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In Greek, Tenth century

This is the oldest and best manuscript of a collection ofye@iieek as-
tronomical works, mostly elementary, by Autolycus, Eyéiistarchus,
Hypsicles, and Theodosius, as well as mathematical woHesniost in-
teresting, really curious, of these is Aristarchus’s "OrtBistances and
Sizes of the Sun and Moon”, in which he shows that the sunvgieet
18 and 20 times the distance of the moon. Shown here is Ptimppsi
13, with many scholia, concerned with the ratio to the diarseof the
moon and sun of the line subtending the arc dividing the lagtd dark
portions of the moon in a lunar eclipse.

Vat. gr. 204 fol. 116 recto math06 NS.02

Doktorandsky derUstavu informatiky Akademie védeske republiky se kona jiz po osmé, nepretrzité
od roku 1996. Tento seminar poskytuje doktorandtimjlegidim se na odbornych aktivitadhstavu infor-
matiky prezentani moznosti pro vysledky jejich odivano studia a nasledného smérovani jejich vyzkumu.
Soucasné poskytuje prostor pro oponentni pfipomingiednasené tematice a pouzité metodologii prace,
ze strany pfitomné odborné komunity.

Z jiného Ghlu pohledu, toto setkani doktorandl p(i]jé;){fjfezovou informaci o odborném rozsahu
vyzkumu, ktery je realizovan na pracovistich €i zalsfiCastiUstavu informatiky AVCR.

Od pocatku organizovani doktorandského dne byl sopfeinesenych pfispévkl publikovan formou tech-
nickych zpravUl, které jsou dostupné elektronicky na adresew.cs.cas.cz .V tomto roéniku se jiz
podruhé pfistoupilo k vydani pfispévkil v kniZiotmé. Jednotlivé pfispévky v publikaci jsou usadény
podle jmen autorll, nebbasporadani podle tematického zaméfeni nepgjeaie za Gcelné, vzhledem k
rozmanitosti jednotlivych témat.

VedeniUl a védecka radéll jakoZzto organizator tohoto odborného setkanii v&é toto setkani mladych
doktorandl, jejich 3kolitelll a ostatni odborné yeésti povede ke zkvalitnéni celého procesu dok-
torandského studia zaj@aného v soutinnosti dstavem informatiky, k odborné a pedagogické sebere-
flexi jak na strané doktorandu tak i na strané Skoliteldr neposledni fadé k navazani a vyhledani novych
odbornych kontaktl.

FrantiSek Hakl
__editor
1. zAr1 2004
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Abstract

The paper is a short overview of the generalization of Grodijie-Stokhof’s system of erotetic logic
(also known as the partition semantics of questions) toyfuprestions. Fuzzy intensional semantics,
necessary for Groenendijk-Stokhof’s system, is developigltin Henkin-style second-order fuzzy logic,
which is introduced first. Our attention is restricted toZuzes-no questions.

Acknowledgments

This paper is an overview of my pap€l [1] on fuzzy semantiggesfno questions. It employs the formalism
and results of([2], which is my joint work with Petr Cintulah& work on this paper was supported by
the grant of the Grant Agency of the Czech Republic No. GR DG 401/03/H04 Logical foundations

of semantics and knowledge representatibime co-advisor for my research in the area of fuzzy logic is
Prof. RNDr. Petr Hajek, DrSc.

1. Introduction

Fuzzy logic is a kind of many-valued logics aimed at captyiime laws of inference under a certain kind
of vagueness, explicable in terms of degrees of truth. Reagvances in metamathematics of fuzzy logic
(esp. I3]) provided a solid background for an axiomatic diepment of other areas of fuzzy logic in broad
sense. One of the fields in which formal fuzzy logic can fulitf be applied is erotetic logic, or the logic of
guestions. The importance of fuzzy erotetic logic is seemfthe fact than many questions in natural lan-
guage ask for information about fuzzy predicates. Furtloeenguestionnaires often employ scaled answers
(e.g., yes, rather yes, rather no, no), which can be hangiéalazy logic.

The paperi[ll] develops a fuzzy generalization of Groen&rslipkhof’s system of erotetic logic, described
in [4] and [5]. Since Groenendijk-Stokhof’s system (als@km as thepartition semantics of questionis
based on intensional semantics of classical logic, fuzgnisional semantics is developed first, within the
framework of Henkin-style second-order fuzzy logic, désed in [2]. Our attention is restricted to fuzzy
yes-no questions.

Section[® describes axiomatic elementary fuzzy set theewgldped within Henkin-style second-order
fuzzy logic. Sectiofl3 gives an overview of classical intenal semantics and Groenendijk-Stokhof logic
of yes-no questions. Secti@h 4 describes formal fuzzy siteral semantics, which is then employed for
formal semantics of fuzzy questions in Secfidn 5.
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Libor BEhounek Fuzzy Yes-No Questions

2. Fuzzy theory of classes

Fuzzy theory of classd8CT, developed in[R], is an axiomatization of Zadeh'’s notiofuaizy set by means

of Henkin-style second-order fuzzy logidL It is capable of providing a framework for various branches
of fuzzy mathematics, incl. fuzzy intensional semantidisBection repeats basic definitions and some of
the results ofi[2]. For details on (zeroth- and first-ordenit t11 see [6] andL[7].

Convention 2.1 Unless stated otherwise, the expressjdm, . .. , x,,) implies that all free variables op
are amongry, . . . , Tn.

Convention 2.2 Let ¢(p1,...,p,) be some propositional formula and,...,, any formulae. By
o(11, ..., 1¥,) we denote the formula in which all the occurrences gf; are replaced byy;.

Convention 2.3 We omit indices of defined t-norm connectives of lagicwhenever they do not matter,
i.e., wheneve\ (¢ —. ¢) <1, A(p — 1) is provable in (propositional or predicate)II for arbitrary
t-normsx ando expressible il I1.

Class theonyi'CT is a theory over logic HY with two sorts of variablesobject variablesdenoted by
lowercase letters, y, . . ., andclass variablesdenoted by uppercase letteXS Y, . ... The only primitive
predicate of*CT is the binary membership predicatebetween objects and classes. The principal axioms
of FCT are the instances of trdass comprehension scheme

(BX) A (Vz) (€ X = p(x))

wherey can contain any class or object parameters excepXforhe Skolem functions of comprehension
axioms are (eliminably) introduced as comprehension tgrmisp(x) } with axioms

yefzle@)} < ey

(¢ in a comprehension term may be allowed to contain other cehgsion terms). The intended notion
of fuzzy class is extensional, therefore we requireaki®m of extensionalitwhich identifies classes with
their membership functions:

V) A(zeX—zeY)-X=Y

The axiom of fuzziness € C « —c € C guarantees the existence of non-crisp sBGT is further
enriched in the obvious way by functions and axioms for hiagdlvith tuples of objects. The intended
models interpret classes as all functions from the domaiohpéct variables to a suitablelEalgebra
(standardly/0, 1]). The following definitions show thaCT contains the apparatus of elementary fuzzy
set theory.

Definition 2.1 (Class operations and relations)Let ¢(p1, . . ., p,) be a propositional formula. We define
then-ary class operation generated pys
Opgp(Xla B 7X’n.) —df {I | (p(il? € le ST E X’n)}
Then-ary uniform relationbetweenXy, . . ., X,, generated by is defined as
Rel)(X1,...,Xy) =ar (Vo) p(z € X1,...,2 € Xy,).
Then-ary supremal relatiobetweenX,, . .., X,, generated by is defined as
Reli(Xl, X)) =ar ) ez € Xq,...,x € Xy).

We use the notational abbreviations of common relationsaedations, summarized in Tablds 1 &hd 2. The
following (meta)theorems effectively reduce elementazzly set theory to fuzzy propositional calculus.

PhD Conference '04 1 ICS Prague
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Table 1: Class operations

¥ Op,(Xi,...,X,) | Name
0 [ empty class
1 A% universal class
A(a—p) Xa a-cut
Ao« p) X_o a-level
-ap \X strict complement
—Lp -X involutive complement
—g—Lp (or Ap) Ker(X) kernel
—~—ap (Or ~A-Lp) Supp(X) support
&y q Xn,Y *-intersection
pVq XuYy union
PEyq XuY strong union
p & maq X\.Y strict x-difference
p&. g XY involutive x-difference

Table 2: Class properties and relations

Relation Notation | Name
Relg(X) Hgt(X) | height
Rely ,(X) Norm(X) | normality

Rel} (,y - (X) | Crisp(X) | crispness
Rel2 (v -p)(X) | Fuzzy(X) | fuzziness
Reléw JXY) XC,Y | #-inclusion
Rel (X,Y) X=~.Y | x-equality

s q
Relg'&* (XY) X|,Y | *-compatibility
Theorem 2.4 Lety, 91, .. ., ¥, be propositional formulae.

Then- (¢, ..., ¥n)

iff  FRel(Opy, (X114, X18,)s- -, 0Py, (Xnts- - Xk, )
iff + Rel(Opy, (X114, X1k1)s- -+, 0Py, (Xnts- -y Xnkn))

Theorem 2.5 Lety;, ¢}, i j,1; ; be propositional formulae. Then
kl

k
FXEI‘ Wi(wi.,la---ad’i,m)—) /\ (p;(?ﬁ;,lavw;n;)

i=1

k K
- 8::1 Rel?, (Opdjm(X),...,Opwi’ni(X)) — A Rel%, <Op¢£yl(X),...,Opw/m( (X))

i
i=1

Theorem 2.6 Lety;, ¢}, 1 j,1; ; be propositional formulae. Then
k/

k
F&ET @i(Yi1, - Vi) = \/ 90;(1/];1""71#1/',712)

=1

PhD Conference '04 2 ICS Prague



Libor BEhounek Fuzzy Yes-No Questions

k—1
v v v 3 v v
= & el (Opy,, (X)....Opy, ,, (X)) &.RelZ, (Opy, ,(X).....0p,, (X) -

k/
—\/ Rel}, <Opw;71 (X),.-,0py; (X)>
1=1 ‘

Further theorems of]2] show that any classical formal th@an be reproduced withiRCT. Furthermore,
there is a method of the natural fuzzification of the conceptany such theory, as well as a method of
controlled ‘defuzzification’ if some concepts are to be keqp.

3. Classical intensional semantics of propositions and ye® questions

In this section we repeat the basic definitions of intendieamantics for classical propositional logic and
classical Groenendijk-Stokhof semantics of yes-no qaestfdenoted by GS). For details, sele [4] drd [5].

Definition 3.1 (Classical intensional semantics).etW be a non-empty set.valuation in/¥ is a function
|I-|| taking formulae to subsets @f, such that

=l = W=l
le&wll = leln vl
level = lelulvl
le =l = W=lehulivl

The pairvv = (W, ||-||) is called alogical spacethe elements dfi” are calledindicesor possible worlds,
the subsets dfi” propositionsThe propositior]|¢|| is called theintensionof ¢ (in W). The truth value of
w € ||¢|| forw € W is called theextension ofp in w and denoted by||,, .

A formulae holdsin a logical spaceV = (W, ||-||) (written W = o) iff ||¢|| = W. A formulay is a
tautology(written |= ¢) iff it holds in any logical space. A formula entailsa formulay in (W, ||-||) iff
llell € || A formulap entailsa formulasy (written ¢ |= 1) iff ¢ entailsy in any logical space.

Theorem 3.1 (Adequacy of classical intensional semantic#l formula is provable in classical proposi-
tional calculus iff it is a tautology of intensional semansti

GS extends this semantics to interrogative formulaereadwhethery), wherep is any propositional
formula.

Definition 3.2 (Semantics of interrogative formulae) LetW = (W, ||-||) be a logical space.
Theextension|?¢||,, of ?¢ in w € W is the propositio{w’ € W | |l¢l.,, = ll¢ll.,}-

Theintension||?¢|| of 7 in W is the equivalence relatiofw, w’) € W? | [|¢|,, = I|l¢ll,, }- The partition
of W induced by this equivalence relation will be denoted®By||?¢||.

Definition 3.3 (Answerhood and interrogative entailment) Let)V = (I, ||-||) be a logical space.

We say that) is adirect answeto ?¢ in Wiiff ||| € W/ ||7¢]]. We say thaty is ananswetrto 7y in W
(written ) ="V 2¢) iff ||| entails a direct answer tdy in W.
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We say that) entails?p in W (written ¢ ="V 2¢) iff every answer tds is an answer t&p in W. We
say that?+ and?¢ are equivalenin W (written 7y ="V ?¢) iff 7+ entails?¢ in VW and vice versa.

We say that these relations hold generally iff they hold iy lagical space.

Theorem 3.2

N s
=D 20 it WY |79 = W/ |17

Corollary 3.3
oM M p=¢,orp=—p,orp=1L,orp =T
o=y it o=, orp =
4. Fuzzy intensional semantics
In this section we generalize classical intensional seit&td fuzzy intensional semantics, i.e., we allow

propositions to be fuzzy sets. We define the semantical metid intensional semantics FCT, in order
to be able to prove theorems on entailment axiomatically.

Definition 4.1 (Formal fuzzy intensional semantics)The translation|-|| of the formulae of propositional
LII to FCT is defined as follows:

e The translation|p;|| of an atomic formula; is a class variabled;.

e The translation of a complex formul&p, ..., px) is

e+ s pn)ll =ar Opg(Ipalls - [lpnll)-

The semantic notions of tautologicity, entailment, anddabequivalence (relative to anII-definable
t-normx) are defined as the following formulae®€T:

Fep =ar WSl
el =ar W el So |19l
(p=v) =ar (0 F«v) & (¥ Fx @)

The notation can be generalized to any class ternf&®F, writing .. A for W C, A, etc.
Notice that the defined semantic notions generally needaotibp.

Theorem 4.1 (Adequacy of formal fuzzy intensional semanti)

LIIF o iff FCTF (=)
LTI —4 iff FCTF (¢ = o)

The preconditiodA (W C W N, W) of all of the following theorems is automatically satisfiext trisp
W, oranyW if % is G. Individual statements hold even under weaker prediomdi (e.g. the first under
W, Wn, Wn, W).

PhD Conference '04 4 ICS Prague
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Theorem 4.2 (Properties of fuzzy entailment)lt is provable inFCT that A(W C W N, W) implies

(AE«B) & (BE.C) — (AEQ)
[(A=.B) &, (B=.C)] — (A=.0)
(A= &) & (B=. B)] — [AfF.B)e. (4 . B)]
(P Ead) = (¥ s )

Unlike in classical logic, the converse of the last implicatdoes not generally hold. (It nevertheless holds
if xist, as well as for crisg, 1).)

5. Fuzzy logic of yes-no questions

In this section we extend intensional semantics to intextiog formulae?’y. The yes-no question ‘Is it the
case thatp?’ is answered by a propositioA iff A either entailspy (then it is an affirmative answer) or
entails—y (a negative answer). Propositions that entail neithaor ) do not solve the question, and thus
correspond to ‘I do not know’ answers.

Definition 5.1 A propositionA is anx-affirmative answeto 7y iff A =, . Itis ax-negative answep 7¢
iff A =, —.p. Itis ax-yes-no answefin symbolsA . ?¢) iff itis a x-affirmative answer or a-negative

answer:
AE T =4 (A 9) V(A E )

Theorem 5.1 FCT proves thatA (W C W N, W) implies

(A« B) —  [(B %)=« (A 79)]
(A=.B) — [(BF:7p) <« (A7)
(p=cv) — [(AFE79) = (A )

Theorem 5.2 FCT proves that ifA(W C W N, W), thenx-affirmative andk-negative answers-exclude
one another, i.e.,

(1 v @) & (P2 =i 7)) = (s 2e (V01 & 9h2))

Definition 5.2 (Yes-nox-entailment and x-equivalence of questions)

o =i (VA) (A B« 7o) =4 (A B )
o= =it (To e ) & (TP i )

Theorem 5.3 FCT proves thatA (W C W N, W) implies

Pe B M) = (AE«T0) =4 (A B 79))

P =c ) — (AFxT9) = (A )

CobEe ) — (W B IX) = To B 7X)

(?‘P =x W) - ((?1/1 =x ?X) (?‘P =x ?X))
(p=x¢) — (Pl 7)) = (79 s 7))
(W =d) — (¢ B ) =i (Pp Fu 7))
(90 =x w) - (?‘P ):* 7¢)

Cele ) = (ol 7uy)
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Corollary 5.4 FCT proves thah (W C W N, W) implies?y . 7—.p.

Unlike in classical logic, the converSe..o =, 7@ does not hold generally (though it doeskifs &, or
for crisp propositions). Examples from natural languagassthat negative fuzzy questions may indeed be
weaker than positive ones.
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Abstract

The OMG Deployment and Configuration specification is amateat standardizing the deployment
process of component-based applications in distributedt@mment. Software connector is an abstrac-
tion capturing interaction among components. Apart frorddteware independence, connectors provide
additional services (e.g. adaptation, monitoring, eted benefits, especially in the area of integration of
heterogeneous component-based applications. This pagsenis an approach for using connectors in
the context of deployment process defined by the OMG Deplaym@ed Configuration specification.

1. Introduction and motivation

Component-based software engineering is a paradigm aitpacview of constructing software from
reusable building blocks, components. A component is glpi@ black box with a well defined interface,
performing a known function. The concept builds on the téghes well known from modular program-
ming, which encourage the developers to split a large andtmnsystem into smaller and better manage-
able functional blocks and attempt to minimize dependertnégween those blocks.

Pursuing the vision of building software from reusable comgnts, the component-based software engi-
neering paradigm puts a strong emphasis on design and mgd#lsoftware architectures, which allows
for reuse of both implementation and application desigre figh level abstractions employed in archi-
tecture modeling often lack support in the existing tecbggl so an emphasis is put also on developing
support for runtime binding of components, flexible comnwation mechanisms, or deployment of com-
ponent applications in distributed environment.

Some of the ideas have been embraced by the software devatprdustry and as a result, there are now
several component models, which are extensively used fufymtion of complex software systems. The
well-known models include Enterprise Java Beans [24] by Bignosystems, CORBA Component Model
[18] by OMG, and .Net([14] by Microsoft.

There is a large number of other component models, desigredsed mainly by the academic community.
While most of the academic component models lack the matofitheir industrial counterparts, they aim
higher with respect to fulfilling the vision of the compondrgsed software engineering paradigm. This
is mainly reflected in support for advanced modeling featuseich as component nesting, or connector
support. Of those we are familiar with, we should probablyntien SOFA [22][17], Fractall[16], and
Darwin [13].

One of possibly several common problems of most componedetads deployment of component-based
applications. Most of the component models available h#tesmgted to address the issue in some way,
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but the differences between various component models hade it difficult to arrive at a common solu-
tion. The differences comprise mainly component packagimtjdeployment, communication middleware,
hierarchical composition, component instantiation, tedycle management. As a result, integration and
maintenance of component applications implemented iewifft component models is very difficult.

The deployment process generally consists of several,stdpsh have to be performed in order to suc-
cessfully launch an application, and is typically compdrteshnology and vendor specific. That means
that even applications written with specific technology imdnhave to be deployed with vendor specific
tools an in vendor specific way.

The specification by Object Management Groupl [20] aims toftayndation for an industrial standard
for deployment and configuration of component-based Bisteid applications. Since it does not explicitly
address deployment and configuration of heterogeneousamenpapplications, as a part of our research,
we are attempting to design and develop tools compatible thik¢ OMG D&C specification that would
allow for deployment of heterogeneous component apptioatiTo demonstrate the problems associated
with deployment of heterogeneous component applicatisnsedl as the feasibility of our approach, we
aim to support deployment of component applications wittmgonents written in SOFA, Fractal, and EJB.

One of the main problems inherent to deployment of hetereges component applications is related
to interconnection of components from different componmodels. The problem arises mainly due to
1) different middleware used by the component models toexehdistribution, and 2) different ways of

instantiating components and accessing their interfaces.

Of the three mentioned component models, SOFA offers thd freexdom in the choice of middleware, as
it has native support for software connectors, which all@wng almost arbitrary middleware for commu-
nication. Fractal, on the other hand, supports distrilbutigth its own middleware based on serialization
defined by RMI[[26]. The middleware is, however, not comgatitith classic SUN RMI. Finally, EJB uses

SUN RMI to achieve distribution.

Regarding the component instantiation mechanisms, thé\%@#& the Fractal component models are quite
similar. Both employ the concept of factory (componentdeilin SOFA, generic factory in Fractal) for
creating component instances, yet they differ substdyiiathe way a component structure is described.
The SOFA model describes the structure statically, using/A&€pecific ADL called Component Definition
Language. In Fractal, the description of the structure isatlyic, passed as a parameter to the generic
factory.

The EJB component model, on the other hand, bears verydittidarity to either of the discussed models.
The EJB component model supports four different kinds ofgonents, beans: a) entity beans, stateful, the
state is persistent and usually stored in a database, bjudta¢ssion beans, the state of which is preserved
for the duration of a session, c) stateless session beaid) atte quite similar to libraries, and d) message-
driven beans, which are similar to stateless session beaospt they lack the classic business interface,
and instead process incoming requests in a message loogy. @mponent has a business interface and
a home interface. The home interface of a bean is used taniretia components of a specific kind, and
in case of entity beans, restore component state from tlebds¢. Bean home interfaces can be obtained
through naming service. Prior to any request to the namingcee a bean has to be first deployed into an
EJB container, using implementation-specific deploymeaist Unlike the SOFA and the Fractal models,
EJB does not support component nesting.

To overcome the differences between these models, we haidedeto use software connectors to facil-
itate the bridging between these technologies. Softwana@ctors encapsulate all communication among
components and are typically responsible for 1) distrinuemploying a communication middleware), 2)
adaptation (hiding changes in method names, and orderoifraagts, or performing more complex transfor-
mation), and 3) additional services (e.g. encryption, camization monitoring, etc.). Being such a flexible
concept, the connectors fit very well in our approach.
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2. Goals and structure of the text

Although a connector based approach appears to be very @rarfor our project, we cannot use con-
nectors directly, because the OMG D&C specification doessapport connectors natively. Instead, the
components are meant to be directly interconnected. Tepresompatibility with the OMG D&C spec-
ification, we want to avoid substantial changes to the OMG D&pE€cification, rather we want to show
how to map the connectors into concepts already presengispécification. With regard to the discussion
above, the goal of this paper is to show how to use connect@slieployment framework compatible with
the OMG D&C specification.

The paper is organized as follows: To introduce the conteatiowork, SectiolB gives an overview of the
relevant parts of the OMG D&C specification. Sectidn 4 thezspnts an overview and key features of our
connector model and explains what a deployment of a compdrased application with connectors looks
like. Having explained the related topics, Secfibn 5 shows to utilize connectors in the scope of OMG
D&C specification. We discuss related work in Secfibn 6 amittde the paper with summary and future
work in Sectioll and Sectidih 8, respectively.

3. Overview of OMG D&C Specification

The deployment and configuration of component-based bliggd application describes the relation be-
tween three major abstractions. First, there is a compebased application, which consists of other com-
ponents, the application itself being a component consilerdependently useful. Then there is a target
environment, termed domain, which provides computatioesdurces for execution of component-based
applications. And finally, there is a deployment processcivkakes a component-based application and a
target environment as an input and produces an instance aplication running in the target environment
as a result.

Given enough information about the application and theetagmvironment, the deployment process is
expected to be reasonably generic, especially at higheld@f abstraction. The required information is
made available to the process in form of detailed descriptiith a standardized data model. To allow for
specialization at lower levels of abstraction, the OMG #p=ation is compliant with the Model Driven
Architecture (MDA) [21], also defined by OMG. The core of thgesification defines a set of concepts
and classes relevant for the implementation of the spetiditavhich forms a platform independent model
(PIM) of the specification. The model can be the transformgaatform specific models (PSM), which can
capture the specifics of particular component middlewasBrtelogy, programming language, or informa-
tion formatting technology.

The component model defined by the core specification is@iplindependent of distributed component
middleware technology such as CORBA COMI[18] or EJE [24]. @oments can be either implemented di-
rectly (a monolithic implementation), or by an assembly thfes components. The hierachical composition
allows for capturing logical structure of an applicatiordamconfiguration of an assembly of components.
Ultimately, though, every application can be decompostmarset of components with monolithic imple-
mentation, which is required for deployment.

The target environment, a domain, consists of nodes, ioterects and bridges. Of these, only the nodes
provide computational resources, while interconnectsignoodes that are able to communicate directly
within a domain. A situation where the nodes cannot, for smaeon (e.g. a firewall, an application proxy),
communicate directly is modeled by grouping the nodes ifedihnt interconnects. Bridges are then used to
facilitate communication between nodes in different iobemects.

The deployment process consists of five stages, teinstdllation, configuration planning preparation
andlaunch Prior to deployment, the application must be packaged aadenavailable by the producer.
The package has to contain all relevant meta data desctigrapplication as well as binary code and data,
required to run the application.
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To minimize the amount of interdependencies and to lowemtrerall complexity of the platform inde-
pendent model, the specification defines two dimensionsfgmenting the model into modules. The first
dimension provides a distinction betweedaa modebf the descriptive information andraanagement
modelof runtime entities, that process the information. The sdadimension takes into account the role of
the models in the deployment process, and distinguishesgemmponent, target, and execution models.

Since giving a complete overview of the whole specificatofar beyond the scope of this paper, we have
selected only the parts required to understand the contétxégresented work. Of the modules mentioned
earlier, we will only describe the component and executiataanodels, and provide a brief description of
the deployment process with emphasis on the planning stage.

3.1. Component Data Model

The component data and management models are mainly cedoeith description of and manipulation
with component software packages. The description spsaifiguirements that have to be satisfied for
successful deployment, most of which are independent ofticpkar target system. Both the application
metadata and code artifacts are expected to be stored afigured in a repository during the installation
and configuration stages of the deployment. The informatidnbe then accessed and used during the
planning, and preparation stages.

<< Description >> + specializedConfig << Developer >> + dependsOn
Packagecunflgura ImplementationArtifactDescription N
+ primaryArtifact 1.

<< Description >> ‘

<< Description >>

ComponentAssemblyDescription MonolithiclmplementationDescription

+ assemblylmpl | 0.1 + monolithicimpl | 0.1

0..

X
<< Packager >> + implementation << Implementer >>
ComponentPackageDescription 1x ComponentimplementationDescription

Same interface
or base type

] — ]

| << Specifier >> 1

. ComponentinterfaceDescription

+ realizes + implements

Figure 1: An overview of component data model

N

+ basePackage

Figure[d shows a high level overview of the component dataehddhe key concept here is a component
package, which contains the configuration and implememntaif a component. If a component has multi-
ple implementations, the configuration should specifyd@la requirements, which influence deployment
decisions by matching the requirements to capabilitiesdifidual implementations.

Each component package realizes a component interfacehwehimplemented by possibly multiple com-
ponentimplementations. Figutk 2 shows a detailed view of@pmnentinterface description. A component
interface is a collection of ports, which can participateadpoints in connections among components. A
collection of properties carries component interface gumfition.

As shown in Figur&ll, an implementation of a component caritberemonolithic, or an assembly of other
components. In case of monolithic implementation, the detson of the implementation consists of a list
of implementation artifacts that make up the implementatiche artifacts can depend on each other and,
which is not shown on the figure, can carry a set of deploymespiirements and execution parameters.
The requirements have to be satisfied before an artifact ealeployed on a node.

A component implementation that is not monolithic is defiasdan assembly of other components. Fig-
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<< Specifier >>

ComponentinterfaceDescription << Description >>

+ label :String + configProperty Property

+ UUID:String * | + name :String
+ specificType :String
+supportedType :Sequence(String)

+ property
+ value
*
<< Specifier >> << Description >>
+ port ComponentPropertyDescription Any
<< Specifier >> +name :String

ComponentPortDescription

+name :String o
+ specificType :String *+ype

+supportedType :Sequence(String) DataType
+ provider :Boolean

+exclusiveProvider :Boolean
+exclusiveUser :Boolean
+optional :Boolean

Figure 2: Detailed view of component interface description

<< Assembler >> 1% << Description >>
blyDescription

escription Compor
+ instance

+ label :String

* | + externalProperty

+ reference

$ + instance << Assembler >>
\ << A ler >>
ssembler AssemblyPropertyMapping

<< Description >> 0.1 [AN SubcomponentPortEndpoint
ComponentPackageReference xor - + label :String
+portName :String

+requiredType :String +externalName :String

+ internalEndpoint * | + connection

0.1 | + package + | + selectRequirement

<< Packager >> << Description >> << Assembler >>
+ deployRequi .
ComponentPackageDescription Requirement e bl iption

+label :String +resourceType :String | +label :String
+UUID:String

* | + configProperty ~ + | + property + externalEndpoint * | + externalReference

+ igProp: - —
<< Description >> << Description >> << Description >>

<< Description >> Property ComponentExternalPortEndpoint ExternalReferenceEndpoint
Any + value +name :String +portName :String +location :String

Figure 3: Detailed view of component assembly description

ure[3d shows a detailed view of a component assembly desmiptin assembly describes instances of
subcomponents and connections among them. A subcompaiséanice can reference a component pack-
age both directly and indirectly. Indirect package refeeecontains a specification of component interface
the package has to realize and is expected to be resolveckiokfployment.

A set of selection requirements is part of an instance detion and serves in choosing an implementation
when a component package contains multiple implementti®imce the configuration of an assembly
needs to be delegated to the configuration of its subcompstbe description of an assembly contains a
mapping of its configuration properties to configurationpauies of its component instances.

The instances of components inside the assemblies can Imeated using connections. A connection
description contains a set of endpoints and deploymentm@gents for the connection. The endpoints can
be of three kinds: a port of subcomponent’s component iaterfan external port of the assembly, or an
external reference.

3.2. Execution Data Model

The execution data model is used for holding the result oflioing the component software models with
target models. The combining takes place during the plansiage of the deployment process, and the
result captures how the application will execute in thed¢amnvironment, i.e. what component implemen-
tation instance will run on which node. The informationnteddeployment playheld by the execution data
model is used by execution management entities during pagpa and launch stages of the deployment
process.
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<< Specifier >> << Description >>
ComponentinterfaceDescription ComponentPackageReference
+ dependsOn
*

+ realizes

<< Planner >>

: - * << Planner >>
ArtifactDeploymentDescription DeploymentPlan + externalProperty << Planner >>
+location :String + artifact T label Sui . |PlanPropertyMapping
+label :String abel :String
+node :String

+ connection

i N
+ artifact | 1. << Planner >>
{ordered } o
PlanConnectionDescription

+ implementation

<< Planner >>

MonolithicDeploymentDescription i
oy P + externalReference * + externalEndpoint
+label :String *
<< Description >> << Description >>
ExternalReferenceEndpoint ComponentExternalPortEndpoint
+ implementation o e
+ instance +location :String + portName :String

<< Planner >>
InstanceDeploymentDescription

+ internalEndpoint

<< Planner >>
+ instance PlanSubcomponentPortEndpoint

+node :String
+ label :String

+ portName :String
+ provider :Boolean

Figure 4: An overview of execution data model

Figureld shows a high level overview of the execution dataehadth additional details exposed in some
of the classes. The deployment plan is analogous to theiggsnrof component assembly, and in fact con-
tains a flattened view of the top level component assemblglwiépresents the whole application. Of the
original logical structure of the application, only theanfmation required to create componentinstances and
connections is retained. There is not, however, a directpingpbetween all the classes in the component
and execution data models.

The classes capturing the composition of individual act§anto componentimplementations, instantiation
of components and the connections among components afarsimihose of the component data model,
but not identical. This adds a significant amount of flexipito the deployment process. If e.g. the com-
ponent data model is extended to support other, possibhyehilgvel, abstractions for which code can be
automatically generated, the planner tool performing thedformation from the component data model to
the execution data model can also generate the required(ootiave other application do it on demand)
and augment the resulting deployment plan so that it refteetiigher level abstractions in implementation.

3.3. Deployment Process

The deployment process as defined by the OMG specificatiosisterof five stages. Prior to deployment,
the software must be developed, packaged, and publisheldebgrovider and obtained by the user. The
target environmentin which the software is to run consiétsoales, interconnects and bridges, and contains
a repository, in which the software package can be stored.

Installation During the installation stage, the software package is piat & repository, where it will be
accessible from other stages of deployment. The locatidheofepository is not related to the do-
main the software will execute in, and the installation alses not involve any copying of files to
individual nodes in a domain.

Configuration When the software is in the installation repository, itsdtionality can be configured by
the deployer. The software can be configured multiple timeslifferent configurations, but the con-
figuration should not concern any deployment related deassor requirements. The configuration
stage is meant solely for functional configuration of thewafe.

Planning After a software package has been installed into a repgséod configured, the deployer can
start planning the deployment of the application. The pssa# planning involves selection of com-
putational nodes the software will run on, the resourceslitraquire for execution, deciding which

PhD Conference '04 12 ICS Prague



Lubomir Bulej, Tomas Bures Connectors in the ContexdbfG D&C Specification

implementations will be used for instantiation of compasertc. The planning does not have any
immediate effect on the environment.

The planning stage of deployment is probably the most pawedncept of the specification. The
result of planning is a deployment plan, which is specifichi tiarget environment and the software
being deployed. The plan is produced by transforming therinftion from the component data
model into execution data model. Higher level abstractioiise component data model can be inter-
preted by the planner tool and transformed into deploymentifives of the deployment plan. In this
stage, the planner or planner plugins can generate additone artifacts, resolve indirect artifact or
component package references, and transform the logieal of the component application into the
physical view of the application, which is required for deghent.

An example of such a higher level abstraction are softwammeotors. While the original specifica-
tion intends the connections among component interfaces poibe direct, indirect communication
can be achieved by modifying the planner to interpret resyngnts of individual endpoints in a con-
nection and synthesize a connector implementation witlretk$eatures. The original component
model can be then automatically adjusted to reflect the useruiectors for communication among
components. The resulting component model is then tram&fdrinto deployment plan, which will
describe the newly created artifacts and connections.

Preparation Unlike planning, the preparation stage involves perfogmimrk in the target environmentin
order to prepare the environment for execution of the saftwH a software is to be executed more
than once according to the same plan, the work performedhduhie preparation stage is reusable.
The actual moving of files to computational nodes in the donsan be postponed until the launch
of the application.

Launch The application is brought to the executing state durindahach stage. As planned, instances of
components are created and configured on target nodes aodrthections among the instances are
established. The application runs until it is terminated.

4. Software Connectors

Software connectors are first class entities capturing conication among components (see Figllke 5
showing an example of component-based application utgizionnectors). In our approach we use a con-
nector model developed in our grouip [€][5]. This sectioreflyi describes its key features.

Required interface

/|

Client
component

Server
component

Connector

/

Distribution boundary —p i Provided interface

Figure 5: Components connected via a connector

In principle, our connector model captures two main levélalmstraction — a specification of connector
requirements and a generated connector. On the level ofrezgent specification a deployer (a person
driving a deployment process) defines features desired onaextor in terms of a communication style
and non-functional properties (NFPs).

A communication style expresses the nature of the realimathtunication. So far, we have identified four
basic communication styles: a) procedure call (local orateme.g. CORBA[[19], RMI[[26], DCE RPC
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[28], SOAP [29], etc.), b) messaging (asynchronous mesdalijeery; e.g. IMS[[25], MQSerie5I[9], etc.),
¢) streaming (uni- or bi-directional stream of data; e.gPT@, RTPI[1], unix pipe, etc.), and d) blackboard
(distributed shared memory; e.g. JavaSpaces [27], LifaBpnita [23], etc.).

Non-functional properties define additional features drawior that are related to a selected communication
style. They allow specification of requirements such asahaglized connection must be secure (e.g. when
transmitting sensitive data), monitored (e.g. for benctking purposes), that an adaptation should take
place (e.g. in case of interconnecting incompatible imiga or technologies), etc.

The information capturing the connector requirementséstpassed to a connector generator (a computer
program), which finds out how to assemble a connector withdigred functionality. At runtime, the
generated connector is instantiated and bound to competiettparticipate in a connection. Every inter-
component link is realized by a unique instance of connegtmre precisely by a unique instance of a
connector unit as explained later in this section).

The connector generator relies on two basic concepts — ctomend element architecturés [2] and primi-
tive element templatekI[5].

A connector architecture describes a top-level connedtactire. The model of connectors as a set of
interconnected elements is very similar to a model of conepts(see Figuld 6 for an example of connector
architecture for the procedure call communication sty@®nnector elements are responsible for particular
features found in a connector. In Figlile 6, the stub and skelelements are responsible for distribution.
The interceptor element monitors calls performed on theeseand the adaptor element translates the calls
between incompatible interfaces.

Figure 6: A connector architecture for procedure call communicasigte

An element in connector architecture is, however, just &lolaox. The element has to be assigned an
implementation, which can either be another architectcoenfosite element) a or code implementing the
required functionality (primitive element). The processécursively applied until there are no elements
without an implementation assigned.

The dotted line in FigurEl6 marks the boundary of a conneatdr(iie. a distribution boundary). A con-
nector unit describes elements that will be linked to a paléir component. The division of a connector
into connector units is only performed on the top-level cactor architecture, which prevents composite
connector elements from spanning multiple connector uAitsuntime, inter-element links inside a con-
nector unit are realized by a local procedure call. Linksssiog the unit boundary are realized by stubs and
skeletons in a proprietary way, depending on the middlewerienology used.

The connector generator assembles a connector impleriwemiased on the information found in a repos-
itory of connector and element architectures and a repgsitoprimitive element implementations. Such a
connector implementation has yet to be adapted to the coempamterface it is going to mediate. To make
the necessary adaptation possible, each of the primitaraehts in the assembled connector is implemented
as a template. The templates are then expanded to providem@nmentation of a primitive element with
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the required component interface. The connector is inistiEct at runtime by instantiating the connector
elements and binding them together according to the anthite.

The matter becomes a bit more complicated at runtime whergoudd like to access all connectors units in

a uniformway. Consider for example the following functibmdToRemoteReference(Reference

ref) . The functionis responsible for establishing a remote eation between client and server connector
units. Although the processing of this function call is inshoases delegated to a stub element, we cannot
rely on it. We have to access a connector unit as a black-bwecefore, a connector unit has to implement
these control functions and (with knowledge of its own dinoe) delegate them to appropriate connector
elements (i.e. the stub element in our example).

We implement the required control functions by adding a Edetement (called element manager) to each
connector unit and composite element. The control interfieexposes is subsumed to the "frame” of encap-
sulating connector unit or composite element. The elememager knows the structure of the connector
unit/composite element it resides in and delegates thea@donction calls to corresponding elements (in
fact its neighbors). Since the services realized by the efgmanager are mostly an implementation detail,
we do not reflect this element in connector unit/composieneint architectures.

5. Solution

The OMG D&C specification is very comprehensive, but alsdyfaiomplex. To allow use of connectors
for mediating communication among components, we only hawkeal with parts of it. Most of the work
concerned with generation of connectors will be done atmptanstage. The specification itself requires
some modifications to the component data model to allow fecijgation of desired connector features
for every connection among components (using communicatide and non-functional properties), a way
of transforming the modified specification to the base corepband execution data models, and a way of
ensuring correct instantiation of connectors and estaibigsof connections at application launch.

Ec : Ec
$8 s $8
e N L f N
Client l + Server
o o i c o
S 2 1 8 S
o J G O & \- J
| X
H w
NodeA NodeB

Figure 7: Example of a component application using a connector

Figurell shows an example of a simple component applicasomyuwa connector to mediate the communi-
cation between the Client and the Server components. Thamravill be used throughout this section to
demonstrate the approach we have chosen.

5.1. Specification of connector features

To generate a connector, a connector generator needs teehaugh information concerning the require-
ments for the communication the connector is expected tdateed he specification of connector features
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has a form of communication style and non-functional proper Each connection among instances of
components in an assembly can have different requirements.

The original OMG D&C platform independent component datadelarequires a minor extension to
allow for specification of connector features. We have addedther association, identical to that of
deployRequirement , but namecdconnectionRequirement to the AssemblyConnectionDescrip-
tion class. The reason for not using the existitgployRequirement is to avoid overloading the se-
mantics of theleployRequirement  association, the contents of which are matched againsirezgent
satisfiers describing resources available on the nodesameith.

<< Assembler >>
SubcomponentPortEndpoint

+ portName :String

<< Description >>
Any + internalEndpoint i*

+ value + i
<< Description >> deployRequirement > 2 << Assembler >>
Requirement * AssemblyConnectionDescription
+resourceType :String i <@ +label :String
+ connectionRequirement
*$+ property + externalEndpoint i* *i + externalReference
<< Description >> << Description >> << Description >>
Property ComponentExternalPortEndpoint ExternalReferenceEndpoint

+ name :String + portName :String + location :String

Figure 8: A modification of AssemblyConnectionDescription class

Figure [B shows the modified AssemblyConnectionDescriptiatiass with the new

connectionRequirement association. The XML fragments in Figule 9 afdl 10 are parts
of the component data model description of the simple apfiin depicted in Figurd]7. The
connectionRequirement element contains a description a connection requirements.

<componentPackageDescription>
<label>Example Application</label>
<realizes fileinarchive="ExampleApplicationinterface .cfd"/>
<implementation fileinarchive="ExampleApplicationlmp l.cid"/>
</componentPackageDescription>

Figure 9: ExampleApplication.cpd

5.2. Transformation of the component application descripion

During the planning stage of the deployment process, a pigriaol aware of the connection requirements
communicates with a connector generafdr [6] and providestit information necessary to build a con-

nector for each connection in the application. In additioriite connection requirements specified in the
description of the component application, the tool can plewide information on assignment of connec-
tion endpoints to individual nodes in a domain as well asrimftion on resources available on each of the
nodes. The connector generator creates the necessaryctonoede and the connector-aware part of the
planning tool transforms the original application destiop specifying connection requirements into a new
description, which reflects the changes required to depoyectors along with the original components.

The transformation adds instances of connector units ltapplication description and decomposes the
original connections so that for each endpoint of the odftonnection, a new connection is created,
connecting the component endpoint to an endpoint of coonecit instance. The original connection is
then replaced with a new connection connecting the connaoits together. The resulting description of
component application adheres to the original OMG D&C dimstion of component data model, with
connectors represented by regular components. This géscrican be then transformed to deployment
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<componentimplementationDescription>
<label>Example Application Implementation</label>
<assemblylmpl>
<instance id="1">
<label>Client Component</label>
<package fileinarchive="ClientComponent.cpd"/>
</instance>

<instance id="2">

<label>Server Component</label>

<package fileinarchive="ServerComponent.cpd"/>
</instance>

<connection>

<label>Connection between Client and Server components</ label>

<internalEndpoint instanceRef="1">
<portName>ClientComponentinterfacePort</portName>

</internalEndpoint>

<internalEndpoint instanceRef="2">
<portName>ServerComponentinterfacePort</portName>

</internalEndpoint>

<connectionRequirement>
<resourceType>connectionType</resourceType>
<property>
<name>allow-remote</name><value>true</value>
</property>
<property>
<name>comm-style</name><value>procedure call</value>
</property>
</connectionRequirement>
</connection>
</assemblylmpl>

<implements fileinarchive="ExampleApplicationinterfa ce.cfd"/>
</componentimplementationDescription>

Figure 10: ExampleApplicationimpl.cid

plan by flattening the logical structure of the applicati@scription.

The XML fragment in Figur&l1 describes the implementatibthe simple application depicted in Figure
[4 after the connectors have been integrated into the otigasxription. Note the new component instances
and connections.

5.3. Instantiation of connectors

A connector has to be instantiated from top to bottom, stgntiith a connector unit and the corresponding
element manager. Then the elements on the next level a@ntieged. In case of composite connector
elements, the process has to be applied recursively uhthelprimitive elements are reached. Since the
OMG D&C specification does not support ordering of instardiaof individual components, decomposing
the internal structure of connectors into components andections so as to let the execution management
entities instantiate the connector elements would notywedhe expected result.

Instead of modification of the OMG D&C specification of the bgment process, the instantiation of a
connector is a responsibility of an element/unit factooyr. that it needs to know the internal structure of the
connector. Since the connector code is generated, a codtestantiating a specific connector architecture
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<componentimplementationDescription>
<label>Example Application Implementation</label>
<assemblylmpl>
<instance id="1">
<label>Client Component</label>
<package fileinarchive="ClientComponent.cpd"/>
</instance>

<instance id="2">

<label>Server Component</label>

<package fileinarchive="ServerComponent.cpd"/>
</instance>

<instance id="3">

<label>ClientComponentinterfacePort Unit</label>

<package href="access-method://ClientComponentinterf acePortUnit.cpd"/>
</instance>

<instance id="4">

<label>ServerComponentinterfacePort Unit</label>

<package href="access-method://ServerComponentinterf acePortUnit.cpd"/>
</instance>

<connection>
<label>Connection between Client component and a client un it</label>
<internalEndpoint instanceRef="1">
<portName>ClientComponentinterfacePort</portName>
</internalEndpoint>
<internalEndpoint instanceRef="3">
<portName>ServerComponentinterfacePort</portName>
</internalEndpoint>
</connection>

<connection>
<label>Connection between Server component and a server un it</label>
<internalEndpoint instanceRef="2">
<portName>ServerComponentinterfacePort</portName>
</internalEndpoint>
<internalEndpoint instanceRef="4">
<portName>ClientComponentinterfacePort</portName>
</internalEndpoint>
</connection>

<connection>
<label>Connection between client and server units</label >
<internalEndpoint instanceRef="3">
<portName>ClientComponentinterfacePort</portName>
</internalEndpoint>
<internalEndpoint instanceRef="4">
<portName>ServerComponentinterfacePort</portName>
</internalEndpoint>
</connection>
</assemblylmpl>

<implements fileinarchive="ExampleApplicationinterfa ce.cfd"/>
</componentimplementationDescription>

Figure 11: ExampleApplicationimpl.cid
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can be generated as well. A more flexible solution thouglo, s a description of connector structure to a
generic element/unit factory through execution paransdtethe description of connector implementation.

6. Evaluation and related work

In this paper, we have presented an approach which allows sgiftware connectors in the context of
OMG D&C specification. The original platform independentrgmnent data model assumes direct com-
munication among component endpoints in a connection.asgamption requires that a connection to be
described at a lower level of abstraction than e.g. the straof the component application, because it has
to connect ports provided by specific artifacts. As a consage, the description of the component applica-
tion cannot abstract from e.g. a middleware technology fmecbmmunication in distributed environment.

Enhancing the description of a connection among componeititsthe specification of communication
style and non-functional properties allows e.g. the s&laaif communication middleware to be postponed
until the planning stage of the deployment, or introductiéfogging, monitoring, or encryption facilities
into communication without changing the description of tbenponent application.

To our knowledge, there is no other work concerning use ofieators in the OMG D&C specification or
other deployment orchestration framework. There is, h@tew number of mature business solutions for
interconnecting the leading business component models asi€JB[[24], CCM[[18], and .NET[L4]. A
common denominator of these models is the lack of certatufes (e.g. component nesting), which makes
the problem of their interconnection a matter of middlewanidging. Each of those component models has
a native middleware for communication in distributed eamiment (RMI [26] in case of EJB, CORBA[119]
in case of CCM, and .NET remoting in case of .NET). A middlesvaridge is usually realized as a "bridge”
component translating one middleware protocol to anothbst of leading middleware bridges comprises:

e Borland Janevd4] — Allows for interconnection of .NET applications with@RBA objects. It uses
CORBA 1IOP natively and provides a tool for generating .NE®>xpes. The proxies are then added
into the resulting .NET assembly, thus allowing for easigpldyment of the .NET part.

o ObjectWeb DotNet[l15] — Allows to call Java classes or even EJB components fioEIT applica-
tions. Starts a dedicated JVM with class implementing tHeT.Ikemoting protocol. Remotely called
Java classes are loaded directly to the JVM, calls to EJB oomets (residing in another JVM) are
transformed to RMI calls.

e Intrinsyc J-Integra for .NET[LU] — Works in a way similar to DotNetJ. Uses .NET remotingaas
native protocol and allows to bridge .NET and EJB techn@sguUnlike DotNetJ, allows for calls in
both directions.

e BEA WebLogidB] — More a middleware suite than just a middleware bridgdows accessing
CORBA servers from EJB via a designated bridge.

e IONA Orbix[L1] — Also arather comprehensive middleware suite, simddBEA WebLogic. Builds
on CORBA infrastructure. Provides bridges for EJB, COM axlT clients allowing them to access
CORBA objects. All of them are based on deploying a "bridg&'hponent into respective component
technology.

o |ONA Artix[12] — A full-fledged SOAP middleware. Provides "bridge” stes for EJB and CORBA
technologies that accept SOAP calls and delegate them topnite components/objects. The bridg-
ing is only done in one direction.

e K2 [B] — An implementation of CCM container. Allows for intedian with EJB via an EJB bridge.
Natively supports also SOAP _[29], thus allowing for seamliasegration with Web Services.

Even though these bridges represent mature software piydioey do not provide a standardized approach.
All the listed bridges are proprietary solutions of indivad vendors. Usually, they were either created
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to achieve a specific goal of connecting two particular platfs (e.g. DotNetJ) or they were originally

created as an ORB middleware and evolved into a more robligicso later, allowing to accommodate

other platforms. Nevertheless, the bridging only works i @irection (e.g. .NET, EJB clients accessing
CORBA object in case of Orbix, or EJB component accessing BOServices in case of WebLogic).

In our approach, we address heterogeneity from the vennbétj. We use the platform independent com-
ponent data model defined in the OMG D&C specification to des@ component application. Our exten-

sion of the component data model also does not introduce latfppn or language dependencies. Com-
ponent interconnections are modeled by connectors, whiiehraated for a specific platform and language
during the planning stage of the deployment process. A atonés generated for each of the connections,
which allows for adaptation of the connector to the platfsiwn which the connection endpoints reside.

The adaptation of the connector to the connection endggitdatform results in no or minimal overhead for
local connections, small overhead for connections betvigemtical platforms (e.g. using RMI locally for
connecting Java to Java), and moderate overhead when ¢mgneidginally incompatible platforms (e.qg.
Java to .NET using SOAP). All connections are two-way, withany specialized code in the component
implementation, which allows for smooth building of hetgemeous component applications.

7. Summary

We have presented an approach for using software connéatdeployment frameworks compatible with
OMG D&C specification. The use of connectors eases the demayand interconnection of heteroge-
neous component-based distributed applications, the cnanis of which can be implemented in different
component models. We have only needed to introduce a vergrrolmange into the specification for it to
support specification of connection requirements.

The description and implementation of connectors is mapptdalready present concepts and classes
(i.e. component packages, monolithic component impleatimt, implementation artifact). The presented
solution is generic, described in a platform independent wad allows mapping to different component
models.

8. Future work

The presented solution relies on a connector generatotbtapé creating connectors with respect to a
high-level specification and generate their implementafar different component models and middle-
ware technologies. We currently have a prototype impleatent of a connector generator for the SOFA
component system. The generator needs to be redesignddwofat more flexibility and support for the
Fractal and EJB component models needs to be written. Mereswce the Fractal and EJB models have
no connector support, it is also necessary to develop amenitifrastructure for connectors in these two
component models.
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Abstract

By McNaughton theorem (seEl[7]), the class of functionsesgntable by formulas of tukasiewicz
logic is the class of piecewise linear functions with integeefficients. The first goal of this work to find
an analogy of the McNaughton result faroduct logic(see 2], [6] andll5]). The second goal is to define
a Conjunctive and Disjunctive semi-normal form (CsNF, D¥Nfthe formulas of product logic (these
forms are a syntactical counterpart of the piecewise moabfunctions). These results show us how the
functions expressible by the formulas of product logic Idi&k.
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1. Preliminaries

Formulas of product are built in the usual way from a denutpleraet of variable¥” AR, from two basic
connectives of strong conjunctio&) and implication ), and from the constar In [5] Hajek defined
an axiomatic system for product logic showed that thesenaati is sound and complete with respect to
the algebraic structure induced by product t-norm.

In product logic it is possible to define the following derdveonnectives-, A, v, =. Let Form denote the
set of all formulas of product logic. Given a formujalet VAR, denote the set of all variables occurring
in ¢. Interpretation of connectives of product logic is giventbg following definition.

Definition 1.1 Anevaluatioris a functione : Form — [0, 1] such that(0) = 0 and

o e(p&1)) = e(p) - e(v) usual product of real numbers;

[ fe(p)<e(y) [ 1 ife(p) =0
o e(p—1h) = ZE;‘;; otherwise N zgzﬁg A1 otherwise.

Note that for each evaluatiaon

e(—p) = { 1 ife(p)=0

0 otherwise,
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e(p A1) = min(e(p), e()) ande(p V ¢) = max(e(p), e(4)))-

The notion of tautology, proof, provability and theorem defined as usual. The standard completeness
theorem says that a formulais a theorem of product logic ifp is a tautology.

For a conjunction witlh equal argumentg, we use the abbreviatiop™. A conjunction of zero formulas
(also writteny?) is considered as equal o The set{1, ..., n} will be denoted bya.

Definition 1.2 Lety be a formula and let’ C VAR, . Then:

¢ an evaluation e is calledV, ¢)-positiveif for eachv € VAR, holds:e(v) > 0iff v € V;

¢ an evaluation is called-positiveif it is (V AR, ¢)-positive;

2. Semi-Normal Forms and Normal Forms

In this section we define a Conjunctive and Disjunctive seorimal forms (CsNF, DsNF). We start with the
definition of a literal, which is more complex than in the d@sl logic, and then we build a CsNF (DsNF)
just like in classical logic. We will continue with the proof the partial equivalence of the formulas of
product logic with formulas in CsNF (DsNF). The reason we wibve only partial equivalences lies in
the fact that semantics of the product implication is notteamous in the point (0,0). We will develop a
machinery to help us overcome this problem.

In the second part of this section we define Conjunctive arsjubctive Normal Forms (CNF, DNF). Fur-
thermore, we prove that each formula of can be equivalentiyem in CNF (DNF).

Definition 2.1 A normal literal (or literal for short) is a formula in form:

k1 ko k; kiy1, kiqo k
vty ot = o

wherek; are natural numbers and; arbitrary pairwise distinct propositional variables. Létand .J; for
i € I be finite sets and for evetyc I andj € J; let o; ; be literals. The formula is said to be in a
Conjunctive semi-normal form (CsNF) if

o=V
i€l jEJ;
The formulayp is said to be in a Disjunctive semi-normal form (DsNF) if
o=\ N i
i€l jEJ;

Furthermore, we define that truth constaris in both CsNF and DsNF

Definition 2.2 Let ¢ be a formula,V a subset ol AR,. Letx be a characteristic function df'. Let us
define-Yp = —p and—'¢ = ——¢. Then the following formula is calle@d’, ¢)-evaluator

y(Vie) — /\ (ﬁx(v)v)

veEV AR,

Lemma 2.3 Lety be a formula}l a subset ot/ AR, ande an evaluation. Then holds:

( (v, Lp)) 1 ifeis(V,p)—positive
ey =
0 otherwise
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The following theorem can be proven using syntactical malajion with formulas, i.e., we give an al-
gorithm which for given formulap and given sel’ produces a corresponding formulas in the conjunc-
tive(disjunctive) semi-normal form. By corresponding wean that eacliV, ¢)-positive evaluation as-
signed both of them the same truth value.

Theorem 2.4 Lety be a formula) a subset o¥” AR,,. Then:

e there is formulap? in DsNF such that(V> ¥) — (p = o) is a theorem;

e there is formulas{ in CsNF such that(V> ¥) — (p = ¢§)) is a theorem.

The formulapv (¢D) is called a V-Conjunctive (V-Disjunctive) semi-normahfioof formulap, the formula
govlm (govaw) is called a Conjunctive (Disjunctive) semi-normal fornfaimula.

Notice that both V-Conjunctive and V-Disjunctive semi nairforms are not unigue. In the next section we
will show how to find a "simpler” form to given formula in CSNIPENF). Now we use our results to define
a conjunctive and disjunctive normal forms.

Theorem 2.5 Letp be a formula. Then for eachi C V AR, there are formulas? in DsNF andy in
CsNF such that

Y= \/ (I/(V’ 20N go‘[,)) = \/ Vel A \/ /\ () (1)
VCVAR, VCVAR, ielv jesv
o= \/ (V(V’ L2 tpg) = \/ L2 /\ \/ (O‘Xj) 2

VCVAR, VCVAR, eIV jegy

Expression[{l) is called Disjunctive normal form (DNF)ofand expression]2) is called Conjunctive
normal form (CNF) ofp.

3. Simplification of formulas in CsNF and DsNF

In this section, we show how to simplify formulas in semi-mat form. We formalize this notion in the
following definition. We will work with CsNF in this sectiomésults for DSNF are analogous).

Definition 3.1 Lety be a formulain CsNF. A formula, resulting from formula> by omitting some literals
or conjuncts or disjuncts is calledsimplificationof ¢ iff formularv(V> ¥) — (p = v)) is a theorem.

Notice that if o a V-Conjunctive semi normal form of and+ is a simplification ofyp, then alsoy is a
V-Conjunctive semi normal form of.

If we deal with a finite sef of literals we can fix an enumeration on the 8ét= {vy, v, ..., v,,} of all

propositional variables occurring in literals in Then each normal literal € L is uniquely determined by

anm-tupleq® = (¢%,...,q%) of integers. A positive componenf is considered as power for variable

v; in consequent and negationg; of a negative component is considered as power for variaplie

antecedent. This can be expressed with a permutatimmsi» and an indeX such tha’qo‘ < 0fori <1,
r(yy > 0fori>land

qrr(l) qn(2) qﬂ-(l) qn(z+1) qn(z+2) q‘rr('m.)
a=v, &v_ &... & —>’U(l+l)& l+2)& &Wm) 3)
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If I = 0 (respectivelyl = m) we understand the antecedent (respectively consequetit)th constant.
Also v} is considered as.

Let«w andg be literals. The question is if there is a simple way to findtbata — [ is a theorem. Indeed,
if both o and are conjuncts in one conjunction, knowing that- 3 is a theorem would allow to omjt
and obtain a simplification of our conjunction. In order tottat we define an order on tuples.

Definition 3.2 Leta = (a;)i<m andb = (b;);<m, be tuples. Thea < b iff a; > b; forall ¢ < m.
Now we may finally formulate lemma on simplification of formaslin CsNF.

Lemma 3.3 Let » be a formula inCsNF, i.e.¢o = A V «; ;. Then the formula resulting from after
il jeJ;
processing the following four steps is a simplificatiorpof

(1) We replace all literals normal literals.

(2a) If there are indexesk such thaD < q®i+ andI # {i} then we omit the conjuncl/ «; ;
JEJ;

(2b) If there are indexesk such thaD < g+ andl = {i} then we replace formula by 1.
(3) Ifthere are indexes j andj’, j # j' such thag®s < q*’ then we omit the literady; ;.

(4) If there are indexes i/, i # i’ and for each index € J; there is indext’ € J;» such thaig®i* <

q®-+ then we omit the conjunct\/ «y ;.
JjeJ

4. Theorem proving algorithm
In this section we will use result from the previous sectitmslefine an algorithm, which can be used to

check whether a formula is a theorem or not. We will use thedsted completeness theorem and Theorem
Z3. We start with a definition:

Definition 4.1 LetS be a set of indexes of literals of variables and be the cardinality o5 . Then x m
matrix A is the matrix with rowsy® for eachi € S.

We want to describe what has to hold in order to the formula

V (0 nef)= V(4 AV el

VeV, VeV, €IV jegy

¥

not being a tautology. Ip is not a tautology, then there is an evaluatiosuch thak(y) < 1. Recall that
for each evaluatior there is a unique sét, such that is (V, p)-positive. Thuse(¢) < 1 means that

e(¢§)) < 1. Observe that it(yf;) < 1 then there is an indeke IV such thak( \/ (a};)) < 1. This
jeJy

<
<
hold iff e(’;) < 1 for each;j e .J}". Which can be equivalently written as:

Theorem 4.2 Letp be a formula in CNF. Thep is not a theorem iff there are a setand an index € IV
such that the matrix inequalit&]iv xT < 0 has a non-negative solution.
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The problem is hence reduced to a problem of effectivelyiaglan integer matrix inequality, that can be
solved by means of integer linear programming. Using all grevious results we can formalize an algo-
rithm to prove formulas of product logic. This algorithm iery inefficient-due to its exponential nature-
however the average complexity seems to be much better. Anyme do not pursuit the problem of com-
plexity in this paper.

We have a formula with m propositional variables. Let us defifié¢ as the set of already processed subsets
of VAR, andK as the set of already processed indexes. In the begiriagd\/ are empty.

1) M= P(VARSZ,)H GOTO (+), ELSE generate a séte P(VAR) \ M, with smallest cardinality.
Add Vinto M. Empty the sef.

(2) Using the proof of Lemmia2.4 find a formufg; .

(3) Simplify formulay$ using Lemm&3]3to a formula= A 'V (o)

€IV jegy
(4) If K =1V GOTO (1) ELSE add indek(i € I, i ¢ K) into the setk .
(5) Ifinequality A7’ x” < 0 has a non-negative solution GOTO (-) ELSE GOTO (4).
(+) Aformulay is a theorem of the product logic.

(-) Aformulap is not a theorem of the product logic.

5. Functional representation

In this section we give a characterization of the class offiams represented by formulas of product logic,
analogously of what McNaughton theorem expresses for tiewész logic ([4]).

Definition 5.1 LetC be an arbitrary function fronf0, 1] into [0, 1] and lety be an arbitrary formula with
VAR, = {v1,...,v,}. We say the functiofi is:

e represented by the formula (¢ is a representation of) if e(p) = C( e(v1), e(v2), - .., €(vm)),
wheree is an arbitrary evaluation.

e positively represented by the formula (¢ is a positive representation of) if e(p) =
C(e(v1),e(va),...,e(vm)), Wheree is any-positive evaluation.

Definition 5.2 An integral monomial of m variables is a functiofi : (0,1]™ — (0, 1] such that

fl@r,. .. xm) = afrabz ghe withk, € Z.

Now we give a McNaughton-like functional representation. (@]). Just as tukasiewicz formulas are in
correspondence with continuous piecewise linear funstia are going to describe the class of functions
in correspondence with product formulas.

1By P(S) we denote the powerset 6f
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Definition 5.3 A piecewise monomial functioof »n variables is a continuous functiofi from (0, 1]”
into [0, 1] which is either identically equal t6 on (0, 1], or there exist finitely many integer monomi-
alsp; ..., p, andregionsD;, ..., D, of (0,1]™ such that for everx € D;, f(x) = p;.

Theorem 5.4 Each piecewise monomial function is positively repredaetédy some formula. Each for-
mula is a positive representation of some piecewise mordumietion.

One part of this theorem is an obvious consequence of theréhdg.3, the second is proven by analo-
gous methods as in tukasiewicz case. Next we use Theloréro 2Xddnd this result to the full functional
characterization of product fuzzy logic. Before we do se wedhsome additional definitions.

Definition 5.5 Letn be a natural number and Ie¢/ be a subset ofi | 1 < i < n}. Thenthdg M, n)-region
of positivity Pos™: " is defined as

POSM’RZ{(ZCla---axn)E [0,1]" | z; > 0iff i € M}

Example 5.6 For n = 2 we have four regions of positivity:

{(

{(z1,0) | z1 € (0,1]}
POS{Q}’ 2 _ {(071.2) | Ty € (07 1]}

{(z1,22) | 1,22 € (0,1]}

Lemma 5.7 Lety be a formulay the cardinality ofV AR, VAR, = {v; | i < n}. LetV be a subset of
VAR, andsetM = {i|v; € V}. ThenthgV, ¢)-evaluators(V #) is a representation of the characteristic
function of Pos?: ™.

Now we can finally give the full description of functions repented by formulas of product logic. In fact
we also give a functional interpretation of the descriptiéfree product algebras given inl[1].

Definition 5.8 A functionC : [0,1]™ — [0, 1] is a product functiorif for every M C # the restriction ofC
to Pos™" is a piecewise monomial function.

Theorem 5.9 Each product function is representable by some formula aité;versa, each formula is a
representation of some product function.

The algebraic counterpart of Product logic are the Prodigahaas, se€ [5]. Due to the standard com-
pleteness theorem, giving a complete characterizationmdtfons associated with Product formulas with
n variables is equivalent to give a description of the freedBd algebra oven generators.

6. The references

References

[1] R. Cignoli, A. Torrens, An algebraic analysis of prodietjic. Multiple-valued Logi¢vol. 5, pp.
45-65, 2000.

[2] P. Cintula, About axiomatic systems of product fuzzyitbgSoft Computingvol. 5, pp. 243-244,
2001.

PhD Conference '04 27 ICS Prague



Petr Cintula Functional Representation ...

[3] P. Cintula, B. Gerla, Semi-normal Forms and Functionapfsentation of Product Fuzzy Logic.
Fuzzy Sets and Systenasl. 143, pp. 89-110, 2004.

[4] B. Gerla, Many-valued logics of continuous t-norms and their funwiaepresentationPhD thesis,
University of Milano, Italy, 2002.

[5] P. Hajek,Metamathematics of Fuzzy LogiErends in Logic. Kluwer, Dordrecht, 1998.

[6] P. Hajek, L. Godo and F. Esteva, A complete many-valwegcl with product conjunctionArchive
for Mathematical Logigvol. 35, pp. 191-208, 1996.

[7]1 R. McNaughton, A theorem about infinite-valued sent@rtigic. Journal of Symbolic Logiovol. 16,
pp. 1-13, 1951.

PhD Conference '04 28 ICS Prague



Jakub Dvorak Zmeékcovani hran v rozhodovacich stromech

Zmeékcovani hran v rozhodovacich stromech

doktorand: ; Skolitel:

MGR. JAKUB DVORAK RNDR. PETR SAvicKY, C&C.

Ustav informatiky AVCR Ustav informatiky AVCR

Pod Vodarenskou vézi 2 Pod Vodarenskou vézi 2

182 07 Praha 8 182 07 Praha 8

dvorak@cs.cas.cz savicky@cs.cas.cz
obor studia:

Teoreticka informatika
Ciselné oznaceni: 11

Abstrakt

V tomto ¢lanku je popsana technika zmékéovani hranzhodovacich stromech slouZici ke zlepseni
predikce metod strojového uceni zaloZzenych na stobmdedna se o zplsob postprocesingu stromi
ziskanych z nékterych béznych metod. Je zde vievé@trincip zmékEovani hran a ukazany jeho zakladn
efekty.

1. Uvod

Konstrukce rozhodovacich stromi je jednou z UspéBmgchnik strojového ugeni. Mezi jeji hlavni vyhody
patfi pouZitelnost na objekty s atributy rliznychuy(Giselné, kategorialni), dale jednoduchost asnaitel-
nost pouzité struktury a s tim souvisejici moznostipretace ziskaného stromu jako posloupnosti pravidel

Ackoliv nalezeni rozhodovaciho stromu zvolené veditkoktery by nejlépe klasifikoval trénovaci data, je
pro obvyklé Glohy vypocetné prilis narocnépis znamy Gspésné heuristické metody — ke klasickym
patfi CART [1], C4.5[[3] a jeji varianta C5.0. Jmenovanétody konstruuji takové rozhodovaci stromy,
Ze rozhodovaci pravidlo v libovolném vnitfnim uzled$i pouze na jednom atributu klasifikovaného ob-
jektu. Navic je-li tento atribut €iselny, ma rozhodaV pravidlo podobu porovnani hodnoty atributu s hod-
notou prahu pfislusného k danému uzlu. Listy stromitapuji odhad pravdépodobnosti pFisluSnosti ob-
jektu k jednotlivym tfidam klasifikace — tento odhad jejay pro vSechny objekty (vzory), které pro-
jdou rozhodovacim stromem do téhoz listu. Z uvedenéywa, ze mame-li pouze cCiselné atributy,
pak takovyto rozhodovaci strom definuje rozdéleni petho prostoru na hyperkvadry (které mohou byt
v nékterych smérech nekonecné) a vsechny vzory v téyperkvadru jsou klasifikovany totozné.

Protoze neni vzdy Zadouci, aby mala zména hodeisgirieho atributu vedla ke zcela jiné klasifikaci, Hebo
aby hrany (hranice) hyperkvadrl byly ostfe uréenépiiuje program C4.5 (a téz C5.0) pouzit tzv. mékke
(pravdépodobnostni) prahy, coz vede k tzv. zmékdean mezi hyperkvadry ur€enymi rozhodovacim
stromem. Princip spociva v tom, ze je-li hodnota teatwho atributu blizko hodnoté prahu, jsou prozk-
oumany obé vétve stromu a vysledky zkombinovany pedilenosti hodnoty od prahu.

2. Rozhodovaci stromy v klasifilatorech
Dale se budeme zabyvat pfipadem, kdy vzory, na nicleemie naucit klasifikator, maji pouze ciselné
atributy. Mame tedy doménsd C R", kazdy vzorx = (z1,...,x,) z této domény patfi do jedné z tfid

Ci,...,C.. ME&jme trénovaci mnozint’ = {(x*,b%)|i = 1,...,t}, v niz je pro kazdy vzok® uvedeno
oznaceni tfidy, do niz vzor patfi, tedy jedi’, b’) € T, znamena to, ze vzo¥' patfi do tfidyCy;.
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Trénovaci mnozindl’ je vstupem u€iciho algoritmu, ktery vyprodukuje kfdditor. Klasifikator po
pfedlozeni vzorux € = urci pro kazdou tfidu klasifikacé, odhad P(b|x) pravdépodobnosti, ze vzor
x patfi do tfidyCy.

V pripadé bez zmék€ovani hran je vysledkem uicalgoritmu — jako je CART, C5.0 apod.— binarni
rozhodovaci strom, jaky ukazuje obraZgk 1. Kazdémitiwvimu uzluv; je pfifazen index testovaného
atributua; € {1,2,...,n} a prahsplit; € R, v kazdém listw, je uloZen stochasticky vekt¢p(b|l)); b =
1,...,c.

€1,left

€2, left €2,right €ileft Ci,right

Obrazek 1:Rozhodovaci strom

Pfi pouziti klasifikatoru na vzoxk = (z1,...,z,) se prochazi rozhodovaci strom na zakladé atributl
predloZzeného vzoru: Na zacatku je aktualnim uzleiekv,; — proménng ma hodnotu . Dokud aktualni
uzel neni listem stromu, provede se test

Ta; < split; 1)
a v pfipadé, Ze je nerovno§ll (1) spinéna, prejde seal@mmo uzlu po hrané, ;.s:, neni-li splnéna, po
hranée; ,.;4n:, aktualnim uzlem se stane uzel na konci této hrany — dnprmé; se ulozi novy index

aktualniho uzlu. Kdyz je jiz aktualnim uzlem list, pak vyslednym odhade(b|x) pravdépodobnosti,
Ze vzorx patfi do tfidyCy, je hodnotap(b|j).

3. Zmékcovani hran

Pfi zmékcovani hran se vychazi z hotového rozhaddw stromu, jako je na obrazkih 1. Kazdé hrané
eja;d € {left, right} je pfitazena funkc¢; 4(z) : R — (0, 1), tak Ze pro kazdg plati

Vx € =2 .fj,left (X) —+ fj.,m'ght (X) =1 (2)
S pouzitim hodnop(b|!) znamych v listechy; definujeme hodnoty(b|j, x) ve v8ech uzlech; induktivné:
Je-liv; list, potom
p(blj,x) = p(blj) prolibovolnéx € =

Jinak nechtz uzluv; vede hran; ;. s; do uzluv, a hrana; ,.;45; do uzluv,. Potom

p(b|jv X) = fj.,left (X)p(b|p, X) + fj,right (X)p(b|Qa X)
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Vyslednym odhadem pravdépodobnosti pfislusnaatire x do tfidy C,, je tato hodnota v kofeni stromu,
tedyp(b|1, x). Jinak to Ize také vyjadfit vztahem

P = > pl) JI  fiato
vy € Leaves ei,a€Path(v;)
kde Leaves oznatuje mnozinu vsech listdrzath(v;) je mnozina véech hran na cesté z kofepeo uzlu

Uj.

V programu C4.5 jsou jakoZzto funkcg ;.. (x) pouzity tzv. zmékeujici kfivky. FUnNKcé; ;4 (x) jsou
uréeny zf; ;. r+(x) podle vztahul2). Zmékeujici kfivka; 7+ (x) je v kazdém vnitfnim uzlw, spojita po
Castech linearni funkce zavisejici pouze na atuhyy,;, tedy na tom atributu, na kterém se ve stromu bez
zmékeeni v tomto uzlu provadél tefl (1). Zmékeukivka f; . (x) (viz obraze{P) je parametrizovana

fitert(x) =1 — fjright(x)

1/2

J

lbj Splitj ubj

Obrazek 2:Zmékceujici kfivka

indexem atributuz;, hodnotousplit;, ktera je téz znama z plivodniho rozhodovaciho stroapotom
dvéma dalsimi hodnotani;, ub; € R (lower bound, upper bound). Povsimnéme si, ze zvolinig; =
split; = ub; pro vSechny vnitfni uzly;, potom klasifikator dava vysledky totozné s plvodrstromem
(bez zmékeeni hran).

Program C4.5 nastavuje parametby, ub; nasledovné: Nechf; C T obsahuje ty trénovaci vzory, pfi
jejichz klasifikaci se provadi test v uzly. Kdyby se v uzlw; pfi testovanilljL) misto hodnosylit; pouzila
jina hodnotasplit’;, nékteré vzory ZI’; by byly klasifikovany odlisné od plvodni klasifikacedy byl by
jiny potet chybné klasifikovanych trénovacich wzoNectit E; je pocet chyb n&’;. Potom smérodatna
odchylka pocCtu chyb v uzlu; je urena:

o _ Bt 3)(T] - B —3)
’ T

Hodnotylb;, ub; jsou nastaveny natakové hodnepyit’, pfi kterych je pocet chyb n#; nejblizeE; + S;.

4. Experimentalni algoritmus

NaSe pokusy ukazaly, Zze zmékcovani hran v metodatbh a C5.0 ma jesté rezervy — pomoci stejného
tvaru zméké&ovaci kfivky, jen jingym nastavenim paedril, by bylo mozné dosahovat lepsich vysledkd.
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Pro nastaveni parametrli zmékeeni, tedy hodnoub; pro vSechny vnitfni uzly;, jsme implementovali
jednoduchy algoritmus, ktery ani neni efektivni, aenaléza optimalni feSeni — ma slouzit pouze k expe
imentalnimu prozkoumani moznosti a vlastnostekiovani hran. Je zalozen na nahodném prohledavan
okoli dosud nejlepsiho nalezeného feSeni.

Ulohu hledani parametrli zmékéeni ve stromu mizéonmulovat tak, ze hledame vektor sestavajici
z 2m realnych Eisel, kden je pocet vnitfnich uzll stromu — koduje parametryb;, ub;, pro vdechny
vnitfni uzly v;. Parametry kbdované vektorermusi spliovat

a snazime se nalézt takovy vekigrze klasifikator se zmékcenimi, jejichz parametgujkoddovany vek-
toremv, ma co nejmensi chybu na trénovaci mnozihé

function LearnBoundéstop, step, stepcount)
v «— kod takovych parametrll, 2§ [b; = ub; = split,
bestval «— v
besterr « pocet chyb klasifikatoru bez zmékceni na tréenovacbhainéT’
unsuccess «— 0
while unsuccess < stop do
d «— nenulovy nahodny vektor z rovnomérného rozdélenintervalu(—1, 1)2m
delta «— d - step / ||d||
success « false
forall s € {1,...,stepcount} do
v «— v + delta
Slozky vektoru, které porusuji podminki{l(3), nastav tak,
aby byla podminkd{3) spInéna s rovnosti.
err < pocet chyb klasifikatoru s parametry zmékceni koadgvai
vektoremv na trénovaci mnozin&
if err < besterr then
bestval «— v
besterr < err
success «+— true
end if
done for
v «— bestval
if successthen
unsuccess < 0
else
UNSUCCESS +— unsuccess + 1
end if
done while
return v

Obrazek 3:Experimentalni algoritmus

V kazdém cyklu naseho experimentalniho algoritmwz (@brazelB) je nahodné zvolen smér, potom je
dosud nejlepsi nalezené feSeni pozménovano ¥otemeéru s pravidelnym krokemtep az do zvolené
vzdalenosti dané argumentestepcount (poet krokll). V kazdém takto posunutém vektoru pasain

je vypoctena chyba na trénovaci mnoziné a nejlepsinbta je uchovéana jako vychozi pro dalsi cyklus.
Algoritmus kon¢i po sekvenci cykll, v nichz nedoSloZtepsent, jejiz délka je uréena argumentenp.
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5. Efekt zmékcéovani hran

Pfi zmék&ovani hran popsanym zplisobem se ménaaginavdépodobnosti pfislusnosti pfedloZzeného
vzorux do tfidy C, pouze pro vzory v blizkosti hranic hyperkvadrl - takaw®ry, jejichz hodnota testo-
vaného atributw,,; lezi mezilb; aub; pro néktergj. Chceme-li predlozenému vzoru piifadit index ¥id
do niz nejspiSe prislusi, pouzije se

arg max P(b|x)

.....

Je-li nyni jediny atribut vzorx v blizkosti hranice hyperkvadrli, potom se takovatesKikace nezméni.
Aby doslo ke zméng, musi se slozit dohromady zmékaspon ve dvou uzlech stromu. Tedy klasifikace se
mlZe ménit v blizkosti rohti hyperkvadrii.

Viz Obrazek[3 Tato vlastnost je vidét na obraBu 4, ktporovnava klasifikaci bez zmékéeni hran a

a " b)
Obrazek 4:Vysledek klasifikace rozhodovacim stromem a) pred Zte@km hran b) po zméké&eni hran

se zmékcenim na umélych datech — dvou tfidach letg€h diagonalou. Zde na intervalQ, 1) byly
nahodné rovnomérné vygenerovany trénovaci vzory

xP = (af 28y k=1,...,1000

Pokud byloz? + 2% < 1, byl vzorx* zafazen do jedné tidy, jinak do druhé. Na zaklagté thnoziny

byl vytvofen rozhodovaci strom, jemuz byla ke klasifikpiedloZena mnozina vzoril leZicich v pravidelné
mrizce. Vysledek je v levé tasti obrazkli 4. Potontybyro tento strom nalezeny parametry zmékéeni
pomoci naSeho experimentalniho algoritmu a vyslddakifikace se zmékEenim je v pravé casti obrazku

6. Zaver

Experimenty naznacuji, Ze zmékcovani hran by mdijfaperspektivni cesta ke zlepSeni vlastnosti klasi-
fikatorli zalozenych na rozhodovacich stromech, g®fe mozné takto ziskat lepsi vysledek klasifikace
(mensi pocet chyb), pfitom zlstava zachovangiwatvyhod, jez klasifikatory s rozhodovacimi stromy
maji: Pouzitelnost na objekty s atributy rliznych tyistava — ackoliv jsme uvedli, Ze se zabyvame pouze
klasifikatory objektt s ¢iselnymi atributy, pfest@me-li strom pro klasifikaci objektli s nékterymi atripu
kategorialnimi, je mozné zmékceni aplikovat pouagzlech s testy na Ciselné atributy, v ostatnich uzlech
ponechat strom beze zmény. Stejné jako strom bez zmgkbehran Ize interpretovat jako posloupnost
pravidel, strom se zmék€enim ur€uje posloupnost fymrayidel.

Pfedmétem dalSi prace bude hledani vhodného istgor ktery by nalezl dostatecné dobré nastaveni
parametrli zmékceni a pfitom byl pouzitelny z hlédisrypocetnich narokl. Pfitom by mohlo pomoci
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prozkoumani souvislosti s modelem Hierarchical Mixaud Experts (viz napfl]2], kap. 9.5), ktery je
téz zalozen na rozhodovacich stromech, ovSem je kowané;jsi, nez zde zminované metody.
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Abstract

ICodes are used as representations of neural networks archiésctuian evolutionary optimisation
process. The evolutionary algorithm based Bfiodes contains large amount of parameters, moreover,
the corresponding search space itself if huge. To get debpensight into the transitional behaviour
of the process, the mathematical propertiesI6fodes are explored a studied. This article gives ini-
tial definitions and propositions about structure Bfodes and about the corresponding evolutionary
operators.

1. Introduction

The general purpose ofCodes is effective representation afeural networksarchitecture (the topol-
ogy of the network along with additional parameters). Byietthe neural network topologies aaeyclic
oriented graphsthe graphs, then, are represented agdlular encoding( CE ﬂ due to F. Gruau. Those
CE are represented via ordinary integer seriesead’s codes( RC ) due to D. Read. Since the
CE/RC represent only basic informations about the neural netwierkopology, the additional instruc-
tions/informations/parameters are added in form of nektyesf RC . This leads to anlCode : ICode
represents the neural network topology and some of its @éemeters which gives the architecture.

The RC (and so thelCode ) can be defined independently i using so calledevel-property This
allows to narrow down on the properties ®@odes as mathematical objects. The main concern is put on
the following

o state the cardinality of the set of allCodes of given length, and even cardinality of the set of all
ICodes — gives information about the search space,

e describe the evolutionary operators d@odes using some binary operator on the set Bfodes
— algebraic structure provides better formalism when distg properties of evolution (stability,
convergence, etc.),

o study further the transitional behaviour of such operatsiag the notation mentioned.

In the first section thdCodes are introduced using the level-property, the terntafbICode is described
and showed in example, and the operatotedfaddition @, is defined. In the second section the evo-
lutionary operators are described and rewritten in termthefmapping @y, . Finally, a little comparison

1This representation provides very convenient propertiesthe other hand, it's only ‘one-way’. That means, that aalgraph
can be built according to a representation; then, the reptaon of a general graph is not trivially constructed e@iways has to
consider the graphs as being built from some representation
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with the usual binary case evolutionary algorithm is preddn the last section, the yet found facts are
summarized and future plans are reviewed.

The CE was introduced by F. Gruau In [Gruau94]. The RC wasdhiced by D. Read in[Read72]. For the
ICodes , the approach with closer context witiE / RC is given in [HaKal04].

2. ICodes

In this article, theICodes will be defined without explicit knowledge o€E (like it is in [HaHIaKal03]
and [HaKal0#]), as the basic term is stated tR€ . The definition is due to a level-property — a set of
inequations and one equation. The geneRdl consists of all non-negative numbers, still, in this aeicl
the RC is defined as only two-valued, which is for thECodes enough to handle the neural network
architectures.

Definition 1 Let N € N. Define respectively

1. level-property{a;}2,, a; € {0} UN,je{1,..., N} fulfills a level-propertyif

k N
aj>k-1,ke{l,...,N=1}, Y a;=N-1, (1)
j=1

Jj=1

2. forN € {2k — 1 | k € N } the set of read’s codes of lenghx:

RC(N) £ {{a}j—vzl ‘ a; € {0,2}, {a}}, fulfilsa Ievel-propert>}, 2)

3. the set of all read’s codes:

RC= [ RC(N). (3)

N=2k—1
keN

The level-property mentioned in previous proposition ismportance. First, the level-property provides
easy random generating of aRC - starting from the first entry of a series, the next are gdedrat
random and fulfilling the level-property. Second, the lepedperty defines the length of aRC subpart at
any positionk e {1,..., N} — this will be described in the following paragraph. Thirdetlevel-property
can be helpfull when looking for lower/upper bounds of thedazality of the set of ICodes .

The next important term is subcodeof an RC. ConsiderN € {2k —1 |k € N}, {aj}j-\’zl € RC(N).

For each positiorke{1,..., N} there existN — k + 1 sequences consisting of valuézsj}lj:k, l =
k,...,N.Then, only one of these is uniquely defined as fulfilling tnel-property. This subsequence is
called a subcode on positidn The subcode is found quite easily using level-propertis g&tarted from
positionk and the sumii.:1 ax—1+; are evaluated fof > 1; the seeking stops after the level-property is
reached while the appropriate subcode of lerigéfound. Note that subcode on first position is the whole
RC ; on the other hand any subcode on positlofor which a;, = 0 gives subcode of length. These
situations are shown in tadlé 1.
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Position Original code:
2 0 2 2 0 2 0 o0 O

7 8 9 10 11 17
10 10 12 12 12 12

2 0 2 0 o0 O

k=1 -1 0 1 2

subcode 2 0 2
k=T -1
Yy k14

subcode
k=10 -1 0 1 2

subcode 2 0 0
Table 1. Subcode construction. For each posikidine first row shows value @f- 1 which is the right
side of the (in)equations in level-property, the second sbaws the sum af;_;.; which is the left
side of level-property, and the third row shows the subcagedbuilt.

N O WIN
N 00 BN
o 0 O o
O 0 OO

o O o

Following the last equation of level-property [[d (1) we gétime term[expr] is an indicator; ifexpr may be
true of false, théexpr| returnsl if expr is true, and) otherwise)

N N
djm @ =D o 2[a; > 0] =
—2|{a; |a; >0, je{l,...,N}}| =N -1

which gives the number of non-zero parts of R :

{a; |a; >0, je{l,....N}}| = (4)

N -1
5
This number is an integer sincé is odd. The number of zero parts of &C is equal to( N + 1)/2.

To provide wider representation power, additional indfiarc entries are added. This structure is, then,
called aninstruction code ICode . The values of the instructions are of two types accordintjpéonon-
zero and zero entries of alCode . They are calleduilding andterminatinginstructions and the sets are
assigned aBI and TI . The terms of length and subcode are intuitively adoptechfread’s codes.

Definition 2 LetN € {2k —1 [ k€ N}, {a;}}L, ¢ RC(NV). ThelCode & of lengthN is defined as
P a5}, ()

where (Vje{l,...,N}) ((a; =2 = «; € BI) A (a; =0 = «a; € TI)). Set of alliCodes of lengthV
is assigned a¥§Codes(N). The set of allCodes is defined as

ICodes = U ICodes(N). (6)

N=2k—1
keN

Let 2 € ICodes, 2 = {a;,a;}} . Next define the length of?

|2| £ N, (7)

and a SubICode on positionke{1,...,

2}
stub{f@7k}:{aj,aj}, (8)

such that{a;} is subcode ofa;} ", on positionk.
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Example 3 Consider anICode

2 ={{2,2},{2,1},{0,11},{2,2},{2,2},{0, 11}, {0, 11}, )
{2,2},{0,11},{2,1},{0,11},{0,11},{0,11}}

Clearly, the length is equal th??| = 13. SubICode on position7 2; = {{0,11}} is an ICode of length
1, SubICode on positiord 2, = {{2, 2}, {2,2},{0,11},{0,11},{2,2}, {0,11},{2,1},{0,11},{0,11}}
is an ICode of length9.

The operator defined in the following definition just genzed the most frequent operation performed with
RC (with CE) which consists in replacin@ublcode on given position with another.

Definiton 4 Let » € ICodes, # = {aj,a;}}L, and 2 € ICodes, 2 = {b;,Gi}M,,
ke{l,...,| 2|}, Now = |sub{2, k}|. Theleft-addition®, is defined as follows.

9 D Q = {Clvvl}lP:h

where
P=N— Ngyp+ M, and
{ag, aq}, l=1,...)k—1 (10)
{e,m} =9 {bi—k+1, Bi—k41}s l=k,....,k+M-—1

{al,I\,{JrNsub,Ozl,MJrNsub}, l=k+M,...,P

Proposition 5 For any & € ICodes, & = {a;,a;}}.,, any2 € ICodes, 2 = {b;, 3;}}1,, and any
ke{l,...,N}, the sequencéc;, i}, = & @ 2is an ICode of lengthN — |sub{.2, k}| + M, ie.

P @), 2 € ICodes(N — |su{ 2, k}| + M).

As for the description oICodes(NN), one of the first concerns is the cardinality of this set; helps
among other to formalize the upper bound. For the first twaeslof/NV hold the following equations

[ICodes(1)| =1, |ICodes(3)| = 1. (11)

Consider? € ICodes(N — 2), ke{1,..., N — 2} such thaty, = 0. Next, let2 = {{2, 51}, {0, 52},
{0,83}}, B1 € BIL, B2, 83 € TL. Since|sub{ 2, k}| = 1 and| 2| = 3, the ICode & &, 2 is member of
ICodes(V). Applying this operation to every? € ICodes(N — 2) foreveryke{1,...,N — 2}, a; =

0, the setfiCodes(N) is reached. Because differefi€odes lead after this step to the identicdCodes
(symmetry), the recursive schema gives only upper boundt,d@éce instructions at every position are
evaluated inBI or TI, the cardinality is influenced by the cardinaliti¢BI| and |TI| .

|ICodes(N)| <

N+1 N

<BI'7 .TI'7 =241 [Codes(N — 2)| < BI'7 .TI 7 (N2 3f1 11— (19)

—BI 2 TT 2 . (M-

This upper bound of the cardinality grows (%2;1) 7 (using Stirling’s formula), on the other hand the
duplicities caused by the symmetry may lower it significanfhe recursive schema for the exact number

of symmetries iMCodes(/N) wasn’t found yet.

3. Evolutionary Operators Defined on ICodes
The operators play a vital role in the model of evolutiondgoaithms while their definition determines the

transitional behaviour of the system. The operators defioelCodes are intuitively adopted from th€E
theory; the operations on subtree<iR are due to level-property equivalently definedSarbICodes.
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3.1. Mutation
Mutation is usually described as randomly changing the artbpf a representation. This approach is kept,
mutation is considered as a functigrt mapping aiCode € ICodes onto anotherlCode , formally

M : ICodes — ICodes. (23)

Technically, the mutation is realized as a chang&ablCode on randomly chosen position. Le? €
ICodes. The mutation2 = M(Z?) proceeds as follows:

1. Choose randomly positidne {1, ..., \9]} This can be done according to an arbitrary distribution
on{l,...,|2|}, e.g. uniform.

2. Generate randomiCode L.
3. Substitute the part of” corresponding to &ubICode on positionk with 2;,,,,.

Using notation ofé®; mutation can be formally written as
M(P) = P B Limp, (14)
whereke{1,...,|2?|} and 2y, € ICodes are random.

The length ofM(2) is bounded a$2| < |M(2)| < | 2|+ | 2| — 1. In case the first position is chosen
at step 1 of the mutation mechanism, it actually means treatoleICode is interchanged with new
randomICode (the lower bound is reached). On the other hand picking ugptsitions with non-zero
entries means growing th€ode (the upper bound is reached, the resultii@pde is of length that is
greater or equal of the mutated one).

Example 6 Let & be theICode as in exampl&l33 the randomly picked position, and;,,., = {{2, 2},
{0,11}, {0,11}} the randonmiCode. The resultindCode is created as (the interchang8dbICodes are
emphasised):

<

(2) =

M({{2,2},{2,1},{0, 11}, {2,2},{2,2}, {0, 11}, {0, 11}, {2,2},{0,11},{2,1},{0,11},{0,11}, {0, 11} }) =
{{2,2},{2,1},{0,11}, {2, 2}, {2,2}, {0,111}, {0, 11}, {2,2},{0,11},{0,12}, {0, 11} } =

2.

(15)
In this case, the mutation maps membel@bdes(13) to a member ofCodes(11).

3.2. Crossover

Crossover is the operator that recombines the subparts opé&rands. It is considered as mapping

C : ICodes x ICodes — ICodes x ICodes. (16)

Realization of crossover is given as interchang&wablCodes. Let &1, &, € ICodes. The crossover
(21, 95) =C(H, P,) proceeds as follows:

1. Choose randomly positioris €{1, ..., 321]}, kae{l,..., 322]}. This can be done according to
an arbitrary distributions offi1, ..., | 24|}, {1,...,| %]}, e.g. uniform.

2. CreatdCode 2; substituting the part af?; corresponding to &ubICode on positionk; with part
of &, corresponding to ubICode on positionks.

3. CreatdCode 25 substituting the part of?; corresponding to 8ubICode on positionks with part
of &, corresponding to 8ubICode on positionk; .
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Using notation of@y, crossover can be formally written as
C(f@l, 92) = (321 Dk, SUb{gzg, kg}, Py Dk, SUb{gzl, kl}) (17)
wherek, €{1,...,|21|} andkz €{1,. ..,

P, |} are random.

Example 7 Let #, = &, &, = 2 from the mutation exampl8,the randomly picked position i’
and5 the randomly picked position i#?;. The crossover proceeds as (hebICodes are emphasised):

C(P1, P) =

=C({{2,2},{2,1}, {0, 11}, {2, 2}, {2, 2}, {0, 11}, {0, 11}, {2,2},{0,11},{2,1},{0,11},{0,11}, {0, 11} },
{{2,2},{2,1},{0,11},{2,2},{2,2},{0,11},{0,11}, {2, 2}, {0, 11}, {0, 11}, {0, 11} }) = (18)
= ({{2,2},{2,1},{0, 11}, {2, 2}, {2, 2}, {0, 11}, {0, 11}, {2,2},{0,11},{0,11}, {0, 11} },
{{2,2},{2,1},{0,11},{2,2},{2,2},{0,11},{2,1},{0,11},{0,11}, {0, 11} }) =

=(21,2).

4. Conclusion

This article summarizes the basic terms and facts abouttiiat®nary algorithm based ofCodes which

is used to optimize neural networks architecture. Sinceatferithm is already defined, and even imple-
mented (see [HIaKal3]), the model is currently undergdivegtesting phase. In this sense, the monitoring
of such highly parametrized evolutionary algorithm wouksvery helpful tool.

In [Mose99], the population model of the binary (and generaty) case of evolutionary algorithm is in-
troduced. The population model approach of the evolutipafgorithm monitoring works with population
as a basic entity, and controls its transitional behavibhis requests sufficient algebraic structure of the
search space, and explicit notation of the evolutionaryaipes. It is of interest to state these terms for
the ICodes set. Currently, the upper bound of the cardinality is statieel operator realizing evolutionary
operators is explicitly described. The comparison of theabyj case of evolutionary algorithm (the most
discussed in the theory of evolutionary algorithm) is shamvtable[2.

As for the future plans, the structure BEodes(N) and ICodes will be further studied to get more pre-
cise algebraical description, or at least some sufficiept@pmation. The analysis of the results emerged
from testing runs of the actuall implementation along with hext testing is supposed.

| | Binary case | ICodes |
Search spac@ (Z,)' ICodes(N)
Cardinality ofQ 2! <BI'T TI = . (2!
Algebraic structure finite field not known
@ ... logical XOR @y . . . left-addition
® ... logical AND
Random generating entry-wise, binomialf € (0,1)), | using level-property
independent for each entry
Evolutionary operators | Crossover with mask € Q: Crossover on position
C(i,j).:(k,l) | ke{l,...,min{| 2|, |P:|}}:
k=(i®@q)®(jecd) C( Py, Po) = (21, 2)
l:(2®é)@(j®c) 91 = Dk, SUb{gzg,kQ}
32 = 322 Dk, SUb{gzl, kl}
Mutation with maskn € Q: Mutation on position
g .
MG) =k =jdm ked{l,...,|2|}:
M(P) =P By Limp

Table 2. Comparison of the properties of the evolutionaggathm based oriCodes with the binary
case.
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Abstract

As in many research works of parallel genetic algorithmsAB)G claims of a super-linear speedup
(super-linearity) have become so regular that some clatiéin is usually needed. This paper focuses on
“the estimation” of computation characteristics from giatacomputing. PGAs are stochastic based algo-
rithms, so the application rules from parallel computingas straight forward. We derive total (parallel)
run times from population sizing, the estimation of selatintensity and convergence time. The flawless
calculation of total run is essential for obtaining the @weristics such as speedufi(, p)) and others.
However, the process of derivation such characteristinstisimple, it is possible as it is presented in the
paper.

1. Introduction

In [B], the primary purpose of parallel computation is toued the computing time, it takes to reach a so-
lution of a particular problem. By adding more processirenpents (PE or processqisto the computing
system, the computing time of a parallel algorithm decredsethe number of processors. The improve-
ment, the total parallel time with respect to the total tinfieacserial algorithm, is called as the parallel
speedup of the algorithm.

Computing the speedup of a parallel algorithm is a well-pte@ way of measuring its efficiencyl[9].

Although speedup is very common in the deterministic perallgorithms field, it has been adoptédl([lL, 2]
in the parallel evolutionary algorithms field in a differdidvors, not all of them with a clear meaning.
Several definitions of speedup have been described to gadhaiel genetic algorithms into the definition.
According to [3], they are two types of speedups basicalippngandweakspeedups.

I. Strong speedup
II. Weak speedup

[IA. Speedup with solution-stop
[I.Aa. Versus panmixia

[I.Ab. Orthodox

[IB. Speedup with predefined effort

Table 1: Taxonomy of Speedup measures.
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1.1. Strong definition

Strong definitiorfollows the meaning of speedup as it is in parallel compatatilfo avoid stochasticity
of algorithms, We operate with average of independent rar@der to have representative time values.
Tomassini and Alba[]3] claimed that some practical problamise with this type of the definition. And
they give two reasons. First, it is difficult to decide whetbenot a sequential EA (evolutionary algorithm)
is the best algorithm. Second, that the researcher has todre af the faster algorithm solving any of the
problems being tackled. These two reasons, they found basolte.

1.2. Weak definitions

Therefore they proposseak definitiorof speedup as the extend to which it is possible that a diffeak
gorithm exists (probably not an EA) that solves the problastdr in sequential mode. This definition helps
to compare our PEA (parallel evolutionary algorithm) agaiwvell-known sequential EAs. The important
point relating a weak definition is the stopping criteriope®dup could be studied by imposingradefined
global number of iterationdoth to the sequential and to the PEA. This measure is capeédup with
predefined effort”, marked as 11.B in Table 1. The measure man®as two algorithms that are working out
solutions of different fithess (quality), this breaking faedamental statement of being “solving” the same
problem with the “same” precision.

An orthodox wealdefinition, type Il.Ab. in Table 1., uses termination criterwhen a solution of the same
quality had been found, optimal solution. One importantsid@ration is the composition of the sequential
EA. We could compare a panmictic (sequential single pomraEA [[7] with multi-deme EA ofd demes
(islands), each running on a different processor. This isasaledversus panmixia weatomparison (Table
1., l1Aa). The algorithm running on one processor is panimiatthis case, while thd islands that are using
d processors represent a distributed migration model whgseithmic behaviour is quite different from the
panmictic one. This could provoke a very different resutttfiee numerical effort needed to locate solution,
and thus very different search times can be obtained (fastach for the distributed version).

In order to have a fair and meaningful speedup definition 6A®, we need to consider exactly the same
algorithm and then only change the number of processors) fréo d, in order to measure the speedup
(strongor weak orthodok In any case, the speedup measure should be close to thmtraddefinition of
speedup as possible.

In this paper, we provide a methodology how to obttiong speedufb, [6] in parallel genetic algorithms.
The methodology provide a step-by-step manual how to aehiey“closeness” to the traditional definition
of speedup for parallel genetic algorithms.

2. Background

Apart from selected measureproposed in[[B], we try to construapeedup S(N, p) and efficiency
E(N,p). To get proper speedup, we need to obtain adequate prockedwrt get run times of (parallel)
genetic algorithms. In our opinion, the run times are based good population sizing the estimation
of selection intensity convergence timeandcalculation of total run. In the next part, we pick the above
mentioned topics one by one.

2.1. Population sizing for (P)GA

As it has been showil[5], the total number of individualsin the demes decreases (increases) based on a
topologyé of a parallel genetic algorithm while still reaching a s@uatof the same quality. We describe it

in a better way. Let’s introduce a genetic algorithm. Theegenalgorithm uses a population si2& runs

on1 processor and optimises functigi.). Similarly, in a parallel genetic algorithm, the populatisize is

N’, it runs onp processors, processors are connectexttpology and it optimises functiofy(.).

As it has appeared in many studies, the number of individisalte same for both genetic and parallel
genetic versions, instead of scaling based on a topology. Using the same population size§ & N),
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parallel versions are reaching the optimal solutions fackpr and it is a primary source of super-linearity.

Genetic algorithm Output of Gamler’s ruin model operates with equations (Ij &). The equation (1)
gives the probability of failure in regards with an averade&opartitions correct and the equation (2) is a
population sizing for GA, wher# order of BBs,o2, is the average BB variancey,’ = m — 1 is the number
of partitions and! is difference between the best and second best BBs. For retaidsd seel[5].

; (1)

a=1-—

~

n= —2kflln(a)%

SRS

(@)

Parallel genetic algorithm with isolated demesThe equation (3) shows the required probability per deme

is relaxed as more demes are used, wherg ~ v/v/21nr and the number of demes:is This equation
(3) leads to the population sizing equations (4) and (5).

e Q\ My

P==— 3
N el 3)

~ /
Nisot = 28 In(1 — P) T (4)

2d
Parallel genetic algorithm with maximum connections
PN /

Neg = \/ —2FIn(1 — P)%. (5)

Parallel genetic algorithm with sparse connections

There, we want to construct an equation for demes, which atrssalated nor maximally connected. First,
we take out from the equation above parts which are the saimat i$ 3+.v/7m’. Second, the term

[2%In(1 — P)]?, whereg has to be defined. Surelg, < 0.5;1 >, where the borders of the interval
are from isolated and maximum connected demes. The numisgde iof the interval are for sparsely con-
nected demes. Third, we have to defined how to charagesed on the number of demes (vertit®sand
connections (edgek) between them (as the graphV, E)).

R I R ©®)
V.E=(3) j=2

the number of decimal points ih— d, = (%)dl, (7)
J
Nsp = e ™/ (—2% In(1 — P))”. (8)

2d

2.2. Selection intensity

OneMax problem is often used a test function. It is definefias o = 22:1 i, wherel is the number
of BBs andz; the value ofith gene.

The mean and variance of fitness of fitness of the populatiorbeaapproximate as a normal distribution
with meany, and variance?. Thereforey, = I.p; ando? = I.p;(1 — p;) andp; represents the proportion
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of correct BBs of the population in generatiarMilenbein and Schlierkampl[8] proposed a convergence
equation for the problem and ordinary selection schemeslisvis

pig1 = e + Leoy. 9)

There,I. is the complete selection intensity that is defined as theeeg increase in the average fitness of
a population after selection operation.

Selection intensities are not the same for different selectchemes. In the equation (10), tournament based
selection intensity; is given by [4], whereb and¢ are the normal distribution function and normal density
function with zero mean and unit variance. Other selectigarisities for other selection schemes present
in the Table 1.

Selection schemes Parameterg 1,
Tournament| S Ws:s
(N (. 2) | 3700 i

Linear Ranking nt (nt — 1)%
Proportional O, it o/t

Table 2: Selection intensities for various selection schemes.

I, = Ms:s = S/ioo x(b(x)(q)(x))Sildx (10)

oo

When we use parallel genetic algorithm, the complete iriterds is sum ofl; and[,, like

I, = I, + L. (11)

For simple GA, it holdd,, = 0 andI. = I,. Migration intensity/,,, is a sum of the selection intensity
caused by selecting the best individuals to emigiatand the replacement intensity replacing the worst
individualsI,:

Im = Ie + Ir = 6¢(¢_1(1 - p)) + ¢((I)_1(1 - §p)) (12)

The definition of the complete selection intensity is usethanext when we compute convergence times
of different parallel genetic algorithms.

2.3. Convergence time
From equation (9), it leads to the equation (13) as presentég].

1+ szn(t£ + arcsin(2p, — 1))] (13)

Vi

Pt =

N =

When we pup, = 1, we derive a convergence time. The convergence time Gftgintimber of generations
before convergence occurs as (14). #Asstands for the initial proportion of bits correct, in the easf
OneMax is ofterd.5.
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(14)

The simplified equation (14) gives the number of generatiwtil aonvergence as a fraction of square root
of [-bit and selection intensity,..

2.4. The size of input data for PGA

When the total parallel runtime is measured, we trace thelraumf processors and the size of input data.
What is the size of input data in PGA? The size of input dathdsstze of total populatiofv as well as the
representation of an individual. That signify the sum of plagion over all demes, when the population is
divided into many demes (sub-populations) and it is notest@lobally. The increase of a population size
makes the total runtime longer and vice versa. In next, thee i input data is the total population sixe

2.5. Construction of total runtimes for PGAs

The total parallel run timé&;,. (N, p) is sum of an evaluation timg.,,; and a communication time.. The
algorithm does not converge in one epoch, but many, so thdauaf epoch to convergeness there. The
total parallel run time i930t (N, p) = T(Tevar + T¢)-

The evaluation timé’ is a time for evaluation of one individual. To get the apprafer estimate for calcu-
lation of the evaluation time, the number of individual®as to be added and the convergence ti(g).
Then the evaluation time for the whole dem&i&).n. 1.

Tyot(N,p) = 7(G(t).n. Ty + 6T). (15)

The communication timé&, is a time, which is spent in communication with other demedepends on
migration ratep, the number of individuals in deme (subdemeg}opology of the deme& and a length of
individual (in case of OneMax() Also, the underlying network connection has to be represksomehow,
therefore the latency of communication cafigl.c.., was added.

L
T, = T‘latency + f(pa 67 l7 n) = /Tlatency + Ek
- T‘latency + Clpn (16)

Variables are defined ag:- migration ratey - topology, Ly, - length of transmitted messagg,- commu-
nication canal bandwith(' - constant] - length of individual (in case of OneMax(), BB),- the number
of individuals in deme (subdeme) and the number of epochs to convergence.

3. Total parallel run times of PGAs

In Table 3 (below), the total parallel run times of variouslthdeme parallel genetic algorithms are sum-
marized. Table columns are GA type, the number of processsed, the total parallel run time and the
communication time. The calculated values are employatidarvhen the calculation of computing char-
acteristics is needed. It is important to note that madéeesPGA, in Table row 2, is a different type of
PGA, so the total parallel run time is not similar or closette bther ones at all.

The estimation of parallel run times of PGA is a starting pédndetermine the performance metrics of any
parallel algorithm on any parallel system.
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# | {P}GA | D | Tiot(N,p)/T | T.
1 GA |1 G(t).n.Ty 0
2| PGAM-S) | p | n.Ty/p+ k(p — 1)T¢ | Ln/r
3 PGA (|S|) p G(t).nisl .Tf 0
4 PGA (Spl) p G(t).ndl.Tf + T, Tey
5| PGA(sp2)| p G(t)na Ty +Tc | Tes
6 PGA (cg) | p G(t)neg. Ty + T | Tem

Table 3: The type of{paralle} genetic algorithms, the number of available processoestdtal run time</'(N, p)
and the communication timés. (7% : 0 < Tes < Tes < Tem) are summarized.

4. Basic performance metrics of PGAs

Compared to sequential algorithms, one additional dintenkas to be considered while analyzing com-
plexity of parallel algorithms: the number of processotse Tream of parallel computing community is to
achieve linear speedup in solving problems. If the numberofessors increasédimes, we would like to
see the time of the solution to decreasimes as well. Unfortunately, this is very hard to achieveniany
cases and we need additional performance metrics to eeghmuality of parallel algorithms.

A simple algorithm (below) shows how to find simple perforrmametrics as the speedfin, p) and the
efficiency E(n, p). The algorithm follows the track of so called “strong defimit’ of performance metrics
(in this case, speeduf(n, p)).

4.1. Definitions of performance metrics

In this part, we define two common performance metrics: tleedppS(n, p) and the efficiency (n, p).

Definition of the speeduf(n, p) is

_ Tit(GA)
S(nvp) - Ttot(PGA) . (17)
Definition of the efficiencyE'(n, p) is
Bn,p) = 222, (18)

4.2. Algorithm

The algorithm, how to obtain the theoretical speedup andieffcy, goes as follows. We want to achieve the
speedup and the efficiency of parallel genetic algorithmstFive need to find a version of simple genetic
algorithm, which could be easily changed into a parallesi@r. For simple genetic algorithm, we calculate
population sizer, selection intensity, and the convergence tint&(¢).

. find SGA (simple genetic algorithm
.SGA— n, I, G(t)

. find a parallel version of SGA (PGA)
., I, G(t) — d,ng, I, Gp(t)

. calculateTl} ¢ (n, 1) andTo (n, p)
. calculateS(n, p)

. calculateS(n, p),p — E(n,p)

~No o~ WNER

Table 4: Algorithm how to getS(n, p) and E(n, p) for PGA.

In the previous sections, there were mentioned steps andoaehow to obtained population size se-
lection intensityl; and teh convergence tint&(¢). Second, we construct a parallel multi-deme version of
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simple genetic algorithm. For the parallel version, we abtlle number of demé, the size of deme,, se-
lection intensityl. and the convergence tinge, (¢). As far as we have those variables, we can calculate the
estimations of parall€l;,:(n, p) run times. Based on thes@&;(;(GA) andT;.:(PGA)), we can calculate
the theoretical speedu§(n, p) and efficiencyE(n, p).

5. Discussion

We have presented no sound validations of the proposedithigonor theoretical comparisons between
types of PGAs. We proposed how to get performance charatitsrin the way of strong definition, but
the broader investigation and comparisons between theakestimations and real runs of parallel genetic
algorithms are underway.

6. Conclusion

The paper shows how to obtain the theoretical speesiupp) and efficiencyE(n, p) for PGAs. The
measures are based on strong definition of performanceatbastics while using population sizing, the
estimation of selection intensity and convergence time. ddrivation of successive steps is not quite simple
to get the result and it might be simplified soon.
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Abstract

Decision trees belong to the basic classification methodsaithine learning. Usually, to achieve
smaller generalization error, ensembles of trees (detisi@sts) are used instead of one single tree. Sev-
eral methods of growing such ensembles exist at presentlgdragging, boosting and randomization of
internal nodes. Boosting using methods are based on a sttasgjfiers and usually use some confidences
for each tree in the ensemble. Random Forests (Breiman 28@jljite new method for building deci-
sion forests which adopted bagging and randomization efiral nodes for growing procedure. Random
Forests technique differs from other forest based methgdsmbining weak classifiers with the same
weights (confidences). Current paper shows that apprefyiahosen leaf confidences may improve pre-
diction of Random Forests of limited size. As an accessapgipet an useful statistical model is presented
for better understanding the technique of Random Forests.

1. Introduction

This paper is concerned withvo classclassification problem and with the method of constructiagsifiers

in the form of an ensemble of decision trees caRathdom Fores{RF). We will briefly introduce methods
of growing decision trees and forests and we will explainnrdifferences between them. The main goal
of this paper is to show a simple extension of RF which can awpithe prediction of RF method under
specific conditions.

At first we will give some basic notations and definitions. ée® a domain space C RP with p numerical
predictors (variables) and a label set of two clagSes {0, 1}. Our task is to build a classifier, which will
be able to assign classes (lab@ld) to unknown cases from the domain spateFormally, classifier is

a functionh : X — C. To be able to construct such classiftewe will need atraining (learning)set of
cases with the known classification. Let= {(x1,v1),- .., (xn,y.)} be our training set, where; € X is
acase ang; € Cisits class; € n. This approach to building classifiers with using a learrgagis known
assupervised learningA testingset is used to estimate accuracy of a classifier and to convaaitus
classifiers. The testing set is similarly as the trainingasedt of cases with the known classification, denote
K ={(x1,y1),- -, (@m,ym)} such testing set of cases.

2. Decision trees and forests

Decision trees and forests belong to the basic statistieghad for creating classifiers, for other see
[B]. These methods became very popular because of a simgldaah learning scheme, for their easy
interpretability and a good accuracy. At first we will brieflgscribe decision trees and after that we will
speak about ensembles of trees called decision forests.

Decision treds a rooted tree which consists of internal nodes callecision nodef final leavesand of
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branchegways). Decision nodes contain some specific tests (splig¥inal leaves gives the classification.
The unknown (unseen) case starts at the root and passeglthaleaision nodes, where a branch to other
node is chosen according to the test, until the case enasuatinal leaf which assigns a class to that
case. Current methods for growing decision trees (CART (2,5, C5.0[[1D]) usually use two kinds of
tests in internal nodes - ordinary binary splits and lineambinations of input variables, for details and
other possible tests sdd [9]. We will use only the ordinanaby splits in this paper. These tests have the
form X, < a, whereXj is some ofp input variable and: is some threshold. Decision nodes with these
tests have only two links (branches) to other nodes (chillsg unseen case goes to the left child if it
success the condition else it goes to the right child. Thewslof splits are then calldainary splits Some
methods (CRUISEL[15]) uses also more generalized scherfed galltiway splitswith more than two
ways, but as you can see [d [8] this approach is not very recemaied. The exception is C4.5 which uses
multiway splits only for categorical (values from a finite)seariables.

The growing procedure of all current methods is based onrsaai partitioning of the learning set.
Methods differ in the best split selection in decision node8RT and C4.5/5.0 are based anpurity

of the node and the best split is chosen accordijing or entrophycriterion, for details see [2][110][9],
[B]. Methods CRUISE and QUEST use different approach irt sgliection based on ANOVA F-test, see
[186], [15]. After a tree is grown all methods usuaflyunethe decision tree to avoidverfitting because
perfectly trained tree may be very accurate on the traingtdpst it has not to be so accurate on other data.
This effect may be caused for example by noise in the learsgtglhere exist two basic pruning methods
at present €ost complexitysed in CART anerror basedpruning used in C4.5 and C5.0.

In current paper we will use the CART methodology for growitggision trees. In other words, we will
consider only ordinary binary splits and the cost complegiuning.

More than one tree can be used for classification to make tdigtion better. Arensemble of tree@@e-
cision forest) is a set of several decision trees and a ruledmbining their predictions, for example the
majority voting scheme. Lef’ = {T3,...,Tn} be the decision forest and let the functiéh: X — C

be the prediction of the whole ensemble. The decision fdrastto be a set of different trees. So the main
problem is how to build several diverse trees by standardattiogy from one training set. There exist
three basic methods (and their modifications)

e Boosting - based on adaptive reweightening of training seseel[B],[17]

e Bagging - based on random samples from the training seti33ee [

e Randomization of internal nodes, s&el[12]1[11]

The paperi[12] is concerned with experimental comparisahe$e three methods and it implies some in-
teresting facts. It shows that bagging and randomizatimsicact very similar classifiers, and that boosting
is unusable when training set is affected by noise, or whedture of classes occurs. Bagging and random-
ization are better approaches in such conditions.

Random Forest]4] is a method of growing decision forestivisiombines bagging and randomization of
test selection in internal nodes. For each tree in the for@sttraining set (bootstrap sample) is drawn ran-
domly with replacement from the original training set an@ath node a random subset of input variables
is selected to split on. The best split among these seleetéables become the test in decision node. This
procedure is calledandom input selectigryou can find more randomization techniquedin [11]. Theeerit
rion for best split selection is based on the CART methodpktd the final tree is not pruned on contrary
to CART. To summary, RF is method for growing an ensemble adkvaassifiers. When RF is used for
classification each tree in forest assigns a class to an niesse and the final prediction is given according
to majority of all votes. More generalized voting schemedobsn leaf confidences for RF is described in
the following section.
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3. Leaf confidences

To define leaf confidences we will need more formalized anég#ized two class voting scheme instead
of a majority voting as pure RF does. LE}(z) be a leaf reached by casein the treeT;. As v we will
denote final leaf. Furthermore, we will assign to each leiéd confidence levebiven by some appropriate
function c. Its range are real values, positive values mean preferiemdbe classl and negative for the
second clas8. The higher absolute value implies the higher confidencelI&Vith the given leaf level of
confidence: we can define the prediction of the whole ensembl&/dfees as

(1 i Fy() >t
Gri(e) = { 0 otherwise

where

N
Fy(z) = c(Tj(x))
j=1
is the sum of the leaf confidences of all leaves reached byabexdn the forest and is a threshold. For
example the simple majority voting scheme usesN/2.

Suggestions to leaf confidences came from papérs [7][an8@lpire and Singer][7] introduce some ideas
for leaf confidences by minimizing exponential loss funetiQuinlan describes inl[6] an ad hoc function
calledLaplace correctiorfor leaf confidences in C4.5/5.0.

Furthermore, in current paper leaf confidences are funstdiwo statisticeos andneg. Letpos(v) be the
number of positive (with the class label equalljocases from the training set which encountered the leaf
v, andneg(v) be the number of negative cases (class lapdRandom Forests grows trees until pure nodes
(containing cases only from one class) are reached. Theksraze pure only on a random subsample (RF
uses bagging) and do not have to be pure on the whole traieingss for each leaf in each tree we
are able to get couple of statisti¢gos(v), neg(v)). Using these statistics we define leaf confidences as
c(v) = w(pos(v),neg(v)) in current paper, where : N x N — R is an appropriate function. We have
tested several functions and some of them are described bellow.

At first we define leaf confidences

7 f (pos, neg) def sign(pos — neg)

which simulates the original voting scheme from pure Ran@fonests. Thesef confidences are based on
the whole training set in opposite to pure Random Forestsiwassigns leaf confidencesd {0,1}) only

on the basis of a bootstrap subsample. In our experimgnt®nfidences reached approximately the same
results as the pure RF. Thesg confidences we have used mainly in our experiments witrssital model
described in the next section. The differences betweenRErandr f confidences are caused by bagging
because of omitting same cases.

As written above the papelrl[7] suggested some ideas for mafdences by minimizing the exponential
loss function. Let us denote the simplest derived confidendth smoothing parameteras

def 1, pos+e
(J(s)(POS,TL@g) = QIDW

Theseq weights (confidences) are very similar to the Quinlan’s tiota see [[6]. We tried to use both
of these confidences but as none of them led to satisfactetytse our later work was dedicated to look
for more accurate weights (confidences). The work seems fmalélly successful because of new leaf
confidences calledormalized differencparameterized bj anda

d ( ) def pos —mneg — h
n 0s,neqg) = ———————
(a,h) \POS; NEG (pOS + neg)a

The parameteh is appropriate for smoothing of unwanted effect of baggirwewleaves are small and

contain nearly the same amountyafs andneg cases. Results differed with the set and with the size of a
forest.
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Last confidences we describe in current paper are influenged lveights and sigmoidal functions. We
were looking for a function with the similar behavior as thgnum function but more smoother and
continuous. Sigmoidal functions have exactly these ptmrve wanted and we picked one of them
s(x) = (1 — e ™)/(1 + e~ *) with the values in(—1,1). Leaf confidences we use with the functien
are parameterized blyand are defined as

def pos — neg
U(k) (pos,neg) = S m

4. Statistical model for RF

For comparison of accuracy described leaf confidences @st®of various sizes we use ROC (Receiver
Operator Characteristic) curves also known as signal gdosickground acceptance. The ROC curve is a
set of points in0, 1]2. Each poin{a, b] on such curve expresses two probabilitiesis a probability that a
case from the clagsis classified as signal from clasgbackground acceptance), ahi$ a probability that
the case from the cladsis classified correctly (signal acceptance). The optimaitae clearly seen as the
point [0, 1], i.e. no noise is classified as signal and all signal pagiate classified correctly. To generate
more points on ROC curve we have to parameterize the classifithis paper we use the parameterized
function Gy, defined above as the default classifier. We can define moresplgthe ROC curve for our
purpose as the set of points

1 1
m Z GN,t(Ii),m Z GN,t(Ii)

r;€Ko ;€K1

whereK,; = {(z,y) € K|y =1}, € {0,1}. To obtain the ROC curve for given leaf confidences and forest
with IV trees we have to use all possible threshold parantetesr example a curve for forest of N trees
with rf confidences (values off are in{—1,0,1} ) consists 02N + 1 points which is the amount of all
possible values of thresholdParametet for pure RF is from{0,1,..., N}.

Since growing a random forest is a random process we deriggtiatical model in order to obtain an aver-
age behavior of a forest. For each case K and for each tested confidencere estimated the mean value
u; and standard deviatiarf of the random variable(T'(z;)) (= Fi(z;)), whereT represents a single ran-
dom tree in a forest. These estimates are based on a randgtesafi500 treesc(T1 (x;)), - - - , ¢(Ts00(x;))-
Using estimated parametears ando? we are able to express the expected valligG y ((;)] taken over
the distributionF of random forests of siz&" using normal distributio™N(N - u;, N - 02). To get a point

on the ROC curve the expected value(®f ;(x;) overz; € K is needed and is computed as an average
overz; of expected value&r |Gy . (z;)]. This procedure is done for each threshokhd for both classes
separately to get a ROC curve.

This statistical model implied from previous experimemattieaf confidences improve the prediction of a
forest of limited size in a domain where background (noigeptance is low. This result was then veri-
fied by averaging ROC curves 20 real forests with added leaf confidences. Since results frenmodel
and from true forests are very close, this statistical meael be an useful tool for understanding of RF
technique in further work.

5. Data sets

We have tested described leaf confidences on three datavghts)e same result - leaf confidences improve
prediction of random forest of limited size.

5.1. MAGIC data set

This data set is generated by Monte Carlo code described] injb it simulates the detection of gamma
(signal) and hadrons particles (noise) by MAGIC teIesEoWhe task is to separate these two kinds of par-

Ihttp://hegral.mppmu.mpg.de/MAGICWeb/
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ticles. Various methods were used for classification, forarsee the comparison study [1]. RF technique

appeared to be one of the best compared methods. Since aerotigammas and hadrons, boosting deci-

sion trees is not usable. In opposite bagging and randoimizaéems to be a good choice as discussed in
[2].

Data in MAGIC data set are described tynumerical predictors and consistsi®679 training cases and

of 6341 testing cases, i.e. approximation in ratio 2:1.

5.2. Gaussian data set

The Gaussian data set tries to simulate similar behavidi@a8MfAGIC data set, i.e. the mixture of signal
and noise patrticles. Signal particles were generated dsrgaaf5 variables each frorv(0, 1) distribution
restricted to the interval-5, 5]. Noise particles were generated uniformly from the hypbedu-5, 5]°.
5000 examples were used for the training procedure and the saroerarfor testing.

5.3. Friedman data set

Various authors use Friedman data set for testing their otsthThis data set you can find for example in
mibenchpackage for R[[18]. For our purpose we use the Friedman2 datargtor which generates data
with four independent variables uniformly distributed otlee rangesX; € (0,100), X, € (40m, 5607),
X3 € (0,1), X4 € (1,11) and with outcome given by formuja= (X7 +(X2-X3—(1/(X2-X4)))?)? " +e,
wheree is from N(0, s?) distribution. Since Friedman2 data are primarily used fgression we had to
separate these data into two subsets giving two classesl 1. It is done by the threshold parametgr
equal to median of response of Friedman2 data with standaidtibns? equal to0. The case belongs to
the clasdl if the response is greater than threshold, otherwise it is put into the clags For training and
for testing10000 different cases were generated with defatlt

6. Experimental results

In this paper we present some results from real RF with addafidonfidences instead of results from
statistical model. Results from the model you can find_id [Egr each leaf confidence (or for pure RF
without any confidenceg) forests withV trees (V € {20, 40, 80}) were grown and averaged. Results are
shown in a table form. For each data set the table is createl fiested forest sizes (N) and for described
leaf confidences (conf.t.), withouf confidences which are substituted by pure RF (labelleghasR F).
Values in each column represent signal acceptances (valugsaxis) at the fixed level of background
acceptance (from% to 5% on x-axis of the ROC curve). Methods are then sorted in asogrmtder
according to the average value (labelledzasr. ) of these five signal acceptances. For each data set we
also present the figurEl(1) which compares pure RF and thedadstonfidence on the forests wi2h and

80 trees.

As follows from tables, leaf confidences reached best resultFriedman2 and on MAGIC data set. The
improvement on the Gaussian data is negligible, as you carinstgure [1), there is in fact "nothing”
to improve because the ROC curves are near the upper borden vehequal tol. Regardless ;) and
ndy, 0y are better than pure RF in average. On the other hand all skeafnonfidences appear to improve
prediction for all tested forest sizes on the Friedman2 dataas you can see in the talile (3). On this data
set a forest witlR0 trees with leaf confidences is so accurate and sometimes iedin the pure RF with
80 trees.

The situation is not so simple on MAGIC data, as the size ofdhest is increasing the order of methods
differs. For the forest witt20 trees confidencesd .90y andnd g 2) reach the best results, but on the
forest with80 trees the best results are gaineddgyy andnd,, . A problem occured with pure RF with
20 trees on MAGIC data set at% of background acceptance. Because no results at this accepevel
were reached no results of other methods are included. Taidgm is caused by RF which produces too
few points (only21) on the ROC curve foR0 trees. It can be smoothed out by confidences (se€[lL7]),
but as mentioned above confidences are not the same as the pure RF voting. That is mijayaore RF

is included in tables for comparison RF with leaf confidences
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[N conft. | 1% 2% 3% 4% 5% | aver. |
20 pureRF | NA 0,359798 0,455183 0,520818 0,57796%,478441
20 qo.01 - 0,378697 0,460204 0,526818 0,57950®,486307
20  nd(,0 - 0,390854 0,474155 0,536786 0,5951[7D,499241
20 oy - 0,39075 0,474167 0,536792 0,5955B®,499311
20 ndp.g2) | — 0,403704 0,480054 0,539571 0,5938[7 0,504299
20 ndp.o0) | — 0,402737 0,48113 0,544539 0,597669,506516
40 pureRF | 0,264407 0,37407 0,460703 0,533453 0,595%30,445632
40 q.0n 0,289066 0,397446 0,477791 0,545147 0,595761,461042
40 nd.g,2) | 0,312698 0,410448 0,48819 0,551843 0,604183,473472
40 ndp.g,0 | 0311524 0,410229 0,490039 0,550724 0,607%03,474004
40 o 0,30627 0,411986 0,490629 0,555668 0,611828475276
40 nda,o 0,30616 0,414911 0,490562 0,555881 0,612460,475995
80  qo.01) 0,289741 0,411129 0,490975 0,550979 0,6032712469219
80 ndpoo | 0,319867 0,410587 0,495281 0,557845 0,608441,478404
80 ndp.gz2 | 0321844 0,412564 0,493457 0,559189 0,60670B478752
80 pureRF | 0,312004 0,411846 0,494624 0,565191 0,6236101481456
80 nd(,0 0,326228 0,42511 0,49938 0,559529 0,615124,485074
80 o 0,32593 0,427402 0,500456 0,559888 0,613987,485533
Table 1: Results on MAGIC data set
[N conft. | 1% 2% 3% 4% 5% | aver. |
20 pureRF | 0,7852 0,93011 0,96466 0,97931 0,987{14€,929284
20 qo.01) 0,81653 0,92358 0,96327 0,98012 0,98760,934228
20 o 0,8276 0,92554 0,96367 0,97972 0,98768,936842
20 nd(o 0,82776 0,92522 0,96372 0,97984 0,987708,936856
20 ndp.e,0 | 0,83104 0,92692 0,96423 0,98006 0,98768,937986
20 mndp.oy2 | 0,83392 0,92741 0,96406 0,98034 0,9882P,93879
40 q.01) 0,82626 0,92726 0,96538 0,9804 0,9884D,937554
40 nd.o,0 | 083979 0,93038 0,96546 0,98028 0,98896,940974
40 ndo,2 | 0,84095 0,93088 0,96572 0,9808 0,98928,941526
40 pureRF | 0,84003 0,93262 0,96636 0,97981 0,98968,94169
40  ndq,o) 0,84479 0,92965 0,96578 0,98034 0,9890P,941916
40 o 0,84504 0,92932 0,96585 0,98038 0,98908,941922
80  q.01) 0,83872 0,92797 0,96555 0,98067 0,98906,940394
80 mndp.o,0 | 0,84145 0,9299 0,96574 0,98023 0,98930,941324
80 mndp.o,2 | 0,84306 0,93126 0,96612 0,9812 0,98989,942292
80 pureRF | 0,84302 0,93391 0,9673 0,98143 0,98948,943028
80 o 0,84924 0,93066 0,96596 0,98025 0,98969,94316
80 nd(,0 0,84954 0,93047 0,96592 0,98031 0,98970,943188
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Figure 1: ROC curves for each tested data sets. The first row of graphis AGIC, the second on Gaussian, and
the third on Friedman2 data set. First column contains RQ@esufor20 trees and the second 80 trees.
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[N conft. [1% 2% 3% 4% 5% | aver. |
20 pureRF | 0,678443 0,718494 0,750332 0,777595 0,801842.745341
20 o 0,686383 0,735935 0,770074 0,795669 0,817060,761024

20 nd(,0 0,687437 0,736637 0,770386 0,79565 0,816846,761391
20 qq.0n 0,693952 0,742353 0,772903 0,795708 0,816572 764298
20 nd.g,2) | 0,695279 0,742626 0,773176 0,798654 0,819528765853
20 mndp.o,n | 0,697347 0,745494 0,774756 0,799903 0,82132A3767764

40 pureRF | 0,677536 0,73373 0,764807 0,791251 0,814348,756334
40 o 0,698791 0,742333 0,773586 0,79801 0,820025,766549
40  nd1,) 0,6992 0,74286 0,773703 0,79803 0,819940,766748
40 qeo.01) 0,704799 0,747132 0,776629 0,798127 0,81943,769224
40 ndp.g,2 | 0,702146 0,745045 0,775322 0,801346 0,823381,769448
40 nd.g,0 | 0,703726 0,749005 0,777546 0,801697 0,822796770954

80 pureRF | 0,68849 0,73293 0,765675 0,792772 0,814730,758921
80 o 0,70279 0,743679 0,775419 0,800468 0,820893,76865

80 mnd(1,0 0,702829 0,74403 0,77581 0,800449 0,821060,768837
80 nd.g,2) | 0,704428 0,74645 0,776005 0,802926 0,823%608,770735
80  q.on 0,709559 0,749785 0,778677 0,800956 0,820932 771986
80 mndp.o,0 | 0,709013 0,750059 0,779087 0,803473 0,824%61,773238

Table 3: Results on Friedman2 data set

7. Discussion and conclusion

Suggestions to the leaf confidences came fidm [7] @nd [6] arsthawn in current paper on three data sets
confidences may improve prediction of RF on the forests oit¢ichsize and when low background accep-
tance is needed. In cases where the mixture of classes dmagging appears to reach better results than
boosting so bagging in RF is a good method. At present baggisijl not fully understood and it seems
that leaf confidences improve the prediction because of keddaverage effect, seE [14].

Let us have a briefly look at bagging. In a random subsamplaguing only 63%< 1 — (1 - ﬁ) " of
training cases are used and a lot of them is chosen more tl@ntoiget the bootstrap sample of the same
size as the training set. In Breiman’s notation each casdaneat with NV trees is approximatelyV = 0.37
times out of bag. This phenomenon may bring some troublds bagging, as written ir [14] - the main
trouble with bagging does not lie in multi occurrence of sorases but in absence of some "important”
cases. Leaf confidences may repair this effect of bagging@Weightening individual leaves in trees. The
second conclusion fror [14] implies that bagging can bedessirate when the influence of particles is the
same, as seen on the Gaussian data.

These effects we have studied just on the Gaussian datahWwhie a simple structure and can be easy
understood. Signal in Gaussian data is in fact a spheredirssitypercube in a space ®flimensions and
the noise is everywhere in hypercube because of uniformilalision. By easy calculation it can be proved
that the radius of our sphere 3s7 and we supposed to have problems with classification neabtmder
because the amount of signal and noise particles becamly tteasame. Since RF (and other tree based
methods) divide the domain space (in Gaussian data a hypered, 5|°) into a rectangular areas, we have
studied the effect of voting in these hyperrectangles. Westtacted two forests of twenty trees to verify
our theoretical assumptions. One forest was pure RF andett@nd one usedd,, 2 leaf confidences.
All hyperrectangles defined by recursive partitioning wtren separated into two sets in dependence of
correctly/incorrectly classified testing cases. If theingtwith leaf confidences improved a prediction of a
case, all hyperrectangles containing this case will beaaemabers of a set marked aOther hyperrectan-
gles are members of the second&e$o on the basis of the testing set we have separated alhgiesanto
two sets - one contains rectangles which improved classditdy nd .9 2) and the second set contains
the rest of them. This separation into two sets of hyperrggés implied our theoretical assumptions. All
rectangles labeletl contained cases near the border of the sphere and we founteaesting fact that the
majority of them contained more thad.5 positive (with the class labél) cases.

As voting of RF is still not fully understood the further wovkll be concerned with this aspect. Some
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new ideas brings the papér_|11] which gives another pointiefvsto RF. RF can be seen as weighted
PNN (potentially nearest neighbor) and this leads us veryecto tree based method called k-NN (Nearest
Neighbor) Tree, seé [13]. For further work also our statetimodel can be very useful to show relations
between various randomization techniques.
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Abstract

Multi-agent systems typically utilize a non-blocking askironous communication in order to achieve
required flexibility and adaptability. High performancengouting techniques exploit the current hardware
ability of overlapping asynchronous communication witlngautation to load the available computer re-
sources efficiently. On the contrary, widely used paraltecpsses modeling methodologies do not often
allow for an asynchronous communication description. Atg¢ame time those models do not allow their
user to select the granularity level and provide only a fixeda machine and algorithm description
guantities. In this wofkwe addressed this issue and designed a new parallel pregassieling method-
ology. Its main features include an open set of atomic ojmrsithat are calculated and predicted for
the algorithm in question, and the computer aided semiraatic measuring of operation counts and ap-
proximation of cost functions. This allows not only for tagithe model granularity as well as accuracy
according to user needs, but also to reach a such descrigtioplexity that would be very difficult to
obtain without any computer aid. We demonstrated that oprageh gives good results on the parallel
implementation of a selected generalized genetic algarith model was constructed and its predictions
compared with the reality on various computer architectuirgcluding one parallel cluster machine. We
also designed and implemented an open multi-agent systigablsufor the above mentioned experiments
and many others. This system synthesizes the areas of hifgfiimance computing, multi-agent systems
and computational intelligence into an efficient and flexifsleans of running experiments.

1The work was partially supported by the project 1ET1003@0dfIlthe Program Information Society (of the Thematic Pragth
of the National Research Program of the Czech Republicglligent Models, Algorithms, Methods and Tools for the SetiawWeb
Realisation”.
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Abstract

We discuss two approaches to supervised learning, namgujarization networks and RBF net-
works, and demonstrate their performance on experimantkiding benchmark, real and simulated data.
We show that the performance of these two models is compgrablthe RBF networks can be used as
an alternative to regularization networks. Their advaatesgower model complexity, while the regular-
ization networks grows with the size of the training set.

1. Introduction

The problem ofearning from examplegalso calledsupervised learnings a subject of great interest. Sys-
tems with the ability to autonomously learn a given task, Mddne very useful in many real life applications,
namely those involving prediction, classification, cohtetc.

The problem can be formulated as follows. We are given a sekafples{(;,y;) € R? x R}, that
was obtained by random sampling of some real funcfipgenerally in the presence of noise. To this set
we refer asa training set Our goal is to recover the functigh from data, or find the best estimate of it.
It is not necessary that the function exactly interpolatetha given data points, but we need a function
with good generalisation. That is a function that givesvae outputs also for the data not included in the
training set.

The learning problem can be handled by artificial neural neta. There is a good supply of network
architectures and corresponding supervised learningithgos (seellll]). In this case the model, that is a
particular type of neural network, is chosen in advance empdarameters are tuned during learning so as to
fit the given data.

The supervised learning of neural networks can be viewed@ascion approximation problem. Given the
data set, we are looking for the function that approximageuhknown functionf. It is usually done by
Empirical Risk Minimizationi.e. minimizing the functionaH[f] = 1 Zfil(f(fi) — y;)? over a chosen
hypothesis space

Since this problem is ill-posed, we have to add some a prioovkedge about the function. We usually
assume that the function ssnoothin the sense that two similar inputs corresponds to twolaimoutputs
and the function does not oscillate too much. This is the ruia of the regularization theory, where the
solution is found by minimizing the functiondll(1) contaigiboth the data and smoothness information.
1 N
H[f] = =Y (f(@) —y)* +®f], (1)

m <
i=1
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where® is called astabilizerand~y > 0 is the regularization parameteagontrolling the trade off between
the closeness to data and the smoothness of the solutiome@tilarization schemgl(1) was first introduced
by Tikhonov [2] and therefore it is called a Tikhonov regigation.

The regularization approach has good theoretical backgrauwas shown that for a wide class of stabi-
lizers the solution has a form of feed-forward neural netweith one hidden layer, callegbgularization
network and that different types of stabilizers lead to differgmues of regularization networksl![3, 4].

However the theoretically proved existence and uniqueoktse solution does not necessarily mean that it
is numerically feasible to find the solution. So it is alsoidssle to gain insight about practical applicability
of the methods. This makes experimental evaluations vepgpitant.

In this work we discuss learning using the regularizatioroek (RN) and RBF neural network. We com-
pare their performance on experiments, including both berark, simulated and real learning tasks.

2. Approximation via regularization network

Poggio and Smale in]4] proposed a learning algorithm (Bigletived from the regularization scheniié (1).
They choose the hypothesis space as a Reproducing KerrmrtiBpace (RKHSH defined by an
explicitly chosen, symmetric, positive-definite functifiiz(¥') = K (Z, ). As a stabilizer the norm of the
function in’H is taken. Having a training sé¢t{7;, ;) € R% x R}, we get

1 m
_Eg )? + I f11%- (2)
The solution of[[R) is unique and has the form

£(@) = i i Kz, (7) o = Y= I@) 3)
i=1

. o _(lz=]
The most commonly used kernel function is Gausdiga, /) = e (

The power of the algorithm (Fifl 1) is in its simplicity andesftiveness. On the other hand, it also has some
drawbacks. First of all, the size of the model (that is a nunatd&ernel functions) corresponds to the size
of the training set and so the tasks with huge data sets lesmlutions of implausible size.

Then there are the parameterandd, which are supposed to be fixed. Let us describe how they mfkithe
solution. Once they are fixed, the algorithm reduces to thblpm of solving linear system of equatiofis (4).

Since the system has variables;n equations X is positive-definite andm~I + K) is strictly positive,

it is well-posed. But we would also like it to be well-conditied, i.e. insensitive to small perturbations of
the data. In other words, we would like the condition numldehe matrix(m~I + K') to be small, which

is fulfilled if m~ is large. Note that we are not entirely free to chogsbecause with too large we loose
the closeness to data. See figire 6b.

The second parametédetermines the width of the Gaussians. Suppose that tlendest between the data
points are high or the widths are small, than the makfikasls on diagonal and small numbers everywhere
else and therefore is well-conditioned. If the widths a@large, all elements of the matriX are close to

1 and its condition number tends to be high.

So the real performance of the algorithm depends signifigantthe choice of parametetsandd. Unfor-
tunately the optimal choice depends on a particular data set
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Input: Data set {Z;,y;}r; CX xY Output: Function  f.
1. Choose a symmetric, positive-definite function Kz(@),
continuous on X x X.
2. Create f:X —Y as f(@)=>", Kz (2)
and compute &= (ci,...,cn) by solving
(myI + K)¢ =1y, 4)

where I is the identity matrix, K is the matrix
K; ;= K(z;,2;), and §= (y1,...,ym), 7 >0 is real number.

Figure 1: RN algorithm

3. RBF neural networks

An RBF neural network (RBF network) represents a relativedw model of neural network. On the con-
trary to classical models it is a network with local units alinivas motivated by the presence of many local
response units in human brain. Other motivation came fromarical mathematics, radial basis functions
(RBF) were first introduced in the solution of real multiag problemd15].

Figure 2: a) RBF network architecture b) RBF network function

An RBF network is a standard feed-forward neural networkwihe hidden layer of RBF units and linear
output layer (figCR). By an RBF unit we mean a neuron witteal inputs and one real output, realising a
radial basis functior{5), usually Gaussian. Instead ofthelidean norm we use thveeighted nornj| - ||,
where|| 7 ||2= (C2)T(C%) = T CTOZ.

The network computes a functigﬁ: (f1,-.., fm) as linear combination of outputs of the hidden layer

(seel®)).

The goal of RBF network learning is to find the parameters @entersc, widths b, norm matrice”
and weightsw) so as the network function approximates the function glwethe training se{(z;, ;) €
R" x R™}N ..

There is a variety of algorithms for RBF networks learnimgour past work we studied their behaviour and
possibilities of their combinationBI[6] 7].

The two most significant algorithmEhree step learningndGradient learningare sketched in figufg 3 and
A. SeelB] for details.
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Input: Data set {#,7i}Y, Output: {&,b;, Ci,wi; Y=
1. Set the centers ¢; by a vector quantization algorithm.

2. Set the widths b; and matrices C;.

3. Set the weights w;; by solving oW = D.

N (umt eillo; )2 N (“It CQ“Cq>2 _(M)z
Zg K E e e br

t=1

Figure 3: Three step algorithm

Input: Data set {77 }N, Output: {&,b;, Ci,wi; =1
1. Put the small part of data aside as an evaluation set ES,
keep the rest as a training set TS .

2. Vj ¢;(i) < random sample from T'Si, Vj b;(i), E;l(z‘) — small
random value, i+ 0 '

3. Vj,p(i) in @(') b; (i), %5 (0):
Ap(i) — =22 +alp(i—1),  p(i) < p(i) + Ap(i)
Ey — ZfeTSl (f(@) — %) v Eo — ZfeTSz (f(@) — l/z‘)Q

If FE; and E, are decreasing, i <« 1+ 1, go to 3, else STOP. If B,
started to increase, STOP.

o

Figure 4: Gradient algorithm

4. Experiments

We tested the described methods on three experiments. tileaf were run on nodes of Linux cluster with
AMD Athlon(tm) XP 2100+ processors.

RN with Gaussian kernel function and RBF networks with Geusanits were used. Linear systems were
solved using the LAPACK librany/]8].

We always use two disjunct data sets, a training set foritrgiof the network and a testing set for evaluating
an error of results. In all experiments we use the normaléereat {):

1 9 N number of examples if(Z;, ;)Y }
Ets =100 leyz Zi)ll f  network output (7)

As an example of a practical task we have chosen the predictitbow rate on the river Ploucnice. We have
two data sets namaaoucnicelandploucnice2 for the prediction based on information from previous one
and two days, respectively.

Table[2 shows the resulting error of a RN and an RBF network @& units. The parametetsandd

of the RN algorithm (Figld1l) were estimated by cross-val@a(the training set was divided to 10 parts,
each run was one part put aside as an evaluation set). The BBk was trained by the Three step
algorithm (Fig[(B) and the computation was run 50 times. Meraors and its standard deviation are listed.
In figurel you can see the prediction by both the RN and the RBWark. Time of one run of the Three
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step algorithm (RBF) was approximately 28 seconds, one fitimeoRN algorithm lasted 55 seconds. Note
that it is necessary to run the RN algorithm many times duchogs-validation.

In order to compare an accuracy of RN and an RBF networks, we $elected three benchmark problems
from the Probenl database, tBancerand theGlassclassification tasks, and théeart approximation
problem. Moreover, each of the Probenl data sets is availatthree different ordering defining different
data partitions for training and testing. These are retetweeg. as glassl, glass2, and glass3 in the original
report [9].

Table[l and graphs in figuké 5 compare the performance of RN, &8l in addition MLP (multilayer per-
ceptron) on Probenl tasks. RBF networks were trained byrddient algorithm (Figd4) (5000 iterations).
The results for MLP are taken frornl[9]. We can see that the RiNtha RBF network achieved almost the
same rate of accuracy. The time requirements are follovArsgconds (1 second, 22 seconds) for one run
of the RN algorithm ortancer(glass, heartaespectively) data set, 100 iterations of the gradientrityo
took 14 seconds, 9 seconds, 74 seconds, respectivelyelfgsimows the value of the resulting error with
respect toy andd.

For the last experiment we used simulated data sets. We wavédta sets obtained by uniform sampling
of the functionsin(6.28y) - sin(6.28y) in the interval(—1.0,0) x (—1.0,0). The firstsinl contains 121
samples, the secorgin2 2500 samples. As the testing set we used uniform sampleslithabt coincide
with the training samples.

The purpose was to show the relation between the optimag\althe parametet of RN and the density of
data points. The tabld 2 shows the values of parameters fighvie error was minimal. The time needed
for one computation was approximately 20 minutes 40 secfordsnland 1 second fasin2

RN RBF MLP

B, d 5 B, std arch| E std arch
cancerl| 1.60 1.0 0.0002 1.64 0.16 20 | 1.60 0.41 4+2
cancer2| 299 1.4 0.0002 2.89 0.07 20 | 3.40 0.33 8+4
cancer3| 2.76 1.3 0.0005 2.74 0.20 20 | 257 0.24 16+8
cancer | 2.45 2.42 2.52
glassl | 6.75 0.3 0.0008 6.59 0.32 15 | 9.75 0.41 16+8
glass2 | 7.28 0.3 0.0014 7.85 0.43 15 | 10.27 0.40 16+8
glass3 | 6.48 0.2 0.0017 6.95 0.26 15 | 1091 0.48 16+8
glass 6.84 7.13 10.31
heartal| 4.44 1.9 0.0008 484 0.25 30 | 476 1.14 3240
hearta2| 4.32 1.9 0.0012 466 0.08 30 | 452 110 16+0
hearta3| 4.45 1.9 0.0008§ 454 0.06 30 | 481 0.87 32+0
hearta | 4.40 4.68 4.70

Table 1: Comparison of Regularization Network (RN), RBF network (RBnd multilayer perceptron (MLP).

ploucnicel| ploucnice2|| data| width | ~ error
E;s | 0.246 0.452 sinl| 0.1 le-17| 4.31e-12
RBF std | 0.15 0.12 sin2 | 0.6 le-18| 8.51e-11
h |15 15
E;s | 0.056 0.121
RN ~ | 1.48e-05 | 1.3e-05
d |05 1.8

Table 2: a) Comparison of the errors on the tasks ploucnicel and pioe2. b) Winning values of parameters and
error for RN on sinl and sin2 data set.
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Legend

B cancerl
B cancer2
W cancer3
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Figure 5: Comparison of RN, RBF, MLP: test set error.
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glass1, test set error Training set error
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gamma

Figure 6: a) The dependence of the error function (computed on tespsgtarameters ad. b) The relation between
~ and training and testing error.

Task Type n m Train.setsize  Test set size
Cancer Class. 9 2 525 174
6
1

Glass Class. 9 161 54
Heart Approx. 35 690 230

Table 3: Overview of data sets from Probenl database.

5. Conclusion

In this work we discussed two approaches to the learning-tasigularization network and RBF network.
We demonstrated their behaviour and performance on expatsnincluding benchmark, real and simu-
lated data sets. We showed that the models are comparabie, RBF network can be used as an alternative
to RN in situations where the lower model complexity is deisie.

Both algorithms for RN and RBF networks suffer from the preeseof extra parameters that have to be set
explicitly. They are the regularization parameteand the widthi in case of RN, and the number of hidden
unitsh in case of RBF. However, while the estimation of parameteRbby cross validation is quite time
consuming, it is usually sufficient to try several valuegah the case of RBF network.

In our future work we will concentrate on the improvementdhse algorithms, especially the ways of
estimating the additional parameters.
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Figure 7: Prediction of the flow rate on the river Ploucnice: a) by RN Y RBF
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Abstrakt

World Wide Web obsahuje data, ktera jsou pro pociteqmogramy nesrozumitelna. Nasledkem toho
je na ném obtizné nékteré véci zautomatizovat. IS&tky soucasného webu by mél odstranit semanticky
web, ve kterém data budou mit pfesné popsany vyznaep$&ni mlze prinést také v oblasti integrace,
ktera je v pfipadé dat pochazejicich z webu velmizotit. Tento tlangkse zabyva integraci webovych
dat. Zaméfuje se na rela¢ni data ve formatu XML a ngerpostupy zakladnich integratnich operaci.

1. Uvod

World Wide Web (WWW) obsahuje obrovské mnozstvi infooinaytvofenych mnoha rliznymi organiza-
cemi, spole¢nostmii jednotlivci z mnoha rliznych ditroBoucasny web je v3ak vice pratelsky k lidskému
uzivateli nez k pocitatovym programiim. Ve na riémro potitatoveé aplikace sice Citelné, aviak omsr
mitelné. Nasledkem velkého mnoZstvi rliznorodyahjd obtizné udrzovani, aktualizace a vyhledawén
formaci. To ztéZuje snahu véci na webu zautomatizd&®#@om je hodné zplisobil, jak by programy mohly
obsahu webu vyuzivat, jen kdyby mu rozumeély.

Web mliZe pIné dosahnout svych moZnosti pouze t¢bstliZe se stane mistem, kde mohou byt data sdilena
a zpracovavana automatizovanymi nastroji stejn® jidmi. Toho chce dosahnout sémanticky web. Je
zalozen na mySlence mit data na webu nejen uloZenakdalefinovana a spojena takovym zplisobem, aby
mohla byt programy uZivana nejen k zobrazeni, atepi® navigaci, integraci, automatizaci a opakované

pouZziti napfi¢ riiznymi aplikacemi.

2. S$manticky web

Semanticly web[d], [2] je zamyslen jako rozSifeni souasného WWaWide Webu sestavajici z pocitatové
Citelnych, srozumitelnych a smysluplné zpracovaimaich dat. Zakladem je zavedeni sémantiky — spolu
s uloZenymi daty bude k dispozici i jejich popis. To znamere data budou mit definovany sviij vyznam.

AZkoli v sou€asnosti jiz nékteré Crty existuji, jeraanticky web zatim pouze vize. Je to cil, ke kterému se
smérfuje. Zalozen by mél byt na standardech, které gdbéZzné definovany. O definici téchto standardt
usiluje W3C (WWW Consorciuni]3]). OvSem stejné jako jmi#asti vypocetni techniky se i tato neustale
vyviji a dle potfeb mohou vznikat standardy nové. Totgeti rozSifeni WWW je tedy ve fazi neustalého
vyvoje.

1prace byla Castetné podpofena projektem 1ET100@Pgramu Informacni spolecnost (Tématického ol |1 Narodniho
programu vyzkumu \CR): Inteligentni modely, algoritmy, metody a nastroje gytvareni sémantickeého webu.
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Principy sémantického webu jsou implementovany v jalinah vrstvach webovych technologii a stan-
dardii [4]. Vrstvy jsou zobrazeny na nasledujicim abra

vérohodnost

logika a ontologie
metadata
strukturizace
infrastruktura

Obrazek 1:Vrstvy semantického webu

Vrstva infrastrukturyposkytuje moznost identifikace, lokalizace a transforenagrojli. Vrstva struktur-
izace vrstva metadaf vrstva logiky a ontologigsou nezbytné k vyjadfeni obsahu webu, ktery ze adroj°
ziskavameVrstva \erohodnostje iz zaleZitosti konkrétnich aplikaci. Tyka eeéfovani a diivéryhodnosti
ziskané informace - ne vSe umisténé na webu totiZ tnipravdivé. Aplikace musi rozhodnout, zda se na
informaci spolehne, na zakladé néjakého podanékaziivérohodnosti zdroje.

2.1. Infrastruktura

Semanticky web bude sestavat z propojenych zdrojlide mbsahovat zdroje a odkazy mezi nimi. Objekt
bude mozné identifikovat (stejné jako na soucasnémuvebivanim identifikatorti: pfimy odkaz vznikne
vytvofenim a pfifazeni URI (Universal Resource |dfiet) danému objektu. Sémanticky web bude také
samoziejmé decentralizovany, jak jen to bude mozrecebtralizace vSak vyzaduje kompromisy, tfeba
v nutnosti tolerovat nedplnou €i chybégjici informagdodobé odkazu na neexistujici zdro;.

Sémanticky web bude obsahovat nejen klasické (meiiadinoje (stranky, texty, obrazky, audio klipy), ale
mnohem vice — bude obsahovat zdroje predstavujigiridista, organizace a udalosti. Navic pfinese také
moznost specifikace typli zdrojti i typl odkazli. Budeablosat mnoho rliznych druhli vztahti mezi riznymi
typy zdrojti. Diky tomu budou moci aplikace zjistit druhtabhu mezi daty.

2.2. Vyjadreni datoveho obsahu

Dulezitym pozadavkem pocitatové zpracovatéhiémace jestrukturovani dat. Na webu je hlavni struk-
turovaci technikou znackovani dokumentli pomoci tagll, coZ je urtita ¢ast textu, ktera obsahujerinfo
mace udavajici role a vlastnosti obsahu dokumentu. \Easné dobé je standardnim mechanizmem ke
strukturovani dat jazyk XML (eXtensible Markup Langua{fe]. Tento jazyk poskytuje datovy format pro
strukturované dokumenty a umoznuje béznou syntaxpmcitacove Citelna data.

Samo XML ovsem k popisu dat nestaci. Pomoci tagli Izeahet strukturu, ale jejich pouziti nefika nic o
tom, co dana struktura znamena. Technologii k ur€anfida vyznamu informace je zaklad pro zpracovani
metadat— RDF (Resource Description Framework) [6], ktery je meskamem, jak fici néco o datech.
Pfedstavuje jednoduchy mechanizmus reprezentacesthaito webové zdroje. Datovy model RDF posky-
tuje abstraktni, konceptualni ramec pro definici a ptunetadat. Pro Gcely vytvafeni a vymény téchto
metadat je vSak tfeba konkrétni syntaxe. RDF k tomgwiipouziva kddovani pomoci XMLI[7].

Prostfedkem k definici terminli pouZzitych k vyjadiemetadat jsou ontologie, které tak zaijiftprostiedek
pro sdileni terminli pfi spolupraci aplikaci. Mgéka sémantického webu téZ zahrnuje pridani logiy
web - ve smyslu pouzivani pravidel k tvofeni zava@rpodobné. Ontologi€l[8] oznacuje ucelenou kolekci
terminll, vztahll a vyvozovacich pravidel. V kontextubeeych technologii je ontologii dokument nebo
soubor, ktery formalné definuje vztahy mezi terminypiik ontologie Ize chapat jako jakysi vykladovy
slovnik pojmill. Pomoci odvozovacich pravidel muZerad pojmy Cinit rlizné zavéry a slovnik se tak miize
dale vyvijet.

2.3. Provozowani aplikaci

Skute€na sila sémantickeho webu se projevi, jstlidé vytvofi mnoho programii, které budou
shromazvat webovy obsah z rliznych zdrojli, zpracovavat imface a vyménovat si vysledky s ostatnimi
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programy. Efektivita takovychto tzeoftwaroych agent [9] se zvysi tim vice, &im vice bude obsah webu
srozumitelng&;jsi pro pocitace a ¢im pristu@h®udou automatizované sluzby (zahrnujici ostagignty).

Sémanticky web bude moci poskytovat zaklad a strukturediizovatelnosti dalSich technologii — kromé
néj budou néktefi agenti vyuzivat umélé inteligemapf¥iklad pfi automatickém vytvareni slgzti’kolekci
hodnot, kdy se na vysledku podili cely soubor speadatinych agent.

3. Integrace dat poctazejicich z webu

| kdyZ Ize z webu ziskat mnoho informaci, nejsou vSechrigrmace poskytovany jedinym zdrojem —
jsou roztrouseny. K uspokojeni konkrétnino pozadsjekcasto tfeba pracovat s daty z vice zdroju, které
jednotlivé dilci casti nabizeji. Vysledkem jelpavsem vice oddélenych casti a nikoli pozadovaapletni
informace. Data je proto potfeba integrovat, tzn. z niédegblivodnich zdrojovych informaci vytvofit jediny

informaéni zdroj, auz materializovany, ¢i virtualni.

Integrace informaci ze sou¢asného WWW je vSak velid#Zzoh. Na webu vznikaji jakési ostrovy sou-
visejicich dat, kazdy pochéazi od jineého poskytelat Poskytovatelé publikuji data nezavisle, coz vede
k odlisnému uZivani termind a k pouZivani &diych nebo dokonce Zadnych schémat. Jednou z mbtivac
tvorby sémantického webu je i usnadnéni takové opgrjako je integrace.

3.1. Rel&ni databaze a XML

V ramci diplomové prac&ll0] jsem pracovala na vyvojs®mu integrujiciho zadané zdroje z webu. In-
tegratni postup je zalozen na vstupnim formatu XMlerktse na webu stava de facto standardem.
Format zpracovavanych dat byl dale omezen na strukidarou Ize reprezentovat jako tabulku v relacni
databazi (viz nasledujici obrazek). Jednim z diivjedfakt, Ze integrace je dlouho uznavanym problémem
databazovych systemil a existuji nastroje pro irgteigatabazovych tabulek, je tedy mozné oba pfistupy
porovnavat.

3.2. Model integrace

P¥i navrhu integracniho systému byl pouzit pfispomoci modelu stromu. Hierarchii struktury vnofenych
elementli v XML dokumentu Ize skutené nahliZet jakorsiovou strukturu. Ze stromové struktury vychazi
také DOM — standardni API pro pfistup k obsahu dokumeiil.

DOM (Document Object Model)T11] je objektovy model dokumie Dokument je prezentovan jako stro-
mova hierarchicka struktura. Kazdému elementu (iexedement, komentar, instrukce pro zpracovani atd.)
odpovida jeden uzel stromu. DOM tvofi mnoho rozhraméahujicich funkce, které umoznuji cely strom
dokumentu prochazet a modifikovat jednotlivé uzly.

V navrhu je také pouzito oznaceni inspirované n&wam modelu stromu:

e Zdroje jsou oCislovany a oznacerzgtrojla zdroj2

e Uzel, ktery analogicky odpovida fadku tabulky, je azenradek
Uzel, ktery analogicky odpovida sloupci tabulky, je azansloupec
Jméno uzlu oznacujenéna

e Pocet uzltifadekve zdrojl oznalujepotet_Ffadkil a potet_rfadki2 oznatuje potet uzltiadekve

zdroj2

Pocet uzllsloupeove zdrojloznacujegotet_sloupdilapotet sloupdi2oznatuje pocet uzl§ioupec
ve zdroj2

Jednotlivé uzly popofadé jsou ocislovany a je ptudznacenifradek(l),fadek(2), .., resp.

sloupec(1), sloupec(2), ....

e Uzel, ktery je nasledovnikem uztilouped(je tedy typu text a obsahuje hodnotu), oznateje
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Databéazové tabulka

ndresfif
piijmeni jméno e-mail telefon
Novotny Jan jannov@postez | 604558123

| petr@gmx da ||| 603124588 |

Stejna data v podoba XML

<adresar>
<oscba>
<p¥i jmeni>Novotny</pFijmeni>
<jméno>Jan</ jméno>
<email>jannov@post.cz</email>
<teleforn>6045508123</telefon>
</osaba>
<osocba>
P <pfiineni>Kudera</p#ijmeni>
P <jméno>Petr</jménc>
- <amail>petrégqmx.de</email>
.‘-_ctalefon>603124588<£ talafon>

</osoba>

Obrazek 2:Format XML a databazova data

e V pfistupu je pouzita teCkova notace.

¢ Je-li dan jakykoli konkrétni uzel, je tim minén uzéletné svych potomki, tedy cely podstrom.

3.3. Postup integrace

Schéma architektury navrhovaného systéemu a postupavypa integrace datovych zdrojli je patrné
z obrazku na nasledujici strané. Systém by mél métldavni navazujici Casti vykonavajici jednakppavu
dat (moduly wrappert[112] pro kazdy zdroj), jednak vidshtegraci. Pfiprava dat zahrnuje pfevod zdrojt
na DOM reprezentaci a praci s pouzitymi terminy.

Mnoho aplikaci vychazi z pfedpokladu, ze rozdilméepa oznacuji rozdilné véci. Na webu ovSem takovy
pfedpoklad uginit nelze. Je totiz napfiklad moZreé jaden datovy zdroj odkazovat nékolika rliznymi
zplsoby. V nékterych pfipadech je moZzné mezi rogaii pojmy pouZitymi v datovych zdrojich najit
urtity vztah, dokonce i ekvivalenci. Pouzivani elalentnich pojmi jako pojmii, které spolu nesouvisi,
pritom vede v operaci integrace ke Spatnym vysledkdenproto vyhodné pred vlastni integraci s terminy
pracovat.

Cely postup vlastni integrace vychazi z integrace zakladni situace (viz dale). Jeji pouZiti je z dlitiod
pozadavkll na vstupni data dosti omezeno. Proto jsouveeie zdroji provedeny nékteré Upravy: zména

poradi, odstranéni ¢i doplnéni jednotlivychstigstruktur. Aby vysledek integrace neobsahoval ditplic
informace, je nutné vyskyt duplicit oSetfit.

Jednotlivé kroky nasledujiciho "zakladniho” algotu integrace budou podrobnéji rozvedeny v dalSich
odstavcich 3.4 - 3.7.

Algoritmus integrace:
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zdrojova
relaéni data XML

DOM zdrojti

~ 0TV E

prace s terminy ontologie

upravy struktur

eliminace duplicit

DOV QO®~+~3 —

integrace

integrovany DOM

integrovana relaénl
data XML

Obrazek 3:Postup pfi integraci dat

Uprav {Aplikace zvolen eho postupu Upravy struktur}
Sefad’ {Zména poftad i ve struktur ach}

Odstra h_duplicity {Eliminace duplicit}

Integruj {Integrace z akladn i situace}

3.4. Integrace akladni situace

Situace, kdy jsou schémata integrovanych XML dokumeaiirosto stejna, je povazovana za zakladni. Pfi
analogii k databazové tabulce budou maji zdroje id&Btdatabazové schéma, tj. stejné sloupce — stejny
pocet sloupctll, jejich nazvy a poradi. Integratnémgi je sjednoceni obou zdrojli. Cely obsah elementu
dokumentu z prvniho i z druhého zdroje je slou€en do jedimelementu dokumentu vysledku. Toto sjed-
noceni Ize pfirovnat k operaci sjednoceni dvou datataezh tabulek.

Algoritmus integrace zakladni situace:

Vytvo ¥ ko fen_v Yysledku

for i=1,2,...,p0 tet_ fadkll
Zkopiruj zdrojl. Fadek(i) do v ysledku a Napoj na ko Tfen
for j=1,2,...,p0 tet_ fadkl2

Zkopiruj zdroj2. Ffadek(j) do v ysledku a Napoj na ko Tfen

3.5. Eliminace duplicit

Jestlize by bylo moZné néjakou informaci ziskat z oldrpjll, ve vysledku by se objevila duplicitné. To
by nebyl dobry vysledek integrace, a proto je nutné patamalni vyskyt duplicit FeSit. V navrhu je vyskyt
nasobnych informaci eliminovan jesté pred intégiaoperaci.

Nejprve je nutné zjistit, které informace vedou na riaici redundanci. Jeden ze zdrojli je oznacen
jako referencni. Pro kazdou informaci z druhého zdiej@pak nutné ovéfit, jestli se neda ziskat jiz ze
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zdroje prvniho — snahou vyhledat ji v referentnim zdrSfonci-li hledani Gspésné, nasobna data budou
odstranéna, a to z druhého (nereferencniho) zdroje.

V néasledujicim algoritmu je jako referencni zdediroj1, duplicity jsou tedy odstranovany zdroj2 Pouzita
metodaEquals je dvouhodnotova a porovnava dva stromy, zda jsou skodn”

Algoritmus odstranovani duplicit:

for i=1,2,...,p0 tet_ Fadkul
for j=1,2,...,p0 tet_ fadkl2
if zdrojl. F adek(i) Equals zdroj2. T adek(j)

then Odstra N zdroj2. T adek(j)

3.6. Zména paadi ve struktur ach

Zakladni situaci integrace je mozné aplikovat i na zelrgejichZ struktury jsou shodné az na poradi uzll
analogickym ke sloupctim tabulky. Pfisludné poziziije pouze nutné zménit a vhodné sefadit. Prvni
zdroj je oznacen za referentni a dale se vychazi z getuktury. Ve druhém zdroji je (podle referentniho)
poradi uzlli upraveno.

Algoritmus Fazeni sloupcd:

for i=1,2,...,p0 tet _sloupc U1
if zdroj1. f adek(1).sloupec(i).jm eno
# zdroj2. T adek(1).sloupec(i).jm eno
then begin

j:== Najdi __pozici zdrojl. f adek(1).sloupec(i) ve
zdroj2. T adek(1)
for k=1,2,...,p0 tet __sloupc U
Odpoj zdroj2. T adek(k).sloupec(j)
a Napoj ho na pozici i
end

3.7. Upravy struktur

Integraci zakladni situace neni mozné ihned powzipfipadé rozdilnych struktur zdrojovych dat.
Jednoduchym pfipadem neodpovidajicich si sch@elatnich XML zdroju je, li8i-li se struktury pouze
v poradi uzlll. Nabizi se pofadi uzlli vhodné uptiawi bylo o3etfeno v pfedchozi ¢asti. Spocivavsem
rozdil struktur zdrojli v odliSnych sadach uzlll odfmajicich sloupclim tabulky, je tfeba vétSich dpr
Volba vhodné operace zéavisi na okolnostech, na dateéetg§ khceme integrovat, a na jejich vyznamu.

Nejjednodussi moZnosti je Gprava struktur tak, bevéisledku budou zahrnuty pouze ty uzly sloupct,
které se vyskytuji ve vSech zdrojich zaroven. Ingegr prob&hne pres prinik uzll. Jestlize bude kagdy z
zdrojli nejprve upraven tak, ze v ném budou nadbytelnépse odstranény, vSechny zdroje ziskaji stejnou
strukturu, pfipadné bude tfeba upravit poradi. Padteomoci byt aplikovan zakladni algoritmus integrace.

Algoritmus Gpravy struktur na prinik:

A:= pr Unik sloupc U
for i=1,2,...,po tet_ fadkll
for j=1,2,...,p0 tet_sloupc U1
if zdrojl. f adek(i).sloupec(j) not in A
then Odstra h zdrojl. T adek(i).sloupec(j)
for i=1,2,...,p0 tet_ fadku2
for j=1,2,...,p0 tet_sloupc U2
if zdroj2. F adek(i).sloupec(j) not in A
then Odstra h zdroj2. T adek(i).sloupec(j)
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Obohaceni struktury dat bez dalsi kombinace datovédsalou je dalSi moznosti, jak zpracovat zdroje
rozdilnych struktur. Vysledek bude mit strukturu $esijici ze vsech uzll sloupcl jez do integracrihm
cesu vstoupily, bez ohledu na plivodni zdroj. Kazdy gdusle obohacen o pfisludny novy sloupec, jehoz
textova hodnota ale nebude z ostatnich dat nijak odvo2émze textové hodnoty zlistanou biadprazdné,
nebo bude vloZena specialni hodnota znacici nerddapr. hodnota NULL).

Algoritmus obohaceni struktury:

B:=sjednocen i sloupc U

vV prvek z B
for i=1,2,..., po tet _Fadkul
if prvek not in zdrojl. T adek(i)
Vytvo F zdrojl. T adek(i).prvek
zdrojl. T adek(i).prvek.text:=’NULL’
for i=1,2,...,p0 tet _fadku2
if prvek not in zdroj2. T adek(i)

Vytvo F zdroj2. T adek(i).prvek
zdroj2. T adek(i).prvek.text:='NULL’

Pfi obohaceni struktury s kombinaci dat je obohacengkstra zdrojli o nové sloupce stejnym zplisobem,
jako v pfedchozim pfipadé. S datovym obsahem semsde pracuje a je snaha data vhodné zkombinovat.
K urceni, jak data vzajemné souviseji je mozné vypiinik struktur zdrojii. Souvisejici data maji \kta
urenych uzlech stejné hodnoty. Analogii operace vvalsituaci, kdy je nakombinovana jak struktura, tak
samotna data, Ize ve svété databazi spatfovat v opED&N, tj. ve spojeni dvou tabulek.

K vytvofeni kombinace jsou vyuzity kopie pfislugypodstromil, viastni plivodni podstrom zlistane beze
zmény — tak ho Ize vyuzit k dal$im pfipadnym komlgima. Nakonec jsou vSechny plivodni podstromy,
které vedly ke vzniku kombinace odstranény, nefsau nova data obsazena v kopiich. Jak je ovSem
nalozeno s podstromy, které nebylo mozné s ni¢im sknovat, zalezi na tom, co by mél vysledek obsaho-
vat. Do vysledku je moZné zahrnout pouze data, kter@klekombinaci obsahtl zdrojii. Takovyto postup
vede na vysledek integrace plné odpovidajici datab@ operaci spojeni tabulek (inner join). Pfi takové
situaci jsou ovsem ztracena data, ktera v druhém zdmji&la odpovidajici doplnéni. Je-li pozadovano
vSechna data zachovat, Ize obohatit data, ktera obdhatia ve zbylych pfipadech doplnit strukturu o
sloupce s nezadanymi hodnotami. Tato operace a nasietgiace je analogicka databazovému vnéjsimu
spojeni (outer join).

Algoritmus obohaceni struktury a kombinace dat:

A := pr Unik sloupc U
B := sjednocen i sloupc U
usedi(1,2,...,po tet __F adk Ui1):=false
used2(1,2,...,po tet __F adk Ui2):=false
for i=1,2,...,p0 tet _fadkul
for j=1,2,...,p0 tet _fadklu2
if Vv prvek z A
zdrojl. T adek(i).prvek.text =
zdroj2. T adek(j).prvek.text
then souvis i:=true
else souvis i:=false
if souvis i = true then
new:=Zkop iruj zdrojl. f adek(i) do zdrojl
vV prvek z B
if prvek not in new then
Zkopiruj zdroj2. f adek(j).prvek do new
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new:=Zkop iruj zdroj2. f adek(j) do zdroj2
v prvek z B
if prvek not in new then
Zkopiruj zdrojl. F adek(i).prvek do new
for i=1,2,...,p0 tet _Fadklul
if usedl1(i) then Odstra h zdrojl. T adek(i)
else
if inner __join
Odstra h zdrojl. T adek(i)
if outer _join
v prvek z B
if prvek not in zdrojl. T adek(i)
Vytvo F zdrojl. T adek(i).prvek
zdrojl. T adek(i).prvek.text:='NULL’
for i=1,2,...,p0 tet _Fadkl2
if used2(i) then Odstra h zdroj2. T adek(i)
else
if inner __join
Odstra h zdroj2. T adek(i)
if outer _join
V prvek z B
if prvek not in zdroj2. T adek(i)
Vytvo F zdroj2. T adek(i).prvek
zdroj2. T adek(i).prvek.text:='NULL’

4. Zaver

Integrace obecnych dat pochazejicich z webu je nhtiPfedpoklad XML formatu a relacni struktury
zdrojovych dat vdak umoznil provést nékolik druhteigracnich operaci, z nich nékteré Ize srovnavats ob
dobnymi operacemi provadénymi v oblasti relatniettatbazi. Nicméné problematika je znacné rozsahla
- prezentovany navrh pokryva pouze cast celého lgrab. RozSifovani zpracovaného tématu je mozné
napfiklad v dalSim vyuziti existujicich techni&reantického webu. Proto bych v tomto sméru ve své praci
rada pokracovala.
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Abstract

This papeﬂ describes an option to express our preferences in the frankent relational databases.
Preferences have usually a form of a partial ordering. Thegehe question is how to deliver the seman-
tics of ordering to a database system. The answer is quétigbtforward.

1. Introduction

When retrieving data, it is difficult for a user of a classicalational database to express various levels of
preferences.

Example 1 (Preferences represented by an orderingHow could we express our intention to find an em-
ployee with a good command of English, or at least a good camdneéi German, or at worst a good
command of Russian? At the same time, we may want the empddyeleng to the salesmen department
or with higher preference to the management departmentuifoup, we have the following preferences:

A language: B department:
1. English, 1. management department,
2. German, 2. salesman department,
3. Russian,

which can be formalized by an ordering, in general case byréiglardering.

NAME LANGUAGE DEPARTMENT

Petr English management
Patrik  German management
Pavel Russian salesmen
Dan Czech clerk

Robert  English president
Martin  German management

Marek  Hungarian clerk

1The work was partially supported by the project 1ET1003@0dfIlthe Program Information Society (of the Thematic Pragth
of the National Research Program of the Czech Republicglligent Models, Algorithms, Methods and Tools for the SetiawWeb
Realization”
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We can see that Petr is preferred to Pavel for instance. Hewathat we can say about Robert for example?
In this case, we need cartesian product operating on ordeztdions.

The aim of this paper is to incorporate semantics of partideéong into all the primitive operations, i.e.
those that can not be expressed by means of others operatigekational data model. The resulting data
model should be capable of providing users with the mosraieg to their preferences, relevant data.

2. Relational data model

The relational data model is based on the term of relatiorabet of a relational database corresponds to
a relation and a row of that table is an element of the relattowever, the relational data model consists
not only of the relations themselves, but it contains alserafons on relations.

As arelation is a set, we have all thet operationgplusaggregation functions which are unary operations
on sets returning a number, plagthmetic for performing all the usual operations on numbers. As fer th
relational data model, Codd has introduced eight relatialggbra operations:

1. Cartesian product, 3. Intersectiom, 5. Restriction, 7. Join,
2. Unionu, 4. Difference\, 6. Projection, 8. Divide

These operations are, however, not primitivie [1] — they caddfined in terms of the others. In fact, of the
set of eight, three (join, intersection and divide) can bingel in terms of the other five. Those other five
operations (restriction, projection, cartesian produaipn, and difference), by contrast, can be regarded
as primitive, in the sense that none of them can be definedrinstef the other four. Thus, a minimal
set of operations would be the set consisting of the five piies — theminimal set of relational algebra
operations

3. Operations on Ordered Relations
Example 2 (Preferences of employees based on attribute vas)

Relation scheme:

R(NAME, POSITION, LANGU AGE) Dominik
Dominik | President English Marlg
Marie Manager English Martina
David Manager German [Patrik] [Ronald
Petr Manager Swedish
Adam Manager German [Rudolf [Andred
Filip Programmer| Dutch David
Martina | Programmer| English Adam
Patrik | Programmer| French
Rudolf | Programmer| Italian
Ronald | Programmer| Spanish
Andrea | Programmer| Portuguese
Roman | Programmer| Russian [Filip] [Petr

We prefer employees speaking English to those speakingaBeend at the same time we prefer German
speaking employees to those who speak other germanic lgag8amilarly, we prefer Spanish and French
to any other romanic language. We have no other prefer@me.

2The partial ordering is depicted using the standard Hassgatin notation.
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The ordering represents an extra information. To handkittfiormation, we need appropriate operations.
To maintain the same expressive power, we need operatigresponding to those that we have for the
traditional relational model. In the following, we considan ordered pair

(R, <",

of a relationR with its preference relatior .

3.1. Relational algebra operations

Restriction R(¢) returns a relation consisting of the detc R|¢(r)} all tuples from a specified relation
R that satisfy a special conditioh
In the case of ordered relatidr, <%], we define:

[R; <™)(¢) = [R(8); <Ha))>
where
<h= R(¢) x R(¢) N <*
Projection R[C] returns a relation consisting of all tuples that remain ab)&iples in a specified relation
R after specified attributes have been eliminated.
In the case of ordered relatigre, <%], we define:

[B; <"[C] = [R[C]; <],

where
<M= {(pi, p))|
37‘1',7‘]‘ S R(T‘Z[C] =pi N Tj[C] :pj) A\ VTi,Tj S R(Tz[C] =p; N ’f‘j[C] =pj =71 SR rj)}

Example 3 (Ordering on a projection)

Dominik

Marie [P atrik [Ronald

Matina | ] >< [Presiden}
R[POSITION] [Rudolf [Andred

! Programme
President
Manager David
Programmer Adam Vanagel
[Filip | [Petr]

W e prefer president to manager as all the presidents, wisiéh this case the only element, are pre-
ferred to all the managers in the input ordering. At the saimef we can say nothing about prefer-
ences of programmer and manager for instance as we can findiparable couples of programmers
and managers or those with contradictory preferences irirthat relation.

Union R; U R, returns a relation consisting of all tuples appearing itaitor both of two specified
relationsRy, R».

In the case of ordered relatiofB; , <], [Rs, <], we define:

[Ry; <] U[Rz; <f2] = [Ry U Ry; <M1V F2]
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where

Vr,r2 € (R1 U Ra)(rq <PURz ) oy
(ri<Prrg A <Py v
(i <frry A rira € Ro) Vv
(ri<P2ry A ri,ra € Ri) V

(37‘3 S (Rl URQ)(T‘l SRl r3 AN T3 SRZ 7‘2)) V
( € RiNRy N ry€ Rl\RQ N T SRI r9 A VTg S leRQ(TQ S r3s = 11 <R2 7’3)) V
(7‘2 € RiNRy AN 1 € Rl\R2 AN r SRI ro N Vrg € RlﬂRg(T3 S re=rg< Ry 7‘2)) \Y
(7’1 € RiNRy N ry € RQ\Rl A St §R2 r A\ VTg S leRQ(TQ S r3s = 11 <R1 7’3)) V
(7‘2 e RiNRy AN 1 € RQ\Rl AN r SRZ ro N Vrg € RlﬂRg( S =173 <R1 7‘2)))
Example 4 (Ordering on a union)
[David|
Domini@
[Adan] [P atrik [Ronald
Dominik [P atrik [Ronald [Roman [David|
Marie
Martina DominiK
[Rudolf [Andred [Rudolf [Andred
David
Adam L L
Roman |Filip Filip

W e can determine easily the ordering of the elements beigrtgithe intersection of the input rela-
tions and of the elements belonging to the symmetric difteref the input relations. Then we have
to determine the ordering between elements from intemeetnd symmetric difference of the input
relations. The possible contradictions following from thansitivity property of ordering have to be
avoided.

Difference R; \ R» returns a relation consisting of all tuples appearing infitet R, and not the second
R» of two specified relations.

In the case of ordered relatiopR, <#1], [R,, <], we define:

[Ry; <]\ [Ro; <72 = [Ry \ Ry; <M\

where
<B\Ra—<Riq R\ Ry x Ry \ Ry
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Example 5 (Ordering on a difference)

Dominik Dominik
Marie P atrik [Ronald Marie
Martina Martina
[Rudolf [Andred
David .
Adam David
Ada
[Petr]
The difference ordering is the restriction of the input aidg on the the difference of the input
relations.

Cartesian product R; x R returns a relation consisting of all possible tuples thataacombination of
two tuples, one from each of two specified relatidtis Rs.

In the case of ordered relatiof, <#1], [Ry, <], we define:

[Ri; <) x [Roy <] = [Ry x Ry; <M ]

where
SR]XRZZ {((7‘1,7‘2)7 (7‘/17T/2))|(T1,T‘11) ESPH /\(7‘277“;) ESRZ}

Example 6 (Ordering on a cartesian product)

— great, fast
[traditionall [fas excell. fast
trad.,
>< —_— fast
great bad, great, slow poor,
excellent [slow fast excell., slow fast
trad.,
slow
bad, poor ,
[bad slow slow
The output ordering is defined as a ordering of ordered pairs.
3.2. Aggregation Functions
In this subsection, we will extend the database relaliavith a special element
7= R(¢), where Vr e R (—¢(r))
In the following, the symbokR stands for this extended relation.
79 ICS Prague
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[R,<f], < isarelation of a preference on R,

<% is generally no ordering o because<” N (<)t ¢ 1 = (<#)",

<Fn (<) ' CRxR,

[R; =], ==<f n(<H, = is arelation of equivalence

[R/=;<f/=], VR4, Ry, € R/= (R, <®/= Ry < a <Fb),

where
a,be R, R,={re€Rlr=a}, Ry,={r€R|r=>b}

<f/= is an ordering ok =

['@mam(R/ E); S'@WLQI(R/E)]

P(RZ) 2 Paz(R/ =) ={RC R/ =|
VR, € R/= (VRy € R/= (R, <®= Ry = R, =R;) = R, € R) A
VR, € R,VRy € R/= (R, <™/ R, = R, € R)}

VRZ',RJ‘ S f@mam(R/ E)(RZ S‘@m‘”(R/E) Rj <~ Ri D) Rj)

An aggregation functiop in the classical relational data model is a functiof{R) — R operating on sets
and returning numbers. In the case of relational databasgkovdered relations, we define it as:

g P(R; <) — [R; <o),

where
P(|R; <)) = {[R; <R CRA <M = <)

and

Vi,j e R(i <9 j =
3R; € Prax(RE)9(R) =7 N VR € Praw(RE)(9(R) =i = Ry <Zme=(’12) Ry))),

whereg is defined with respect to the specific aggregation functgn a
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Count
[IR; <!®1

9: Pmaa(R=) — |R), Q(R) = Z | Ra
R.€R

Example 7 (Count on an ordered relation)

|DominiE|
Marie, 23;':1 DomgPat.| Bg\r/n. Za;ﬁ’w Domg Pat.,
Petr . MarferPeti . ' Rud4A., ndr.

Filip Filip >< \
\ Dom., Pat., Dom., Pat.,
. Dom., Pat.,
Martina, Mari etr, . Dav.dam),
Mari etr, .
Roman Dav.,fAdam, Filip, Rud.,
. Rud., Andrea
Filip Andrea
|P atriﬂ
Dom., Pat., rie, Petr, Day. Dom., Pat., ie, Petr, Day.

Adam, Filip, \artina, Roman Adam, Filip, &4d., Andrea

Rudolfi 2
Andreq Dom., Pat., I\/If:l's etr, Dav., Adam,
\ Filip, Rud., An artina, Roman

4 5

N\ /
6 7
\9
/
11

First we count the most preferred elements. Then the th@te&sired elements are added. The rule is
that we never add the elements that are in the hierarchy ot ordering below the elements that
we have not counted yet. The rationale behind this rule isdha always chooses the best elements
possible. In this way, we get a lattice ordering of sets cioniitg the maximal number of elements
with the preference higher or equal to certain level. Thendlassical count operation is applied and
finally the resulting ordering determined.

The semantic of this final determination can be seen on thgle@fi4 and 7 for instance: For any set
of 7 elements having been chosen as the most preferred bees,is its subset containing 4, more
or equally preferred, elements. The elements with an eqeé&tence are always taken into account
together.
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Max
[(—oo; max{r.A|r € R}); S(_m;max{r'AlTER”]

9 Pmaz(R/=) — (—oo;max{r.Alr € R}), g¢(R)=max{r.A|3R, € R/= (r.A € R,AR, € R)}

Min
[(min{r.Alr € R}; c0); <(min{r-AlreR}eo)]

9 Prmaz(R/=) — (min{r.Alr € R};0), g¢(R) =min{r.A|3R, € R/= (r.A € R,AR, € R)}

Sum
[R; <SUMA),
g: Pmaz(RI=) = R, g(R) = Z r.A
JR,ER/=(r.A€R.AR.ER)

Average

[R; <AvO),

_ ZaRaeR/z(r,AeRaARaeé) r.A
ZRQQR |R¢l|

9 Pmax(R/E) — R, Q(R)

3.3. Arithmetic

We will consider a triplet of a relatio® with a preference relatior:”* and basic arithmetic operations —
denoteds:

[R; <% @]

& : [RI;SRI][A] X [Ra; SRz][B] — [R; SRl[A]@Rz[B]]
where
VZ,] c R(Z §R1[A]€9R2[B] ] N
Iry, € Ri,r € Ro (rm.AQBrn.B =j AVry € Ri,1 € Ry(ry. A®r.B =i = (rg, 1) <RxR (rm,rn))))
Example 8 (Subtraction on an ordered relation) Let's consider two input relations of programmers and
managers respectively. We are interested in their namesyaads of practice only. The ordering reflects
the preference based on their, say, proficiency. The questidWhat is the difference of years of practice

between the most proficient programmers and managers?” A&lglneed the arithmetic operation of
subtraction.

PhD Conference '04 82 ICS Prague



Radim Nedbal RDB with Ordered Relations

. [David, 14 Ronald, 6

' |Adam, 15

Endrea, 1IL

We have to consider all the possible couples of programnretsr@anagers. The relation of these couples is
ordered as ordered pairs of numbers. After performing thesiction, the resulting ordering is determined.

The semantic of this final determination can be seen on thpleai 9 and 8 for instance: For any couple

of a programmer and a manager having the difference of yebpsaztise 8, there is another couple of a

programmer and a manager that is above this couple in theaniby of preference and whose difference
of years of practice is 9.

4. Conclusion

By means of redefinition of theninimal set of relational algebra operationaggregation functions and
arithmetic, we get operations corresponding to all the at@ns that we have in the relational database
framework. Thus we maintain the expressive power of thes@tatrelational model. As the new operations
operate on and return ordered relations, we are able to andéxtra information of preference represented
by an ordering. The result is the ability to retrieve morewaate data.

List of Symbols

=

an ordered pair of andb

s

R(¢) a restriction of the relatio® — the tuples satisfying a conditieh
R[A] a projection of the relatio® on the set of attributes A — subtuples of the relation R
<A an ordering relation with an indes (just a label)

<a a restriction of the ordering relation on the setd

<4 a restriction of the ordering relatiod” on the set3

(<)° a powerq of the ordering relatior<

= an equivalence relation

R/ = ={Ry R CRANa€ER,NVreR(re R, &r=a)}

Z2(4) ={B|B C 4}

r.A the value that a tuple € R acquires on an attributé

@ the general arithmetic operatios(—, x, +,...)
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Precedence Operation Symbpol
higher projection R[A]

1 restriction R(¢)

1 product X

1 difference \
lower union, intersection U, N

Table 1: Precedence of relation algebra operations

Digitalni knihovny, biomedicinska data a znalosti
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Abstrakt

V tomto ¢lanku popisuji digitalni knihovny, jejich vig definice, srovnani s klasickymi knihov-
nami a seznamuiji s principy vytvareni digitalnich koven. Jelikoz se ve své disertacni praci specializuj
zejména na |ekarské zpravy, soustiicse v tlanku hlavné na digitalni knihovny v mediéirvV druhé
Casti se zabyvam problematikou strukturalizace éigitinformace a systéemy umoznujici sjednocovan’
elektronickych zdravotnickych dokument( jako je ngpKOMED, slovnik MeSH nebo jazyk UMLS.

1. Uvod

Od poloviny devadesatych let minulého stoleti je pogtigitalni knihovny (digital libraries) velmi frekven-
tované pouzivan. Vyhledavaci nastroj Google @dani terminu "digital library” naSel v ¢ervnu 2004
priblizné 7 760 000 zaznamd.

Termin "digitalni knihovna” je nejnovéjsim oznaiien v dlouhé sérii nazvll pro pojem, ktery byl popisov”
skoro od samého vzniku vyvoje prvnich pocitacd.

Uz v roce 1975 psal V. Bush o "memexu”, poCitacové agtikpro ziskavani informaci. | kdyz Slo o me-
chanické zafizeni zaloZzené na technologii mikrafijmfedjimal tento nastroj myslenku hypertextll. Au-
tomatizace knihoven se zacCala rozvijet zacatkem $Q0estoleti pomoci dérovacich &titkll. V roce 1965 J
C. R. Licklider poprvé pouzil spojeni "knihovna budowsti”, ktera popisovala jeho vizi pIné pocitacové
knihovny. Skoro o 10 let pozdéji, v roce 1978 napsal F. W.daater o bliZzici se "bezpapirové knihovné”.
Zhruba ve stejné dobé, v roce 1974, T. Nelson vynalezl mpopval hypertext a hyperprostor. S postupem
Casu se jeSté zacaly objevovat terminy jako "elekittiod knihovna”, "virtualni knihovna”, "knihovna beze
stén”, "bionicka knihovna” a dalsi.

Relativné nové pouziti terminu "digitalni kniho&hvzniklo z Iniciativy digitalnich knihoven (Digital Li
braries Initiative), ktera byla zaloZzena spolupraciibl@al Science Foundation, Advanced Research Projects
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Agency a National Aeronautics and Space Administration AlISahly prudky narlist internetu a rozvoj
grafickych webovych prohlizecti donutil v roce 1994otyadace, aby vydaly 24,4 miliont dolarli Sesti
americkym univerzitam na vyzkum digitalnich knihav@?ool 1994). Tento termin se rychle uchytil mezi
informatiky, knihovniky i v dalSich profesich.

Vyznam pojmu digitalni knihovna ale neni tak jasnyk jay se na prvni pohled mohlo zdat. Nejprve si
uvedme nékolik definic, vymezujici tento pojem:

Digitalni knihovna je spravovana sbirka informacbkps odpovidajicimi sluzbami, pficemz informasey
uloZeny v digitalni podobé a jsou dostupné prostietiim sité (Arms 2000). Tato definice zdUrazhuje, Ze
to nejsou pouze digitalni informace, které tvofi tidmi knihovny, ale hlavnimi aspekty je jejich struldilsr
izace, kontext, sprava, rlizné sluzby a to vde pomogcitpcove sité.

I. H. Witten a D. Bainbridge popisuji digitalni knihovrjako cilenou sbirku digitalnich objektll, ktera
zahrnuje objekty textové, vizualni a zvukové, spoluetaadami pro jejich zpfistupnéni a ziskavani,rstej
jako pro vybér, organizaci a uchovavani (Witten, Baidge 2003).

Podle D. J. Waterse jsou digitalni knihovny organizaderé& poskytuji zdroje (v€etné specializovaného
materialu) umoznujici provadét vybér, strukduani a zpfFistupnéni sbirek digitalnich pragip prace dale
distribuovat, udrzovat jejich integritu a dlouhodobéagavat - a to vie s ohledem na snadné a ekonomické
vyuZziti uréitou komunitou nebo mnozinou komunit uielti (Waters 1998). | v této definici je zdlraznéna
systemati¢nost uchovavani digitalnich sbirekl@tpfipoming, ze digitalni knihovna je vytvareaalouzi

pro potieby urtité konkrétni komunity uzivateli.

Digitalni knihovny jsou tedy organizace, které vywdii a zobrazuji mnozstvi zdrojli, zejména in-
telektualnich zdrojli, které jsou zahrnuty ve speeiianych materialech, ale nejsou organizovany stejny
stylem jako tradi¢ni knihovny. | pfesto, ze zdroje d&dnich knihoven slouzi podobnym funkcim jako
tradicni knihovny, jsou to knihovny v mnoha smérech silli. Napfiklad ukladani a vyhledavani je ztvis
pouze a jenom na pocitacich amifch systémech, na systémech vyzadujicich gpi@enické dovednosti
nez dovednosti pravého knihovnika €i clovéka praghp v kartotékach.

Jakeé jsou tedy hlavni znaky digitalnich knihoven:

e Cilem je, aby mél uzivatel jednotny pfistup k reletr@m digitalnim informacim a to bez ohledu na
jejich formu, format, zplisob a misto uloZeni.

e Hlavnim probléemem neni digitalizace fyzického méaierj ale jeho organizace, strukturovani a
sprava.

¢ Digitalni knihovna neni chapana jako uzavieny @&hj&/ literatufe se proto Castéji uziva mnozné
Cislo - digitalni knihovny.

o Digitalni knihovny vyZzaduji Sibvé technologie, kterou umoZziiuji propojeni infoenech zdrojl.

¢ Digitalni knihovny nejsou vazany na dokumenty véi%¢ forme.

Vlastnosti digitalnich knihoven

Jak uvadi S. Makulova ve svém ¢lanku, je potfeba seyatet nad tim, do jaké miry by mély mit digitalni
knihovny vlastnosti tradi¢ni knihovny. Je zfejmé,digitalni knihovny maji pIno funkci, které nenajdeme
u tradicnich knihoven. Na druhou stranu, digitalnimbavnam chybi mnoho funkci tradi¢ni knihovny a
proto je potfeba si polozit otazku, které funkce tadch knihoven by mély zlistat zachované.

V nasledujici tabulce jsou porovnavany vlastnostiitdinich knihoven v nejuzsim chapani, které je

zalozené na tradicnich knihovnach, az po nejv@nénhapani digitélnich knihoven, které je zaloaena
soucasném internetu (Harter 1996).
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UZKE CHAPANI (zalozené nal SIRSI CHAPANI (stfed mezi| NEJSIRSI CHAPANI (volné

tradi€nich knihovnach) obéma krajnimi moznostmi) zalozené na souasném inter-
netu)

informagnimi zdroji jsou objekty informaénimi zdroji je vétsing informaénimi zdroji mize byl
objektl cokoli

objekty jsou vybirany podle nékteré objekty jsou vybirany nazadna kontrola kvality; zadne

kvality zakladé kvality prekazky pfi ukladani objektl

objekty jsou ulozeny na fyz; objekty se nachazeji nalogickémobjekty nejsou umistény ani na

ickém misté misté a mohou byt distribuovanyfyzickém ani na logickém misté

objekty jsou organizované objekty nejsou organizované

objekty prochazeji kontrololi je zde <Castetna kontrolazadna kontrola

odborniki odborniky

objekty jsou fixni (neménise) | objekty se méni standardizg-objekty jsou nestabilni (kdykol
vanym zptisobem se mohou ménit)

objekty jsou trvalé (nezmizi) zmizeni objektl je kontrolovang objekty jsou pomijive (mohoy
kdykoli zmizet)

dtlezitym pojmem je autorstvi | pojem autorstvi je oslaben bez autora

pFistup k objektlim je limitovan pfistup k nékterym objektlim jé pristup k Eemukoli je umozné
pouze specifickym skupinamlimitovan specifickym skupinam komukoli

=

uzivatell uzivatell

k dispozici jsou nabidnuty jedinymi sluzbami jsou ty, které
sluzby, jako napfiklad referencni umozinuje pocitaovy software
asistence (uméla inteligence)

existuji lidsti specialiste  (kni; neexistuji zadni knihovnici
hovnici)

existuje definovana skupinanékteré skupiny objekti maji nejsou definované zadné skupiny
uzivatelll sdruzené skupiny uzivatelll uzivatelll

Tabulka 1: Vlastnosti digitalnich knihoven.

Principy vytv areni digitalnich knihoven

Vytvoreni digitalni knihovny je velmi nakladné. Raeé zatne s vytvarenim takové knihovny,je potfelta m’
na paméti nékolik zakladnich principl, které piedsiji zaklad navrhu, implementacea spravovare ek
digitalni knihovny. Podle A. T. McCray a M. E. GallagheO@1) existuje 10 zakladnich principl:

1. Pfedvidat zn&ny. Zména technologii mliZze pfinést problémy. V s@ni#adobé se technologie vyvijeji tak
rychle, Ze za néjakou dobu se miiZze stat, ze nemubeenét dokument ulozen v néjakém starSim formatu

2.Znat obsahPro uZivatele je obsah tim nejdtilezitgjsim a ndjhatn&jsim aspektem digitalnich knihoven.
Tvlrci digitalnich knihoven proto musi rozhodnout osahu jejich digitalni knihovny, coz znamena, ze
musi vybrat objekty, které zde budou obsazeny, digitadat poloZky, které jsou pouze v analogové forme,
oznacit polozky standardizovanym jazykem jako je StaddGeneralized Markup Language (SGML) a
pfifadit metadata, ktera budou popisovat obsah a d#iuty jednotlivych objekt.

3. Zapojit spavreé osoby Idealni by bylo zahrnout osoby z rliznych prostfdderé nabizeji mnozstvi
odbornych znalosti z rliznych oborll, které priggéjbudovani digitalni knihovny. NejduleZitéjjSou
samoziejmé dva obory: informatika a knihovnictvi. Infatici si uvédomuji moznosti i omezeni tech-
nologie a jsou to vlastné oni, kdo vytvaFi systém. Kmihici jsou "strazci” informagnich zdroj, ktefi
nejenom ze rozumi potfebam rliznych skupin, ale th&kam vztahujicim se k uchovavani materialdi pr
nepretrzity pristup a pouziti.

4. Navrhnout pouitelry sysem VeétSina digitalnich knihoven je pfistupnéa pfaternet pomoci webovych
technologii, i kdyz to neni nezbytny znak digitalniknihoven. Jelikoz jsou ale vyhody webu tak veliké,
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vétsina soucasnych digitalnich knihoven je tvai¢ak, aby byla takto pfistupna. Vétsina Uspésrtyérch
webovych stranek pocita s mnoha faktory, jako jsouftkdgd technické odliSnosti mezi pocitaci a we-
bovymi prohliZzeci, coz zahrnuje i rychlost pfistum také rozdily mezi uzivateli. Prohlizece se \iom,
jak zobrazuji informace, i kdyZ pouZzivaji stejné&lgani komunikacni protokoly (nap¥. http nebo FTP) a
standardni znackovaci jazyky (jako jsou HTML nebo XMIglikoz si uzivatelée mohou zménit pfedem
nastavené prostfedi, ¢imz se rozumi velikost pisndalSi parametry, je lepsi vzdy vytvaret jedndduc
interface.

5. Zajistit oteveny pristup Zajisténi otevieného pfistupu je blizce spojemazkami vyuzitelnosti. Jednim
zplisobem, jak se da tohoto docilit, je vyhnout se powkitanéného hardwaru a softwaru. Je rozumné
vytvaret obsah za pomoci komeréné pristupnychénwyst a nastrojii a vyhnout se specializovanému soft-
waru a hardwaru, ktery by byl nutny k ziskani informac”

6. Davat si pozor na autorgkprava Moznou hrozbou otevienému pfistupu k informacimrsghou stat
problémy ohledné intelektualniho viastnictvi. Bxici intelektualni viastnictvi a autorska prgwaskytuji
ekonomickou a pravni ochranu vydavatelim. V soutaioi#& nejsou jasné odpovédi na otazky ohledné
uplatihovani intelektualniho vlastnictvi na infoaioe, které jsou v digitalni podobé. Internet a web vyign
skupiny, které véfily ve sdileni informaci a ne v oraey pfistup. To vedlo k dojmu, Ze cokoli je volné na
webu pristupné, mtize byt dale distribuovano.d,idytvarejici digitalni knihovny, by mély mit poleni
majitele autorskych prav k digitalizaci materialQl. ¥eialnim pripadé by mél tento majitel oznacit citliv
informace a zanechat instrukce, jak s nimi ma byti pracem:”

7.Automatizovat kdykoli tofpde. JelikoZ budovani digitalni kninovny klade velkénoky na ty, ktefi system
vytvareji, ¢im automatizovangjsi nastroje sewsiuji a budou pouzivat, tim Iépe se zuzitkuji ok lidské
zdroje. Tyto nastroje musi byt jednoduché na poaaiy”

8. Osvaoijit si a ffidrzovat se standatd Pouzivani standardll v systtmu ma mnoho vyhodikapé jsou
pristupnéjsi a schopné pracovat spolecné.

9. Zajistit kvalitu VSechny ¢asti vytvareni knihovny (vybér, vkian metadat, obrazkl, vyuzivani systému)
by mély podléhat kvalité. Nespravna a nekompletradevliviiuji kvalitu celé digitalni knihovny. Tmayé
zkreslené a necelé obrazky nejsou v digitalni knikbwitané. Digitalizovana videa a audia musi byt
pravidelné kontrolovana, aby odpovidala soutasnijiiavizualnim nastrojim. Nékteré kroky kontroly
mohou byt automatické, jiné vyzaduji zasah Clawvek

10.Méjte na mysli petrvavani. V ¢lanku J. Rothenberga se dotteme o tom, Ze skupindBaraikii zjistila,
Ze neexistuje zadny zplisob, jak zaru€it pretevé@ivdigitalnich informaci.

PFi utvareni digitalnich knihoven, bychom mélyigitipovat vazné k vyse uvedenym bodlim. S cennym
obsahem by se mélo zachazet s péci a mél by byt pogkytonejvyssi mozné kvalité. Tento cenny obsah
by nemél zmizet. Mé&li bychom védeét, jak zachazet anftrdigitalni material, aby se nestal zastaralym.

Mélo bychom se snazit o otevieny pfistup ke vSemastain.

Digitalni knihovny v mediciné

Ve zdravotnickém prostfedi potfebuji jak pacientikti poskytovatelé zdravotnické péce rychly a
jednoduchy pfistup k Siroké skale webovych zdrdfacienti a jejich rodiny potrebuji informace, které
jim vysvétli jejich osobni situaci a |ekafi potfebipformace, které se vztahuji k jednotlivym paciemtt
Tyto informace mohou lékafi pomoci pfi vybéru pouzeldfvnich zakrokll a diagnostickych testt, mo-
hou mu pomoci, aby nepfehlédnul néjakou diagnbzu a abynmalizoval mozné komplikace. Nejnovéjsi
medicinské informace, pokud jsou popsany srozumjtaljazykem, mohou zmocnit pacienty, aby pfevzali
kontrolu nad svym zdravim, aby se dozvédéli o preverstad se informovanéjsimi pfi volbach tykajicich
se jejich lechy.

Na webu je mozno najit nékolik takovychto medicinskidigitalnich knihoven. Jedna se napfiklad Med-
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linePlus (http://medlineplus.gov/), coz je nejvatidicinska knihovna vytvofena Narodni lekafskoir
hovnou v USA. Na informace v MedlinePlus se da spolehnsat) pvéfené a vzdy aktualizované. V Med-
linePlus miiZete najit informace o vice nez 650 nemiechiachazi se zde také seznam Iékafli a nemochnic,
IekaFska encyklopedie, I€karsky slovnik, roZ&édhformace o Iécich na pfedpis i bez pfedpisu a odkezy
tisice klinickych experimentt.

ClinicalTrials.gov (http://clinicaltrials.gov/) poskyje pravidelné aktualizované informace o klinickych
vyzkumech na lidskych dobrovolnicich, poskytuje imface a cilech experimentll, kdo se jich mlze
UCastnit, mista, kde se experimenty provadi a daférmace.

Virtual Children’s Hospital (http://www.vh.org/pediatr) je digitalni knihovna shromazgjici informace
z pediatrie a pfibuznych oborll. Cilem tohoto projgktapfistupiovani téchto informaci v co nejuétsie
a hlavné v organizované podobé.

The Virtual Naval Hospital (http://www.dlib.org/dlib/ny@9/05dalessandro.html) je digitalni knihovna
lekarskych véd pro Namornictvo Spojenych statiesickych.

DalSi digitalni knihovnou je PERSIVAL (PErsonalize@tReval and Summarization of Image, Video and
Language) (http://persival.cs.columbia.edu/), jehdaenarnim Gcelem je snadny pfistup k lekafskyrfoin
macim i literatufe v digitalni knihovné, a to jak progkytovatele zdravotni péce, tak pro pacienty.

Problematika strukturalizace digit alni informace

V této Casti bych se zaméfila na nékteré probléntgré souvisi s vyuzitim textové informace ulozené
v digitalni podobé z pohledu jejiho vyuziti v biomediskych oborech a ve zdravotnictvi.

S kazdym dnem se svét zdravotnictvi stava o nécosinediky tomu, ze medicinské znalosti a péce o pa-
cienty jsou sdileny bez ohledu na geografické hraniceov& se ale navySuje mnozstvi informaci, které
musi leékafi skladovat, sdilet a vyhledavat, aby mefgktivné pokratovat ve své praci. Rlizné zdravdd@ic
zaznamy se musi sjednocovat a to nejenom b&hem pacietitmia, ale i mezi riiznymi skupinami pacientt
a mezi celymi populacemi, aby se tak mohla zajistit ta p&jl@ spravna lIé€ba, aby se mohli sledovat trendy
nemaoci, atd.

Aby doslo ke sjednoceni Iekarfské terminologie, vyilvaapf. v Narodni I€kafské knihovné v USA jazyk
UMLS (Unified Medical Language System). Cilem tohoto jezjé&umoznit rozvoj potitatovych systemil,
které by se chovaly jakoby "rozumély” vyznamu biomad&kého a zdravotnického jazyka. Narodni
lekafska knihovna vytvafri a rozsifuje znalostdroje UMLS (databaze) a pfidruzené softwarové nujest
(programy), které vyuzivaji vyvojafi pfi budomaa zlepsovani elektronickych informaénich ysfi, které
vytvareji, zpracovavaji, vyhledavaji, integra’shromaZdiji biomedicinska a zdravotnicka data a infor-
mace. Tyto UMLS databaze jsou také vyuZzivany v infaiokeem vyzkumu. UMLS znalostni zdroje
jsou univerzalni. Nejsou optimalizované pro jedndil&plikace, ale mohou byt pouzivany v systémech,
které vykonavaji nékolik funkci zahrnujicich jedenebo vice druhli informaci, napf. v lékarskych
zpravach, védecké literatufe, doporucenich, \edatvefejného zdravi. Softwarové nastroje naponiaha
pFi pfizplisobovani nebo vyuZivani UMLS znaldstmzdrojii pro uréité Gcely. Lexikalni nastrojegou;ji
Iépe v kombinaci s UMLS znalostnimi zdroji, ale mohou pguzivany i nezavisle.

Existuji tfi UMLS znalostni zdroje: Metathesaurusn@nticka sit(Semantic Network) a Specializovany
slovnik (SPECIALIST lexicon). Jsou rozsifovany pornnékolika programtl, které usnadiuiji jejich

Metathesaurus je velice rozsahla, vicelcelovaajazycna lexikonova databaze, ktera zahrnuje méare
o biomedicinskych, zdravotnickych a jim pfibuznyrajmech. Dale obsahuje jejich rlizné nazvy a vz-
tahy mezi nimi. Metathesaurus vznikl z elektronickychaiennoha rtiznych thesaurt, klasifikaci, souborli
kodl a vyjmenovava regulované terminy, které sezpaaji v péci o pacienta, pfi fakturaci zdravotnyak’
sluzeb, ve vefejnych zdravotnickych statistikach,ipdexovani a katalogizaci biomedicinskeé litengta
pfi zakladnim a klinickém vyzkumu zdravotnickyclugeb. Hlavnim cilem Metathesauru je spoijit alterna-
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tivni nazvy stejnych pojmil a identifikovat uzitecvigahy mezi riiznymi pojmy.

Cilem sémantickeé sité je poskytovat konzistentimégarizaci véech pojmli zastoupenych v UMLS Metathe-
sauru.

Specializovany slovnik byl vytvofen za G€elem posiaini lexikalnich informaci potfebnych pro spdiia
zovany systém zpracovavajici pfirozeny jazyk (SPALIST Natural Language Processing System - NLP).
Meélo by se jednat o vefejny anglicky slovnik zahreiiinnoho biomedicinskych terminll. Kazdy pojem
obsahuje syntaktické, morfologické a pravopisné inface, které jsou potfebné pro specializovany NLP
systéem.

Dalsi nastrojem pro zpracovavani lekafskych&pje SNOMED CT (Systematized Nomenclature of
Human and Veterinary Medicine). Jedna se o detailni ékiou referencni terminologii, zalozenou na
kodovani, ktera se sklada z 344 549 pojmil vztahchice ke zdravotnictvi. Tato terminologie umoZziiuje
vyuZzivat zdravotnické informace kdykoli a kdekoli jeotfeba. SNOMED CT poskytuje "spolecny jazyk”,
ktery umoziuje konzistentni zplisob ziskavadileni a shromazdvani zdravotnickych dat od riiznych
klinickych skupin mezi které patfi oSetfovatelstimiedicina, laboratofe, Iekarny i veterinarni mzda.
Pojmy poskytuji spolecny jazyk pro komunikaci se zditawckymi informacemi. SNOMED CT je dilem
rozsahlé spoluprace mezi svétovymi znalci klinit&&minologie a je pouzivan ve vice nez 40 statech.

Diagnbza pomoci terminologie SNOMED miiZze obsahovaagpaficky kod, morfologicky kod, kod Ziveého
organismu a funkéni kod. Pokud existuje jasné definavdiagnodza pro kombinaci téchto ¢tyf kodu, je
definovan specializovany diagnosticky kod. Naptkkdd nemoci D-13510 (pneumokokovy zanét plic) je
ekvivalentem pro kombinaci téchto kodi:

T-2800(topologicky kod praplice, nijak nespecifikov
M-40000(morfologicky kod prazanét, nijak nespecifikovgma
L-251166(pro streptokokoy zanét plic) u zivych organismil.

V souvislosti s medicinskou terminologii bych jeS@a uvedla slovnik MeSH (Medical Subjekt Headings).
Jedna se o slovnik kontrolovany opét Narodni Igkati knihovnou v USA. Tvofi ho skupina pojmu, které
hierarchicky pojmenovavaji klitova slova a tato hihie napomaha pfi vyhledavani na rliznych tiokin
specifinosti. Klicova slova v MeSH jsou usporadfaiaabecedné tak i hierarchicky. Na nejobecné;si
Grovni hierarchické struktury jsou Siroké pojmy jakapt. "anatomie” nebo "mentalni onemocnéni”. Hier-
archie je jedenactistupnova. Ve tomto tezauru se ra@th568 klicovych slov. Navic je zde ale vice nez
139 00 tak zvanych doplikovych zaznami, které jsaazemy v oddéleném tezauru. Narodni |ékafska
knihovna vyuZiva MeSH k indexovani ¢lankl ze 46Q@tsvych prednich biomedicinskych tasopist
pro MEDLINE/PUbMED databazi. Vyuziva se také pro deta katalogizujici knihy, dokumenty a au-
diovizualni materialy, které Narodni Iekafskaikkovna potfebuje. Kazdy bibliograficky odkaz je spgjo

se skupinou terminli v MeSH a tyto terminy pak popisugatbpolozky. Podobné i vyhledavaci dotazy
pouzivaji slovni zasobu z MeSH, aby nasli ¢lanky pgZadované téma. Specialisté vytvarejici MeSH
slovnik prlibézné aktualizuji a kontroluji. Shiraové pojmy, které se zacinaji objevovat ve védelik
eratufe nebo ve vznikajicich oblastech vyzkumu, déifiyto pojmy v ramci obsahu existujiciho slovniku
a doporucuji jejich pfidani do slovniku MeSH.

Zaver

Ve zdravotnictvi je fada nastrojll pro strukturalizexformaci, které jsou zalozené na anglickém jazyceoa p
Cesky jazyk jsou tedy nepouzitelné. Z tohoto dliivodsisaZzime o pristupy strukturalizace volného textu,
které jsou nezavislé na pouzitem jazyce. Pro Ceakyk je pfedpokladem vytvoreni ceského vykladavéh
terminologického slovniku biomedicinskych pojmie v sout¢asné dobé vytvafime v EuroMISE centru.
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Abstract

Piezoelectric resonator is the thin stick or wafer made efitezoelectric material, with two or more
electrodes on its surface (see, e.3.l1[13]). In consequeh&armonic electric loading, the resonator
oscillates. The most important parameters, describingbtteavior of the resonator, are tssonance
frequencies frequencies of the oscillations with maximal amplitudessome characteristic directions.
Piezoelectric resonators are used, e.g., as stabilisaftérexjuencies of electric circuits, frequency filters,
sensors of nonelectric quantities. For piezoelectric melte resonance frequencies are typically deter-
mined by experimental or analytical methods. Analyticatimels are, however, applicable only for some
particular, simply posed problems and simply shaped résamarhe main disadvantage of the experi-
mental testing is its high cost.

In this paper the finite element (FEM) model of the piezoeiestesonator based on the physical
description of the piezoelectric material is describedsdpgtization of the problem then leads to a large
sparse linear algebraic system, which defines the genedatienvalue problem. Resonance frequencies
are subsequently found by solving this algebraic probleepdnding on the discretization parameters,
this problem may become large, which may complicate apjpiicaof standard techniques known from
the literature. It should be pointed out, that typically we aot interested in all eigenvalues (resonance
frequencies). For determining of several of them it seeraseiore appropriate to consider iterative meth-
ods. Based on the finite element discretization of the madltieat model, we wish to propose, implement
and test numerical algorithms for computing several resoadrequencies of piezoelectric resonators,
and compare our results with experimental measurements.

1. Physical description

A crystal made of piezoelectric material represents a siradn which the deformation and electric field

depend on each other. A deformation (impaction) of the ahyjsiduces electric charge on the crystal's
surface. On the other hand, subjecting a crystal to elefitrid causes its deformation. In linear theory of
piezoelectrocity, derived by Tiersten in_J11], this progés described by two constitutive equations - the
generalized Hook’s law() and theequation of the direct piezoelectric effec{d),

Ti; = cijrr S — drij Ex, 1,7 =1,2,3, 1)

Dy = dkij Sij + €k Ej7 k=1,23. (2)
Here, as in other similar terms troughout the thesis, we isednvention known as the Einstein’s additive
rule (ai;b; = 2?21 a;;bj, see e.q.[112]). The Hook’s lavi(1) describes dependencedaet thestress
tensor T, thestrain tensor S and thevector of intensity of electric field E,
1[0u; 0u,
Sij == . /

:|a iaj:112731 Ek:_—, k:1,273,
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wheretu = (4,19, u3)" is thedisplacement vectorand is theelectric potential. The strain tenso8
and the stress tensit are symmetric[[13]. The equation of the direct piezoelectfiect [2) describes the
dependence between thector of electric displacementD, the strain and the intensity of electric field.
Quantitiesc; 1, di; ande;; represent symmetric material tensors, playing role of tlaemial constants.
From the conditions of the thermodynamic stability {[1&rtdl), tensors:; ;x; ande;; have to be symmetric
and positive definite.

Computing of oscillation of the purglastic continuunis solved by analytical methods or by discretization
of the continuum into lumped parameters, for which motionatpns are solved. The finite element method
(FEM) represents nowadays one of the most important digetein method. It divides the continuum into
finite elements, where values of unknown functions in nodekuwision are approximated with the help of
special basis functions. As a result a system of ordinafgifitial equations is obtained. For description
of widely used methods see e.g. I [3] bF [4]. For piezoeleatontinuum, oscillations of simply posed
problems are usually solved by analytical methods (a sunfeypalytical methods is given in[lL3]). Exper-
imental measurements are in many cases too expensive antbtledmpractical. Mathematical modelling
of more complicated settings require using of advanced migaddechniques. That is the motivation for
using FEM. Its basic formulation was published by Allik banki970 [1], but the rapid progress in FEM
modelling in piezoeletricity came in the last ten years.

1.1. Oscillation of the piezoelectric continuum

Consider resonator made of piezoelectric material withsitgrp, characterized by material tensors. We
denote the volume of the resonator@snd its boundary aE. Behavior of the piezoelectric continuum
is governed, in some time range, T), by two differential equations: Newton’s law of motidd (8fhthe
guasistatic approximation of Maxwell’s equatifh (4) (see,, [6]),

0%u; 0Ty ,
0pm = oz, 1=1,2,3, xeN, te(0,T), 3)
vp-Di_, 4)
8Ij
Replacement of, resp.D in @) and [#) with the expressiorld (1), redp. (2), gives
0%, 0 1[o0a, 0wy op _
= 5 ikl 5| A a_ d’L— :17275 5
52 = o, (CJMQ{(%CI_'—B:CJ—F ’”axk> ' 3 ®)
0 1[0u; Ouy 0P
= —|(dpi = | — L e =2 ). 6
0 (Q)xk(kJQ{@xj_FaxJ Ekg ij) ©
Initial conditions, Dirichlet boundary conditions and Neann boundary conditions are added:
ﬂl(,O) = U, TE Q, (7)
i = 0, i=1,2,3, zely,
Tijnj = .fi7 i:1,2,3, xEI‘f,
¢(,0) = ¢,
Sb = ¥p, TE Ftp
Diniy = g, zeTly,

where
r,ul;=T,I,NIy=0,T,Ul,=0,T,NT, = 0.

Right-hand sidef; represents mechanical excitation by external mechanoaks$,q denotes electrical
excitation by imposing surface charge (in the case of freélatons, they are both zero). Equatiohk (B)-(6)
define the problem of harmonic oscillation of the piezoeleaontinuum under given conditiond (7). We
will discretize the problem using FEM.
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2. Weak formulation

Discretization of the probleni(5l4(7) and the use of the disitement method is based on so calleshk
formulation We briefly scetch the function spaces used in our weak fatiard. We deal with the weak
formulation derived in[[B], chapters 28-35. For more dataile recommend the reader to this book. We
consider bounded domafhwith Lipschitzian boundary'. Let L, (2) be the Lebesgeue space of functions
square integrable if2. Sobolev spacWél)(Q) is made of functions froni,(€2), which have generalized
derivatives square integrable§h To express values of functiane Wz(l) (©2) on the boundary, thetrace

of functionu is established (seBl[9]; for function fro@{>) (Q), its trace is determined by its values on the
boundary).

Now, we establish
V(Q) ={vfve Wél)(Q), v|r, = 0inthe sence of tracés
the subspace diIVZ,(l) (©2), made of functions, which traces fulfil the homogenous bampdonditions.
We derive the weak formulation in the standard way ([9], ¢kaB1). We multiply the equationEl(5) with
testing functionaw; € V(2), summarize and integrate them over As well, we multiply the equation

@) with testing functionp € V() and integrate it ovef). Using Green formula, we obtain the integral
equalities (boundary integrals are denoted with sharpketay

o) T\ Bay T D) 05 )
), ()
+|d e o = iy Wi ’
( ki Oy Ozj ) d r;
1[0ua; Ouy] 0¢ 9o 09
d'i o vy - ity 0 = 9 . 9
(Jk2[axk+a$i} 8%‘)9 <€J Owi” dxj ) 0 Iy ©)
Let us denote 1o 5
w; wy .o
ij — 5l 3o ) s = 1725 .
RJ 2{6:57 + 8$1:| bJ 3
Due to the symmetry of material tensors, equatifhs (8) @hdrédequivalent to simplified forms of integral
equalities,
0%, op
<QW’M>Q+ (Cijkl SklaRij)Q+ (dkij B—%,sz>ﬂ— <fiawi>rf7 (10)
¢ 9p 09
d'i ks o - YR = ) . 11
<ijk affj)ﬂ (EJ dzi dxj ) g 9 r, D

Weak solution:  Let

ip € (W3 (P, ¢®(0,1)), ¢p € (W3"(©2), AC(0,T))
satisfy the Dirichlet boundary conditions (in the weak san€urther, let

o € (W3 (@), ¢P(0,T), w0 € (W5 (©2), AC(0,T))
be functions, for which equalitieE{IL0) arid](11) are obsefee all choices of testing functions

w = (w, w2, w3) € [V(Q), ¢ € V().
Then we define theveak solutiorof the problem[[B)]7) as
u=up+u, ¢=¢p+Po.

Weak solution, on the contrary to the classical solutiomsdaot necesarilly have continuous spatial deriva-
tives of the 2nd order. The weak solution has generalizetisderivatives and statisfies the integral iden-

tities (10), [11).
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3. Discretization of the problem

X

Figure 1: Division of a cubic crystal into layers and prizmatic elertsen
3 5

12
Figure 2: Division of a prizmatic element into three tetrahedrons®1P153 a 1534

Finite element method constructs finite dimensional apiprakon of the weak solution. The doméihis
decomposed into a set fifite elementswhere special basis functions are established. Then, saakon

as the linear combination of these basis functions is lodkedThe partsup, ¢p of the weak solution,
satisfying the Dirichlet boundary conditions, then can hglieitly expressed in the linear system, resulting
from discretization of the probleri{ILO[{|11), and are idtroed in the paragrafph8.1.

In our case, we use the folowing FEM approximation. In twgsteve decompose the doméalr(which is
the volume of the resonator) into the finite €&t of disjoint tetrahedral elements (the first step - shown in
the figurdl - means the division into the layers and prizmeléments, the second part the division of the
prizmatic elements into the tethrahedrons - fiddre 2). Thealo(? is approximated by the union of these

tethrahedrons, _
O~Q'=Je |Je=0
ecEM ecEh
where” denotes the discretization parametéinfn(e) < h Ve € E"). The boundary is approximated as
" = oqQ".

On the unior2", we construct the finite dimensional approximatiéh(2) of the function spacé’ (€2).
Functions froml’"* () are piecewise linear and continuous@h and are zero on the boundary. For each
tethrahedror € E", we define se®’ () of four linear multinomials,

Vi (2,y,2) = ag; + af;x + ag;y + ag;z. (12)

Consider an element= {s', s?, s3, s*}. Itsj-th nodes’ has coordinateée;, y;, z;). Basis functions can
be uniquely defined by its values at the nodésf the element and have to satisfy

Ye(s?) = 6ij, Uil =0 i,j=1,2,3,4.
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The coefficientsy ; in (I2) can be computed by inverting the matrix of node’s dawates (see, e.d.1[8]).
For each tethrahedron, the basis is made of four these lmekinomials. They generate the function space
Vi(e),

V'(e) = {¢"[supp(v") Ce, W' € Wy(e), ¥"|a-c =0}.

- U v

e€eEl

The union

forms the basis of function space

- U v

ecEh

which is the finite dimensional approximation of the spHc(é))ﬂ. The global approximations of the electric
potential and displacement, lying in the spacg((2), are:

alx) = Y uw®Yi(x), w:(0,T)-R, x€Q i=1,23, (13)
w;,e\ph
x) = Z cpj(t)z/J;I(x), ¢ :(0,T) =R, x€Q,

w;,e\ph
and for its derivatives holds
oul PN @h . azph

’L/J;LE\I”I ’L/J;LE\I”I

Let the nodes of the division and the global basis functiesimbered (%, ..., )"). We denote

s (t)7 U (t), us (t) (t)), (15)
U and® are values of displacement and electric potential at thesoédivision in time. The approxima-
tions [I3) are piecewise linear ¢i*, approximations of derivatives are piecewise constanth@nspatial

variable). We substitute approximatiofisl(13) and (14) integral equalities[{10) an@{lL1). We require to
them to be fulfiled for all basis functions?, s € 7,

(Cijkl Sﬁl,R?) "r( il h,¢h> (dkij a—@haRh) <fza1/1h> ’ (17)
' "/ a or? Iy Q r;

ol BgZah ol
oogh Z¥s } (o027 s — h
(dﬂk Sik: Ox; >Q <8'” ox;’ oz; /g s r . (18)

q

uT = (u
ot = (p

The system of ordinary differential equations for valuesdidplacement and potential in the nodes of
division results, having block structure

MU 4+ KU 4+ PT® = F, (19)
PU +E® = Q. (20)

The submatrixk € R3™3" is the elastic matrixyl € R?"3" is the massmatrixp € R"+*" is the piezoelec-
tric matrix andE € R™" is the electric matrix. Matrice®, M, E are symmetric. VectorE andQ represent

1The basis functions defined on nearby elements, which belwige same nodé of division, form together one global basis
function. This function is normalized to have value one ia tiodei.
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the mechanical and electrical excitation, respectiverdnodal forces, resp. Q nodal charges. Each matrix
has also the block structure (for definition, see [8]),

K1 K2 oo Kyp
K21 K22 cee KQT
K=| . . . ], 21)
Ky Ko ... K.,
Kp, € R*3,
Mll M12 ces Ml/r
My Moy ... Moy,
M=| .. . . | 22)
Mrl Mr2 MT"I‘
M, € R,
Pi1 P2 ... Py,
Pa1  Po Pa,
P= : s , (23)
DS
Prl PTQ Pr'r
P,, € R*,
E11 Eq,
Eor ... Eo.
E=- . . , (24)
Erl Er'r
where
Ey €R

3.1. Boundary conditions

We deal with Dirichlet boundary conditionEl (7) for displavent and electric potential. The introduction
of the boundary conditions is sketched on the[flg. 3. Firse ésshe homogenous boundary condition for
displacementtd. Let there be in some nodes prescribed zero displacementhédigl® marked with gray
color). Then proper columns of the matrix (marked with grajoc) are multiplied by zeros and can be
eliminated. So can be eliminated the prescribed varialbtea the vector of unknowns. Now, the number
of equation is bigger than the number of unknows, thus thes (omarked with gray color) belonging to the
known variables can be eliminated. The resulting submegiicandM are symmetric and positive definite
(due to the positive definiteness of material tensors, spd5], chapter 20).

The similar situation occurs, when zero electric poteris'ajrescribeﬁl Proper columns and rows can be
eliminated and submatrik becomes positive definite.

2|t is possible to prescribe here the nonhomogenous displact but in practice, the zero displacement is establistied due to
resonator mounting.
3E.g. by the grounding of the resonator.
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In the case of nonhomogenous Dirichlet boundary conditfonglectric potential, there are some differ-
ences. The part of the vector with prescribed values is ntbvkieh the grid. The proper columns of the
matrix are multiplied by prescribed values and the resgltiactor can be set to the right-hand side of the
linear system. The rows (marked with the grid) belongingh® known variables can be eliminated. Re-
sulting matrixE is symmetric and positive definite. The linear system wiffedent right-hand side results,
with deflated matrix,

MU + KU +PT® =F + F,, (25)
PU-E® =Q+Q,. (26)

F, represents generated electric forQg, generated surface charge.

Figure 3: Introduction of boundary conditions into the linear system

3.2. Input errors of the model

In the process of derivation of the model, we have made saom@igications on the physical reality. Further,
we must deal with other errors resulting from the used method

We use the linear approximatiart € V() of the weak solutiom € W' (Q"). The theory of approxi-
mation error is introduced e.q. inl[2], we only mention hehat for our problem the global approximation
estimate is propotional th,
||u - uh||W<1) ~ O(h)
2

The same holds for approximation error for weak solutionatbptial.

Using the numerical integration of constant, linear or qa#id functions on the tetrahedral elements, we
don’t generate other error.

First simplification was made in establishing the piezagileequations of state. In the Hook’s law, resp.
Maxwell’'s equation, we used the linear dependance of tteénstm the deformation - in the reality, this
dependance is nonlinear and material tensors of higherordast be used (see e.0.][13]), multiplied by
the higher derivatives of displacement and potential. By #implification, the error of orde®(h?) is
generated, which is less then the error made by linear appedgion.

4. Dimension of the problem

The size of the matrices ilL{IL9) depends on the number of tHesim division, say. From [21)424) can
be seen that the sizes of the submatrices are

K,M c R3T,3T7E c RT7T,]ID c RT'BT.
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The submatrices are sparse. The blokks, M,,q, E,,, P,, (according to the term§{P1)-(RP4)), ¢ € 7,
are nonzero only ip = ¢ or if nodess? ands? have common edge. For our scheme of discretization, the
number of nonzero blocks in each submatrix is proportiomabt- (in the worst case).

When Dirichlet boundary conditions are prescribed, theatision of the submatrices decreases,
R, e R¥ 37 | e R, b e Rrdn

wherer; is number of the nodes, where no Dirichlet BC for the disphaeet are precribed;; is number
of the nodes with no prescribed Dirichlet BC for the potentia

4.1. Points of interest
Let us write the systeniL(R5]. (P6) with introduced boundamyditions as

MU 4+ KU 4+ PT® = F, (27)
PU - E® = Q, (28)

where on the right-hand side are sums of external and gextkfatces, resp. charges. The submatrices
(here written without hats) have the properties describghragrapb3]1. This system describes the general
oscillation of piezoelectric element, with mechanical lectrical excitation. There are several ways to deal
with this equation. Widely used method in is so cal&altic condensatiarsubstituting the potential from
the second equation

d=E}(PU-Q)
into the first equation to get one equation for the displaggme
MU +K*U = F +PTE"!Q,
where

K* =K -PTE"'P.

4.2. Free oscillation

The core of the behavior of oscillating the piezoelectriotomuum lies in its free oscillation (when external
excitaion is zero). Free oscillations (and computed eigenfencies) tells, when the system under external
excitation can get to the resonance. Let us assume the harpswillations, therefore

QU = —w?U,
wherew is the frequency of oscillation. There are two kinds of freeitbations of a piezoelectric system.

In the first case, the electrodes are open, and the eigeminetgs of the system can be found by solving

eigenvalue problem,
K—w?M PT U 0
() ) -0) &

MU + K*U = 0.

Static condensation gives

The equation is similar to pure elastic case, only elastitrim&* contains the term representing the elec-
tromechanical coupling. Eigenfrequencies can be foundbsrgy the eigenvalue problem
(K* — w?*M)U = 0.

These eigenfrequencies are calsediresonance frequencig®s antiresonance frequency, the system oscil-
lates with maximal impedance.
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In the second case, electrodes are short-circuited, arttliifopiezoelectric layers electric potential is zero
in the whole volume® = 0). The problem reduces to the standard elastic oscillatse c

MU + KU = 0.
Eigenfrequencies of the system can be found by solving thergéized eigenvalue problem,
(K — w*M)U = 0.

Matrix M is positive definite (say of order), so the problem haseigenvalues and eigenvectors as solution.
Frequenciesy, ..., w, are calledesonance frequencies resonance frequency, the system oscillates with
minimal impedance.

4.3. Damped oscillation
We only mention here, that if we deal with structural dampafighe piezoelectric material, the first gov-
erning equation extends of damping term,
MU + HU + KU + PT® = F,
whereH is the structural damping matrix
H = oM + gK,

wherea and are positive numbersgy + 3 = 1.

4.4. Static problem
For the static case, the problem reduces to solving thersystdinear equations,

KU +PT® =F, (30)
PU - E® = Q.

5. Numerical solution

For discretization and compilation of the global matrix, have developed our own code. For solving the
eigenvalue probleni{29), we use the procedures from thedkapa resp. Arpack++ library, available on
the internet. From Lapack++ (see [3]), we use algorithm Basegeneralized Schur decomposition. These
algorithms solve the complete eigenvalue problem. Fromagkp+ (see [4]), we use algorithm based on
shift-invert method combined with LU factorization. Thilgarithm, in contrast to Lapack++ code, solve
the partial eigenvalue problem and deal with the fact, thatrices are sparse.

6. Remarks

The mathematical model for computing the resonance frezjasof the piezoelectric resonator has been
built. The results of the described model approximate wedl measured results for tested simply shaped
(rod or slide) resonators. It seems that our model can haleagplication, e.g. in desining shape of the
resonators vibrating with required frequencies. The nestéesults were presented at the last seminar. In last
yeatr, the corrections of the physical formulation was mauktgpic problems were established. Nowadays,
the computer modules for computing with dense matrices wegl, but there are still problems with
including the modules for the sparse matrices (arpack-+thiganain module. We also wait for the measured
results of problem of oscillation of planconvex resonafée. propose to give some results at the seminar.
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Abstract

The aim of this paper is to present main results from the y8@42f my postgradual doctoral (PhD)
thesisEstimation of cardiovascular disease risk based on datafepidemiological studieFramingham
risk functions published in 1991 and 1998 were validateddpytation of the Czech Republic, namely
in middle-aged men from Prague taking part in longitudinatly of risk atherosclerosis factors (STU-
LONG). In STULONG, the calibration ability of those risk fetions was not good, the discrimination
ability was acceptable.

1. Introduction

The name of my postgradual doctoral (PhD) thesiEstimation of cardiovascular disease risk based on
data from epidemiological studie®ne of main goals of my thesis is to verify estimations oflt@rascular
disease risk used in the Czech Republic.

As you know from my presentation of the results in 2003 in Rasead Jizeroul7], cardiovascular diseases
(CVD) are the main cause of death in developed countriee &akexample the Czech Republic, trend in
age-standardized mortality in men shows Fiddre 1.

psers 1900 total —@— 35-64 years

50 T

45 ¢

4.0 T

351

3.0 T

25T

2.0 t t t 1

1980 1985 1990 1995 2000

year

Figure 1: Directly age-standardized (world standard populatior§@)9nortality from atherosclerosis CVD in men
from the Czech Republic

The main and modifiable risk factors of CVD are cigarette simgk hypertension, high blood
fats, e.g. cholesterol, diabetes mellitus (DM), physicahctivity, obesity and overweight, see
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http://www.who.int/cardiovascular_diseases/prioriti es/en/ . The mentioned risk
factors can be controlled by changing lifestyle or pharnhagically treated. Therefore the aim is to identify
high-risk CVD persons and to intervene their risk factor€yD.

The statistical models are increasingly used to identifgipation at high risk. Based on epidemiological
studies, statistical models estimating a individual'sodine risk for CHD event were derived[1]1[2].1[3],
[6l, [8l, [@], [LO]. The absolute CHD risk is the probabilitf developing a new CHD event within a given
time period.

In the Czech Republic, one of the most used predictive mogllmating the probability of developing
CHD is the model of the Framingham Heart Study investigafbihe aim of this paper was to verify the
Framingham risk functions [1[.[11] in 20-year lasting syuaf the risk factors of atherosclerosis (RFA)
started in Prague in the year 1975.

2. Materials and methods

The longitudinal study of the risk factors of atheroscleross (STULONG)

The design of STULONG has been already described in my repd?003, see FigurEl 2 and redd [7].
Briefly repeated, STULONG is the intervention prime prewsnstudy with multiple risk factor interven-
tion. The study was conducted by 2nd Dep. of Internal Medicitst Faculty of Medicine and General
Faculty Hospital, Charles University in Prague 2 in 19739 @roject leader prof. Boudik).

Sample
(n=2370)
ENTRY Study
EXAMINATION (n=1417)
IN 1975-1979 %\
NG RG PG 2
(n=276) (n=972) (n=114)| | (n=55)
20-VER NGE NGN RIG/R!:G\ 2
FOLLOW-UP ?
n=40)| |(n=236)| [(n=427)| |(n=432)| |(n=113)
l SINCE 1980 4 .
RG

NG - normal group, NGE - normal group examined, NGN - normal group unexamined, RG - risk group,
RIG - risk intervention group, RCG - risk control group, PG - pathological group, ? - unclassified men

Figure 2: Design of the intervene prime preventive study of athemrsglis (STULONG)

In 1975 total 2370 men aged 38-49 living in the 2nd districhicentre of Prague were randomly selected
from list of electors. Of 2370 invited men, 1417 (59.8 %) maswered the invitation and underwent entry
examination in 1975-1979. According to health status ardwence of RFA (TablEl 1) at the entry into the
study, each man was classified into one of three groups (Horisiaand pathological) differing in way of
multiple risk factor intervention in the 20—year follow-up

Normal Group(NG): men without any RFA, without CVD, without diabetes fitab, without other serious
disease not enabling long term follow-up and without paibalal finding on ECG curve at the entry into
the study.
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Risk group(RG): men with at least one of RFA, without CVD, diabetes medland other serious disease
not enabling long term follow-up and without pathologicafing on ECG curve at the entry into the study.

Pathological grougPG): men with CVD, diabetes mellitus or other serious disgzot enabling long term
follow-up or with pathological finding on ECG curve at the grinto the study.

Positive family history ~ death on the atherosclerotic dsesebefore the age of 65 years in the parents

Obesity Brocca index (B) 115 %, where Bl=weight[kg](height[m] — 100) - 100 %

Smoking >15 cigarettes daily; or non-smoker less than one yearatilcigarettes daily before

Hypertension blood pressute160 and/or 95 mmHg in two of three measurements; or hypederia
anamnesis

Hypercholesterolaemia  total cholestere260mg % (6.7 mmol/l)

Table 1: The risk factors of atherosclerosis at the entry into theywin1975-1979

The Framingham Heart study (FHS)

FHS is the prospective cohort study started in 1948 and woimgy up to this day. The orig-
inal objective of FHS was to identify the risk factors of CVIkor more information see
http://www.nhlbi.nih.gov/about/framingham/design.ht m

Framingham risk function - 1991

In 1991, Weibull regression was used to develop the CHD tiskfion. The Framingham CHD risk function
was derived from 2590 men at the age of 30 to 74 years, who weeeof cardiovascular disease (stroke,
transient ischemia, CHD, congestive heart failure andinitéent claudication) at the time of examinations
in 1971-1974([1]. The Framingham function of

age [years],

systolic blood pressure (SBD — average of two office measemnésh [mm Hg],
cholesterol (total serum cholesterol) [mg/dl],

high density lipoprotein cholesterol (HDL) [mg/dl],

smoking (1, cigarette smoking or quit within past year; Giestvise),

diabetes (1, diabetes; 0, otherwise) and

electrocardiography — left ventricular hypertrophy (ECEH) (1, definite; 0, otherwise)

was estimated to predict CHD includes angina pectoris,r@moinsufficiency (unstable angina), myocar-
dial infarction and sudden coronary death) developing iwiti-12 years. There are some differences in
the equation calculation of CHD risk for men and women. Fonptke predicted probabilityp] of CHD
within ¢ years is

p=1—exp(—e"), (1)
where
u=losl) —
ag

o =exp (—0.3155 — 0.2784 - m),
1= 4.41818 +m,
m =a — 1.4792 - log(age — 0.1759 - diabetes
a=11.1122-0.9119-log(SBP) — 0.2767 - smoking- 0.7181 - log(cholesterofHDL ) — 0.5864 - ECG LVH.

Framingham risk function - 1998
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In 1998, Cox proportional hazard regression model was usetktive the CHD risk function, see Table
B [11], which estimates a 10-year individual’s absoluté& 1§ CHD (defined as in the Framingham risk
function - 1991) for men. This model is based on 2489 men 39e&ts old at the time of their FHS
examinations in 1971-1974. Similar model has been alsaghdd for women([11].

Variable Relative Risk  95% CI
Age (years) 1.05 3.6
Blood pressure (mm Hg)

Normal including optimalsBP<130, DBR85) 1.00 Referent
High normal(sBpP 130-139, DBP 85-89) 1.31 0.98-1.76
Hypertension stage(sBP 140-159, DBP 90-99) 1.67 1.28-2.18
Hypertension stage 11-1\sBP> 160, DBP>100) 1.84 1.37-2.49
Cigarette use 1.68 1.37-2.06
Diabetes (yes/no) 1.50 1.06-2.13
Total cholesterol (mg/dl)

<200 1.00 Referent
200-239 131 1.01-1.68
>240 1.90 1.47-2.47
HDL-cholesterol (mg/dl)

<35 1.47 1.16-1.86
35-59 1.00 Referent
>60 0.56 0.37-0.83

1When systolic (SBP) and diastolic (DBP) blood pressurasrfel different categories, a man was classified into thégigategory.

Table 2: Multivariate-adjusted relative risks for CHD, men

Statistical methods

For men from NG and RG the risk of coronary heart diseases e&mmated according to the given Fram-
ingham risk functions from the year 1991 and 1998 (see abdve) accuracy of the prediction of the
Framingham risk function (1991, 1998) was measured by téstalibration and discrimination.

Calibration of a model measured the degree of correspondence betweehsbr/ed and predicted num-
bers of CHD events, and was tested by Hosmer-Lemeshow (Hiitgquare goodness of the fit test.

Discrimination of a model measured the ability of model to distinguish obetgons with a positive or

a negative outcome (CHD events). Discrimination was exga@dy Receiver Operating Characteristics
(ROC) curve. Area under ROC expresses how well the given hrdiggnguishes between possible out-
comes. Values vary between 0.0 and 1.0 with an area under RDCmeaning that the model can perfectly
distinguish between possible outcomes (fallen down withbGH. not fallen down with CHD).

When validating Framingham risk function 1991, the risk H[Zwas estimated on the assumption that
HDL is equal to 38.66 mg/dl (the level of HDL was not ascerdimt the entry into the STULONG study).
The accuracy of risk to predict CHD within 10-year period veasluated by ROC curve and H-L chi-
square goodness of the fit test. We have already presentekyResd Jizerou (25.-26. September 2003) and
published the validation of the Framingham risk functior®91 [4], in this work we precise our results.

When validating Framingham risk function 1998, the accyceisk to predict CHD within 10-year period
was evaluated by the ROC curve, and H-L chi-square goodridhe fit test. Moreover, we compared the
relative risks of CHD associated with the risk factors in g those in STULONG. The relative risks in
STULONG were estimated in the same way as in FHS, i.e. usinggle-adjusted Cox proportional hazard
regression model[11]. The equality of the relative risksaeen STULONG and FHS was tested by z-test
[4]. Besides these methods, classification trees were osmthtyze the association between the changes in
the risk of CHD and the number of CHD events in time.
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3. Results

First of all it is necessary to say, that we are going to ptitiee result of validation FHS risk function in
international medical journals. According to their ingttions the results were not allowed to be publish
elsewhere. For this reason, in the lecture (in Paseky nadaliz29. September - 1. October 2004) we will
present an overview of the results in detail, and here thdteewill be only briefly described.

Briefly summarized, the Framingham risk function 1991 wdgleded on base of entry examinations, the
Framingham risk function 1998 on base of control examimetid he calibration ability of both Framing-
ham risk functions was not good, the discrimination abilitys around 70 %. The changes in the CHD risk
(estimated according to Framingham risk function 1998)jrduthe 5-year period influenced the number of
CHD events in the next 5-year period.

4. Discussion

Coronary prediction estimate derived from a given popatatinay not hold for another population. The
Framigham risk function is based on subjects (almost alld@sian, mostly Irish extraction) from the town
of Framingham (a suburb west of Boston, USA). Although théhars recommend the model to use for
individuals who resemble the study sample, the model iszatll for instance in European populations.
However, if CHD incidence is much lower or higher in a giverpptation than in that in Framingham, the
Framingham risk model may be inappropridik [1]. Therefeadidation of CHD prediction models is the

aim of epidemiological studies.

In this work we validated the Framingham risk functions psitd in 1991 and 1998. The difference be-
tween the numbers observed and predicted according to sreiffgham risk functions was highly sig-
nificant, the discrimination ability was acceptable. Owsulés may be influenced by the fact, that the risk
functions used to estimate the risk of CHD assume the ristofa@t the baseline remain constant over
time. However, STULONG was a primary preventive study, dxarisk profile of men taking part in our
study may vary differently than the general population withthe primary prevention. Despite these facts
the number of CHD deaths in the 10-year period was signifigamtreasing with the risk score estimated
at the baseline.

The Framingham risk functions published in 1991 overedtih¢he absolute risk of CHD in populations
of Italian rural population, Western Europe, Israel and r@amy. On the contrary the Framingham risk
function 1998 underestimates the actual risk of CHD in NemtHreland and France. The Framingham risk
functions were recalibrated in some of those populatiofierAecalibrating for differing prevalence of risk
factors and underlying rates of CHD events, the Framinghakifunction estimates the number of CHD
events close to those observed.

The study was supported by the project LNOOB107 of the Minist Education of CR.
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Abstract

The paper contains an analysis of items of educational. t€kts properties such as item difficulty,
item discrimination or probability of guessing are studieithin the framework of item response theory
(IRT). Three methods for parameter estimation based onmaxi likelihood (joint maximum likeli-
hood (JML), marginal maximum likelihood (MML) and conditial maximum likelihood (CML)) are
described. The asymptotic properties of these three estimare mentioned. The possible connection
with classical estimate of item difficulty is shown, using ffaylor approximation. Closeness of the clas-
sical estimates and the estimates based on logistic modign®nstrated on real data of the ExaME
evaluation system, which is beeing developed by EuroMISE&esince 1998.

1. Introduction

Since 1998 the system ExaME for evaluation of a targeted ledye is being developed![7]. The head-
stones of the ExaMe system are knowledge bases createdfeciistarget (mostly for knowledge covered
by a special course). Each knowledge base consists of deedraultiple-choice questions (not limited

number of answers, at least one answer is true, at least dalsés3.

The system is designed for two purposes:

1. for evaluation of a group of students in a computer classro

2. for self-evaluation on remote places

For evaluation of a group of students, a teacher createsltddixed test by choosing appropriate ques-
tions and answers from the knowledge base. For studentisagi@ on remote places, the system ExaME
generates automatically so-called automated test.

The item analysis is important for both types of evaluatidthen choosing the questions for the fixed
test, the teacher is usually interested in item qualitieshss item difficulty, item discrimination power or
probability of guessing the particular item. The teached$® often interested in the reliability of the entire
test (this was discussed in [5]). In remote-places evalnathe system offers the student the possibility to
specify the required difficulty of the test. That is why it isaessary that the system has estimated at least
difficulties of all items.
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1.1. Logistic model — Item Response Theory

In last decades an extensive theory for evaluation of itespérties, called Item Response Theory (IRT) has
been built. The theory is based on logistic regression anflitdamental component is the Rasch model,
introduced by Danish statistician Georg Rasch [4]. In thadel the probability of a correct response of
person; on itemj is given by

explxi;i(a; — bj)

P(Xij = wij;04,b5) = M7 1)
1+ exp(a; — by)

wherez,;; = 1 if the response of personon itemj is correct, andr;; = 0 otherwise. In the model,

a; describes the level of ability of perseffeither as an unknown parameter or as a random effect) aisd

an unknown parameter describing the difficulty of itgm

A direct generalization of the Rasch model is the three patamlogistic model, where for each item
two additional parameters are introduced: a discrimimagiarametetr; and a guessing parametgr. The
probability of a correct response of persoon itemj is then given by

) . exp[xijcj (ai — bj)]

P(X;; = xij5; 04, b5,¢5,d5) =dj + (1 —d;) T+ exple; (@ = by)] (2
Other extensions of the Rasch model are possible, too. Artieesg there are the extensions to polytomous
models, such as the partial credit model, rating scale mbdemial trials and Poisson counts model. The
majority of these models can be covered in generalizeddimealel. Other possible extensions are models
for items in which response time or number of successfuirgits are recorded. A well-arranged overview
of extensions of the Rasch model can be foundlin [6].

An advantage of models containing more parameters is badgaription of the situation. A disadvantage
is that with small sample sizes it may result in unstablewestes of item parameters.

1.2. Interpretation of item parameters

Another advantage of logistic models is a nice and clearlgcapinterpretation of parameters. Let's study
the three parameter logistic modé (2). If we define the it@racteristic curve (ICC) of itemnasf;(a) =
P[X;; = 1|a,bj, ¢;,d;], by further analysis of this function we can easily see, that:

o If ¢; > 0 then f;(a) is increasing (so that the better students are more likelgrswer the item
correctly), which is a reasonable assumption for an item.

o If ¢; > 0, thend; = lim,—._ f;(a), therefore it describes the probability that person withamy
knowledge answers the item correctly.

¢ Difficulty parameteb; can be understood as a value on the ability scale: If a pem®albilitya = b;,

then the probability that the person answers ijecorrectly isl’;df , and so itis exactly in the middle

between 1 and;.

o The first derivative of functiorf; at pointb; is equal tmj%@, thus the discrimination parameigr

is described by the slope of ICC in poit more precisely it is equal tﬁ’(bj)l_idj.

After estimating the parameters of an item, the item charéstic curve (see Figuifd 1) can be plotted out.
Item characteristic curve describes the properties ofem Wery clearly: we can read easily its difficulty,
the probability that persons with no knowledge answer itectty. From ICC plotted on Figuld 1 we can
easily see that the described item can very well distingbéttveen the students with ability level between
0 and 2. On the other hand this item does not distinguish vefybetween students with lower ability level
(nor between students with higher ability level).
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Figure 1: Item characteristic curve for an item with difficulty parateeb; = 1, discrimination parameter; = 2 and
guessing parametd; = 0.1

2. Estimation of item parameters

For the dichotomous Rasch moddl (1), there are availabdetiikelihood based methods for item parameter
estimation: joint maximum likelihood (JML), marginal maxim likelihood (MML) and conditional max-
imum likelihood (CML). The disadvantage of the logistic regsion models is the fact that the estimation
procedures for item parameters are hard to explain for natisticians. All the three algorithms based on
maximum likelihood described in the next three subsectitingse the iterative procedures. Connection of
the classical estimator of item difficulty with the estimab@ased on logistic model is studied in the last,
fourth subsection.

2.1. Joint maximum likelihood
Joint likelihood function for one-parameter Rasch mofkigiven by

n k
p(x;w) = H H P(Xij = 53 a5, bj), 3)
i=1j=1
with w = (bT,aT), a = (a1,...,a,) representing the vector of abilities,= (b4, ..., bx) representing

the vector of difficulties of items and witR(X;; = x;;; a;, b;) given by [1).

In the first method, the item parameters are estimated bymizixig (3) with respect tov given the data
x. As it was discussed already inl [3], when keeping the numbeéteai parameters and increasing the
number of tested persons, this method leads to inconsissimhators. This is caused by the fact that
we have a problem in which a limited number of parameters tdrast (item difficultiesb) are to be
estimated in the presence of many nuisance parametergiéshil). Eliminating the nuisance parameters
gives the solution for this problem. This elimination cardleeomplished by the marginal or the conditional
maximum likelihood method.

2.2. Marginal maximum likelihood

When estimating the item parameters using marginal maxirikefihood (MML) method, we usually
assume that the abilitied constitute a random sample from an ability distributionhadiensityh(A4; €),
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with £ the parameters of the ability distribution. The joint prbbigdy can be then written as

n %0 k
p(@; b, &) = H / H P(Xij = wij|Ai; bj)h(A;; €)dA;, 4)
=17 j=1

with P(X;; = x;;]A;;b;) again given by[{1). Above mentioned so called marginal iil@d function

is maximized with respect tb and£. The nuisance parameters are eliminated by integrating the.
Often, the ability distribution is considered to be normahaunknown parameters, ando?, which are
estimated together with. Main problem of this method is the correct specification dfighdistribution.

If the distribution is not specified correctly, the methodh d@ad to biased estimators of item parameters.
The MML method can be used also without specifying a pardmigtrm of the ability distribution. This
nonparametric distribution is then estimated togetheh wie item parameters. EM algorithm and MCMC
method can be used for estimation.

2.3. Conditional maximum likelihood

The last approach to item parameter estimation is conditimaximum likelihood (CML) method. It results
from the fact that if there exist sufficient statistics foe thuisance parameters, the model can be separated
in a conditional part dependent only on the parameters efast and a part which models the sufficient

statistics. Since in the Rasch moddl (1) the total sd@dre- Z§:1 Xi; = Xie is a sufficient statistics for
a;, i =1,...,n, the likelihood function[{B) can be rewritten as:
p(w;w) = ﬁ f(@ilti; b) ﬁg(ti; b;a;), ()
1=1 =1
with X; = (X1, ..., X;x) the response vector of persgrMaximization of the conditional likelihood
f[ F(@slt:;b) (6)

i=1

with respect td leads under mild conditions to consistent and asymptdyinarmally distributed estimates
(seelll]).

An interesting topic in CML estimates is their efficiency.€lproblem is that when estimating the item
parameters, only the conditional likelihodd (6) is used #mesecond part of the full likelihoo@(5), that
is the marginal distribution of’, is neglected. Nevertheless, this second part could dgssintain some
information on the item parameters. For evaluating the ¢dsaformation due to using the CML method,
the F-information can be defined. This is a generalizatioRistier information matrix for the case when
a part of the parameters is nuisance. The properties ofdfrrdtion and the loss of information in CML
estimation is in detail studied idl[2].

2.4. Taylor approximation

When one is asked to estimate a difficulty of an item, probéiidysimplest thing he/she can think of is
the proportion of correct responses to that item. In thigiseave would like to show that this classical
estimator is justified and that it approximates the estimsateentioned above.

By maximizing the corresponding likelihood function, orenceasily show, that the proportion of correct
responses (more preciselyt, ;) is the maximum likelihood estimator (using any of the thabeve men-
tioned methods: JML, MML or CML) when considering the twoywaNOVA model

Xij = a; — bj + ey, (7)

with a; ability level of personi, b; difficulty of item j ande;; ~ N(0,02) a random error. The normality
assumption is of course arguable, nevertheless, it is ¢ne difficulty estimate that is of our interest, not
the model itself.
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Moreover, let's make a slight reparametrization of the Rasodel [1)

e®i—b;j ettai—p;

T T fenit I erteih

P[X = 1]ai, bj] flu+ai = By), (8)
with >~ a; = >~ 3; = 0. Let’s consider the Taylor approximation

Flu+ai = B;) = f(p) + f'(n) (e — B) = () + F() (1 = f()) (e — B;) 9)
Let's definen = f(u) = 15 and

. def
flp+ai=B5) =n+n(l —n)(a — B;) = Ty, (10)
then the new joint likelihood function can be written as
n k
L:HHTZ_UQ _Ti.)(lfﬂﬁij). (11)

i=1j=1

Maximizing the new joint likelihood function with respect ;, «; and3; leads forg; to the linear trans-
formation of the classical estimator of item difficulty:

fi=- :E(Jl - ;@) (12)

In this sense the classical estimator of item difficulty carubderstand as a justified approximation of the
estimator based on logistic regression.

3. Numerical example

The test on biomedical statistics of the ExaME system coataP items and it was given to 114 students,
during the last three years. For each item we were intereghedher the student answered fully correctly
to that item §;; = 1) or not (x;; = 0). When setting the item, the teacher had the possibilitwtiuate
subjectively its difficulty. The teacher assigned to eaemia number from 1 (very easy item) to 3 (very
difficult item). Besides the subjective estimates of difffies, we estimated the difficulties using conditional
maximum likelihood in the Rasch model and using the class&tamation (both of which were transformed
using the linear transformation into the interdl00, 3.99) so that the comparison with the subjective
estimate was possible). For estimatiolngit andlm procedures of the softwafRwere used. Th85%
confidence intervals for estimates are given, too, the cenfid intervals for item 25 are missing, because
the estimates were considered fixed zero due to reparamt@irizonditions. For a better illustration, all

the information was plotted in FiguEé 2.

item | 25 26 27 28 29 30 31 32 33 34 35 36
subjective estimateg 1.00 1.00 1.00 3.00 200 100 200 1.00 200 200 1.00 3.00

classical estimatg 2.25 150 1.15 210 235 349 254 324 100 399 105 3.79

Cl 95% lower 086 051 146 170 285 190 260 036 335 041 3.15
Cl 95% upper 214 179 274 299 413 319 388 164 463 169 443

IRT estimate| 2.19 150 1.16 205 228 338 246 312 1.00 399 105 3.72
Cl 95% lower 0.88 052 145 167 273 185 249 036 329 042 3.06
CI 95% upper 212 180 266 2.89 4.02 307 374 164 469 169 4.39

Table 1: Estimates of item difficulties for 12 items of the test on bewital statistics

As we can see, the subjective estimate often differs a lot fifte other two estimates and thus it is worth
estimating the item difficulty from the data. On the otherdhahere is not a big difference between the clas-
sical estimate and the estimate based on logistic regresBie confidence intervals are very similar, too.
Thus the classical estimate seems to be a good approxinudtiba estimate based on logistic regression.
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difficulty coefficient

25 26 27 28 29 30 31 32 33 34 3 36

item

Figure 2: Estimates of item difficulties for 12 items of the test on bétical statistics.
Left: classical estimate, middle: subjective estimaghtiIRT estimate.

4. Discussion

The item response theory (IRT) based on logistic regressioitem analysis of educational test was pre-
sented in this article. The three possible methods for itarameter estimation based on maximum likeli-
hood were described: joint maximum likelihood, marginakinaum likelihood and conditional maximum
likelihood. The asymptotic properties of these estimatesewnentioned, which are, together with com-
putational aspects of the three mentioned methods going t focus of a future author’s research. The
connection between the classical item difficulty estimatith the estimator based on logistic regression
was given using the Taylor approximation, which gave afigstiion of the classical model.

Acknowledgement: The work was supported by the grant number LNOOB107 of theisitinof Education of the Czech Republic.
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Abstrakt

Prispévelt popisuje provedenou studii proveditelnosti databazaréentované &asti systemu
zajistujicim automatickou extrakci dat z webovych zdrojir(f@ty XHTML, XML, CSV). Ukolem této
Casti je transformace dat do automaticky vygenerovamélatniho modelu, ktery miize byt nasledné uzit
pro realizaci myslenek semantickeého webu.

V (vodni ¢asti je uvedena motivace pro implementacow@ko nastroje. Soucasti pfispévku je
i Castecné ohlédnuti za jiz implementovanymi ndaetmi, které autor v soutasné dobé zpracovava.
V posledni €asti je nastinéna fuzzyfikace problenyatik

1. Motivace

Tak jako kola vétrnych mlynli se nebudou toCit bez wétak koncepce semantického webu nebude pfijata
Sirokou verejnosti bez relevantné vyuzitelnychoimhaci v takovém rozsahu, jaky dnes nabizeji webové
servery jak v podob& XHTML stranek, tak v podobé stdiiteh dokumentll rozlicnych aplikaci nebo
rliznych webovych sluZeb. Z toho diivodu je vhodné di/vat nastrojem, ktery by pokud moZno automa-
ticky data z webovych serveril ziskaval a konvertovdljetrojové dale zpracovatelné podoby (napf. ralaén”
databaze, XML, RDF). Soucasti ziskavani dat enbyt i zahrnuti jejich dostupné sémantiky, zpravidla
v ramci stranky vyjadfené pomoci formatovani datentu.

Tato prace navazuje na diplomovou praci doktoranda [fgré&kse zabyvala mapovanim obecnych we-
bovych prezentaci. Zakladni mapovaci jednotkou jbavé stranka, vystupem algoritmu pak usporadani
stranek do stromové struktury. Jedinym pfedpokladamoto algoritmu je strukturovanost webové prezen-
tace. Soutasné Gsili hleda odpovad otazku, zda-li Ize efektivné mapovat i na niz8ivinip nez-li je
webova stranka, tedy na Grovni strukturovaného obsataunky. Soucasné vyhledavaci sluzby vraceji od-
kazy na stranky, které hledanou informaci obsahujildere@zné najit pozadovanou informaci samu? Tim
se dostavame zpét k sémantickému webu. Lze tedy imgiémnat automaticky nastroj, ktery by dokéazal
data najit, extrahovat a dale je prezentovat v kontexgtcji informaci?

Praktickou motivaci pro tuto (lohu je sledovani ¢asproménnych veli¢in, nap¥. cen rliznych po&itagch
komponent nebo vyvoj devizovych kurzll mén. Na zaklaaKto ziskanych informaci se miizeme ptat,
ktery prodejce ma nejvyhodnéjsi sluzby, jaké jediernativy vyrobkl, jaké jsou trendy. A to bez striktn’
podminky publikovani informaci jejich poskytovataiere formatu podporujicim paradigma sémantického
webu. Nastroje vyuzivajici mySlenek séemantiak@ebu navrhovanou metodikou mohou ziskat informace
a dokaZi prezentovat svoje pfednosti. To mliZze v&sglobecnému prijeti této koncepce a budouci madern”
webové prezentace jiz budou "samozifejmé” zahrnovatmantiku prezentovanych dat.

1prace byla Castetné podporena projektem 1ET100@3Pbgramu Informacni spolecnost (Tematického paogr Il Narodniho
programu vyzkumu \CR): Inteligentni modely, algoritmy, metody a nastroje pytvareni sémantickeého webu.
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2. Soltasny stav problematiky

Tento prispévek se zamérfuje na tu ¢ast problemgitileya se zabyva rekonstrukci databazového modelu
na zakladeé vstupnich dat. Tato Gloha je v rliznych @dostech feSena od zavedeni relatnich databéaii p
dil¢i vysledky jsou publikovany od roku 1975 [2].

Pomérné velka pozornost byla v pocatcich vénowdedovani dotazl (pfip. transakdi) [2, 3]. Na zakla
mnozin atributli, ke kterym bylo pfistupovano v ranjedné operace, byla statisticky vyhodnocovana
pFibuznost atributll. Podle réiznych kritériich nedmotu vzajemné pribuznosti atributli pak byly genarny
mnoziny atributll, které byly sdruzovany do relacénto zplisob nezaru€uje zadnou z normalnich forem,
spide je vyuzitelny pro fyzicky navrh databaze agupracovani (pfedpfipraveni) dotazd.

Pro logicky navrh jsou vhodngjsi metody analyzujaévislosti mezi atributy. Jednotlivé zavislosti
mezi atributy mohou byt znazoriovany pomoci hypefigid]. Ukolem algoritmu je rozd&lit relaci ob-
sahujici vSechny atributy schématu do subrelaciablg,tyto subrelace byly v pozadované normalni formé
nebo spliovaly jina kritéria. Metody Ize rozdélit pedbfistupu, budpfistupuji shora doldi nebo zdola na-
horu.

Pristup shora dolti spotiva dekompozici sch ematu. V principu se algoritmus inicializuje jedi-
nou relaci obsahujici vSechny atributy schématu a teaci testuje na podminky specifikované normalni
formy [5] nebo na mnoziny rliznych druhti zavislosf]. [Bokud relace témto podminkam nevyhovuje,
je rozdélena. Na dekomponované schéma jsou klademérpnzadavky jako minimalni redundance,
reprezentativnost a separace [7].

Naopak pfistup zdola nahoru vychazi z funkEnichiglasti a postupnédstra huje redundantn i
zavislosti vznikajici diky jejich tranzitivitt (popsana dalepdstrafiovani mize byt provedeno
na zakladé analyz uzavérl mnoziny atribufli [8, ®ba pfi uvazovani prvkll téchto uzavérl jako
vzajemnych podmnozin atributli10].

3. Navrhovanma metodika

V soucasné dobé autor pfispévku analyzuje jiz pan€ algoritmy v chronologickém pofadi a konfrontuje
je s vlastni intuitivné navrzenou metodikou, ke kteydalprovedena niZze popsana studie proveditelnosti.
Cilem je najit algoritmus s pFistupem zdola nahorurktgy bylo mozné fuzzyfikovat a pfi rekonstrukci
modelu uvazovat fuzzy-zavislosti misto klasicky@vislosti.

Jako nevyhodu vSech vySe popsanych algoritmli mi#zeznacit fakt, Ze pracuji se striktni definici
funk€nich (pFip. i jinych) zavislosti, kterou nieké zavislosti v obecném pfipadé na realnychaatemusi
splhovat. Pfedpokladejme tedy, Ze malé procentoaéd téchto dat danou funkéni zavislost nevykazuije.
VySe uvedené algoritmy pouZivaji nefuzzy vstupydyteoto procento zaznamd ignoruji (¢imz prak-
ticky provedou defuzzyfikaci hned na svém vstupu) nebo dpefi k situaci neodpovidajicim schemattim
(uvazuje se pouze podmnozina skutecnych zavijlasternativni pfistup, kterym se autor hodla zahfv
uvazuje fuzzy zavislosti po celou dobu dekompozice azsffikace je provedena az na vysledném dekom-
ponovaném schématu.

Podobné jako vétSina vySe uvedenych algoritmi onmegstupni informace nasledovné:

o Data budou interné uloZena formou stromu atributti @fefiodnot, kterd umoZiuje uloZit v databazi
data, jejichz strukturu apriori nezname. Tato reprezeatdat bude slouzit jako zdroj informaci
pro vygenerovani relatniho schématu.

e Data ve svém relacnim schématu neobsahuji cykly. 8jeme tak relace mezi stejnymi entitnimi
typy, napf. relaci potomek. Tato podminka vede na zjedBedi Glohy, nékteré GUlohy vykazuji
pouze polynomialni slozitost p¥i acyklicité|[4].

e Zadné dalsi informace nejsou k dispozici.
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e Hodnoty atributll pro jednoduchost predpokladejme rdisk.

e Jednoatributové primarni klice kazdé subrelace.

4. Integrace dat

Pro (cely studie proveditelnosti byla pouzita podstatjednodusena verze grafového modelu slouZiciho
ptivodné k integraci dat XML dokumeniti]11].

e Uzly stromu jsou dvojiho druhu, bugfedstavuji jméno atribututtr; nebo jeho hodnotual;;.
e Dvojice uzlli(attr;,val;;) je propojena orientovanou hranou.

e VSechny takové dvojice jednoho zaznamu jsou hierakshpzopojeny tak, aby graf vykazoval stro-
movou strukturu.

TYPE-A
HardDisk HardDisk '@
Interface ATA-100 Type
O—»@®—»0O
TYPE-B
(]

Obrazek 1:Pf¥iklad struktury integrovanych dat

Kvalita integrace je dana poctem hran grafu vztaZzenopat®t uloZzenych zaznami. Pomérné snadno lze
ukazat, ze pocet hran je minimalni, pokud posloupat#utli{ A, } je hierarchicky usporadana tak, ze

[D(Ai)] < |D(Aj)] =i <. 1)
Symbol| D(Ay)| oznaguje pocet prvkil (diskrétnich hodnot) doméateho atributu.

Takto provedené usporadani atributll vdak nickéed vztazich mezi atributy, pfip. o dekompozici atitilp
do databazového schématu a je tudiz pro zisk&a&mantickych informaci na zakladé dat nepouzéeln”

5. ZAvislosti atributl

téchto zavislosti. Je uzito znaceni podlel [12]. Pnsveni funkeni zavislosti pouzivame intenzhvm’
pristupu.

5.1. Vyklad zakladnich pojmdi

Definujmefunk €ni z avislost  dvou atributllX aY téhoz entitniho typu s instancemi = {ry}.
Rikame, Ze atribuY” je zavisly na atributX (znaCimeX — Y') praveé tehdy, kdyz

Vri,rj € R:y(ri) # y(rs) = x(ri) # x(r)). (@)
V zobecnéném pfipadé pak miiZzeme hovofit o zastslch mnozin atributd.
Vri,ry € R:g(r) #7(ry) = T(ri) #T(ry), 3)

coz v atomickém zapisu znamena

Vri,ri € Ryo(ri) # yo(rj) A Aym(ri) # ym(rs) = zo(ri) # 2o(1;) V- Van(ri) # zu(rj) . (4)

PhD Conference '04 115 ICS Prague



Martin Rimnag Rekonstrukce databazového modelu

Naopak atributy ozna€ime za nezavislé (znackne- Y'), pokud
dri,rj € Ryi# jy(ri) # y(ry) Aa(rs) = x(rj) . (5)
Atributy X aY oznacime jako vzajemné zavislé (znacife- Y), pokud
XoYeXSYAY - X. (6)

Pro naSe Ucely doplime k témto definicim jesté edgjici 2 tvrzeni:

Transivita NechtX,Y, Z jsou atributy entitniho typi. Pak

X—>ZNZ—-Y=>X->Y. @)

Hierarchie NechtX,Y, Z jsou neprazdné mnoziny atributli. Pak

ZCcX:Z—-Y=X-Y. (8)

5.2. Testowani funkénich zAvislosti

Predpokladejme, Ze ve vySe popsané stromové sffekhame ulozeno celken®’] zaznami a testujeme
funkeni zavislostX — Y. Z této struktury extrahujme vSechny hodnoty atriblitia po vétvich stromu
k nim nalezneme odpovidajici hodnoty atribuXi Neni—li odpovidajici hodnota atributd nalezena,
uvazujeme, ze atribut nabyva hodnoty NULL. Séiiae nyni extrahované atributy podle hodnot atribitu
a sekundarné pomoci atributu

Oznatmee; extrahované dvojice atributli. Pak pfipad, kdy je meng funkéni zavislost, Ize detekovat
pomoci

z(ei) = w(ei—1) Nylei) # ylei-1). 9)

Pocet takovych zaznamill oznacime jakabychom ziskali nefuzzy funkéni zavislost, defuzkyfeme
takto otestovanou zavislost, napf. pomoci prahoy#nitu ¢ zaznamli (napf. ve vyznamu maximalni
pfipustné chyby/):

<f=X-Y

S XY fe<0,1> . (10)

QloQle

Diskutujme vypocetni sloZitost testu. M&jmeatributll. Pfijmeme zjednodu3ujici pfedpokladysechny
zaznamy popisuji jednu relaci (maji shodné atribuBak extrakce hodnot atributli je slozitostiNC').
Efektivni sloZitost je nizSi diky stromovému uspdani.

Druhou slozkou je sefazeni hodnot, uvazup€ log(C)).

Posledni slozkou je samotny test spocivajici vcpadu vSech zaznamill a porovnani se zaznamem
predchazejicim, tj. slozitost(C). Efektivni slozitost mlize byt podstatné niz8kylmoznosti agregace
shodnych zaznamu.

Celkova slozitost je dana souctem dil€ich slcgtito

o(NC) + o(Clog(C)) + o(C) . (11)

Jak je patrno, nejslozitéjsi operaci je extrakce hatdRroto je vhodné provést extrakci pouze jednou ale
pro v&echny dvojice atributll. Slozitost testu vSechjitv

o(NC) + N(N —1)(o(Clog(C)) + o(C)) = o(NC) + o(N*Clog(C)) + o(N2C) = o(NQClog(Ca)z.)
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5.3. Matice Avislosti

Pfi provedené studii se ukazalo vhodné zavést pajesitice z avislost i . Necht model obsahuje
N atributll. Pak matice zavislosti prvniho fadu

-1 Ai — Aj
]\/[1 = {mij}, mi; = 1 Aj - AZ i,j =1.N. (13)
0 jinak

Matice zavislosti prvniho fadu umoziuje dekompgorize uvedenych modelll zavislosti.

5.3.1 Model hierarchickeé zvislosti: Tato zavislost fika, ze primarni kli€ je cizimi&ém
pfedchozi relace, pfiCemz relaci tvofi dvojiceifparni, cizi) kli€. Pro model formalné plati:

Pak diky transitivite[{]7) plati, Zze

Zmik>2mjk<:>i<j. (15)
k k

Pokud vstupni data (s libovolnym uspofadanim atfiplze popsat pomoci modell{14), pak tento model
Ize jednoznacné ze vstupnich dat rekonstruovat nadéklisporadani atributll podle kritefial(15).

X X X
o > @ - > @ —».
L -

Obrazek 2:Priklad hierarchické zavislosti

5.3.2 Model hierarchické zavislosti se avislymi atributy: Tento model vychazi z pfedchoziho
modelu [Ik), avsak kazdy primarni kli¢ je vzajezraévisly s jinym jednim atributem, ktery neni zayis
na zadném ze svych naslednikll. Model formalné$ape:

Vi = 1N/3 Vk >3t—2: A3; — Agj_q1 < Agi_o NAp —» Asgi_q. (16)

Opét na zakladeé transitivitfl(7) dokazeme, ze
Zmik>2mjk:>i<j. (17)
k k

Diky faktu, ze

Vs:l..N/?):Zmik:ijk®i23s—1/\j:3s—2 (18)
k k

plati implikace [IF) pouze jednim smérem.

Ureni primarniho klice neni jednoznacné, pietd: cizich kli€l nadfazené subrelace je navzajem
zavislych. Vsechny cizi klice nadfazené subrelgou rovnocennymikandidaty na primarni kli¢ suace.
Rekonstruovany model je tedy jednoznacny az na ungeémarniho klice podfizené subrelace.
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XZ
X4
Obrazek 3:P¥iklad hierarchické zavislosti se zavislymi atrifp

5.4. Modely s vicearitnimi Avislostmi

Na zakladé predchoziho odstavce se miizeme domiwatouzitim podobnych kritérii bude mozné pos-
tupné rozsifovat mnozinu modell zavislosti. Uveg; Ze libovolna z relaci ma navzajem nezavisleldize.
Pak sice selhava postup z minulého odstavce, kritésigak miiZeme rozsifit o matice zavislosti vgssi
fadu (fad odpovida arité zavislosti) a toto &ritim bude vyuZivat vlastnosti hierarchickych zaess! po-

dle [@).

D(B(A))
B(A)
® EGA)
6
o E(C(A)) ¢
ca) v ® C
™)

Obrazek 4:Pfiklad vicearitni zavislosti

Selh&ani modelovéani se v tomto pfipadé projevujeipenim podminky
Ai—Ajei>]. (29)

Tato podminka platila ve vSech pfedchozich modeleebalaneplati v pfipadé, ze relace obsahuje vice
nezli jeden cizi Klic.

5.5. Studie proveditelnosti

Na zakladé intuitivni myslenky autora byla provedetnali& proveditelnosti. Pro Gplnost byla nastinéna
i zcela plivodni myslenka (Cisté grafovy pristuplvozeni na zakladé poctu prvkll domén jednotlivych
atributll, odvozeny z[Q1)), ktera v3ak byla slepa,akv$oznatky z tohoto fedeni Ize parcialné vyuZzit
pro sniZeni vypocetni sloZitosti a pam@fch narokli na uloZeni "surovych” dat. Studie prditelnosti
poukéazala na smér dalsiho feSeni problematiky.

Metodice muiZzeme vytykat kombinatorickou explozi @stovani vicearitnich funk&nich zavislostisak™

v tomto kontextu Ize argumentovat podstatnou redukci lpda#vaného stavového prostoru. Navic pfi
pouziti fuzzy—zavislosti je mozné vicearitni kémi zavislosti pouze odhadovat a testovat teprveipgae
pouziti takové zavislosti ve vysledném databaaovschématu.

Z uvedenych dil¢ich vysledkll mlizeme usuzovafggeni této Glohy pomoci nastinéné metodiky mis.
PFi nasledné reSerzi literatury se jevi perspektpmouziti nékterych myslenek jinych algoritmti,pia[10].
Zajimavym v tomto kontextu mliZze byt i nasazeni geaigich algoritm{l na matici zavislosfL{lL 3) pfi vhodné
definovaném kritériu tak, aby nebylo nutné prochazeti#né testy na normalni formu subrelacke [5].

Béhem studie byly nékteré casti implementovany ntallezovém serveru PostGres, coz prinasi ve-
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dle ovéfeni teoretickych odvozeni i moznost teattvha realnych datech. Tyto vysledky je mozné
zpfistupnit v ramci osobnich stranek autara [13].

6. Budouci prace

Béhem studie proveditelnosti bylo rovnéz i experim@atwo pfimo s fuzzy zavislostmi atributii, tedy
bez provedeni defuzzyfikade{10). Ty Iépe vystihujiigipsti mezi vstupnimi daty, ktera mohou byt zatizena
chybami nebo mohou byt viceznagna.

Fuzzy miru pfisluSnosti mizeme formalné zavagbjprocentualni vyjadfeni poctu zaznamt (pog, (
které splnuji testovanou funkéni zavislost, tedy

Mij = % kde M je pocet vSech zaznaml, z nichz ¢ spliiujed; — A; . (20)

Matici zavislosti pak modifikuje

Tato modifikace umozhuje pracovat po celou dobu dekonggoz fuzzy—zavislostmi. To vede
k pfesnéjSimu popisu ze vstupnich dat extrahovaméasitiky, obzvlasté vzhledem k intenzivnimu, daty
orientovanému, pfistupu ke generovanému schématu.

7. Zaver

Doktorand si klade za cil provést detailni rozbor podgdn metod a nékterou z metod fuzzyfiko-
vat, pfipadné pouzit metodiku novou (vyplyvajag studie proveditelnosti). Zajimava bude konfrontace
vysledkd téchto metod pravé s ohledem na extrahovaamantiku dat.

Tato metoda by méla korespondovat s ramcem sémantickéhu. Pfedpoklada se, ze bude implementovan
cely nastroj na ziskavani informaci z webovyctastk, pfip. z jinych, vefejné pfistupnych, intetovych
zdrojli. Teoretické aspekty prace pak budou southstitacni prace doktoranda.

Mira rozpracovanosti tématu odpovida dobé neceBatésicll, po kterou se autor danou problematikou de-
tailné zabyva. Autor se snazi zohlednovat pfettayFaktickou cast problematiky, o Cemz sved@stecna
implementace nastroje na zakladé dil¢ich teorgtibkvysledki.
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Abstract

This paper offers an overview of alternative target funasiéor multilayer neural networks, in partic-
ular biquadratic functions, relief error networks, genaliy trained task-tailored functions and entropy-
based functions. The alternative functions are describgithble training algorithms are derived and the
alternative functions are compared mutually and with tlegdiently used least square error function, us-
ing the problem of stock price prediction as the testing [@wh This comparison shows that the proposed
functions show better results and generalization alslitiean the least square error function.

1. Motivation

This work deals with the model afiultilayer neural networksThe model is widely known; the definition
can be found for example inl[5]. Multilayer neural networkamoy supervised training, using a finite
training setT = {(fi,J;-)} of pairs of input vectors and desired output vectors. The afirtraining is
to find such parameters of the network (weights, threshdtis) minimize atarget functionE(d;;, v:;).
summed over all the output neurons and all the training pefevherey;; stands for the actual output of
the network’sj-th output neuron for the-th training pattern. Because we will work with networks hvé
single output neuron, we will, for the sake of simplicity, ibthe indices in the following text and ugkeand

y when speaking about the desired and actual output of theibgiron for the particular training pattern.
The theory can however be easily and intuitively extendetiéacase with more output neurons.

Rummelhart([5] proposed least square error function

B(d,y) = (y - d)’ 1)

as the target function for multilayer neural networks anldais been widely used till today. Its advantages
include the fact that it is simple and natural. The fact thatenalizes the distance between the desired
and the actual output makes it applicable, with a better as@/success, on all kinds of problems without

requiring a specific knowledge about the character of thélpro. Its graphs is shown in Figurk 1.

This strong point of the least square error function is havelso its weakness. The price for being so

generally usable is that it cannot represent special kriydave might have about the problem we are to
solve.
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LSE

actual output value

desired output value

Figure 1: The least-square error function

The motivation for the first three alternative target fuoos therefore was to allow use of as non-restricted
target function as possible, so that a function expressiadghown specific features of the problem could
be used. Three gradual steps towards this goal are predarttedifollowing sections.

The motivation for the fourth proposed target function ifetent. The aim was to find and analyze an
alternative to the least square error function sharingdtgatage of general usability. Such an alternative
was found, based on the cross-entropy function.

2. Biquadratic target functions

As we have said in the previous section, our aim is to use atéugction that describes specific knowledge
we have about the problem we are trying to solve. In the maatigoroblem of stock price prediction, a

suitable target function might be based on the profit a brakéiling by our prediction would achieve on

the market, or rather on a model of this profit. A simple, yéhea realistic model follows:

P =d—ciff y > ¢, (price rise prediction, recommendation to buy)
P = —d— ciff y < —e¢, (price fall prediction, recommendation to sell)
P = 0 otherwise, (stagnation or small change prediction, n@aaggcommended),

wherey is the price growth/fall predicted by our systemhijs the real growth/fall achieved on the stock
exchange and represents the transaction costs. A suitable target fometould then be

E(d,y) = ~P. )

Itis also natural as well, being based on the principle "tighér is the profit, the smaller is the target (error)
function”. Its graph is shown by the circled crosses in FaffiirA problem of such a function is that it is non-
continuous and therefore non-differentiable, while thestwaidely used training algorithms for multilayer
neural networks (for example, the Back-Propagation) negthie target function to be differentiablegn

The first approach to solve this problem is to approximatedsred target function by a function that has
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the required property. We have chodsquadratic functiorof the form

E(d,y) = Ayd® + Ayd + Boy? + Byy + Cdy + D, (3)

where A,,..., D are constants. It is a natural generalization of the leqsts® error functior{1). It is also
easily differentiable, being a polynomial in both of its iedoles (any in particular). It is therefore easy to
derive and use the BP-training algorithm.

The values of the constanty,..., D can be determined by any interpolation method that fits adulcatic
function through the points aP for a selected grid of pairgl, y). The graph of the resulting biquadratic
target function for our testing problem of stock price pridin is shown in FigurEl2.

0 o

Figure 2: The biquadratic target function

3. Relief error networks

This section describes another approach to the solutidmegbtoblem mentioned in the previous section. It
was developed in cooperation with lveta Mrazova, for tetee [4].

In order to avoid restraining ourselves to a single type efdpproximating function, we will use another
neural network, callecelief error network(REN), to approximate the desired target function, for egkm
@). The relief error network will treat the actual and desdioutputs of the main network as its inputs and
the corresponding error values as its desired output. Ibeatien trained in a standard way, using e.g. the
BP-training algorithm. It is necessary to pay proper carthéoapproximation and generalization abilities of
the relief error network, because it will be then used foinireg of the main neural network. Figurk 3 shows
the graph of the target function produced by the relief emegwork trained to approximate the profit-model
function [2).

The trained REN is then added modularly to the main neuralowt For each training pattern of the main
network, the REN uses the main network’s actual output arsitetk output for this pattern as its inputs,
and computes its own output, i.e. the main network’s tangettion value for this pattern.

A problem that remains to be solved is training of the mainraknetwork. It is however simplified by
the fact that the target function produced by the REN is aitaly- continuous and differentiable - under
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relief network output

actual cutput value 0 o

desired output value

Figure 3: The target function, computed by the trained relief errammek. The crosses represent the grid of the
training patterns, their height then the desired error@alu

the condition that such transfer functions are used in thél.REhat is fulfilled for example the standard
sigmoid transfer functiorJ6). Moreover, if the standamghsoid is used also for the REN’s output neuron,
the REN’s values (target function values for the main neklvare bounded if0, 1) and have their minima
close to0, which can be useful during the training of the main network.

In order to train the main network using the REN, we can appdyitiea of the Back-Propagation, derived
in [5]. The computing of the error terms begins in the higHager of the relief error network, and con-
tinues downwards, through both the REN and the main netvilmikgcordance with the Back-Propagation
principle. The weights and thresholds are adapted onlyanrthin network; the REN is already trained and
its parameters remain unchanged.

4. Arbitrary target functions

The logical final step in the effort to make the target funt#és unrestricted as possible is to use the desired
function itself (in our testing problem of stock price pretittn for example the profit-modelling target
function [2)) rather than any of its approximation. The gesb is that such a function may generally be
non-differentiable. The gradient training methods, sustha Back-Propagation, therefore cannot be used.

A solution to this problem is to use training methods that digpose such (and preferably any) requirements
on the target function. One of these methods is the use ottigaalgorithms. Genetic algorithms (see for
example[[3] for more detailed information) perform distried cooperating search in the solution space.
Each prospective solution is coded in the form of a chromasanstring of one-bit, two-bit or real values.
Each chromosome is assigneditaess reflecting how suitable the corresponding solution is. G
maximizes the fitness using genetic operators on a popalatichromosomes$electiorensures the overall
improvement of the fithesgrossovercombines schemes in existing individuals in order to creee
patterns in new individuals andutationmakes random modifications, helping the system to produee ne
schemes and avoid local minima.

When training neural networks using GAs, the chromosomeccasist of real-valued genes, each repre-
senting a single parameter of the network — a weight or a kimiels The fitness of such chromosome-
network is the negative value (because GAs maximize fitreddh target function applied on the network
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and the training set, divided by the size of the trainingisetthe average target function value per training
pattern.

Genetic training of neural networks usually has severakdeecks compared to gradient methods — it tends
to be slower and its results are worse. On the other hande& dot suffer from the local minima problem so
much. However, the main benefit genetic training has forask ts that it allows usage of unrestricted target
functions, which with a suitable use of the target functian balance or even outperform the drawbacks of
genetic training.

5. Entropy-based target function

The last proposed alternative function represents a diffieway of research. It is an alternative to the
least square error functiolll(1) that is also usable genereithout a prior problem-specific knowledge. To
propose such a function, we have used the notion of entropy.

Entropyis a quantity originating in thermodynamics, describing theasure of disorder in a system. In
other words, it therefore means that it describes also thasare of information contained within a system.
We will use this fact when applying an entropy-based fumrctie a target function for neural networks.

The target function we propose is based ondiuss-entropy functian

E, = <dlné+(1—d)1n1;d>, d,y € (0,1). (4)
y —y

In order to be able to use this function as a target functionnfeural networks trained by the Back-
Propagation training algorithm, we need to compute itsvédisie according tq:

OF. y —d l—y 1—d 1-d d
—a- 2. 2 0_a. . _ _e 5
Oy d y2+( ) 1—-d (1-d? 1-y vy ©)

We can see thall, = 0 if and only if d = y; the minimum ofE is located in these points. For the graph of
E., see FigurEl.

6. Stock-price prediction

We have compared the performance of the proposed targdidasavith the least-square error function on
the problem of stock price prediction. The aim was to prettiietstock price change on the following trading
day, knowing a history of (five) previous price changes, pldditional information about the previous day’s
trading, such as the volume of trade, the position of thestdtaown price in the long-term history, the
supply/demand ratio etc. The raw data from the stock exaharage subject to extensive pre-processing.
It was for example necessary to transform the outputs of #terark, which represent the expected price
change, i.e. generally a real number, into the intef9al ), because it is required by the target functith (4).
This was achieved by transformation using the sigmoidadtion

y=1ry = . (6)

Among other pre-processing methods there was e.g. agplicat the Principal Component Analysis (see
[2) on the data, which normalizes them and therefore irswedhe performance of training.

We used Matlab as the platform for programming the experiméviatlab’s Neural Network toolbox was
used, together with the author’s implementation of theraltéve target functions. In order to implement
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Figure 4: The cross-entropy target function

genetic training, we have interconnected this toolbox witBA toolbox developed by Houck, Joines and
Kay ([1]). Series of experiments were carried out, in ordedétermine and tune the parameters of the
tested methods. We used the same architecture (9-15-Hdatandard least-square error function and for
each of the alternative target functions, in order to keepdbnditions of the compared models as similar
as possible.

The networks using the least square error functidn (1) aadthuadratic target functiofil(3) were trained
using the Back-Propagation training algorithm, using #erming rated.01. The number of the training
cycles was limited to 1,000 unless a chosen target funcebrewvas reached earlier. The maximum number
of training cycles was however rarely needed; the targettfan limit was usually reached sooner.

A series of examples was used also to determine the bestentthie, training set and training parameters
of the relief error network. A set of 121 training pattersrfong a 10x10 grid in the desired/actual output
space, architecture 2-5-1 and a learning raté. ohave produced the best results. The learning rate for the
main network was agaif.01.

For the genetic training of the profit-based target func@nwe achieved the best results with a population
of 1000 chromosomes, using the normalized geometric raplsimple one-point crossover and uniform
mutation as the genetic operators. Using normalized ga@mahking, the probability of selecting thieth
individual from the population equals

q r—1
PP=—=(1- ,
1_(1_q)P( q)

wherer is the rank of the-th individual according to the fithesg,is the probability of selecting the best
individual andP is the population size. The parametewas set td).08. Simple crossover just randomly
selects a pointin the chromosomes of the parents and cteateffspring by exchanging the parents’ genes
located rightwards of the position. Uniform mutation randy selects one gene and assigns it a uniform
random number from the permitted space of values (intgrvaD, 10) was used as the permitted space for
the gene vaIue&The probabilities of crossover and mutation wérgand0.2, respectively. The evolution
continued until the best individual reached the fitness.43 or for 200 generations.

1For detailed definition of the mentioned genetic operates,[1].
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Finally, let us deal with the cross-entropy target functfdh trained using the Back-Propagation training
algorithm. This target function has shown to be very sersitin the learning rate. The reason is that
lim, .o %Lyc = —oo andlim,_,q %Lyc = oo (seel(d)), which causes extreme and possibly divergingggsan
of the network’s parameters in these cases. Vajued) andy = 1 after pre-processing of the data represent
infinite slump and growth of the stock price, respectivebgd[[6)) and similar extreme values therefore
should not appear in a trained network. They may howeverappea "newborn“ network that has been
created randomly and has not undergone much training yet prablem may be solved by applying a very
low learning ratex. This however makes the training process very slow and @&sae the risk of getting
stuck in a (very) local minimum. Therefore, we have chosenedhod of variable learning rate. At the
beginning of the training, when the chance of extreme vahigsis larger,a is low (2.5 - 107%). It is then
doubled twice, after 100th and 200th iteration of the BaoipRgation, when it thus reaches10 3.

In order to estimate and compare generalization abilitfeh® methods, we divided the known data into
atraining set which was used during the training period, and tist setunseen by the networks during
training and used for measuring their performance on unknd&ta. The training set contained 75% of the
data; the test set contained the remaining 25%.

We compared the proposed methods by carrying out 100 expetimDuring each of them, five networks

were trained - one using the standard least-square errotifumand one using each of the proposed alter-
native target functions. Tablé 6 describes the averagedtsdsoth on the training set and on the test set.
The division into the training/test set was carried out @mty for each of the 100 experiments; in each
experiment it was however the same for all five target fumditsted.

Target function| Set | Square error] Dir. corr. | Profit
LSE Train 0.033 81.8% | 0.472%
Test 0.050 73.1% 0.164%

BIQ Train 0.069 78.3% | 0.377%
Test 0.087 73.7% | 0.211%

REN Train 0.159 79.1% 0.331%
Test 0.178 72.7% | 0.177%

PROFIT Train 0.167 79.9% 0.353%
Test 0.190 72.6% 0.175%

ENTR Train 0.041 76.4% | 0.322%
Test 0.049 72.7% 0.184%

Table 1: Comparison of performance of the least-square error fanetind of the proposed alternative target functions
on the problem of stock price prediction, separately forttaming set and the test set. Several measures of
success are presented - the summed-square error, thealireotrectness (the percentage of correct predic-
tion of price rise/decrease) and the modelled daily profit.

The test set results suggest that the proposed alternatiyettfunctions have outperformed the standard
least-square error function in terms of the most decisiterion - the model of the achieved profit. The
direction correctness (i.e. the success rate showing htem diey predict the trend correctly) is roughly
the same for all the target functions used. Finally, meakhyethe summed square error, the standard error
function is better than the profit-based target functiorisictv is however not surprising - minimizing the
square error was not their task. What is interesting is thatcross-entropy target function outperformed
the standard least-square error function even in thisr@iteeven though it was not its task, either.

The comparison between the training and test set resultsthay their difference is smaller in the case
of the alternative target functions, which suggest thair theneralization ability might be better and their

tendencies to get overtrained lower. This is most visibléhm case of the cross-entropy and biquadratic
target functions, which outperformed the standard erracfion in two out of the three used measures of
success on the test set, even though their results on thanfyaet were worse.

Let us say a few words also with the speed of the training m®cehe cross-entropy target function and
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the biquadratic error function were fastest — they needemhaniumber of training cycles (144 and 170
in average, respectively) and each cycle was rather quiekkss to the simplicity of the target functions,
resulting in quick and simple computation of the weigh#gtrold changes. The standard error function
was placed third; its training cycles were quick, too, bt tfaining needed a higher number of the cycles
(570). The use of the relief error network was slower, beeaasmputation of the target function during
presentation of each training pattern requires to run aalewgtwork. This caused that despite the not so
high number of required training cycles (246 in averageg, titaining time was longer. The training of
the non-approximated profit function was the slowest, beeanf the character of genetic training — the
target function summed over the whole training set must Imeprded for each network/individual in each
generation, and the number of the individuals and of the [atipms was rather high.

7. Conclusion

Out of four proposed alternative target functions for theltifayer neural networks, two have achieved
better results than the standard least-square error imictia shorter training time and the other two have
outperformed the standard function, too, even though theiming was slower.

The profit-based target functions suggested that it is plessd incorporate problem-specific knowledge
into the training process using the target function. On ttieeohand, the cross-entropy target function
proposes an alternative to the least-square error fun¢tiahdoes not require such knowledge and yet
speeds up and improves the training process. The proposedative target functions also seem to have
better generalization abilities.

The results presented in this article show that studyingetafunctions of neural networks and proposing
alternatives can improve the results of their training. waths were suggested. The first one leads towards
problem-tailored target functions, which may often have-amalytic forms and will require approximation

or special training algorithms, but which are capable ofresping the specific knowledge we may have
about the problem. The second path leads towards genegalhjeitarget functions that will possibly have
better properties that the standard error function and yetagplicable on most of the problems that are
being solved using multilayer neural networks. Both patensto be passable.
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Abstract

We survey parts of bioinformatics theory with respect to Dblip microarray data analysis. First,
we outline information structures and bioinformaticslitsdext to it, we describe so called fuzziness and
we show generalized logical connectives which are usabledta preprocessing and structuring. Finally,
we describe several classes of aggregative operators.

1. Introduction

There are three main structural states of physical mattdr kgspect to its organization: solid, liquid and
gas phases. Their classical representants are ideal Ictigetal fluid and ideal gas respectively. They are
depicted at FigurEl 1. While crystal has fixed and regulacsting, gas has random and dynamical structure.
Organization of fluids lies between the too extremes. In cdsolid state, we deduce all the structural
properties of the matter from just one point of it. In caseiqfiid state, our deduction is limited to a
bounded region. We can not deduce anything on distinct partsatter in case of gas state.

Solid state Fluid state Gas state

Figure 1: Organizational states of matter

Sometimes, live matter (i.e. organisms) is put in line withdsé. It seems to be rational, since both structures
are partially regular. However, there are some controesrsiirst, organisms are not just spread fluid matter.
Second, there are several patterns for the "middle” setiivigysketch three possible structures at Fidilire 2.
The case A is for partially sublimated matter - if we are lucke can deduce investigated properties to
large part of the matter. However, in adverse situation, arereot deduce at all. The case B is for fluids and
they were mentioned above. The case C is for so called omgahimatter. We can deduce just small amount
of matter properties from one point knowledge. However, asrwestigate more points in the matter, we

can deduce much more - not just on bounded surroundings dafithstigated points. It is usually the case
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i
1] DH]

A form

Figure 2: Fluid-like forms of organization

we assume to be the interesting one. And we believe, it isale for organisms. Nevertheless, we do not
say that it is specific property for living organisms.

Features being dashed at Figlire 2, case C, are coveredimgidégated matter. They characterize particu-
lar objects, but we do not know the features a priori. The sk unravel the features. Since the features are
too complex and diversed to be covered by a few formulas, wiotspring them by data mining methods.
Usually, our work is separated into three parts. First, tatcal algorithms have to be invented. Second, we
have to implement the algorithms into software. Third, pamgs are used on biological data. We focus to
the first part in this survey. Especially, we concentrate s@ of Hajek’s observational calculus and fuzzy
logic.

2. Fuzzy logic and bioinformatics

Fuzzy logic [2] is fruitful of structures which can be used fitata mining. Unfortunately, the word of
"fuzzy” is used for many different ideall[6]. First, we use tiotion of fuzzy as is formalized in mathemat-
ical fuzzy logic: i.e. logic of comparable truth values. 8ed, bioinformatical date [1] we focus on, have
their values in real intervals. It means that value e.g. i actual half-large variable. For example, one
variable can be age: people can range from very young (valO€l), somewhat young (value 0.3) to
very old (valuex~ 1.0) ones, see example at Figlile 3.

=) 0]] (@][] Hopeful
=)

(]

>

3

>

>

N

N

>

w ung Youwg Opeless

Age / years Age / years Win / yes—no

Figure 3: Different meanings of fuzziness

It is not necessary to have linear dependence of a fuzzy \@iuthe real quantity. In case of bioinfor-
matical data, the dependence frequently contains lognaidt transformation. One reason for it is gaining
distribution of data which is more symmetrical and normied li

Contrary to the above case of real continuous data, thergitaggions with crisp (i.e. two valued - yes/no)
data when the meaning of fuzziness is used too. For exarhglerisp variable can be a win in a future with
its fuzzy value expressing the chance or our hope to win, séigare[3. Fuzzy variables which are used for
description of such situations, are just measures of piitityadr believe that investigated crisp data occur.
It is notable to say that we do not use fuzziness for such tiedadata since one just expresses value of
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uncertainty there.

We develop methods for biological data that can usually lage values greater or lesser than a middle
value. This is motivated by gene expressions. Values ofesgion are by default viewed as either being in
a middle region or altered ones. In case of alteration, th&egacan be greater (i.e. activated expression) or
lesser (i.e. inhibited expression).

Some common examples can be temperature or favor of cup.dhtease of cup temperature, the tea can
have middle temperature - it is neither warm nor cold, it carcbld, it can be warm. Likewise, the tea favor
can be as negative (dislikes), neutral or positive (likes$. shown at Figurgl4.

:- Activated Warm
|
()
>
©
>
>
N
N
T
Inhibited Cold
Gene expression Tea temperature

Figure 4: Twofold value alteration

It is natural to use interval df-1, 1] to express such values. In fact, we use pairs of values ftirdan be
gained by usage of generalized logical connectives. Theauawectives, say plications, are extension to
implication and coimplication as uninorms are extensiotiiorms and conorms. It means that in case of
a plication, sayP(z, y), it generally holds neitheP(z,y) = 1 for z < y nor P(x,y) = 0 for z > y. The
new connectives can be used not only for pairs of values agiesproperties, but they can be reused for
general pairs. In such a case, they can express time chanigasseful tool for time series data and it plays
role of time differentials.

Together with it, we reuse principles invented as monadgzolational predicate calculds [3, 4]. It has two
subsequent parts. Particular measured properties areassiegical formulas and they are combined by
logical connectives. Next to it, generalized forms of qifsers are evaluated on pairs of formulas to check
their connections. It can be viewed as counting on a relatiile:

varl|var2| .. | varM
objl1| 0.3 0.8 0.2
obj2 | 05 0.7 0.9
objN | 0.1 0.5 0.4

The exemplary table above shows starting point for obsiemvalk calculus (on fuzzy data) computing. Sep-
arate columns are for particular variables, for examplesga cups of teas. Separate rows are for particular
objects, we measure the variables on. They can be patiedtsgers. Filled values (set into intervl, 1])

can express amount of gene activation / inhibition or tedtipes negative favor, respectively. We look for
rules that say e.g. "who likes tea of kind 1, dislikes tea aftk2”, "when both genes 1 and 2 are activated
then gene 3 is activated too”.

Combination of variables is done by connectives of fuzzydo8ince amount of variables in bioinformatics
(i.e. genes) is rather big, it is necessary to cluster thenmgwomputations. It is not disadvantage. It
is known that groups of genes behave similarly and to find tioeigs is one of tasks of bioinformatics.
Evaluations are done by so called generalized quantifiérsy Tombine ideas of classical quantifiers and
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ideas of statistical estimators and te$fs [5]. They candregxample, estimates of quantiles (of holding
a formula) or tests for e.g. 0.9 value of them on a value ofifigance.

3. Feature aggregation

When we have found and enumerated relevant rules we may tamtto combine to express a final value
which describe investigated system. The value of the olijetite interest can be similarity to another
(complex) object, inclination of a relevant gene to be adéd or inhibited, or favor of the prepared tea.

We generally have pieces of evidence for both greater firakgaand lesser final values. Their combination
should behave as uninorms. It means that combination of tgitipe values should tend to be greater,
combination of two negative values should be lesser, andbatation of one positive and one negative
value should lie between them. We can describe such behasiacting of individual rules on the final
value that is glued onto one end of a spring, the second erfteafring is glued to zero value. We call
such an operator a dinorm, an example is at Fiflire 5.

1
Cupve of stiffness
Spring end
%’ ar—t—
(]
?E d bl—— c
2 1
_ e
g 1 <{cC 0 a b 1
» | 7 |d
=e
-1

Rule (strength) values

Figure 5: Dinorm example

We need continuity, rather uniform one, to have stable agaiiee operators. However, it is impossible for
uninorms. In fact, uninorms have unnatural behavior on doatlon of two opposite extreme values: it
must be an extreme too. It can be overwhelmed by abandonsogiasivity, either weak or strong. It is not
so bad since e.g. (arithmetical) mean is not associativeétequst can not separate the final operator into
recursive action of one (associative) binary operator.

Still, we can state less conditions (than recursivenessgducibility of the operator. The operator may be,
for example, separable into two (several) associativeaipes. In such a case, we say that the operator obey
weak non-associativity. This imitates double values irpppeessing and formula combination steps: first,
we combine separately positive and negative values by cascand second, we combine the two result
values by coimplication (of the lesser one to the greatel).d@enerally, we do not suffer from lack of
associativity since it is not required for aggregation @pers - we do not use them as logical connectives.

We usually want to have evaluated the power of our result fstatistical point of view. Since we have an
amount of both objects and rules, we can use some multidiorggisnethods, e.g. bootstrapping. It yields
strength and plausibility of localization of the final valoie whole [-1, 1] interval. It means that we can state
e.g. that the final result value is greater than or equal tor@5 a value of significance, and it is greater
than or equal to 0.3 with a greater value of significance.
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Abstract

We study approximation problems formulated as regularime@dmization with kernel-based stabiliz-
ers. These approximation schemas exhibit easy derivatisolation to the problem in the shape of linear
combination of kernel functions (one-hidden layer feepifard neural network). We prove uniqueness of
such a solution if one exists and discuss existence in dpas. We exploit the article by N. Aronszajn
[@] on reproducing kernels and use his formulation of pradhdkernels and resulting kernel spaces to
show possible use of such a construction in practical agfidins.

This work was supported by GBR grant 201/02/0428.

1. Preliminaries

A normed linear spac# is any vector space ov& or C with anorm||.||, where for allz,y € W, A € R
(or C).

1. ||z|| > 0and|z||=0onlyifz =0
2. | Az|| = Al|z|l, and

3. [lz +yll < =l + llyll-

Banach spacéB, ||.||) is any normed linear space that is complete in its norrhlildert spaces a Banach
space in which the norm is given by an inner produgct, that is||z|| = (z, x>1/2.

Let d, k be positive integers C RZ. We let (C(92), |.||c) denote the space of continuous functions
on © with maximum norm. Next(Cj will denote all functions with continuous Fréchet derivatup

to orderk and C, all infinitely differentiable functions. We say thdt € C., belongs to theSchwartz
spaceS(R?) if p - Df is a bounded function for any multiindex = (a4, ..., a4) and any polynomial

p =3 cpaln ...:vgid onR¢ (where D (f) = (a%l) ] (Qizd) “). For convenience let us define

(following [9]) the normalized Lebesgue measung onR¢ asdmy(z) = (2r)~%2dz.

The Lebesgue spac¢€, (), ||.||,) of functions orf2 with integrablep-th power will be renormed| f ||,

{/ |f|1’dmd}1/p. This will simplify the use ofFourier transformf of the functionf € £!(R9): f(t) =
ﬁRd f(x)e~**dmy, wheret € R andt - & = tyz1 + - - - + tgzg.
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Let B be aBanach spac®,C B andletf : 2x — R be a symmetric function (thati§z,y) = f(y, z)).
Thenf is positive definitef for any ay, . ..,a, € Candty, ... t, € Q

> @a;f(ti,ty) >0,

i,j=1
wherea is complex adjoint ofi. We call the functiorstrictly positive definitéf the inequality is strict.

Let V andW be vector spaces over the same body. TBeniW — V is alinear mappingif and only if
LAz + py) = Az + pLyforall z,y € W andA, u € F (whereF =RorC). If V=W, we call£ an
operator, if V = F we call it alinear formor afunctionalon 7.

For a functionalF : X — (—o0,+00] we writedom F = {f € X : F(f) < +oo} and call this set
the domainof F. Continuityof F in f € dom F is defined as usual. A functional s2quentially lower
semicontinuous and only if the convergence dff,,} to f impliesF(f) < liminf,,_, . F(f,). Functional
F is weakly sequentially lower semicontinuatiand only if f,, — f impliesF(f) < liminf,,— o F(fn)-

A functional F is convexon a convex sef C dom F if forall f,g € Eandallx € [0,1], F(Af + (1 —
ANg) < AF(f) + (1 — M) F(g). FunctionalF is (strongly) quasi-conveikfor all f,g € E, f # g it holds:

F(3f+39) (<) <max{F(f),F(g)}.

2. Reproducing Kernel Hilbert Spaces

Reproducing Kernel Hilbert Space (shortly RKHS) was defingdronszajn, 1950 []1]) as Hilbert space
H of functions (real or complex) defined ov@rC R¢ with the property, that for each € €2 the evaluation
functional onH given by, : f — f(z)is bounded. Thisimplies existence of a positive definitersyatric
functionk : Q x Q — R (the so calleadeproducing kernglcorresponding td{ such that

1. foranyf € ‘H andy < () the following reproducing property holds

fy) = {f (), k(z,y)) ,
where(., .) is scalar product if{ and

2. foreveryy € Q, the functionk, (z) = k(x, y) is an element of{.

Note that the reproducing kernel is unique for a givEn On the other hand, every positive definite
symmetric function is a reproducing kernel for exactly onébktt space, that can be described as
comp{>_" | aiks;;z; € Q,a; € R}, wherecomp means completion of the set. See paragiaph 2.1 for
sketch of proofs.

Next we will consider product of Reproducing Kernel Hilb&paces, for potential applications of this
construction see the discussion below Thedremh 2.1: Eot, 2 let F; be an RKHS of functions ofy;, let
k; be the corresponding kernel. Consider the following setiatfions o2 = Q; x Q5

F' = {Zfl,i(ivl)f2,i($2) |neN, fi; € F1,fo; € Fa}.

=1

Clearly, F’ is a vector space, it is not complete though. For its commietive first define a scalar prod-
uct on F’. Let f, g be elements of” expressed ag(z1,22) = Y ., fri(@1)f2i(22), g(x1,22) =
Z;'nzl g1,j (II)QQ,j (ZCQ) We define

n

(£,9) =D (frisgi)1{frir 92502

i=1 j=1
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where(, -); denotes the scalar producti. It is a routine to check that this definition does not depemd o
the particular form in whiclf andg are expressed and that the properties of scalar producatiséed. We
define norm or¥” by || f|| = \/{(f, f). Finally, letF’ be the completion of". It can be shown []1]) that the
completion exists not only as an abstract Hilbert spaceHattX is in fact a space of functions dn. We
call ' the product off} andF; and writeF' = Fy ® Fb.

Theorem 2.1 ([A]) For ¢ = 1, 2 let F; be an RKHS o1f2; with kernelk;. Then the product spacE =
F| ® F» on€); x Q9 is an RKHS with kernel given by

k((z1,72), (y1,92)) = k1(z1, 1)k (22, y2),

Wherexl,yl S Ql, X2, € Qg.

2.1. Proofs
All the proofs presented here have been sketcheld in [1].

Lemma 2.2 Let £(£2) be a real valued RKHS with as kernel. TheilCc := {f1 + if2; f1, f2 € K} with
| f1 +if2l|2 = If1]]? + || f2]|? is @ complex RKHS with the sarhas kernel.

Proof: K¢ is clearly a Hilbert space. Evaluation functionals remaiedr and bounded, i.& ¢ is RKHS.
And forany f € Kitholds:if(y) = (if(z), k(z,y)). m

We see that it is sufficient to consider only complex RKHS.
Lemma 2.3 LetX(Q2) be a Hilbert space with a reproducing kerriel Thenk is unique.

Proof: Suppose we have two reproducing kernk|sk’ andk # k’. Then for somer,y we have
0 < |[k(z,y) — K'(z, 9> = ((k = K)(z,y),(k = K)(z,y)) = (k- K)(z,y),k(z,y)) — (k-
K (z,y), K (z,y)) = (k—K)(y,y) — (k — k") (y,y) = 0, which is a contradiction. =

Lemma 2.4 LetK((2) be a Hilbert space with the property that all evaluation ftionalsF,. are linear and
bounded. Then there exists a reproducing keknsatisfying properties (i) and (ii) that is positive definite
On the other hand from (i) and (ii) we obtain linear boundedr{inuous) evaluation functionals.

Proof: F, is a linear bounded (i.e. continuous) functional on HillspraceC(€2). Thus by Fréchet-Riesz
Theorem([B, p. 19] we have, € K such thatF,(f) = (f(x),ay(x)). We putay(z) = k(z,y) obtaining
the reproducing kernel.

To check the desired properties (symmetry and positive idefiess) we use the reproducing property:
doi i1 Giagk(xi, xy) = (307 agk(y, 5), Yoy aik(y, zi)) = || 27— ajk(y, z;)||> > 0 andk(z, y) =
<k(za y)7 k('zv x)> = <k(27 x)v k('zv y)) = k(ya CE)

To prove the last statement it is sufficient to observe, tHdt(y)| = [(f(x),k(z,y))| <
111k, ), k(, y)) V2 = 1 fllk(y, 9)' /2. »

Lemma 2.5 To everyk(z,y) satisfying the properties (i) and (ii) there correspondsand only one
Hilbert spaceH admittingk as a reproducing kernel.
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Proof: Let us take the class of all functions of the foriy apk(z,yr) with the norm
| > hey k(. yk.)||2 =D aiajk(z;, z;). To complete the space we add limits of all Cauchy
sequences (relative to the above norm - gives point-wiseargence). ™

Theorem 2.6 Let F' be a linear class of functions with scalar product defined osatisfying all the prop-
erties of a Hilbert space with the exception of complete@ssncomplete Hilbert space). The class can
be completed if and only if

1. for every fixed € Q2 the linear functionalF,, (f) is bounded in®’

2. for a Cauchy sequendgd,,} C F the conditionf,,(y) — 0 for everyy implies|| f,.|| — 0.

If the completion is possible, it is unique.

Proof: Seelll, p. 347]. m

3. Learning from data as minimization of functionals

Learning from data usually means to fit a function to a set tdda= {(u;,v;);i =1,...,N} C R? x R.
The problem is what type of functions will we use for the fittjroecause there are infinitely many ways
to go through the given points. And even if we have a reasensdtl of functions (admissible set) to pick
from, there is no guarantee that the problem will have a Bmiand that the solution will be unique.

Typically it is not necessary that the function fits the dataotly, we approximate. Thus nice functions

(smooth, continuous) come into question and the solutioreiggdizes better (sekl[5]). Some of these prop-
erties are easily expressed by the set of admissible furgtimt we might have more complicated (global)
external information (a-priori knowledge) about the peghland want to add it, too.

Mathematical expression of these ideas lies in formulaifignctional that would among admissible func-
tions pick the one, that is reasonably close to the data aodairees with global property assumptiohs ([2],
[, 181, [LQ], [L2]). Existence and uniqueness of such aisoh can be secured by minimizing a functional
over a corresponding set of functions.

The task to find an optimal solution to the setting of appraating a data set = {(u;, v;)}Y., € R¥xR by

a function from a general function spag&e(minimizing the error) is ill-posed. Thus we impose additb
(regularization) conditions on the solutiohl([5]). These &ypically things like a-priori knowledge, or some
smoothness constraints. The solutjnhas to minimize a functionaf : 2 — R that is composed of the
error part and the “smoothness” part:

F(f) = &(f) +2(f),

whereé, is the error functional depending on the data {(u;,v;)}Y., € R? x R and penalizing distance
from the data@ is the regularization part — the so called stabilizer — pizirad) "distance from the global
property” andy is the regularization parameter giving the trade-off betthe two terms of the functional
to be minimized.

To prove existence and uniqueness of solution to such agmolvke will use some results from mathematical

analysis. Uniqueness of solution to the minimization peafbkcan be secured by strong quasi-convexity of
the minimized functional (see Lemrial3.2). The error funwis are naturally convex and to have quasi-
convexity we need the other part of the minimization funetilto do the job. In fact if the second part was

quasi-convex, we would succeed. So we are searching folaigation parts that are quasi-convex. A wide

range of such functionals are second powers of norms of Hifipaces (for example RKHS).
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Here we start using Reproducing Kernel Hilbert Spaces tainkxistence and uniqueness of solution and
derive the form of the solution easily. We build an RKHS thet o our problem and obtain a unique well
defined solution to the problem. The idea is to minimize owctional over this RKHS (using advantages
of Hilbert spaces) and having the regularization part infdren of a norm on this RKHS. Then we obtain
existence and uniqueness easily and by reproducing pyogigtie kernel also the form of the solution.

Let H be an RKHS ovef2 C R¢ with kernelk and norm||.||;. We construct the minimization functional
composing of error paif, (f) based on data = {(u;,v;);i = 1,..., N} C R? x R and let the regular-
ization part bed(f) = || f||3 forming () = £.(f) + v®(f) with v € R*. Now uniqueness of solution
to such a problem comes clearly from strong quasi-convefitite functionalF (see Lemm&3123.3).

To show existence of solution many authors consider suffidie derive the shape of a solution (without
explicitly showing that it is a solution). We don't regarddfapproach convincing (there may be no solution
at all); however we are able to prove existence in speci@sanly, see for example[11].

Derivation of the shape of the solution to the regularizedimization problem has been shown already
in [B] but without taking advantage of RKHS, inl [4].[8] anchets known as Representer theorem, for a
concrete case sele |11]. All the proofs are based on a theooenrhathematical analysis.

Theorem 3.1 Let the functionalF defined on a se in a Banach spac& be minimized at a poinf, € F,
with fy an interior point in the norm topology. If has a derivativeD 7y, at fy, thenDFy, = 0.

Employing this theorem we obtain solution to the kerneldoasinimization problem in the form of

N
fo(z) = Z cik(x,ui),
i=1

wherex; are the data points arid-, -) the corresponding kernel.

3.1. Examples of minimization functionals and RKHS

An error functional is usually of the fortéi, (f) = Zfil V(f(ui),v;). Atypical example of the empirical
error functional is the classical mean square error;

In [B] a special stabilizer based on the Fourier Transforre prposed:

2a(f) = [ amate)

whereG : RY — R, is symmetric G(s) = G(—s)) function tending to zero as|| — oo (the last holds
foranyG € £,). That meand /G is a low-pass filter.

Thus the functionafF to be minimized is of the form:

N Fle)|2
Folf) = £:0) +06(0) = 5 L) —wf +7 [ L amyge),

G(s)

wherey € RT. Now we show how to build an RKHS corresponding to the redzddion part of our
functional:
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Let us define
goy) = Ge—y) = [ G)ete  rdma(r)
Forg € S(R??) symmetric positive definite we obtain an RKHB(using the classical construction, see

[4), [L0],[12]). We put(f, DH = [ga %dmd( s) and obtain the normif(|2, = [e. Mdmd(s), for

G(s)
H = comp span{GT(z,.),» € R%}, wherecomp{. .. } denotes completion of the sgt.. } anda* means
complex conjugate af. It is easy to check the reproducing propertyvdn?, thatis(f(z), G(x—y))r =

f().

Special types of reproducing kernels and foIIowing RKHStheewell known Gaussian kerng(z, y)

e~l==vI* with Fourier transformk(s) = e—u or in one dimension, the kernel given yx,y) =

e~l==vl with Fourier transformk(s) = (1 4+ s2)~L. The norm for this RKHS is of the fornjf|, =
J % =[IflIZ, + If'|Z,- So we see we obtain a Sobolev sp#ce.

As a more general example we will consider the product of &srintroduced in Sectidd 2. Suppose that
apriori knowledge of our data suggests to look for the soluas a member of product of two functional
spaces. In one dimension the data may be clustered thus bwitagple for approximation via Gaussian
kernels. In the other dimension we have only information msthness of the data, hence we will use
kernel resulting in Sobolev norm. Employing Theorem 2.1 W& a kernel for the product space of the
form:

k(w1 22), (g1, y2)) = e Iormwll® - mloasel,

wherex1,y1 € Q1, x2,y2 € Q5. Taking advantage of this being an RKHS we have the form odihation
to such a type of minimization:

:61,:102 E cie —[lwr—us,1 | e~ lm2—uiz|

We expect this approximation scheme to exhibit nicer apipmaiion properties since it can be better fitted
to special types of data.

3.2. Proofs

Lemma 3.2 (Da71) A strongly quasi-convex functioné@lcan achieve its minimum over a convex Gett
no more than one point.

Proof: Letg attain its minimum aff; and f> (i.e.,G(f1) = G(f2) = infsec f(x)) and fi # fo. Then
sfi+3f2 € C,butG(3 f1+ 3 f2) < max{G(f1),G(f2)} = infsec G(f), which is a contradiction. m

Lemma 3.3 Functional&, is convex and functionak is strongly quasi-convex on RKH& Hence, also
F is strongly quasi-convex oR .

Proof: For the first part£,(f) as an error functional is convex. (See for exaniplé 3.1. The stiV

elements, each of which is a convex functional, as (reatfan w — %(w —v;)?% is convex.)

To deal with the other functional, we will prove that in anyllbéirt space the norrj.|| is strongly quasi-
convex, thatig| 12+ 3y|| < max{||z|, ||y} for any distinctz, y in the space. We will use the parallelogram
law to show the fact. In any Hilbert space it holds that+ y||? + ||z — y||? = 2(||=||* + ||y||?) and so we
get:

1 2 1
Flz+ul? = Ul + 1)) = Flle = yl*

Hence| 3z + 3y|1? < 3 (2max{[|z]]?, ly[|*}) — 3/l — yl|*>. As forz # y we havel|lz — y||> > 0, we get
the desired claim. (Ob serve thae:(f) = || f|Z in SectiortS]l.)
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So we haveFg a sum of a convex and a strongly quasi-convex functional andearly 7 is strongly
quasi-convex as claimed. m

4. Conclusion

We have shown how to employ RKHS in approximation theory aredsed advantages of this approach. In-
spired by the article ]1] we introduce kernel-product bagpgroximation and try to show possible practical
usage.

Further work shall be concentrated on the product issue eoimgpit to standard approximation methods.
We also want to see to the question of existence of the salofioninimization problem in a more general
scope.
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Abstrakt

Soutasné metodiky pro analyzu a navrh programovyestésytl kladou zna&né naroky na znalosti a
zkudenosti analytikll. Kvalitné provedena analyzaah vyzaduje znaéné mentalni Gsili podporeaéa
dostatkem zkuSenosti. To se odrazi ve vysokychatfdh na vyskoleni a udrzeni kvalitnich analytikdi,
ale i na jejich nedostatku na pracovnim trhu.

Disertacni prace se snazi poukazat na moznostitryngkterych metod umélé inteligence pro au-
tomatizaci procesu analyzy programového systemu pa@tsapomoci zadani ve volném textu. Zautom-
atizovani této ¢innosti nebo i pouhé pfiblizenalyzované oblasti by pfineslo nemalé finan¢ni Gggor
usetfilo i tas nutny pro vyskoleni kvalitnich antak.

Reseni prezentované v disertatni praci je zalozemqouziti evoluénich algoritmll a mobilnich
agentll. Evoluéni algoritmy umoziuji zjednodu@tau Glohu nahrazenim obtizné transformace text na
analyticky popis transformaci k ni opa¢nou — analyjiplopis na text, ktera je vyrazné jednoduSeji algo-
ritmizovatelna. Mobilni agenti se pouZivaji pro njeta pfesné vyhledani pojmili v rozsahlé bazi zrtalos

Tato prace je myslena jako jeden z prvnich pokust o aataaci procesll softwarového inzenyrstvi
s vyuzitim pfistupll a prvkl z oboru umeélé inteligen

Kli €ova slova:

analyza a ravrh IS, evol@ni algoritmy, reprezentace znaléstyhledavani znalost

1. Charakteristika sou¢asreho stavu

Soutasné metodiky pro analyzu a navrh programovydatésyt kladou znatné naroky na znalosti a
zkuSenosti analytikli. Kvalitné provedena analyza@earh vyZaduje zna¢né mentalni Usili podpofeaéia

dostatkem zkuSenosti. To se odrazi ve vysokychatdh na vyskoleni a udrzeni kvalitnich analytikg, a
i na jejich nedostatku na pracovnim trhu.

V soucasné dobé Ize pozorovat velmi nizkou miru sp@lo@ mezi obory softwarového a znalostniho
inZzenyrstvi. Pfestoze se jedna o velmi blizké gboedochazi k podstatné vyméné informaci, postap®
metod, které se ukazaly v praxi jako pfinosné.

Nabizi se otazka, zda by neSlo vyuzit soutasnyanatikli v oblasti umélé inteligence a automatického
zpracovani znalosti k feSeni nedostatku volnychlyikll na trhu. Koneé¢nym cilem by mohla byt snaha
o0 vytvoreni systému, ktery mlize do jisté miry zastvat zkuSeného analytika pfi analyze a navrhu pro-
gramového systému. Zacinajici analytik se na sydbtéide moci obratit jako na kolegu-experta s zadosti
o radu. | pro zkuSené analytiky by byl systéem pfinospmtoze by jej mohli pouZzivat v pfipadech, kdy
by si s vlastnim feSenim nebyli jisti. Systém dopdrigseni, které bude moci byt iteratné doplhavan
pomoci zmén v zadani. Nakonec mlize byt lagebla pfijato jako vysledné feSeni nebo brano pgake
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inspirace pro vlastni feSeni vytvorené clovekanalytikem. Bude tak dochazet k vyraznym sporamseca
potfebnym na feSeni zcela bez pomoci a zaroven i kesani nakladi, které by jinak byly tfeba pro zapla
ceni rozsahlejsiho tymu analytikd.

2. Vymezeni cile pace

Zakladnim cilem prace je v prvé fadé poukazat namest interdisciplinarniho pfistupu k analyze a v
a zejména na moznost vyuziti metod a algoritmil z oblasglé inteligence.

Vlastni obsah prace méa potom za hlavni cil navrhnaltarini postup tvorby analytického popisu a speci-
fikovat jeho jednotlivé etapy a datové struktury, kteséyj v nich pouzivany. Pfitom je kladen duraz na
netradicni pfistupy, které byly prozatim opomijenkteré nabizeji oproti klasickym metodam potemga
velmi dobré vysledky. Pro vybrané etapy je potom cilesarhnout konkrétni algoritmy zpracovani.

K dosazeni hlavniho cile bylo nejprve navrzeno wyféi dilci cile, které jsou v praci detailné spec
fikovany. Jedna se o tyto kroky:

e vytvoreni minimodelu z textového zadani;

e porovnani minimodelu s analytickym popisem;

e vytvoreni analytického popisu IS podle zadani.
Kde textové zadani je vstupem popisujicim prograyneystém v textové podobé; minimodel je specialni
datova struktura slouZzici pro kratkodobé uchavamilosti o aktualné zpracovavané predmétnésbibla
analyticky popis je vystup tvofeny mnozinou analifianodelll v grafické podobé a k nim doprovodnych
textll s dopliujicimi informacemi a omezenimi.
Dilci kroky ve formé jednotlivych transformaci vitie i na nasledujicim obrazku.

O) I Q .

Minimodel

< <®:
]

Analyticky
popis

Zadani ve
volném textu

Baze

znalosti
BZ

Z&kladri typy dat a transformace

Prvnim krokem je zpracovani textového zadani a vigad interni reprezentace v zadani obsazenych
znalosti — minimodelu (MM). Druhym krokem je potom vytemi analytického popisu z minimodelu.
Samostatnou Ulohu, ktera bude vyuzita v druhém krokpgeovnani minimodelu a existujiciho analyt-
ického popisu.

Na vstupu zpracovani se objevuje zadani ve forméefudrtextu. Tato forma reprezentace znalosti je pro
dalsi strojové zpracovani nevhodna a je tfeba fransovat znalosti obsazené v textu (pokud mozno beze
ztraty vécného vyznamu) do jiné, strojove Iépe zpratelné formy.
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P¥i snaze porozumét volnému textu budeme vyuzivabatiallozené v bazi znalosti. Minimodel je jakousi
kratkodobou paméti obsahujici podmnozinu znalb&Z vybranou s ohledem na vécnou oblast, které se
tyka zpracovavany text. Reprezentace znalosti vimagielu vychazi z formatu, ve kterém jsou ulozeny
znalosti v bazi znalosti. Vzhledem k pfedpokladanémanSimu rozsahu minimodelu oproti BZ si vSak
mlzZeme dovolit ukladat do minimodelu i nékteré duipticinformace. Tim zjednodu$ime a zrychlime
zpracovani textu a umoznime odhaleni i dalSich shosti.

Zjisténi shody mezi zadanim a jiz existujicim aigkym popisem je dil¢i Glohou, ktera nam (jak si
ukazeme) pomiize pfi samotné tvorbé analytickébwisu. PYi porovnavani pfedpokladame, ze anakyti
popis byl jiz vytvofen (afiz ruéné nebo automaticky) a naSim Gkolem je zjistita si navzajem zadani a
analyticky popis odpovidaji.

Prestoze porovnani AP je evidentné jednodu&sh@lnez vytvoreni AP, setkavame se i pfi porovnavan
s celou fadou problémll. Jako nejvétsi z nich se jevppuha definice shody nebo podobnosti. Musime
presné definovat, kdy jsou dva popisy (textovy v zadaanalyticky) shodné, kdy jsou ,,velmi podobné®,
kdy ,,méné podobné* a kdy zcela odlisné. Dale musialézt spolecny popis (jazyk), do kterého pfevedeme
jak textové zadani, tak i informace z analytického gopiabychom mohli zavést néjakou miru shody a
definovanym zplisobem ji zjigvat.

3. Obsah a struktura prace

Tato prace popisuje jeden z prvnich pokusll o syntézuupésa metod znalostniho inzenyrstvi (umélé
inteligence a automatického ziskavani znalosti)ostypy a metodami pouzivanymi v softwarovém
inZzenyrstvi pfi objektové orientované analyzeawriiu (OOAD) informacnich systemu.

4. Navrzeny zplsolreSeni

V zasadé existuji dva mozné rlizné postupy ziskmalytickeho popisu z textového zadani. Prvni z nich
ktery mlizeme oznacit jako pfimy, sleduje mySlenkproces v mozku ¢lovéka—analytika, ktery ma za cil
vytvofit analyticky popis k systému definovanému textch zadanim. Po pre€teni a pochopeni textu je
postupné v iteracnich krocich tvofen a zpfeshomaalyticky popis a jeho jednotlivé modely. Druhy, vaét
praci preferovany, postup obraci obvyklou poslouprkwekll a s vyuzitim evolu€nich algoritmli se snazi
postupovat opacné — od analytického popisu sméremt&téru zadani.

4.1. Klasicky pfimy postup
V pfimém postupu prochazime ocekavanou sekvenaiktk od syntaktické a sémantické analyzy pres
vytvofeni jednotlivych analytickych modelll aZz kdm& k porovnani plvodniho zadani s dosazenym
vysledkem. Béhem jednotlivych fazi se upravuje akitikontext v bazi znalosti a zvy3Suje se tak
pravdépodobnost nalezeni spravnych pojmt k pgozigrminiim, a tim i upfesnéni celého popisu. Cely
postup se opakuje tak dlouho, az je dosazeno pozadawanyéshody mezi zadanim a vysledkem (po-
drobnégji viz [41]). Zakladni postup vypada takto:

1. Vytvoreni minimodelu z textového zadani

e + (prava aktivnich kontextli v BZ

2. Vytvoreni analytického popisu (analytickych mdalaldoprovodnych textlr)

e tento bod je asi hlavni khmen (razu, protoZe je obtizny i proclovéka—analytika a velmi
Spatné se algoritmizuje!

3. Porovnani zadani s analytickym popisem

4. Je-li dosazeno pozadované miry shody mezi zadaranalytickym popisem, takONEC
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5. Zpét k bodu 1)

e v nasledujicich krocich miize byt dosazeno odi@nvysledkl v disledku zmény aktivnich
kontextli v BZ a tim padem i nalezeni jinych pojmii k ldegim termintim

Uz prace [[411] ukazala, ze proces porozumeéni volnéextu je iteracni, tj. opakujici se tak dlouho, az
je dosazeno pozadované kvality/pfesnosti vysled&alitu vysledkll zjiStijeme porovnanim textového
zadani s analytickym popisem.

PFimy postup se hodi v pfipadech, kdy je cesta od @iaki&eseni relativné pfima a nehrozi ,,uviahut’
v nékteré slepé ulice. V opatném pFipadé mijeelmi téZké navrhnout algoritmy, které uviznudzpoz-
naji a vrati postup zpét na spravnou cestu.

4.2. Hruba sila s ®elovou funkci

Druha mozna cesta k vytvofeni analytického popisudgejisté miry opakem predchozi a mlize se zdat
na prvni pohled ponékud krkolomna. Jeji vyhody vSalo&vaji v pfekonani nékterych potizi, které
omezuji konvenéni postup a jeho pouzitelnost. V tonitetppu je kladen diiraz na dobfe zvladnutou Glohu
porovnani zadani s analytickym popisem a evoludgortmy, které umoznuji v pfijatelném case itesi
s dostatecné dobrymi vysledky i exponencialnéigtodlohy.

Velkou vyhodou obraceného postupu je fakt, ze pfamsta od textového zadani k analytickému popisu je
opravdu velmi obtizna. Mnoho metodik (viz napf.][39]s®Zi tuto cestu popsat a nabizi rlizné pomiicky
a mezikroky, jak vytvofit spravny analyticky popis. pl@ti tomu cesta od analytického popisu k tex-
tovemu zadani se zda byt jednodussi. Mame-li ategné vykonny pocitat, mlizeme si dovolit vyata
velké mnozstvi analytickych popisti a doufat, Ze sennpodati ,,nahodou* vytvorit takovy, ktery bude
odpovidat zadani. Je zfejmé, ze tento postup je m@ouzit pouze pfi Uplné automatizaci celého pro-
cesu, protoZe bude nutné provéfit statisice a maiitiany analytickych popisli. V zadném pfipadésné

byt kdekoliv vyzadovana reakce Clovéka. Zaroversirhyt ,,nahodné" vytvareni usmérnovano taky ab
zvySovala pravdépodobnost nalezeni vhodného feSen

Pro tento UCel se jevi jako vhodné pouzit evoludgbetmy. Pro evolucni algoritmy je klicova vhodna
datova reprezentace a dale (celova funkitegss-functio)y podle které vybirame nejluspé&sngjsi jedince.
V naSem pfipadé bude (celova funkce vyjadfovatishmezi analytickym popisem na jedné strané a tex-
tovym zadanim na strané druhé. Jak analyticky pags textové zadani budeme muset pfevést na min-
imodel. Cim podobng;jsi oba minimodely budou, tim Iépe. Jedpopulace budou reprezentovat mozné
analytické popisy a evoluci se budou blizit hledangmopisu odpovidajicimu co nejvice textovému zadani
Cely postup Slechténi populace analytickych popigiada takto:

1. Vytvoreni minimodelu z textového zadani
e + (prava aktivnich kontextli v BZ
2. Vytvoreni prvotni populace analytickych popist
e s vyuzitim slov v textu zadani a pojmi v MM
3. Ohodnoceni kazdého analytického popisu z populacghkladé Gcelové funkce
e prevod na minimodel a porovnani s minimodelem textavaddani
4. Je-li dosazeno pozadované miry shody mezi zadaranalytickym popisem, takONEC
5. Vytvoreni nové populace analytickych popisli

o odstranéni nejhorsich jedinct
e vytvoreni novych jedincti
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— zejména jako potomkll Gspésnych jedincli aktupdriulace
— mutace a kfizeni

6. Zpétk bodu 3)

Z uvedeného postupu je patrné, Ze misto velmi oletizansformac&linimodel— Analyticky popisstaci
zvladnout ne tak obtiznou transformamalyticky popis— Minimodela nasledné porovnani dvou mini-
modeld.

Je vsak tfeba zdUraznit zasadni omezeni evolad@lgoritmi a to je ziskani pouze sub-optimalniriefs.
Nikdy nemame jistotu, ze ziskané feSeni je jedipiené a dokonce ani, ze neexistuje jesté lepsie”
(algoritmus neuvizl v lokalnim optimu). Pfesto poufizento postup za prakticky pouzitelny. VZdyt
pouhy nastin mozného fedeni velmi pomiize dkvéanalytikovi, ktery jej mlize dale upravovat a rda$at.

5. Metody dosazeni cilll

Pro dosazeni cilll byly pouzity zejména metody a atgor pouzivané v oblasti umélé inteligence (Al) a
dale vlastni zkuSenosti s analyzou a navrhem progvgeiosystémi pomoci objektovych metodik. Metody
a algoritmy Al byly potom v souladu se zkuSenostmi apli&oy na tvorbu analytického popisu. Kromé
moznych rliznych zplisobli reprezentaci znalosti jstéto praci pouzity zejména evoluéni algoritmginp
cipy distribuované umeélé inteligencduzylogiky.

6. Naplnéni cildi prace

Cile stanovené pro disertacni praci se podafriloispihzakladnimu cili (pouk&azani na moznost interdi
ciplinarniho pfistupu) byl spinén i hlavni cil — maen zakladni postup tvorby analytickeho popisu. Zde
navrzeny ptivodni postup obraci s vyuzitim evoligbralgoritmil klasickou pfimou cestu na ,,zpatéei
sméru od analytického popisu k textovému zadani.

Dilci cile byly spInény navrzenim podrobnych pasi pro jednotlive faze transformace od textovéhaarad”
pres minimodel az k analytickému popisu, vEetné sclosti porovnat existujici analyticky popis s mini-
modelem (resp. textovych zadanim) a poskytnout takikegpiro selekéni funkci evoluénich algoritmii. Pro
navrhovany postup je klicovou datovou strukturou bazelosti, ve které jsou ulozeny vSechny dostupné
znalosti o okolnim svété. Pro jejich ukladani bylwyien vhodny zplisob reprezentace znalosti umeéhuj’
rychlé vyhledani spravného pojmu k terminu v textakét odvozovani znalosti.

Zaroven byly navrzeny i nékteré detailni metody aoaigny:
e Pro vyhledavani nejlepsiho odpovidajiciho pojmBZ podle terminu v textu byl navrzen specialni
algoritmus vyuZivajici mobilnich agentd (,,neucefich vzruchl“) volné se pohybujicich po bazi

znalosti. Podobné jako v lidském mozku jsou v aktudindentrech aktivity vzruchy nejcetngjsi a
vzrlsta tak pravdépodobnost rychlého nalezeni afizové spravného pojmu k terminu.

e S odvozovanim znalosti izce souvisi i neménéazifileschopnostuzzyporovnavani dvou znalosti
pomoci miry v intervalu<0;1>. To umoZziuje rozpoznat urcitou miru podobnosti i mezil&lené
podobnymi modely a vyraznym zpltisobem tak urychlit egoli vyybér.

7. Prinosy k feseni zvolere oblasti

Z hlediska védeckého pfistupu se tato prace zabpliaxi obecnych algoritmii na vybranou oblast. Na
zakladé problemil, které se objevuji pfi snaze o afgyzaci pfimého postupu obvyklého pfi analyze a
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navrhu systémt, se tato prace pokousi ukazat metzolraceného postupu pokus-omyl a jeho imple-
mentaci pomoci evolu€nich algoritm, které se jakig velmi perspektivni. Neméné dlilezita je i schogino
prfesného uchovavani znalosti o okolnim svétéchlg/nalezeni poZzadované informace.

Za hlavni pfinos této prace povazuji prave inteaiplinarni pfistup, ktery pouziva evolu¢ngatitmy pro
preklenuti potizi, které se obvykle vyskytuji ghiaze o pfimy postup tvorby analytickych modelli ISy a t
jak pfi strojovém zpracovani, tak i pfi navrhu samptnclovékem-analytikem. Zaroven jsou vyuzivany a
dale rozvijené poznatky z diplomové préace.

Dal$i podstatny pfinos vidim v obecném chapamilasti, definici roli pojmt vystupujicich ve vztahu
pomoci daldich pojmli z BZ a pfipusténi nejednanusti ve vyjadfovaci schopnosti BZ. Viceznatné
moznosti vyjadfovani zasadnim zplisobem roj&ifwZznosti uchovavani znalosti v BZ. Na druhou stran
neovliviuji kvalitu vysledku, protoze v navrzenémwgiupu nepotfebujeme znalosti interpretovat, ale naopak
jak textové zadani, tak i analyticky popis do struktppdobné BZ pfevadime. NejbliZze jsou tomuto chapan
znalosti konceptualni grafy E145] nebo http://wwwoifga.com/cg/Ty jsou navic rozsifené o kvantifikatory

a dalSi prvky, které umoznuji popsat i komplikov@g&yroky typu existence, ,,véfit v néco” apod. Maist
vyuziti konceptualnich grafli pro dokonalejsi aamitinformacnich zdrojii popisuje ¢lanék[34].

Kvalitnimi zpracovani textu zadani i analytického@pisu napomaha nedeterministické vyhledavani
spravného pojmu k terminu v textu pomoci agentil,ikiefvolné pohybuji po BZ. Inspiraci pro né byly
neuronové vzruchy, které probihaji v lidském mozkgeati nepoméahaji pouze v rychlém a pfesném vyh-
ledavani spravnych pojmt, ale i k udrzovani akthvo kontextu a v neposledni fadé i pfi Gklidu baze
znalosti.

Kvalitu porovnavani znalosti zvySujefuzzypfistup, protoze nerozliSujeme pouze dva pfipadjhedsé

x odlisnég, ale celou spojitou skalu podobnosti vygdiu jako Cislo v intervalec0;1>. Pro porovnavani
znalosti byla navrzena schopnost substituce mezipiipmi pojmy, ktera umoznuje rozpoznéaniivzd@en™
podobnych struktur.

V neposledni fadé otevira navrzeny postup rel&isnadnou cestu k paralelizaci, ktera je u tohoto typu
Gloh velmi dllezita.

Protoze se jedna o interdisciplinarni problém, jage uréena jak odbornikim na softwarové, tak i na
znalostni inZenyrstvi. Nabizi netradi€ni pohlktkry obéma skupinam miize poskytnou inspiraci pjiotie
praci.

Zde navrzeny postup miiZe slouZzit jako zaklad predalzvoj uvedené problematiky. Neni totiz v silach
jednoho jedince navrhnout a implementovat cely systém.
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Abstract

Advances in cellular mobile technology have engenderedvepaeadigm of computing, called mobile
computing. New challenges have arisen and solutions apopeal based on various approaches. One of
the most important challenges is security which has beendaowadays ubiquitous in computing as
awhole. The papBrpresents a quick survey emphasizing security paradigmlaondad hoc networks are
kept in mind and briefly discussed.

1. Introduction

Several challenges exist in the mobile environment whicgeserally divided into a collection of cells
operated by base stations (BS) located in the center of edctAanobile database system is depicted on
Figure 1 on the next page. One or more BSs is connected withsa Btation Controller (BSC), which
coordinates BSs using locally stored software and comnthbgiehe Mobile Switching Center (MSC).
A fixed host is a set of general purpose computers connectad3&is through a high-speed wired network.
Database Servers (DBS) realize data processing withcettaffy the mobile network. DBS communicate
with Mobile Units (MU) only through a BS. Every MSC contain®ide Location Register (HLR) which
keeps user profiles and the real-time client location. M8@&ddition, contains also Visitor Location Reg-
ister (VLR) with information about users who are actuallythin the MSC cells. When a MU moves out
from current cell to another which is operated by differer8® a new tuple is added into the VLR registry
and the HLR is also updated accordingly. This is caliwd-tier architecture and makes user’s location
transparent to MSCs and therefore MUs. Through the MSCs Imabits can communicate to the Public
Switched Telephone Network (PSTN).

Rest of the paper is organized as follows: section 2 summesrirain issues in the mobile computing and
some possible solutions are also briefly sketched. Sectisd&dicated to the proposed security algorithm
and personalization is also mentioned as our next reseaadtidn. The ad hoc network and related prob-
lems are mentioned in section 4. Section 5 concludes the pagea brief overview on our future research
is presented.

1The work was partially supported by the project 1ET1003@0dfIlthe Program Information Society (of the Thematic Pragth
of the National Research Program of the Czech Republicglligent Models, Algorithms, Methods and Tools for the SetiawWeb
Realisation”.

PhD Conference '04 149 ICS Prague



Romanépé\nek Security in Mobile Environment

VLR

MSC
BSC |

Figure 1: Mobile database system architecture

2. Main issues in mobile computing

2.1. Handoff

For a MU freely moving through the cellular network when ing a cell boundary the corresponding
signal level decline under minimum threshold and netwodcdnnection consequently occurs. Therefore
the MU has to switch the BS (this is callethndof).

Three handoff strategies have been proposed:

e Mobile-controlled handoffthe MU continuously monitors the signal level and when itrdases
under predefined threshold the handoff procedure is ieitigt

o Network-controlled handofBSs measure the signal level and issue handoff process);

e Mobile-assisted handofthe MU is responsible for measuring signal level but MSsrasponsible
to issue handoff procedure).

When the MU's signal level decreases under minimum accéptatel, the BS disconnects the MU from
the network and sends messages to BSs in way to found one whidie able to serve the MU in move-
ment. The selected BS establishes a new communication ehamththe MU continues in the new cell with
the new BS serving its requests. This approach is caélleBRD HANDOFFbecause the MU is disconnected
from the mobile network for a while. In spite of the precedeisadvantage this kind of handoff is broadly
used in the cellular networks all over the world.

The different approach, calleSiOFT HANDOFF-uses the different schema how a new link between a MU
and a BS can be established. When handoff occurs the MU isoirt 8ime connected to the both BSs, to
one to which it has been connected and to one to which it isgb@nnected. In this approach the MU is
all the time connected with a BS and is able to continuoushaticast.
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2.2. Throughput

The limited wireless line throughput is a very strict coasit which is usually mentioned by all proposals.
Proposals have to take into account also MUs’ restrictetkhyapower, quite unstable wireless lines with
unpredictable handoffs and network disconnections sortteat load and network conduct ought to be
served by wired lines and powered BSs. Wired lines betweendas be treated as sufficiently efficient and
via those lines ought be sent messages without causing atgobds to the mobile network.

2.3. Channel reusing

Amount of channels is obviously limited to a quite small nentBecause of this limitation a channel
reusing is used. The adjacent BSs use different channefgsod interference can occur. Those channels
are reused by BSs located within the sufficient radius sonterference is under acceptable threshold.
This schema suffers with inefficient channel utilizatiorcdese the BSs under heavy traffic require more
channels then the idle BSs. To cope with this limitation then@mic Channel Assignment (DCA) has
been proposed]1]/]2]. No channels are initially assigrethe cells and the channels are allocated on
a BS’s demand when necessary. Some additional schemas, dmaske DCA, have been proposed like
i.e. the Scheduled Channel Assignment (SCA). The SCA estreaffic’s and movement’s peaks and the
channels are allocated with respect to these peaks.

Quite different approach has been proposedlin[[B]-[6]. ls #pproach each BS has assigned finite number
of channels. When BS is becomihgt (has only few free available channels) the channel borrgwigo-
rithm is triggered. This algorithm takes into account imf@tion about the adjacehbt BSs and transfers
free channels fromold (having plenty of available channels) BS.

2.4. Data management and location dependent data

The mobile data management as whole presents many challeBgme of them will be addressed in the
next lines.

When a MU issues a request for a data stored on a wired selneeB3$ sends it to the wired network and
also receives the reply. But the MU location may be changedadandoff would occur. Furthermore MU
would have been disconnected from the mobile network (etety failure, line failure, i.e.). Therefore the
requested data have to be sent to appropriate BS if MU hagyelddocation or will have to be processed
in different way if the MU has been disconnected from the roekw

The location dependent data are frequently addressed madhde computing.

Common query like: “City of bird”, “Mother's maiden name™ce usually fetches the same data, indepen-
dent on the location where it has been issued.

On the other hand query issued by user through its phone: F®Mbé¢he nearest hospital?” fetches different
data with respect to the MU’s location. This type is referasdLocation Dependent Data (LDDand the
previous one asl‘ocation Free Data (LFD). The LDD gives rise td_ocation Dependent Query (LD@nd
Location Aware Query (LAQMU location is therefore required to be transparent to datace handling
the requested (hospital in our example) information.

This is usually addressed ascation managementhe different approaches can be used to locate MU in
the mobile network and message consuming has to be congidgaén. The first one is called tiizeter-
ministic approactand the MU location is periodically updated by sending tleatmn message. Choosing
the interval and the condition for the location messageingsaan be found as the main differences be-
tween the approaches. TReobabilistic approachon the other hand uses MU’s movement patterns and
likelihood’s algorithms to manage MU'’s location. The Idoat management belongs to one of the most
important paradigms in the mobile databases.

2.5. Transaction management

Transaction management in the mobile computing is quitdaimwith distributed database systems. Each
transaction is divided intéragmentsusually executed on different places and also being locatepen-
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dent.Location Mappings consequently used to choose the geographic locationentherrequested data
are stored. A mobile transaction definition follows.

A Mobile Transaction is a tripld F;, L;, FLM;) where F; is a set of execution fragments; a set of
location, andF' LM, is a set of fragment location mappings.

Due to handoff and low wireless line throughput in the mokitwironment it is very difficult to support
transactions with the traditional two or three phase conpmaitocols broadly in use in stationary (database)
systems. Thereby new transaction methods have been fomeds@ution has been proposed by V. Kumar
in [[Z], solving problem of unstable wireless line with ungiegtable handoffs and limited throughput by
a time stamp. The time stamp is used, the transaction’scpaatits wait until the time stamp exceeds and
only if all transaction’s participants have replied commi¢ssage the transaction is committed (otherwise
is aborted). So the time stamp has to be set very carefultyldige may cause an unnecessary delay, but
too short may cause aborting transaction despite of itectress.

2.6. Ad hoc network

A network without BSs and stationary units is referred to asAd hoc networkThe network structure
without fixed infrastructure is built on freely moving MUshiech communicate with their neighbors (MUs
in transmission range), and act also as routers for packabieh are not addressed for them. In such an
environment security problems are greater due to abseragyauthority (like a BS in the cellular network)
responsible for management of packets and authenticatomegures.

2.7. Security

Security problems can be found in almost all environments @@ common for mobile and traditional

computing. The mobile environment face us with new obstaatel questions. Sharing information inside
a selected group of users in a simple form with respect to #dredlidth utilization is one of the most

important. A security scheme based on the grouping alguritias been proposed ifl [8]. Grouping and
personalization are more precisely described in the netise

3. Grouping and personalization

Some proposals have addressed the security problem andoddngen employed the grouping algorithms.
Sharing secure information is very difficult to achieve irtswnstable environment (as the mobile one)
with a permanent threat of a tap. Tapping can be partiallyezbby cryptography algorithms with public
key encryption.

3.1. Grouping algorithm

A grouping algorithm has been proposediih [9] but with a ledinumber of members. A different solution
has been mentioned ihl[8]. Author started with a group as a bag for the whole human society and
employs the Hyper Graph theory. The Hyper graphs are usedulecof semantics which can provide
solution for groups with huge amount of users, where it ifficient to store complete data about each user
by each user. In this approach user staesure cooki¢SC) [10] for holding information. The SCs are
used instead of the traditional cookies because of enhaemdity. In contrast to the traditional cookies
which stored in a simple text format and can be easily stojemalicious users, the SC includes necessary
user’s informationGroup Name, User Name, Cookie Time Stamp, User Trustindss, @ser Group ID,
User Password, User IP Address and Seal Coekieh is made as digital signature of all precedent values
using the public key encryption and prevent malicious us#schange the SC. The SC is subsequently
used for user authentication to the group of which he is a negnithhe semantics given by the hyper graphs
has power to store and manage a large groups in a simple way.

Figure 2 shows a hyper graph structure. Mul is the vertexesspiting particular mobile unit; is its role
in the group and:; is the association which is responsible for interconngchitts from the same group.
Vertex representing MU’sank (Mul)is linked through themeta-incidencéi, ), themeta-edgém,) and
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Figure 2: Hyper graph representing the group structure, MU'’s roleramd in the group

the lift-incidence (L) with connected component built from the vertices N1, N2, M roles §, r4, r5
and the associationp avhich is again used as interconnection for common vertisesume that N1 has the
“Sale Manager” value, N2 has the “IT Manager” and their comrhyge N3 has therefore the “Manager”
value. Roles for the mentioned vertices can be left blankaor e connected to a connected component.
The MU's roles i, ry have to be linked in a similar way with connected componeotfhat appropriate
semantic is given. The semantics can be easily revealedeaus ias follows: The Mobile unit 1 has the
nexus “Sale Manager” and its role in the group is “Trusted Meri(note that the value “Trusted member”
has been assumed for the roleand has been achieved through link with a connected compphera
similar way the role and the nexus of the Mu2 can be achievedrdJsimply ask the system if the user
demanding data is either trusted or not. This informatiothegved from the hyper graph structure. So the
user issues only yes/no query and system replies with mimimireless messages optimally including
yes/no value. Relations between users are therefore tesrsio each.

Meta-incidences and meta-edges are used for intercongedifferent connected components. Lift-
incidences are also used for interconnection as well bu¢ laat as a direction manager, so that a server
managing a group can easy distinguish which is either vegjgresents a MU or vertex represents a nexus.

When a MU is about to built a group, the basic connected compinepresents basic roles (e.g. “Admin-
istrator”) and nexuses (e.g. “Group Creator”) have to bétb@sfter the precedent step users are allowed to
join the group by connecting its roles and nexuses. Useraiarajgroup on invitation issued by the trusted
user or after completing the group’s prerequisites (e.¢liphing on valuable conference). Note that the
similar process can be found in the human society.

Each group user has its own trustiness value which is usetthéonser behavior validation. The trustiness
value can be under evolution. When a user behavior is venedits trustiness value is increased and with
respect to this value the user’s group nexus and rank cantmnead. When a new user join the group its
trustiness value is set to default (it is usually quite sjnadlue. With respect to the user’s behavior and its
group assets it is either increased or decreased. Userssuffibient authority (derivate from its nexuses
and roles) can make connected components for their own pagpananage roles and nexuses of other
participants and they can invite a new user.

Important aspect of proposed approach is that the wholetsieiis built on the hyper graph theory and no
additional tools are required.

3.2. Personalization

Personalization is the very important research strears.dtso based on the human society behavior; hu-
mans need their privacy, their living space; personalizakirings those prospects to computing. This will
be our next research direction and security problems carabewly addressed with the personalization.
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The first step was made by grouping algorithm and the nextwiépe creating both the living space and
the privacy for each user in a group so that its good wouldabioken.

On the other hand personalization brings more obstaclesusecit is straightforwardly opposite to data
sharing in the simplest form as possible.

4. Ad hoc network

The ad hoc network [11] absents any stationary and trustictsire like a BS in the cellular network.
MUs are responsible for packets forwarding, routing andiserdiscovery. From this environment new
challenges are raised and have to be solved because of partlyagrowing amount of such networks and
customer demands.

The ad hoc network is permanently changing, because of MUemewt and can be imagined as a cellular
network where MUs acts instead of BSs. From this specifindtave risen two different kind of attack:

e active; where a mishehavior node consume some energy torpehiarmful operation; nodes acts in
this kind of misbehavior are calledalicious

e passive; consists of lack of cooperation and consequentfbhoperations; nodes performing the
passive attack to save energy are consideregiish

Malicious nodes can brake down packets forwardingiogifying routing informatiopby fabricating false
routing informationand byimpersonating other noddes the network. Recent studies have revealed the
new attack known as th@ormholeattack. In the wormhole attack case the malicious node seaclets
via tunnel to another network through a private network ahdred them with other malicious nodes.
Dangerousness of wormhole attack and its difficult revetais gained by the routing protocols which try
finding shortest path from a packet’s source and its destimaErom this viewpoint the wormhole nodes
act as the shortest path.

Another kind of harmful behavior ispoofingwhen a malicious node impersonates legitimate nobhes.
tegrity attackshould be also kept in mind. In this kind of attack maliciowsles alter protocols fields in
order to deny communication with the legitimate nodes (&g known as denial of service).

Several proposals have been aimed to solve precedenttyqmailems|[12] and most of them solved the
active attacks with successfulness but the passive aacéins only half solved.

5. Conclusions

The mobile computing and mobile databases are quickly grgpand evolving area with quickly increasing
number of users. This part of computing brings both new hilégs and obstacles indeed.

The entire paper is dedicated to the mobile computing amtjbran overview on the obstacles and their
solutions as have been proposed in the recent years. Thetgeaut is emphasized and solution based on
the paper proposed by the authors is described more precided ad hoc networks are also briefly taken
in account and the problems raised from the specific envierare sketch with the possible solutions.

Next research will be dedicated to enhance security schesedoon the grouping algorithm and also the
implementation task will be considered. For that purpos@ua mathematical theories will be taken in

account to propose the one with the simplest and most effizigriementation. The ad hoc network and

its security tasks will be kept in consideration as well.

Next turn will be personalization task. It is a very impottauestion for the human society and the com-
puting as whole.
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Abstract

Nowadays most hospitals use an electronic form of healtbrdscincluded into their hospital infor-
mation systems, but these systems are more focused on tpigah@sanagement part than the clinical
one. Their usage is more suitable for the hospital managethan for physicians. The health record
in the information system is not as much structured as nacgssincludes a lot of free-text informa-
tion, e.g. discharge letters, and the set of structure@cttl attributes is fixed and practically impossible
to be extended. Physicians gathering information for theo@se of medical studies often use various
proprietary solutions based on MS Access databases or M8l Ekeets.

The EuroMISE Centre - Cardio is developing an electronidtheacord (EHR) application called
MUDRLite, which could easily fill the gap among existing EHREUDRL.ite is being created within the
applied research in the field of EHR design, which is basedparéence gathered during cooperation in
the TripleC project. MUDRLite development is an extra btairt the MUDR (MUItimedia Distributed
Record) development within my postgraduate study.

MUDRLite itself is a kind of interpreter, which has to be fdlen with a configuration XML file. The
XML file completely describes the visual aspects and theviehaf the EHR application. It includes sim-
ple 4GL-like constructions written in the MUDRLite Languagdrhis enables - using the event-oriented
programming principles - to program various handling ofgaof actions, e.qg. filling a form with a result
of an SQL statement after clicking on a button. MUDRLite cartdilored to particular needs of a health
care provider. That makes the MUDRLite application easys® im a specific environment. In the first
instance, we are testing it in the Neurovascular Departrokthite Central Military Hospital in Prague.

1. Introduction

The European Centre for Medical Informatics, Statisticd &Epidemiology - Cardio (EuroMISE Centre
- Cardio) focuses on new approaches to the electronic headthrd (EHR) design, including electronic
medical guidelines and intelligent systems for data mirdng decision supportl1]. Cooperating in those
research tasks within my postgraduate study | concentratalynon the EHR architecture and data stor-
ing principles. The participation of EuroMISE in the prdj@édC-TripleC [2,[3,[4] of the 4th Framework
Program of the European Commission as well as the CEN TC 25idatds and the cooperation with
physicians produced much experience, which resulted ifith af 15 requirements on EHR systeras [5].

To realize an EHR system, which would fulfill these requiratse EuroMISE Centre is developing an
EHR application called MUDR (MUItimedia Distributed Reddif6, [4,[8,[9]1D]. MUDR have it's origin

in my diploma thesis[I11] which is now being extended, regatdd, new features are being added etc.
Following the requirements stated [d [5], the modular dtite of the system was defined. It is based on a
3-tier architecture, using a database layer, an applicddiger and a user interface layer, which enables the
separation of physical data storage, application inteflge and the client applications.
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The set of collected attributes varies in different deparits, organizations and also during time. MUDR
uses a dynamically extensible and modifiable structureeofistbased on a so-calledowledge basand
data fileprinciples as mainly described inl [6.110]. This approacbwd the reorganization without change
of database structure. It makes the system absolutely ngaiydut it brings also complications. It is quite
difficult to develop universal user interfaces, which wobklfriendly and comfortable enough. Deploying
the MUDR health record into a particular environment densasmime effort; the knowledge base must be
modeled and built, all the MUDR components must be installedi configured.

Currently most hospitals use an electronic form of healttords included into their hospital or clinical
information systems, but these systems are often more otnated on the hospital management part than
the clinical part. The usage of such systems is more suifablihe hospital management than for physi-
cians. The health record is not structured as much as neggisacludes a lot of free-text information,
and the set of collected attributes is fixed and practicatigassible to be extended. Physicians gathering
information for the purpose of medical studies often uséowerproprietary solutions based on MS Access
databases or MS Excel Sheets. MUDR usage in such casesiisipasst this solution may be too compli-
cated and unavailing. Furthermore, the result may not beasftiendly as a special application dedicated
to particular user needs. Those were main reasons why taastather research branch called MUDRLite.

2. MUDRLite

The usage of MUDRLite health record would be an easier smiutlUDRLIite is also created within the
applied research in the field of EHR design; MUDRLite develept is an extra branch in the MUDR
development and a part of my postgraduate study; it simplifieh the MUDR architecture and the MUDR
data-storing principles.

2.1. MUDRLite Architecture

MUDRLite architecture is based on 2 layers. The first one iglational database. Currently, MS SQL
server versions 7 and 2000 are supported. The second lageMisDRLite User Interface running on a
Windows based operating system.

The database schema corresponds to the particular needsadesl therefore in different environments,
unlike fixed database schema in the MUDR data layer. MUDRILiteersality is based on a different ap-
proach. The database schema can be designed using staatiantkdieling techniques, e.g. E-R Modeling.
MUDRLite User Interface is able to handle various databakemas. This feature often simplifies the way
of importing old data stored using different databases esfil

2.2. MUDRLite User Interface

All the visual aspects and the behavior of the MUDRLite Useetface are completely described by an
XML file. The end-user sees a set of forms. A form can be defiryeal form element as follows:

<form name="new_hosp_form" label="New Hospitalization" author="JS"
date="27.1.2004" language="en" sizeX="420" sizeY="410" > ... </form>

The attributes describe the internal name of the form, thellavhich will be presented to the user, who and
when has created the form, which language is used in the fochthee visual size of the form. The controls
on the form are described using various sub-elements<iigtiton> , <combobox>, <groupbox> ,
<textbox> ,<datagrid> ,<checkbox> etc.

A control is placed on a form using following syntax:

<label name="Ibl_patient" label="Patient:" posX="200" p osY="315"
sizeX="80" sizeY="23" tablndex="2" color="indigo">
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The attributesname, label , posX, posY, sizeX , sizeY , tablndex andcolor are coincidently
used in all elements describing various controls on a forneyldescribe the internal name of the control,
the label presented to the user, position and size of thealptiie tab index and the color of the control.
Translating just the labels in the configuration file a nevalzed MUDRLIite User Interface can be created
very fast. A choice of over 160 color names is at your dispoBaé names are defined in the GDI+ library
of the .NET Framework[12]. They cover as well the usual coks the system defined colors, e.g. the ap-
plication workspace color, the window color, the windowfracolor etc. There are some simple elements,
e.g.<groupbox> or <label> , which use just these attributes. Another attribute caleatonly is
very commonly used to determine the possibility of editingahue. More attributes are used by the other
elements that will be described in more detail.

The most typical control is a text box defined by theextbox> element. The additional attributes
acceptsReturn  andacceptsTab determine, whether the user can enter line breaks and tabsila
By the multiline attribute the form designer enables viewing more than ame dif text in the text
box. Scrollbars are placed using tkerollbars attribute, which can take onone, horizontal
vertical andboth values.

A data grid is also a common control element in database @jdns. In MUDRLite the<datagrid>
element uses theolwidth  attribute to set the preferred column width. Other visugdemss like the
columns’s titles are being set using the same techniquesrasefting the data grid content. They are
described later.

Enumerative variables are often bound using a combo or bdistontrols. Accombobox> element uses
the maxDropDownltems numerical attribute to specify, how many items can be shavgether. The
sorted attribute determines whether the items should be alphedistisorted. There are two different
styles of the combo box control, a list style, where the userjast select a value from a fixed list, and an
editable style, where adding new values to the list is pdsssithe style is being set by the attribute named
dropDownStyle . There are two ways how to fill in the combo box with values. Titst one is using the
<item> sub-elements, which define each item by ¥iakie anddisplay attributes. It means that the
value stored in database doesn’t have to be the same thearseee in the form. This helps to maintain
the 3¢ normal form (3NF) of the database while keeping the form d@isendly. A second way to fill in
the combo box is to use an SQL statement. This statement aviirocessed while loading the form. It
should return two columns: a value member and a display merobgust one column in case the value
and display members are identical. Technically this isizedl using the<items> sub-element with the
commandattribute.

There are some more controls being prepared like tree vilvganels, image boxes, scroll bars, progress
bars, status bars, tool bars and tool tips, but they have etobgen completely implemented. Their full
description will be included into the MUDRLite Designer'sadual after they have been finished. A small
example of a user defined form can be seen in the Figure 1. dfisat as follows:

<form name="lab_details" label="Laboratory details" aut hor="JS"
language="en" date="5.7.2004" sizeX="250" sizeY="260">

<label label="LDL:"  posX="20" posY="38" sizeX="80" sizeY ="25"/>
<label label="HDL:"  posX="20" posY="68" sizeX="80" sizeY ="25"/>
<label label="Total:" posX="20" posY="98" sizeX="80" siz eY="25"/>
<textbox name="t_ldI" posX="100" posY="35" sizeX="130" s izeY="15"/>
<textbox name="t_hdl" posX="100" posY="65" sizexX="130" s izeY="15"/>
<textbox name="t_tot" posX="100" posY="95" sizeX="130" s izeY="15"/>
<groupbox label="Cholesterol (mmol/l)" posX="10" posY=" 10"

sizeX="230" sizeY="120" color="red"/>

PhD Conference '04 158 ICS Prague



Josefépidlen MUDRILite - Health Record Tailored to Your Needs

<label label="Blood Sugar" posX="20" posY="158"
sizeX="80" sizeY="25"/>

<label label="mmol/l" posX="197" posY="158" sizeX="40" s izeY="25"/>
<label label="Uric Acid" posX="20" posY="188" sizeX="80" sizeY="25"/>
<label label="umol/l" posX="197" posY="188" sizeX="40" s izeY="25"/>

<textbox posX="100" posY="185" sizeX="90" sizeY="15"/>

<button label="Save" name="but save" posX="20" posY="22 0"
sizeX="80" sizeY="23" color="blue"/>
<button label="Cancel" name="but_exit" posX="150" posY= "220"

sizeX="80" sizeY="23" color="blue"/>
</form>

& Laboratony details E]E|@

Database

Cholesteral [rrnol /)

LOL: 1270
HOL: 1.50
Total 14.20
Blood Sugar 9.45 rnrnils|

Iric: Acid 34500 urnol|
Save Cancel

Figure 1: Example of a simple user-defined form.

This definition creates a form as seen in the Fidlire 1, buetheg two problems left. There is no action
connected with pressing the two buttons. The other probgethdt even though the form should load the
details of selected patient after having started, it alvepens empty. Both the problems can be solved using
the MUDRLite Language.

2.3. MUDRLite Language

MUDRLite Language (MLL) is a simple event based languagel usalescribe the behavior of the MU-
DRLite User Interface. It contains 4GL-like constructiomfich allow processing of database operations.

The MLL constructions are included in the XML configuratioke fusing the<action> element. This
element can be placed as a sub-element under a form or undatralelement. This determines whether
the action should be bound to the entire form or just to a @element in the form. Each action starts on
an event. There can be various event types. On controls, tis¢ typical events are a click and a double
click. On forms, a typical event is loading a form, closingoanfi, etc. Events are bound to actions by the
invoke attribute.

There are various action types. The action content is aldagsribed in the content of theaction>
element. Simple actions work with controls on a form. You éanexample clear, hide or show a con-
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trol using the<clear> , <hide> and<show> sub-elements. The target controls are specified by the
result  attribute referring by their names. Typically, more targentrols are specified simply separating
their names by commas. Sometimes a reference to a contoglgtan another form is needed. In this case a
dot separated full name is used. It is constructed by the faame connected by a dot with a control name.
A dedicated namearent is used to reference the parent form; that is the form, whiath been active
before the current form opened. Therefore no form can be ddperent”. The dot separated full name can
be more complicated in case you need to address a speciaf pasbntrol, not the whole control. A typical
example is addressing a column of a data grid. In this case & dged to connect the control name with
the control part name, e.g. the column name of a data grichitndase the full name can look like this:
parent.patients _grid.patient Jd .

Other action types are working with whole forms. A form candbesed by the<exit _form> action
element. A new form can be opened by threew_form> element with thenxame attribute, which specifies
the form to be opened.

Most powerful actions are using the MLL Language to commaigievith the database and to set/get values
into/from controls. An extended form of SQL is used in the temn of these actions in theommand
attribute. The control names in these commands are bounitled wair of colon marks. The result controls
are specified by their names in the result attribute. Agaioramesult controls can be addressed separating
their names or dot separated full names with commas. A satticin can be executed by this code:

<action invoke="load">

<select
command = "select t.tot, t.Idl, t.hdl, t.bs, t.uacd
from laboratories t
where t.patient = ’parent.patient_id:’ and
tid = "parent.exam_grid.lab_id:™
result = "t tot, t Idl, t hdl, t bs, t ua" />
</action>

This example shows how the "Laboratory details” form is @lligith details of the laboratory examination
currently selected in a grid on the parent form. It also destiates a simple trick. The patient’s identifier
is stored in an invisible label, which has the role of an ineétemporary variable. When the user presses
the "Save” button, this variable is used to specify the patieho should be updated with an MLL update
action.

Typically the count of values returning by the select comdhsimould correspond to the count of controls
specifying in theresult  attribute. An exception is using a data grid as a result cbnitn this case the
column names of the data grid are being specified by the "a$” &@ression.

Insert, update and delete operations are performing byitmgert> , <update> and<delete> ele-
ments using the same principles as fiselect> element.

There is an additional action included in the first MUDRLi&rsion. A text can be read by the computer
using the<speak> action specifying the spoken text by ttext attribute. So far just the English pro-
nunciation can be used.

Of course, many different actions can be put one after anotlzesequence. Figuké 2 shows a more complex
example — a form designed for the Neurovascular DepartmfethieoCentral Military Hospital in Prague
(English translation).
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{ MUDR Lite - Neurovascular

Database

Patients

I arne: |.t’-‘«|ena Search.. | Edit... | Mew... |
Mame Birth rurnber Address -
Jindrakows dlena <anorymized>  Mikoly \Vapcarova 26, P-4
K alinoea Alena <anorymized>  Teplicka 7, Krupka
Fotoudovs Alena <anorymized:  Polské 58, P-2
Mocova Alena <anonymized>  KnéZmost 225, MB

Mrackaova Alena <anonymized>  Towvarni 260, Dubi

Mo 4 Alena <anonymized: z

Ripova slena <anorymized>  Rytifova B, P-4

Sedadkovs Alena <ahonymized>  Kosmonautd 1550, Turmoy -
‘| o A P P———————— | ,

Hozpitalizations:

New. |  Edi. | Delete. |
Mumber | ‘Year Age Code Rizk grou | Qut-1m | Out-1 pe  Out-final
5 1992 58 1 2 1 3 3

3 1336 62 2 2 2 1 1
» N R 2 PR I PR P
j’

4

Hozpitalization Details:

Input Finding: Aneurizm, rep.

Risk Factars: Smaking 20/day, diabet.

Surnmnary: Surg. op.

E it

Figure 2: MUDRLite form designed for the Neurovascular Departmerthef Central Military Hospital in Prague.

3. MUDRLite Deployment

MUDRLite deployment to a particular environment needs prafion phases. First of all, the physicians
must specify what information should be stored. This mustidwee precisely. A model including all col-
lected attributes must be built. It must include the attiébtypes, the relationships among them, units of
measurement, specification of numerical attributes’ giens etc. Together with data engineers an entity-
relationship model (E-R Model) is built.

Two more phases are following in parallel. One of them is thgadnigration from an existing system.
MUDRLite is seldom being deployed to an environment, whesedata has been collected yet. This is
being done using various techniques and SQL Server Datafinanation Services. The result of the sec-
ond phase is the definition of MUDRLite user-defined forms BdDRLite application behavior using
the MLL Language. Various XML editors can serve to help drepthe XML configuration file. A spe-
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cial application called "MUDRLite Forms Designer” is beipgepared to simplify this phase. After the
XML configuration file is finalized, MUDRLite should be testéthen the application is being fine-tuned
according the physicians’ comments.

4. Results and Future Work

MUDRLite testing confirmed that this health record is flerilghough to allow dynamical changes of the
database structure demanding no or just small changes aottfguration XML file. The XML file can be
constructed using various XML editors, but we are prepadarigUDRLite Forms Designer to make this
process easier. The 2-tier architecture separates théntisgace from the data storing part. This enables a
remote access to the health record. To make the remote ancesdlexible we plan to develop a Pocket
PC version of the MUDRLite User Interface, which should rurvarious portable devices.

We have also verified the functionality and simplicity of fié&L Language. It is useful and sufficient for
many applications, mostly thanks to the power of the SQL. Baitstill would like to increase the power
of the MLL Language. We plan to do this by including arithroatiexpressions and elements of logical
conditions into the language. We are aware of the fact thala@have to keep it as simple as possible.

On the other hand we found out that the bottleneck that eéitemusage of the system as a clinical informa-
tion system lies in the absence of interfaces to other EHRBYs That is why we have started the research
how to support such interfaces. Because of the varying datalayer we can not implement such support
directly into the MUDRLite application but we are trying toggest special communication modules which
could be connected to MUDRLite. Each module should suppwteHR data standard, e.g. the Czech data
standard "DASTA” or in Western Europe commonly used "HL7"e\uppose there will always be another
additional configuration file needed to define mapping betwedues stored in the database and attributes
transferred via the selected standard.

5. Conclusion

Our interest is to increase the quality of EHR systems, tgbfyndata sharing and data migration among
various EHR systems and to help in overcoming the classieatiext based health record. This is the
way, which would increase the quality of healthcare, whidhds benefit for the patient first of all. Most
healthcare providers use a kind of an EHR system. But oftem#alth record is not structured as much as
necessary. Physicians gathering information for the psepd medical studies often use varied proprietary
methods.

We present the MUDRLite universal solution. It is an easy wapuild electronic health record tailored
exactly to your needs. We recognize just one problem thatozerge in case the user needs more security
and finer rights policy than the database server can profdter policy can be hard to gain because we
are mainly using the database server authentication ahd@zation (A/A) rules that seem to be sufficient
in most environments. In the first instance, we are deplojitpPRLite to the Neurovascular Department
of the Central Military Hospital in Prague.
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Abstract

The paper provides a brief overview of the state of the artrababilistic medical decision support
systems. An example of applied clinical decision supposteay is given and its deficiencies are dis-
cussed. The aims of proposed dissertation project are fatetlin conclusions.

1. Introduction

Clinical decision plays a pivotal role in defining the quakind cost of medical care. Numerous computer
systems have been developed to support these decisiorexaBgrihese systems can be regarded as a kind
of expert systems. The problems that expert systems camitbatan be classified into two types: mainly
deterministiand mainlystochastigroblems. Consequently, expert systems can be classifiethia types
according to the nature of problems they are designed t@stéterministicandstochastic expert systems
Deterministic problems can be formulated using set of rtlasrelates several well-defined objects. Expert
systems that deal with deterministic problems are knownuksstrased expert systems, because they drew
their conclusions based on a set of rules using a logicabréag mechanism. In the medical field, the
relationship among symptoms and diseases are known onltyanitertain degree of uncertainty. These
kinds of problems may also include some deterministic elgméut they are largely stochastic problems
because:

e The facts may not be accurate. For example, a patient mayesule whether or not he had a
fever last night. Thus, there is degree of uncertainty initiiermation associated with each patient
(subjectivity, imprecision, lack of information, errorsjssing data etc.)

e The abstract knowledge is not deterministic. The relatigmamong diseases and symptoms are not
deterministic because the same group of symptoms may beiatesbwith different diseases. The
presence of a set of symptoms does not always imply the presdmlisease.

Thus a need of an expert system that deals with uncertamtisins is clear.

2. Probabilistic Expert Systems
In stochastic or uncertain situations it is necessary tméhice some means for dealing with uncertainty.

For example, some expert systems use the same structuréedsased expert systems, but introducing
some measure associated with the uncertainty of rules angptemises. Some propagation formulas can
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be used to calculate the uncertainty associated with ceioels. Several uncertainty measures have been
proposed during the last decades. Example of these meawmrtaity factorsfuzzy logic Dempster and
Shaffertheory of evidenceAnother intuitive measure of uncertaintypgobability, wherejoint probability
distribution (JPD) of a set of variables is used to describe the relatipresinong the variables, and con-
clusions are drawn using certain well known probabilityniatas. Expert systems that use probability as
measure of uncertainty are known ababilistic expert systemand the reasoning strategy they use is
known as probabilistic reasoning or probabilistic infexenThis article is devoted to probabilistic expert
systems based on Bayes theorem, used in field of medicinBu3wate the use of Bayes theorem, suppose
that a patient can be either healthy (has no disease) or mavefo: — 1 disease$D;, ... D,,—1}. For sim-
plicity of notation, letD be a random variable that can take oneropossible value$ds, ..., d,,} where

D = d; means that patient has no disease. Suppose also we laageciated symptoms, ... S, }. Now,
given that patient has a set of symptofus, . . . s;. } we wish to compute the probability that the patient has
the diseasd;, thatisD = d;. Then using Bayes’ theorem, we obtain

_ p(di)p(s1,...sk|d;)
%:p(di)p(sl,...sk|di)

p(d;|s1,- .. Sk) Q)

e The probabilityp (d;) is called themarginal prior or initial probability of diseasé® = d; because it
can be obtained before knowing any symptoms.

e The probabilityp (d;|s1, . . . sk) is theposterioror conditionalprobability of diseas® = d; because
it is computed after knowing the symptoms.

e The probabilityp (s1, . .. sx|d;) is referred to as thékelihood that patient with the diseade = d;
will show the symptomS$; = sq,..., S = sk.

Thus we can udd 1 to update the posterior probability digioh using both the prior and the likelihood.

3. Decision Support

Symptoms are observable, but diseases are not. But siressdis and symptoms are related, medical doc-
tors usually use the symptoms as a basis for diagnosis. Auwliffi of this approach, however, is that the
relationship among symptoms and diseases are not perfestuBying relationships among symptoms and
diseases medical doctors gain more knowledge and experiand hence they become more able to diag-
nose diseases with a high degree of certainty. However|dh@urecognized, that when making decision
in uncertain situations, the decision can be incorrectr@laee two possible types of errors in uncertain
situations:

e A false positivedecision, also known atype | error (A patient does not have the disease but the
doctor concludes that patient has the disease)

o A false negativelecision, also known agpe Il error (A patient has the disease but doctor concludes
that the patient does not have the disease)

Thus, when making a decision, the doctor is subject to makimg of the above two errors depending
on the true state of nature. In some situations, howevercdmsequences of one error can be far more
damaging than the consequences of other. Ideally doctoldw@ep the probabilities of making the above
errors to a minimum, but the relative risks associated with tivo types of errors have to be taken into
consideration when making a diagnosis. To illustrate, sspghat a new patient with an unknown disease
comes to the medical center. After an examination by a dpitterdetermined, that a patient hasymp-
tomssy, ... s;. The question that booth the patient and the doctor needdw ks given these symptoms,
which disease is the patient most likely to have? The answéhis question can be obtained by com-
puting the posterior probabilities dD = dfor each diseasé = d; given the symptomsy, ... s, that
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is p (d;|s1, - .. sk). This probability can be computed using Bayes formula. Tdiuen the patient has the
symptomssy, . .. s, the doctor may conclude that the disease the patient is likelt to have is the one
with max; {p (d;|s1,...sk)}. If max; {p(d;|s1,...sk)} is close enough to 1, the doctor may decide that
patient has corresponding disease. Otherwise, additexzahination and identification of new symptoms
(evidence) may be necessary. Bayes formula can still betossmmpute the new conditional probabilities
for each disease given all the accumulated symptoms (irgtbom). This process has to be repeated, adding
more evidence, untihax; {p (d;|s1, ... sx)} gets close enough to 1. When this occurs, the medical doc-
tor can make a decision and terminate the process of diagrdsivcloseis close enougho 1 is usually
decided by doctor, depending on risks associated with ecesdecision.

4. Knowledge Base

Main components of expert systems are shown schematicathei figurdL, where arrows represent flow
of information. Expert system is usually the product of abbbrative work of thesubject matter human

)| Subject Matter | g
7| Human experts |~
A 4 ‘ A\ 4
Knowledge &
Engineers Data Base < Users
‘ ‘ 'y
Knowledge L .
Acquisition | s iarnlpg
Subsystem ubsystem
‘ A 4
Coherence Information User
Control Acquisition | Interface
Subsystem Subsystem Subsystem

Knowledge Inference Explanation
Base Engine Subsystem
] Action
X/Ivgrr]f(')nrg & > Execution
Y Subsystem

Figure 1: Typical components of an expert system

expertsand theknowledge engineersvith theuserin mind. The subject matter specialists are responsible
for providing the knowledge engineers with an ordered andctitred knowledge base and well defined and
well explained set of relationships. The knowledge basembhaabilistic expert system consists of a set of
variables{ X1, ... X,,} and a JPD over all the variablggz1, ..., zx). Thus, to construct the knowledge
base of a probabilistic expert system, wee need to spe@fy® of the variables. The most general model
is based on direct specification of the JPD. That is, numlevadae (parameter) is associated with every
possible combination of values. Unfortunately, the disgmcification of JPD involves a huge number of
parameters. For example, wittbinary variables, the most general JPD Raparameters (the probabilities
p(z1,...,x) Of every possible realization, . . ., x, of the variables) a number so large that no existing
computer can handle it even faras small as tens. In most practical situations, howeveryrsahsets

of the variables can be independent or conditionally indelpet. In such cases, simplification of the most
general model can be obtained by exploiting the independ&nacture among variables. This may resultin
significant reductions of model parameters. Examples di siroplifications are so callethe Dependent
Symptom Model (DSMYhe Independent Symptoms Model (ISWe Independent Relevant Symptoms
Model (IRSMyandThe Dependent Relevant Symptoms Model (DR&blained inl[ll]. These four models,
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however, are ad hoc models that apply mainly in the medidal. fiore general and powerful probabilistic
models are for examplglarkov networks modeBayesian networks modehodels specified by input lists
andconditionally specified model8Vhatever model is adopted the knowledge base must coittaiget

of variables of interest and the minimum set of parametenah@bilities) needed to specify the JPD of the
variables. Th&nowledge acquisition subsysteontrols the flow of new knowledge from the human experts
to the knowledge base. It determines what new knowledgeliseid or whether the received knowledge is
indeed new, i. e. whether or not it is included in knowledgseband if necessary, transmits them to the
knowledge base. Thmherence control subsystésran essential component of an expert system. It controls
its consistency and prevents any incoherent knowledge feathing the knowledge base.

5. Inference Engine

Theinference enginé the heart of every expert system. The main purpose of thisponent is to draw
conclusions by applying thebstract knowledgt theconcrete knowledgén medical diagnosis the symp-
toms of a given patient (concrete knowledge) are analyzetienlight of the symptoms of all diseases
(abstract knowledge). The abstract knowledge is repreddnt set of variables and the associated of prob-
abilities needed to construct the JPD of the variables. fijfpis of knowledge is stored in knowledge base.
The concrete knowledge consists of a set of variables knovthe user. This information is referred as
evidence setlt is stored in avorking memoryThe inference engine uses both the abstract and concrete
knowledge to answer certain questions or queries posedeaysr. Examples of such queries are:

e Before a patient is examined by a doctor, which disease ip#tient most likely to haverlere, no
evidence is available. The patient is yet to be examined lamdét of symptoms that the patient ex-
hibits is yet to be examined. The problem is to compute thegmal (initial) probability distribution
of D,p(D=d;),i=1,...,m.

e Given that patient has a subset of symptaths= si,...,Sx = sk, which disease is the pa-
tient likely to have?The evidence set in this case consists of the of the valyes ., s;. The
problem at hand is to compute conditional probability disttion of D given the evidence set,
p(D=d;|s1,...,8,),i=1,....,m

The marginal probability distribution @b, p (D = d;), is also known agrior distribution, because this is
computed before the evidence. The conditional probaldiggribution ofd; given a realization of the set
of symptoms (d;|s1, . . ., sx) is known agposterior distributionbecause it is computed after knowing the
evidence. The marginal (prior) probability distributioarcbe thought of as a special case of the conditional
(posterior) probability distribution, where set of obsethsymptoms is the empty sét,

One task of the inference engine in probabilistic expentesys is to compute the conditional probabilities
of different diseases when new symptoms or data become knwninference engine is responsible for
updating the conditional probabilities

p(di,s1,...5K)

=1
p(Sl,...Sk)

p(dils1,...s5) = ) 2)

for all possible subset of the symptoms, and to decide whigés dhave high conditional probabilities.
Normally a small nuber is selected and these are listed @usier to observe and make appropriate actions.
In equation above, the role of the tegnfsy, . . . si) is to act as normalizing constant. Therefore, a decision
based on the maximum ef(d;|s1, ... s;) coincides with that based on the maximunpdfl;, s1, . .. sg).
Thus, the ratios

p(di, 81, .- 8k)

maxp (d;, s1,-..5k) !
K2

R 3)
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provide information about the relative significance of ahthe diseases. Bayes theorem is used to compute
the posterior probabilities with ease when we have only ads@ases and symptoms. But when the number
of variables (diseases and/or symptoms) is large, whichuslly the case in practice, more efficient models
and methods are needed to compute both the initial and therpmgprobabilities. These methods are known
asevidence or uncertainty propagation methods

6. Other components

If the initial knowledge is very limited and conclusions cat be reached, the inference engine utilizes
theinformation acquisition subsysteimorder to obtain the required knowledge and resume theenfse
process until concussions can be reached. In some casesethean provide the required information. A
user interfacesubsystem is needed for this and other purposes. The usefaire subsystem is the liaison
between the expert system and the user. Thus, in order fokp@rtesystem to be an effective tool, it
must incorporate efficient mechanism to display and re¢rinformation in easy way. Thection execution
subsystenis the component that enables the expert system to takenacfidvese actions are based on
conclusions drawn by the inference engine. Explanatioh@de¢ actions can be provided to the user by the
explanation subsystem

One of the main features of an expert system is the abilitgaor. We shall differentiate between structural
and parametric learning. Bstructural learningwe refer to some aspects related to the structure of knowl-
edge. Thus, discovery of a new relevant symptom for a giveeatie is an example of structural learning.
By parametric learningve refer to estimating the parameters needed to constrogtlkdge base. So, esti-
mation of probabilities associated with symptoms or disedsan example of parametric learning. Another
feature of expert system is their ability to gain experiebhased on available data. Collected data can be
used by th&nowledge acquisition systeand by thdearning subsystem

7. An example - the lliad

Comprehensive source of information about world-wide laldé medical expert and knowledge-based
systems is[[5]. This web site provides information on overs#@de-of-the-art medical expert and knowl-
edge based systems. These systems cover several medaslAigltypical example of probabilistic expert
system based on Bayesian reasoning is the lliad systemsltereloped at the University of Utah, De-
partment of Medical Informatics. It is an expert system desd to cover all of internal medicine as well
as additional specialties. It has evolved over the yeara fideaching tool (internal medicine residents) to
a more robust commercial product. lliad is an expert systdmchvcan be used as a diagnostic consultant,
a reference tool, and an educational system. The lliad kedyd base covers more than 1200 diseases in
the fields of internal medicine, pediatrics, dermatologyahiatry, obstetrics and gynecology, peripheral
vascular diseases and sleep disorders and provides tregnaeocols for each. The systems data dictio-
nary contains 1500 syndromes and treatment protocols a@a01lflndings, which describe the diagnostic
elements used in the system. More than 1400 digitized imageiscluded for reference. lliad offers three
primary operating modes: consultation, simulation anéneice. The consultation mode allows the user
to enter findings, such as symptoms, physical signs anda#dryrtest results for actual patients. Then,
lliad generates a different list of diagnoses ranked byliliked, also providing cost effective suggestions
for confirming or ruling out any diagnosis on the differehtist. Once a diagnosis is made, lliad provides
treatment suggestions for every disease in its knowledge.l#s an educational tool, lliad can generate a
variety of simulated patient cases that can help studenisaittice and test their diagnostic skills by pro-
viding them with an opportunity to study many cases that th&yht only seldom encounter in practice. In
this mode, lliad evaluates the students differential dieigmand work-up strategy. The reference mode pro-
vides the user with the ability to browse lliads extensivalioal reference library. For a diagnostic expert
system, each disease or diagnostic decision may be repedsena list or table called a frame. Decision
frame incorporates findings (symptoms of the disease) asutaded logic. lliad frames are represented by
probabilistic (Bayesian) or Boolean reasoning (true,dals yes, no) together with heuristics (risk flags,
display logic). Combination of the foundations of Booleard @8ayesian logic with heuristics result is a
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better model with more accurate findings and an improved exgaerience.

Positives

e Generated useful differential diagnoses
e Helped in multiple problem patients
o Defined what tests to order for non-routine disorders (teagrecall)

¢ Reminded of less common diagnosis for patient with vaguessfg.g. vomiting, abdominal pain)
Negatives

o Difficult to use at the bedside

e Requires too much data entry - too much time required

e Thought more educational than practical

e Hasn't changed patient management decisions, but apprdeiaderstanding of likelihood ratios.
e Usually confirms what ‘I already know’ or is as confused adréady am'.

e Knowledge base is incomplete

e Lack of integration with patient information system

e The result of some differential diagnoses may be considerglévant or inappropriate

8. Conclusion

Recent years have seen an enormous development in medjeat systems. Nevertheless, the systems
now available still show some deficiencies (cf. those mewmtibabove) and have failed to gain widespread
acceptation by physicians. The aim of the present projettieisietailed study of methods how to remove
the deficiencies, the creation of a new (prototype) impletén of a probabilistic expert system and its
testing in the setting as close to the real one as possibleill lbe especially necessary to interconnect
(integrate) the system with d&flectronic Health RecordEHR) which will eliminate multiple input of the
same patient data and make usage of the system more condddab physician.
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