX B knacTep C,
1, ecnm N =1
2 N  Ne

— = h(m'! m(%)), ecru N, >1
ﬂm = NC( ) jZ1K§1 ¢ ¢ ¢ !
0

,echN =1

C,
roe m§ i) — LUeHTpanbHOE MynbTUMeana Knactepa C, pns KOTOPOro BbINOMHAETCA  yCcnoBue

> h(m;,m,)=min,¥m, €C,,
]

N¢ — kon-Bo aHanuaupyembix KnacTepos.

Mo pesynbTatam Knactepusauuu BbINOMHAETCS rpynnupoBka Mynstumeana mie C; B knacc ¢;. Mpu rpynnuposke
MOXHO MCrONb30BaTh Onepauuio 0OHOBNEHWUS Kracca CBEAEHMSMU O MYNMbTUMEAMa, OMMCaHHYK B MyHKTE 4
[IaHHOW CTaTbM.

BbiBOAbI

XOT$ Ha CEeroAHALHMIA AeHb NPOM3BOACTBO U NOTPebneHne MynbTUMEAUNHOTO COAEPKaHNS U JOKYMEHTOB CTanm
OObIYHOM MpPaKTUKOW, OCTAETCS HEPEWEHHON npobneMa CEMaHTMYECKOW pasHULbl MEXOYy COAEPKUMbIM
MynbTUMEAMA M €ro TEKCTOBbIM OMMCaHMEM, OnpedensiemMbiM nonb3oBatensamu. B cratbe obGocHoBaHa
LenecoobpasHoCTb MCMONb30BaHUS KOMOWHMPOBAHHOTO NOAXOAA K WHAEKCALUMM W MOMCKY MynbTumeaua,
00beaNHAIOLIErO HU3KOYPOBHEBOE OMMUCaHWe MynbTMeauMa W Oonee BbICOKOYPOBHEBOE €ro TEKCTOBOE
onucanue. MNpeanoxeH KOMOMHMPOBAHHbIM NOAX0S K NPEACTABMEHUI0 CEMAHTUKN MyNIbTUMEANA, OCHOBAHHbIN Ha
obbeanHeHn BnM3KMX MO COOEPXKaHUI0 M TEKCTOBOMY OMMUCaHMIO MyMbTUMeAMa B Knacchl, cogepxaliue
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0600LEHHbIE OnMCaHWs OOBLEKTOB, CBSI3E MEXAY HUMM U KIHOYEBLIX CMOB TEKCTOBbIX METaflaHHbIX M3
HekoToporo Tesaypyca. [ns (hOpMUPOBaHWS 3TUX KNaCCOB WCMONMb3YIOTCH  Onepauum  MepapXuyeckoil
KnacTepu3aLun 1 MaLLUHHOTO 0ByYeHMS.

OnucaHHbI noaxoa OaéT BO3MOXHOCTb pacwnpuTb obnactb noucka u HaBuraunmm mynbtumegna 6naro,qap;|
NnpuBnevYeHntio Mmegma-aaHHbIX, UMEOLLINX CXOXee CcoaepXaHMe N TEKCTOBOE OnncaHue.
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