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Dear Readers,

It is our pleasure to introduce you to this volume of proceedings of the Scientific Session
organized within the framework of XXI Autumn Meeting of Polish Information Processing
Society (Hotel Gotebiewski, Wista, Poland, December 5-9, 2005). Autumn Meetings of
Polish Information Processing Society are one of the longest existing Polish conferences
devoted to all aspects of computer science and information technology. The first Meeting
took place in 1984 and since then it has evolved through a number of forms. This year the
Meeting consists of invited and sponsored lectures selected in such a way to attract IT
professionals and managers working in all areas of industry (both “IT producers” and “IT
users”). Invited lectures were supplemented by a number of workshops, panels and tutorials.
Furthermore, for the first time in its history, a Scientific Special Session, consisting of
refereed contributions was organized. The aim of this session was to present most interesting
results obtained in broadly understood academic computer science and information
technology.

Invited lectures were presented by Andrzej Sluzek from Nanyang Technological University
in Singapore and Yaroslav Sergiejew from Uniwersity of Calabria in Rende. A total of 43
submissions have been received and after refereeing, 27 were accepted for presentation.

We would like to express our gratitude to PROKOM S.A. for being the sole sponsor of the
Scientific Session. Furthermore, we are very grateful to the Program Committee, consisting
of:

Witold Bielecki Janusz Kacprzyk Lech Polkowski
Jacek Btazewicz Jerzy Kisielnicki Roman Stowinski
Mieczystaw Budzynski Jozef Korbicz Stanistaw Stanek
Wilodzistaw Duch Anna Kucaba-Pigtal Bogdan Stefanowicz
Jan Duda Halina Kwasnicka Piotr Szczepaniak
Dariusz Dziuba Jacek Mandziuk Tadeusz Szuba
Roman Galar Zygmunt Mazur Marek Tudruj
Krzysztof Goczyla Edward Nawarecki Maciej Wygralak
Piotr Jedrzejowicz Ngoc Thanh Nguyen

Joanna Jozefowska Wojciech Olejniczak

for their contributions to the success of the conference.

We hope that materials contained in this volume will satisfy your expectations and entice you
to submit your own contributions next year, when we will be organizing the II Scientific
Session within the framework of the XXII Autumn Meeting of Polish Information Processing
Society.

Maria Ganzha
Marcin Paprzycki
Jacek Wachowicz
Krzysztof Wecel
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Drodzy Czytelnicy!

Z przyjemnos$cia oddajemy w Wasze rgce tom materialow konferencyjnych z Sesji Naukowej
organizowanej] w ramach XXI Jesiennych Spotkan PTI (Hotel Golgbiewski, Wista, 5-9
grudnia, 2005). Jesienne Spotkania PTI sa jedna z najdluzej istniejacych konferenc;i
informatycznych w Polsce. Pierwsze spotkania odbyly si¢ w roku 1984 i do dzi$ przeszty one
przez wiele réznych faz i form. W roku biezacym konferencja ta sktadata si¢ z zaproszonych
1 sponsorowanych wyktadow dobranych tak, aby zachgci¢ do udzialu informatykéw i mena-
dzerow pracujacych we wszystkich dzialach gospodarki. W programie konferencji znalazly
si¢ rOwniez warsztaty, panele i tutoriale. Réwnocze$nie, po raz pierwszy w ramach Jesien-
nych Spotkan, zorganizowana zostala Sesja Naukowa sktadajaca si¢ z recenzowanych teks-
tow. Celem Sesji Naukowej byta prezentacja tego, co najlepsze i najciekawsze w informatyce
akademickie;j.

Referaty zaproszone wygloszone zostaty przez Andrzeja Sluzka z Nanyang Technological
University w Singapurze oraz Yarostawa Sergiejewa z Uniwersytu Kalabrii w Rende. Na
konferencje nadestano 43 referaty, z ktorych po recenzjach przyjgto 27.

Serdecznie dzigkujemy firmie PROKOM S. A. za bycie wylacznym sponsorem Sesji Nauko-
wej. Rownoczesnie dzigkujemy Komitetowi Programowemu konferencji w skladzie:

Witold Bielecki Janusz Kacprzyk Lech Polkowski
Jacek Btazewicz Jerzy Kisielnicki Roman Stowinski
Mieczystaw Budzynski Jozef Korbicz Stanistaw Stanek
Wiodzistaw Duch Anna Kucaba-Pigtal Bogdan Stefanowicz
Jan Duda Halina Kwasnicka Piotr Szczepaniak
Dariusz Dziuba Jacek Mandziuk Tadeusz Szuba
Roman Galar Zygmunt Mazur Marek Tudruj
Krzysztof Goczyla Edward Nawarecki Maciej Wygralak
Piotr Jedrzejowicz Ngoc Thanh Nguyen

Joanna Jozefowska Wojciech Olejniczak

za wktad w sukces konferencji.

Mamy nadziej¢, ze zawarte w materiatach teksty speilnia oczekiwania oraz sklonia do
nadestania propozycji prezentacji za rok, gdy bedziemy organizowac¢ II Sesj¢ Naukowa w ra-
mach XXII Spotkan Jesiennych PTI.

Maria Ganzha
Marcin Paprzycki
Jacek Wachowicz
Krzysztof Wecel
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Hoporue unurarenu!

C pamocTei0 TIpefOCTaBlIssEM BallleMy BHHMMAaHHMIO TOM MarepuaioB HayuHoii ceccum
opranu3oBaHHoi B pamkax KoHpepeHuuun XXI Ocennue BcTtpeun Ilombckoro
Nudopmarnueckoro OO6miectBa (Otenp «lomemO€Bckuit»y, Bucma, 5-9 nexabps 2005).
OcenHue BCTpeun — ojaHA M3 crapedmmx KoHdepeHuuid B [lompme — mepBbie Berpeun
coctosuuch B 1984 romy. 3a BpeMs CBOEro CymecTBOBaHHS KOH(EPEHIUS MpOoIla Yepe3
pasnuysbie Ga3sl U Gopmbl. C 1ETbI0 MPUBJIEYb K YYACTUIO B KOH(PEPEHIIMH KaK MOXKHO
Oonblle MHOOPMATUKOB M MEHEIKEpPOB, PabOTAIOIIMX B Pa3lIMYHBIX cdepax HAPOTHOTO
X034HiCTBa, ObUTM OPraHW30BaHbI JEKIMH U MPE3EHTALUH, 1IeJIbI0 KOTOPBIX ObLTO MPUBJIEYb K
YYacTHIO B KOH()EPEHINH, OPTaHU30BAHbI TAKXKE PA3IMYHBIE CEMUHAPBI U KPYTJIbIE CTOJIBI.
Briepsbie B pamkax koH¢pepeHiuu Oblia opraHu3oBaHa Hayunas ceccus, cocrosimas u3
penieH3upoBaHHbIX ctartei. Llenpro HayuHoli ceccum OBUIO TpeACTaBIEHHWE TOTO, YTO
Han0oJiee IIEHHO U UHTEPECHO B aKaJeMUYECKON HH(OpPMaATHKE.

Jlns yuacTus B ceccuu 6bimy mpuriantensl Anmxkeii [llmoska (Andrzej Sluzka) u3 Nanyang
Technological University (Cunranyp) u Spocnas Ceprees u3z Kalabria Uniwersity B Rende
(Uranus). Ha xoHdepenuuto B ob1meit c1oXxHOCTH ObLI0 MpHcaaHo 43 cTaTbU, U3 KOTOPBIX B
pe3yJbTaTe peeH3uPOBAHHS OCTAIOCH TOJIBKO 27.

Cepneuno 6marogapum pupmy PROKOM S. A. 3a cnoncupoBanue Hay4Hoii ceccun.

OcoOyro 6marogapHocTh BeipakaeM [Iporpammuomy KomuTeTy KOHpEpEHIINN B COCTaBE:

Witold Bielecki Janusz Kacprzyk Lech Polkowski
Jacek Blazewicz Jerzy Kisielnicki Roman Stowinski
Mieczystaw Budzynski Jozef Korbicz Stanistaw Stanek
Witodzistaw Duch Anna Kucaba-Pigtal Bogdan Stefanowicz
Jan Duda Halina Kwasnicka Piotr Szczepaniak
Dariusz Dziuba Jacek Mandziuk Tadeusz Szuba
Roman Galar Zygmunt Mazur Marek Tudruj
Krzysztof Goczyta Edward Nawarecki Maciej Wygralak
Piotr Jedrzejowicz Ngoc Thanh Nguyen

Joanna Jozefowska Wojciech Olejniczak

3d UX BKJIaJl B OpraHu3alnro HaquOfI CCCCHUM.

MEeI oueHb HajeeMcsl, 4TO COAEp KAIINECs: B MaTEpHagax CTaTbU 3aUHTEPECYIOT BAC U 4epe3
rof, korga Oynem opranu3oBbiBath 11 Hayunyto ceccuto B pamkax XXII OceHHUX BCTped, BbI
MpUIUIETE HAM CBOU PabOTHI.

Maria Ganzha
Marcin Paprzycki
Jacek Wachowicz
Krzysztof Wecel

vii






f@ XXI Autumn Meeting of Polish Information Processing Sogiet ISBN 83-922646-0-6
> Conference Proceedings pp. 1-8 (© 2005 PIPS

Mathematical Foundations of the Infinity Computer

Yaroslav D. Sergeyev

1 Dipartimento di Elettronica, Informatica e Sistemistica,
Universita della Calabria, Via P. Bucci, Cubo 41-C, 8703hé&e (CS), ltaly
2 Software Department,
N. I. Lobatchevsky State University, Nizhni Novgorod, Rassyar o@i . dei s. unical . it
http://wwwinfo.deis.unical.ittyaro

Abstract. All the existing computers are able to execute arithmetigarations only with finite numerals.
Operations with infinite and infinitesimal quantities conlut be realized. The paper describes a new positional
system with infinite radix allowing us to write down finitefiimite, and infinitesimal numbers as particular cases
of a unique framework. The new approach both gives posséisilto execute calculations of a new type and
simplifies fields of mathematics where usage of infinity andifinitesimals is required. Usage of the numeral
system described in the paper gives possibility to intredaaew type of computer — Infinity Computer — able
to operate not only with finite numbers but also with infinitelanfinitesimal ones.

Key Words: Infinite and infinitesimal numbers, Infinity Computer, digent series.

1 Introduction

Problems related to the idea of infinity are among the mosidamental and have attracted the attention of the
most brilliant thinkers throughout the whole history of hamity. Numerous trials (see [2-6, 8, 10]) have been
done in order to evolve existing numeral systems and to declnfinite and infinitesimal numbers in them. To
emphasize importance of the subject it is sufficient to noentiat the Continuum Hypothesis related to infinity
has been included by David Hilbert as the problem number otési famous list of 23 unsolved mathematical
problems that have influenced strongly development of Matiiees and Computer Science in the XXth century
(see [6]).

The point of view on infinity accepted nowadays is based onfdhgous ideas of Georg Cantor (see [2])
who has shown that there exist infinite sets having diffenemmber of elements. However, it is well known that
Cantor’s approach leads to some paradoxes. The most famdwsmaple of them is, probably, Hilbert's paradox
of the Grand Hotel (see, for example, [12]). Problems ailis@ ia connection with the fact that usual arithmetical
operations have been introduced for a finite number of opkstan

There exist different ways to generalize traditional amigtic for finite numbers to the case of infinite and
infinitesimal numbers (see [1, 2, 4, 8, 10]). However, arighios developed for infinite numbers are quite different
with respect to the finite arithmetic we are used to deal viitbreover, very often they leave undetermined many
operations where infinite numbers take part (for exampfitg minus infinity, infinity divided by infinity, sum of
infinitely many items, etc.) or use representation of inimtimbers based on infinite sequences of finite numbers.
These crucial difficulties did not allow people to constreminputers that would be able to work with infinite and
infinitesimal numbers in the same manner as we are used totddimite numbers.

In fact, in modern computers, only arithmetical operationth finite numbers are realized. Numbers can
be represented in computer systems in various ways usintiopas numeral systems with a finite radix We
remind thainumeralis a symbol or group of symbols that representsimmber The difference between numerals
and numbers is the same as the difference between wordseaittdrigs they refer to. Aumberis a concept that
anumeralexpresses. The same number can be represented by differastals. For example, the symbols ‘3’,
‘three’, and ‘llI" are different numerals, but they all reggent the same number.

Usually, when mathematicians deal with infinite objectdq®& processes) it is supposed that human beings
are able to execute certain operations infinitely many tirhes example, in a fixed numeral system it is possible
to write down a numeral witlany number of digits. However, this supposition is an abstoac{courageously
declared by constructivists e.g, in [7]) because we live fimiée world and all human beings and/or computers
finish operations they have started.

The point of view proposed in this paper does not use thigadigin and, therefore, is closer to the world
of practical calculus than the traditional approaches. lignane hand, we assume existence of infinite sets and
processes. On the other hand, we accept that any of thengxisimeral systems allows one to write down only
a finite number of numerals and to execute a finite number afatipas. Thus, the problem we deal with can be
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formulated as follows: How to describe infinite sets and itdiprocesses by a finite number of symbols and how
to execute calculations with them?

The second important point in the paper is linked to the gt of this question. The goal of the paper is to
construct a new numeral system that would allow us to intcedand to treat infinite and infinitesimal numbers
in the same manner as we are used to do with finite ones, i.apfiying the philosophical principle of Ancient
Greeks the part is less than the whaolehich, in our opinion, very well reflects the world around lugt is not
incorporated in traditional infinity theories.

Of course, due to this more restrictive and applied staténsech concepts as bijection, numerable and con-
tinuum sets, cardinal and ordinal numbers cannot be usédsipaper. However, the approach proposed here does
not contradict Cantor. In contrast, it evolves his deepsdegarding existence of different infinite numbers.

Let us start our consideration by studying situations agish practice when it is necessary to operate with
extremely large quantities (see [12] for a detailed diseugsimagine that we are in a granary and the owner asks
us to count how much grain he has inside it. There are a fewilplitéss of finding an answer to this question.
The first one is to count the grain seed by seed. Of course,dyoten do this because the number of seeds is
enormous.

To overcome this difficulty, people take sacks, fill them irthwseeds, and count the number of sacks. It is
important that nobody counts the number of seeds in a sadkeAgnd of the counting procedure, we shall have a
number of sacks completely filled and some remaining seedsatk not sufficient to complete the next sack. At
this moment it is possible to return to the seeds and to ctermamber of remaining seeds that have not been put
in sacks (or a number of seeds that it is necessary to addamdbe last completely full sack).

If the granary is huge and it becomes difficult to count the&ksathen trucks or even big train waggons are
used. Of course, we suppose that all sacks contain the samigenwf seeds, all trucks — the same number of
sacks, and all waggons — the same number of trucks. At thefahd oounting we obtain a result in the following
form: the granary contains 16 waggons, 19 trucks, 12 saokis} aeeds of grain. Note, that if we add, for example,
one seed to the granary, we can count it and see that the gtaammore grain. If we take out one waggon, we
again be able to say how much grain has been subtracted.

Thus, in our example it is necessary to count large quasitifieey are finite but it is impossible to count them
directly using elementary units of measuug, i.e., seeds, because the quantities expressed in theésevanild
be too large. Therefore, people are forced to behave as dfithstities were infinite.

To solve the problem of ‘infinite’ quantities, new units of asereus, uz, andus, are introduced (unita; —
sacks,u; — trucks, anduz — waggons). The new units have the following important pecity: it is not known
how many unitay; there are in the uniti, ;1 (we do not count how many seeds are in a sack, wedgoistplete
the sack). Every uniti11 is filled in completely by the units;. Thus, we know that all the unitg,; contain a
certain numbekK; of unitsy; but this numberK;, is unknown. Naturally, it is supposed thgt is the same for
all instances of the units. Thus, numbers that it was imptes$d express using only initial units of measure are
perfectly expressible if new units are introduced.

This key idea of counting by introduction of new units of ma&@swill be used in the paper to deal with infinite
guantities. In Section 2, we introduce a new positionaleyswith infinite radix allowing us to write down not
only finite but infinite and infinitesimal numbers too. In Sent3, we describe arithmetical operations for all of
them. Applications dealing with infinite sets, divergentisg and limits viewed from the positions of the new
approach can be found in [12] and are not discussed in thisrpAfier all, Section 4 concludes the paper.

We conclude this Introduction by emphasizing that the gb&i® paper is not to construct a complete theory
of infinity and to discuss such concepts as, for example,déall sets’. In contrast, the problem of infinity is
considered from positions of applied mathematics and thaod practice of computations — fields being among
the main scientific interests (see, for example, [12, 13fhefauthor. A new viewpoint on infinity and the cor-
responding mathematical and computer science tools amlinted in the paper in order to give possibilities to
solve applied problems.

2 Infinite and infinitesimal numbers

Different numeral systems have been developed by humandggcribe finite numbers. More powerful numeral
systems allow one to write down more numerals and, thergfmexpress more numbers. However, in all existing
numeral systems allowing us to execute calculations numewaresponding only to finite numbers are used.
Thus, in order to have a possibility to write down infinite anfihitesimal numbers by a finite number of symbols,
we need at least one new numeral expressing an infinite (onfamitésimal) number. Then, it is necessary to
propose a new numeral system fixing rules for writing dowmitdiand infinitesimal numerals and to describe
arithmetical operations with them.
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Note that introduction of a new numeral for expressing itdimind infinitesimal numbers is similar to intro-
duction of the concept of zero and the numeral ‘0’ that in thstpghave allowed people to develop positional
systems being more powerful than numeral systems exiséfay®.

In positional numeral systems fractional numbers are esgaeby the record

(@8nan-1...4180.2 18 2...@_(g-1)@q)b Q)

where numerals;, —q < i < n, are calleddigits, belong to the alphabd0,1,...,b— 1}, and the dot is used to
separate the fractional part from the integer one. Thusatingeral (1) is equal to the sum

anb"+an-1b" T+ +aht +agh® +a b i+ ta g b @ +a b (2)

In modern computers, the radix= 2 with the alphabef0, 1} is mainly used to represent numbers.

Record (1) uses numerals consisting of one symbol eacidigitsa; € {0, 1, ...,b— 1}, to express how many
finite units of the typed' belong to the number (2). Quantities of finite urtitsare counted separately for each
exponent and all symbols in the alphabgd, 1,...,b— 1} express finite numbers.

A new positional numeral system with infinite radix descdliethis section evolves the idea of separate count
of units with different exponents used in traditional piositil systems to the case of infinite and infinitesimal num-
bers. The infinite radix of the new system is introduced asitireber of elements of the S¥tof natural numbers
expressed by the numeral calledgrossone This mathematical object is introduced by describing itsperties
postulated by thénfinite Unit Axiomconsisting of three parts: Infinity, Identity, and Dividityi (we introduce
them soon). This axiom is added to axioms for real numberigasignto addition of the axiom determining zero to
axioms of natural numbers when integer numbers are intextiuchis means that it is postulated that associative
and commutative properties of multiplication and additidistributive property of multiplication over addition,
existence of inverse elements with respect to addition amtiptication hold for grossone as for finite numbers.

Note that usage of a numeral indicating totality of the eletagve deal with is not new in mathematics. It is
sufficient to remind the theory of probability where everas be defined in two ways. First, as union of elementary
events; second, as a sample sp&ref all possible elementary events from where some elemeatents have
been excluded. Naturally, the second way to define eventnies particularly useful when the sample space
consists of infinitely many elementary events.

Infinity. For any finite natural numberit follows n < [.
Identity. The following relations link] to identity elements 0 and 1

O

O

Divisibility. For any finite natural number setsNy»,1 < k < n, being thenth parts of the sety, of natural
numbers have the same number of elements indicated by therau% where

00=0.0=0, 0-0=0, —=1, 0°=1, 18 =1 A3)

n
Nin={k k+nk+2nk+3n,..}, 1<k<n |JNgp=N (4)
k=1

For example fon= 1,2, 3 we have

0— N= {1,2,3,4,586,7,...}
0 Ne={L 3 5 7.}
2NNy,—{ 2, 4 6 ..}
Niz={1, 4, 7,...}
o/
§_>N2,3:{ 2; 57 }
N
N3z ={ 3 6, ..}

Before the introduction of the new positional system letess some properties of grossone. Its role in infinite
arithmetic is similar to the role of the number 1 in the finiteeaand it will serve us as the basis for construction
of other infinite numbers. It is important to emphasize thatmroduce% we do not try to count elements
k,k+n,k—+2nk+3n,... In fact, we cannot do this since our possibilities to coumt lanited and, therefore,
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we are not able to count for infinity. In contrast, we postiffailowing the mentioned above Ancient Greeks’

principlethe part is less than the who(see [1, 9, 12] for detailed discussions on such a kind of @gugires) that

the number of elements of tith part of the set, i.e.%, is ntimes less than the number of elements of the whole

set, i.e., thaiil. In terms of our granary examplé can be interpreted as the number of seeds in the sack. Then, if
the sack contains seeds, itsith part contain% seeds.

The number% have been introduced as numbers of elements ofNggishus, they are integer. For example,
due to the introduced axiom, the set
Nos={2,7,12,...}

has% elements and the set
N310=1{3,13,23,...}

hasl% elements.

The number of elements of sets being union, intersectidiereice, or product of other sets of the type, is
defined in the same way as these operations are defined ferdeig. Thus, we can define the number of elements
of sets being results of these operations with finite setdrdimite sets of the typ&y . For instance, the number
of elements of the set

N275 U Ngl’lo U {2, 3,4, 5}
is % + % + 2 because
N275 ﬁNgl’lo =J, 2¢ N2,5, 3e N3710.

It is worthwhile to notice that, as it is for finite sets, infimisets constructed using finite sets and infinite sets
of the typeNy , have the same number of elements independently of objetd&leuhe sets. A general rule for
determining the number of elements of infinite sets havingpeernomplex structure can be also given but it is not
discussed in this paper (see [12]).

Introduction of the numerdl allows us to write down the sdt, of natural numbers in the form

N={1,23, .. O-2 0O-1, O} (5)

It is worthwhile to notice that the set (5) is the same set afirzd numbers we are used to deal with. We have
introduced grossone as the quantity of natural numberss,Titis the biggest natural number and numbers

0-3, 0-2 O0-1 (6)

less than grossone are natural numbers as the numii% 1. The difficulty to accept existence of infinite
natural numbers is in the fact that traditional numeraleyst did not allow us to see these numbers. Similarly,
primitive tribes working with unary numeral system wereeald see only numbers 1, 2, and 3 because they
operated only with numerals|l, 111 and did not suspect about existence of other natural numBershem, all
guantities bigger thah| were just ‘many’ and such operationslas- 111 andl + Il give the same result, i. e.,
‘many’. Note that this happens not becalise 11 =1+ 11l but due to weakness of this primitive numeral system.
This weakness leads also to such results as ‘many*#iany’ and ‘many’+2="'many’ which are very familiar to
us in the context of views on infinity used in the traditionallotilus:co + 1 = 00,00 4 2 = oo,

As an example let us consider a numeral systeable to express only numbers 1 and 2 by the numerals ‘1’
and ‘2’ (this system is even simpler than that of primitiibés which was able to express three natural numbers).
If we add to this system the new numelrait becomes possible to express the following numbers

a a a o a
1,2 ——2=-1=-,=—+1,=-+2 0-2,0-1,0.
\7/7 2 72 7272—"_ )2+ ) 9y )
finite R infinite
infinite

In this record the first two numbers are finite, the remainigftare infinite, and dots show the natural numbers
that are not expressible in this numeral system. This nuregsgem does not allow us to execute such operations
as 2+2or 2+ % + 2 because their results cannot be expressed in this systewf loourse, we do not write that
results of these operations are equal, we just say that sétsere not expressible in this numeral system and it
is necessary to take another, more powerful one.

The introduction of grossone allows us to obtain the follogvinteresting result: the sét is not a monoid
under addition. In fact, the operatiah+ 1 gives us as the result a number grater thiai hus, by definition of
grossonel] 4+ 1 does not belong tdf and, thereforey is not closed under addition and is not a monoid.



Mathematical foundations for the Infinity Computer 5

This result also means that adding the Infinite Unit AxiomHe axioms of natural numbers defines the set of
extended natural numbensdicated asN and includingN as a proper subset

N={1,2..,0-10,0+1,...,0%2-1,0%0%+1,...}.

Again, extended natural numbers grater than grossone saialinterpreted in the terms of sets of numbers. For
example[] + 3 as the number of elements of the Bet {a, b, c} where numbera,b,c ¢ N and? as the number
of elements of the séf x N. In terms of our granary examplé+ 3 can be interpreted as a sack plus three seeds
and[? as a truck.

We have already started to write down simple infinite numlagié to execute arithmetical operations with
them without concentrating our attention upon this questi@t us consider it systematically.

To express infinite and infinitesimal numbers we shall usergscthat are similar to (1) and (2) but have some
peculiarities. In order to construct a numiaein the new numeral positional system with baseve subdivideC
into groups corresponding to powers[of

C=cp,0Pm+...+cp 0P +cp, 0P +cp 0P+ . +cp OPK. )

Then, the record

C = Cme Pm . Cpl|:| pleOD pOCp71D P-1 . Cpka pik. (8)
represents the numb€r; symbolsc; are calledgrossdigits symbolsp; are calledgrosspowersThe numbers;
are such thap; > 0,po =0, p—i < 0 and

Pm>Pm-1>...P2>P1>P-1>P-2>...P_(k-1) > Pk

In the traditional record (1) there exists a convention thaligit a; shows how many powets are present in
the number and the radkxis not written explicitly. In the record (8) we writd ™ explicitly because in the new
numeral positional system the numbbér general is not equal to the grosspowerThis gives possibility to write,
for example, such numbers as87*4°30 32 wherep; = 2445, p_1 = —32.

Finite numbers in this new numeral system are representedimgrals having only one grosspower equal to
zero. In fact, if we have a numbe€rsuch tham= k = 0 in representation (8), then due to (3) we h@ve co0° =
Co. Thus, the numbeC in this case does not contain infinite and infinitesimal uaitd is equal to the grossdigit
co which being a conventional finite number can be expressdukifidrm (1), (2) by any positional system with
finite baseb (or by another numeral system). It is important to emphatbiae the grossdigito can be integer
or fractional and can be expressed by a few symbols in cdritrdke traditional record (1) where each digit is
integer and is represented by one symbol from the alpha@h#&t2,...,b—1}. Thus, the grossdigdy shows how
many finite units and/or parts of the finite unit=10°, there are in the numb&. Grossdigits can be written in
positional systems, in the forsawherep andq are integer numbers, or in any other finite numeral system.

Analogously, in the general case, all grossdigits-k < i < m, can be integer or fractional and expressed by
many symbols. For example, the numtéi* 8031 has grossdigitss = £ andc_31 = &. All grossdigits can
also be negative; they show how many corresponding unitsldhae added or subtracted in order to form the
numberC.

Infinite numbers are written in this numeral system as nulsdraving grosspowers grater than zero, for
example 71244530732 and —207430°370 2110 are infinite numbers. In the following example the left-
hand expression presents the way to write down infinite nusped the right-hand shows how the value of the
number is calculated:

1501%17.204591%(-52.1)07°% = 15014+ 17.20457% - 52.10°°.

If a grossdigitcy, is equal to 1 then we writ€]” instead of TIP. Analogously, if power1° is the lowest in
a number then we often use simply the corresponding grassdigvithout (1°, for instance, we write 2345
instead of 28114501° or 3 instead of 8°.
Numerals having only negative grosspowers representtiegimal numbers. The simplest number from this
groupisd = ﬁ being the inverse element with respect to multiplicatianfo
1 1
5:0=05=1 (9)
Note that all infinitesimals are not equal to zero. Partidyj,laé > 0 because » 0 and[] > 0. It has a clear
interpretation in our granary example. Namely, if we havacksand it contain&l seeds then one sack divided by
0 is equal to one seed. Vice versa, one seed,ﬁe.r,nultiplied by the number of seeds in the sack,gives one
sack of seeds.
Inverse elements of more complex numbers including grosspmoof(] are defined by a complete analogy.
The following two numbers are examples of infinitesimals 32, 370 2(—11)0~1°,
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3 Arithmetical operations with infinite, infinitesimal, and finite numbers

Let us now introduce arithmetical operations for infinitdjnitesimal, and finite numbers. The operatioradtli-
tion of two given infinite numbera andB (the operation of subtraction is a direct consequence obiteddition
and is thus omitted) returns as the result an infinite nur@ber

K M L
A=Y a,08, B=Y by O™, Cc=YSq0" (10)
i; gl " i;

whereC is constructed by including in it all itema, 0% from A such thatg # m;,1 < j <M, and all items
bmj O™ from B such thatm; # ki,1 <i < K. If in A andB there are items such thit= m; for somei and |

then this grosspowes is included inC with the grossdigiby, + a, i.e., as(b + a)0". It can be seen from
this definition that the introduced operation enjoys thealipuoperties of commutativity and associativity due to
definition of grossdigits and the fact that addition for egobsspower of] is executed separately.

Let us illustrate the rules by an example (in order to sindlife presentation in all the following examples
the radixb = 10 is used for writing down grossdigits). We consider tworité number#\ andB where

A=1650%2(—12)02170%.1703,
B =230%%6.231°10.10%(—1.17)0~ 31103,
Their sumC is calculated as follows
C=A+B=1650%24 (-12)0%2+170%+ 11703+

230% 4+ 6.230%+1010° - 11703+ 110 =
16,5042 4 230 —120%2 1 6.230°%+
(17+101)0°+ (1.17—1.17) 03+ 1104 =
165042 4230 — 12012+ 6.230% + 27.10° + 1104 =
16.50442230%%(~12)01%6.230%27.10°110 4,

The operation omultiplicationof two given infinite numberé andB from (10) returns as the result the infinite
numberC constructed as follows.

M K
C=3%Cj, Cj=bydM A= Zlahbmjmmmi, 1<j<M. (11)
=1 i=

Similarly to addition, the introduced multiplication is monutative and associative. It is easy to show that the
distributive property is also valid for these operations.
Let us illustrate this operation by the following example= @onsider two infinite numbers

A=0%¥-50%-3)0%.2, B=0?-1)0t70-3
and calculate the produCt= B- A. The first partial produd; is equal to
C =702 A=70"30%*®-502-30'+0.2) =
70835071 — 210724+ 1403 = 70%(—35 0"} (—21)0 21403,
The other two partial product§, andCs, are computed analogously:
C=-0'A=-0Y0%¥-50%2-30t +0.2) = —0'90°%30%(—0.2)0,
Cy=02.A=0%0¥-50%-30'+0.2) = 0?°(—5)0%(—3)03%0.202.

Finally, by taking into account that grosspowersand? belong to bottC, andCs and, therefore, it is necessary
to sum up the corresponding grossdigits, the pro@ustequal (due to its length, the numli&rs written in two
lines) to
C=Cy1+Co4Cz = 02(—1)01705(—5)0420%3.202
(—=0.2)0Y (=350 Y(—21)0-21.403.
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In the operation oflivisionof a given infinite numbe€ by an infinite numbeB we obtain an infinite number
A and a remindeR that can be also equal to zero, i@ +=A-B+R.

The numberA is constructed as follows. The numb&sandC are represented in the form (10). The first
grossdigitay, and the corresponding maximal exponkaare established from the equalities

Ay =C /omy, ke =1L —my. (12)
Then the first partial remindé®; is calculated as
Ry =C— a 0% .B. (13)

If Ry # 0 then the numbeg is substituted byr; and the process is repeated by a complete analogy. The gibssd
a,_;, the corresponding grosspower_; and the partial remindé® 1 are computed by formulae (14) and (15)
obtained from (12) and (13) as followis:andc;, are substituted by the highest grosspomemnd the correspond-
ing grossdigity, of the partial remindeR; that in its turn substituteS:

A =n/bmy, Ke—i=ni—my. (14)

Ri1=R—ag O0%i.B i>1 (15)

The process stops when a partial reminder equal to zero rglf¢this means that the final reminder= 0) or
when a required accuracy of the result is reached.

The operation of division will be illustrated by two examplén the first example we divide the number
C = —100%160°4202 by the numbeB = 50°7. For these numbers we have

IL= 3, my=3 C,. = —10, bmvl =5.
It follows immediately from (12) thady, 0% = —20°. The first partial remindeR; is calculated as
Ry = —100%160%202 — (—209) .50%7 =

—10002%1601%42002 + 100031400° = 300°420 3.

By a complete analogy we should constrag(tflka*l by rewriting (12) forR;. By doing so we obtain equalities
30=a ,-5, O=kq 1+3
and, as the resula(Kle"Kfl =602, The second partial reminder is
Ry = Ry —6073.50%7 = 300°%420 2 — 300°%420 3 = 0.

Thus, we can conclude that the remin&et R, = 0 and the final result of division i& = —20°%0 3.

Let us now substltute the grossdigit 42 by 40drand divide this new numbe® = —100%160°400 2 by
the same numbeB = 501%7. This operation gives us the same regult= A = —2D06D —3 (where subscript 2
indicates that two partial reminders have been obtainedyii the remlndeR R, = —2073. Thus, we obtain
C =B-Ax+ Ry. If we want to continue the procedure of division, we obtain= —20%03(—0.4)0 8 with
the remindeR; = 0.281 6. Naturally, it followsC = B- Ae,+ Rs. The process continues until a partial reminder
R = 0 is found or when a required accuracy of the result will behea.

In all the examples above we have used grosspowers beirgyriimihbers. However, all the arithmetical oper-
ations work by a complete analogy also for grosspowers keemselves numbers of the type (8). For example,
if

X — 165044201170 _ 191201 17073,

-3 —23
v — 2344201170 (—1.17)D’311D4D ’

then their sunZ is calculated as follows

-3 —23
Z — X +Y — 39.5|:|44.2|:|l.l7|:| (—12)|:|12D 11['4['
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4 Conclusion

In this paper, a new positional numeral system with infinédix has been described. This system allows us to
express by a finite number of symbols not only finite numbetsrifinite and infinitesimals too. All of them can
be viewed as particular cases of a general framework usegtess numbers.

It has been shown in [11] that the new approach allows us tetoact a new type of computer — Infinity
Computer — able to operate with finite, infinite, and infiniteals quantities. Numerous examples dealing with
infinite sets and processes, divergent series, limits, agasare theory viewed from the positions of the new
approach can be found in [12]. We conclude this paper justri®yexample showing the potential of the new
approach. We consider two infinite seri@s=1+1+1+... and$ = 3+ 3+ 3+ ... The traditional analysis
gives us a very poor answer that both of them diverge to igfiBitich operations & — S or % are not defined.

In our terminology divergent series do not exist. Now, whenawe able to express not only different finite
numbers but also different infinite numbers, the rec@dandS, are not well defined. It is necessary to indicate
explicitly the number of items in the sum and it is not impattss it finite or infinite. To calculate the sum it is
necessary that the number of items and the result are exXgesssthe numeral system used for calculations. It
is important to notice that even though a sequence cannettave thari] elements the number of items in a
series can be greater than grossone because the processnoinguup is not necessary should be executed by a
sequential adding items.

Suppose that the seri€g hask items ands, hasn items:

SI(K)=1+1+1+...+1, S(n) =3+3+3+...+3.
—_— —_—
k n

ThenS; (k) = kandS(n) = 3n for any values ok andn — finite or infinite. By giving numerical values toandn
we obtain numerical values for the sums. If, for instakce,n = 50 then we obtairg; (50) = 50, S (50) = 150
and

S$(50) — S (50) = 100 > 0.
If k=50 andn =0 we obtainS; (500) = 500, $(0) = 30 and it follows

$(0)-S(50)=-20 < 0.
If k=30 andn =[O we obtain$;(30) = 30, $(00) = 30 and it follows
S(0) - S1(30) =0.

Analogously, the expressi Eﬁ)) can be calculated.
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Towards Wireless Sensor Networks with Enhanced Vision Capabilities
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Abstract. Wireless sensor networks are expected to become an important tool for various security, surveillance
and/or monitoring applications. The paper discusses selected practical aspects of development of such
networks. First, design and implementation of an exemplary wireless sensor network for intrusion detection
and classification is briefly presented. The network consists of two levels of nodes. At the first level, relatively
simple microcontroller-based nodes with basic sensing devices and wireless transmission capabilities are used.
These nodes are used as preliminary detectors of prospective intrusions. The second-level sensor node is built
around a high performance FPGA controlling an array of cameras. The second-level nodes can be dynamically
reconfigured to perform various types of visual data processing and analysis algorithms used to confirm the
presence of intruders in the scene and to approximately classify the intrusion, if any. The paper briefly presents
algorithms and overviews hardware of the network. In the last part of the paper, prospective directions for

wireless sensor networks are analyzed and certain recommendations are proposed.

1. Introduction

Adequate sensing capabilities are the key issue in a system working autonomously or semi-autonomously in
unstructured, unfamiliar environments. Wireless sensor networks are one of the emerging technologies for
providing such systems with information about current conditions in a large fragment of the environment. In
such networks, a huge amount of sensed data should be acquired and processed in real time. Thus, adequate
hardware resources capable of real-time data processing and intelligent data selection mechanisms are needed in
order to prevent informational and communicational saturation of the network [1].

Wireless sensor networks are being used for various condition-based monitoring tasks such as habitat
monitoring, environmental monitoring [2], machineries and aerospace monitoring and for security and
surveillance [3, 4]. Such applications need tens to several hundreds of nodes. Each node can be equipped with
various sensors (e. g. proximity, temperature, acoustic, vibration) to monitor conditions of the environment and
possibly to fulfill other requirements of the task. Additionally, image sensors are usually present in security and
surveillance applications where more detailed analysis of the environment is expected.

The most important challenge in such systems is to manage the huge information flow in the network nodes.
The systems with various non-visual and visual sensors acquire and should process in real-time large amounts of
data. Transmitting raw data from every node to other nodes and/or to the higher level occupies the bandwidth
for a long period of time. This in turn reduces the reporting efficiency of the system by delaying or loosing
messages about important event happening in the environment. Moreover, most of the raw data transmitted from
the sensor nodes is unimportant, so that the energy (which is a precious commodity in autonomous systems) is
wasted for communication and flooding the destination node with useless data.

The most straightforward solution is to provide the sensor nodes with a certain level of autonomous
intelligence so that the captured data can be locally processed and analyzed, while only observation of
significant importance or unknown situations would be reported to the higher level.

Initially, wireless sensor network were defined (mostly because of the envisaged military applications) as
large-scale, wireless, ad-hoc, multi-hop, unpartitioned networks of homogenous, tiny, and immobile sensor
nodes. It has been shown by many non-military applications, however, that the above assumptions are
inaccurate [14]. Wireless sensor networks can be heterogeneous, possibly mobile, and with different network
topologies. Generally, their nodes have communicational, computational and sensing capabilities, though in
diversified proportions [15].

We have implemented the concept of a heterogeneous sensor network in an experimental platform eventually
intended for various military and civilian applications where a visual surveillance of large areas is required. Vi-
sual surveillance in considered the most effective method of monitoring complex environments, but systems that
could perform such a task fully autonomously and reliably are still very difficult to build. Visual assessment of a
situation by a human is still considered the ultimate factor in taking important decisions. In complex scenarios,
however, the amount of data transmitted across the network would make the human inspection and/or assess-
ment of the situation very difficult. Thus, we have proposed a realistic approach, where a human operator can be
supported by vision capabilities of the network that can automatically handle typical situations. The human
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intervention is needed only in special situation (or situations involving decisions which are reserved for
humans).

The local computational intelligence of the selected nodes has been achieved by incorporating FPGA (field
programmable gate array) devices into selected nodes. These FPGA based nodes can process the data received
from other nodes and process the images in order to analyze the situation. The results are wirelessly transmitted
to the higher level in the decision chain only if there is any intrusion or another unusual event so that the human
operator can confirm (or reject) the system’s decision that a potential danger has been detected.

This paper presents design methodology (for both hardware architecture and the embedded algorithms) for
the current system and summarizes proposals for the future wireless sensor networks with enhanced vision
capabilities. In Section 2, we overview the design of the network nodes. Section 3 presents image processing
algorithms implemented in the FPGA nodes for intrusion detection and classification. Additional
implementation issues are discussed in Section 4. The final Section 5 summarizes the results and highlights
selected problems important for the future development of wireless sensor networks with enhanced vision
capabilities. Unfortunately, some implementation details are not disclosed in this paper as the developed system
is a feasibility study for a commercial product.

2. Architecture of the network

In typical wireless sensor applications, the network nodes have to process all the data from a variety of sensors
and at the same time have to efficiently manage the power to achieve a reasonably long operational lifetime. Va-
rious architectures for different applications have been proposed by researchers in the recent years (e. g. 5, 6, 7,
8]) but only a few papers discuss the power management in the wireless sensor networks in the context of the
overall system design.

In the developed platform, two different types of nodes are used. The first level nodes are relatively simple
with basic sensing devices (e. g. proximity, vibration, acoustic, magnetic sensors) and wireless transmission ca-
pabilities. They continuously monitor conditions in the protected zone and act as preliminary detectors of pos-
sible intrusions. These sensor nodes are built around a simple micro-controller so that they consume very low
power but their computational power is also very low. The second level sensor nodes are built around a higher
performance FPGA controlling an array of cameras. They perform more advanced data processing to confirm or
reject the intrusion (before alerting a human operator). Each camera is activated after the corresponding first-le-
vel nodes acquire data that may indicate a presence of an intruder, and transmit the warning message in wireless
network to the FPGA based second level nodes. The overview of the network structure is shown in Fig. 1.

First Level Sensor Nodes
Naodes with basic sensing devices and
Wireless transmission capabilities

Second Level Sensor Nodes
FPGA with an array of cameras
W/ Library of Acquisiion and Procassing alganhims
4 ‘—)_._4_._'_4_.___4_._-7
2 | Cameara
@ W/
W First level nodes acts as tha

preliminary detectors of
possible intrusions and
monitors the conditions

Fig. 1. Basic structure of the developed sensor network.
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2.1 First Level Nodes

The first-level nodes (Fig. 2) incorporate a wireless communication chip, a low-cost microcontroller (perfor-
ming sensor data acquisition, generating wirelessly-transmitted messages and interfacing the wireless chip) and
basic non-vision sensors. Battery power supply is provided. Currently, only infrared proximity sensors and vib-
rations sensors are used, but additional options are planned (and the corresponding sensors are already available
in the nodes).

Fig. 2. The first-level node of the network.

The first level nodes generally use very simple detection technique. For example, analog signals are just
thresholded and only limited signal processing capabilities are available. They are assumed to be continuously
active. For the first level nodes, a possible intrusion is defined as a particular coincidence of sensor readings.
Different definitions of various intrusion types can be used, either for different applications or within the same
application. Whenever a possible intrusion is sensed, the node wirelessly transmits a message containing the
node identifier and (if several definitions of possible intrusions are simultaneously used) the type of sensed
intrusion. To provide a higher level of reliability, the message may be repeated several times. A standard com-
munication protocol for low-power wireless networks is used. The intended message recipients are the second
level nodes (those close enough to receive the message) which would perform more detailed analysis of the
event.

The first level nodes consume low power as they only transmit short messages (only if the sensors detect
anything unusual) and perform very little computations. Low energy consumption is a crucial issue since a very
long operational lifetime is expected [6]. No online reprogrammability/reconfigurability is envisaged and these
first level nodes are assumed cheap expendables.

2.2 Second Level Nodes

The second-level nodes area built around an FPGA module that can control up to four cameras. Additionally,
the nodes are equipped with the same wireless communication components as the first-level nodes. Typically,
one second-level node is associated with several first-level nodes, but the network structure is not permanent.
We envisage that eventually ad hoc self-organization mechanisms will be used during the network deployment
(e. g. [16]).

In the second-level nodes, the power consumption by both FPGA and cameras is relatively high. Therefore,
only the kernel of a second-level node would be permanently active, while the other parts (e. g. the cameras) are
activated only when a warning message from the first level is received. Two option are possible: (1) a second-
level node can be activated by any first-level node within the wireless range or (2) a second-level level node can
be activated by selected first-level nodes (i. e. the warning messages containing identifiers of other nodes are
ignored).
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Fig. 3. Components of the FPGA development board used in the second-level node.

Upon activation, a second-level node camera captures a short sequence of images (typically two or three) that
are subsequently processed using dedicated algorithms implemented in the node’s FPGA. In general, the
purpose of image processing is to extract the possible intruders from a captured image and to classify/identify
them. After the task is completed, selected fragments of camera-captured images and/or other results produced
by the algorithms may be wirelessly transmitted to the higher level in the decision chain (possibly including a
human operator). Additionally, the second-level nodes can be periodically activated in order to update the
background image (see Section 3).

In general, the peak energy consumption in a second-level node may be high, but the average power
requirements could be low enough to provide long operational lifetime. In the prototype platform, power is
supplied by a DC adaptor.

The prototype second-level nodes are built around a commercially available FPGA development board (see
Fig. 3) with a powerful Virtex II chip (8,000,000 equivalent gates). However, only selected resources available
in the board are used in the prototype (FPGA chip with external memory, CPLD module, CCD cameras and
camera interfaces as shown in Fig. 3). Moreover, the overall usage of the FPGA capacity does not exceed 15%
so that many other tasks can be simultaneously implemented within the same FPGA. Typically, these additional
tasks are various visualization routines allowing testing and performance assessment of the node. In the final
version, a much less powerful FPGA is envisaged. These nodes can be motionless or attached to a mobile
platform.

3. Image Processing in Intrusion Detection and Classification

This section discusses the exemplary methodologies for FPGA-implemented image processing and intrusion
detection and classification. Various systems used for surveillance, tracking and monitoring applications have
been discussed in [3, 4, 7]. In our system, however, the camera-captured images are acquired, processed and
analyzed by FPGA. The results are sent in a visual form to a human operator only if the system suspects
something unusual is happening in the monitored area. Various image processing algorithms have been
implemented in FPGA to perform different tasks. The library of developed algorithms can be used for adapting
the network for changing conditions and/or requirements. Through online wireless reconfiguration of FPGA, the
same hardware platform can adapted to various tasks without redeploying the network.

The fundamental task of the developed network is to detect visible changes in the monitored area, i. e. to
identify non-stationary (moving) components within camera-captured images. Generally, there are three typical
approaches to the extraction of moving targets from a sequence of images (or a video stream) as discussed in
[3]. These are: (1) temporal differencing (two or three frame), (2) background subtraction and (3) optical flow.
Temporal differencing is very adaptive to dynamic environments but does not perform well in extracting all
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relevant feature pixels. Back ground subtraction is very sensitive to dynamic environment changes but provides
complete feature data. Optical flow computation methods are considered too complex for real-time applications
unless a specialized hardware is available. For our system, background subtraction has been selected. Although
such an operation can be (hypothetically) implemented as a simple image comparison, a more sophisticated
method is needed for more realistic applications. In general, the scene background may be affected by both
illumination variations and minor configuration changes (e. g. swaying trees, grass, vibrations of the network
nodes, etc.). The first problem can be solved by occasional background updates (see the later part of this
section) but for the second one, a more sophisticated approach has been proposed. In the developed system, we
apply a combination of subtractions in RGB space (with a threshold defining the acceptable differences)
followed by a sequence of selected morphological operations. The purpose of the morphological operations is to
filter out differences caused by minor configuration changes.

3.1 Static Intrusion Detection

Silhouettes of intruders obtained by background subtraction can be represented in three different forms: (1) a
binary blob of the intruder’s shape, (2) a full image within the extracted silhouette or (3) a rectangular outline of
the intruder. Examples of the original scene, the scene with the intruder, and three variants of the intruder’s
silhouette are shown in Figs 4 and 5.

The binary silhouettes are useful for a classification of intruders using moment-based expressions of low
order [17], from which several useful descriptors of the intruders can be derived. The full-image silhouettes can
be further processed for detection of interest points and subsequently for the identification of known intruders
(more details to be given in subsection 3.4). The rectangular outline is a convenient presentation of the intruder
for a human inspection. The visual characteristics of the intruder’s image remain unchanged while the amount
of data to be wirelessly transmitted is dramatically reduced.

(A) (B)

Fig. 4. An exemplary background image and the corresponding scene containing an intruder.

(A) B) ©)
Fig. S. Intruder’s silhouettes extracted in three versions.

If a human operator supervises a large number of nodes (with the attached cameras) the chances of visual
intruder detection in a single image looking like Fig. 5C are much higher then in hundreds of images looking
like Fig. 4B.
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3.2 Dynamic Intrusion Detection

Detected intruders can be further characterized by using the variations of the intruder’s shape extracted from
a sequence of images. This actually indicates how the intruder moves and the results can be subsequently used
to classify the intruder by the type of its mobility. The example in Fig. 6 shows a pair of (overlapping)
silhouettes of a human. A simple comparison of the low order moments calculated from both silhouettes, would
indicate that a vertical intruder of irregular shape is moving toward the node and turning to the left. The speed of
motion can be estimated based on the size changes and displacements of the gravity centre. Such a characteristic
could be a sufficient evidence to recognize the intruder as a human.

In case of some man-made objects, the silhouettes extracted from the images would have more consistent
shapes so that a broad classification of such objects can be done within the second-level node by using moment
invariants (e. g. [17, 18]).

Generally, intrusions that can be satisfactorily identified at the second-level node are not sent for visual
verification by a human operator. Unknown cases, however, have to be inspected. The images of such intruders
would be wirelessly transmitted to the next level (which would usually incorporate a human operator). In order
to save the bandwidth, actually only the rectangular outlines of silhouettes (e. g. Fig. 5C) are transmitted.

g\

Fig. 6. Silhouette variations in a sequence of images.

From the Fig. 5, we can determine that the intruder is apparently approaching the camera and turning to the
left. The speed of the motion can be estimated from the relative size of both silhouettes and from their relative
displacement in both images.

3.3 Background Update

The presented system has been designed under the general assumption that the intruders can be associated
with other physical phenomena, so that relatively simple sensors (proximity, vibration, magnetic, etc.) can be
used as warning devices indicating a potential presence of intruders. Thus, if there is a change in the camera-
captured images without the presence of the corresponding sensor warnings, it should be considered a
background change rather than intrusion.

Therefore, the algorithm used for intruder extraction can also be used for periodical background update. It is
particularly useful if the background change is due to rapid illumination changes (additional shadows, etc.). For
slow changes of the background a simple correlation method has been implemented. When the average value of
correlation falls below a certain threshold (we have experimentally verified that for night conditions the
threshold should be lower than for sunny days) the background is updated. The background updating procedure
can be run periodically (excluding time intervals when intrusion detection algorithm is active) with the
frequency determined by both the expected dynamics of background changes and the power constraints of the
second level nodes.

3.4 Advanced Analysis of Intruder Images

In some of the prospective applications, selected intruders might be known to the system and such should not
be considered a potential danger. Such detection, therefore, should not be reported to a human operator.
Unfortunately, the moment-based classification methods mentioned in the previous sub-section are not robust
enough for a positive verification of known intruders. Moreover, they generally fail when intruders are only
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partially visible. Therefore, selected methods originally developed for vision-based robotic navigation are being
adopted for the positive verification of known intruders.

The proposed approach is based on detection and matching interest points in relative scale (e. g. [9, 19]).
Interest points (sometimes referred to as corner points) are easily perceivable small areas where the corner
response (based on the matrix of 2D partial derivatives of the image intensities—see [9]) reaches its local
maximum. In the database images of known intruders, the interest points can be automatically extracted and
their characteristics memorized. Examples of interest points automatically found in two images of real objects
are shown in Fig. 7.

If an intruder of interest is represented by a dataset of its interest points (including geometric relations
between the points) an image of such an intruder can be hypothetically identified by matching image-extracted
interest points to the dataset. The major practical difficulties, i. e. sensitivity to geometric and photometric
transformations (i. e. illumination variation, scale of the objects, perspective distortions of 3D objects, etc.) have
been successfully solved in the algorithm presented in [9] and [20]. Exemplary results of matching interest point
of a model intruder and a camera-captured image of a partially visible intruder (under different illumination
conditions and in a different scale) are presented in Fig. 8. It should be noted that the matching has been done
for the intruding object only partially visible within a cluttered environment. The images to be analyzed within
the developed systems contain only the intruder’s silhouette so that the number of interest points to be extracted
and matched is relatively small.

Detection and description of interest points is a relatively simple operation that can be easily handled by the
FPGA available in the developed nodes. Then, the characteristics of the points would be wirelessly transmitted
to the higher level in the decision chain where the dataset of known intruders (and their interest points) is stored
and the interest points can be matched, [10].

Fig. 7. Interest points automatically extracted from images of real objects.
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Fig. 8. Interest points automatically matched in a model image and a camera-captured view.

This method actually reduces the amount of data transmitted in the wireless network. Within the category of
known intruders the system becomes fully autonomous, but the unidentified intrusions would still be reported to
the human operator, i. e. their rectangular outlines (see Fig. 5¢) would be transmitted wirelessly. This method
can also be applied if the second level nodes are attached to a mobile platform as it can work even if the
intruders silhouette has not been extracted from the background scene.

4. Communication Issues

In wireless networks, the efficiency and (sometimes) security of communication is an important issue.
Although within our platform no special attempts have been made to develop new communication mechanisms,
the existing standards have been thoroughly tested. Additionally, we have implemented (as a feasibility study)
communication between FPGA devices directly connected to a wireless transceiver (Fig. 9). It is believed that
such a direct implementation of communication mechanisms within FPGA can lead to more compact and
efficient nodes for the future sensor networks. More details are presented in [21].

Fig. 9. Testbed for direct wireless communication between FPGA devices.

The most bandwidth-consuming communication task is image transfer. Thus, the amount of transmitted
visual data is reduced as described in Section 3. Additionally, we envisage various compression algorithms to be
locally executed before transmission. Several papers have analyzed compression standards to be used in the
wireless sensor network applications for efficient power management [6, 11]. These algorithms can be designed
to adopt certain parameters like compression ratio, image resolution based on the real-time situation [6, 12, 13].
The image fragments and other results are encrypted using advanced encryption standard (AES128) before the
transmission to provide more security which is an important requirement for many applications.
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5. Future Works and Conclusions

The system reported in this paper has been implemented using commercially available development boards
(RC200 FPGA development boards and Ember microcontroller boards). The final prototype model will have a
dedicated architecture designed based on conducted tests and further analysis and researches. Similar concepts
of an FPGA-based wireless sensor network are discussed in details in [5].

In a longer term perspective, several important issues have to be carefully analyzed and eventually optimized.
Adaptability of the network is one of the most important requirements. In general, the low-level sensing
mechanisms are less application dependent than the data processing and interpretation algorithms. Thus, a
reconfigurable FPGA has been selected for the second-level nodes that perform the complex application-
dependent tasks. Simultaneously, a library of FPGA configuration files is being gradually built so that the same
hardware shell can be used for a variety of tasks. Since the FPGA chip can be reconfigured wirelessly, the
application of the network can changed/modified after it has been deployed. Additionally, we exploit the
advantages of partial FPGA reconfigurability. By adapting this approach, we can keep permanent fragments of
the tasks (e. g. standard image acquisition and preprocessing algorithms) in once-programmed structures of
FPGA while the application-specific algorithms can be quickly deployed through fast partial reconfigurability.

Partial reconfigurability is a part of a more general problem of distributing the network functionalities
between the programmable and fixed-logic (or once-programmable) components. While programmability
(which in sensor network is almost equivalent to reconfigurability) is generally a welcome feature, it also has
significant disadvantages. Higher costs of reprogrammable components and significantly higher power
requirements are the most important drawbacks of FPGA-based solutions.

Additionally, we are currently studying other aspects of the future development of wireless sensor networks
with vision capabilities. For example, the problem of reliable network functioning in case of a partial destruction
or imperfect deployment is particularly important in certain applications. Again, it can be achieved by either
increasing the number of nodes or by incorporating a higher level of reconfigurability into a node (or by a com-
bination of both).

In this paper, we presented a two-level structure of nodes that can be used for visual intrusion detection and
classification, with a preliminary support of various non-visual sensors. The FPGA based second level nodes
can be dynamically configured for different applications and tasks even after the nodes are deployed using
online (wirelessly) reconfiguration capabilities. Several algorithms of image processing and visual assessment
implemented in FPGA have been discussed. This system can be an efficient intrusion detection system with a
relatively high level of intelligence and reasonable power requirements, though still requiring a human assis-
tance for the final decisions. Currently, a commercial product based on the developed platforms is being
designed. We also believe the proposed concept of a wireless sensor network with enhanced vision capabilities
could be a useful step in development of more advanced systems for man-machine collaboration.
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Abstract. In this paper some experiences from |laboratories of Advanced Software Engineering course are
presented. This laboratory consists of seven exercises. The subjects of exercises are following: requirements
engineering, system design with UML [1], reuse, precise modeling with the Object Constraint Language
(OCL [2]), code coverage testing, memory leaks detection and improving application efficiency. For each
|aboratory exercise a set of training materials and instructions were developed. These Internet materials are
stored on a department server and are available for all students and lecturers of this course. Rational Suite
tools [3] are used in the laboratory. The goa of introducing Internet materials was to improve the quality of
SE education. Some experiences and observations are presented. The evaluation of student’s results is also
given.

1 Introduction

Much has been aready done in the area of teaching software engineering. Every year there are dedicated
international conferences on this subject, e. g. Conference on Software Engineering Education and Training, or
in conferences on software engineering there are special sessions, e. g. Automated Software Engineering,
Software Engineering. In proceedings from these conferences many interesting ideas or curricula’s can be
found, e. g. [4, 5, 6]. In this paper we present some experiences from advanced software engineering laboratory
introduced in the Institute of Computer Science in fall 2004. At the Department of Electronics and Information
Technology, Warsaw University of Technology two software engineering courses are taught every semester.
The first one, called Software Engineering, is given to the students on the fifth semester and the second one
-Advanced Software Engineering (ASE), is given to the same students on the sixth semester. During Software
Engineering course students learn the basic ideas of software engineering and object modeling in UML (the
Unified Modeling Language [1]). They also spend 15 hours in laboratory preparing a project of a simple system
in Rationa Rose. Advanced Software Engineering course should widen student’s knowledge of software
engineering. To improve the quality of education in ASE course the laboratory was enhanced with Internet
support. Choosing subjects for ASE course, the directions from Software Engineering Body of Knowledge
SWEBOK [7] were considered. It was not possible to use al the directions from SWEBOK and present all
aspects of software engineering in 30 hours of lectures. The chosen subjects are the following:

- requirements engineering,

- design with reuse,

- precise modeling,

- testing,

- quality improvement,

- software effectiveness,

- software processes.

The subjects shown above relate to six out of ten Knowledge Areas (KAS) proposed by SWEBOK [7].

In ASE course students have 15 laboratory hours in blocks of two. Seven laboratory subjects, tightly
connected with lectures, were prepared. At the Institute of Computer Science every semester about Sixty
students, divided into groups of 7-8, are having ASE laboratory. Five instructors supervise these groups. When
there are severa supervisors students often complain that theirs demands, requirements and grades are not the
same. In order to overcome this problem detailed instructions were written for each laboratory session. While
using these instructions the laboratory sessions supervised by different lecturers are similar and the time spent in
laboratory can be used very effectively.
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The goal of ASE laboratory was aso to present the professional CASE tools supporting the different phases
of software process. The tools from Rational Suite [3] used during laboratories are Requisite Pro, PureCoverage,
Quantify and Purify. These tools are complicated and it is difficult to use them without training. Rational
tutorials for these tools, available in English, are rather long and can not be used during two hours of laboratory.
A set of tutorials for these tools was prepared in Polish, native language for the students. The tutorials and the
laboratory instructions are stored on the department server and are available to students, lecturers and
instructors of ASE course. Each student can study the instruction and tutoring material at home, so the
instructor’ s directions can not surprise her/him.

In Section 2 Internet materials are briefly presented. The subjects of ASE laboratory are presented in Section
3 and illustrated with examples. Evaluation of laboratory resultsis discussed in Section 4.

2 Internet materials

The ASE laboratory materials are written in html and stored on the department server. Only students and
lectures of this course have access to these materials. The structure of ASE laboratory materiasisfollowing:
- Introduction containing ASE laboratory goals
- Tutoring materials:
* Requisite Pro
» Code Coverage

e Purify
*  Quantify
« OCL
- Design Patterns

- Format of use case description

- Laboratory directions

- Vocabulary

- Bibliography.
The organization of these materials is hierarchical. At every screen there are links to the “parent” section and
the main index, to the next and previous sections. In each laboratory instruction there are links to the
appropriate tutoring material and positionsin vocabulary (Fig. 1).

| 2A Inzynieria Oprogramowania 2 - Purify - Microsoft Internet Explorer

Plk  Edycia Widok  Ulubions  Narzedzia  Pomoc 7
@Wstecz - &2 x| |2 Bl | ) wwyszuka) 5 Ulbione & - B - 23
Adres [ C:\Documents and Settingst,adr.Z0AK Moje dokumentyé_TOP_DrydakiykalIOPZiRekgr04+|IOPZ42005-01-04_bia110103.html  ~ | [£F Frzeidz  taczs >
~
FPoprzedni Spis tredoi T gdre Iastepny
1.3 Purify

Marzedzie pakietu Rafiona! PurifiPlus, porwala na testowanie programmu i wyszukiwanie w nim bieddw. Rafioreal Purify
zatrzymuje doslanie programu, jesh wystapil blad, oraz wydwietla informacig o blgdde. Testowane sq tylko wykonywane dciezld
programu, dlatege moze by¢ konieczne wielokrotne wylonanie programu (w celu zwiglszenia polaycia kodu). Furify pozwala
na zwickszenie niezaweodnodci programu. Pozwala testewad programy napisane w  Pisual C/T++, Javie lub kodzie
rarzgdranym NET

Korzysci z uzywania narzedzia
“Wskazane jest korzystanie z narzedzia na kazdym etapie implementacji:
» po kazdej kompletne] zmianie kodu program powinien zostad przetestowany, aby zminimalizewad wplrw ewentualnych
blgddw,

podczas "nocnege testowania”, w celu sprawdzenia wepdlpracy miedzy modulami,
do testowania kodu innych dostawcdw, przed uzyciem we wiasnej aplikcacii.

Purify dla Visual C/HC+H
Purify dla Jawy i dla zarzadzanegs kodu IMET

Poprzedni Spis tredci A gérg IMastepny
Inzynieria Oprogramowania Instytat Informatyli
2 FPolite chniki Warszawslkiej
-~
(&1 File:/{C: [Documents s 20and ¥ 20Ssttings{adr ZOAKMojes20dokument y 1A _IOP_Dydaktyka/Id “d Maj komputer

Fig. 1. Screen from ASE laboratory system
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3 ASE Laboratory

The main goa of ASE laboratory was to refine student’ s knowledge and experience. Seven laboratory exercises
were developed. The subjects of these exercises are as follows:

Requirements engineering

Software design

Reuse

Precise modeling with OCL

Code coverage testing

Quality improvement

. Improving effectiveness.

Subjects of exercises one and three to seven are completely new to students. In al laboratory exercises the
tools from Rational Suite: Requisite Pro, Rose, PureCoverage, SoDa, Purify, Quantify are used. Students on the
sixth semester are familiar only with Rose and SoDa, because these tools were used in software engineering
laboratory in the former semester. Rational Suite provides tutorials (in English) for most tools. Each of these
tutorials needs at most two hours, so they are too long to be used during two hours in laboratory. During ASE
lectures there is no time to present and discuss CASE tools in details. Problems with a tool usage could disturb
the student in the development of a laboratory subject. To overcome difficulties caused by using several CASE
tools, short tutorias in Polish, native language for the students, were prepared. All these tutorials are stored on
the department server and are available to ASE students al semester. Although OCL and the design with reuse
are presented on ASE lectures, some tutoring materials to these subjects are also available.

Students often complain that |aboratories conducted by different instructors are not the same. To solve this
problem detailed directions for each laboratory exercise were written and stored on the department server as
well.

Each of laboratory instruction consists of three parts:

1. Introduction,

2. Detailed directions,

3. Exerciseresults.

In each laboratory instruction there are links to tutoring materials, the bibliography and a description of
difficult ideas in the vocabulary part. An introduction describes the goals of the exercise and the basic concepts.
The tasks to be prepared before a laboratory exercise can be defined in an introduction. The second part
contains a segquence of tasks that should be executed during the laboratory session. Finally, the expected results
and the evaluation criteriaare given.

In Section 3.1 the trandation of a part of the instruction “Requirements Engineering” is presented. Section
3.2 describes the organization of laboratory and in Section 3.3 discrepancies often met by the instructors are
shown.

=

NoasrwWN

3.1 Exampleof laboratory instruction

Below, an extract from a translated instruction for the first ASE exercise, concerning requirements engineering,
is presented. Italic font is used to denote tool’ s buttons, options and underline shows links to other parts of ASE
internet materials, dots (...) indicate the omitted parts of the instruction:

Introduction

The aim of the exercise is the development of requirements specification for a given system and training in
requirements management [8]. The requirements management covers the following activities: systematic
eliciting, organizing and documenting requirements. In order to preserve the contract between the client and the
development team, the changes in requirements must be handled. Requirements specification should follow the
quality criteria (IEEE 830 [9]). The requirement's repository is created using RequisitePro, and ause case model
is created using Rational Rose.

Tasks

1. Create areguirements repository using Requisite Pro (...)

Then, iteratively execute steps from 2 to 4.

2. Define different program features, stakeholder requests, non-functional and functional requirements Create
requirements in the appropriate packages, e. g. use case. (...)

3.  Specify requirements
- Define stakeholders for stakeholder requests.
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- Define requirement attributes: priority, difficulty, stability, cost.
- Create hierarchy of requirements, e. g. for requirement UC2 its descendants UC2.1 and UC2.2 (use
option New->Child Requirement).
- Connect requirements with traceability links. Create traceability matrix. For a given package choose
New->View and select Traceability Matrix in View Type. (...)
4. Create a use-case model
- Createanew UML project in Rose.
- Generate use cases and associate with the requirements of the type Use Case from RequisitePro (...).
Adjust requirements’ text with the use case names. (...)
- Draw use-case diagram(s) in Rose. Create actors and connect them with the appropriate use cases.
Add reguirements description for the use cases in Documentation fields in Rose. The formatted pattern of a use
case description can be followed.
5. Generate documentation files(...).

Results
Final results of the laboratory comprise three documentation files, indicated above, and the use-case model. (...).

It should be noted that the instruction includes mainly information concerning the CASE tools and
specifying the artifacts to be prepared by the students. Other activities not described in the instructions are also
necessary. For example, during an exercise on requirements engineering students should negotiate the goals of
hig’her project with others in the same group (see Section 3.2). We assume that the instructor is responsible for
stimulating these activities during laboratory exercises. It seemsto us, that too long and detailed instructions are
not effective.

3.2 Laboratory organization

The ability to work in ateam is very important for a software engineer and should be trained as well. Interesting
proposal how to practice the teamwork can be found for example in [10]. However developing the ASE
laboratory we were aware of the significance of the teamwork, we decided to incorporate such training in this
laboratory only in a very limited extent due to the time constraints (only 15 hours of laboratory). In ASE
laboratory one instructor - lecturer has a group of seven to eight students. A group of students is preparing
requirements for a common subject, divided into individual subtasks. The members of the group collaborate
with each other defining the relations between the subtasks. To show some teamwork problems, the
specification of requirements prepared during the first laboratory is reviewed by another student. The results of
the reviewing process are shown in Section 3.3. On the second and the third laboratory, the reviewer designs the
system using the reviewed by her/him specification. Some OCL specifications should be inserted in the project,
for example in the specification of an operation. The use of design patterns is a'so recommended [11].

During the exercises one to three, the instructor is coming to each student and is pointing out the weak
points in the design or specification. It usually takes al the time available for him/her in the laboratory and it
needs alot of effort.

Exercises five, six, seven were devoted to the code coverage testing and to the quality and effectiveness
improvement. In these exercises students, grace to detailed instructions, can work more independently.
Therefore these exercises can possibly be executed in a“remote” manner.

A student has to send his/her exercise results to the tutor by email. The instructor is evaluating the received
artifacts (remarks, specification, projects, code, etc.) and inserts the result into the department server. At the
beginning of the next laboratory session the instructor indicates the student all detected flaws. However such a
laboratory evaluation is time consuming we hope it is worthy. Obtained results of ASE tests show significantly
higher scores than in the previous semesters; without Internet support and with on-line exercise evaluation.

3.3 Discrepanciesin requirements engineering

The analysis of artifacts received from students is time consuming. Many factors are relevant. Below, some
factors taken into account while evaluating exercise “ Requirement engineering” are listed:
- correctness, consistency and completeness of requirements set,
- logica categorization of features (goals), stakeholder requests and use-case requirements,
- gpecification of stakeholder requests:
= clear and complete identification of stakeholders,
= complete and proper assignment of stakeholder requests to stakeholders,
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- identification of non-functiona requirements and its specification,
logical distribution of requirements to different levels of requirements hierarchy,
- definition of attributes of requirements:
= assignment of requirements priorities,
= assessment of redlization difficulty,
= recognition of stable and unstable requirements,
- clear and unambiguous requirements description,
- definition of traceability relation between requirements:
= adequate selection of traceability relations,
= concise directions of traceability arrows.
= completeness of traceability relations,
- association of requirements to appropriate use- cases in use-case model,
quality of use-case diagrams:
= proper identification of an actor,
= correct syntax of relations between use-cases,
= adequate usage of different relations,
= clear structure of use-case model,
= readability of the diagrams,

- quality of use-case description (adetailed pattern was given in training materials):

= identification of the realization flows and consecutive steps,
= adequate abstraction level of step description (functional description versus an interface description),
= clear pre- and post-conditions (if necessary).

It should be noted that our students prepared already a simple use-case model in the previous semester. In the
current semester the students properly recognized the general concepts of use-cases, but still made some
elementary syntax errorsin the use-case diagrams.

The final verification of the requirements is a working system and the satisfaction of its users. During a
teaching process the verification should be done immediately and a student should obtain a feedback about
his’her work. Therefore, the results of the requirements engineering task are read by an instructor and also
reviewed by another student. The following artifacts are evaluated: documentation with a description of
requirements, a hierarchy and traceability relations, and a use-case model. We were surprised to find out that
students were able to detect in theirs reviews many errors. The errors were often similar to the ones they made
themselves in theirs own requirements specification. Below a list of flaws recognized by students while
reviewing the regquirements prepared by a colleague is given. Numbers, given in brackets, show in percentage in
how many reviews the flaw was detected.

- Missing requirements (64%)

- Unclear or missing traceability relations (45,5%)

- Different qualification of features and use-case requirements (45,5%)

- Lack of functionality, which should be available for a recognized stakehol der/user (41%)

- Ambiguous definition of requirements (41%)

- Assignment of requirements to different modules of the system (36%)

- Incorrectly assigned priority to requirements (36%)

- Improper usage of relations between use-cases (include, extend, generalization) (32%)

- Unclear definition of stakeholder requests (32%)

- Insufficient description of a use-case, missing desired pre- and post-conditions (32%)

- lllegible use-case diagrams (23%)

- Inadequate assessment of the realization difficulty (23%)

- Missing actors in use-case model (23%)

- Lack of defined requirements attributes - importance, stability (18%)

- Incorrect hierarchy of features or use cases (9%)

- Ambiguous name of an actor (9%)

Superfluous requirements (4,5%)

In general, students were able to correctly identify weak points in the requirement’s descriptions, even, if they
made the same errors. From the list given above it can be seen that students detect many discrepancies from the
list shown at the beginning of this section.
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4 Laboratory evaluation

Objective evaluation of students’ skills is very difficult and need alot of time. In ASE laboratory atutor has a
relative small number of students (seven to eight). Evauation of all laboratory exercisesis based on:

- An activity of a student, including the approach to the solutions and presented partial results during

exercisesin laboratory.

- Realized tasks (specifications, models, programs) and final remarks received via email.

- A critical discussion about received results.

- A review by acolleague (only for the first exercise).

The received results contributed to the score of an exercise. Figure 2 shows the percentage of points given to
students by four instructors in spring 2005. Three parts of the laboratory were evaluated independently. On
average the results of the first part, the requirements engineering, and of the second part, the project with
elements of reuse and OCL, were about 79%. The results of the last part concerning testing, quality and
performance analysis (exercises five, six, seven - section 3) were higher (88%). The subjects of these exercises
required many manipulations with the new tools (this could be easily done using the instructions and tutorials)
but a less creative work than subjects of exercises one to four. Moreover, the students were more capable and
willing to cope with any problems related directly to the running programs, than to the problems concerning
requirements and models. The analyzed programs were not very complicated, because the main goal was to
learn the new methodology.
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Fig. 2. Laboratory results

Advanced Software Engineering course is given to students of two specializations: Engineering of
Information Systems (EIS) and Information and Decision Systems (IDS). All students attend the same lectures
and have to pass the same exams. EIS students have ASE laboratory supported by Internet materials presented
in this paper and 1DS students make a project. IDS students can also use Internet materials. The laboratory and
the project cover similar areas of software engineering and give the same number of credit points.

Table 1 Exam results
Results of students
Exam subjects after ASE ]
|aboratory after project
Fall Requirements 40% 35%
2004/2005 UML/OCL 49% 34%
Spring Reguirements 93% 81%
2005 UML/OCL 63% 33%
Sum 62% 40%

In table 1 the results of exams from two semesters are shown. The number of points obtained by students,
divided by maxima amount available, is given in percentage. From the exam only the results of tasks
concerning subjects practiced during the laboratory and the project were selected. Internet materials are
available to all students. During lectures all students were encouraged to study these materials. In two separate
columns the results of EIS students - having the laboratory are compared with the results of IDS students —
having the project. It can be noticed that students having the laboratory, forced to study our Internet materias,
achieved significantly higher scores.
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5 Conclusion

The need to include awide scope of subjectsin very limited time motivated us to prepare an Internet support for
the ASE course (about 90 pages). This benefited in significantly increased quality of SE education. On the
exam, students attending the ASE laboratory achieved higher scores than students having projects, which also
have access to these materials and even were encouraged to use them.

The ASE laboratory comprises phases of software process like the requirements engineering, system design
with reuse and design patterns, precise modeling with OCL, code coverage testing, and improving the quality
and effectiveness of application. Usually, these subjects are taught in separate courses and do not appear
together in curricula of asingle, obligatory software engineering course.

The ASE laboratory was introduced in fall 2004 and about hundred students finished it. So far it was
observed that students were able to do much more than in the previous semester without Internet instructions.
The demands of different instructors, placed to students, were similar. Very close to each other were also the
average grades. Instructors were able to devote more attention to the design assessment and refinement; they did
not waste time explaining detailed steps of each exercise.

Our intents were to use industrially proven tools in the ASE laboratory. By providing the tutoring materials a
student could take an advantage of the information they provide without being exposed to the hassles of
learning to use the tools. Students were satisfied working with professional CASE tools. They also get some
practical experience considering software design, implementation, testing and effectiveness.

We have shown that in a short time, they can gather experiences broadening their understanding of
engineering a program.
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Abstract. The paper presents a methodology for incremental map formation in a multi-stage
process of a search engine with map based user interface'. The architecture of the experimental
system allows for comparative evaluation of different constituent technologies for various stages
of the process. The quality of the map generation process has been investigated based on a num-
ber of clustering and classification measures. Some conclusions concerning the impact of various
technological solutions on map quality are presented.

1 Introduction

Document maps become gradually more and more attractive as a way to visualize the contents of a large
document collection.

The process of mapping a collection to a two-dimensional map is a complex one and involves a number
of steps which may be carried out in multiple variants. In our search engine BEATCA [8-13], the mapping
process consists of the following stages (see Figure 1): (1) document crawling (2) indexing (3) topic
identification, (4) document grouping, (5) group-to-map transformation, (6) map region identification
(7) group and region labeling (8) visualization. At each of theses stages various decisions can be made
implying different views of the document map, generated by different algorithms.

For example, the indexing process involves dictionary optimization, which may reduce the documents
collection dimensionality and restrict the subspace in which the original documents are placed. Topics
identification establishes basic dimensions for the final map and may involve such techniques as singular
value decomposition analysis (SVD [1]), fast Bayesian network learning (ETC [14]) and other. Document
grouping may involve various variants of growing neural gas (GNG) techniques [5], hierarchical SOM [3]
and Artificial Immune Systems [2]. The group-to-map transformation is run in BEATCA based on SOM
ideas [15], but with variations concerning dynamic mixing of local and global search, based on diverse
measures of local convergence [12]. The visualization involves 2D and 3D variants.
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Fig. 1. BEATCA system architecture
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With a strongly parameterized map creation process, the user of BEATCA can accommodate map
generation to his particular needs, or even generate multiple maps covering various aspects of document
collection.

The overall complexity of the map creation process, resulting in long run times, as well as the need
to avoid “revolutionary” changes of the image of the whole document collection, require an incremental
process of accommodation of new incoming documents into the collection.

Within the BEATCA project we have devoted much effort to enable such a gradual growth. In this
study, we investigate vertical (emerging new topics) and horizontal (new documents on current topics)
growth of document collection and its effects on the map formation capability of the system.

To ensure intrinsic incremental formation of the map, all the computation-intense stages involved
in the process of map formation (crawling, indexing and all the stages of map formation: GNG-based
document grouping, model visualization and map region identification) need to be reformulated in terms
of incremental growth.

In particular, Bayesian Network driven crawler is capable of collecting documents around an increasing
number of distinct topics. The crawler learning process runs in a kind of horizontal growth loop while it
improves its performance with increasing number of documents collected. It may also grow vertically, as
the user can add new topics of for search during its run time.

The indexer has been constructed in order to achieve incremental growth and optimization of its
dictionary with the growing collection of documents. Query extension capability of the query answering
interface, based on Bayesian network and GNG derived dynamic automated thesaurus, accommodates
also to the growing document collection. Though the actual clustering algorithms used in our system, like
GNG, AIS or fuzzy C-means, are by their nature adaptive, nonetheless their tuning and modification was
not a trivial task, especially with respect to our goal to achieve quality of incremental map comparable
to the non-incremental one.

Special algorithms for thematic map initialization as well as for identification of document collection
topics, based on GNG, SVD and/or Bayesian networks, lead to stabilization of the overall map. At the
same time GNG detects the topic drift and so it may be appropriately visualized, due to plastic clustering
approach, as new emerging map regions. It should be stressed at this point, that the map stabilization
does not preclude obtaining different views of the same document collection. Our system permits to
maintain several maps of the same document collection, obtained via different initializations of the map,
and, what is more important, automatically tells the user which of the maps is most appropriate to view
the results of his actual query.

In BEATCA search engine, Bayesian Networks are used in a few critical moments. We found it very
useful for initial clustering of documents set. For the map creation phase, a couple of clearly separated
clusters is calculated. Such clusters proved to be especially useful for thematic initialization of a clustering
model and SOM projection model (the latter is shortly described in section 4).

BN is also used as thesaurus in our system. After indexing phase in BEATCA, a special dedicated BN
is built on all terms in the dictionary?. Having collected relevant set of documents on a given subject,
a joint information stored in BN and in the main clustering model will constitute context-dependent
thesaurus. There is no room for the details, so we only notice that such thesaurus is used to expand user
queries, for the purpose of more precise search in BEATCA search engine [13].

In the current paper we focus on our incremental version of GNG-based clustering phase of the map
creation process. In section 2 we introduce the concept of GNG. In section 3—our major modification
of GNG algorithm: the robust allocation of documents to clusters. In section 4 our original approach to
GNG visualization is presented.

To evaluate the effectiveness of the overall incremental map formation process, we compared it to
the “from scratch” map formation in our experimental section 5. A brief discussion of related works is
presented in section 6. The conclusions from our research work can be found in section 7.

2 Growing Neural Gas approach to Clustering of Text Documents

An efficient solution to the problem of document clustering offers the Growing Neural Gas (GNG)
network, first presented in [5]. Like Kohonen (SOM) networks [15], GNG can be viewed as topology
learning algorithm. Its aim can be summarized as follows: given some collection of high-dimensional
data, find a topological structure that closely reflects the topology of the collection. If we treat single

2 excluding terms of low clustering quality identified during dictionary optimization phase [8]
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GNG graph node as a cluster of data then the whole network can be viewed as a meta-clustering structure,
where similar groups are linked together by graph edges.

In typical SOM the number of units and topology of the map is predefined. As observed in [5], the
choice of SOM structure is difficult, and the need to define a decay schedule for various parameters is
problematic.

GNG network starts learning with a few units® and new ones are inserted successively every few iter-
ations. To determine where to insert new units, local error measures are gathered during the adaptation
process; new unit is inserted near the unit which has accumulated maximal error. Interestingly, nodes of
the GNG network are joined automatically by links, hence as a result a possibly disconnected graph is
obtained, and its connected components can be treated as different data clusters.

The complete GNG algorithm specification and its comparison to numerous other soft competitive
methods can be found in [4].

In our approach, objects (text documents as well as graph nodes, described below) are represented
in the standard way, i.e. as vectors of the dimension equal to the number of distinct dictionary terms.
A single element of so-called referential vector represents importance of a corresponding term and is
calculated on the basis of the normalized TFxIDF measure. Similarity measure is defined as the cosine
of the angle between corresponding vectors.

2.1 Utility factor

Typical problem in web mining applications is that processed data is constantly changing - some docu-
ments disappear or become obsolete, while other enter analysis. All this requires models which are able
to adapt its structure quickly in response to non-stationary distribution changes. Thus, we decided to
adopt and implement GNG with utility factor model [6].

A crucial concept here is to identify the least useful nodes and remove them from GNG network,
enabling further node insertions in regions where they would be more necessary. The utility factor of
each node reflects its contribution to the total classification error reduction. In other words, node utility
is proportional to expected error growth if the particular node would have been removed. There are
many possible choices for the utility factor. In our implementation, utility update rule of a winning node
has been simply defined as Us = U, + errory — errorg, where s is the index of the winning node, and t is
the index of the second-best node (the one which would become the winner if the actual winning node
would be non-existent). Newly inserted node utility is arbitrarily initialized to the mean of two nodes
which have accumulated most of the error: U, = (U, + U,)/2.

After utility update phase, a node k with the smallest utility is removed if the fraction error; /Uy is
greater then some predefined threshold; where j is the node with the greatest accumulated error.

3 Robust winner search in GNG network

Similarly to Kohonen algorithm, most computationally demanding part of GNG algorithm is the winner
search phase. Especially, in application to web documents, where both the text corpus size and the
number GNG network nodes is huge, the cost of even a single global winner search phase is prohibitive.

Unfortunately, neither local-winner search method (i.e. searching through the graph edges from some
staring node) nor joint-winner search method (our own approach devoted to SOM learning [8]) are directly
applicable to GNG networks. The main reason for this is that a graph of GNG nodes can be unconnected.
Thus, standard local-winner search approach would prevent document from shifting between separated
components during the learning process.

A simple modification consist in remembering winning node for more than one connected component
of the GNG graph* and to conduct in parallel a single local-winner search thread for each component.
Obviously, it requires periodical (precisely, once for an iteration) recalculation of connected components,
but this is not very expensive®.

A special case is the possibility of a node removal. When the previous iteration’s winning node for
a particular document has been removed, search processes (in parallel threads) from each of its direct
neighbors in the graph are activated.

3 the initial nodes referential vectors are initialized with our broad topic initialization method, briefly described
in section 4.

4 two winners are just sufficient to overcome the problem of components separation

® in order of O(V + E), where V is the number of nodes and E is the number of connections (graph edges)
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We have implemented another method, a little more complex (both in terms of computation time and
memory requirements) but, as the experiments show, more accurate. It exploits data structure known as
Clustering Feature Tree [18] to group similar nodes in dense clusters. Node clusters are arranged in the
hierarchy and stored in a balanced search tree. Thus, finding closest (most similar) node for a document
requires O(log, V') comparisons, where V is the number of nodes and t is the tree branching factor (refer

o [18]). Amortized tree structure maintenance cost (node insertion and removal) is also proportional to
O(log, V).

4 Adaptive visualization of the model

Despite many advantages over SOM approach, GNG has one serious drawback: high-dimensional net-
works cannot be easily visualized. However, we can build Kohonen map on the referential vectors of GNG
network, similarly to the case of single documents, i.e. treating each vector as a centroid representing a
cluster of documents.

To obtain the visualization that singles out the main topics in the text corpus and reflects the
conceptual closeness between topics, the proper initialization of SOM cells is required. We have developed
special initialization method, intended to identify broad topics in the document collection and to improve
the stability of the 2D /3D visualization. Briefly, in the first step the centroids of a few main clusters
are identified (via fast ETC algorithm [14] and SVD decomposition [1]). Then, we select fizpoint cells,
uniformly spread them on the map surface and initialize them with the centroid vectors. Finally, we
initialize remaining map cells with intermediate topics, calculated as the weighted average of main topics,
with the weight proportional to the Euclidean distance from the corresponding fixpoint cells and their
density.

After initialization, the map is learned with the standard Kohonen algorithm [15]. Finally, we adopt
so-called plastic clustering algorithm [17] for precise adjustation of the position of GNG model nodes on
the SOM projection map, so that the distance on the map reflects as close as possible the similarity of
the adjacent nodes. The concept is based on the attraction-repulsion technique, similar to the gravity
clustering methods, where the nodes are attracted with the force proportional to their similarity and
mass (density), while simultaneously they are repelled by graph edges. It should be stressed that the
thematic initialization of the map is crucial here to assure the stability of the final visualization and to
emphasize topics which are considered to be user-important [11].

The resulting map is a visualization of GNG network with the detail level depending on the SOM
size (a single SOM cell can gather more than one GNG node). User can access document content via
corresponding GNG node, which in turn can be accessed via SOM node-interface here is similar to the
hierarchical SOM map case.

The exemplary map can be seen on Figure 2. The color brightness is related to the number of docu-
ments contained in the cell. Each cell containing at least one document is labeled with a few descriptive
terms (only one can be seen on the map, the rest is available via BEATCA search engine). The black
lines represents borders of thematic areas®. It is important to stress that this planar representation is in
fact a torus surface (which can also be visualized in 3D), so the cells on the map borders are adjacent.

5 Experiments

To evaluate the effectiveness of the overall incremental map formation process, we compared it to the
“from scratch” map formation. In this section we describe the overall experimental design, quality mea-
sures used and the results obtained.

The architecture of our system supports comparative studies of clustering methods at the various
stages of the process (i.e. initial document grouping, broad topics identification, incremental clustering,
model projection and visualization, identification of thematic areas on the map and its labeling). In
particular, we conducted series of experiments to compare the quality and stability of GNG and SOM
models for various model initialization methods, winner search methods and learning parameters [12]. In
this paper we focus only on evaluation of the GNG winner search method and the quality of the resulting
incremental clustering model with respect to the topic-sensitive learning approach.

S crisp borders are induced from fuzzy clustering of map nodes, based on the combination of Fuzzy C-Means

algorithm and minimal spanning tree; algorithm details can be found in [10]
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Fig. 2. Example of GNG model visualization for health-related newsgroups

5.1 Quality Measures for the Document Maps

Various measures of quality have been developed in the literature, covering diverse aspects of the clus-
tering process (e.g. [19]). The clustering process is frequently referred as “learning without a teacher”, or
“unsupervised learning”, and is driven by some kind of similarity measure. The term ”unsupervised” is
not completely reflecting the real nature of learning. In fact, the similarity measure used is not something
“natural”, but rather it reflects the intentions of the teacher. So we can say that clustering is a learning
process with hidden learning criterion. The criterion is intended to reflect some esthetic preferences, like:
uniform split into groups (topological continuity) or appropriate split of documents with known a priori
categorization. As the criterion is somehow hidden, we need tests if the clustering process really fits the
expectations. In particular, we have accommodated for our purposes and investigated the following well
known quality measures of clustering:

— Average Map Quantization: the average cosine distance between each pair of adjacent nodes. The
goal is to measure topological continuity of the model (the lower this value is, the more “smooth”
model is):

1 1
AngapQ:W% B Z c(n,m)

meE(n)
where N is the set of graph nodes, E(n) is the set of nodes adjacent to the node n and ¢(n,m) is
the cosine distance between nodes n and m.

— Average Document Quantization: average distance (according to cosine measure) for the learning
set between the document and the node it was classified into. The goal is to measure the quality of
clustering at the level of a single node:

1 1
AngOCQ:W,;V m Z c(d, n)

deD(n)

where D(n) is the set of documents assigned to the node n.
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Both measures have values in the [0,1] interval, the lower values corresponds respectively to more
“smooth” inter-cluster transitions and more “compact” clusters. To some extent, optimization of one of
the measures entails increase of the other one. Still, experiments [12] show that the GNG models are
much more smooth than SOM maps while the clusters are of similar quality.

The two subsequent measures evaluate the agreement between the clustering and the a priori cate-
gorization of documents (i.e. particular newsgroup in case of newsgroups messages).

— Average Weighted Cluster Purity: average “category purity” of a node (node weight is equal to
its density, i.e. the number of assigned documents):

AvgPurity = ﬁ Z mgx(|Dc(n)|)

neN

where D is the set of all documents in the corpus and D.(n) is the set of documents from category
c assigned to the node n.

— Normalized Mutual Information: the quotient of the total category and the total cluster entropy
to the square root of the product of category and cluster entropies for individual clusters:

D.(n D
Snen Seec [Deln)| log (1511

J (Saen 1D g (262)) (Soece 1Dl 10g (54))

where N is the set of graph nodes, D is the set of all documents in the corpus, D(n) is the set of
documents assigned to the node n, D. is the set of all documents from category ¢ and D.(n) is the
set of documents from category c assigned to the node n.

NMI =

Again, both measures have values in the [0,1] interval. Roughly speaking, the higher the value is,
the better agreement between clusters and a priori categories. At the moment, we are working on the
extension of the above-mentioned measures to ones covering all aspects of the map-based model quality,
i. e. similarities and interconnections between thematic groups both in the original document space and
in the toroid map surface space.

5.2 Experimental results

Model evaluation were executed on 2054 of documents downloaded from 5 newsgroups with quite well
separated main topics (antiques, computers, hockey, medicine and religion). Each GNG network has been
trained for 100 iterations, with the same set of learning parameters, using previously described winner
search methods.

In the main case (depicted with the black line), network has been trained on the whole set of docu-
ments. This case was the reference one for the quality measures of adaptation as well as comparison of
the winner search methods.

Figure 3 presents comparison of a standard global winner search method with our own CF-tree based
approach. Local search method is not taken into consideration since, as it has already been mentioned, it is
completely inappropriate in case of unconnected graphs. Obviously, tree-based local method is invincible
in terms of computation time. The main drawback of the global method is that it is not scalable and
depends on the total number of nodes in the GNG model.

At first, the result of the quality comparison appeared to be quite surprising. On one hand, the quality
was similar, on the other - global search appeared to be worse of the two (!). We have investigated it
further and it turned out to be the aftermath of process divergence during the early iterations of the
training process. It will be explained on the next example.

In the next experiment, in addition to the main reference case, we had another two cases. During the
first 30 iterations network has been trained on 700 documents only. In one of the cases (represented by
red line) documents were sampled uniformly from all five groups and in the 33"¢ iteration another 700
uniformly sampled were introduced to training. After the 66" iteration the model has been trained on
the whole dataset.

In the last case (blue line) initial 700 documents were selected only from two groups. After the 3379
iteration of training, documents from the remaining newsgroups were gradually introduced in the order of
their newsgroup membership. It should be noted here that in this case we had an a priori information on
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the document category (i.e. particular newsgroup). In the general case, we are collecting fuzzy category
membership information from Bayesian Net model.

As expected, in all cases GNG model adapts quite well to the topic drift. In the non-incremental
and the topic-wise incremental case, the quality of the models were comparable, in terms of Average
Document Quantization measure (see figure 5(a)), Average Weighted Cluster Purity, Average Cluster
Entropy and Normalized Mutual Information (for the final values see table 1). Also the subjective criteria
such as visualizations of both models and the identification of thematic areas on the SOM projection
map were similar.

Cluster Purity | Cluster Entropy NMI

non-incremental 0.91387 0.00116 0.60560
topic-wise incremental 0.91825 0.00111 0.61336
massive addition 0.85596 0.00186 0.55306

Table 1. Final values of model quality measures

The results were noticeably worse for the massive addition of documents, even though all covered
topics were present in the training from the very beginning and should have occupied specialized thematic
areas in the model graph. However, and it can be noticed on the same plot, a complex mixture of topics
can pose a serious drawback, especially in the first training iterations. In the non-incremental, reference
case, the attempt to cover all topics at once leads learning process to a local minimum and to subsequent
divergence (what, moreover, is quite time-consuming as one can notice on figure 4(a)). As we have
previously noticed, the problem of convergence to a local minimum were even more influential in the
case of global winner search (figure 3(b)).

However, when we take advantage of the incremental approach, the model ability to separate doc-
ument categories is comparable for global search and CF-tree based search (Cluster Purity: 0.92232
versus 0.91825, Normalized Mutual Information: 0.61923 versus 0.61336, Average Document Quantiza-
tion: 0.64012 versus 0.64211).

The figure 4(b) presents average number of GNG graph edges traversed by a document during a
single training iteration. It can be seen that a massive addition causes temporal instability of the model.
Also, the above mentioned attempts to cover all topics at once in case of a global model caused much
slower stabilization of the model and extremely high complexity of computations (figure 4(a)). The last
reason for such slow computations is the representation of the GNG model nodes. The referential vector
in such node is represented as a balanced red-black tree of term weights. If a single node tries to occupy
too big portion of a document-term space, too many terms appear in such tree and it becomes less sparse
and—simply—bigger. On the other hand, better separation of terms which are likely to appear in various
newsgroups and increasing “crispness” of thematic areas during model training leads to highly efficient
computations and better models, both in terms of previously mentioned measures and subjective human
reception of the results of search queries.

The last figure, 5(b), compares the change in the value of Average Map Quantization measure,
reflecting ”smoothness” of the model (i.e. continuous shift between related topics). In all three cases
the results are almost identical. It should be noted that extremely low initial value of the Average Map
Quantization is the result of the model initialization via broad topics method [8], shortly described in
the section 4.

6 Related works

Modern man faces a rapid growth in the amount of written information. Therefore he needs a means
of reducing the flow of information by concentrating on major topics in the document flow. Grouping
documents based on similar contents may be helpful in this context as it provides the user with meaningful
classes or clusters. Document clustering and classification techniques help significantly in organizing
documents in this way. A prominent position among these techniques is taken by the WebSOM (Self
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Fig. 5. Model quality (a) Average Document Quantization (b) Average Map Quantization

Organizing Maps) of Kohonnen and co-workers [15]. However, the overwhelming majority of the existing
document clustering and classification approaches rely on the assumption that the particular structure of
the currently available static document collection will not change in the future. This seems to be highly
unrealistic, because both the interests of the information consumer and of the information producers
change over time.

A recent study described in [7] demonstrated deficiencies of various approaches to document orga-
nization under non-stationary environment conditions of growing document quantity. The mentioned
paper pointed to weaknesses among others of the original SOM approach (which itself is adaptive to
some extent) and proposed a novel dynamic self-organizing neural model, so-called Dynamic Adaptive
Self-Organising Hybrid (DASH) model. This model is based on an adaptive hierarchical document orga-
nization, supported by human-created concept-organization hints available in terms of WordNet.

Other strategies like that of [16, 3], attempt to capture the move of topics, enlarge dynamically the
document map (by adding new cells, not necessarily on a rectangle map).

We take a different perspective in this paper claiming that the adaptive and incremental nature of
a document-map-based search engine cannot be confined to the map creation stage alone and in fact
engages all the preceding stages of the whole document analysis process.

7 Concluding remarks

As indicated e.g. in [7], most document clustering methods, including the original WebSOM, suffer from
their inability to accommodate streams of new documents, especially such in which a drift, or even radical
change of topic occurs.

Though one could imagine that such an accommodation could be achieved by ”brute force” (learning
from scratch whenever new documents arrive), but there exists a fundamental technical obstacle for a
procedure like that: the processing time. But the problem is deeper and has a ”second bottom”: the
clustering methods like those of WebSOM contain elements of randomness so that even re-clustering of
the same document collection may lead to a radical change of the view of the documents. The results of
this research are concerned with both aspects of adaptive clustering of documents.

The important contribution of this paper is to demonstrate, that the whole incremental machinery
not only works, but it works efficiently, both in terms of computation time, model quality abd usability.
For the quality measures we investigated, we found that our incremental architecture compares well to
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non-incremental map learning both under scenario of “massive addition” of new documents (many new
documents, not varying in their thematic structure, presented in large portions) and of scenario of ” topic-
wise-increment” of the collection (small document groups added, but with new emerging topics). The
latter seemed to be the most tough learning process for incremental learning, but apparently the GNG
application prior to WebSOM allowed for cleaner separation of new topics from ones already discovered,
so that the quality (e.g. in terms of cluster purity and entropy) was higher under incremental learning
than under non-incremental learning.

The experimental results indicate, that the real hard task for an incremental map creation process
is a learning scenario where the documents with new thematic elements are presented in large portions.
But also in this case the results proved to be satisfactory.

A separate issue is the learning speed in the context of crisp and fuzzy learning models. Apparently,
separable and thematically “clean” models allow for faster learning as the referential vectors in the model
nodes are smaller (contain fewer non-zero components).

From the point of view of incremental learning under soft-competitive scenario, a crucial factor for the
processing time is the winner search method for assignment of documents to neurons. We were capable to
elaborate a very effective method of stable, context-dependent winner search which does not deteriorate
the overall quality of the final map. At the same time, it comes close to the speed of local search and is
not directly dependent on the size of the model.

Our future research will concentrate on exploring further adaptive methods like artificial immune
systems [2] for reliable extraction of context-dependent thesauri and adaptive parameter tuning.
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Streszczenie W pracy przedstawiono heurystyczny algorytm redukcji danych treningowych dla probleméw
uczenia maszynowego pod nadzorem oraz odkrywania wiedzy w oparciu o scentralizowane i rozproszone
zrodta danych. Proponowany algorytm wykorzystuje oryginalny mechanizm przeszukiwania wektorow
uczacych i wybiera wektory referencyjne tworzac zredukowany zbior treningowy. Liczba wektorow
referencyjnych zalezy od wybranego przez uzytkownika wspotczynnika poziomu reprezentacji oraz
zaproponowanego w pracy wspotczynnika podobieastwa pomiedzy wektorami w zbiorze treningowym.
Algorytm redukcji danych wykorzystuje w procesie selekcji wektoréw referencyjnych algorytm uczenia
populacji nalezacy do grupy metod opartych na ewolucji populacji. W pracy przedstawiono rowniez wyniki
wybranych eksperymentéw obliczeniowych.

1 Wstep

Jednym z obszaréw zastosowan algorytméw redukcji danych jest uczenie maszynowe. Wszystkie algorytmy
uczenia maszynowego wymagaja zbioru danych treningowych. Zbiér taki zawiera przypadki zwane réwniez
wektorami uczacymi, w sktad ktorych wchodza wektory wejsciowe sktadajace si¢ z atrybutéw oraz wartosci
wyjséciowe. Zwiekszenie efektywnosci uczenia w tym przypadku moze taczy¢ sie z pozostawieniem w zhiorze
danych treningowych tzw. wektorow referencyjnych i wyeliminowanie wektoréw zawiergjacych bledy Iub
szumy. Podawanie duzej ilosci wektoréw referencyjnych w procesie uczenia nie warunkuje wysokigj jakosci
klasyfikacji, a czesto jedynie spowalnia proces uczenia [11]. Redukcja rozmiaru zbioru treningowego prowadzi
do skrécenia czasu potrzebnego na przeprowadzenie klasyfikacji oraz zmnigjszenia wymagan, co do zasobow
obliczeniowych. W efekcie, redukcja danych treningowych moze przyspieszy¢ proces uczenia przy jedno-
czesnym zachowaniu pozadanego poziomu jakosci klasyfikacji, a nawet polepszeniu je jakosci. W zwiazku z
tym uzngje sie, ze proces redukcji danych uczacych jest istotnym elementem procesu wstepnego przetwarzania
danych.

Znane algorytmy redukcji danych wybieraja wektory referencyjne obliczajac odlegtos¢ pomigdzy wektorami
w zbiorze danych treningowych. Przypadkami referencyjnymi stgja si¢ wowczas wektory lezace w okolicach
centréw tworzonych przez wektory podobne. Algorytmy te wykorzystuja techniki grupowania (ang.:
clustering). Wariantem metod grupowania stosowanych w redukcji danych wejsciowych jest zmnigjszanie tzw.
rozdzielczosci danych. Inna grupa metod nalezaca do tzw. metod opartych na podobienstwie usuwa ze zbioru
treningowego k najblizszych sasiadéw z danej klasy wektorow zakladajac, ze wszystkie wektory z sasiedztwa
beda i tak jednoznacznie klasyfikowane [9]. Istnigje jeszcze trzecia grupa metod redukcji danych. Algorytmy tej
grupy eliminuja wektory treningowe testujac Klasyfikator iredukujac sukcesywnie zbiér danych
wejsciowych [3].

O ile stosowanie redukcji danych treningowych moze przyspieszy¢ proces uczenia przy jednoczesnym
zachowaniu pozadanego poziomu jakosci klasyfikacji, o tyle zadna ze znanych metod nie gwarantuje doboru
wektoréw referencyjnych zmniegjszajacego btad uczenia. Co wiecgj problem wyboru wektoréw referencyjnych
pozostg e ciagle aktywnym polem badan.

Drugim waznym obszarem zastosowan dla algorytméw redukcji danych jest eksploracja danych w roz-
proszonych zasobach informacyjnych, aw szczegdlnosci w rozproszonych bazach danych. klasyczne podejscie
do eksploracji danych zaktada operowanie na danych wejsciowych znajdujacych sig, w sensie fizycznym, w
tym samym miejscu. Powazne ograniczenie dla algorytméw eksploracji danych moze wynika¢ z naturalnego
rozproszenia danych. Fizyczne rozproszenie danych jest obecnie naturalna cecha dla korporacji biznesowych,
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instytucji bankowych, ubezpieczeniowych, sektora rzadowego czy akademickiego. Stosowanie typowych dla
scentralizowanych zbioréw danych narzedzi i algorytméw eksploracji danych nie gwarantuje identyfikaci
uzytecznych wzorcéw w $rodowisku rozproszonych baz danych. W przypadku heterogenicznych zbioréow
danych uzycie tradycyjnych metod eksploracji danych moze by¢ nawet niemozliwe [12]. Zatem odkrywanie
wiedzy w oparciu o rozproszone zrédta danych jest waznym obszarem badawczym i jest postrzegane jako
bardzigj ztozony i trudny problem niz odkrywanie wiedzy z wykorzystaniem scentralizowanych zrédet danych
[10], [12].

Szeroko stosowane podejscie do odkrywania wiedzy ~w rozproszonych zbiorach danych zaktada
dwupoziomowe przetwarzanie: lokalne i globane. Poziom lokalny, nazywany réwniez poziomem lokalne
decyzji, dotyczy przetwarzania i eksploracji danych w migjscu fizycznej lokalizacji danych [12]. Poziom glo-
balny dotyczy przetwarzania decyzji podejmowanych wczesnigj na poziomie lokalnym.

Jedna z wyspecjalizowanych technik eksploracji rozproszonych zbioréw danych jest, tak zwane, meta-
uczenie nazywane réwniez rozproszonym uczeniem maszynowym [7]. Meta-uczenia obejmuje rownolegte
budowanie na poziomie lokalnym niezaleznych klasyfikatorow, przy wykorzystaniu niezaleznych zbiorow
danych. Meta-uczenie prowadzi, na poziomie globalnym, do budowy meta-klasyfikatora integrujacego modele
niezaleznie zbudowanych klasyfikatoréw. Meta-uczenie dopuszcza stosowanie zaréwno identycznych jak i roz-
nych pod wzgledem dziatania klasyfikatoréw na poziomie lokalnym [4], [12].

Inne podejscie do odkrywania wiedzy w rozproszonych bazach danych dopuszcza zintegrowanie wszystkich
danych zawartych w niezaleznych rozproszonych zbiorach danych i utworzenie duzego zbioru danych [12].
Rozszerzeniem tej koncepcji jest integrowanie, na poziomie globalnym, referencyjnych wektoréw pocho-
dzacych z rozproszonych zbioréw danych. Podejscie to zaktada, na poziomie lokalnym, selekcje wektoréw
i utworzenie zhioru reprezentatywnego, ktory dziedziczytby cechy lokanych zbioréw danych. Dla tego
podejscia problem doboru odpowiednief metody identyfikacji i selekcji wektoréw referencyjnych jest prob-
lemem kluczowym [12].

W pracy zaproponowano heurystyczny algorytm redukcji danych IRA (Instance Reduction Algorithm) wy-
korzystujacy metode oparta na ewolucji populacji. Przeznaczeniem tego algorytmu jest selekcja wektoréw
referencyjnych i utworzenie zbioru treningowego dla algorytmu uczenia maszynowego. W pracy algorytm
redukcji danych przedstawiono w dwoch obszarach zastosowan: tradycyjnego uczenia maszynowego oraz
eksploracji danych w rozproszonym systemie baz danych. Ideg agorytmu IRA, oraz proponowane procedury
selekcji wektoréw referencyjnych oparte na wykorzystaniu algorytmu uczenia populacji oraz selekcji wektoréw
w rozproszonym systemie baz danych przedstawiono w czgsci 2 pracy. Efektywnosé i skutecznosé redukc;i
danych treningowych za pomoca algorytmu IRA potwierdzona eksperymentalnie. Zalozenia i plan
przeprowadzonego eksperymentu obliczeniowego oraz uzyskane wyniki przedstawiono w czesci 3. Ostatnia
Cze$¢ pracy zawierawnioski i wskazuje dalsze kierunki badan.

2 Algorytm redukcji danych
2.1 Ideaalgorytmu

Pierwotnie idea algorytmu redukcji danych zostata przedstawiona w pracy [1]. W pracy tej algorytm redukgji
danych przedstawiono jako narzedzie stuzace do eiminacji wektoréw nadmiarowych w zhiorze treningowym
przy jednoczesnym zachowaniu wiasciwego opisu problemu, utrzymaniu zadowalajacego, poziomu jakosci
klasyfikacji, a w niektdrych przypadkach zwigkszenia jakosci klasyfikacji, oraz zmnigjszeniu czasu uczenia sie
algorytméw opartych na sztucznej sieci heuronowse.

Zadaniem algorytmu redukcji jest pozostawienie pewnej liczby przypadkéw z oryginalnego zbioru danych
treningowych T i utworzenie zredukowanego zbioru treningowego S. Algorytm opiera si¢ na wykorzystaniu
algorytmu uczenia populacji do wyznaczenia wektoréw referencyjnych i utworzenia zredukowanego zbioru
danych.

Proponowany w pracy algorytm redukcji danych przeznaczony jest do redukcji zbioréw treningowych
sktadagjacych si¢ z wektoréw o atrybutach typu porzadkowego, liczbowego i mieszanego tj. opisanych zaréwno
w skali porzadkows), liczbowej jak i nominalnegj. Algorytm IRA nalezacy do klasy algorytmoéw tak zwanego
wsadowego przeszukiwania wektoréw referencyjnych (por. [11]) i wymaga wykonania trzech nastepujacych
krokow:

- obliczenie dla wszystkich wektorow z oryginalnego zbioru danych treningowego wartosci

wspbtczynnika podobienstwall;,

- podziat zbioru wektoréw treningowych na podzbiory wektoréow z identycznymi wartosciami

wspotczynnika podobienstwa,
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- selekcjawektoréw referencyjnych z kazdego podzbioru i usuniecie pozostatych wektoréw.

Niech N jest liczba przypadkéw w zbiorze T, n — jest liczba atrybutéw wektora wejsciowego oraz X={ x;}
(gdzie i=1,...,N, j=1,..,n+1) jest macierza o n+l-kolumnach i Nwierszach zawiergjaca wszystkie wektory
wejsciowe wraz z wartoscia wyjsciowa z T (n+1 element tablicy jest wartoscia wyjsciowa dla danego wektora
wejsciowego). Proponowany agorytm redukcji danych treningowych wykonuje pie¢ podstawowych etapow:
Etap 1: Normalizacja warto$ci atrybutow poszczegélnych przyktadéw w X do przedziatu [0, 1] oraz zaokragle-
nie ich do najblizszych wartosci catkowitych.

Etap 2: Obliczenie dla kazdego przypadku wspotczynnika podobienstwall;:

n+1
Il:z x;8;,i=1, ... ,N, o))
&7

gdzie

s .=
J

™=

lxl.].,j=1, contl. @

1

Etap 3: Grupowanie wektoréw z X w t grup Y, (v=1,...,t) zawieragjacych wektory z identycznymi wspbtczyn-
nikami |, gdziet jest liczbg réznych wartosci |;.

Etap 4: Ustawienie wartosci wspotczynnika reprezentacji K, ktory okresla maksymalna liczbe wektoréw
uczacych jaka nalezy zachowaé w kazdej z t grup zdefiniowanych na etapie 3.

Etap 5: Wybor wektorow referencyjnych i utworzenie zbioru S Jezeli przez y, oznaczymy liczbg wektorow
w grupiev, v=1,....t, to wybor wektoréw referencyjnych przebiega nastepujaco:

- Jezdiy<Ki K>1to S=91Y,

- Jedi y>K i K=1 to S = S{x}, gdzie x* jest wektorem w YV, dla ktorego odlegtosé

n

”,
d (xv,,uv)Z\/z (x}—p))* jestminimaina, a ﬂV:LZ x" jest wektorem srednimw Y,
i=1 v j=1

- Jezdi y>Ki K>1to SS90 {xj} , gdzie xj. (=1,...,K) sa wektorami referencyjnymi wybranymi z Y,

przez agorytm PLA.

2.2 Algorytm uczenia populacji

Algorytm PLA uzyty do wyznaczenia wektorow referencyjnych nalezy do klasy algorytméw opartych na
ewolucji populacji [5]. Podstawowe zatozenia algorytmu PLA to: populacja startowa jest duzym zbiorem
dopuszczalnych rozwiazan (tzw. osobnikéw) wygenerowanych przy wykorzystaniu wybranego mechanizmu
losowego, proces uczenia populacji osobnikéw przebiega etapowo, w koleginych etapach uzywa sie coraz
bardzig ztozonych metod uczenia (poprawy), do koleginych etapdw uczenia przechodza osobniki spetniajace
kryteria selekcji. W ten sposdb liczebnosé populacji stopniowo zmniejsza sie, a najlepsze rozwiazanie na etapie
finalnym traktowane jest jako rozwiazanie problemu.

W przypadku redukcji danych algorytm PLA dzieli wektory x z Y, na K podgrup Dy, j=1,...,K, dla ktérych
suma kwadratéw odlegtosci euklidesowych miedzy kazdym wektorem xz (z£D,;) i wektorem $rednim (4 z Dy,
jest minimalna. Problem podziatu wektoréw na K podgrup zwiazany jest z minimalizacja funkgcji celu:

K

J=2, 2 (x-py 3

j=1z€eD,, ;
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w dangj podgrupie jest ngimnigjsza.

Do pozostatych zatozen zaprojektowanego algorytmu PLA naleza: permutacyjna reprezentacja rozwiazania,
populacja startowa generowana losowo, cztery metody uczenia (losowe przeszukiwanie lokalne, krzyzowanie z
czesciowym odwzorowaniem PM X [6], przeszukiwanie |okalne oraz przeszukiwanie z ruchami zabronionymi -
ang.: tabu search), wspdine kryterium selekcji (do kolegnego etapu przechodza rozwiazania, ktérych wartosé
funkgji celu jest mnigjsza lub réwna od srednigj jej wartosci w populacji).

Populacja sktada si¢ z rozwiazan 0 reprezentacji permutacyjnej. Kazde rozwiazanie reprezentowane jest
przez K+y, elementéw. K pierwszych pozycji okreslaile z y, kolejnych elementéw nalezy do K-tej podgrupy. K
pierwszych pozycji nie moze réwniez przyjmowat wartosci zero a y, kolginych liczb reprezentuje numer
wektoraz VY,.

Na pierwszym etapie kazde rozwigzanie populacji poddawane jest poprawie z uzyciem operatora losowego
przeszukiwania lokalnego. Zaprojektowana metoda zlosowo wybrangl podgrupy wybiera losowo numer
wektora i przydziela go do innej losowo wybranej podgrupy w danym rozwiazaniu. Jesli wartos¢ funkcji J
nowego otrzymanego rozwiazania jest mniejsza od je wartosci obliczonej dla poprawianego rozwiazania to
nowe rozwiazanie jest akceptowane i zastepuje rozwiazanie poprawiane, w przeciwnym razie jest odrzucane.
Zaakceptowanie nowego rozwigzania Wwigze Sie réwniez z uaktualnieniem liczebnosci wektorow
w poszczegolnych podgrupach.

Druga metoda poprawy wykorzystuje mechanizm krzyzowania z czgsciowym odwzorowaniem (PMX) [6].
Poprawiane rozwiazanie populacji jest krzyzowane z innym rozwiazaniem populacji wybranym z wykorzysta-
niem mechanizmu losowego. Jesli wartos¢ funkcji J ktéregos z dwéch potomkédw otrzymanych w drodze krzy-
zowania jest mnigjsza od jg wartosci obliczong dla poprawianego rozwiazania to potomek ten zastepuje roz-
wiazanie poprawiane. W przeciwnym wypadku potomek wykazujacy lepsze przystosowanie poddawany jest
poprawie przez dziatanie operatora przeszukiwania lokal nego.

Operator przeszukiwania lokalnego dla losowo wybranego elementu (tj. numeru wektora) z rozwiazania
poprawianego oblicza jego odlegtos¢ euklidesowa do wszystkich wektorow srednich pozostatych podgrup,
anastepnie przydziela go do podgrupy, gdzie ta odlegtos¢ jest ngjmnigjsza. Jesli wartos¢ funkcji J tak zmodyfi-
kowanego rozwiazania ulega zmnigjszeniu to rozwiazanie to jest akceptowane wraz z uaktualnieniem liczeb-
nosci wektoréw w poszczeg6lnych podgrupach, w przeciwnym przypadku jest odrzucane.

Czwarty z operatoréw poprawy wykorzystuje mechanizm przeszukiwania z ruchami zabronionymi operujac

pamiecia ruchow zabronionych SM. W metodzie tej losowo wybrany numer wektora p{ (j=1...y») rozwigzania

i populacji P= {pi} (i=1,...,M), gdzie M jest wielkoscia populacji, jesli nie nalezy do SM, jest przydzielany
kolejno do wszystkich pozostatych podgrup. Jesli przydzielenie wektora do innegj podgrupy daje zmnigjszenie
wartosci funkcji J rozwigzania i, to zmodyfikowane rozwiazanie jest akceptowane, j&sli nie, to procedurq przy-
porzadkowania do poszczegdlnych podgrup przeprowadza sie dla wektora p{ 1 a nastepnie dla p{ 1 Jesli
zmiana przynaleznosci do podgrup dla wektoréw odpowiednio: p{ , p{ 1 p{ 1 ie przyniesie poprawy
jakosci rozwiazania to numer wektora p{ zostaje umieszczony w pamigci SM i pozostaje w nigj przez s ite-
racji. Wszystkie opisane procedury na poszczegélnych etapach algorytmu PLA poprawiaja kazde rozwiazanie
populagji ¢ krotnie, gdzie c jest liczbg iteracji dla procedur poprawy.

2.3 Selekcja wektorow referencyjnych w rozproszonym systemie baz danych

Zastosowanie algorytmu IRA do selekcji wektoréw referencyjnych w rozproszonym systemie baz danych
opiera sie¢ na dwupoziomowym przetwarzaniu danych. Jest to typowe podejscie do odkrywania wiedzy w roz-
proszonych zbiorach danych [12]. Algorytmu IRA w rozproszonym systemie baz danych wymaga wykonania
dwoéch krokow. Pierwszy krok wykonywany jest na poziomie lokalnym i dotyczy selekcji wektorow
referencyjnych oraz utworzenia reprezentatywnych zbiorow danych. Drugi krok dotyczy zintegrowania
wektoréw referencyjnych, ktére zostaty wyselekcjonowane na poziomie lokalnym. Krok ten odbywa sie na
etapie globalnym przetwarzania.

Fizyczna implementacja dwupoziomowego systemu przetwarzania danych opiera sie¢ na systemie
wigloagentowym [13]. W takim systemie selekcja wektoréw referencyjnych realizowany jest przez agentéw
programowych o kodzie zrédiowym takim jak algorytm IRA. System réwniez opiera sie na protokole
komunikacyjnym zwiazanym z przesytaniem zbioréw reprezentatywnych z poziomu lokalnego przetwarzania
na poziom globalny. Na poziomie globalnym nastepuje integracja wektorw oraz rozpoczyna si¢ globalna
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analiza danych realizowana w oparciu o narzedzia uczenia maszynowego. Architekture systemu dla problemu
odkrywaniawiedzy w rozproszonym systemie baz danych przedstawiono na Rysunku 1.

Poziom globalny
Aplikacje globalne
Globalna analiza danych

Integracja wektordw
referencynych z rozproszonych
zrodel danych

Agenci programowi

“ “ “ Rozproszone zradla danych

Poziom lokalny
Aplikacje lokalne
Wektory lokalne
Lokalna analiza danych

DE2 -

Rysunek 1. Architektura dwupoziomowego przetwarzania danych w rozproszonym systemie baz danych

3 Eksperyment obliczeniowy

Celem przeprowadzonego eksperymentu obliczeniowego byto poréwnanie jakosci klasyfikacji uzyskanej przez
uczenie klasyfikatora zredukowanym zbiorem treningowych oraz z uzyciem oryginalnego, petnego zbioru
treningowego. Eksperymenty obliczeniowe zostaty przeprowadzone dla dwéch przypadkéw redukcji zbioru
treningowego, tj. dla przypadku ze scentralizowana oraz rozproszona baze danych. W oparciu na otrzymanych
wynikach przeprowadzono analize wptywu redukcji przyktad6w uczacych najakosé uczeniaklasyfikatora. Jako
klasyfikator wykorzystano algorytm C 4.5 [8].

Eksperymenty przeprowadzono dla danych dotyczacych oceny zdolnosci kredytowej. Problem oceny
zdolnosci kredytowej klienta (ang.: The Customer Intelligence in The Banking) byt przedmiotem konkursu
ogtoszonego w 2002 roku w ramach projektu EUNITE - EUropean Network on Intelligent TEchnologies for
Smart Adaptive Systems [2]. Poszczegdllne przyktady opisuja zdolnosé¢ kredytowa Klienta, ktora jest oznaczona
jako active lub non-active. Dane dwuklasowego problemu sktadaja sie ze zbioru 24000 przyktadéw. Kazdy
przyktad opisany jest 36 cechami o wartosciach rzeczywistych, catkowitych i binarnych.

Eksperymenty obliczeniowe przeprowadzono w oparciu o test 10 - krotnej walidacji skrosnej. W przypadku
badania wptywu redukcji danych zapisanych w scentralizowanym zbiorze danych na jakos¢ klasyfikacji zbiér
danych podzielony zostat na 10 rownych czesci a algorytm IRA stosowano do redukcji zbioru treningowego
sktadajacego sie z 9 czgsci, z ktdrych nastgpnie wygenerowano zredukowany zbidr treningowy stanowiacy
wejscie dla wybranego algorytmu uczenia maszynowego. Pozostata 10-ta czg$é postuzyta do testowania
algorytmu uczenia. Nastepnie przeprowadzono 10-krotna ocene dziatania klasyfikatora z wykorzystaniem 10
par zredukowanych zbioréw treningowych itestowych. Ostatecznie wyznaczono $rednia trafnosci
klasyfikowania. Przyjety sposdb weryfikacji wptywu redukcji przyktadéw na jakosé klasyfikacji przedstawiono
w pracy [11].

W przypadku eksploracji danych w oparciu o rozproszone zrodta danych zbiér 24000 przyktadéw
podzielono losowo na zbidr treningowy i testowy zawieragjace odpowiednio 22000 i 2000 przykladdéw. Nas-
tepnie, tak jak mato migsce w przypadku rozproszonych zrodet danych, zbiér treningowy podzielono, z wyko-
rzystaniem mechanizmu losowego, na trzy niezalezne zbiory danych. W kolejnym kroku kazdy z podzbioréw
byt poddany redukcji z uzyciem algorytmu IRA. Ostatecznie wektory referencyjne z kazdego z podzbioréow
zostaty potaczone i utworzono zbidr treningowy dla algorytmu uczenia maszynowego. Test powtdrzono
dziesieciokrotnie dla réznych podziatéw na zbior treningowy i testowy, oraz trzykrotnie dla réznych podziatéw
na zbiory systemu rozproszonego wynoszacych odpowiednio (5415, 11150, 5435), (6430, 9210, 6360) i (7010,
9630, 5360) elementow.

Wszystkie eksperymenty przeprowadzono dla dziesieciu roznych wartosci wspotczynnika reprezentaci
K={1, 5, 10, 15, 20, 25, 30, 100, 150, 200} . Wyniki eksperymentéw obliczeniowych przedstawiono w Tabe-
lach 1 oraz 2. Podane wiglkosci stanowia wartos¢ usrednia po wszystkich przeprowadzonych przebiegach eks-
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perymentu obliczeniowego. Wartosci te zostaly obliczone dla trzech wariantow algorytmu C 4.5: bez przy-
cinania drzewa, z przycinaniem drzewa oraz z przycinaniem redukujacym btad.

Tabela 1 przestawia jakos¢ klasyfikacji algorytmu C 4.5 uczonego zredukowanym zbiorem danych oraz przy
wykorzystaniu petnhego zbioru danych. Wyniki podane w Tabeli 1 dotycza przypadku ze scentralizowana baza
danych. Jakos¢ klasyfikacji dla réznych wartosci wspétczynnika reprezentacji przedstawiono réwniez w Tabe-
li 2, wyniki te jednak dotycza przypadku z rozproszonymi zrodtami danych. Dodatkowo poréwnanie jakosci
klasyfikacji dla C 4.5 z przycinaniem drzewa przedstawiono na Rysunku 2.

Tabela 1. Sredniajakosé klasyfikagji (w %) algorytmu C 4.5 dla przypadku ze scentralizowanym zrédtem danycc

Warto$¢ wspotczynnika poziomu reprezentacji

Peten

K=1 K=5 K=10 K=15 K=20 K=25 K=30 K=100 K=150 K=200  zbior

danych

brak przycinania 54.85 63.7 6395 63.55 654 6575 647 674 668 668 73.25
przycinanie 54.85 62.45 64.15 61.35 656 6528 64.85 6725 6905 696 755

przycinanie redukujace btad  g1.85 64.15 6455 654 631 64.15 615 69.65 66.55 706 75.15

Tabela 2. Sredniajakosé klasyfikagji (w %) algorytmu C 4.5 dla przypadku z rozproszonymi zrédtami danych

Wartos¢ wspotczynnika poziomu reprezentacii

Peten

K=1 K=5 K=10 K=15 K=20 K=25 K=30 K=100 K=150 K=200 zbior

danych

brak przycinania 67.35 62 65.05 68.35 65 70 68.75 67.3 6955 7095 73.25
przycinanie 68.2 65 662 7054 66.75 716 715 717 735 7455 75.5

przycinanie redukujace blad 58 95 67 65.35 68.65 64.55 71.05 66.8 70.65 7345 7255 75.15

Uzyskane wyniki pokazuja, ze selekcja wektorow referencyjnych, niezaleznie od fizyczne |okalizagji
danych, gwarantuje uzyskanie zadowalgjacych rezultatébw uczenia klasyfikatora. Dla przyktadu, dla
wspbtczynnika reprezentacji rownego 10 algorytm C 4.5 z przycinaniem jest w stanie zapewni¢ jakosé
klasyfikacji na poziomie 64.15% i 66.2% odpowiednio dla przetwarzania danych scentralizowanej bazy danych
i rozproszongl bazy danych. Dla wspdiczynnika reprezentacji rownego 200 jakos¢ klasyfikacji, dla
przetwarzania rozproszonych zrédet danych, wynosi 74.55%. W przypadku scentralizowanego zrodta danych
jest jakos¢ klasyfikacji jest réwna 69.6%. Dla poréwnania jakos¢ klasyfikacji oparta na pelnym zbiorze
treningowym wynos 75.5%.

Dodatkowym elementem niezbednym do poréwnania otrzymanych wynikéw jest liczba zachowanych przez
algorytm IRA wektorow w zhiorze uczacym. Liczbe zachowanych przyktadéw oraz, odpowiednio, procent
zachowanych przyktadéw w zbiorze treningowym przedstawiono na Rysunku 3i 4. Dla przykiadu, dla
wspotczynnika reprezentacji rownego 10 liczba zachowanych przyktadéw w zbiorze treningowym wynosi 205 i
533 dla przetwarzania danych scentralizowane] bazy danych i rozproszonej bazy danych, co stanowi
odpowiednio 0.93% i 2.42%. W przypadku wspotczynnika reprezentacji réwnego 200, liczby te wynosza 1322
i 3462 dla obu przypadkéw, co stanowi odpowiednio 6.01% i 15.74%.
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Rysunek 2. Poréwnanie jakosci klasyfikacji algorytmu C 4.5 dlaréznych wspdtczynnikow reprezentaci
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Rysunek 5. Liczbalisci drzewa decyzyjnego

Dodatkowo na Rysunku 5 przedstawiono liczbe lisci drzewa decyzyjnego w zaleznosci od wartosci wspot-
czynnika reprezentacji. Poréwnanie to dotyczy zar6bwno przetwarzania scentralizowanych jak i rozproszonych
danych oraz dotyczy agorytmu z przycinaniem drzewa. Dla przyktadu, dla wspétczynnika reprezentacji
réwnego 200 liczba lisci drzewa decyzyjnego wyniosta odpowiednio 96 i 234, co $wiadczy o znacznie
mnigjszej ztozonosci struktury drzewa w poréwnaniu do sytuacji budowania drzewa decyzyjnego w oparciu o
peten zbidr danych, gdzie liczbalisci wyniosta 964.

4. Zakonczenie

W pracy przedstawiono heurystyczny algorytm redukcji danych dla potrzeb uczenia maszynowego oraz eks-
ploracji danych w oparciu o scentralizowany i rozproszony system baz danych. Eksperymenty obliczeniowe
pokazaly, ze uzycie algorytmu IRA moze przyczyni¢ sie do otrzymania jakosci klasyfikacji nieznacznie
rézniacej sie od tej, jaka mozna uzyska¢ wykorzystujac, do budowy klasyfikatora, petnego zbioru danych.

Eksperymenty obliczeniowe pokazaty réwniez, ze reprezentacja wiedzy o klasyfikacji jest mnigj ztozona
w przypadku, gdy jest ona budowana w oparciu o zredukowany zbidr danych niz, gdy opiera si¢ ona na petnym
zbiorze danych treningowych. Mnig ztozona reprezentacja wiedzy gwarantuje jg czytelnos¢ oraz jest korzystna
z obliczeniowego punktu widzenia. W ogélnosci wniosek ten jest prawdziwy zaréwno dla drzew decyzyjnych
jak i dlawiekszosci metod reprezentacji wiedzy.

Wektory referencyjne moga by¢ rowniez gromadzone we wspélny reprezentatywny zbior treningowy dla
narzedzi eksploracji danych, ktory, jak potwierdzity eksperymenty obliczeniowe, dziedziczy podstawowe
cechy rozproszonych zrddet danych. Algorytm IRA jest w stanie wskaza¢ istotne informacje w niezaleznych
zhiorach danych gwarantujac tym samym wysoka jakos¢ klasyfikacji na poziomie globalnym.

Eksperymenty obliczeniowe pokazaty rowniez, ze w niektorych przypadkach podziat zbioru danych na
niezalezne podzbiory, nastepnie redukcja rozmiar6w tych podzbioréw i integracja wektorow referencyjnych
moze poprawi¢ jakos¢ eksploracji w poréwnaniu do tradycyjnych podejs¢. Wniosek ten moze sugerowat nowe
podejscie w eksploracji danych oparte na zasadzie dekompozycji i scalania.

Do kierunkéw dalszych badan naleze¢ bedzie wskazanie reguty definiowania wspétczynnika reprezentacii
w algorytmie IRA. Dalsze badania obgjma réwniez weryfikacje innych narzedzi uczenia maszynowego pod
kontem eksploracji danych w rozproszonym systemie baz danych.
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Abstract. A concept of dependency areas can help in tracing an impact of artifacts of a project
(requirements, elements of the UML design, extracts of the code) and assist in their evolution. The depen-
dency area of an element of aUML design is a part of the design that is highly influenced by the given
initial element. Dependency areas are identified using sets of propagation rules and strategies. Selection
strategies control application of many, possible rules. Bounding strategies limit the number of elements
assigned to the areas. This paper is devoted to the specification of the rules and strategies. They are specified
using an extended UML meta-model and expressions in the Object Constraint Language (OCL).

1 Introduction

The Unified Modeling Language (UML)[14] is intended as alanguage to be used for model-driven devel op-
ment. A model gives the ability to consistently show different views of the same design. The views are expres-
sed by the relevant diagrams of the UML. Asthe UML is semantically rich, we can widely describe the system
that will be developed, but we cannot guarantee the consistency of the designed model.

There are three natures of checking the rightness of user diagrams, namely completeness, consistency and
correctness [8,10,11]. The completeness states whether the user requirements are completely reflected on
diagrams of amodel. The consistency is responsible for checking whether the diagrams are coherently designed
with only one requirement. It encompasses so-called vertical consistency that confirms the relation between
corresponding models of different abstraction levels (inter-model consistency). Finally, the correctness decides
whether the user diagrams are compliant to the syntactic and semantic rules of the UML standard. Within a
model it is also named horizontal or intra-model consistency. In some casesit isimpossible to conclude whether
diagrams are inconsistent or incomplete.

The industrial projects are often incomplete [12]. They comprise mostly class diagrams. Their state diagrams
are assigned only for selected classes. Such projects can have redundant or contradictory information.
Traceability information can be partially missing or not up to dated. The development tools for UML models
can check the syntax of the diagrams, but the consistency verification is till unsatisfactory. A systematic
modeling strategy, e.g. RUP (Rational Unified Process) [9], can recommend an appropriate structure of a
model. However its successful application depends on the effort and experience of a devel oper of the model.

Addressing the problems of comprehension and evolution of UML designs, aframework for the
identification of dependency areas was introduced [4]. The dependency area of an initial element is a part of the
model consisting of eements that are highly related to, and influenced by, this element (or a set of initial
elements).

The identification of the dependency areas is not a final goal, but one step of a model-driven development.
Dependency between parts of design artifacts is an issue of very high practical relevance. The approach of
dependency areas can be beneficially applied in the following domains:

—  Support understanding of a design.
Ensure that requirements are correctly implemented.
— Determine the effects of parts of the specification
Monitor the changes in the design.

— Assistin testing - assuring that an adequate part of the design was covered by the tests.
Basing on the dependency areas, defined in a design by a prototype tool, we selected the appropriate parts of the
code generated from the design [4]. The automatically selected code was used in the further evaluation of the
program dependability.

49
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Dependency areas are identified using the sets of propagation rules and strategies. Selection strategies control
application of many, possible rules. Bounding strategies limit the number of elements assigned to the areas.

The approach deals with imperfect designs, incomplete or inconsistent, in a tool-supportable way. Conflic-
ting and ambiguous situations are resolved according to given strategies. The usage of the rules can be restricted
by the strategies. In the strategies, the consistency with the UML specification is preferred. In some ambiguous
cases the strategies are based on heuristics that try to reveal the intensions of a developer.

The focus of this paper is on the precise definition of the rules and strategies using a UML meta-model com-
bined with a textual specification written in the Object Constraint Language (OCL) [17]. The OCL, a generic
query language is a part of the current standard of modeling, the UML [14].

The paper is structured as follows. Section 2 presents an overlook of a concept of dependency areas and its
framework. The specification of propagation rules and strategies is explained in the next sections. Section 5
gives basic information about experiments and a tool support. Remarks about related work and conclusions
finish the paper.

2 Dependency areas

A concept of dependency areas is a successor of the idea of a dependency region [4]. It was later revised and
specified as an extension of the UML meta-model [5]. The term area replaced the former term region, because
the notion of aregionisused in UML 2.0 for structuralizing of state machines[14].

An outlook of the idea of dependency aress is given below. The framework for the identification of depen-
dency areasis briefly reminded in Section 2.2.

2.1 A concept of dependency areas

The potential dependency area of an initial element a - PDA(a) - is the set of all possible model elements
accessible from x through relations available in the design: traceability, dependency, containment, etc.

The dependency area of an initial element a - DA(a) - is a certain subset of PDA(a). It is obtained by
reducing the potential dependency area according to given strategies.

One can also define the dependency area of agiven set of initial elements.

The identification of the dependency area of agiven initial element is based on three general strategies:

I) Propagation of relations.
I1) Selection of relations.
[11) Bounding potential dependency aress.

The first strategy explores different relations between eements of a design. It decides about assigning
elements to potential dependency areas. The propagation strategy can be expressed by a set of propagation
rules. A propagation rule states that if an element x of a design belongs to a current PDA(a) and other pre-
conditions of the rule are satisfied then selected elements of this design are aso included in the PDA(a).

Different traceability relations can be identified for an element of adesign. Therefore, the element can satisfy
the pre-conditions of the different propagation rules. Moreover, some of the relations can be incomplete,
ambiguous, or even contradictory. According to a selection strategy (I1), we choose which of the propagation
rules should be applied in the defined cases.

Many elements of a design can be assigned to a certain PDA(a). In an extreme case, even al elements of the
design can belong to the same PDA (a). Such an areawill be not useful for the applications of dependency aress,
mentioned in the previous section. Therefore, a potential dependency area can be reduced according to a given
bounding strategy (l11).

The idea of dependency areas was adopted for UML designs [4, 5]. It was especialy aimed at imperfect
designs. A given UML design could be incomplete or the information from different diagrams is inconsistent.
Therefore, the selection and bounding strategies are based on some heuristics that presume the intentions of a
design developer. Using these strategies the identification of dependency areas can be performed automatically.
The identification of the dependency area of an element a - DA(a) (i.e. its quality) can be verified by the
following conditions:

- al elements of DA(a) are directly or indirectly dependant on the element a assuming the defined types of
dependency,

- no element of DA (a) is superfluous - i.e. not substantially dependant on the element a.
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2.2 Meta-model of dependency areas

A framework for identification of dependency areas in UML designs was defined using a conceptual UML
model [5]. The model can be interpreted on a meta-model level - as an extension of the UML meta-model [14].
The meta-model for identification of dependency areas will be called briefly DA meta-model. A small part of
the DA meta-model is shown in Fig. 1.

A potential dependency area is defined for a given element of the type InitialElement. The identification of
potential dependency areas assigned to the initial element is controlled by TraceabilityStrategies. A traceability
strategy consists of a set of PropagationRules. The class DependencyArea is a specialization of the class
Potential DependencyArea.

Any area consists of elements of the type AreaMember. The abstract type AreaMember combines two
concrete types of elements TraceTerminator and Metamodel Tracelinker. These elements are derived from
various elements of the UML meta-model.

InitialElement

> ‘ MetamodelTraceLinker

ElementinPDA
bounding : Boolean = false

‘ PropagationRule

+st

+r

1.n
{subset of ta} +/ownedElement

Traceability Strategy -

consistsOf
consistsOf

0.n{) +da

DependencyArea

‘ PotentialDependencyArea

Fig. 1. A part of the DA meta-model - dependency areas

3 Propagation rules

The strategies of the framework are defined using sets of rules. The rules are specified with the notation of the
Object Constraint Language (OCL)[17], which is a part of the UML standard. In this paper, we focus on the
way of specification of the rules and strategies defined for the identification of dependency areas. The approach
will be illustrated by simple examples. The complete mapping of the DA meta-model to the whole UML
specification will be not given, for the brevity reasons.

A propagation strategy consists of propagation rules. A propagation rule can determine that different
elements of the design are included to a current PDA(a). These elements can be for example: properties of a
class that belongs to the PDA(a), a use case included in another use case from the PDA(a), a whole diagram
assigned to an element belonging to the PDA(a). Above examples correspond to the relations within a UML
model. Other propagation rules are defined also using different relations between the models (trace, access,
usage etc.).

This section explains how the propagation rules are specified. First, a smple example of an OCL speci-
fication of a rule is shown. Then, the same example is defined more precisely in the context of the DA meta-
model.

3.1 Specification of propagation rulesin the OCL

Propagation rules are defined as pre and post-conditions of an operation. The conditions are written in the OCL.
The following example explains an idea of a propagation rule. The reference to the UML meta-model is
illustrated by an appropriate extract from the meta-model diagram [14].

The example considers arelation of the generalization between two elements of amodel. Let us assume that
an element x belongs to a certain PDA(a). The element x is connected with the generalization y to its base ele-
ment z. The assignment of the specific element (here x) to PDA(a) implies the assignment of a more general
element (here z) to the same area. The considered element x can be for example a use case, a class or asignal.
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The rule R1 is based on the part of the UML metamodel shown in Fig. 2. The generalization z has its
corresponding class in the meta-model, similarly as the elements x and y. Therefore, the generalization zis also
included in the same potential dependency area PDA (a).

Rule R1 pre: tr.st.pda.ta -> includes(x) and
x.ocl I skKindOr (Cl assifier) and
X.generalization -> includes(z) and
z.general =y

post : tr.st.pda.ta -> includes(y) and
tr.st.pda.ta -> includes(z)

— +general — - - -
Classifier | _ Generalization > DirectedRelanshionship
(from Kemel) | (from Kemel) (from Kermel)

1 ? 0..n ‘\
| +specific |

| +generalization |

Fig. 2. A part of the UML meta-model -- arelation of the generalization

The pre- and post-conditions are interpreted using the combined domain of elements from the conceptual
model and the UML meta-model. The OCL expression tr.st.pda.ta denotes the set of elements comprised in a
potential dependency area of an initia element. It is specified by the names of the roles from the classes of the
meta-model (Fig. 1). The navigation from the PropagationRule approaches the TraceabilitySrategy (the role
tr), then the InitialElement (the role st) and its Potential DependencyArea (pda), and finally the elements of this
area (ta). The standard OCL operation A->includes(a) denotes that an element a is contained in the set defined
by the expression A.

3.2 Propagation rulesin the DA meta-model

An abstract class of the type PropagationRule is the base class of al propagation rules in the DA meta-model
(Fig. 3). Each propagation rule hasits identifier and a priority. Pre- and post-conditions of arule are specified in
the context of its operation ruleBody(). The operation takes as a parameter an element of the type
TraceTerminator. Any TraceTerminator is either the initial element of a potential dependency area or an
element aready included in the current area. A TraceTerminator represents an element from the considered
UML design (the application model). Therefore, it is derived from a certain element of the UML meta-model.

Inthe DA meta-model agroup of special classes represents a set of propagation rules. The basic idea of these
classes will be explained with an example. It considers the same relation of the generalization between
classifiers (Fig. 2). A part of the DA meta-model specifying this relation is shown in Fig. 3. A class of the type
ClassifierPropagationRule is responsible for the realization of al rules devoted to classifiers. This fact is
defined in the pre-condition of the operation of this class.

For a given type of a TraceTerminator (here a classifier) different specific rules can be defined. Therefore,
other classes are aggregated to the class that determines a given type of a TraceTerminator. In Fig. 3 the class

PropagationRule
figid : String Context ClassifierPropagationRule:
figpriority : Integer inv: priority = 3;
Context ClassifierPropagationRule::ruleBody(x : TraceTerminator):
®ruleBody(x : TraceTerminator) pre: x.ocllsKindOf(Classifier);

X

‘ NamedElementPropagationRule ‘

‘ ClassifierPropagationRule ‘ Context GeneralizationPropagationRule::

ruleBody(x : TraceTerminator):
f{subset descendent} | Pe: x.generalization->includes(z) and
z.general = y;
-~| post: x.pda.ta->includes(y) and
X.pda.ta - >includes(z);

+gen
‘ GeneralizationPropagationRule ‘ ‘

Fig. 3. A part of the DA meta-model - a generalization of classifiers
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Cassifier PropagationRul e aggregates the class GeneralizationPropagationRule. Pre- and post-conditions of the
operation of the class GeneralizationPropagationRule specify the propagation rule based on arelation of the
generalization.

Consequently, analyzing a generalization of a classifier, the pre- and post-conditions from the both detailed
rules, the Classifier PropagationRule and the GeneralizationPropagationRule, should be satisfied. The logical
conjunction of the conditions defined in these rules is equivalent to the conditions presented in the Rule R1 in
the previous section.

Many other propagation rules are specified in the similar way in the DA meta-model.

4 Specification of the strategies

Specifying the selection and bounding strategies, we use a notion of the propagation rules written in the OCL.
The strategies are based on heuristics that presume the intentions of the developer. The application of the rules
is controlled by their position in the DA meta-model, by their priorities and additional attributes of the strate-
gies.

4.1 Selection strategy

Many propagation rules can be applied to a given element (TraceTerminator) belonging to a potential depen-
dency area. The application of propagation rules is controlled by selection strategies. These strategies are res-
ponsible also for the resolving of ambiguous situations. A selection strategy defines a hierarchy of applicable
propagation rules. The strategy takes into account the priorities of the propagation rules and additional selection
priorities, if necessary to decide among the rules of the same priority.

In the DA meta-model the propagation rules create a hierarchy. This hierarchy corresponds to the inheritance
hierarchy of the base types of TraceTerminators, i.e. the inheritance hierarchy of elements in the UML meta-
model. For example, a class of the type ClassifierPropagationRule is derived from the
NamedElementPropagationRule (Fig. 3), because the class Classifier derives from the class NamedElement in
the UML specification. Other propagation rules that are derived from the ClassifierPropagationRule exist also
in the DA meta-model, e.g. arule of ause case or arule of aclass.

A given TraceTerminator can satisfy pre-conditions of many propagation rules in its inheritance path of the
hierarchy. In the first step, the most specific propagation rule that corresponds to a given TraceTerminator type
will be taken into account. After considering this rule and the rules aggregated to it, its base rule, defined for
amore general TraceTerminator, can be evaluated. For example, a TraceTerminator is at first recognized as a
use case and later as a classifier.

Furthermore, a certain propagation rule PR corresponding to a given type of a TraceTerminator can have
more detailed propagation rules that are aggregated to PR. It can have more then one such rule. These rules
have priorities of the same or different values. At first, the rules with the highest priority are applied. Among
the rules with the same priority al of them are used or only a subset can be chosen. The application of these
rulesis controlled by appropriate attributes of the selection strategy.

As an example, the UML dependency relation between two elements of a design is defined by the rule R2
given below. It is one of the rules defined for a TraceTerminator that is the NamedElement from the UML
meta-model. A similar rule is also defined for another TraceTerminator - the class. According to the selection
strategy and its hierarchy, this similar rule will be applied first than the rule R2.

Rule R2  pre: tr.st.pda.ta -> includes(x) and
x. ocl | sKi ndOf ( NanedEl ement) and
X. supl i er Dependency-> i ncl udes(z) and
z. st ereotype. nane->i ncl udes(‘ derive’)
and z.client->includes(y)

post : tr.st.pda.ta -> includes(y) and
tr.st.pda.ta -> includes(z)

In the rule R2, the dependency relation is specified with the stereotype «derive». Another rule can describe
the same dependency relation but without any stereotype. This rule has alower priority than the rule R2.

In some designs, no direct relations between elements can be found and/or no meaningful stereotypes are
present. In this case, the rules based on an identity or a similarity of the names of appropriate elements can be
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used. For example, a name of a use case is equal to a name of a collaboration. Such rules have lower priorities
than the rules discussed above.

4.2 Bounding strategy

Bounding strategies limit a number of elements included in a potential dependency area. According to given
heuristics, they try to select only those elements which are directly pointed out or intently used by a developer.
Instead of identifying potential dependency areas and further excluding the assigned elements, a bounding
strategy can be specified as a specific selection strategy. Bounding strategies use the similar notion of
propagation rules. Within a bounding strategy the application of the rules can be restricted. The potential
dependency area PDA(a) obtained finally according to the selection and bounding strategies is the resulting
dependency area DA(a) identified for the initial element a.

Bounding strategies are based on heuristics. One of them assumes that information included in the behavioral
diagrams of a design is superior to information from the structural diagrams. A simple example will illustrate
this approach and its specification.

There are two diagrams concerning a class C in aUML design. The class C is defined with its operations O1
and O2 in aclass diagram - structural diagram (Fig. 4a). The second one is a behaviora diagram assigned to the
class C (Fig. 4b).

a)

c b) @ start @ End

Event
o1 State1 01() State2
®02()

Fig. 4. a) A structural diagram - class C b) A behavioral diagram - state machine of the class C

The propagation rule R3 given below takes into account information derived from aclass diagram.
According to the rule R3, if the class C belongs to a certain PDA(a) then both its operations O1 and O2 would
be assigned to the same PDA(a).

Rule R3 pre: tr.st.pda.ta -> includes(x) and
x. ocl | ski ndOrF (Cl ass) and
x. ownedQper at i on->i ncl udes(y)

post: tr.st.pda.ta -> includes(y)

Other rules are dealing with information defined in behaviora diagrams. The class C is a classifier that has
its behavior specification expressed by a state machine. One of transitions of this state machine is triggered by
the operation O1. If the class C belongs to the PDA(a) a sequence of propagation rules can be performed. The
last rule of this sequence is the rule R4 shown below. Appling this rule, the operation O1 will be assigned to the
PDA(a).

Rule R4 pre: tr.st.pda.ta -> includes(x) and
x.ocl I skKindOf (transition) and
X.trigger.operation->includes(y)

post : tr.st.pda.ta -> includes(y)

Without using any bounding strategy, both operations O1 and O2 are contained in the considered PDA(a).
However, the operation O2 is present only in the structural diagram. It is not used in any behavioral diagram. In
this design, only the operation O1 expresses an activity of the class C. Therefore, after using the bounding
strategy, the operation O1 will be included in the PDA(a) and the operation O2 will be not included. The
developer of the design can be warned that the operation O2 could be missing in behaviora diagrams due to
incompleteness or inconsistency of the design.

The bounding strategy is realized by the modification of the propagation rules and the restrict order of their
application. As an example, the modified parts of the rules R3 and R4 are shown below. The inclusion of an ele-
ment to a given area is controlled by a bounding attribute defined for the bounding strategy in the DA meta-
model (Fig. 1). The bounding strategy assures also that the rule R4 will be applied before the rule R3.

Rule R3 (The nodified pre-condition)
pre: tr.st.pda.ta -> includes(x) and
x. ocl I ski ndCOf (Cl ass) and
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x. ownedQper ati on->i ncl udes(y) and
X. ownedQperation-> forAl (p|
p. st. pda. el enent | nPDA. boundi ng = fal se)

Rule R4 (The nodified post-condition)
post : tr.st.pda.ta -> exist (p|] p =y and
p. st. pda. el enent | nPDA. boundi ng)

In another example, a design contains only one diagram dealing with the class C, namely a class diagram
(Fig. 4d). In this case no information about the behavior can be used. The rule R4 is not applied and no
bounding will be provided. According to the modified rule R3 both operations O1 and O2 are included in the
PDA(a).

Summing up, the following heuristics is specified by the rules discussed above. If a class has no information
about its behavior all its operations, given in structural diagrams, are assigned to a PDA(a). Otherwise, the
PDA (a) comprises only these operations that were specified in the behavioral diagrams. The bounding strategy
dealsin the similar way with other members of a class and with other classifiers.

5 Experimental evaluation of dependency areas

The proposed strategies were empirically verified on several small UML projects. Dependency areas identified
automatically by a prototype tool [4] were compared with the corresponding parts of the model selected
manually by developers of the projects. In some projects the dependency areas generated by the tool contained
fewer elements then areas anticipated by the developers. In an extreme case, the dependency area of a given use
case was even the empty set. The analysis of such projects revealed the lack of traceability notions in them
and/or a disordered structure of these projects. In general a dependency area can help in pointing out an ill-
quality of a project.

In other projects, evaluated in these experiments, elements automatically assigned to dependency areas were
consistent with the expectations of the developer. These areas contained all elements responsible for the
realization of initial use cases. At the same time, no superfluous elements were assigned to these areas.

The analysis of the adequacy of dependency areas identified by the tool and the evaluation of the quality of a
project could be supported by quantitative measures. Identification of a dependency area that has no elements or
arelatively small number of them can be a warning of an incomplete design. On the other hand, a dependency
area containing many, or even al, elements can indicate a project that is coupled too strongly. The analysis of a
project can be also supported by other metrics, based on the number and kinds of the rules used during the
identification of dependency areas. The detailed definition of all these metrics and their interpretation is beyond
the scope of this paper.

The experiments, mentioned above, were performed using the prototype tool for Identification of
Dependency Area -- so-called IDA. Only the elements belonging to class diagrams were taken into account
during identification of dependency areas in aUML model. Next, these dependency areas were used for
selection of the corresponding fragments of the C++ code generated from the model. IDA traced the changes of
requirements managed by IBM-Rational RequisitePro [15]. UML models were analyzed in cooperation with the
UML designer IBM-Rational Rose [15]. IDA recognized use cases assigned to the changed requirements and
identified their dependency areas. All elements belonging to the dependency areas were marked with additional
stereotypes, modifying the given model. A dependency area of any initial element (here a use case) was denoted
with its own stereotype. In this way one element could have been assigned to many different dependency areas,
eg. DA(a) and DA(b) for azb. Dependency areas of the sets of initial elements were also identified, if required.

After analyzing the results of the experiments, we started developing an improved version of the tool. It is
based on the given meta-model and the specification of pre- and post-conditions in the OCL. A new version of
IDA identifies dependency areas using information from all types of UML diagrams. A dependency area can
contain any element of the design. The tool supports UML 2.0.

6 Reated work

Traceability from software artifacts (requirements, models) through to program code supports understanding the
code, and how the former implement the latter [1,7,13]. Many traceability approaches address a granularity
level of diagrams, not interfering into the UML details. In [13], the elements of a UML model are integrated
with textual specifications of requirements, but the approach does not explore dependencies within the model.
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In [16] uncertain relations between requirements and elements of a UML model are resolved by a statistical
evaluation of the developers' decisions.

Our work relates also to the field of consistency of UML models. The consistency problemsin UML designs
were extensively studied in many papers [2,6,8,10-12]. Nevertheless, many existing approaches, especialy
formally-based ones, require complete traceability to guide consistency checking. Egyed [6] maintains the
consistency of UML class diagrams during refinement and takes into account partial lack of traceability
information. Hypothesizing that at least one of the potentially many choices ought to be consistent, the
maximum flow algorithm finds the unique correct interpretation and inconsistent traces are removed.

OCL isprimarily used for two purposes, for a precise description of UML models and for the specification of
the UML with the relation to its meta-model [14,17]. It was successfully applied in different UML-based
specifications [2,3,8,10,11]. There are some tools that offer verification of OCL constrains or animation of
UML/OCL specifications [3, 11]. However, the widespread adoption of the OCL by industry is still limited due
to the insufficient support and integration with other CASE tools.

7 Conclusions

This paper presents the specification of dependency areas identified in UML designs. The approach is based on
the strategies and propagation rules. The rules are precisely defined using pre- and post-conditions denoted in
the Object Constraint Language (OCL) [17]. The OCL expressions are interpreted in a meta-model (DA meta-
model). It extends the UML meta-model [14] with a conceptual model of dependency areas. The rules and
strategies take into account real-world designs, possibly incomplete or inconsi stent.

The concept of dependency areas provides a basis for controlling changes within a design, as well as an
impact of requirements on the design and the generated code. It can support automation of project management
and maintenance.

Currently, the work is focused on developing a new version of IDA, atool that can support experiments with
more comprehensive projects. Furthermore, an integration of the tool with other CASE-tools is needed.

Our future work is dedicated also to the construction of certain metrics. The metrics are based on the size of
dependency areas and kinds of the rules used for the identification of the dependency areas. These metrics help
in assessing a quality of dependency areas identified automatically by the tool and a quality of the current stage
of the design. The new tool should support the calculation of the metrics.

Acknowledgments

| am very thankful to my student J. Zawtocki for his help in developing the IDA tool. This work was supported
by the Dean of the Faculty of Electronics and Information Technology, Warsaw University of Technology,
under grant number 503/G/1032/2900/000.

References

1. Alves-Foss J.,, Conte de Leon D., Oman P.: Experiments in the Use of XML to Enhance Traceability Between Object-
Oriented Design Specifications and Source Code, In: Proc of the 35th Hawaii Intern. Conf. on System Sciences, HICSS-
35’02 (2002)

2. Briand L. C., Labiche Y., O'Sullivan L.: Impact Analysis and Change Management of UML Models, In: Proc. of
International Conference on Software Maintenance, Amsterdam, The Netherlands, |EEE CS Press (2003) 256-265

3. Correa A.L. Werner C. M. L.: Precise Specification and Validation of Transactional Business Software, In: Proc. of the
12th |EEE Inter. Requirements Eng. Conf. (RE’ 04) (2004)

4. Derezinska A.: Reasoning about Traceability in Imperfect UML Projects, Foundations of Computing and Decision
Sciences, Vol. 29, No. 1-2 (2004) 43-58

5. Derezinska A., Bluemke I.: A Framework for Identification of Dependency Areas in UML Designs, In: Proceedings of
IASTED Inter. Conf. on Software Engineering and Application (SEA’05), Phoenix, USA, Nov. (2005) to appear

6. Egyed A.: Consistent Adaptation and Evolution of Class Diagrams during Refinement, In: Proceedings of the 7th
International Conference on Fundamental Approaches to Software Engineering (FASE), Barcelona, Spain, March (2004)
37-53

7. Egyed A.: A Scenario-Driven Approach to Trace Dependency Analysis, |IEEE Trans. on Software Engineering, vol. 29, no
2 (2003) 116-132.



Specification of Dependency Areas in UML Designs 57

8. Ha L-K., Kang B-W.: Meta-Validation of UML Structural Diagrams and Behavioral Diagrams with Consistency Rules,

In: Proc of |EEE Pacific Rim Conf on Communications, Computers and Signal Processing, PACRIM,Val. 2., 28-30 Aug.
(2003) 679-683

9. Krutchen P.: The Rational Unified Process An Introduction, Addison-Wesley, (2000)

10. Kuzniarz L et a. (eds): 2nd Intern. Workshop on Consistency Problems in UML-based Software Development,
<<UML>> 2003, San Francisco, 20 Oct. (2003)

11. Kuzniarz L et al. (eds): 3rd Intern. Workshop on Consistency Problems in UML-based Software Development,
<<UML>> 2004, Lisbon, 11 Oct. (2004)

12. Lange C. F. J, Chaudron M.R.V.: An Empirical Assessment of Completeness in UML Designs. In: Proceedings of
“EASE- nternational Conference on Empirical Assessment in Software Engineering”, Edinburgh, Scotland, May (2004)
13. Letelier P.: A Framework for Requirements Traceability in UML-based Projects, In: Proc. of 1st Int. Workshop on

Traceability in Emerging Forms of Soft. Eng. by IEEE Conf. on Automated Software Engineering (ASE 02), Sept. 28,
Edinburg, (2002)

14. Object Management Group, UML 2.0 Superstructure Specification, formal/05-07-04, www.uml.org
15. Rational Rose, Rational Requisite Pro: http://www-306.ibm.com/software/rational/

16. Spanoudakis G. et al.: Rule-based Generation of Requirements Traceability Relations, In: J. Systems and Software, vol.
72, no. 2 (2004) 105127

17. Warmer J,, Kleppe A.: The Object Constraint Language: Getting Your Models ready for MDA, Addison Wesley (2003)






5 I XXI Autumn Meeting of Polish Information Processing Society ISBN 83-922646-0-6
5 . Conference Proceedings, pp.59-71 © 2005 PIPS

Model mapowania aktywnosci i kompetencji w projektach IKT
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Streszczenie: Praca dotyczy propozycji metodyki zwigkszania efektywnosci wytwarzania projektow
informatycznych a gtownie skrocenie czasu ich realizacji, zmniejszenia kosztow oraz minimalizacji ryzyka
poprzez dekomponowanie projektu na aktywnosci w postaci ich macierzy. Przewidywany do realizacji
zespot projektowy podlega procesowi identyfikacji poprzez opis posiadanych kompetencji w postaci tzw.
macierzy kompetencji. PM aby oceni¢ czy proponowany zesp6t bedzie w stanie zrealizowac projekt z powo-
dzeniem dokonuje mapowania planowanych aktywnos$ci projektowych z kompetencjami i brakujace lub nie-
dostateczne kompetencje zespotu, ktore nie pokrywaja okreslonych aktywnos$ci, moga wskazywaé na obszar
outsourcingu tych aktywnosci projektowych.

1.Wprowadzenie

Poszukiwania zmierzajace do zwigkszenia efektywnosci projektow na rynku Informatycznych i Komunika-
cyjnych Technologii' (IKT), sa stymulatorem dziatah w wielu obszarach i kompetencji inzynierii oprogramowa-
nia w tym metodyk zarzadzania projektami. Wobec rosnacej konkurencji korporacji IKT, presji czasu na
konczenie nowych projektow, globalizacji tego rynku, kazda organizacja musi nie tylko budowaé swoje
kompetencje ale je efektywnie wykorzystywaé, pojawiaja si¢ pytania jak to robi¢?. Przyjmujac lub planujac
projekt do realizacji, kiedy oraz w oparciu o jaka informacje zdecydowaé, czy wszystkie jego oczekiwane
produkty, pozadane aktywno$ci wymagane do realizacji powinny by¢ realizowane w naszej organizacji? W ob-
szarze poszukiwania efektywnych metod wytwarzania kodu programu mamy szereg metodyk migdzy innymi,
architektura kierowana modelem (ang. Model Driven Architecture — MDA), jest ona podejsciem do pro-
cesu wytwarzania oprogramowania dla biznesu, bazujacym na automatycznych narz¢dziach, majacym na celu
budowanie modeli niezaleznych od technologii i przeksztatcanie ich w efektywne implementacje. Okreslenie
.kierowana modelem” w przypadku MDA oznacza, ze architektura ta udostgpnia Srodki pozwalajace uzy¢ mo-
deli do sterowania sposobem rozumienia, projektowania, rozwijania, wdrazania i modyfikacji systemow za jej
pomoca konstruowanych. Zwigksza bardziej niz kiedykolwiek znaczenie modeli w procesie wytwarzania
oprogramowania dostarcza takze wytycznych w jaki sposob strukturalizowac specyfikacje wyrazone w postaci
modeli [1]. Z dekompozycji projektu w obszaru zarzadzania calym cyklem zycia projektu, wiadomo, ze w
zalezno$ci od charaktery projektu, sektora zastosowan wytworzenie kodu oprogramowania moze stanowic
znikoma cze$¢ kosztow catego projektu [5]. Rozwazenie wybranych aspektow projektow IKT, w obszarze
biznesowym, ktore prowadza do kosztow, jakie bgdzie ponosi¢ organizacja przy jego realizacji oraz do dzia-
tania, ktorych rezultatem ma by¢ wykonanie projektu przy zatozonym budzecie na czas oraz oczekiwanym zak-
resie, jest przedmiotem niniejszego artykutu.

2. Monitorowanie kosztéw projektow

Poszukiwanie skutecznych metod i narzedzi do szacowania oraz monitorowania kosztow wszystkich projek-
tow w firmie jest czynnikiem konkurencji, ktére sa monitorowane na réoznym etapie realizacji tj (inicjowanie -
projekty X, X,...Xm, realizacja - projekty Pi, P,...Pn, zamykanie - projekty Zi, Z,...Zx). Firma chce réwniez
wiedzie¢, realizacja ktorych projektow jest dla niej korzystna (przynosi zyski) a do ktérych doktada (przynosza
straty). Jakie projekty (klasa, specyfika, branza itd.) leza w zakresie core business firmy, czyli sg realizowane

! Jest to polski odpowiednik terminu szeroko uzywanego w literaturze anglojezycznej: ICT - information and communication
technologies
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lepiej i taniej od konkurencji, a np. ktore komponenty projektow powinna ,,outsoursowa¢”? Odpowiedz na takie
pytania pojawiaja si¢ w trakcie zarzadzania nie tylko jednym projektem, lecz przede wszystkim wieloma
projektami. Wiaza si¢ z tym szczegdlnie zagadnienia:

e Problematyki organizacji pracy nad projektami, zuzywania zasobéw oraz kosztow tych projektow

¢ Monitorowania warto$ci uzyskanej

*  Monitorowania kosztow pracy i zuzywania zasobow

¢ Rachunek kosztéw dziatan w projektach informatycznych.

e Przydzial kosztow statych i kosztéw posrednich firmy do poszczegdlnych projektow.

¢ Okreslania optacalnosci realizowania poszczeg6lnych projektéw przez te sama firmg.

e Narzedzia wspomagajacego pracg PM (ang. Project Managera) w szacowaniu kosztow projektow

prowadzonych w jednej firmie.
Powyzsze tezy na ogot stanowia podstaweg analizy i wyboru narzgdzi oraz metodyki do wspomagania roz-

wiazywania w/w problemow.

3. Rachunek kosztow dzialan w projektach informatycznych

Metoda ABC (ang. Activity Based Costing) — rachunku kosztéw dziatan, zostata uznana za jedna z najwigk-
szych innowacji w zarzadzaniu w ostatniej dekadzie XX wieku [8].

W przeciwienstwie do tradycyjnych metod szacowania kosztéw ABC pozwala spojrze¢ na koszty z innej per-
spektywy — z perspektywy aktywnosci, ktore zwiazane sa w wytwarzaniem, przez co sprawia, ze oszacowane
warto$ci dziatan w firmie staja sig¢ bardziej precyzyjne.

Wdrazanie metody ABC w firmach oraz zintegrowanie jej z systemem sprawozdawczym [9,10] jest
czynnoscia wymagajaca pracy specjalistow oraz dziatan iteracyjnych. Wyszczegodlniajac aktywnosci projektowe
w systemie ABC jest jednym z proponowanych sposobow wykorzystania metody ABC w projektach informa-
tycznych [13,14].

Widok przypisania kosztw
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{ | Selekcja s
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Rysunek 1. Metoda ABC w analizie kosztow projektow [5].

Podjecie si¢ wykonania projektu przez firmg, nawet jesli w catosci projekt lezy w spektrum jej tzw. core biz-
nesu, musi zosta¢ uzasadnione przez analiz¢ kosztdéw zwiazanych z zasobami oraz czynno$ciami koniecznymi
do realizacji projektu.
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Analiza metoda ABC daje jasng odpowiedz na pytanie: ,,Czy koszt realizacji projektu, przy zaangazowaniu
wymaganych zasobow, czasu, dodatkowych szkolen, przerw i zaburzen w dotychczasowych projektach jest
wspolmierny do ewentualnych korzy$ci?”

Rys. 1 przedstawia diagram metody ABC, ktora dostarcza PM uzyteczng informacje wymagana w okresle-
niu udzialu poszczegodlnych projektow o znanym ogdlnym przychodzie. Analiza ABC pozwala réwniez wdrazaé
rozwigzania maksymalizujace przychdd dla poszczegolnych projektow. ABC uwypukla zintegrowanie kosztow
z zasobami, ktore projekt angazuje, co uwidacznia jego udzial w zyskach wzgledem pozostatych prowadzonych
projektow. 20% klientéw generuje zyski firmy, pozostate 60% to klienci, ktorych obstuga nie przynosi ani strat,
ani zyskow, a ostatnie 20% sprawia wigcej probleméw niz korzysci wynikajacych z ich obstugi. Metoda ABC
pomaga w wydzieleniu tych grup tak, aby analiza optacalnosci realizacji projektu byta jednoznaczna.

Aby okresli¢ ile rzeczywiscie kosztuje realizacja wybranych projektéw, nalezy najpierw zidentyfikowac
wszystkie czynnosci i zasoby zwigzane z kazdym z nich. Zbiory tych czynnosci i angazowanych zasobow jako
selekcje (czgsto wspoldzielonych) wszystkich dostgpnych zasobow/czynnosci, powinny by¢ przeanalizowane
pod katem stopnia zaangazowania w poszczeg6lnych projektach. Niezmiernie waznym powodem uzycia meto-
dy ABC jest odseparowanie zasobow i aktywno$ci pomigdzy poszczegoélne projekty. Nastgpnie nalezy rozpat-
rzy¢ udzial poszczegdlnych projektow w kosztach i1 przychodach wzglgdem wszystkich realizowanych projek-
tow. Jesli projekt potraktujemy jako zbior podprojektow a doktadniej wydzielimy aktywnosci, to umozliwi ana-
lizg kosztoéw tych aktywnosci z tymi, ktére mozna ,,kupi¢” na zewnatrz.

3.1 Dekompozycja projektu — wydzielenie aktywnosci projektowych

Metoda ABC zastosowana w obrgbie projektu, ma na celu analiz¢ kosztow realizacji poszczegdlnych pro-
duktoéw przedsigwzigecia. Wyodrgbnienie aktywnosci i zasobow oraz zalezno$ci mi¢dzy nimi, jest realizowane
przez dekompozycjg projektu przy pomocy produktowego diagramu WBS (ang. Work Breakdown Strukture).
Produkty, do wytworzenia ktérych znany jest poziom i struktura angazowanych zasobow, moga by¢ traktowane
jako komponenty.

Zastosowanie dekompozycji funkcji projektu pozwala na hermetyczne odseparowanie zespolu czynnosci,
ktoére moga by¢ w catoSciowo wykonane jako autonomiczny podprojekt. Mozliwe jest zatem przydzielenie do
realizacji odrgbnego zespolu, wykonanie komponentu w innych ramach czasowych czy przekazanie do
realizacji catkowicie zewngtrznemu podmiotowi. Hermetyzacja jest tym czynnikiem, ktory zapewnia niskie
ryzyko niezgodnosci rozwiazan z komponentami wspotpracujacymi ze soba w ramach calego projektu. To obni-
za koszty synchronizacji poszczeg6lnych rozwiazan, realizowanych w réznych technologiach dostgpnych pod-
wykonawcom.

Dekompozycja projektu zmniejsza jego ztozonos¢. Skupienie wysitku na wytworzeniu komponentu jest tat-
wiejsze niz ogarnigcie catego procesu realizacji wszystkich funkcji sktadowych projektu.

3.2 Kompetencje zespohlu jako jedno z ogniw decyzyjnych

Prowadzenie projektow informatycznych w nowoczesnych firmach zwiazanych z rynkiem IT, opiera sig¢ na
zespotach ludzi o zréznicowanych kwalifikacjach. Spektrum probleméw, z jakimi zespot czgsto musi si¢ zmie-
rzy¢, wymaga by kompetencje pracownikow nawzajem sig¢ uzupetniaty. Ale droga do budowy modelu zarzadza-
nia kompetencjami ich osiagnigcia jest mozolna i dtuga. Koncepcja zarzadzania kompetencjami w obecnej pos-
taci powstata na poczatku lat dziewigédziesiatych. Pierwsze modele kompetencji zawodowych zostaty opraco-
wane w odpowiedzi na potrzeby duzych, ponad narodowych korporacji w dziedzinach zwigzanych z nowoczes-
nymi technologiami. W wielu firmach menedzerowie uznali, ze skala dziatania, zmiany technologiczne, wielo-
kulturowo$¢ sa istotnym wyzwaniem, ktoremu firma musi sprosta¢. Pierwsze prace szty w kierunku poszukiwa-
nia wzorca (modelu) menedzera, a pdzniej pracownika, tak aby zapewnié¢ spojnos$¢ kultury organizacyjnej i za-
rzadzania w sytuacji coraz wigkszych wyzwan.
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Wiedza >> Umiejetnosci >> Kompetencije

Rysunek 2. Model budowy kompetencji.

Kazdy cztonek organizacji, aby osiagna¢ jedne z istotnych kompetencji dla organizacji w ktorej pracuje
przedstawione na rys. 3, wedlug przedstawionego modelu budowy kompetencji przedstawionym na rys 2,
zaczyna od zdobywania wiedzy w procesie edukacji. Wiedzg zdobywa si¢ od czasu wynalezienia pisma a potem
druku przez Jana Guttenberga nie tylko z przekazu ustnego ale z ksiazek, szeroko rozumianej literatury oraz
ostatnio Internetu. Zastosowanie wiedzy do praktycznych dziatan, wykonywania pracy oraz dziatalnosci twor-
czej dale mozliwos¢ zdobycia umiejetnosci w okreslonym obszarze wiedzy skonfrontowanej z praktycznymi
dziataniami na ogo6t pod nadzorem kogo$ bardziej do§wiadczonego. Wreszcie dochodzimy do momentu, w kto-
rym mozemy samodzielnie podejmowaé zlozone dzialania przy realizacji np. projektu czyli nabywamy
kompetencje.

Kompetencje

Kompetencje
biznesowe

spoteczne

mpetencje
/ Umiejetnosci \

Wiedza

Kompetencje
profesjonalne

Kompetencje integracyjne Kompetencje branzowe

Rysunek 3. Schemat og6lny klasyfikacji kompetencji [6].

Kompetencje — zdolnosci praktycznego wykorzystania umiejetnos$ci i wiedzy w pelni wystarczajace do
samodzielnego wykonywania okreslonego zadania w projekcie.

Przedstawiony na rys.3 przedstawiono podzial kompetencji oraz wskazano na zawezanie si¢ pol oraz

zawieranie si¢ w wiedzy umiejgtnosci a nich kompetencji. Dla PM szczeg6lne istotne staja si¢ kompetencje pro-
fesjonalne w obszarze produktéw branzowych oraz integracyjnych.
W przedsigwzigciach integracyjnych nie bez znaczenia sa postawy prezentowane przez partnerow, osobowosé
PM oraz szersza wiedza wykraczajaca poza wiedz¢ dotyczaca produktu z uwagi na konieczno$¢ prowadzenia
wielu rozméw i1 uzgodnien nie tylko biznesowych, ale w kontekscie otoczenia projektu. Uwarunkowania oraz
umiejetnosci spotecznej komunikacji i wspoldzielenia zainteresowan partnerow przedsigwzigceia jest kluczem
zawiazania relacji, zaufania jak rowniez wspoétdziatania.

Kompetencje w projektach moga by¢ dzielone np. na trzy klasy: profesjonalne, biznesowe, spoteczne.

1. Wykaz kompetencji pozadanych dla realizacji danego projektu powinien znajdowaé si¢ w opisie zaso-
boéw projektu.

2. Kompetencje podlegaja ciaglej ocenie oraz sa wyjsciem do podejmowanych przez pracownika i w sto-
sunku do pracownika dziatan i decyzji.
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3. Dzialania i decyzje moga by¢ powiazane z pracami w projektach u klienta lub pracami wewngtrznymi
(projekty wewngtrzne budowy kompetencii).
4. Wykorzystanie kompetencji w powyzszych dziataniach przeklada si¢ na stopien realizacji celow
przydzielonego stanowiska w projekcie.
5. Stopien realizacji celéw stanowiska przektada sig¢ na stopien realizacji celoéw zespotu.
6. Stopien realizacji celéw zespotu przektada si¢ na stopien realizacji celow projekt.
W planowaniu nalezy uwzgledni¢ kazdy z powyzszych zasoboéw i zdefiniowa¢ ograniczenia, jakie wnosza do
projektu. Niektore zasoby sa czasami rozmyte lub trudno definiowalne (biznesowe, spoteczne, techniczne, $ro-
dowiskowe, etyczne, polityczne), ale w niektorych projektach moga mie¢ podstawowe znaczenie w osiagnigciu
sukcesu projektu [2, 6, 11, 15].

Powodzenie projektu wynika migdzy innymi z poziomu kompetencji calego zespotu. Problem w budowie
kompetencji firmy, ktéra realizuje projekty polega na tym, ze kierownicy projektu rekrutuja si¢ najczgsciej ze
$ciezki rozwoju technologicznej badz aplikacyjno-wdrozeniowej, przez co maja uksztaltowane nawyki
spostrzegania projektu z perspektywy wlasnych do$wiadczen. Ma to znaczenie w procesie zarzadzania
projektem. Estymacje wielu parametrow sktadajacych si¢ na cato$¢ projektu moga opiera¢ si¢ wylacznie na
subiektywnej ocenie kierownika projektu. Trafno$¢ estymacji moze by¢ rézna, a charakter wykonywanego
projektu moze wykracza¢ poza zakres wiedzy i doswiadczen kierownika projektu. Dobdr zespotu realiza-
cyjnego, zorientowanego na wyniki i podnoszenie wlasnych kwalifikacji (kompetencji), sprzyja wprowadzeniu
systemu estymacji eksperckich, gdzie poszczegoélni czionkowie zespotu uczestnicza posrednio w procesie
harmonogramowania i monitorowania projektu. Umozliwia to znaczne obnizenie ryzyka zwiazanego z btedna,
oceng parametrow projektu okreslonych wytacznie przez kierownika.

3.3 Co to jest model kompetencji?

Umiejetno$¢ odpowiedniego dziatania, zachowania, jest suma wielu sktadowych, ktore decyduja
o kompetencjach. Na poziom kompetencji ma wplyw srodowisko wewngtrzne, w jakim dana osoba si¢ znajduje,
kultura i warto$ci uznawane przez firmy.

Rozwijanie i dostosowywanie modelu kompetencji do potrzeb rozwoju firmy wspomaga optymalizowanie
struktury podziatu pracy, gdzie charakter realizowanych zadan odpowiada umiejgtnosciom oséb do nich przy-
dzielonych. Sprzyja to obnizeniu ryzyka zwiazanego z przekroczeniem czasu badz budzetu zwiazanego z dang
czynnoscia w realizowanym zadaniu.

W modelu kompetencji nalezy trafnie okresli¢ trzy glowne obszary:

1. Definiuje, jakie umiejetnoéci i kompetencje sa wymagane od pracownika zajmujacego okre§lone
miejsce W organizacji.
2. Okresla, kiedy pracownik powinien posia$¢ dane umiejgtnoscei i poziom kompetencji w okreslonym
zakresie.
3. Okresla, w jaki sposob pracownik powinien stosowaé (‘okazywaé’) posiadane umiejetnoscei i
kompetencje.
Aby wartoséci powyzsze mialy miarg ilosciowa, musza istnie¢ narz¢dzia oceny kompetencji.

4. Narzedzie oceny kompetencji

Aby moc postuzy¢ si¢ modelem kompetencji, nalezy zdefiniowaé wspdlna ,,plaszczyzng”, dzigki ktorej
w jednolity sposob bedzie mozna zdefiniowad, oceni¢ i por6wna¢ umiejetnosci wymagane od pracownika. Tym
narzgdziem standaryzujacym plaszczyzng oceny moze by¢ macierz kompetencji.

Macierz kompetencji stanowi jezyk pozwalajacy jednakowo zidentyfikowa¢ wspolne umiejetnosci, wiedz¢
i zachowanie, ktore sg niezbgdne dla oceny kwalifikacji pracownika, do wykonywania specyficznych zadan czy
okreslania rozwoju zawodowego pracownikow. Narzedzie to dostarcza rdwniez informacji o lukach w badanych
kompetencjach, wskazujac precyzyjnie, ktore z nich powinny by¢ wzmacniane. Oceng kompetencji mozna
zastosowac we wszystkich obszarach funkcjonowania firmy.

Zdefiniowane kluczowe kompetencje staja si¢ bardzo uzytecznym narz¢dziem. Duza zaleta modelu jest
mozliwo$¢ jego wykorzystania w kompleksowym systemie Zarzadzania Zasobami Ludzkimi (ZZL). Poczawszy
od zatrudniania pracownika, poprzez oceng jego pracy i wynagradzanie, do planowania rozwoju oraz $ciezek
kariery. Macierz kompetencji wraz z wlasciwym zestawem technicznych i zawodowych umiejetnosci nalezy
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zaprojektowa¢ do wykorzystywania dla wielu réznych potrzeb. Moze by¢ uzywana zespotowo lub indywidual-
nie na kilka sposoboéw takich jak: profilowanie stanowiska pracy, analiza potrzeb szkoleniowych, wybdr naj-
wlasciwszych szkolen dla pracownikow, planowanie rozwoju zawodowego, rekrutacja, rozwoj zespolow i zdol-
no$ci indywidualnych.

Szkolenia
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. Selekqja. podstawie ( Ocena_
i zatrudnienie L pracownika
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Rysunek 4. Model kompetencji w zarzadzaniu ZZL

Umiejgtnosci techniczne i zawodowe to umiejgtnosci uzaleznione od wykonywanej pracy lub $wiadczonych
ustug (analityk, programista, projektant, administrator). Aczkolwiek niektore z nich moga by¢ wspdlne dla kilku
obszaré6w w ramach réznych aspektow dzialania firmy. Odpowiednie umiejgtnosci techniczne i zawodowe
powinny by¢ przedstawiane przez wlasciwych kierownikow odpowiedzialnych za badany obszar. Jgzyk
opisujacy te umiejgtnosci powinien by¢ zrozumiaty dla pracownikow danego obszaru. Umiejgtnosci biznesowe i
zachowanie sa podstawa wspolnych umiejgtnosci dla wszystkich stanowisk, poczawszy od sekretariatu po
stanowisko wdrozeniowca. Ocena cech przywodczych zawiera si¢ w umiejgtnosciach wymaganych na
stanowiskach kierowniczych $redniego i wyzszego szczebla. Szczegoty dotyczace kompetencji przywodczych
zaleza od obszaru, w ktorym te kompetencje sa wymagane.

Pomiar 1 zarzadzanie kompetencjami zespolu, przyczynia si¢ do trafniejszego wyznaczania rdl dla
poszczegodlnych pracownikow i jest podstawowym narzedziem ZZL. Ma to bezposrednie przetozenie na poziom
ryzyka zwiazanego z przydziatem zasobow (oraz ich produktywnoscia) w realizacji przydzielonych zadan.
Wprowadzenie modelu kompetencji sprzyja realokacjom i tatwiejszym zmianom w organizacji firmy. Niesie to
ze soba roéwniez zagrozenia zwiazane z zachowaniem dotychczasowych struktur przydziatu zasobow do
realizowanych projektow. Jesli tych projektow jest wiele, to zmiany alokacji pracownikow moga mie¢ duze
znaczenie dla powodzenia realizacji rozpoczgtych juz przedsigwzigé. Identyfikacja zasobow krytycznych,
ktorych relokacja moze okaza¢ si¢ zbyt kosztowna, pozwala zapobiega¢ sytuacjom, gdzie konsekwencje
reorganizacji przydzialu zasobow moga by¢ zbyt powazne.

Zarzadzanie kompetencjami wewnatrz firmy, umozliwia szybka identyfikacj¢ ognisk podwyzszonego
ryzyka przy realizacji poszczegoélnych komponentow projektu. Jasne okreslenie 1 zmierzenie poziomu
kompetencji pozwala na wyodrgbnienie sktadowych projektu, ktorych realizacja w zakresie dziatalnosci firmy
jest zbyt ryzykowna czy kosztowna. To pozwala na sprawne wydzielenie komponentow projektu, ktore moga
zosta¢ poddane procesowi outsourcingu — przekazanie innemu zespotowi czy wspoétdzielenie ryzyka z innym
partnerem. Taka sytuacja moze by¢ rowniez podstawa podjgcia skutecznych dziatan w kierunku rozwija i dos-
konali kompetencje wykonawcze posiadanego zespotow.

5. Ogolny model mapowania aktywnosci projektowych do posiadanych kompetencji
wykonawczych

Projekty ze wzgledu na coraz wigksza ztozono$¢ oraz wielkos$¢ realizowane sa etapowo w kolejnych
etapach cyklu Zycia i angazuja zasoby wymagane w poszczegoélnych aktywnosciach aby uzyskaé pozadany
produkt. Aktywnosci coraz czgSciej realizowane s przez liczne zespoty. Jest to mozliwe poprzez dekompozycje
na komponenty, do ktorych realizacji niezbgdne jest inicjowanie szeregu aktywnosci. Sktadowe projektu moga
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by¢ roznych wymiarow, charakteryzowanych przez czynniki takie jak czas realizacji, koszt realizacji
aktywnosci, itd. Dodatkowo mozna okresla¢ istotno$¢ wykonania aktywnosci z punktu widzenia pomys$lnego
ukonczenia calego projektu.

5.1. Mapowanie aktywnosci projektowych
Kazdy projekt P1 mozna podzieli¢ na aktywnosci Al, A2,....An, ktore przy budowie planowanego
komponenty moga by¢ roznej wielkosci oraz ze wzgledu na hermetyzacje angazuja wydzielone czasowego przy

ich realizacji zasoby. Lista aktywnosci usytuowana w przestrzeni firmy i czasie tworzy mape aktywnosci
projektu rys.5. Realizacja wszystkich aktywnosci jest konieczna do wykonania projektu.
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Rysunek 5. Dekompozycja projektu na aktywnoSci.

5.2. Mapowanie kompetencji zespotu projektowego

Organizacja, ktéra realizuje projekty Z1 dysponuje wilasnymi zasobami specjalistow 11, 12,....In,
ktorych kompetencje pokrywaja rozne obszary aktywnosci biznesowych oraz profesjonalnych rys. 5. Przydzie-
lany do projektu zesp6t sktada¢ si¢ powinien z oséb, ktore w sposéb efektywny wezma udzial w realizacji
projektu. Udziat poszczegoélnych zasobow w wykonywaniu zadan projektowych (aktywnos$ci) moze by¢ rozny.
Czlonka zespotu projektowego charakteryzuje zbidr posiadanych przez niego kompetencji rozumianych jako
umiejetnosci, wiedza, zdolnosci, doswiadczenie, itp. Lista ulokowanych kompetencji w przestrzeni firmy i czas
ich aktywnego udzialu w projekcie tworzy mape¢ wykorzystywanych kompetencji w projekcie rys.6.
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Rysunek 6. Dekompozycja kompetencji organizacji uaktywnianych w projekcie

5.3. Mapowanie aktywnosci z kompetencjami

Aktywnos$¢ — wyodrebniony w ramach projektu zespot czynnosci, ktory utatwia alokacje¢ zasobow w projekceie;
komorka tatwo zarzadzana, mierzalna na odpowiednim poziomie szczegoétowosci w oparciu o model ABC, pkt
2. Ze wzgledu na potrzebg mierzalno$ci atrybutéw aktywnosci, kazda aktywno$¢ nalezy scharakteryzowaé przez
fancuch cech Al(al, a2,....an), ktore utworza macierz aktywno$ci. Macierz aktywnos$ci sktada si¢ z pdl
rozmieszczonych w dwuwymiarowej przestrzeni. Poszczegdlne pola w zalezno$ci od potozenia w macierzy
oznaczaja odpowiednie cechy aktywno$ci. Cecha aktywno$ci to wiasciwo§¢ aktywnosci niezbedna do jej
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realizacji. Wartosci w poszczegoélnych polach macierzy oznaczaja wazno$¢ (wagg) cechy z punktu widzenia
optymalnej realizacji danej aktywnosci.

Kompetencja — specyficzna, zidentyfikowana, definiowalna i mierzalna wiedza, umiejg¢tnos¢, zdolnos$¢ badz
zachowanie, ktora zasob ludzki moze posiada¢ np. w zakresie samodzielno$ci/bieglosci w danym obszarze na
podstawie ztozonych i realizowanych zadan oraz wsparcia udzielanego innym, ktora jest konieczna lub istotna
z punktu widzenia wydajnos$ci realizacji konkretnego zadania w specyficznym kontekscie, pkt 2.2 oraz tab.1. Ze
wzgledu na potrzebg mierzalnosci atrybutow kompetencji, kazda aktywno$¢ nalezy scharakteryzowac przez
fancuch cech I1(il, i2,....in), ktdre utworza macierz kompetencji. Macierz kompetencji jest zbiorem
kompetencji p0s1adanych przez jednostke. Konkretna kompetenqq reprezentuje pole w macierzy. Warto$¢ w
polu oznacza poziom kompetencji posiadany przez opisywana macierza kompetencji jednostke.

Tabela 1.Skala oceny poziomu samodzielnoéci/biegtosci w danym obszarze na podstawie zlozonosci realizowanych
zadan i wsparcia udzielanego innym

Opis cechy wybranej kompetencji ocena
Nie mam zadnego pojecia w tej dziedzinie 0

Mam troche wiedzy, ale mato albo wcale praktycznego doswiadczenia 1

Mam doswiadczenie i moge pracowaé pod warunkiem mozliwosci konsultacji z 2
przetozonymi lub kolegami

Mam doswiadczenie i samodzielnie realizuje powierzone mi zadania 3 TAK
Mam szerkie doswiadczenie, z ktérego sprawnie korzystam w ztozonych sytuacjach; 4
udzielam rad/konsultacji kolegom

Jestem uznanym liderem w danym obszarze; moje uwagi poszerzajg zasob wiedzy 5
dostepny w przedsiebiorstwie

Aby sprawdzi¢ czy i w jakim zakresie dedykowany zespot ,,opisany” przez macierz kompetencji jest
,»odpowiedni” do wykonania projektu, ktory jest ,,opisany” przez macierz aktywnosci, nalezy zbada¢ jakie
mamy pokrycie kompetencji w stosunku do oczekiwanych aktywnoS$ci poprzez proces mapowania rys 7.

Macierz mapowania jest funkcja przyporzqdkowania cechom aktywnosci odpowiednich kompetencji
dodatkowo specyfikujac minimalny ich poziom. Rozwazmy pole (x;y)=(1;1) w macierzy mapowanla Nalezy je
interpretowac nastqpujqco dla cechy aktywnosci, oznaczonej przez pole (x;y)= (1 1) w macierzy aktywnosci,
odpowiadajaca jej kompetencja jest oznaczona poprzez pole (x;y)=(1;3) w macierzy kompetencji, przy czym
poziom jej posiadania musi by¢ co najmniej 5, aby pokrycie cechy kompetencja wynosito 100%. Jesli poziom
jest nizszy to pokrycie jest proporcjonalnie mniejsze. Suma wag wszystkich cech opisujacych aktywnosé
stanowi 100% jej pokryma Aby obliczy¢ pokrycie catej aktywnosci nalezy zsumowac¢ iloczyny pokrycia kazdej
cechy i procentowej wagi cechy w ramach aktywnosci.
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Rysunek 7. Mapowanie aktywnosci i kompetencji
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Rysunek 8.Badanie pokrycia kompetencjami aktywnosci projektowych.

67

Cechy (x;Y) Waga cechy w aktywnosci Pokrycie cechy kompetencjami
1;1) 5 Dla cechy (1;1) wymagana jest kompetencja (1;1) na
——x*100= 31,25% poziomie, co najmniej 3. Jako, ze kompetencja jest
5+4+5+2 posiadana na poziomie 2, pokrycie cechy poprzez
kompetencje nie bgdzie wynosito 100% tylko
proporcjonalnie mniej: 66,67%
(1;2) 25% 100%
2;1) 31,25% 100%
(2;2) 12,5% 0%

Pokrycie aktywnosci to suma iloczyndéw wagi cechy w aktywnosci i pokrycia cechy kompetencjami dla
wszystkich cech opisujacych aktywnosc.

Pokrycie aktywnosci =31 ,25% 66,67+ 25%100+31,25%100+12,5%x0=77,08

Jak jednak okresli¢ kompetencje opowiadajace odpowiednim cechom aktywno$ci oraz minimalny ich
poziom? Poczatkowo tworzona jest intuicyjna macierz mapowania, w ktorej okresla si¢ zwiazek migdzy cecha,
a kompetencja. Poziom ustala si¢ na najwyzszy mozliwy stopien posiadania kompetencji. Macierz mapowania
nie jest jednak stata i jest modyfikowana w oparciu o doswiadczenia pochodzace ze zrealizowanych juz

projektow, ktore sa gromadzone w metrykach post-mortem (Patrz punkt 4.5. Metryki post-mortem).
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5.4 Pokrycie projektu

Ze wzgledu na mozliwosé dekompozycji projektu na aktywnosci, pokrycie projektu mozna traktowaé jako
mozliwo$¢ pokrycia wszystkich jego aktywnos$ci uwzgledniajac przy tym ich wagg w realizacji projektu. Wyko-
rzystuja¢ powyzsza konwencje, projekt podobnie jak aktywno$¢ cztonka zespotu projektowego, mozna opisaé
za pomocg macierzy. Macierz projektu jest podobna do macierzy aktywno$ci z tym, ze pole macierzy
reprezentuje aktywno$¢ natomiast warto$¢ w polu oznacza wage aktywnosci z punktu widzenia realizacji

projektu. Warto$¢ zero oznacza, ze aktywnos¢ nie jest wykonywana w projekcie.

W przypadku takiego opisu projektu pojawia si¢ jedno ograniczenie: zbiér mozliwych aktywnosci musi by¢

skonczony i ustalony z gory.

X
X 2 3 4 y
y 1
1 1 3 0 2
2
2 0 1 3 0
3 0 0 0 2
4 1 4 3 0
51 0 0 0 1
6 0 0 0

Przyktad:

MACIERZ PROJEKTU

Tabela 3. Pokrycie aktywnosci w projekcie

MACIERZ PROJEKTU

Aktywnosci (x;y) Waga aktywnosci w projekcie Pokrycie aktywnosci
(151) 3 100= 750 70%
31341145 0T B%
(152) 25% 89%
(2;1) 8,33% 95%
(2;2) 41,67% 57%

Pokrycie projektu to suma iloczynow wagi aktywnos$ci w projekcie i jej pokrycia dla wszystkich

aktywnosci wykonywanych w obrgbie projektu.

Pokrycie projektu =25%704+25%x894-8,33%x954+41,67%x57=71,42

Nalezy rozumie¢ wspotczynnik pokrycia , ze posiadamy zasoby, ktorych kompetencje daja nam mozliwosé

realizacji wymaganych aktywnosci projektu na poziomie 71,42%.

5.5.Metryki post-mortem

Zastosowanie metryk post-mortem w opisywanym podejs$ciu do zarzadzania projektem ma dwa zastosowa-
nia. Po pierwsze moga by¢ one wykorzystywane do ksztaltowanie macierzy kompetencji, poprzez ustalanie
minimalnego poziomu posiadania kompetencji, a takze modyfikowanie relacji cecha — kompetencja. Drugie

zastosowanie metryk to wykorzystanie ich przy szacowaniu kosztow projektu.




Model mapowania aktywnosci i kompetencji w projektach IKT 69

6. Analiza ryzyka poszczegolnych aktywnosci projektowych

Analiza pokrycia w poszczegélnych aktywnosciach (wydzielonych komponentéw projektu), pozwala na
latwiejsze podjecie ostatecznej decyzji odno$nie zastosowania outsourcingu. Stworzenie jednolitych metryk,
umozliwiajacych oceng ryzyka zwiazanego z kompetencjami przydzielonego zespotu do realizacji komponentu,
pozwala na poréwnanie kosztow delegowania prac na zewnatrz, a kosztami podniesienia poziomu kompetencji
przydzielonego podzespotu.

Rys.10. przedstawia schemat procesu wspomagajacego tworzenie metryk kompetencji dla wydzielonych
komponentow. Danymi wejsciowymi sa projekty zawierajace informacje dotyczace wymaganych poziomu
kompetencji przy realizacji poszczegdlnych funkcji oraz schemat organizacyjny dostgpnego zespotu
projektowego.

Przy uzyciu modelu kompetencji, nastgpuje mapowanie podzespotow do poszczegdlnych komponentow
projektow. Wynikowy przydziat jest optymalny wzgledem dostepnych zasoboéw. Metryki oceny ryzyka
dotyczacego kompetencji dla poszczegdlnych komponentdow wspomagaja decyzje PM projektu IKT odnos$nie
przekazania realizacji w postaci outsourcingu.

Struktura organizacyjna
zespotu projektowego

Projekty §> @ <; [ e ]

Podprojekt |
Mozliwie optymalny
Podprojekt Il przydziat zasobow
w strukturze kompetenc;ji

zespotu

Podprojekt Il

Rysunek 9. Model minimalizowania ryzyka przez optymalny wykorzystaniu posiadanych zasobow

6.1. Outsourcing jako narzedzie minimalizacji ryzyka projektu

Istotne znaczenie w rozwoju rynku ustug outsourcingowych ma wzrost $wiadomosci informatycznej PM
oraz umiejgtno$¢ wyodrgbnienia tych aktywnosci, ktore bgda realizowane efektywniej przez wyspecjalizowane
firmy zewngtrzne. Wykorzystanie outsourcingu daje mozliwos$¢ skoncentrowania si¢ na kluczowych obszarach
dziatalnos$ci firmy. Wiaze si¢ roéwniez ze wzrostem wydajnosci i efektywnosci procesu budowania systemow
informatycznych. Olbrzymia zaleta outsourcingu jest zmniejszanie ryzyka zwigzanego z poszczegodlnymi
komponentami projektu poprzez jego wspoldzielenie z outsourcerem (odpowiedzialno$¢ materialna outsourcera
za bledy i dziatania niezgodne z kontraktem). Outsourcing daje réwniez mozliwos¢ tatwego dostgpu do
wysokiej klasy specjalistow oraz technologii, bez koniecznosci kosztownego podnoszenia poziomu kompetencji
wlasnych pracownikow — jest to szczegdlnie wazny aspekt przy realizacji projektow o wyspecjalizowanych i
waskich dziedzinach zastosowan. Trudno jest jednoznacznie wskaza¢ miarg, na podstawie ktérej mozna by
oceni¢ potrzebg korzystania z ustug outsourcingowych. Managerowie IKT musza dokona¢ wnikliwej analizy
nie tylko realizowanych projektow, ale rowniez poziom kompetencji zespotu, jego zdolnosci do wykonania
funkcji mozliwych do outsourcowania i kosztow minimalizacji ryzyka z nim zwiazanych w obrgbie firmy.

Rys. 11. jest propozycja procesu wspomagajacego decyzj¢ managera IKT odnosnie outsourcowania poszcze-
golnych funkcji projektu. Pierwsza czynno$cia, jaka powinien wykona¢ PM, jest analiza realizowanych
projektow oraz ich dekompozycja do hermetycznych komponentow, ktére w catosci moga by¢ poddane proce-
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sowi outsourcingowania. Nastepnie na podstawie bazy danych metryk post-mortem dotyczacych realizowanych
projektow w obrgbie firmy, oraz aktualnej struktury kompetencji wylonione zostana te komponenty, ktore sa
obarczone najwyzszym ryzykiem organizacyjnym badz technologicznym. Te komponenty sa potencjalnymi
kandydatami do outsourcingu.

W przypadku metryk post-mortem brane powinny by¢ pod uwage rowniez aspekty zwigzane z outsourcin-
giem dotychczas przeprowadzanym przez firm¢ w tych projektach. Jednym z istotnych kryteriow wyboru
dostawcy ustug outsroucingowych jest jego wiarygodnos$¢, doktadne i umiejetne wykonywanie powierzonych
zadan. Wystgpowanie tych cech jest stwierdzane na podstawie obserwacji realizacji wcze$niejszych umow
kooperacyjnych, wizyt i analizy list referencyjnych. Patrzac przez pryzmat core biznesu firmy, PM projektu IKT
podejmuje decyzje o ewentualnym dodatkowym ubezpieczeniu na wypadek zajscia niepozadanych sytuacji
zwiazanych z wysokim ryzykiem wyselekcjonowanych funkcji.

Dekompozycja
projektu

(audyt)
WBS produktowy

Metryki Model
etryki .
Post-Mortem kompetencji

PP Core PR
[} Outsourcing Y] B . [} Broker J}
W s e o usiness e
We wiasnym
zakresie

Rysunek 10. Minimalizacja ryzyka projektow — outsourcing.

Projekty

Innym rozwiazaniem jest wykonanie czynnosci we wlasnym zakresie, co wiaze si¢ czgsto z podniesieniem
poziomu kompetencji zespolu oraz przeznaczeniem budzetu adekwatnego do pozadanego obnizenia poziomu
ryzyka. PM moze rowniez przekaza¢ wybrane komponenty do firm zewngtrznych, wspoétdzielac ryzyko z firma
outsourcingowa.

Podsumowanie

Wiaczenie si¢ do czotéwki sektora IKT jest wyzwanie dla wielu firm i korporacji tego rynku oraz
panstw, poniewaz w 1999 r. 17 krajow osiagnelto juz 82% udziatu w §wiatowym eksporcie urzadzen informacyj-
nych (IT-goods).* Sektor ustug IKT i sprzetu informacyjnego jest wysoce umiedzynarodowiony, totez duza
czgs$¢ produkcji i sprzedazy realizowana jest przez zagraniczne filie korporacji na obcych rynkach, widzimy
taka dziatalno$¢ rowniez w Polsce. Poniewaz w dluzszej perspektywie same mniejsze koszty pracy (USA,
Angla, Niemcy a Polska, Ukraina, Indie, itp) z uwagi na zjawiska globalizacyjne nie wystarcza, dlatego
poszukiwanie i wdrazanie dobrych praktyk w zarzadzaniu projektami jest istotne na naszym rynku IKT.

Instrumentami zmniejszajacymi ryzyko przekroczenia budzetu czy czasu w projekcie oraz dostarczenie go
klientowi zgodnie z oczekiwanym zakresem i jakoscia, to przedmiot coraz szerszego zainteresowania kierow-
nikow projektéw informatycznych. Zwigkszenie bezpieczenstwa realizacji projektow informatycznych miedzy
innymi poprzez rozwdj kompetencji zespotu realizujacego projekty informatyczne jest jednym z istotnych za-

2 Byly to nastepujace kraje: USA, Japonia, Tajwan, Niemcy, Malezja, Wielka Brytania, Singapur, Korea, Meksyk, Francja,
Holandia, Filipiny, Tajlandia, Kanada, Hongkong, Wegry. http://www.outsourcingpipeline.com
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gadnien majacych duze znaczenie w budowaniu konkurencyjnej firmy na rynku IKT. Poniewaz wdrazanie mo-
delu kompetencji oraz zarzadzania wiedza poprzez opracowanie $ciezek rozwoju dla pracownikéw jest dosé
kosztownym przedsigwzigciem, zatem najczesciej jest wprowadzane w duzych firmach IKT. Najwigksza popra-
we wskaznikow: procent projektow zakonczonych sukcesem oraz kosztu wytwarzania, odnotowano w duzych
firmach. Natomiast w matych firmach zauwazono dos$¢ znaczacy (50%) wzrost kosztow przy niewielkiej popra-
wie wskaznika projektow zakonczonych sukcesem. Standish Group stwierdza, ze istnieja trzy glowne przyczyny
poprawy konczenia projektoéw sukcesem i do nich naleza:

1. Obserwowany trend dekomponowania projektow na mniejsze aplikacje

2. Ogolny wzrost umiejetnosei i kompetencji kierownikow projektow (Certyfikacja na Poject Managera —

PM) oraz postep nauki w dziedzinie zarzadzania projektami
3. Upowszechnianie standardow i narzedzi wspomagajacych zarzadzania projektami w tym
monitorowania kosztow
Mysle, ze nalezy postawi¢ wniosek, ze czwartym czynnikiem, ktory zwigkszy wydajnos¢ i efektywnosé
projektow IKT tj. zmniejszenie kosztow, jest konieczno$¢:
4. Zwigkszenie automatyzacji procesow wytworczych i wigksze wykorzystanie gotowych (z katalogu)
komponentow.

Trzy pierwsze zalecenie — czynniki poprawiajace statystyki projektéw zakonczonych sukcesem, zawdzigczamy
coraz silniejszemu oddzialywaniu stowarzyszen i organizacji skupiajacych PM oraz rozpowszechnianiu si¢
standardow [12,16]. Nalezy oczekiwac, ze dalsza konsolidacja rynku IKT oraz umocnienie si¢ przedstawionych
tendencji, zamieni marsz ku klgsce na marsz do sukcesowi [17].
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Abstract. The aim of this paper is to address the problem of user profile initialization in a travel
support system. In the system under consideration, ontologically demarcated data is stored in a
central repository, while user profiles are functionalized as instances of travel object ontologies.
Creation of an initial user profile is achieved through stereotyping. An example of utilization of
this technique, in the case of restaurant stereotypes, is presented.

1 Introduction

Travel support systems are considered a paradigmatic example for utilization of software agents [1].
When such system is to utilize Internet-available data, there exist at least two ways of approaching its
development. First, information can be indexed (only links to data are stored). Second, information can
be actually gathered. While each approach has its advantages and disadvantages, we have decided to
proceed with information gathering. In this way we are able to develop a system which locally resembles a
“mini Semantic Web.” The Semantic Web [2] is to consist of semantically demarcated resources available
in a machine-consumable form. Unfortunately, while this vision is very appealing (and a hot research
area), it is far from reaching practical usability. In particular, scarcity of ontologically demarcated data
hinders its further development (a classic example of a chicken and egg problem). Therefore, to be able to
experiment with semantically demarcated “travel content,” we have designed our system around a central
repository, where content is to be collected and stored. In particular, the proposed system consists of a
content collection subsystem, where data for the system is gathered and semantically demarcated [3-5],
a content delivery subsystem responsible for communicating with the user [6], and a content management
subsystem where data is stored and where its quality is assured. The top-level view of the system is
represented in Figure 1. Observe, that content is gathered from (a) Verified Content Providers (VCP),
representing sources of content that are consistently available and format of which is changing rarely
(e.g. website of Sofitel Hotels and Resorts) and (b) Other Sources, that represent the remaining available
content. For more information about the system see [7, 8].

VCP

Content Content

Delivery gg:;egﬂ; Collectio CONTENT

other
sources

Fig. 1. Top level view of the system
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In the context of this paper, we are particularly interested in the way that user profiles can be
represented. Since data describing travel objects is collected in the form of instances of ontologies, it is
natural to use the same approach to define user profiles. For instance, if one of properties of a hotel is
its having a fitness center, we can specify that this feature is important to the user by giving it a high
value of “liking.” Therefore, user profile can be represented as an instance of a travel ontology, where
user preferences are depicted as degrees of his liking (or disliking) of a given feature of a travel object.

Obviously, the aim of generating user profiles is to filter and to deliver content which is relevant to her
context [9]. This can be achieved through variety of content personalization techniques. However, there it
is usually assumed that (a) the system tracks user’s behavior in order to learn her profile, and (b) user is
willing to spend (some) time interacting with the system allowing it to “know her well.” This generates a
well known problem of initialization of a new user profile and finding solution to this problem is critical
for both the user and the system [10-12]. To address it in our system we have adapted a well-known
stereotyping approach of [13] to the Semantic Web environment that utilizes ontologically demarcated
data. While our approach to user profile construction and utilization is based on ideas presented in [10,
13,12,14-17], utilization of these methods in the context of semantically demarcated information is novel
and was proposed originally in [18].

In the paper we proceed as follows, in the next section we briefly describe ontologies that have been
defined and are utilized in the system, and follow with a short discussion of user profile representation. In
the next three sections we first, present some of the related work and follow with our proposed solution.
In the Appendix we present more details of proposed user stereotypes.

2 Ontologies in the system

Our original decision, to store ontologically demarcated travel-related content, resulted in search of ap-
propriate domain ontologies. As reported in [4,19,20], while there exists a large number of attempts at
designing ontologies depicting various aspects of the world (including world-of travel), we were not able to
locate a complete ontology of most basic travel objects, such as a hotel or a restaurant. We had therefore
to define both ontologies. In the case of hotel ontology we have constructed it on the basis of information
available within Internet Travel Agencies [4,19]. For the restaurant ontology we have utilized an existing
implicit restaurant ontology utilized in the ChefMoz project®. This ontology could not have been used
directly due to the fact that data stored there is infested with bugs that make its automatic utilization
impossible without pre-processing (see [4,20] for more details). Therefore, we have reverse engineered
the restaurant ontology underlying the ChefMoz project and semi-automatically cleaned data related to
restaurants available in Poland. As a result, we have a fully functional and ready to experiment with
dataset stored in the central repository. Below we present fragment of our restaurant ontology (in N3
notation):

:Restaurant rdfs:subClassOf loc:Location.

caccepts a rdf:Property;
rdfs:label ”accepts”;
rdfs:range mon:MeanOfPayment;
rdfs:domain :Restaurant.

:alcohol a rdf:Property;
rdfs:label ”alcohol”;
rdfs:range :AlcoholCode;

rdfs:domain :Restaurant.
:cuisine a rdf:Property;

rdfs:label ”cuisine”;

rdfs:domain :Restaurant;

rdfs:range :CuisineCode.
:dress a rdf:Property;

rdfs:label ”acceptable dress”;
rdfs:range :DressCode;
rdfs:domain :Restaurant.

:smoking a rdf:Property;

3 ChefMoz dining guide, http://chefdmoz.org/.



Ontology-based Stereotyping in a Travel Support System 75

rdfs:label 7smoking—friendlyness”;
rdfs:range :SmokingCode;
rdfs:domain :Restaurant.

3 User profile representation

In order to deliver personalized content to the user we have to find a way to represent our knowledge
about her, i.e. define user profile. Furthermore, its form has to simplify interactions in the system. Since
our system is oriented toward processing ontologically demarcated data, it is very natural to represent
user preferences in the same way. Thus we adapted an overlay model of user profile, where opinions of
the user are “connected” with appropriate concepts of domain ontology. This approach is also called a
student model, since it has been found useful to describe knowledge of the student about specific topics
of the domain [21].

For instance, let us consider Ann, who does not like meat and thus she eats vegeterian food and
likes salad bars. In our ontology both preferences can be expressed in terms of features of the restaurant.
Specifically, we assign weight to each feature (the larger the weight the more important it is to the user). In
case of Ann, vegeterian-related concepts will be assigned large weights, while other features that she does
not particularly care about (e.g. disallowance of minors in a restaurant) will be assigned small weight—the
lesser the interest, the closer to 0 the value will be. In the case of features for which we do not know users
preferences, no value will be assigned. Let us observe that we are mimicking the notion of probability—all
assigned values are from the interval (0, 1). This means that that even in the case of strong counter-
preference towards a given feature we will assign it value 0 (there are no negative values available).
Proceeding, we will create a special instance of restaurant ontology, one that represents user-restaurant-
profile. The following “code” fragment depicts Anns profile as it would be represented in our system:

:AnnOpinions a sys:OpinionsSet ;
sys:containsOpinion
[sys:about res:VeganMenu;
sys:hasClassification sys:Interesting;
sys:hasNormalizedProbability 0.60].
[sys:about res:VegetarianDishes;
sys:hasClassification sys:Interesting;
sys:hasNormalizedProbability 0.93].
[sys:about res:VegetarianMenu;
sys:hasClassification sys:Interesting;
sys:hasNormalizedProbability 0.92].
[sys:about res:PolishCuisine ;
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.11].
[sys:about res:RussianCuisine;
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.31].
[sys:about res:MinorsNotAllowed ,
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.15].
[sys:about res:SaladBar,
sys:hasClassification sys:Interesting;
sys:hasNormalizedProbability 0.89].
[sys:about res:Takeout |,
sys: hasClassification sys:Interesting;
sys:hasNormalizedProbability 0.74].

Here we can find that Ann likes to eat in restaurants serving vegetarian-like food and providing take-out
service; while Russian and Polish cuisines and disallowance of minors result in a “negative interest” for
such restaurants.

4 Initialization of user profile—prior work

One of the important questions that all recommender systems have to address is: how to “introduce”
new user to the system [15]. This is often called a new user problem and is a part of a cold start (or
ramp-up) problem [12,11]. Recommendation given by the system to the new user can be irrelevant and
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result in breaking his cooperation with the system. Therefore, Montaner et al. [10] suggested using one
of the following techniques to initialize user profile: manual initialization, training set or stereotyping.
Our choice is stereotyping.

In everyday life a stereotype is a generalization about a person or group of persons. We develop and
utilize stereotypes when we are unable or unwilling to obtain all information needed to make fair judg-
ments about people or situations. In many cases, in absence of a “complete picture,” stereotypes allow
us to “fill in the blanks” [22]. It is one of the most common techniques used to create a model or an
opinion about someone or something we do not know precisely. For example when we see a judge we can
think about him as a well-educated, honest man and when we see a politician we are likely to think that
he is hollow and hypocritical (although this could be incorrect). One of ways in which stereotypes help
to simplify the world is that they have strong effect on what characteristics of a person or a thing are
attended to and remembered [13].

In recommending systems, such as our Travel Support System, stereotyping is a method for classi-
fying users into categories and then making predictions based on stereotypes associated with particular
categories. Stereotypes contain typical assumptions that one makes about members of that category [23].
Use of stereotypes in recommending systems that maintain profiles of their users was introduced by Rich
in the GRUNDY system [13], where users were assigned to one or more stereotypes and when appropriate
activation condition (¢rigger) occurred, corresponding stereotype was applied. In such a stereotype-based
system users can be classified either (a) on the base of answers they gave during first use of the system
or (b) by tracking their behavior while they interact with the system. However, we need to remember
that answering to a large number of questions can be confusing and irritating. Moreover, people asked
about themselves have problems with delivering accurate information [13,15] — sometimes people are
over influenced by a group they belong to; sometimes they are afraid to confirm theirs interests etc.
This fact forced us to collect information from only few explicit questions — to gain basic information
about the user, and to update user profile later — according to her interactions with the system. Note
here, that in most systems using stereotyping, it is the only method of information filtering (also called
demographic-filtering). Therefore, classification is rigid: each user, once classified, cannot be reclassified,
and it is difficult to specify exceptions, i.e. to respect individual characteristics that a specific user is
known not to share with the group [16]. Since we use stereotyping only for initialization of the user
profile, our system does not fall into the rigidity-trap and allows us to constantly adjust user profiles.

5 Proposed solution — stereotypes

Obviously, we use the same way of representing stereotypes as we used to represent user-profiles. The
only difference is that in the case of stereotypes opinions are always “radical” and thus weight of interest
in a feature are either 0 or 1. Let us illustrate this by a partial depiction of a Conservative stereotype
(again in N3 notation) and follow by the discussion of subsequent features of that stereotype.

:ConservativeOpinions a sys:OpinionsSet ;
sys:containsOpinion
[sys:about res:FullBar;
sys:hasClassification sys:Interesting;
sys:hasNormalizedProbability 1.0],
[sys:about res:PolishCuisine ;
sys:hasClassification sys:Interesting;
sys:hasNormalizedProbability 1.0],

[sys:about res:EuropeanCuisine;
sys: hasClassification sys:Notlnteresting;
sys:hasNormalizedProbability 0.0],
[sys:about res:ChineseCuisine;
sys: hasClassification sys:Notlnteresting;
sys:hasNormalizedProbability 0.0],
[sys:about res:EclecticCuisine ;
sys: hasClassification sys:Notlnteresting;
sys:hasNormalizedProbability 0.0],

[sys:about res:BrasserieCuisine;
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.0],
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[sys:about mon:BankCard;
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.0],

[sys:about mon:DinersClubCard;
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.0],

[sys:about mon: Cash;
sys: hasClassification sys:Interesting;
sys:hasNormalizedProbability 1.0],

[sys:about res:FastFoodCuisine;
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.0],

[sys:about res:HamburgerCuisine;

[sys:about res:PizzaCuisine;
sys:hasClassification sys:NotInteresting;
sys:hasNormalizedProbability 0.0].
Conservatives do not like novelty. They refuse to eat meals belonging to foreign cuisines, or fast-food.
They also avoid going to restaurants that accept bank cards. They love Polish national cuisine, fatty-
meaty meals, combined with large amount of alcohol.

:ConservativeData a sys:StereotypeProfileData ;
sys:hasDressSet
[sys:contains sys:Elegant |;
sys:hasProfessionSet
[sys:contains sys:Handworker, sys:UnemployedJobSeeker,
sys: PensionerAnnuitant |;
sys :hasWealthSet
[sys:contains sys:Rich, sys:NotRich, sys:AverageRich];
sys:hasAgeSet
[sys:hasLeftBound 45; sys:hasRightBound 90].

Typically, the Conservative is a mature person (age of 45 or more). He or she is usually a handworker,
a pensioner or annuitant. Although the Conservative is not rich, he or she wears elegantly.

Let us now discuss what happens when a new user logs to the system. She will be requested to fill a
short questionnaire containing questions about age, gender, income level, occupation, address (matching
user features defined by the user ontology), as well as questions about her travel preferences (user
data: @). Personal data collected through the questionnaire will be used to match a person to one of
stereotypes. More precisely, a distance measure between user-specified characteristics and these appearing
in stereotypes defined in the system (stereotype data: S’) will be calculated to find which matches her
profile the closest. To achieve this, the following formula will be used:

where

- d(ﬁ is distance measure between value of S and @ at the dimension of f attribute—we can use this
approach because the stereotype and user data can be represented as vectors:

ﬁl ‘S:’l
Uz . Sa
u=1.1,5 .
U, Sn

- 5f = 0 if there is no given value for attribute f, either for S¢) or a(f) (i.e. they have not been
deﬁned in stereotype or in user data); note, that user is not obligated to enter all personal data;

otherwise 5§a =1,
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— w' is a significance weight of attribute f.

Note that since not all attributes have numerical values, the way that dl s computed has to be

modified accordingly. Therefore we use type classification proposed in [24]. Accordingly we distinguish
the following types of @ attributes:

1. nominal, distinguishes between categories, e.g. between professions (teacher vs. manager). Elements
of this type can be equal (4(f) = @w(f)) or not (a(H) # ),

2. ordinal, extending nominal type by possibility of ordering values according to their range (/) < /),
o) = 4l > w<f>). Here, possible values of the attribute are called states, for which we assign
appropriate range: rzf € [1,2,...,M/] is the range of value i of attribute f. For instance, wealth
attribute can be of one of the following states: not rich (rg = 1), average rich (7’{ = 2), rich (7'5 =3),
very rich (rg = 4). Finally, M/ depicts size of the domain of attribute f (in the above example
Mf =4).

3. interval®, which has values that belong to the linear scale and thus we can compute the distance
measure directly (ﬁ(f) — w<f>). The age attribute is an example here.

In the case of stereotype data (S) we must note, that each attribute carries only a “single value.” For
this purpose, we will establish sets of possible values for nominal and ordinal types

S’(f) = {ggf)agéf)aagglf)}a

while for the values of interval types, we will define borders of intervals considered in the system (S () =

<ylayr>)'

Now we can define dgﬁ more precisely, depending on the type of f attribute:

)

— when f is nominal: dga =0, if () e SU); otherwise dga =1

. _a®
— when f is interval: df_ = 0, if aY) € SU); otherwise df = —lmt
. S S max) —min
maz! and min’ are possible maximal and minimal values of F', respectively.
— when f is ordinal: dgﬁ =0, if oY) € SU); otherwise d = ming(f)€§<f)|r(§(f)) —r(aH))] and we can

d
MT—1"

where m = 1(y1 + y2) and

compute: dfﬁ =

The same process is repeated for all stereotypes to find the one that fits the best. In the next step
opinions of this stereotype are moved to the profile of the new user. The complete stereotyping process
has been described in figure 2.

Decadent User Conservative
Stereotype Profile Stereotype
Demographic |21 | pamoagraphic distance. Demographic
Data Data Data
| | [

copy!
Opinions Fr- - ? Opinions

Fig. 2. The stereotyping algorithm.

To illustrate in more detail how the proposed method works, in Table 1 we represent Anns profile
being compared with the Conservative stereotype.

6 Creating stereotypes methodological considerations

Usability and effectiveness of stereotypes depends on at least two factors: (1) quality of stereotypes
themselves, and (2) quality of implications that can be drawn from the fact that someone is associated

4 In the cited work [24] author describes also ratio type, with values, in comparison to interval type, are put on
an absolute scale. Here we have joined both types into one.
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Table 1. Example of computing distance between Ann’s profile and the Conservative stereotype; the only simi-
larity is found in the wealth attribute.

Attribute (f) Conservatist’s data (S) Ann’s data (0@) Weighted distance (wfdf%)
age 45-90 21 104 = 2052 = 2 -
£:(904+45)—21
90-0

wealth not rich, avarage rich or rich|rich 4=4-1
dress elegant natural 0=1-0
profession handworker, unemployed /|student / pupil 0=2-0

jobseeker, pensioner / annu-

itant;

Total (d(S,))[0.56 = Ly0d0

with a given stereotype [16]. The first factor is related to the number of stereotypes, correctness of
selection and number of selected attributes that demarcate them, and that are used to establish distance
between user profile and the stereotype. Furthermore, the selection of the significance weight (w/),
which specifies importance of individual attributes also plays a very important role. Psychologists Reed
and Friedman [25] have shown that using normative weights to divide people into actual categories
associated with their lifestyle, may result in misclassification as individuals have different self-perceptions.
What is more promising is utilization of a consumer behavior model, which takes into account not
only external factors, but also the self-perception that conceptualizes the way individuals think and
feel about themselves, as well as how they would like to think and feel about themselves [26]. The
second factor is related to the quality of available data. For instance, authors of the LifeStyle Finder
system have utilized data from a CRM system that contained, among others, US census data, magazine
subscription data, purchase data and questionnaire-based data collected for about 40,000 people [27]. In
case of gastronomy, user profiles are studied only by largest restaurant chains and their data not publicly
available®. Separately, we were not able to find non-commercial data that would allow us to connect
culinary preferences with age or income.

When data is not available, it is possible to use a questionnaire. Obviously, proceeding this way will
result in a substantial expenditure of time and resources [28]. The questionnaire should consist of two
parts: one related to the restaurant and one to the client. In the case of our system, features of the
restaurant have to match these in our restaurant ontology. As a result we should be able to answer
the question: who (described demographically) is frequenting given type of restaurants. Note that the
described process means also, that we will be stereotyping restaurants. In other words, to be able to
build a stereotype of the user and answer the question who is coming to Japanese restaurants, we need
to create a stereotype of a Japanese restaurant first [29].

Obviously, it is also possible to create stereotypes on the basis of clustering of actual user behavior.
As long as a large enough data sample is available, standard clustering algorithms can be applied. Similar
approach was utilized, for instance in the Doppelginger system [30]. The main problem with this approach
is the need to possess a large quantity of data prior to creating stereotypes. Observe however that this
approach can be used to modify stereotypes in an existing system [31].

Weighting all pros and cons we noticed, that the most important drawback of stereotyping-based
approaches is substantial expenditure of time and resources while constructing stereotypes. Probably,
this is the reason for preparing only hand-crafted stereotypes in most of the user modeling systems [16].
However, this is usually done on the base of empirical data (e.g. purchase data), which in our case was
difficult of acquire. Therefore we decided to prepare stereotypes on the base of our knowledge gathered
in discussion with specialists, gastronomy literature [29] and own intuitions. We present all stereotypes
in the Appendix, recognizing that each generalization could be prejudicial and misleading. However
stereotyping is only the first assessment about the user in the system and other user modeling technique
can improve it.

5 information obtained from Joanna Ochniak from the School of Hotel and Restaurant Studies in Poznan, and
from Andrzej Maslowski from the Institute of Market and Consumption in Warsaw; restaurant chains such as
Starbucks, McDonalds or KFC have only provided us with basic information of limited practical value
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Concluding remarks

In this paper we have addressed the problem of user profile initialization in a Travel Support System. We
have suggested how a modified stereotyping can be used to solve this problem and presented how stereo-
types can be represented and utilized in our system. Since the system is currently being implemented,
in the future we will be able to report on the success of the proposed approach.
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A Stereotypes

Here we describe all stereotypes conceptualized thus far within the system with the exception of the
Conservative stereotype, which was already described above.

Youngster stereotype represents people of age below 15, whose wealth can vary (since it depends on

the richness of their parents). No dress style for this stereotype is specified. Youngsters like hamburgers,
hot-dogs and pizza (fast-food). Their favorite restaurant must offer menu dedicated to kids, serve meals
outdoor and be able to handle large groups. Youngsters usually pay by cash.

:YoungsterData a sys:StereotypeProfileData ;

sys:hasProfessionSet [sys:contains sys:StudentPupil, sys:UnemployedJobSeeker |;
sys:hasWealthSet [sys:contains sys:Rich, sys:NotRich, sys:AverageRich];
sys:hasAgeSet [sys:hasLeftBound 0; sys:hasRightBound 15].

:YoungsterOpinions a sys:OpinionsSet ;

sys:containsOpinion

[sys:about res:FastFoodCuisine;

sys:hasClassification sys:Interesting],
[sys:about res:HamburgerCuisine;

sys:hasClassification sys:Interesting],
[sys:about res:HotDogsCuisine;

sys: hasClassification sys:Interesting],
[sys:about res:PizzaCuisine;

sys:hasClassification sys:Interesting],
[sys:about mon: Cash;

sys:hasClassification sys:Interesting],
[sys:about res:KidFriendly ;

sys: hasClassification sys:Interesting],
[sys:about res:Kids;

sys:hasClassification sys:Interesting],
[sys:about res:Kiosk;

sys: hasClassification sys:Interesting],
[sys:about res:LargeGroupsOk;

sys:hasClassification sys:Interesting],
[sys:about res:Outdoor;

sys: hasClassification sys:Interesting],
[sys:about res:Family;

sys:hasClassification sys:Interesting].

Young sportsman. This stereotype describes a person of age between 15 and 25 years, who wears
sport-style clothing and is employed as a handworker. It could also be a student or someone unemployed
and who therefore cannot afford expensive food. Sportsman likes entertainment (places that offer adult
forms of entertainment and music) and eats quickly. Similarly to a Decadent (s)he likes drinking alcohol
(mostly beer). Finally, has no problem with places that are not minority-friendly.

:YoungSportmanData a sys:StereotypeProfileData ;

sys:hasDressSet [sys:contains sys:SportyDress];
sys:hasProfessionSet [sys:contains sys:Handworker,
sys:StudentPupil, sys:UnemployedJobSeeker ];

sys:hasWealthSet [sys:contains sys:NotRich, sys:AverageRich];
sys:hasAgeSet [sys:hasLeftBound 15; sys:hasRightBound 25].

:YoungSportmanOpinions a sys:OpinionsSet;

sys:containsOpinion
[sys:about res:FastFoodCuisine;
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sys: hasClassification sys:Interesting],
[sys:about res:HamburgerCuisine;

sys:hasClassification sys:Interesting],
[sys:about res:HotDogsCuisine;

sys:hasClassification sys:Interesting],
[sys:about res:PizzaCuisine;

sys: hasClassification sys:Interesting],
[sys:about res:BarPubBreweryCuisine ;

sys:hasClassification sys:Interesting],
[sys:about res:MinorsNotAllowed ;

sys:hasClassification sys:Interesting],
[sys:about res:AdultEntertainment;

sys: hasClassification sys:Interesting],
[sys:about mon: Cash;

sys:hasClassification sys:Interesting],
[sys:about res:Brewery;

sys:hasClassification sys:Interesting],
[sys:about res:FullBar;

sys: hasClassification sys:Interesting],
[sys:about res:WineBeer;

sys: hasClassification sys:Interesting],
[sys:about res:BeerTasting;

sys:hasClassification sys:Interesting],
[sys:about res:Entertainment;

sys: hasClassification sys:Interesting],
[sys:about res:CafeCoffeeShopCuisine;

sys: hasClassification sys:NotInteresting],

[sys:about res:CafeteriaCuisine;

sys:hasClassification sys:Notlnteresting],

[sys:about res:TeaHouseCuisine;

sys: hasClassification sys:Notlnteresting].

Student is a person of age between 18 and 26 years old, not rich and “wearing naturally.” Student prefers
restaurants serving variety of foods: from pizza and Mexican cuisine to Asian food. His/her favorite
restaurant should offer take-out and delivery services. Each meal should involve beer. A restaurant, a
club or a pub is his/her second home and it is desirable from such a place to arrange concerts, provide
Internet access and organize beer-tasting events. Students usually pay by cash.

:StudentData a sys:StereotypeProfileData ;

sys:hasDressSet [sys:contains sys:Natural];
sys:hasProfessionSet [sys:contains sys:StudentPupil,

sys: UnemployedJobSeeker | ;

Sys

:hasWealthSet

[sys:contains sys:NotRich];

sys:hasAgeSet [sys:hasLeftBound 18; sys:hasRightBound 26].

:StudentOpinions a sys:OpinionsSet ;
sys:containsOpinion

[sys:about res:AsianCuisine;

sys:hasClassification sys:Interesting],
[sys:about res:ChineseCuisine;

sys: hasClassification sys:Interesting],
[sys:about res:DoughnutsCuisine ;

sys: hasClassification sys:Interesting],
[sys:about res:PizzaCuisine;

sys:hasClassification sys:Interesting],
[sys:about res:ItalianCuisine;

sys: hasClassification sys:Interesting],
[sys:about res:SushiCuisine;

sys: hasClassification sys:Interesting],
[sys:about res:TexNexCuisine;

sys:hasClassification sys:Interesting],
[sys:about res:MexicanCuisine;

sys: hasClassification sys:Interesting],
[sys:about res:VietnameseCuisine ;

sys: hasClassification sys:Interesting],
[sys:about res:BrasserieCuisine;
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sys: hasClassification sys:Interesting],
[sys:about mon: Cash;

sys:hasClassification sys:Interesting],
[sys:about res:Delivery ;

sys:hasClassification sys:Interesting],
[sys:about res:Takeou ;

sys: hasClassification sys:Interesting],
[sys:about res:Upscale ;

sys:hasClassification sys:Interesting],
[sys:about res:Upscale ;

sys:hasClassification sys:Interesting],
[sys:about res:Brewery;

sys: hasClassification sys:Interesting],
[sys:about res:WineBeer;

sys:hasClassification sys:Interesting],
[sys:about res:BeerTasting;

sys:hasClassification sys:Interesting],
[sys:about res:Entertainment;

sys: hasClassification sys:Interesting],
[sys:about res:Outdoor;

sys: hasClassification sys:Interesting],
[sys:about res:BeingYourOwnBeer;

sys:hasClassification sys:Interesting],
[sys:about res:InternetAccess;

sys: hasClassification sys:Interesting].

Snob. Snob, often dubbed as novo-rich has accumulated wealth extremely fast. (S)he is 25-40 years old
and very well to do. He or she wears elegantly. The Snob is employed for instance as a business-person,
director of start-up company or an advertising agent. Snob abhors fast-food and Polish national cuisine
(we consider only Polish users at this moment). However (s)he is eclectic: tries many foreign cuisines:
Greek, Ttalian or Thai. S(he) also likes fashionable, high-value vines. (S)he pays only by a credit or a
debit card.

:SnobData a sys:StereotypeProfileData ;
sys:hasDressSet [sys:contains sys:Elegant];
sys:hasProfessionSet [sys:contains sys:AdvertisingMarketingWorker ,
sys: ManagerDirector];
sys:hasWealthSet [sys:contains sys:Rich, sys:VeryRich];
sys:hasAgeSet [sys:hasLeftBound 25; sys:hasRightBound 40].

:SnobOpinions a sys:OpinionsSet ;
sys:containsOpinion

[sys:about res:WineBeer;

sys: hasClassification sys:Interesting],
[sys:about res:WineList;

sys:hasClassification sys:Interesting],
[sys:about res:WineTasting;

sys:hasClassification sys:Interesting],
[sys:about res:Winery;

sys: hasClassification sys:Interesting],
[sys:about res:ExtensiveWineList ;

sys: hasClassification sys:Interesting],
[sys:about mon:BankCard;

sys:hasClassification sys:Interesting],
[sys:about mon:ChargeCard;

sys: hasClassification sys:Interesting],
[sys:about mon:CreditCard ;

sys: hasClassification sys:Interesting],
[sys:about mon: AmericanExpressCard ;

sys:hasClassification sys:Interesting],
[sys:about mon: MasterCardEuroCard ;

sys: hasClassification sys:Interesting],
[sys:about mon:DinersClubCard;

sys: hasClassification sys:Interesting],
[sys:about res:EuropeanCuisine;
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sys: hasClassification sys:Interesting],

[sys:about res:ChineseCuisine;

sys:hasClassification sys:Interesting],

[sys:about res:EclecticCuisine ;

sys:hasClassification sys:Interesting],

[sys:about res:ItalianCuisine;

sys: hasClassification sys:Interesting],

[sys:about res:GreekCuisine;

sys:hasClassification sys:Interesting],

[sys:about res:BrasserieCuisine;

sys:hasClassification sys:Interesting],

[sys:about res:BeingYourOwnWine;

sys: hasClassification sys:Interesting],

[sys:about res:InternetAccess;

sys:hasClassification sys:Interesting],

[sys:about res:PrivateRoomAvailable;

sys:hasClassification sys:Interesting],

[sys:about res:FastFoodCuisine;

sys: hasClassification sys:NotlInteresting],

[sys:about res:HamburgerCuisine;

sys: hasClassification sys:NotlInteresting],

[sys:about res:HotDogsCuisine;

sys:hasClassification sys:NotInteresting],

[sys:about res:PolishCuisine ;

sys: hasClassification sys:NotInteresting],

[sys:about res:KidFriendly ;

sys: hasClassification sys:NotInteresting],

[sys:about res:Kids;

sys:hasClassification sys:Notlnteresting].

Decadent is person of age between 20 and 50 years old. In the case of the Decadent, financial status is of
no particular importance. They can be students, academicians, or free-lancers. Decadents wear naturally
or elegantly. They go to restaurants serving coffee, tea and wines. Places where wine could be tasted
(and over-indulged) are of special interest. Fast food is disgusting for the Decadent.

:DecadentData a sys:StereotypeProfileData ;

Sys

Sys:
:SpecialistFreeLancer , sys:UnemployedJobSeeker |;

Sys

Sys:
:hasAgeSet [sys:hasLeftBound 20; sys:hasRightBound 50].

Sys

:hasDressSet [sys:contains sys:NaturalDress, sys:ElegantDress];

hasProfessionSet [sys:contains sys:StudentPupil, sys:ScientistTeacher ,

hasWealthSet [sys:contains sys:NotRich, sys:AverageRich];

:DecadentOpinions a sys:OpinionsSet ;

Sys:

containsOpinion

[sys:about res:CafeCoffeeShopCuisine;

sys: hasClassification sys:Interesting],

[sys:about res:CafeteriaCuisine;

sys:hasClassification sys:Interesting],

[sys:about res:TeaHouseCuisine;

sys:hasClassification sys:Interesting],

[sys:about res:WineBeer;

sys: hasClassification sys:Interesting],

[sys:about res:WineList;

sys: hasClassification sys:Interesting],

[sys:about res:WineTasting;

sys:hasClassification sys:Interesting],

[sys:about res:Winery;

sys: hasClassification sys:Interesting],

[sys:about res:ExtensiveWineList ;

sys: hasClassification sys:Interesting],

[sys:about res:Entertainment;

sys:hasClassification sys:Interesting],

[sys:about res:FastFoodCuisine;

sys: hasClassification sys:NotInteresting],
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[sys:about res:HamburgerCuisine;
sys:hasClassification sys:Notlnteresting],
[sys:about res:HotDogsCuisine;
sys: hasClassification sys:NotInteresting],
[sys:about res:PizzaCuisine;
sys:hasClassification sys:NotInteresting].
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Abstract. In the paper we present origina fault smulation tools developed in our Institute. These tools are
targeted at system dependability evaluation. They provide mechanisms for detailed and aggregated fault
effect analysis. Based on our experience with testing various software applications we outline the most
important problems and discuss a sample of simulation results.

1 Introduction

Digital systems are widely used in various application areas including those with high reliability, availability
and safety requirements (e. g. telecommunication, medicine, aviation, industrial control systems, banking).
These requirements are the most important in so called dependable systems. To increase system dependability
we use in general three techniques: fault avoidance, fault masking and fault tolerance [25, 28]. The main idea of
fault avoidance techniques is to prevent fault occurrence. This is achieved by design reviews and automation,
part selection, screening, lowering power consumption, software regjuvenation etc. Fault masking techniques
hide the faults and prevent occurrence of errors using error correction codes or passive redundancy e. g. triple
modular redundancy with voting. Fault tolerance techniques detect faults, identify them and perform appropriate
recovery (e. g. replacing afaulty model by a spare one).

An important practical issue is to evauate system dependability. This can be done using various analytical
models, collecting reports on system operation from the field and by simulating faults and observing system
susceptibility to these faults. This last approach gains high interest in recent years. Various tools have been
developed for this purpose [1, 3, 5, 7, 8, 14, 24, 26]. They are targeted for models or working systems
(execution-based). Simulating faults in a system model (e. g. based on hardware description language VHDL or
Verilog) assures high flexibility, however, it is cumbersome for complex systems. Hence, various fault injection
techniques into the working systems are widely reported in the literature [1, 3, 4, 5, 26]. In our Institute we have
developed efficient tools for injecting faults into computer systems. These tools are systematically improved and
used successfully in our research aswell as in didactic. They comprise some original features not encountered in
other tools and are recognized by other European institutions involved in dependability problems. In particular,
our tools assure better experiment controllability, capability of detailed tracing of fault effects and correlation
with various application properties. This has created new possibilities in dependability analysis. In section 2 we
describe our fault injectors and give some illustrative experimental results and our remarks gained due to
research experience with using these tools in the context of other tools. Due to some encountered problems we
have developed other specialized supplementary simulation tools described in section 3. In the conclusion we
summarize our experience and outline directions of our future research in thistopic.

2 Softwareimplemented fault injectors

In 1998 we have developed the fault injector (FITS) operating in Windows environment on IBM PC compatible
platform. It has been systematically enhanced and modified. It was aso the basis for other simulators targeted
for multithreaded applications (MTI) and Linux environment (LIN). Using theses fault injectors for many years
in student projects as well as in research, we have gained reach experience. The latest version of FITS proved
that it is the one of the most complex, flexible and easy to use SWIFI (software implemented fault injector) tool
reported in the literature. It uses standard Win32 Debugging APl to control the execution of the software
application under test. During the so called Golden Run (GR) the execution trace as well as the execution results
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are saved in alog file (GRL). Additionally, statistic information is gathered on the tested application e. g. re-
source usage, code size, instruction distribution. FITS, as opposed to the most of other SWIFI tools reported in
the literature, works on a single IBM PC compatible computer under Win32 operating systems family
(Windows NT, 2000, XP). The experiments can be done on the executable code of the application (this is
important if the source code is not available). However, some source code modifications (described later) can be
helpful to simplify fault effect propagation analysis.

In FITS faults are simulated by disturbing the running application. In this process an important issue is the
type, location and time of fault injection. To assure better experiment controllability we admit so called testing
areas. Such areas can be marked with the use of the predefined magic sequence in the source code of the
application (every odd occurrence of this sequence begins new testing area while every even — closes current
testing ared). There can be many testing areas defined within a single execution of the application. Other
possibility to mark the testing area is to define two addresses of the instructions in the application code —
execution of the first one starts testing area, execution of the second one — terminates it. Here no source code
modifications are needed. Testing areas are very useful. They can limit the scope of disturbances only to the
most interesting parts of the analyzed application. Additionaly, they allow creating some extra code, not
disturbed during experiments, sometimes necessary to run the analyzed application.

Another optional modification of the application to be tested is the insertion of user-messages, which are
captured and collected by the FITS during experiments. This mechanism provides supplementary
communication between the tested application and FITS and has no impact on the application behavior as the
communication channel used (Win32 Debugging API) guarantees that. Using this mechanism, the tested
application can signal detected errors, the path of fault propagation, efficiency of fault forecast boundaries etc.
This simplifies tracing fault effects.

An important issue in experiments with fault injectors is qualification of results. This problem was neglected
in the literature due to the fact that the authors in most cases analyzed simple cal culation-oriented applications
where the incorrect results are easily identifiable. It is much more complicated for other classes of applications
e. g. oriented at database, document or signal processing, real-time applications in process control. First of al,
the result of such applications has to be identified taking into account its aspects related to value, time of
delivery, the impact on performed data processing etc. In some applications the accepted levels of result
deviations as well as error severity should also be defined. For example, in controlling processes of a
mechanical object, spurious temporary fault control signals can be tolerated by the object inertia. To resolve this
problem, in FITS the correctness oracle is specified in accordance with specific features and characteristics of
the tested application. Some illustration we givein [10, 11, 26].

2.1 Experiment setup

FITS can emulate permanent errors as well as Single or Multiple Event Upsets (SEU and MEU) related to
transient faults, which dominate in contemporary systems [9, 17, 25]. Faults can be injected into the main
resources available at the machine code level of the application. A fault to be injected is defined by the type of
modifying operation (e. g. XOR, SET, RESET) performed on the target fault location (e. g. a register) in
specified (in a so caled bit-mask) bit positions. The experiment is configured using convenient GUI interface
(anillustrative window isgivenin Fig.1).

The duration of afaulty state can also be programmed as a period from one machine cycle to even permanent
faulty state. In FITS it is aso possible to mimic the effects of complex faulty behavior or source-code level
errors (e. g. execution of additional user-defined code, delays in processing paths, coding errors).

The fault injection process is preceded by execution of the analyzed application (without faults) in the so-
called Golden Run mode. In this mode FITS traces the application execution and collects various statistics. The
collected information helps to profile the experiments (e. g. by showing Activity Ratio [10, 11, 27] of resources),
in particular facilitates fault distribution over execution time and resource space [11, 12, 27]. To achieve higher
efficiency, the target location is disturbed just before being used (by the application under test). Faults can be
located in CPU registers, application code, stack, data memory, FPU etc. Fig. 1 shows FITS dialog window for
selection of fault locations. The list on the |eft side contains all possible fault locations. The user can select any
of them and move with the buttons to the list of selected locations (list on the right side of the dialog). Faults can
be defined explicitly by the operator or generated pseudorandomly. FITS assures the experiment repetitiveness,
which is useful in deeper analysis of fault effects. This is a unique property, not available in similar tools
reported in the literature. Injected faults can be emulated for the explicitly defined set of faults (with specified
location and triggering moments) or generated automatically with a specified profile.
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Fig. 1. FITS window for defining fault injections

2.2 Experiment reports

A fault injection experiment is composed of tests specified in some preset configuration. Each test relates to a
single execution of the tested application with an injected fault (or faults). All side effects of injected faults are
stored, so the fault propagation can be traced in details. However, some aggregation and filtering functions (to
limit the volume of the collected data) can also be included. An example of a single fault injection test report is
shownin Fig. 2.

Address of instruction at which fault was injected: 401297

Instruction execution moment: 14

Fault location: RANDOM within instruction

Instruction before first injection; 00401297: 77¢c9 ja 00401262

Instruction after first injection:  00401297: 37 aaa

Fault mask: randomly selected one bit

Bit disturbance operation: XOR

Fault duration: 1 instruction

Program was terminated

Exit code: 254 was not correct

M essages during execution:

* Access Violation while reading - first chance at Eip=4012A3h

* Access Violation while reading - first chance at Eip=10208h

* Access Violation while reading not handled by debugee at Eip=10208h
- Second time - terminating

Fig. 2. A sample of asingle test report

It comprises fault injection time (instruction address and its execution moment — 14%), location etc. This fault
(single bit flip in instruction code) resulted in changing the instruction to be executed from conditional jump (ja
0x00401262) to arithmetic adjust (aaa). That led the application to two exceptiona situations (listed as
messages). The first one was generated by attempt to read unavailable memory by instruction at the address
0x004012A3. FITS gives the possibility to handle the first occurrence of exception by the application (specified
as the first chance). Unfortunately, the injected fault generated another (second) exception - this time not
handled, so at the second occurrence of the same exception the application was terminated.

For experiments with many fault injections (e. g. generated pseudorandomely in a specified resource) all tests
are performed automatically and beyond detailed test reports we obtain aggregated results. In particular, we can
get the percentage of results registered within specified 5 categories: C - correct result, INC — incorrect result or
wrong timing of its delivery, S - fault detected by the system (specification of the number and types of
registered exceptions), T - time-out, U - user-defined messages generated by the tested application (e. g.
signalling faulty behaviour). Moreover, in aggregated experiment report all user-defined messages are listed
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with the number of its appearance. There is aso a possibility to deliver experimental results to the database for
easier further processing and visualization. In embedded systems the correct result classification may admit
some minor anomalies e. g. short output signa transients, delays etc. Most embedded applications run
continuously but the result observation cannot be infinite process. We can limit it to some delay after the fault
injection and control some internal states, which may have influence in the future operation.

2.3 Examples of ssimulation results

The usefulness of FITS was verified in many student projects and research studies. To give a better view on

experimentation capabilities we give a sample of illustrative results for a calculation-oriented application. The

analyzed program is the Fast Fourier’s Transformation (FFT) from publicly available library — FFTW [11]. We

have analyzed two versions of this program:

¢ V1- the original simple implementation of FFT calculation, with neither fault detection nor fault tolerance
mechanisms.

* V2 —modified application V1 comprising original fault detection and fault tolerance mechanisms introduced
in[11].

Version V2 is based on time and code redundancy enhanced with exception handling. Input data is processed in

iterations. Each iteration is processed twice by replicated COTS components (code and time redundancy).
Moreover, it is guarded by the exception handling mechanism. This protects (with high coverage) the
controlling agorithm from possible disturbances caused by a faulty processing component. The obtained pair
of resultsis compared and in case of consensus the result is delivered as the application output. Any detected
exception or disagreement between results initiates internal testing and recovery procedure (data and code
consistency and recovery). It is followed by the third repetition of calculations and then voting over three
results. Implementation details are given in [11].
Both versions V1 and V2 were tested with FITS and disturbed by single bit-flip faults injected randomly into
the application code (instructions), CPU registers, FPU, application stack and data memory area. Around
1000 tests were made for each fault location. Experimental results are presented in Fig. 3. It shows the
percentage of basic test categories (C — correct, INC — incorrect, S —system exceptions, T — time-outs)
depending upon the location of injected faults (instructions, registers etc.). For each location we give a pair o
bars. The left one corresponds to the V1 version and the right one to the V2 version.

Instructions Registers FPU Stack Data
100% : u l i — —_
80% 1 | | | 4 I
aT
60% - H H M H | OS

2000 l mINC
] Il Il 1 [| oe

20% o o o H ot

0% —— — " ——h

Fig. 3. Fault susceptibility of two versions of FFT algorithm

The experiments proved high efficiency of implemented fault tolerance mechanisms for the considered fault
model. We have observed that some exceptions are not intercepted at the application level (to perform
correction), so the application is terminated by the operating system. This results from some discrepancies of
Windows, hence, further research targeted at improving this issue is required. Tab. 1 gives a representative
distribution of not handled exceptions in Win32 environment as a conseguence of single bit-flip faults in the
instruction codes.
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Table 1. Distribution of exceptions

Exception %
ACCESSVIOLATION 80.6
ILLEGAL INSTRUCTION 55
STACK OVERFLOW 4.8
BREAKPOINT 4.7
PRIVELAGE INSTRUCTION 4.3
ARRAY BOUNDS EXCEEDED 0.1
INTEGER OVERFLOW 0.1

In the case of faults injected in the application code the most effective system mechanism of fault detection is
Access Violation. The memory management unit triggers it, if the application violates memory access rights.
Significant percentage of access violation results from the high probability of disturbing referenced addressesin
such a way that unreachable memory regions are targeted. Hence, the classical control flow checking
mechanisms (e. g. [2, 18, 25]) are not so effective in the Win32 applications as in embedded systems, which
usually do not comprise memory protection mechanisms.

In experiments with various applications we observed different fault susceptibility in different segments or
modules of these applications. Moreover, the probability of fault occurrence in a memory is a function of the
used memory space. Sometimes parts of the application with high fault sensitivity are executed scarcely but
occupy a large memory space. So, the distribution (in time and space) of injected faults has to be programmed
carefully during the experiment setup. These issues are analyzed in [11, 12, 27].

3 Supplementary simulation tools

To evauate system dependability with fault injectors we have to simulate a large number of faults in order to

assure dtatistically significant results. Moreover, to obtain representative results it is important to assure

compatibility of the test profile with the operational one [3, 15, 27]. For this purpose, we can use statistics of

input data or module utilisation and select representative test scenarios to cover al possible situations. In this

process some coverage measures are helpful. We can deal with functional or structural coverage of the

application. Functional coverage isrelated to the application specifications. Structural coverage can be related to

program data and control flow [27]. We use a special tool, which measures such structural features as:

* block coverage — coverage of bocks composed of code fragments without branching (program is composed of
branch free segments of code comprising entry and exit points),

« decision coverage — measures the portion of decisions executed during testing,

¢ C-Use coverage — counts the number of combinations of an assignment to a variable and a use of the variable
in acomputation that is not part of conditional expression,

e p-use coverage - counts the number of combinations of an assignment to a variable, a use of the variablein a
conditional expression and all branches based on the value of the conditional expressions,

¢ all-use coverage - ¢ -use or p-use,

¢ du-path coverage — counts the number of paths from a variable's definition to its use, which contains no
redefinition of the variable,

« path coverage — coverage of al allowed sequences of statements in the program (practically not used).

SWIFI injectors are universa tools with high flexibility in the area of experiment controllability and
observability. This universality may create some problemsin specialised fault injection strategies related to time
overhead of injections as well as the necessity of complex specification of fault triggering. Hence, for some
well-defined problems it is more reasonable to use dedicated fault simulators. In particular checking fault
susceptibility of complex data structures used by many applications is more efficient with specialised
simulators. Such complex data structures are used in applications dealing with documents and databases etc.
These structures comprise information related to the processed data (e. g. text codes, graphical objects) and
various control information supporting performed operations. Moreover, some redundancy or error detection
and correction features are included. In contrast to calculation-oriented applications, complex data structures
show higher fault robustness. In particular a large percent of faults has no influence on the operation due to
some redundancy. On the other hand, these applications perform various checking functions so many faults
generate messages signalling incorrect operation. The list of these messages is quite long. We have aso
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analysed the fault susceptibility distribution in function of fault location within the tested documents. Some
areas storing control information generated most of messages.

In the specialized simulators we can adapt fault injection locations in correlation with logical structure of the
analyzed data structures. On the other hand, fault propagation effects are also controlled in a more efficient and
application oriented way. Here we may have specific signalling of errors by the application (error messages),
identification of abnormal states (e. g. hanging, performing partialy specified functions) etc. In specialized
simulators we can define test scenarios in the form of a sequence of appropriate actions with appropriate data
(simulation of an operator) specific for the considered class of applications. In the case of calculation-oriented
applications test scenarios can be expressed only as simple categories of appropriate data sets.

In many applications, while qualifying their test results, we can admit some disturbances as acceptable e. g.
in text, graphical or sound files data disturbances may reduce the quality of the represented information still
preserving the logical significance (text, image or sound are recognisable). Hence, while we evaluate the test
result we have to use application dependent qualification procedures. We will illustrate this for a sample of
results with randomly disturbed (bit-flip errors) files by means of special simulators. These results relate to MS
Excell, LATEX, graphical and multimedia sound files.

While analyzing MS Office document fault susceptibility we have injected single bit upsets randomly within
the document area (equal distribution in space). For MS Excell the injected faults generated only 12.6% of
errors. An interesting thing is that different document areas have various susceptibility to faults. Some are either
not used or redundant so no error was reported. Detected errors by MS Excel related to mechanisms checking
document format and context of control information. Quite interesting is the distribution of document errors:
17% have not been detected by the program (INC), 46% faults generated Excel messages informing on the
impossibility of loading document, 20% faults were signaled as access violation, 12% faults were not visible
after opening document, however, new writing of the document generated Excel warning messages or
exceptions. In 5% of cases error messages (e. g. lack of free memory) were not consistent with real faults.

LATEX files comprise text, commands, mathematical equations, comments etc. Depending upon fault rate
we could use the file or not (if some important structural data is disturbed). For fault rates lower than 1/128 in
90% of cases the file was available for processing. However, legible documents (with acceptable errors) appear
for fault rates at the level of 1/1000. It is interesting that disturbing mathematical formulas with fault rate up to
1/64 was acceptable.

In graphical files (e. g. JPG, BMP) an important issue is the level of image disturbance. JPG files are
accessible in over 90% for fault rates below 0.005 with possibility of general recognition of the image (disturbed
in about 30%). BMP files are very susceptible to faults in the area of the header (even single upsets may block
access to the file). Faults in data area lower image quality. For fault rates below 0.001 practically this
disturbances are not visible.

Information structure wav for storing and processing sound comprises a header (header length, number of
sound channels, coding technique, average sample rate etc.) and sound data samples. Disturbing wav files with
transient faults we observed that for fault rates higher than 1/40 over 90% of files were accessible but the play
function in most cases was rejected. For fault rate 1/128 this function practically was available. The header area
is very sensitive to faults (even single upsets are critical). Faults in data part only degrade sound quality, for
fault rate 1/10 the noise is very high but sound is recognizable. We have aso analyzed the impact of packet
losses during transmission of wav files via Internet. For transmitted music listeners did not observe quality
degradation (subjective evaluation) up to 3% of packet losses. Losses up to 10% were acceptable. For 30%
losses sound quality was very bad, nevertheless still recognizable.

4 Conclusion

The developed fault simulation tools have been successfully used by many M.Sc and Ph.D students in projects,
diplomathesis and our research works. The obtained results attracted the attention from other institutions active
in dependability research. In particular we compared simulation results obtained with model based fault injector
MODELSIM [30] developed in Grenoble TIMA3 laboratory for the car immobiliser developed in our Institute.
Our execution based fault injector assures much higher speed of fault injections.

SWIFI injectors assure relatively high speed. However, they have some limitations in simulating faults at the
level not accessible to the programmer. Hence, in practice it is reasonable to develop hierarchical simulation.
For example characterising faulty behaviour of a module by simulating faults at alower level (e. g. electrical or
RTL model). Such characterising experiments are also reported in the literature (e. g. [13, 21, 23]). Another
critical problem relates to experiment result qualification. This problem is not trivial in real time applications,
where some time or result value deviations can be considered as acceptable as well as short transient pulses
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(tolerated by the inertia of the controlled system). This problem is correlated with selecting representative test
scenario.

Recently many fault tolerance techniques in software have been proposed (e. g. [6, 11, 16, 18, 19, 20,
22, 29]). They are especialy efficient for transient faults dominating in contemporary systems [9, 17, 25]. The
proposed ideas in the literature can be implemented in different ways, so their optimization is needed. In this
process fault injectors are indispensable. Moreover, they are useful in dependability evaluation of existing
solutions.

In our further research we concentrate on increasing fault injection effectiveness by distributing the fault
injection processes in a computer network. Other improvements can be achieved by extracting system behaviour
in different operation time frames and faster qualification of the experiment results (e. g. by observing selected
internal state variables). We also develop a new fault injector for microcontroller systems. It is based on an
original RTL level smulator [31].
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Abstract. In this paper we present a comparison of two approaches for storing and processing of
long aggregates lists in a spatial data warehouse. An aggregates list contains aggregates, calculated
from the data stored in the database. Our comparative criteria are: the efficiency of retrieving the
aggregates and the consumed memory. The first approach assumes using a modified Java list supported
with materialization mechanism. In the second approach we utilize a table divided into pages. For this
approach we present three different multi-thread page-filling algorithms used when the list is browsed.
When filled with aggregates, the pages are materialized. We also present test results comparing the
efficiency of the two approaches.

1 Introduction

Data warehouses store and process huge amounts of data. We are working in the field of spatial data ware-
housing. Our system (Distributed Spatial Data Warehouse—DSDW) presented in [3] is a data warehouse
gathering and processing huge amounts of telemetric information generated by the telemetric system of inte-
grated meter readings. The readings of water, gas and energy meters are sent via radio through the collection
nodes to the telemetric server. A single reading sent from a meter to the server contains a timestamp, a
meter identifier, and the reading values. Periodically the extraction system loads the data to the database of
our warehouse. The data gathered in the database provide information about a given utility consumption.
Thanks to this information we can analyze an average consumption of a given medium and appropriately
control its production and distribution. When we want to analyze utility consumption we have to investigate
consumption history. That is when the aggregates lists are useful. In case of electrical energy providers, meter
reading, analysis, and decision making is highly time sensitive. For example, in order to take stock of energy
consumption all meters should be read and the spatial data analyzed every thirty minutes. The data ware-
house operation must be interactive. Query evaluation time in relational data warehouse implementations
can be improved by applying proper indexing and materialization techniques. View materialization consists
of first processing and then storing partial aggregates, which later allows the query evaluation cost to be
minimized, performed with respect to a given load and disk space limitation [9]. In [1,5] materialization is
characterized by workload and disk space limitation. Indexes can be created on every materialized view. In
order to reduce problem complexity, materialization and indexing are often applied separately. For a given
space limitation the optimal indexing schema is chosen after defining the set of views to be materialized [2].
In [6] the authors proposed a set of heuristic criteria for choosing the views and indices for data warehouses.
They also addressed the problem of space balancing but did not formulate any useful conclusions. [8] presents
a comparative evaluation of benefits resulting from applying views materialization and data indexing in data
warehouses focusing on query properties. Next, a heuristic evaluation method was proposed for a given work-
load and global disk space limitation.

In our current research we are trying to find the ways to improve the DSDW efficiency and scalability. After
different test series (with variations of aggregation periods, numbers of telemetric objects etc.) we found that
the most crucial problem is to create and manage long aggregates lists. The aggregates list is a list of meter
reading values aggregated according to appropriate time windows. A time window is the amount of time in
which we want to investigate the utility consumption. The aggregator is comprised of the timestamp and
aggregated values (fig. 1). In the system presented in [3] aggregates lists are used in the indexing structure,
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[ TMESTAMP | ZONE 1] ZONE 2|
[ 2004-01-01 00:300 0786 | 0.13 |
[ 2004-01-01 01:000 0.97 | 0.65 |
[ 2004-01-01 01:30.00 1.034 | 0.453 |

e o o

Fig. 1. Example of an aggregates list for time window of 30 minutes.

aggregation tree, that is a modification of an aR-Tree [7]. Every index node encompasses some part of the
region where the meters are located and has as many aggregates lists as types of meters featured in its region.
If there are several meters of the same type, the aggregates lists of the meters are merged (aggregated) into
one list of the parent node (fig. 2). In the following sections we present and compare two different approaches

2004-01-01 00:30:0 2.77
2004-01-01 01:00:00 2.38
2004-01-01 01:30:0 2.19
2004-01-01 02:00:00 2.68

Node 1 A

2004-01-01 00:30:0[ 0.98 2004-01-01 00:30:0| 1.48 2004-01-01 00:30:0[ 0.31
2004-01-01 01:00:0/ 0.76 2004-01-01 01:00:0| 1.26 2004-01-01 01:00:0[ 0.36
2004-01-01 01:30:0[ 0.81 2004-01-01 01:30:0] 1.11 2004-01-01 01:30:0[ 0.27
2004-01-01 02:00:0[ 1.02 2004-01-01 02:00:0] 1.45 2004-01-01 02:00:0[ 0.21
Node 2 Node 3 X Node 4

~_ [

Fig. 2. A hypothetical indexing structure.

for storing and managing long aggregates lists. First we present the theoretical background and then we
discuss the efficiency test results. Finally we conclude the paper choosing the more efficient and scalable
solution.

2 First approach—materialized Java list

The first approach assumes using a standard Java language list (like LinkedList or ArrayList, see [10]) to
store the aggregates. Created aggregates are added to the list; the list is sorted according to the timestamp.
The aggregates lists are stored in the main computer memory. Memory overflow problems may occur when
one wants to analyze long aggregation periods for many utilities meters. If we take into consideration the
fact that the meter readings should be analyzed every thirty minutes, simple calculations reveal that the
aggregates list grows very quickly with the extension of an aggregation period. For instance, for single energy
meter an aggregates list for one year has 365 - 48 = 17520 elements. In order to protect the system from this
failure we designed a memory management algorithm. The algorithm operation is unnoticeable for a system
user.

When the system starts, the algorithm evaluates the memory capacity by creating artificially generated
aggregates lists. Each allocated aggregates list is counted. The action is continued until there is no more
free memory. The next step is to remove the allocated lists and compute the value indicating the maximal
amount of lists in the memory during system operation. That value is computed as 50% of the all of allocated
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lists. The 50% margin is set in order to leave enough memory for other system needs, e.g. user interface and
insurance against memory fragmentation.

Memory overflow may occur when new aggregates lists are created. When the previously mentioned limit
is exceeded (too many aggregates lists in the memory) then some aggregates lists have to be removed from
the memory. In order to determine which lists to remove, we applied a mechanism that uses a lists reading
counter. Every indexing structure node has the reading counter increasing each time the lists are read.
The memory managing mechanism searches for the nodes with the smallest value of the reading counter
and removes them from the memory. Aggregates removal is proceeded by the materialization operation. In
figure 3 we present a flowchart illustrating the memory managing algorithm operation supported by the
materialization mechanism.

’l. Find the appropriate node(T)

i_

’2. Check the memory limit ‘

YES
Is exceeded ?

NO

2a. Find node with smalle
value of reading counter

2b. Materialize the list ant
remove them from memor

| I

3. Retrieve a given node
aggregates lists

4. Aggregate the lists the
global collecting element

Fig. 3. The memory managing algorithm operation.

2.1 Materialization

In order to save time spend on raw data processing we decided to apply the idea of aggregates lists mate-
rialization. When a given aggregates list is created for the first time, a set of queries must be executed and
the resulting raw data processed. Once calculated, the data is stored for further use. The materialization
mechanism combines the Java streams and the Oracle BLOB table column. The created aggregates are stored
in a table consisting of two columns, the first being NUMBER storing node’s identifier and the second is
BLOB storing materialized binary data of a given node’s aggregates lists. Figure 4 shows a simple schema of
the materialization mechanism. The presented approach of storing a single aggregates list as one stream has
two main drawbacks: the list must always be read starting from the beginning what, if not necessary, can
be very time-expensive, and the list cannot be easily updated (to attach new aggregators we must restore,
update and store whole long list). In the next section we present a different solution to the list materialization
problem.

3 Second approach—Materialized Aggregate List

The second approach is called a Materialized Aggregate List (MAL). Our main goal when designing the MAL
was to create a list that could be used as a tool for mining data from the database as well as a component of
indexing structure nodes (fig. 5). In this paper we focus mainly on the differences between the previously and
currently applied solutions. For more theoretical and practical details on the Materialized Aggregate List
please refer to [4]. The list interface is identical to the standard Java list so the MAL can easily replace the
previously described aggregates list. We also suppose that the applied multi-thread page-filling algorithms
and selective materialization will result in the MAL being more efficient when compared to the standard
Java list. Our main intention when designing the MAL was to build an efficient solution free of memory
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Node 1 |Materialized data tab‘e
2004-01-01 00:30:0] 2.77 D Data
2004-01-01 01:00:01 2.38 \ 1 10100101,
2004-01-01 01:30:0] 2.19
2004-01-01 02:00:01 1.43
2004-01-01 02:30:0] 1.12
2004-01-01 03:00:0 1.39

11011011..
01111010..

Fig. 4. A simple schema of the materialization mechanism.
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Fig. 5. MAL idea — provide a solution based on a well-known standard.

overflows which would allow aggregates list handling with no length limitations. The MAL structure and
operation is based on the following approach: every list iterator uses a table divided into pages (the division is
purely conventional). When an iterator is created some of the pages are filled with aggregators (which pages
and how many is defined by the applied page-filling algorithm, see description below). Applying a multi-
thread approach allows filling pages while the list is being browsed. The solution also uses an aggregates
materialization mechanism to store once created aggregates.

The actual list operation begins when a new iterator is created (iterator() function call). Every iterator is
characterized by two dates:

— border date. The border date is used for managing the materialized data. The border date is equal to
the timestamp of the first aggregator in the page.

— starting index. In the case that starting date given as a parameter in the iterator() function call is different
from the calculated border date, the iterator index is adjusted so that a the first next() function call
returns the aggregator with the timestamp nearest to the given starting date.

Consider the following: we have the install date 2004-01-01 00:00:00, an aggregation window width of 30
minutes and page size of 240. So, as can be easily calculated, on one page we have aggregates from five days
(48 aggregates from one day, % = 5). Next we create an iterator with the starting date 2004-01-15 13:03:45.
The calculated border date will be 2004-01-11 00:00:00, starting index 218 and the first returned aggregator
will have the timestamp 2004-01-15 13:30:00 and will contain the medium consumption between 13:00:00

and 13:30:00.

3.1 Page-filling algorithms

The iterator table pages are filled by separate threads. Regardless of the applied page-filling algorithm an
individual thread, characterized by a page border date, operates according to the following steps:

1. Check whether some other thread filling a page with an identical border date is currently running. If
yes, register in the set of waiting threads and wait.

2. If no, check if the required aggregates were previously calculated and materialized. If yes, restore the
data and go to 4.

3. If no, fill the page with aggregates. Materialize the page.

4. Browse the set of waiting threads for threads with the specified border date. Transfer the data and notify
them.
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In the subsections below we present three different page-filling algorithms used for retrieving aggregates from
the database. Their operation is illustrated with figures that use the symbols described in figure 6.

Page not containing valid d
- Page containing valid data
:| Page being filled

= Iterator cursor

Fig. 6. Symbols used in the page-filling algorithms descriptions.

Algorithm SPARE Two first pages of the table are filled when a new iterator is being created and the
SPARE algorithm is used as a page-filling algorithm. Then, during the list browsing, the algorithm checks
in the next() function if the current page (let’s mark it n) is exhausted. If the last aggregator from the n
page was retrieved, the algorithm calls the page-filling function to fill the n + 2 page while the main thread
retrieves the aggregates from the n + 1 page. One page is always kept as a “reserve”, being a spare page
(fig. 7). This algorithm brings almost no overhead—only one page is filled in advance. If the page size is
set appropriately so that the page-filling and page-consuming times are similar, the usage of this algorithm
should result in fluent and efficient list browsing.

E -
-

A B Cc D

-

Fig. 7. Operation of the SPARE algorithm.

Algorithm RENEW When the RENEW algorithm is used, all the pages are filled during creation of
the new iterator. Then, as the aggregates are retrieved from the page, the algorithm checks if the retrieved
aggregator is the last from the current page (let’s mark it n). If the condition is true, the algorithm calls the
page-filling function to refill the n page while the main thread explores the n + 1 page. Each time a page is
exhausted it is refilled (renewed) immediately (fig. 8). One may want to use this algorithm when the page
consuming time is very short (for instance the aggregators are used only for drawing a chart) and the list
browsing should be fast. On the other hand, all the pages are kept valid all the time, so there is a significant
overhead; if the user wants to browse the aggregates from a short time period but the MAL is configured so
that the iterators have many big pages—all the pages are filled but the user does not use all of the created
aggregates.

Algorithm TRIGG During new iterator creation by means of the TRIGG algorithm, only the first page
is filled. When during n page browsing the one before last aggregator is retrieved from the page the TRIGG
algorithm calls the page-filling function to fill the n + 1 page. No pages are filled in advance. Retrieving the
next to last aggregator from the n page triggers filling the n + 1 page (fig. 9). The usage of this algorithm
brings no overhead. Only the necessary pages are filled. But if the page consumption time is short the
list-browsing thread may be frequently stopped because the required page is not completely filled.
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Fig. 9. Operation of the TRIGG algorithm.

3.2 MAL in indexing structure

The idea of the page-filling algorithm in the MAL running as a component of a higher-level node is the
same as in the TRIGG algorithm for the database iterator. The difference is in aggregates creating because
the aggregates are created using aggregates of lower-level nodes. The creation process can be divided into
two phases. In the first phase the aggregates of the lower-level nodes are created. This operation consists
of creating the aggregates and materialization. In the second phase, the aggregates of the higher-level node
are created through merging all the available materialized pages of the lower-level nodes created in the first
phase into pages of the higher-level node. The second phase is performed using the materialized data created
in the first phase and its execution takes less than 10% of the whole time required for creating the aggregates
of the higher-level node.

To control the number of concurrently running threads we use a resource pool storing the iterator tables.
Thanks to such approach we are able to easily control the amount of memory consumed by the system
(configuring the pool we decide how many tables it will contain at maximum) and the number of running
threads (if no table is available in the pool a new iterator will not start its page-filling threads until some
other iterator returns a table to the pool).

3.3 Materialization

Page-filling thread operation description shows that the MAL applies materialization. For the MAL we use
a table with three columns storing the following values: the object identifier (telemetric object or indexing
structure node), page border date and aggregators in binary form (fig. 10). The page materialization mech-
anism operates identically for each page-filling algorithm. The MAL can automatically process new data
added by the extraction process. If some page was materialized but it is not complete, then the page-filling
thread starts retrieving aggregates from the point where the data was not available.

4 Test results

This section contains a description of the tests performed for the both presented approaches. The aggregates
were created for 3, 6, 9, and 12 months with a time window of 30 minutes. The created aggregates were not
used in the test program; the program only sequentially browsed the list. Aggregates browsing was performed
twice: during the first run the list has no access to the materialized data, and during the second run a full set
of materialized data was available.The tests were executed on a machine equipped with Pentium IV 2.8 GHz
and 512 MB RAM. The software environment was Windows XP Professional, Java Sun 1.5 and Oracle 9i.
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Node 1
Materialized data table
2004-01-01 00:30:01 2.77 D Border Date Data

2004-01-01 01:00:0f 2.38
2004-01-01 01:30:0[ 2.19

page O, bd: 2004-01-01 00:00: 0/

2004-06-01 00:30:0[ 3.17
2004-06-01 01:00:0[ 2.67
2004-06-01 01:30:0] 4.56

1 2004-01-01 00:00:0] 101..
2004-06-01 00:00:0] 110..
2004-11-01 00:00:0] O11..
2004-16-01 00:00:0] 111..
2004-21-01 00:00:0 110..
2004-01-01 00:00:0] 111..

[N Y S

page 1, bd: 2004-06-01 00:00:¢0|

Fig. 10. A schema of the materialization mechanism applied in the MAL.

In the case of the first presented approach we have little influence on the list configuration. But in the case
of MAL we can change the following configuration parameters to make the list operation most efficient:

— page size defines how many aggregates is stored on a single list page,
— page number defines the amount of pages creating the iterator table,
— page-filling algorithm defines which algorithm is to be used for filling the pages.

In order to compare the two presented approaches we first analyze operation of the MAL to find the best
combination of the configuration parameters. The choice criterion consisted of two aspects: the efficiency
measured as a time of completing the list-browsing task and memory complexity (amount of the memory
consumed by the iterator table).

4.1 MAL configuration

The tests were performed for the three page-filling algorithms, size of a single page varied from 48 aggregates
(1 day) to 4464 (93 days — 3 months) and number of pages 2 + 10. The number of tables available in the
table pool was limited to 1 because increasing this number brought no benefit.

We first analyze the results of completing the list-browsing task during the first run (no materialized data
available) focusing on the influence of the page number and the size of a single page. We investigated the
relations between these parameters for all three algorithms, and we can state that in all the cases their
influence is very similar; graphs of the relations are very convergent. The list browsing times for small pages
are very diverse. For a page of size 48 the times vary from 30 to 160 seconds depending on the amount
of pages. MAL operation for a page of size 240 is more stable; the differences resulting from the different
number of pages do not exceed 25 seconds. For pages of size 672 and more we observe very stable operation
of the MAL. A page size of 672 seems to be the best choice. Extending the page size brings very small
efficiency gain but results in much more memory consumption. After choosing the best pair of page size and
page number parameters, we compared the time efficiency of the page-filling algorithms. Figure 11 shows a
graph comparing efficiency of the algorithms applied in the child nodes for browsing the list of aggregates
for 3, 6, 8 and 12 months. The lists were configured to use 6 pages, each of size 672. In the graph we observe
that the SPARE and the TRIGG algorithms show similar efficiency. Along with extending the aggregation
period the operation time increases; for the TRIGG algorithm the increase is purely linear. The RENEW
algorithm shows worse efficiency, especially for long aggregation periods of 6 and 12 months. Filling and
merging the pages not used during the list browsing results in worse performance. Therefore, to summarize
the parameters selection we can state that the MAL works efficiently for the following configuration: number
of pages 4 + 6, size of a single page 672 and TRIGG as the page-filling algorithm.

4.2 Efficiency comparison

In this subsection we compare efficiency of the two presented approaches. The scenario concerns operation
of the lists when applied in a theoretical indexing structure. The structure consisted of one parent node and
5 + 20 child nodes; the query concerned parent aggregates but obviously resulted in creating the aggregates
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Fig. 11. Page-filling algorithms operation for index iterator

of all the child nodes. As first we compare the results of the lists operation during the first run when no
materialized data was available. Figures 12 and 13 present graphs for gathering aggregates from respectively
5 and 20 child nodes. In the both cases the MAL shows better efficiency. It operates about 40% faster than
the standard Java list supported by the materialization mechanism. Further graph analysis reveals that
extending the aggregation period results in operation time growth. The growth is significantly greater in the
case of the Java list. The conclusion is that the MAL solution is more scalable.

800 5 meters —a— Java List —a— MAL
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Fig. 12. Comparison of efficiency of the Java list and the MAL for 5 meters.
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Fig. 13. Comparison of efficiency of the Java list and the MAL for 20 meters.

The aspect last investigated was materialization influence on system efficiency. The test results interpretation
reveals that materialization strongly improves efficiency of both approaches. Thanks to materialization both
lists operate from 6 to 8 times faster than when no materialized data is available. The longer the aggregation
period and the more meter readings are to be aggregated the greater the benefit of materialization
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5 Final conclusions and future plans

In this paper we presented a comparative study of two approaches for storing long aggregates lists in spatial
data warehouse. The first approach is a standard Java list supported by aggregates materialization mecha-
nism. The second solution is called Materialized Aggregate List (MAL) and is a data structure for storing
long aggregates lists. The MAL also uses the materialization mechanism. After presenting the theoretical
background for both approaches we discussed test results proving the MAL being more efficient and scalable.
The MAL operates about 40% faster than a standard Java list.

The data warehouse structure described in [3] applies distributed processing. We suppose that in this aspect
introducing the MAL to our system will bring benefits in efficiency. The current approach to sending com-
plete aggregates lists as a partial result from a server to a client results in high, single client module load.
When we divide the server response into MAL pages, the data transfer and the overall system operation
will presumably be more fluent. Implementation and testing of those theoretical assumptions are our future
plans.
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Abstract. In this paper we present a method of describing ETL processes (Extraction, Transformation and
Loading) using graphs. We focus on implementation aspects such as division of a whole process into
threads, communication and data exchange between threads, deadlock prevention. Methods of processing of
large data sets using insufficient memory resources are also presented upon examples of joining and
grouping nodes. Our solution is compared to the efficiency of the OS-level virtual memory in a few tests.
Their results are presented and discussed.

1 Introduction

Nowadays data warehouses gather tens of gigabytes of data. The data, before loading to the warehouse, is often
read from many various sources. These sources can differ in terms of a data format, so there is necessity of
applying proper data transformations making the data uniformly formatted. In consecutive steps the data set is
filtered, grouped, joined, aggregated and finally loaded to a destination. The destination can be one or more
warehouse tables. A whole process of reading, transforming and data loading is called data extraction process
(ETL).

The transformations used in the ETL process can differ in terms of complexity. A few of them are smple
(e. g. filtration, projection), whereas others are very long lasting and require a lot of operational memory (e. g.
grouping, joining). However, the common feature of the transformations is that each one contains at least one
input and an output. This allows to describe the extraction process using a graph, whose nodes correspond to
objects performing some operations on tuples, and its edges define data flow paths.

Most of commercia tools like Oracle WB do not consider internal structure of transformations and graph
architecture of ETL processes. Exceptions are researches [7, 8], where the authors describe ETL ARKTOS
(ARKTOS I1) tool. It can (graphically) model and execute practical ETL scenarios, providing us primitive
expressions that brings under the control over the typica tasks using declarative language. Work [1] presents
advanced research on the prototypes containing AJAX data cleaning tool.

To optimize the ETL process, there is often designed a dedicated extraction application, adjusted to require-
ments of a particular data warehouse system. Basing on authors experiences [4, 5], it was made a decision of
building a developmental ETL environment using JavaBeans components. Similar approach was proposed in
the meantime in work [2]. J2EE architecture with ETL and ETLLet container was presented there, providing
efficient ways of execution, controlling and monitoring of ETL process tasks for continuous data propagation
case.

Further speeding up of the ETL process forced us to give the JavaBeans platform up. An ETL-DR
environment [3] is a successor to the ETL/JB and DR/JB [6]. It is a set of Java object classes, used by a de-
signer to build extraction applications. These are analogous to JavaBeans components in DR/JB environment.
However, object properties are saved in an external configuration file, which is read by an environment mana-
ger object. It frees us from recompilation of the application each time the extraction parameters change. In com-
parison to the ETL/JB and the DR/JB we significantly improved the processing efficiency and complexity of the
most important transformations: grouping and joining. The possibility of storing data on a disk was added when
the size of the data set requires much more memory than it is available.

In the following sections we present in details a method of describing ETL processes using graphs and we
show how this description influences the implementation. The problems resulting from the graph usage are also
discussed and methods of data processing using insufficient memory resources are presented.
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2 Extraction Graph

Operations performed during the extraction process can be divided into three groups:
a) reading source data,
b) datatransformations,
¢) writing data to a destination.

ONONG
Fig. 1. One of the simplest extraction graphs. Node E is an extractor, node T is a transformation and node | is an inserter

Nodes belonging to the mentioned above operation groups are respectively: extractors (E), transformations
(T) and inserters (1). From the graph’s point of view extractors have only outputs, transformations have both
inputs and outputs, whereas inserters contain inputs only. By connecting inputs to outputs we create a con-
nection net that defines data flow paths (Fig. 1). The data flow inside the node is possible in one direction only:
from the inputs to the outputs, in the opposite direction it is forbidden. It is also assumed that connection net
does not contain closed loops, which means there is no possibility to enter the same graph node traversing along
the selected path of the graph. Such anet of nodes and connectionsiis called directed acyclic graph DAG.

3 ETL-DR Data Extraction Environment

The ETL-DR is our research environment designed in Java. It uses the extraction graph idea presented above to
describe the extraction processes. During processing each graph node is associated with a thread, that is an in-
stance of atransformation, or an extractor, or an inserter.
Available components are:
= extractors
- FileExtractor (FE) — reads tuples from a source file,
- DBExtractor (DE) — reads tuples from a database,
» transformations
- AggregationTransformation (AgT) — aggregates a specified attribute,
- FilterTransformation (FiT) — filters the stream of tuples,
- FunctionTransformation (FuT) — user-definable tuple transformation,
- GeneratorTransformation (GeT) — generates ID for each tuple,
- GroupTransformation (GrT) — grouping,
- JoinTransformation (JoT) —joining,
- MergeTransformation (MeT) — merges two streams of tuples,
- ProjectionTransformation (PrT) — projection,
- UnionTransformation (UnT) — union,
= inserters
- Filelnserter (FI) —writes tuples to adestination file,
- DBlnserter (DI) — writes tuples to a database table via JDBC interface,
- OracleDBInserter (ODI) — writes tuples to a database using Oracle specific SQL* Loader,
= gpecids
- VMQueue (VMQ) — FIFO queue which stores data on a disk.
Most of the components process data on-the-fly, which means each tuple just received is transformed or ana-
lyzed independently and there is no need to gather a whole data set. The exceptions are: joining node JoT,
grouping node GrT and VMQ queue.

3.1 Implementation of Graph Nodes | nter connections
In order to facilitate analysis of interconnections between the graph nodes we have to describe the structure of

inputs and outputs of the ETL-DR extraction graph nodes. Each node has a unique ID. Each node input contains
ID of asource hode assigned by the graph designer, and an automatically assigned number of an output channel
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of the source node. A node output is a multi-channel FIFO buffer with the number of channels equal to the
number of inputs connected to the node (Fig. 2). When a node produces output tuples, it puts them into its
output, where they are grouped into tuple packets. Upper limit of the packet size is defined by the designer.
Packets are gathered in queues, separately for each output channel. The queue size is also limited to avoid un-

necessary memory Consumpti on.

/ ID=123 \ / ID= 124\
Input: ’
- sourcelD = 123
Output - sourceChannel = 1
% __Data | Z Logical Tnput
8 connection l Data
Sy
- / - J

N

Fig. 2. Nodes interconnection on the implementation level. Data produced by the node 123 are stored in a multi-channel
output buffer. Source of the node 124 is defined as a node with ID = 123 and logical channel number = 1

3.2 Data Exchange Between Nodes and a Risk of Deadlock

Let us analyze a case of processing performed by a part of the graph presented in Fig. 3a. The function node
FuT(11) produces tuples with attributes (el D, date, transactionsPerDay), and the grouping node GrT(12) com-
putes average number of transactions for each employee. Thisis similar to the SQL query below:

SELECT eID, AVG(transactionsPerDay)
FROM GrTeur

AS avgTPD

GROUP BY eID

Thejoining node JoT(13) performs an action defined by the following SQL query:

SELECT sl.eID,
FROM JoTgyr s1,
WHERE sl.eID =

sl.date,
JoTgr S2
s2.elD

sl.transactionsPerDay, s2.avgTPD

Such simple operations like grouping and joining are dangerous because they can be a reason of deadlock. This
isaresult of the data transferring method between node threads which is used.

Joining node works as follows: it receives tuples from the slave input and puts them into a temporary buffer,
next it receives tuples from the primary input. Each tuple from the primary input is checked if it can be joined
with tuples in atemporary buffer according to the specified join condition. In the presented example, slave input
is the one connected to the grouping node, because it is highly possible, that after grouping the size of the data
set will decrease and less number of tuples will be kept in memory.

Tuples generated by the function node are simultaneously gathered in both output channels of the node for
nodes JoT(13) and GrT(12). The grouping node aggregates data all the time, but the joining node waits for the
grouped data first, and it does not read anything from the function node yet. After exceeding the limit of the
output queue size, the function node is hated until the queue size decreases below the specified level. This way
adeadlock occurs:

- thenode FuT(11) waits until the node JoT(13) starts reading data from it,

- thenode GrT(12) waits for the data from the node FuT(11),

- thenode JoT(13) waits for the data from the node GrT(12).
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Fig. 3. Typica deadlock prone graph nodes connections (a) and a way of deadlock avoidance by use of VMQueue
component (b)

To eliminate the reason of the deadlock we have to assure that the data from the function node FuT(11) are
fetched continuously without exceeding the queue size limit. To do it we created a specia VMQueue
component. Thisis a FIFO queue with ability of storing data on a disk. It reads tuples from its input, no matter
if they can be hand further or not. If tuples are fetched from VMQ node continuously it does nothing more but
transfers data from the input to the output. In other case, it writes tuples to the disk in order to avoid overfilling
of the output queue of its source node. Next, when VMQueue destination continues processing, the tuples are
read from the disk and sent to the queue output. Inserting VM Queue node between FuT(11) and JoT(13) avoids
the deadlock (Fig. 3b).

3.3 Formal Definition of the Deadlock Prone Graph Nodes Subset

A deadlock may occur if two or more data flow paths that split in one node of the graph, meet again in another
node. In other words, a given node X is connected with any of its direct or indirect source nodes by two or more
paths. Thislet us conclude that node X must have more than one input.
Let us represent a set of source nodes of the node X as SourceNodes(X), and a set of source nodes of the i-th
input of X as InputSourceNodes(X,i). We can define: ,
»  InputSourceNodes ( X,i)=SourceNodes (X .in|i|.sourcelD)U X .in|i| .SourceIDJ1
= SourceNodes( X )=¢ if Xisan extractor,
InputSourceNodes ( X,i){ if Xisatransformation
or an inserter,
= CommonNodes( X,i,j ) =InputSourceNodes ( X,i)N InputSourceNodes (X,j ) ,
= LastNode( N )=|X € N:SourceNodes( X )|=N{X] .
If for each node X of the extraction graph, which is not an extractor, the following condition is satisfied:
i # j = CommonNodes ( X,i,j)=¢
then deadlock cannot occur. Otherwise deadlock is possible and we should use VM Queue component and insert
it into the graph, to avoid the application hang. Insertion of VM Queue node makes sense only behind the nodes
from a LastNode( CommonNodes(X,i,j)) set, that is a set of the last nodes from the set of common

parts of the two data flow paths. In the example presented in the previous section it was the FUT(11) node
(Fig. 3b).

3.4 Temporary Data Buffering on Disk

During an extraction process a large number of tuples is processed. When they need to be buffered, there is a
problem of selection of the right place for the buffer. Keeping them in memory isimpossible because the size of
the data set is usually much bigger than the size of the available RAM. The only solution is storing the data on a
disk. Two approaches are possible: virtual memory supported by the operating system or storing implemented
on the application level in algorithms used in transformation nodes. In our ETL-DR environment the nodes
using application-level virtual memory are: VM Queue, GroupTransformation and JoinTransformation.

3.4.1 VM Queue Component
As it was presented in section 3.2 VMQueue component is a FIFO queue able to store the buffered data on a
disk. Its task is to ensure the data is read from its source as it comes, even if the node receiving data from
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VM Queue does not work. In such a case tuples are stored in a disk file rather than put into the output buffer.
Next when possible, tuples are read from the file and hand further. Because of a sequentia access to the disk
file, this solution is more efficient than the OS-level virtual memory.

3.4.2 GroupTransformation Component
A grouping component can work in one of three modes:

a) input tuples are sorted according to the grouping attribute values,

b) tuplesare not sorted, grouping in memory,

C) tuplesare not sorted, externa grouping.

In case a) aggregates are computed as they come, and memory usage level is very low. In case b) each new
combination of the grouping attributes is saved in a hash table with associated aggregates. If such a combination
appears again during processing, it is located and the aggregates are updated. The number of entries in the hash
table at the end of the processing equals to the number of tuples produced. Both cases a) and b) use only RAM.

procedure Group ()
Begin
List filelList;
While Input.hasTuples() do

Tuple T = Input.getTuple();

If not HM.contains (Attributes (T)) then
HM.put (Attributes (T), Aggregates(T));

End if

Aggregates AG = HM.get (Attributes(T));

AG.doAggregate (T) ;

If HM.size() > SIZELIMIT then
filelList.add (WriteToFile (HM)) ;
HM.clear () ;

End if

End while

AggrSource as = getSource(filelList, HM);
Aggregates AG = null;

While as.hasNext () do

If AG == null then
AG = a.next();
Else
A%gregates newAG = as.next();
I (newAG.attr == AG.attr) then
AG.aggregate (newhAG) ;
Else

ProduceOutputTuple (AG) ;
AG = newAG;
End if
End if
End while
ProduceOutputTuple (AG) ;
End

Fig. 4. External grouping algorithm

Case ) has features of the processing used in cases @) and b). First, data set is gathered in the hash table and
aggregates are computed. When the number of entries in the table exceeds the specified limit, the content of the
table is written to the external file in sorted order according to the grouping attribute values. Next, the hash table
is cleared and the processing is continued. Such a cycle repeats until the input tuple stream ends. Then the data
integration process is run. Tuples are read from the previously created files and fina aggregates values are
computed. This is very similar to case @) processing with the exception of getting data from external files
instead of the node input.

3.4.3 JoinTransformation Component

A joining node works basing on the algorithm presented in Fig. 5. The first step is collecting tuples from the
slave input. They can be loaded to a temporary associating array or written to a temporary disk file. Before
writing to the file, tuples are sorted according to the joining attributes using external version of the standard
Merge-Sort algorithm: tuples are gathered in memory, if the limit of tuples in memory is exceeded they are
sorted and written to a file. Next portions of the data set are treated in the same way. Finally tuples from al the
generated sorted files are integrated into one big sorted file. Sorting let us to locate any tuple in the externa file
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in log(n) time using the hinary search algorithm. Additional indexing structure located in memory decreases
searching time also, by reducing the number of accesses to the file. The index holds locations of the accessed
tuples, which enables narrowing down the searching range when accessing consecutive tuples.

procedure Join ()
Begin
While Input (2) .hasTuples () do
Tuple T = Input(2).getTuple();
HM.put (Attributes(T), T);
End while
While Input (1) .hasTuples () do
Tuple T = Input(l).getTuple();
Tuple[] TT = HM.get (Attributes(T)):;
For each JT in TT do
Tuple O = Join(T, JT);
ProduceOutputTuple (O) ;
End for
End while

End

Fig. 5. General join algorithm

The second phase is the same, no matter if the temporary buffer is located in memory or on a disk. Only the
implementation of the HM (HashMap) object changes in the algorithm presented in Fig. 5. Each tuple from the
primary input is checked if it can be joined with tuples in the temporary buffer according to the specified join
condition.

4 External Processing Tests

For tests we used data files that forced Java Virtual Machine to use much more memory than it was physically
available. Tests were performed on the computer with AMD Athlon 2000 processor working under
WindowsXP Professional. During tests we were changing the size of the available RAM.

4.1 Grouping Test

Grouping was tested basing on the extraction graph containing an extractor FE, a grouping node GrT and an
inserter | (Fig. 6). The extractor reads the tuple stream with attributes (elD, date, value), in which for each
employee elD and for each day of his work, his transaction values were saved. The number of employee
transactions per day varied from 1 to 20. The processing can be described by SQL query as.

SELECT eID, date, sum(value) as sumVal,
count (*) as trCount

FROM GrTes

GROUP BY eID, date

The processing time was measured depending on the number of input tuples (10, 15, 20 and 25 millions) and
the type of processing. The result chart contains total processing time (TT) and the moment of loading the first
tuple to a destination, so called Critical Time (CT). During &l the tests using external grouping (Ext) VM was
assigned only 100MB of RAM. During grouping in memory, we examined two cases: VM memory was set
with some margin (Normal) and with minimal possible amount of RAM (Hard) that guaranteed successful
completing of the task. The results we obtained are shown in Fig. 7.

The test computer contained 384MB physical RAM, and for VM using virtual memory and for 10m and
15m tuples it was assigned respectively 450MB and 550MB during Normal test, then 300MB and 425MB
during Hard test.
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Fig. 6. Grouping test extraction graph

8000
7000 4
w 6000 -
£ 5000 1
é 4000 |
@ 3000
]
© 2000 A
o
1000 -
0 < hd
10m 15m 20m 25m
Number of input tuples
...¢---CTExt ---A---CTIntNormal ---m-- CT IntHard
—e—TTExt —— TT IntNormal —=—TT IntHard

Fig. 7. Processing times measured during grouping test. TT is atotal processing time, whereas CT denotes a moment when
the first output tuple is produced (Critical Time)

As it can be seen, the most efficient processing method is definitely the one using application-level data
storing. Its processing time changes from 129 sec. to 322 sec. depending on the number of input tuples. The use
of OS-level virtual memory causes that the whole process takes much more time. Only for 10 millions of input
tuples and strongly limited VM memory, what resulted in a very low usage of the virtual memory, we obtained
results minimally better than for built-in data storing. However, for 15 million tuples the processing takes an
extremely long time (the line going rapidly outside the chart). The main reason of so low efficiency of avirtual
memory are random accesses to the memory caused by updating aggregates in temporary buffers and Java
garbage collector. The application-level storing accesses data files sequentially, and it causes this method is
much more efficient.

We did not finished OS-leve virtual memory tests for 20m and 25m tuples because it was taking extremely
long time (several hours). Our goal was only to show that the application-level buffering can be much better
than OS-level buffering.

4.2 Joining Test

Joining test is based on the extraction graph shown in Fig. 8. The extractors read the same number of tuples:
FE1 reads tuples with attributes (elD, date, deplD), describing where each employee was working each day,
whereas FE2 reads a set of tuples produced in the previous test (elD, date, sumVal, trCount). Joining attributes
are (elD, date) and processing times were measured for the following number of input tuples from each
extractor: 10, 15 and 20 millions.

Fig. 8. Joining test extraction graph
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Fig. 9. Processing times measured during joining test. TT isatotal processing time, whereas CT denotes a moment when the
first output tuple is produced (Critical Time)

During the test the computer was equipped with 256MB RAM, JVM was assigned 100MB RAM when
joining with data storing on disk was used, and respectively 400MB and 600MB for 10 and 15 million of tuples
when using virtual memory. In this test we can still observe benefits of using application-level data storing, but
the difference in comparison to OS virtual memory is not so big as in the grouping test because this time the
externa file is accessed randomly, not sequentially. The results we obtained are presented in Fig. 9.

4.3 Real Extraction Test

We dso performed area extraction test. The ETL process generates a star schema data warehouse containing a
fact table and two dimensions. In this test, both grouping and joining nodes appear in the extraction graph and
they run concurrently: when the grouping node GrT(2) produces output tuples, the joining node JoT(30) puts
them into its internal buffer (memory or a disk file). This test let us examine the behavior of the buffering
techniques when more than one node require alot of memory resources.

Size of the input data set was 300MB. JVM required 475MB RAM to complete the task using virtual
memory, and only 100MB when using application-level data storing. The computer had 256MB RAM. The
ETL process using data storing took only 26 minutes, whereas when using the virtual memory, it needed 3
hours to complete only 10% of the whole task (the whole processing could take even 30 hours). Continuation of
the test did not make sense, because we could already conclude that in this case the efficiency of the virtual

memory was extremely low.
VMQ(29) JoT(30) )—( FuT(31) %@

/ \
*
()

Fig. 10. The main part of the extraction graph generating star schema data warehouse. Path FE(1)-FI(32) generates fact
table, whereas path FE(1)-FI(5) is responsible for producing one of the dimension tables. Extractor FE(1) reads 300MB data
file

We think that the obtained results are the result of the random accesses to the VM swap file. When many
nodes keep a lot of datain a virtual memory and access it randomly (because each node run as an independent
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thread) the swap file has to be read and written very often from various locations. This does not take place
during application-level buffering, the external files are accessed sequentialy if only it is possible (depending
on the algorithm that is used).

5 Conclusions

In this paper we presented a concept of describing extraction processes using graphs, the meaning of graph
nodes and the graph edges in the extraction process. We focused on a few implementation aspects like
interconnections between nodes and the possibility of deadlock occurrence when particular graph structures are
used. A method of avoiding deadlocks was also presented and it was described by mathematic formulas. Next
we introduced algorithms for external data queuing, groping and joining.

Although not tested in this paper, the presented data queuing is the efficient method of avoiding deadlocks
that may occur in our ETL-DR extraction environment due to the data transferring method we used. The
grouping transformation can process data sets of any size, the only limitation is the available temporary disk
space. It makes use of the additional tuple stream properties, such as sorted order according to the values of the
grouping attributes. The joining transformation also can process unlimited number of tuples. It can store its
dave-input tuples to disk filesin a sorted order and then access any tuple in thefile in log(n) time.

Our research proves that a virtual memory offered by operating systems is not always the efficient solution.
Dedicated algorithms of storing data in external files working on the application level are more efficient due to
elimination of random accesses to a disk, which is the weakest side of the OS virtual memory. This weaknessis
especialy emphasized in Java applications. A typical VM prefers allocating new memory blocks to freeing
unnecessary ones as soon as possible. This may be very efficient when only physical RAM isin use, but when
JVM enters virtual memory area and a garbage collector tries to recover unused memory blocks from it, the
efficiency of awhole application dramatically drops.
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Abstract. District heating companies are responsible for delivering the heat produced in central heat
plants to the consumers through a pipeline system. At the same time they are expected to keep the
total heat production cost as low as possible. Therefore, there is a growing need to optimise heat
production through better prediction of customers needs. The paper illustrates the way neural networks,
namely self-organised maps can be used to investigate long-term demand profiles of consumers. Real-life
historical sales data is used to establish a number of typical demand profiles.

1 Introduction

Modern utility companies transmitting heat to the consumers face new challenges. The development towards
deregulated and more competitive energy markets means that many consumers may decide to resign from
district heating services based on central heat sources and replace them with decentralised or individual
boiler systems. In order to tackle this issue, utility companies have to improve service quality and minimise
the price at the same time. For a broad overview of district heating see [8].

It is worth emphasising that the most significant part of district heating cost is usually the cost of
producing the heat. Thus, by optimising heat supply significant cost reduction can be obtained. However,
the latter objective can not be fulfilled without detailed analysis of consumers’ demand profiles.

The work investigates yearly heat demand profiles and continues previous research on power demand
prediction [2,3]. The objective is to devise a set of typical heat demand profiles that would correspond to
typical groups of consumers. By obtaining such predicted yearly demand profiles, long-term optimisation of
heat supply can be attempted. Still, the investigation of daily load profiles is also required to answer the
needs of short-term optimisation.

The paper presents the way self-organising maps [4,5] can provide valuable insight into typical heat
demand profiles. The information available in sales database system has been retrieved and transformed
into historical data. The time series [1] of sales volume for each consumer has been obtained. As the heat
sales strongly depends on space heating demands it varies in accordance with time of the year and average
temperatures.

Finally, self-organised maps have been used to build a network of neurons representing typical sales
profiles. The work concentrates on the application of neural networks to investigate these typical heat sale
patterns.

The remainder of this paper is organised as follows:

— section 2 describes in details the data set of the problem,
— neural networks-based approach is outlined in section 3,
the results of the computations are discussed in section 4,
section 5 summarises the whole work.

2 Data set

The problem analysis is based on the data set from one of the Polish district heating utilities. The sales
information from the billing system for the period of last four years has been used. For each consumer
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average monthly heat sale has been calculated. The heat sales information is the total heat consumption
measured for each consumer separately. It is worth noting here that sales information is available for every
single consumer. At the same time information regarding the type of a building, its technical attributes,
number of rooms incl. rooms for rent and its thermal properties are available to different extent and for some
consumers only. Therefore, to build up preliminary prediction models sales data should be used first and
then for selected consumers with the same overall demand profile, detailed prediction models can be devised
and tested.

Demand profiles of selected consumers

0.2 4

0145 4

Demand

0.1

hdonth

Fig. 1. Sample demand profiles D; of different consumers

It is worth emphasising that diverse thermal energy needs of consumers are answered by district heat-
ing system. Not only do they include space heating necessary to ensure human comfort, but also domestic
hot water and industrial needs. Thus, while prevailing majority of demand is due to space heating require-
ments, other factors may strongly affect demand profiles and result in different demand profiles for different
categories of consumers. Still, if the weather conditions were the only factors to influence heat demand,
normalised profiles of different consumers would be the same.

Proper identification of consumers’ needs in long term is necessary for overall heat demand prediction.
Without such prediction, neither volume of sales nor volume of heat supply can be estimated. However, a
district heating utility must assess both of them to evaluate the share of heat sources with different costs in
the overall sales of heat. Moreover, in order to predict the impact of connecting new consumer to the system,
its demand profile must be taken into account. The latter profile is supposed to answer the question whether
the impact of connecting for instance a new hospital to the system is different in terms of normalised profile
than the impact of connecting a new hotel.

In addition, the construction of prediction models can be treated as a task of creating a number of
distinctive models for different consumers groups not to try to capture the behaviour of a school, a hotel,
office, family house and a restaurant in the same model. All the same, the latter objective can not be fulfilled
without understanding of typical demand profiles and their relation to consumer categories.

After detailed analysis N = 616 sales profiles have been obtained. Every sales profile of consumer 4,7 =
1,...,616 is represented by a vector S; = (S;1,...,8i,12), where s;,, denotes the average heat sale to
consumer ¢ during month m. Months are indexed in a traditional way i.e. 1 stands for January.
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Furthermore, each sales profile has been normalised so as to obtain average demand profile D; =
(dij1,di2,...,d;i12) out of original consumer profile S; as follows:

dig = ——ib _ }=1,...,12 (1)
Zm:l Si,m

Thus, N = 616 normalised demand profiles have been obtained. These correspond to the average yearly
consumption of heat at each consumer. Some of demand profiles are depicted on fig. 1.

While, in general, demand profiles reflect space heating needs resulting from average air temperatures,
one can observe that minimal demand is reached by the consumers in the period between May and August.
Similarly, peak heat consumption is attained between December and March. In other words, the exact
time location of minimal and maximal heat consumption significantly varies among consumers. What is
of outstanding importance even normalised monthly heat sales can differ as much as 300% among sample
consumers randomly selected from the whole data set. These statements are further supported by statistic
data analysis.

Fig. 2 depicts standard deviation of monthly demand D; ,,,% = 1,..., N. It can be easily seen that the
diversity among consumers in terms of heat demand reaches its peak in August, December, January and
February and remains relatively low during remaining part of the year. This diversity may be due to the
fact, there are many hotels and guest houses with rooms for rent among heat consumers. As a consequence,
demand for heat is increased during high season i.e. in December, January, February, July and August.
Therefore, whether one average demand profile could be used to approximate demands of all the consumers
remains an open issue. However, if a number of different average load profiles could be devised, then they
should differ most during the months listed above i.e. during the months with the largest standard deviation
of Di,m,i = 1, ey N.
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Fig. 2. Standard deviation of consumer’s average demand during different months of the year.

3 Neural networks and demand profile identification

While a separate demand profile D; for each consumer could be devised, the problem remains to identify
common profile groupings. The latter groupings are necessary for further market analysis, for instance to
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evaluate the impact of new consumers on the district heating system in view of prospective heat demand.
The question is whether observed variety of demand profiles can be explained by the existence of a number
of diverse demand profiles among consumers.

In order to address this issue, self-organising neural networks have been applied. The purpose of using
self-organised neural networks, namely self-organised maps (SOMs) [5], is to provide measure of locating
demand pattern groupings i.e. typical profiles ﬁk, k << N that would explain diversity in the population of
D;,i=1,.., N demand profiles. The following solutions have been applied:

— two-dimensional square lattice of J neurons has been applied,
— demand profiles D;,i =1, .., N have been applied as input patterns.

Therefore, each neuron j located in the lattice is represented by a weight vector
w; = [wj,l,wj,g,..,wj,lg]T,j:1,2,...,J. (2)

During the learning process neurons are tuned to the input patterns. Moreover, the weight update al-
gorithm tunes the weights of the winning neurons and some of its spatially close neighbour neurons. Thus,
topographical map of input space is being created [4]. In other words, as a result of this cooperative pro-
cess, both input pattern groupings can be identified and their relation. Therefore, SOM-based analysis is
sometimes treated as a generalised form of standard Principal Component Analysis (PCA) [6].

4 Results

A number of computation series have been performed, using different weight update algorithms. Not only
standard Winner-Takes-All (WTA) [4, 5], but also Winner Takes All with Conscience (CWTA) [4] and Neural
Gas (NGAS) [7] algorithms have been used to tune neuron weights. The latter algorithm aims to overcome
deficiencies of standard WTA algorithm and has been used to construct self-organised maps described below.
Among these deficiencies of standard WTA weight update algorithm, overrepresentation of regions with low
input density is not of least importance [4].

Distinctive features of NGAS algorithm are:

— the neighbourhood function defined as follows:

6.0 =exp(-") =1, g 3)
where m(j) defines the index of neuron j in the sequence of neurons ordered in accordance with growing
distance of neuron j from pattern D; i.e. || w; — D; |.

— a number of neurones are updated in each step, however due to the G(j,x) definition it is enough to
update only first K neurons in the sequence. The latter simplification results in substantial reduction of
necessary computations comparing to standard algorithm.

In all cases, for each neuron j,7 = 1,...,J in the lattice, at the end of tuning phase, the winning count
Y; has been calculated in the following manner:

N
Y, = Zeval (4,7) (4)

while

L if || D; —wj ||= ming=1,.. s || Di — wg ||
0 otherwise

eval (i,7) = { (5)

Thus Y; : j = 1,...,J denotes the number of input patterns that are the most similar to the weight
vector w; in terms of Euclidean distance.

For 49 out of J = 100 neurons, ¥; = 0. On the other hand, a number of neurons wins frequently. Fig. 3
depicts weight vectors w; : Y; > 20. Each profile corresponds to a single neuron. Its (z,y) location on the
neuron lattice is provided in the figure legend.
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Obtained results show that a number of distinctive demand profiles providing centroids of input con-
sumer’s profiles have been identified. This suggests that observed diversity in the input patterns can be
explained by underlying typical demand profiles. In addition, the fact that some 50% of neurones remain
inactive, in spite of using NGAS algorithm that promotes diversity among neurones, points that significant
simplifications can be made. In other words, when dealing with heat demand prediction, it is enough to
concentrate on a limited number of consumers demand patterns.

The profile groupings identified in the form of weight vectors reflect the diversity of sample demand
profiles illustrated on fig. 1. In particular, one may notice that peak consumption is reached in January,
February or December, depending on resulting Dk profile considered. Thus, typical demand profiles received
from self-organising map reflect diversity of original demand profiles.

—— Meuron (0,2)
—8— HMeuron (0,4)
—— Meuron (2,2)
—— HMeuron (2,4)
—— HMeuron (5,99

—a&— HMeuron (2,4)

—+— Meuron (2 ,6)
—=— Meuron (2,7)
Meuran (3,4)

Wieighit

Fig. 3. Demand profiles represented by weight vectors of the winning neurons.

In order to investigate the relation between consumer category and its typical demand profile, additional
computation series have been performed. For each neuron j the total number of closest consumers’ profiles
Y; = chzl Y;(c) has been calculated. ¢ =1, ...,C denotes the index of a consumer category and C denotes
the total number of categories used. Sample categories are family houses (FH), commercial buildings (C),
hotels (H), hospitals (HS). The following conclusions have been made when analysing the number Y} (c) for
the neurons of the lattice:

— hospital demand patterns are closest to the two neighbouring neurons on the lattice,

— more than 80% of hotel consumers can be related to just 4 neurons grouped in a distinctive spatial cluster
on the lattice,

— also commercial buildings form a spatial cluster of 6 neurons on the lattice, however some 35% of these
consumers can not be related to this cluster,

— demands of family houses are very different, the neuron with highest win rate for FH consumers represents
only 8.9% of all FH consumers.

As a consequence, the SOM-based demand analysis suggests that some groups of consumers, like hospitals,
hotels and to some extent commercial buildings share similar demand profiles. On the other hand, some new
subcategories for FH consumers would need to be established. Still, one may investigate different subgroups
of consumers associated with the neurons of the lattice and take into account their spatial relation to other
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consumers. For instance, the fact some FH resemble hotels may be due to the fact that some of these
consumers offer many rooms for rent, thus increase their demand for heat significantly during high season.
Consequently, the context map created by assigning Y;(c) values to the neurons helps understand the relation
between different consumer classes. In addition, it can be used by the marketing department to analyse and
select the best matching demand pattern for a new consumer basing on its category and other attributes. As
a consequence, the impact of a new consumer on the district heating system in terms of averaged demand
profile can be evaluated and used for overall demand and supply analysis.

5 Conclusions

The paper shows the way SOM neural networks can provide for time-series data analysis. Results of the
computation suggest that diversity of heat demand profiles can be explained by a number of different base
demand profiles. A number of such base profiles has been obtained in the form of weight vectors of the
neurons with the highest winning rate. The results strongly suggest that a limited number of typical demand
profiles can be used to provide valid representation of all consumers. Moreover, the method helps validate
existing consumers classes in view of consumers demand. It has been shown that for some consumer categories
typical demand profile can be associated, while remaining categories require more detailed classification to
ensure appropriate demand assignment.

Future works will include the identification process of consumer’s profile through supervised learning
based on descriptive attributes, like ordered heat volume, consumer’s category (domestic, public use, company
office, school etc.). In addition similar profiles will be created for short time consumption to answer the
requirements of short-time prediction. Thus, hourly demand will be analysed.
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Streszczenie. Ruch cztowieka jest ztozonym sygnatem, ktérego rozne cechy charakterystyczne moga
postuzy¢ do analizy biometrycznej. Praca opisuje mozliwosci zastosowania analizy widma amplitudowego
oraz metody DTW (Dynamic Time Warping) dla sygnatéw rotacji dolnych konczyn w celu identyfikacji
osoby. W wielu pracach zostato pokazane, ze informacje zawarte w ruchu dolnych konczyn oraz bioder
moga by¢ nieocenionym zrédtem wiedzy na temat ruchu specyficznego dla kazdej osoby. Za ich pomoca
mozna rozrézni¢ oraz zidentyfikowaé zarejestrowany ruch cztowieka. Dzigki rozwojowi przedstawione
analizy, mozliwe bedzie w przysztosci sprawne identyfikowanie ludzi na odlegtos¢. W pracy przedstawione
zostaly mozliwosci wynikajace z zastosowania réznych metod analizy ruchéw oraz zaproponowano kierunki
rozwoju identyfikacji biometrycznej:.

1. Wstep

Biometria jest dziedzina przezywajaca gwaltowny rozwdj. Szczegdlny nacisk ktadziony jest na jg aspekty
Zwiazane z poprawa bezpieczenstwa publicznego, a takze na zastosowaniach medycznych. Biometria rozwija
si¢ w réznych kierunkach. Oprocz doskonalenia znanych metod do identyfikacji, takich jak analiza odciskéw
palcéw, otoskopia, poréwnywanie siatkdwki i teczOwki oka oraz analiza gtosu, rozwijane sa nowe koncepcje.
Powstaja systemy wykorzystujace biometri¢ behawioralna bazujace na sposobie pisania, sposobie naciskania
klawiatury komputera, atakze na analizie ruchu réznych czesci ciata.

1.1 Rejestracjaruchu - Motion Capture

Systemy rejestracji ruchu sa intensywnie rozwijane na potrzeby przemystu rozrywkowego oraz medycyny.
Koniecznos¢ ograniczania kosztéw zwiazanych z produkcja filméw zmusza do szukania nowych, lepszych
sposobow tworzenia animacji komputerowych. Wielkim udogodnieniem w procesie animowania postaci jest
zastosowanie materialu zgromadzonego przez systemy Motion Capture [16]. Systemy te opiergja Si¢ na
przechwytywaniu ruchu aktora, czyli jego rejestrowaniu i przetwarzaniu do postaci tréjwymiarowych danych
cyfrowych. Gléwna zaleta systeméw przechwytywania ruchu jest ich doktadnos¢. Pozwala ona na badanie
wszelkich niuansdw ruchu poprzez precyzyjne okreslenie pozycji poszczegélnych segmentéw ciata ludzkiego.
Doktadnos¢ ta pozwala na probg medycznego zastosowania tej techniki rejestracji ruchu [4]. Dane z systeméw
MC moga dostarczy¢ cennych medycznych informacji np. na temat zaburzen stanu réwnowagi, ktére moga by¢
wynikiem wczesnego stadium choroby Parkinsona lub stwardnienia rozsianego. Medycyna sportowa jest
réwniez obszarem, w ktérych omawiana technika mogtaby przynies¢ obiecujace rezultaty. We wszystkich
technicznych dyscyplinach sportu, gdzie wazna jest ergonomia oraz precyzja ruchu, technika MC bytoby
idealnym narzedziem wspomagajacym proces treningu sportowca. Jedyna bariera szerszego zastosowania tej
metody rejestracji ruchu jest jef wysoki koszt i koniecznosé uzywania skomplikowane rozbudowanej aparatury.
Technika ta stanowi jednak Zrédto nieocenionych informacji na temat istoty ruchu. Informacje te moga potem

1 Projekt czesciowo finansowany ze srodkéw Fundacji na Rzecz Nauki Polskie.
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z dobrym rezultatem by¢ uzyte w konwencjonalnych systemach bazujacych na technice wideo i rozpoznawaniu
ruchu na odlegtosé.

1.2 Rejestracjawideo

Najpopularnigjszym sposobem rejestracji ruchu jest nagrywanie za pomoca kamery wideo. Metoda ta jest
najprostsza i najbardzig rozpowszechniona. Jednak jegj zastosowanie do analizy ruchu przysparza najwiece)
problemdéw. W zagadnieniach zwiazanych z biometria niezbedne jest posiadanie jak najdoktadniejszych danych.
Przeksztalcenie prostego obrazu wideo (nawet z wielu zrédel) w tréjwymiarowy obarczone jest znacznym
btedem. Ponadto technika ta jest szczegdlnie czuta na zakidcenia atmosferyczne. Niemnigj jednak prowadzone
sa intensywne badania nad wykorzystaniem sekwencji wideo do rejestracji i analizy ruchu. Niskie koszty
urzadzen do rejestracji oraz dalszy rozwdj algorytmow przetwarzania obrazéw moga spowodowagé, ze bedzie
ona wkrétce powszechnie stosowana. Nalezy zauwazy¢, ze niektére algorytmy opisywane w pracy moga by¢,
po odpowiednigj adaptacji, zastosowane do analizy danych z obrazéw dwuwymiarowych.

1.3 Ruch segmentdw ciala jako materiat analizy biometryczne)

W przypadku charakteryzacji tak zatlozonego procesu, jakim jest ruch cziowieka potrzebne jest
wyselekcjonowanie jego najwaznigjszych cech majacych zastosowanie biometryczne. Dob6r tych cech jest
sprawa kluczowa, poniewaz na nich opiera¢ sie bedzie caty proces identyfikacji. Jednym z wielu podejs¢ do
ruchu cztowieka oraz jego analizy jest podejscie traktujace ruch jako sygnal, a raczej jako zbior sygnatdw
zmiennych w czasie. Takimi sygnatami moga by¢ rotacje poszczegdlnych konczyn badz stawéw wzgledem
stawdéw odniesienia (lub wzgledem gtéwnego stawu odniesienia tzw. root). Moga nimi by¢ takze
przyspieszenia, predkosci kohczyn oraz pozycie w przestrzeni dwuwymiarowej badz tréjwymiarowej
wybranych punktéw ciata ludzkiego. Wiele wiasnosci ruchu oraz parametréw go opisujacych jest podstawa
réznorodnych metod biometrycznej analizy ruchu cztowieka. Na podstawie istnigjacej wiedzy, na potrzeby
pracy, przeprowadzono szereg eksperymentéw badagjacych mozliwosé zastosowania réznych podeé¢ do
zagadnienia identyfikacji cztowieka na podstawie jego ruchu.

Murray [10] postawit teze, ze ruch bioder oraz ledzwi rézni si¢ znacznie u poszczegélnych badanych osob.
W pracy [11] poddawane sa andizie rotacje podudzia, drgania bioder oraz wychylenie kosci guzicznej
wzgledem szyi. Podejscie to obarczone jest takimi samymi problemami jak poprzednie. Biodra i szyja czesto
skrywana jest pod ubraniem, przez co bardzo trudne jest odseparowanie tych punktéw w przypadku rejestracji
ruchu metodami innymi niz MC. Gtéwnym segmentem ciata ludzkiego, kt6rego ruch poddawany jest analizie sa
konczyny dolne. Jest to podejscie zaproponowane w pracach [2, 3, 9, 14, 15]. Zaleta jego jest tatwosé¢
odseparowania ruchu uda i podudzia z obrazu dostarczanego przez kamery. W odréznieniu od ruchu rak,
konczyny dolne wykonuja mnigj skomplikowany, okresowy ruch niezaktécony przez wykonywanie innych
czynnosci. Ludzie poruszajacy sic w migjscach publicznych bardzo czesto niosa rézne przedmioty lub gestyku-
luja, przez co bardzo trudno jest wybra¢ bazowa, charakterystyczna, sekwencje ruchu dlakazdej z przebadanych
osab.

Biorac pod uwage powyzsze warunki przedmiotem przeprowadzonych anaiz byt ruch konczyn dolnych
w szczegblnoéci uda i podudzia. Ruch ten reprezentowany jest przez zestaw trjelementowych rotacji
poszczegblnych czesci ciata. W niektorych przypadkach przeprowadzonych badan dostosowano dane z komer-
cyjnego systemu MC do informacji z systeméw wideo poprzez redukcje liczby analizowanych sygnatéw rotacji
do rotacji wzgledem osi X. Tak zredukowane dane symuluja informacje dostarczone z systeméw wideo, ktdre sa
czescigi uzywane do zastosowan zwiazanych z bezpieczenstwem. W ten sposdb mozliwe bedzie uzycie
podobnych algorytméw w juz istnigjacych systemach.

1.4 Prowadzone badania

Szerokie spektrum zastosowan technologii tworzenia modeli ruchu w celu identyfikacji 0osdb uwidacznia sie
w réznorodnosci rozwijanych projektow. W USA, po wydarzeniach zaistniatych 11 wrzesnia 2001r, duzy nacisk
ktadzie si¢ naimplementacje tych technologii w projektach zwiazanych z bezpieczenstwem. Jednym z nich jest
projekt ,Human ID at a distance” finansowany przez DARP - jednostke Departamentu Obrony USA. Uczestni-
czace W nim zespoty m.in. z osrodkéw Carnegie Mellon, Georgia Tech, MIT realizuja projekt automatycznego
rozpoznawania chodu w celu identyfikacji postaci ludzkig na odlegtos¢. Grupa Metaxasa [8] z Rutgers
University, NJ; zajmuje wykorzystaniem podobnych technik w zastosowaniach medycznych.
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W Azji intensywnie rozwija si¢ projekt CBAT (Center for Biometric Authentication and Testing) majacy na
celu wykorzystanie technik biometrycznych w celu zwigkszenia bezpieczenstwa narodowego Chin, a takze
konkurencyjnosci Chinskiej nauki na kreujacym si¢ wiasnie rynku biometrycznych technol ogii

W Europie dokonuje sie réwniez wielu prob wykorzystania technik model owania ksztattu i ruchu postaci
ludzkich do zastosowan medycznych. Maja one na celu rozpoznawanie wad postawy, znieksztatcen powstatych
w wyniku urazéw oraz przyspieszania procesu rehabilitacji. Jedna z takich inicjatyw jest projekt CAREN [17]
(Computer Assisted Rehabilitation Environments) rozwijany w Holandii przy udziae srodowisk naukowych
(Akademia Medyczna) i firm informatycznych (Silicon Graphics, IBM).

Rozbudowany system identyfikacji jest opracowywany przez grupe z Southampton University [2, 3, 9,
14, 15]. Prezentowane prace wskazuja na duzy stopien trafnych identyfikacji. Poza biometrycznym
wykorzystaniem ruchu grupa ta zejmuje si¢ takze innymi technikami i metodami biometrycznymi m. in. identy-
fikacja przez poréwnywanie ksztattu matzowiny usznej.

Zanchi [13] prowadzi intensywne badania nad wykorzystaniem ruchu w biometrii. Zajmuje si¢ m. in. trojwy-
miarowa analiza ruchu cztowieka w oparciu 0 obraz zargjestrowany przy pomocy zsynchronizowanych kamer
wideo. W obrebie jego prac zngjduje si¢ réwniez badanie mozliwosci zastosowania technik biometrycznych
opartych o analize ruchu w aspektach zwiazanych z medycyna.

W Polsce technikami biometrycznymi zajmuje si¢ miedzy innymi Laboratorium Biometrii Politechniki
Warszawskigj. Koncentruje si¢ ono jednak gtéwnie nad identyfikacja cztowieka na podstawie wzoru siatkOwki
oka badz na podstawie odciskéw palcow. Opracowaniem modeli ruchu zajmuja sie takie osrodki jak Centrum
Zdrowia Dzieckaw Miedzylesiu, Centralny Instytut Ochrony Pracy, Szpital Kliniczny w Zagorzu [4]. Rozlegty
zakres tematyki oraz stopien trudnosci problemu pozostawia wiele miejsca dla pracy koleinych zespotow
badawczych z innych instytucji rzadowych i pozarzadowych.

2. Widmo amplitudowe

Na podstawie cytowanych prac [2, 3, 9, 14, 15] przypuszcza Sie, ze analiza widma amplitudowego sygnatu
ruchu konczyn dolnych moze dawa¢ obiecujace wyniki. Przeprowadzone badania miaty na celu zweryfikowanie
tego twierdzenia na potrzeby analizy ruchu uzyskanego z komercyjnego systemu MC. Widmo amplitudowe
sygnatdw rotacji powstaje przez poddanie ich dziataniu dyskretnej transformacji Fourierawyrazonej wzorem:

H _]VZ_:l h 62 wikn I N (0)
- k
" k=0

Uzyskane w ten sposob widmo podiega dalsze) analizie. Widmo amplitudowe tak jak widmo fazowe jest
zrédtem cennych biometrycznych informacji. Kuan [5] pokazal, ze parametry widma amplitudowego
poszczegolnych osdb znaczaco réznia si¢ o siebie. W pracach [14, 15] podejscie to zostato rozszerzone przez
zastosowanie widma amplitudowo fazowego (ang. phase-weighted magnitude). W ninigjsze pracy uzyto
anal ogicznego sposobu reprezentacji wynikow, aby mozliwe byto ich poréwnywanie.

2.1 Wartosci skuteczne harmonicznych

Na potrzebe przeprowadzonych badan, przyjeto uwzglednienie pierwszych 30 wartosci  skutecznych
harmonicznych. Poza tym pasmem zgromadzona jest bardzo niewielka czg$é energii. Najprostszym sposobem
jest poréwnanie energii zgromadzonej w tym zakresie widma dla sygnatéw rotacji uda w ptaszczyznach X, Y i
Z. Narysunku 1 przedstawiony jest wykres bedacy wynikiem tak skonstruowanej anaizy. Na osiach X, Y i Z
odpowiednio znajduje si¢ suma wartosci trzydziestu pierwszych harmonicznych sygnatéw rotacji uda wzgledem
os X, Yi Z. Poszczegolne punkty reprezentuja rozne sekwencje ruchéw wymienione w legendzie.
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Rys. 1. Sumy wartosci skutecznych 30 harmonicznych sygnatéw rotacji odpowiadajacym poszczegdlnym osiom X, Y, Z

2.2 Wartosci pierwszych znaczacych harmonicznych

Wada analizy bazujacel na sumie wartosci skutecznej wybrang liczby harmonicznych jest fakt, iz operacja
sumowania usrednia w pewien sposdb pomiary, co powoduje utrate znaczacych informacji. Aby pominaé ta
niedogodnos¢, ograniczono sie to analizy widma amplitudowego tylko z okresow wybranych sygnatéw rotacji.
Okazuje sie, ze dla prezentowanych sygnatéw najczescigj pierwsze dwie sktadowe harmoniczne niosa znaczna
ilos¢ informacji. W tym doswiadczeniu analizie poddane zostaty sygnaty rotacji X uda i podudzia. Pod uwage
brane byly wartosci pierwszego i drugiego prazka rotacji uda i pierwszego prazka rotacji podudzia. Jest to
zastosowanie podejscia przedstawionego w pracy [13]. W tym przypadku jednak analiza dotyczy sygnatow
systemu MC zamiast sekwencji wideo. Wyniki tak przeprowadzonego eksperymentu przedstawione sq na
rysunku 2.

3. Metoda dynamiczngj transformacji dziedziny czasu

Metoda Dynamic Time Warping (DTW) jest powszechnie wykorzystywana do poréwnywaniu ze soba sygnatow
rézng drugosci (mowy [9], takze rozpoznawania pisma). Jg zastosowanie do ruchow przedstawione zostato
w pracy [6] w kontekscie poréwnywania sekwencji ruchéw. Metoda moze by¢ uzyta takze do taczenia ruchéw
podstawowych w dtuzsze, bardzigj skomplikowane sekwencje [7]. Préba organizacji bazy danych ruchéw
przedstawiona zostataw pracy [1].

3.1 Sygnaly rotacji w trzech wymiarach

Badania oparte na DTW maja odmienna nature od tych bazujacych na analizie widma amplitudowego ruchu
cztowieka. Te drugie moga stanowi¢ podstawe wielokryterialnego procesu klasteryzacji ruchéw, ktéra bedzie
miata na celu stworzenie biometrycznej bazy danych ruchéw ludzkich. Metoda DTW stuzy¢ moze bezposrednio
do poréwnywania danych sekwencji ruchu w celu oceny ich podobienstwa. W metodach bazujacych na widmie
amplitudowym to zadanie spetnia¢c moze metoda k— najblizszych sasiadow opisana ponizej.
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Rys. 2. Analiza wtasnosci widma amplitudowego rotacji udai podudzia.

W pierwszym doswiadczeniu, zgodnie z przedstawionym wczesnigl opisem, przy pomocy metody DTW
poréwnywano sygnaty rotacji X, Y oraz Z uda. Materiat badawczy pochodzit z grona wyselekcjonowanych
plikbw MC. Ich wsp6lna cecha bylo przechowywanie informacji o ruchu przeprowadzonym w kierunku
obserwatora. Ruch ten odbywat sie w linii prostgj. Sposrdd tych plikow zostat wybrany jeden wzorcowy
(armout.bvh) reprezentujacy najbardzigl typowy ruch, do ktorego badane byto podobienstwo pozostatych.
Kazdy sygnat roznit sie od pozostatych m.in dtugoscia. Zgodnie z wtasnosciami metody DTW diugosci wszyst-
kich badanych sygnatéw byty dostosowywane do dtugosci sygnatu wzorca. Koszt niniejsze) operacji jest miara
podobienstwa sygnatéw. Koszt dostosowania sygnatdw wzgledem odpowiednich osi stanowi wsptrzedne
punktow w przestrzeni podobienstwa sygnatow. Tak uzyskane wyniki widnigja narysunku 3.
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Rys. 3. Koszt dostosowania sygnatow rotacji osi X, Y, Z metoda DTW do sygnatu armout.bvh

Otrzymane w taki sposob wykresy nalezy interpretowa¢ inaczej niz w przypadku metod opartych na analizie
widma amplitudowego — punkty blizsze poczatkowi uktadu wspbtrzednych reprezentuja ruchy bardziej podobne
do wzorca.
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3. 2 Sygnaly rotacji w jednym wymiar ze

Systemy MC pomimo tego, iz sa3 bardzo doktadne, maja bardzo ograniczone mozliwosci zastosowan.
W praktyce o wiele czescigl spotykane sa systemy rejestracji wideo. Aby zasymulowaé dane dostarczane
z takiego systemu na potrzeby niniejszego eksperymentu, ograniczono sie do rotacji wzgledem osi X. Jest to
réwnoznaczne z analiza materiatu przy ruchu prostopadtym do kamery (rysunek 4).

Rys. 4. Uktad wspéirzednych w badanych plikach na przyktadzie standard.bvh.

W badaniach brano rotacje X prawego uda, podudzia oraz lewego uda. Naturalnym podejsciem bytoby
zbadanie ruchu stopy, co jednak jest trudne do przeprowadzenia w praktyce. Zaleta tak skonstruowanych
parametrow ruchu jest takze wrazliwosé¢ na niesymetrycznosci pomigdzy ruchem lewego i prawego uda. Wyniki
analizy przedstawia rysunek 5. W tym przypadku wida¢ wyniki dostosowania okresdw wyzej wymienionych
sygnatow rotacji. Badanie czesci z zarejestrowanego sygnatu wystepuje w sytuacji w praktyce, gdy sygnat jest
znacznie zaktéeony i niedostepny w catosci do rejestragji.
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Rys. 5. Koszt dostosowania okreséw sygnatéw rotacji X (prawe udo, prawe kolano, lewe udo) metoda DTW do
anal ogicznych okresow sygnatdéw sygnatu wzorcowego armout.bvh.

4. K lasteryzacja

Proponuje sie przeprowadzi¢ klasteryzacje badanych sekwencji ruchéw. Jgj celem ma by¢ okreslenie, czy ruchy
pochodza od jednego osobnika, czy tez znacznie réznia sie¢ od siebie. Konstruowany proces bedzie rodzajem
klasyfikacji , bez nadzorcy”. Dalszym krokiem moze by¢ opracowanie wiasciwych metod identyfikacji nowych
danych przez klasteryzacje ,,z nadzorcg”. W takim przypadku z gory okreslone sa grupy ruchéw, do ktdrych
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poréwnywana jest nowa sekwencja i okreslane jest podobienstwo, a przez to przynaleznosé¢ ruchu do danej
klasy. W prowadzonych badaniach zostanie uzyta metoda k-means.

Nagjprostsza wersia metody k-means polega na wybraniu k obiektow z analizowanej grupy, ktore beda
spetniac role srodkow klastréw. Nastepnie kazdy element jest przyporzadkowywany do ngjblizszego klastra (do
najblizszego $rodka klastra przy zdefiniowangj metryce). Po przyporzadkowaniu elementéw wyznaczany jest
nowy $rodek cigzkosci klastrow. Kolegne iteracje sa wykonywane tak dtugo, az srodki klastrow przestaja sie
porusza¢ (lub zmienigja sie ponizej pewnej wartosci granicznej). Gtowna wada tego typu agorytmu jest
koniecznos¢ okreslenialiczby klastréw przed rozpoczeciem procesu.

Metoda ta jest powszechnie uzywana do réznych zastosowan. Na rysunku 6 przedstawiono wynik dziatania
algorytmu k-means dla poprzednio rozpatrywanej grupy ruchow i analizy zaprezentowanej w rozdziale 2.2.
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Rys. 6. Wynik dziatania algorytmu k-means uzytego do klasteryzacji danych reprezentujacych widmo amplitudowe
sygnatéw rotacji X udai podudzia.

Wigkszos¢ klastrow jest dobrze odseparowana. Najlepsza sytuacja z punktu widzenia analizy biometrycznej
wystepuje, gdy wszystkie rézne sekwencje zostaja rozdzielone pomiedzy rézne klastry. Czgsciowo sytuacjataka
wystepuje w anaizowanym przypadku. Podstawowym problemem, jaki napotyka sie w przedstawionych
badaniach s stabo opisane dane wejsciowe. W komercyjnej bazie ruchéw, z ktérej korzystano w badaniach, nie
jest zaznaczone, czy ruchy te sa wykonywane przez tego samego aktora. Analiza wynikéw klasteryzacji
sugeruje, ze jest pewne prawdopodobienstwo, ze wickszos¢ z badanych ruchéw wykonywat jeden aktor. Aby
potwierdzi¢ ta tezg nalezatoby przeprowadzi¢ bardziej szczegbtowe badania przy uzyciu dobrze wyposazonego
laboratorium Motion Capture.

Proponuje si¢ rowniez rozwiniecie powyzszej metody w celu przeprowadzenia wielowymiarowe andizy.
Analiza przedstawiona w poprzednich rozdziatach pozwala na dobra wizualizacje w postaci tréjwymiarowego
wykresu. Mozna ja jednak rozszerzy¢ biorac pod uwage wigksza liczba harmonicznych dla dwéch lub wigcej
stawdw charakteryzujacych ruch. W takim przypadku wymiarowos¢ problemu znacznie wzrasta, jednak taka
parametryzacja pozwoli na doktadniejsze okreslenie modelu ruchu charakteryzujacego kazda osobg.
Prowadzone sa dal sze badania dotyczace tego rodzaju analizy.

5. Wnioski

W pracy oméwiono najwazniejsze podejscia majace na celu sprawdzenie hipotez dotyczacych mozliwosci
wykorzystania niektérych parametréw ruchu w celu identyfikacji osob. Jednym z nich byto badanie widma
amplitudowego, w szczegdlnosci sum wartosci skutecznych pierwszych 30 harmonicznych widma rotacji X, Y
i Z prawego uda. Powyzsza metoda posiada jednak pewne niedogodnosci: uwzglednienie tylko wybrangj czesci
ciata, koniecznos¢ rejestracji sygnatu na wszystkich trzech osiach oraz utrata informacji przy sumowaniu
energii.
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Wady powyzszej metody skianiaja do podejscia przy biometrycznej analizie ruchu w podobny sposob, jak to
zostato pokazane w pracach [2, 3, 9, 14, 15]. Bazuje si¢ na rotacji X udai podudzia, przez co dane MC zostaja
upodobnione do danych z sekwencji wideo. Jedna z zalet tego podejscia jest mozliwos¢ rozwinigcia
widokryterialng klasteryzacji mogacel by¢ podstawa projektowanego systemu identyfikacji cztowieka przez
analize ruchu.

Dane poddawane analizie pochodza z komercyjnego systemu Motion Capture [16]. Wada materiatu
badawczego jest brak informacji na temat osoby wykonujace ruch zapisany w badanych sekwencjach. Nie
mozna przez to jednoznacznie zweryfikowaé poprawnosci dziatania zaimplementowanych metod. Posiadanie
takiego typu danych biometrycznych wymusito skupienie prowadzonych badan bardzigg na analizie
podobienstwa danych sekwengji ruch niz na jednoznacznej prébie przyporzadkowania poszczeg6lnych danych
do konkretnych osob.

Metoda DTW poréwnywania dwéch ciagdbw czasowych o réznych dtugosciach pozwala na ocene ich podo-
bienstwa poprzez analiz¢ kosztu przeprowadzonej transformacji dziedziny czasu. Przedstawione zostaty wyniki
analizy podobienstw ruchu dla sygnatéw rotacji w trzech osiach. Wsp6irzedne kazdego z punktéw w przestrzeni
wynikéw sa wartosciami kosztu dopasowania sygnatéw badz okresdw sygnatdw rotacji réznych segmentow cia-
fa ludzkiego. Wszystkie sygnaty poréwnywane byly do sygnatdéw odniesienia wygenerowanych z pliku
armout.bvh. W wigkszosci przypadkdéw mozna odseparowac grupe plikw wykazujaca pewne podobienstwo za-
rejestrowanych w nich ruchéw. W $rod nich najczescigj pojawiagja sie: armout.bvh, standard.bvh,
pelvisdisplace.bvh, kneeswing.bvh, heeltoe.bvh, kneemid.bvh. Mozna postawi¢ hipoteze, ze podobienstwo
danych sekwencji ruchu wskazuje na wykonywanie ich przez ta sama osobe. Przeprowadzone badania nalezy
traktowat jako badania wstepne wyznaczajace kierunki dalszych eksperymentéw oraz wskazujace grupg metod
majacych w perspektywie zastosowanie w analizie biometrycznej ruchu.

Aby jeszcze bardzigj zwiekszy¢ doktadnosé prezentowanych metod w kolejnym kroku mozna zaproponowaé
taczong analize czasowo-czestotliwosciowa. W takim przypadku nalezy okresli¢ miare podobienstwa w dziedzi-
nie czasu (za pomoca miary opartej na metodzie DTW) oraz analogicznej miary podobienstwa w dziedzinie czeg-
stotliwosci (opartej na analizie pierwszych harmonicznych). Metoda taka moze da¢ interesujace wyniki
prowadzace do lepszej klasteryzacji sekwengji.

Zadaniem prezentowanych badan byto sprecyzowanie kierunkéw, na ktérych warto sie skupi¢ by skutecznie
moc realizowad plan budowy w petni sprawnego systemu identyfikacji cztowieka na podstawie analizy cech
charakterystycznych ruchu. Wyniki roéznych prac prowadzonych na calym $wiecie oraz badan
przeprowadzonych na potrzeby ninigjszego opracowania wskazuja jednoznacznie, iz metody te sa jak
nabardziej wartosciowe z biometrycznego punktu widzenia. Moga one stanowi¢ doskonata podstawe do
zbudowania biometrycznych baz wiedzy, ktére zawiera¢ beda informacje na temat specyfiki ruchu
zaregjestrowanych w nich osdb. W celu opracowania takiegj bazy moga z powodzeniem postuzy¢ metody
bazujace na widmie amplitudowym. Klasteryzacja opracowana na podstawie parametréw widma oraz
zastosowanie agorytmow klasyfikacji z uczeniem wydaje si¢ by¢ obiecujacym rozwiazaniem.

Opracowanie dobrze odseparowanych, spéjnych klastréw ruchu dla kazdej osoby, a nastepnie dla kazdego
z nich odpowiedniego ciagu uczacego jest warunkiem koniecznym zbudowania oraz poprawnego dziatania
biometrycznego systemu analizy ruchu w celu identyfikacji oséb. System taki bedzie mégt pracowa¢ na danych
z systemu Motion Capture, atakze z systemu opartego na technologii wideo. Klastry grupujace ruch beda dzie-
lity go pod katem réznych osob, ale takze pod katem rodzaju wykonywanego ruchu (np. chod i bieg), aw dal-
szych, bardziej zaawansowanych etapach pod katem stanéw emocjonanych uwidacznigiacych sie¢ w ruchu.
Wymaga to jednak zbudowania dobrze sparametryzowanego modelu ruchu cztowieka.
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Streszczenie: W referacie omowiono mozliwosci funkcjonalne narzedzia klasy Business Intelligence na
przyktadzie rozwigzan wykonanych przez COIG S.A. dla klientéw z branzy wydobycia wegla kamiennego,
w oparciu o technologig Business Objects i przy zastosowaniu specjalizowanej dla celow hurtowni danych
bazy danych Sybase 1Q. Przyjgto krokowy model wdrozenia, wprowadzajac ograniczenia zarowno w sferze
tematycznej jak i funkcjonalnej. Pierwszym etapem wdrozenia rozwiazania stat si¢ obszar tematyczny Zbytu
Wegla w zakresie informacji dostgpnych na fakturze. Juz na tym etapie stalo si¢ mozliwe tworzenie takich
zestawien, jakich wczesniej nie przewidywali autorzy zatozen hurtowni danych i jej warstwy prezentacyjne;j,
stato si¢ zatem mozliwe obserwowanie niedostgpnych dotad przekrojow wielowymiarowej bazy danych.
Kolejnymi obszarami dla ktérych zbudowano Tematyczne hurtownie danych (ang. Data Mart, to Logistyka
Materiatowa, Koszty oraz Kadry. Referat powstal w oparciu o doswiadczenia zdobyte w ciagu wdrozen
systemow eksploatowanych dla celow biznesowych, stad S$ci$le praktyczne spojrzenie na proces
zaprezentowane przez autora referatu.

1. Wprowadzenie

Efektywne funkcjonowanie kazdej firmy wymaga wsparcia decyzji kadry zarzadzajacej odpowiednio
przygotowana informacja na temat aktualnych parametrow ekonomicznych, lub takich ktérych konsekwencje
mogga rzutowac na wyniki ekonomiczne. Nowatorskim aspektem rozwiazan przy uzyciu narzedzi klasy Business
Intelligence jest to, ze do rak uzytkownika-analityka merytorycznego, trafia narzgdzie umozliwiajace eksplo-
racj¢ baz danych, dotychczas dost¢pna jedynie dla wyspecjalizowanych programistow bazodanowych [1].
Dotychczas osoba zajmujaca si¢ zagadnieniami analityczno-merytorycznymi zmuszona byla teoretycznie sama
wymysli¢ tre$¢ zestawienia, opracowania czy wykresu. Osoba ta nie majac dost¢pu do bazy danych, mogta
obserwowac jedynie dostgpne jej preselekcjonowane informacje utworzone w formie wydrukéw, grafiki czy
nawet w internetowej lub elektronicznej wersji sztywnych raportdow. Obecnie po wdrozeniu rozwiazan klasy
Business Intelligence osoba ta dostaje narzgdzie o funkcjonalnos$ci jezyka zapytan SQL do bazy danych [2].
Moim zdaniem jest to rewolucyjna zmiana w podej$ciu do danych. Juz nie programista, czy projektant systemu
tworzy zestawienia, ktore mogtyby by¢ uzyteczne dla analityka merytorycznego, tylko sam analityk uzyskuje
dostep do wielowymiarowej kostki danych, ktora moze przecina¢ dowolnymi dwuwymiarowymi ptaszczyznami
lub nawet tréjwymiarowymi przestrzeniami. Wielowymiarowo$¢ niegdy$ postrzegana jako obiekt $cisle teore-
tycznych rozwazan, uzyskuje realny, a nawet bardzo prosty ksztatt. Kolejna konsekwencja wdrozenia hurtowni
danych wraz z jej warstwa prezentacyjna jest to, ze uzytkownik-analityk merytoryczny uzyskuje mozliwo$¢ po-
rownania danych z réznych, dotychczas rozdzielnych Zroédet. W skrocie moéwiac, mozna postuzyé si¢ prze-
no$nia, ze dotychczas osoba, do ktérej obowiazkéw nalezato analizowanie informacji o parametrach firmy
miata funkcjonalnos¢ typu pakietu Excel na danych takich, jakie udalo si¢ jej zdoby¢. Dzisiaj osoba ta otrzy-
muje jezyk zapytan SQL dostgpu do baz danych, nie tracac nic z mozliwosci modelowania danych do postaci ta-
beli, macierzy czy wykresow roéznych typow.

Dostownie tlumaczac angielski termin ,,Business Intelligence” otrzymujemy ,,wywiad gospodarczy”, czyli
jak najobszerniejsza informacj¢ o przedsigwzigciu biznesowym i jego otoczeniu. Istota hurtowni danych jest
mozliwo$¢ wprowadzenia wszelkich posiadanych informacji i zorganizowania ich w sposob adekwatny do
mozliwosci zastosowanej bazy danych. Z drugiej za$ strony, inteligencja to umiejetnos¢ kojarzenia faktow
pozornie odleglych. Dobrze zorganizowana hurtownia danych daje mozliwos$¢ kojarzenia wymiardéw dotychczas
niekojarzonych. Przyktadowo, bardzo proste jest stworzenie zestawienia w wymiarze geograficznym sprzedazy
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wegla wedlug kaloryczno$ci i sortymentu. Dzisiaj takie zestawienie mozna stworzy¢ i natychmiast z niego
zrezygnowa¢. Mozna tez wyciagna¢ wnioski i zbudowa¢ inne zestawienie, w ktorym wykorzystane zostana
uzyskane wczesniej informacje. Przedtem uzyskanie takiego zestawienia wymagato zatrudnienia programisty
znajacego narzedzie SQL, co bylo kosztowne, a jego potrzeba watpliwa.

Budujac hurtowni¢ danych nalezy bra¢ pod uwage mozliwos¢ wprowadzenia w przysztos$ci do niej takich
informacji, ktore dzisiaj w ogole nie sa zbierane. Moga to by¢ np. informacje o trendach sprzedazy u konku-
rencji, uzyskane zupetnie poza systemami informatycznymi eksploatowanymi w firmie, np. kupione w profesjo-
nalnej wywiadowni gospodarcze;j.

Wdrozone aplikacje wymagaja ciagtej modernizacji pod katem zaréwno informacji, ktére uzyskiwane sa na
wyjsciu z systemu, jak i architektura hurtowni danych musi uwzglgdnia¢ zmieniajaca si¢ strukturg systemow
zrodlowych.

Waznym i obecnie niedocenianym elementem posrdd czynnosci, ktore nalezy wykona¢ wokot wdrozenia
hurtowni danych i rozwiazan Business Intelligence jest, jak to juz wczesniej podkre§lono, wsparcie analityka
merytorycznego w zakresie eksploracji danych. Bezposrednio po wdrozeniu analityk merytoryczny z jednej
strony zaczyna zauwazac aspekty dotychczas niewidoczne, czyli takie zestawienia, ktorych istnienia nie podej-
rzewal, z drugiej za$ strony styka si¢ z danymi, do ktérych wczesniej dostep mieli jedynie programisci bazo-
danowi. Bardzo istotne jest, aby na tym etapie panowa¢ nad wymiarami, ktdre zostana zaimplementowane
w Swiecie Obiektow, gdyz moze si¢ zdarzy¢, ze dane miaty dotychczas charakter ,techniczny”. Udzial autoréw
systemu zrédlowego w budowie ETL moze skrocié czas implementacji nawet o 75%.

System Business Intelligence moze by¢ tak skonfigurowany, aby mozna bylo o dowolnej porze uzyskac
operacyjna informacjg¢ na temat najwazniejszych, interesujacych nas parametrow ekonomicznych. Taki dostep
zwany ,kokpitem menadzerskim” umozliwia obserwowanie dynamicznych zmian i relacji pomigdzy nimi za
pomoca np. graficznych emulatorow wskaznikoéw analogowych.

2. System zrodlowy SZYK/INFORMIX

Istotnym czynnikiem efektywnego wdrozenia hurtowni danych jest kontakt z twércami systemu zrédtowego.
W przypadku wdrozenia hurtowni danych u klientéw COIG S.A. aspekt ten nie byt krytyczny, poniewaz auto-
rem systemu zrodlowego Zintegrowanego Systemu Wspomagajacego Zarzadzanie Przedsigbiorstwem —
System SZYK, jest rowniez COIG S. A. [3, 4]. Programowanie hurtowni danych wykonywane bylo w specjali-
stycznej pracowni, co powodowato konieczno$¢ §cistych kontaktow roéwniez z innymi pracowniami systemu
SZYK zajmujacymi si¢ rozwiazaniami dla poszczegdlnych obszaréow tematycznych. Pracami objgto: obszar
Zbytu Wegla, obszar Logistyki Materialowej, obszar Rozliczenia Kosztow, obszar Ewidencji Kadrowej oraz
obszar Centralnych Rozrachunkow. Istota wspolpracy z autorami systemu zrodlowego polega na wyselekcjono-
waniu takich danych z Baz Tematycznych Systemu Szyk, ktore maja warto$¢ merytoryczna. W toku kilkuletnie-
go budowania baz danych dla klientow, niektore pola mogly zmieni¢ swoja funkcjonalnos$¢, inne za$ przestaty
by¢ wykorzystywane i zawieraja nieistotne z merytorycznego punktu widzenia informacje lub w skrajnych
przypadkach warto$ci przypadkowe.

Mozna sobie wyobrazi¢ wdrozenie narzgdzi klasy Business Intelligence prowadzone na nieautoryzowanych
danych, wowczas szacuje si¢ wydtuzenie procesu wstgpnego projektu o 100%. Wykorzystywana przez system
SZYK relacyjna baza danych Informix jest bardzo praktycznym narzedziem informatycznym wspierajacym
aplikacje transakcyjne. Jednak proba wykorzystania narzedzia Informix bezposrednio jako warstwy bazodano-
wej hurtowni danych nie powiodta si¢. Komputer typu IBM F80 z systemem operacyjnym AIX czgsciowo ob-
ciazony praca na rzecz aplikacji transakcyjnych ulegat permanentnym przeciazeniom. Dlatego tez podjgto decy-
zje o uruchomieniu specjalizowanej bazy danych Sybase 1Q, ktora jest zorganizowana w ten sposob, ze dane
przechowywane sa jako poindeksowane kolumny. W celu przejscia do efektywniejszego sSrodowiska bazodano-
wego, odrzucenia informacji zbgdnych i szkodliwych, zapewnienia wlasciwej kontroli danych, sformatowania
danych do potrzeb nowego §rodowiska - zastosowano technike zbierania danych ETL.



Praktyczne aspekty implementacji narzedzia klasy Business Intelligence 133

3. Technika zbierania danych - warstwa ETL

Designer

Rys. 1 Schemat ideowy rozwiazania

Zastosowana w rozwigzaniach wdrozonych u klientow COIG S.A. technika zbierania danych — warstwa ETL
(ang. extract, transformation, load) oznacza ekstrakcj¢ z systemu zrodtowego oraz transformacj¢ danych ze
wzgledu na potrzeby, o ktéorych wspomniano pod koniec poprzedniego punktu referatu oraz fadowanie danych
do systemu docelowego. Kazdy z obszaréw tematycznych hurtowni danych (ang. Data Mart) charakteryzowat
si¢ innymi potrzebami. I tak np. w obszarze Zbytu Wegla w rozwiazaniach przygotowanych na bazie Informix
wykorzystywano zbyt wiele tablic, co w poczatkowym okresie nastr¢czato olbrzymich trudnosci w wychwy-
ceniu i zaimplementowaniu powiazan pomi¢dzy danymi w ten sposob, aby na etapie tworzenia raportéw, czyli
dwuwymiarowych przekrojow bazy danych otrzymywac dane spdjne logicznie oraz zgodne formalnie.
Oczywistym jest, ze narzedzie Business Objects jako generator zapytan w jezyku SQL moze generowaé bardzo
dlugie zapytania do bazy danych, jednak zapytania te zawsze musza by¢ zbudowane w sposob logiczny i for-
malnie zgodny nie tylko ze sktadnig jezyka SQL, co jest wbudowane w system, ale zgodny z logika danych opi-
sanych przez programiste podczas tworzenia Swiata Obiektow[5],[6]. W niektorych sytuacjach wygodniej
i efektywniej z punktu widzenia architektury narzedzia Business Intelligence jest przygotowac¢ dane w taki
sposob, aby relacje opisane w bazie danych byly maksymalnie uproszczone. W obszarze tematycznym Zbytu
Wegla zdecydowano sig na utworzenie w warstwie ETL jednej tablicy zawierajacej wszystkie informacje z fak-
tury. Ta jedna tablica umozliwia nam tworzenie przekrojéw sprzedazy wegla zarowno np. w wymiarze ilo$ci
i ceny wegla jak i w wymiarze parametréw jakosciowych, czy chemicznych. Pozostale tablice zwiazane z wy-
miarem czasu, wymiarem klienta pozostawiliSmy poza tablica danych podstawowych.
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4. Specjalistyczna baza danych — Sybase 1Q

Zastosowana do zbudowania hurtowni danych baza danych Sybase IQ charakteryzuje sig plonowym
sktadowaniem tablic oraz tym, ze tablice sg logiczne, a nie fizyczne. Daje to efekt 90% redukcji operacji wejscia
wyjscia, przy czym przetwarzane sg tylko kolumny niezb¢dne do zapytania. Druga bardzo charakterystyczna
cecha bazy danych Sybase 1Q jest to, ze dane tworza indeks. Jest to opatentowana metoda redukcji danych do
bitow ,.Bit Wise”. Wystepuja indeksy bitmapowe, indeksy do dat, czasu, stéw kluczowych oraz indeksy do
zlaczen. W wyniku zastosowania tych metod nigdy nie wystgpuje skanowanie tablic, a zapytania ,,ad hoc”
dziataja tak jakby baza byla strojona do kazdego z nich. Zazwyczaj sumaryczny rozmiar bazy danych jest
mniejszy niz czyste dane zrdédlowe.

Indeks bitmapowy zaktadany jest przez uzytkownika, gdy liczba unikalnych warto$ci w kolumnach zawiera
si¢ pomigdzy 10 a 500. Indeks ,,Bit-Wise” zakladany jest przez uzytkownika, gdy ilo§¢ wystapien przekracza
1000. Nie nalezy wowczas uzywac polecen typu ,,distinct”, W przypadku gdy chcieliby§my uzywaé ,,distinct”
nalezy zastosowac¢ indeks ,,Bit-Wise”+B-drzewo.

Mowiac jezykiem praktyki zastosowanie bazy danych Sybase IQ utatwilo wdrozenie hurtowni danych oraz
przyspieszyto proces rozwoju hurtowni wraz z narzgdziem klasy Business Intelligence.

5. Opis danych — Designer

Narzedziem umoZliwiajqcym tworzenie Swiata Obiektow dla Business Objects jest oprogramowanie pozwa-
lajace opisa¢ dane, nada¢ im tatwe do zrozumienia dla analityka merytorycznego nazwy oraz opisac relacje
pomiedzy danymi — narzedzie Designer. Narzedzie to jest bardzo intuicyjne, a jego uzywanie dla doswiad-
czonego programlsty jezyka zapytan SQL jest wrecz oczywiste. Graficzny interfejs tego narzedzia pozwala
postugiwacé si¢ metoda ,,przeciagnij i upusc”.

6. Warstwa — Swiat Obiektow

Utworzony za pomoca narzedzia Designer Swiat Obiektow jest najwazniejszym elementem projektu hurtowni
danych. W skrocie mowiac warstwa Swiat Obiektow w prosty sposob realizuje wizje danych w oczach meryto-
rycznego specjalisty. O ile w bazie danych nazwy niektorych pol sa bardzo skomplikowane i nazwane w jakis$
mnemotechniczny sposob na uzytek programistoéw dane te otrzymuja nazwy spdjne i zrozumiate. Na przyktad,
jesli pole ,,f100” w bazie danych oznacza tak naprawde numer faktury, to w warstwie Swiat Obiektow wskazane
jest aby wymiar ten nazywat si¢ po prostu ,,numer faktury”. Nalezy podkresli¢, ze implementacja narz¢dzia
Business Objects nie wymaga zadnych zmian w strukturze wykorzystywanych baz danych, wszystkie transfor-
macje i nowe powiazania tworzone sa albo w warstwie ETL albo w warstwie Swiata Obiektow. Nalezy rowniez
podkresli¢, ze nawet jesli tablice w zrédlowej bazie danych duplikuja informacje badz zawieraja je w roznych
miejscach nie ma to wptywu na opis w warstwie Swiata Obiektow. Swiat Obiektow moze byé zorganizowany
W sposob spdjny i1 logiczny merytorycznie

7. Dynamiczne Tworzenie Raportow

Absolutnym novum wynikajacym ze stosowania narzedzia klasy Business Intelligence jest mozliwo$¢ dyna-
micznego zmieniania i tworzenia nowych raportow. W warstwie prezentacyjnej procz funkcji pozwalajacych np.
na automatyczne wstawienie wykresu, czy dowolnego przeksztalcenia tabeli z danymi, istnieje mozliwo$¢ sto-
sowania rozbudowanego aparatu matematycznego. Dostgpna jest wigkszo$¢ funkcji matematycznych
umozliwiajaca prowadzenie analiz ekonomicznych. W skrocie méwiac, w rekach zaawansowanego analityka
biznesowego znajduje si¢ caly aparat dostgpny programiscie i tylko kwestia strojenia wydajnosciowego
pozostaje, w ktorej warstwie zaimplementowa¢ wymagane obliczenia. Nalezy zaznaczy¢, ze w przypadku bar-
dzo czgsto wykorzystywanych danych warto stworzy¢ odpowiedni zapis w bazie danych, na ktérej oparto
hurtowni¢ danych, wowczas konieczne moze okaza¢ si¢ rozbudowanie procedur warstwy ETL. W przypadku
rzadziej wykorzystywanego przekroju danych mozna stworzyé prekalkulowany obiekt w Swiecie Obiektow
Business Objects. Ewentualnie jezeli dana pozycja jest w fazie testowej, jej wyliczanie mozna pozostawic
w warstwie tworzenia raportéw. Jezeli pozycja miataby by¢é wykorzystywana w dalszej fazie analiz, mozna ja
dodatkowo zapisa¢ w raporcie jako obiekt <wymiar, szczeg6l lub miare>. Funkcjonalno$¢ narzedzia Business
Objects umozliwia pracg zbiorowa, poniewaz raport zapisywany jest wraz z tworzacym go zapytaniem. Po prze-
staniu innemu analitykowi raport moze powroci¢ do fazy tworzenia zapytania.
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8. Organizacja Pracy — Czyli Co dla kogo ?

Na poczatku tego punktu przytoczg cytat ,,Pierwsze zapytanie marketingowe, nigdy nie jest wlasciwym. To
jest proces interakcyjny : zapytanie, odpowiedz, zapytanie, az do wniknigcia w sens biznesu” — Pete Ester[5].
System Business Intelligence jest systemem, ktory umozliwia tworzenie raportéw. Wydawaloby si¢ wiec, ze naj-
wigksze zastosowanie znajdzie on dla pracownikoéw zwiazanych z szeroko rozumiana sprawozdawczos$cia. Takie
wykorzystanie oczywiscie jest mozliwe, za pomoca Business Objects mozna generowaé np. zestawienia
sprawozdawczosci obowiazkowej. Wydaje si¢ jednak, ze bardziej efektywne bardziej naturalne jest udostep-
nienie Business Objects pracownikom komorek zajmujacych si¢ Informacja Zarzadcza tj. szybka informacja,
umozliwiajaca sprawne podejmowanie operacyjnych decyzji z przedsigbiorstwie. Generalnie w systemie Busi-
ness Intelligence rozr6zni¢ nalezy nastepujace role :

- Koncowy odbiorca raportéw — moze to by¢ zar6wno manager wysokiego szczebla jak i na przyk-
tad kierownik magazynu. Ten pierwszy otrzymywaltby informacje strategiczne, drugi za$ np. szcze-
gbétowe zestawienie stanéw na okreslonych grupach materiatowych.

- Analityk merytoryczny — posiadajacy dostep do Swiata Obiektow i do edycji innych raportow,
osoba taka odpowiedzialna bytaby za tworzenie raportow dla poprzedniej kategorii pracownikow.

- Designer — osoba po stronie tworcOw oprogramowania, odpowiedzialna za stworzenie takiego
Swiata Obiektow, ktory bedzie tatwy do zrozumienia dla grupy analitykéw merytorycznych.

9. Data Mart — Zbyt Wegla
Baza danych systemu Zbyt Wegla sktada si¢ z jednej tablicy zasadniczej i 7 tablic pomocniczych.

Na podstawie powyzszego schematu wida¢ réznicg w organizacji bazy danych przygotowanej dla hurtowni
danych w stosunku do standardowej bazy relacyjnej. W celu petniejszego zobrazowania budowy hurtowni
zaprezentuj¢ jeszcze zawartos¢ gtdéwnej tablicy faktur.
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BO_KalDniKoo

BO_StrKon
Ip smallint nul
ruchNrKop  smallint  nul

ruchSymbKop varchar(3) nul

|
|
|
symkopchar(3) null ruchNazwaKopvarchar(30) null
data date null ZBO_Spd kopSNrKop smallin: ; null
czvRahemallint nuf| kopSymbKop varchar(3) null
‘ Klasyf1 varchar(4) null kopNazwaKop varchar(30) null
klasyf2 varchar(4) null apNrkop smallint  null
klasyf3 varchar(4) null gpSymbKop  varchar(3) null
kasyiz varchar(4) nuf grpNazwaKop varchar(30) nufl
niZlec |nteg_er nuf logNrKop varchar(4) null
rok smallint nuf los#NAop  emallint  null
typZlec smallint null 3 T
ZBO_ Pl opisTypZlec varchar(12) null
| kodSpoZaro smallint null
symKopvarchar(3) nujl opisSpoZaro varchar(12) null
rok varchar(4) nujl srTrans smallint null
mc varchar(2) nujl opisSrTrans varchar(12) null | 7BO PozSpd |
tag varchar(5) nujl listPrzew smallint null
wart decim_al(15,3) nujl opisListPrzew varchar(12) null rur%hSymbKop;/?nr:nianrgs) :;ti :E :
= el adl typWegla varchar(2) null nrFakt integer <fk> null
opisTypWegla varchz_,\r(eo) null dataEkpl date nuli
og?JspénSJO:sm 321r?r|1|!:(t12) o : daiaKualigdate !
Stz vamharp) nufl _Mromsesnensmoey | SITOZRAYS hecher®) o
BO Kal opisSort varchar(12) nu Lok =10 YA
& P! nrFakt=nrFakt nrWagSam varchar(14) nufl
data date null _sonl varcnar(g) (X : tonazNetto decimal(7,3) nufl
indp| varchar(& ot 1 symbSrTrans smallint nufl
nazwaSort E;’a'(? ar|(5()) o [ nrUpowaz  varchar(20) nul
g'rr dzg:mglhég :E 1 dataRep datetime nufl
wir decima|(4:2) null :Zﬂ?fg” L varcLhar :,u, :
sr decimal(3,2) null
klasa varchar(9) null
klasa1 varchar(2) null
BO_Kth klasa2 varchar(3) nufl
4 kl har(2 I
knt integer  <pk>not null grz?\lar}:zop ;/;r;manrg ) 23 [
kopNrKopinteger null grpSymbKop varchar(3) null
kodue  varchar(2) null grpNazwaKop varchar(30) null
nip varchar(13) null kopNrKop smallint null ZBO_Zrzut
o [ varchar(1) null kopSymbKop  varchar(3) null Kopalniavarchar(30)  nufl
[aavo varchar(30) patl kopNazwaKop varchar(30) null data date nujl
miasto  varchar(30) null ruchNrKop smallint null k_tonaz decimal(15,3) nujl
rknt1 varchar(1) null - Knt=nPa | ruchSymbKop varchar(3) null e_tonaz decimal(15,3) nul
tknt2 varchar(1) null ruchNazwaKop varchar(30) null k_wart decimal(15,3) nujl
e v () pult nrPla integer <fk1> nufl e_wart decimal(15,3) nujl
regon decimal(14) null
9 nrodb integer <fk2> nul| tonaz decimal(15,3) nu]l
rllarazjwa Y,Z';?,Zr,(éz)o) 23:: dokument varchar(2) null wart  decimal(15,3) nul
o varaie) [ .
pqczla VEEE(ED) (ol nrFaktKor integer null
ﬁ:'ldcoam ‘\’:?é':]aa;((g?) :ﬂ:: rokKorFakt smallint null
dataEksp date null
nriok varchar(5 null
termzap smallin£ ) null knt=nrOdb téatta};wkatl ga:e nu:
kontb  varchar(40) null d;:Z:pFak‘ e o
bankn  varchar(55) null tonaz decimal(15,3) null
banka  varchar(35) null cenaNetto  decimal(6,2) null
tfealfx z:z::mg; :ﬂ:: cenaBrutto dec_imaI(G,Z) null
talafon  varchar(15) aull wartoscNetto dec!mal(15,2) null
v wartoscVat decimal(15,2) null
& wartoscBrutto decimal(15,2) null
stVat decimal(5,2) null
termPlat smallint null
kiedyZap integer null
opisKiedyZap varchar(50) null
nrUmowy varchar(35) null
rodzajZbytu  smallint null
grupaCen smallint null
nazwasStacji varchar(100) null
nazwaBocznicyvarchar(30) null
przewoz smallint nufl
dataRep datetime null
typRep varchar null
nazwaPaczki har(50) au
Rys. 2 Tablice systemu Zbyt Wegla.
Name Code
klasyfikator 1 klasyfl
klasyfikator 2 klasyf2
klasyfikator 3 klasyf3
klasyfikator 4 klasyf4
numer zlecenia nrZlec
rok zlecenia rok
typ zlecenia typZlec
opis typu zlecenia opisTypZlec
kod sposobu zaptaty kodSpoZaro
opis kodu sposobu zaptaty opisSpoZaro
symbol $rodka transportu srTrans
opis symbolu $rodka transportu opisSrTrans
list przewozowy listPrzew
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opis listu przewozowego opisListPrzew
typ wegla typWegla

opis typu wegla opisTypWegla
grupa sortymentu grupaSort
opis grupy sortymentu opisGrupaSort
zestownikowany sortyment sort2

opis sortymentu opisSort
sortyment sort

sposob wzbogacania indpl

nazwa sortymentu nazwaSort
kaloryczno$¢ qir

popiot ar

wilgo¢ witr

siarka sr

klasa wegla klasa

klasal klasal

klasa2 klasa2

klasa3 klasa3

numer kopalni (grupa) grpNrKop
symbol kopalni (grupa) grpSymbKop
nazwa kopalni (grupa) grpNazwaKop
numer kopalni (kopalnia) kopNrKop
symbol kopalni (kopalnia) kopSymbKop
nazwa kopalni (kopalnia) kopNazwaKop
numer kopalni (ruch) ruchNrKop
symbol kopalni (ruch) ruchSymbKop
nazwa kopalni (ruch) ruchNazwaKop
numer platnika (knt) nrPla

numer odbircy (knt) nrOdb
dokument dokument
numer faktury nrFakt

rok wystawienia faktury rokFakt
numer korekty do faktury nrFaktKor
rok korekty faktury rokKorFakt
data ekspedycji dataEksp

data kwalifikacji dataKwal

data wystawienie faktury dataFakt

data zaptaty za fakturg dataZapFakt
tonaz tonaz

cena netto cenaNetto
cena brutto cenaBrutto
warto$¢ netto wartoscNetto
warto§¢ VAT wartoscVat
warto$¢ brutto wartoscBrutto
stopa VAT stVat

termin ptatnosci w dniach termPlat
kiedy zaptaci¢ (klucz do es17) kiedyZap

opis kiedy zaptaci¢ opisKiedyZap
numer umowy (spozaro) nrUmowy
rodzaj zbytu rodzajZbytu
grupa cen grupaCen
nazwa stacji nazwaStacji
nazwa bocznicy nazwaBocznicy
kto ptaci przewozne przewoz

data wstawienia wpisu dataRep
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typ replikacji typRep

nazwa paczki niosacej dane nazwaPaczki

10.. Whnioski

1. Podsumowujac nalezy stwierdzi¢, ze dzigki rozwiazaniom klasy Business Intelligence zarzadzanie przed-

sigbiorstwem wchodzi w nowy etap. Uciazliwo$¢ uzyskiwania sprawozdan w réznym uktadzie byta dotychczas
bolaczka wielu przedsigbiorstw. W dobie zwigkszania efektywnosci pracy angazowala wykwalifikowanych
pracownikow do pracy polegajacej na przenoszeniu danych z miejsca w miejsce. Dzisiaj istnieje mozliwosé
powiazania dowolnych danych, rowniez z innych systemow, w tym uzyskanych w trybie dostgpu przez internet.
Business Objects umozliwia dotaczanie do Swiata Obiektow danych z innych baz danych a takze przechowywa-
nych w postaci plikow programu Excel czy nawet tekstowych plikow ptaskich.

2. Dotychczasowe dos§wiadczenia w stosowaniu rozwiazan klasy Business Inteligence potwierdzaja ich sku-

tecznos$¢ 1 praktyczno$¢ w zaspakajaniu potrzeb wynikajacych z efektywnego funkcjonowania firmy.

Literatura

I.
2.
3.

Praca zbiorowa. Business Intelligence, Wydawnictwo Libridis, 2002.

Ladanyi H.; SOL — Ksiega Eksperta, Wydawnictwo Heliun. Gliwice, 2000.

Koszowski Z., Syrkiewicz J.: Kierunki przemian w obstudze informatycznej gornictwa wegla kamiennego.
Wiadomosci Gornicze nr 10. Katowice 1994.

. Koszowski Z., Syrkiewicz J.. Efektywnos¢ wdrazania Zintegrowanego Systemu Wspomagajqcego

Zarzqdzania Przedsiebiorstwem — System SZYK, w sektorze gornictwa wegla kamiennego, PTI —
Efektywnos$¢ zastosowan systemow informatycznych — tom III. Wydawnictwo Naukowo-Techniczne, War-
szawa — Szczyrk 2002.

. Liautaud B.: Business Intelligence Od informacji przez wiedze do zyskow, Warszawa 2003.
. Syrkiewicz J., Rymaszewski S.: Zastosowanie systemow klasy Business Inteligence oraz aplikacji korpo-

racyjnych w gornictwie wegla kamiennego, Szkota Ekonomiki i Zarzadzania w Gornictwie, Bukowina
Tatrzanska 2003r. Wydawnictwo AGH. Krakow, 2003.



Ky @ XXI Autumn Meeting of Polish Information Processing SocietyISBN 83-922646-0-6
= Conference Proceedings pp. 139-144 (© 2005 PIPS

s e\

On Asymptotic Behaviour of a Binary Genetic Algorithm

Witold Kosinski'2, Stefan Kotowski®, and Jolanta Socala*

! Research Center, Department of Intelligent Systems, Polish-Japanese Institute of Information Technology
ul. Koszykowa 86, 02-008 Warszawa, Poland
2 Institute of Environmental Mechanics and Applied Computer Science

Kazimierz Wielki University

ul. Chodkiewicza 30, 85-064 Bydgoszcz, Poland

wkos@pjwstk.edu.pl
3 Institute of Fundamental Technological Research, IPPT PAN
ul. éwi@tokrzyska 21, 00-950 Warszawa, Poland
skot@ippt.gov.pl
4 Institute of Mathematics, Silesian University
ul. Bankowa 14, 40-007 Katowice, Poland

jsocala@ux2.math.us.edu.pl

Abstract. The simple genetic algorithm (SGA) and its convergence analysis are main subjects of
the article. A particular SGA is defined on a finite multi-set of individuals (chromosomes) together
with mutation and proportional selection operators, each of which with some prescribed probability.
The selection operation acts on the basis of the fitness function defined on individuals. Generation of
a new population from given one is realized by iterative actions of those operators. Each iteration is
written in the form of a transition operator acting on probability vectors which describe probability
distributions of all populations. The transition operator is a power of a Markovian matrix. Thanks
to the theory of Markov operators [6,9,10] new conditions for asymptotic stability of the transition
operator are formulated.

Keywords: simple genetic algorithms, proportional selection, mutation, population, Markovian
matrix, asymptotic stability

1 Introduction

In the last two decades there has been growing interest in universal optimization methods realized
by genetic and evolutionary algorithms. That algorithms use only limited knowledge about problems
to be solved and are constructed on the basis of some similarity to processes realized in nature. Wide
applications of those methods in practical solutions of complex optimal problems cause a need to develop
theoretical foundations for them. The question of their convergence properties is one of most important
issues [2,3,4,5,7,8].

2  Preliminaries

Genetic (GA) as well evolutionary algorithms (EG) perform multi-directional search by maintaining a
population of potential solutions, called individuals, and encourage information formation and exchange
between these directions. A population, i.e. a set of individuals, undergoes a simulated evolution with a
number of steps. In most general case the evolution is due to an iterative action—with some probability
distributions—of a composition of three operators: mutation, crossover and selection ones. If a population
is regarded as a point in the space Z of (encoded) potential solutions then the effect of one iteration of
this composition is to move that population to another point. In this way the action of GA as well as EA
is a discrete (stochastic) dynamical system. In the paper we use the term population in two meanings; in
the first it is a finite multi-set (a set with elements that can repeat) of individuals, in the second it is a
frequency vector components of which are composed of fractions, i.e. the ratio of the number of copies of
each element z; € Z to the total population size. The action of that composition is a random operation
on populations.

In the paper we are concerned with a particular case of the simple genetic algorithm (SGA) in which
the mutation follows the fitness proportional selection and the crossover is not present. In the case of a
binary genetic algorithm (BGA) the mutation can be characterized by the bitwise mutation rate y—the
probability of the mutation of one bit of a chromosome. In SGA with known fitness function the fitness
proportional selection can be treated as a multiplication of each component of the frequency vector by
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the quotient of the fitness of the corresponding element to the average fitness of the population. This
allows to write the probability distribution for the next population in the form of the product of the
diagonal matrix with the population (frequency) vector. Moreover, results of the mutation can also be
written as a product of another matrix with the population (probability) vector. Finally the composition
of both operations is a matrix (cf. (10)), which leads to the general form of the transition operator
(cf. (12)) acting on a new probability vector representing a probability distribution of appearance of all
populations of the same size equal to the population size PopSize. The matrix appearing there turns to
be Markovian and each subsequent application of SGA is the same as the subsequent composition of
that matrix with itself (cf. (13)). In the paper thanks to the well-developed theory of Markov operator
[1,6,9,10] new conditions for the asymptotic stability of the transition operator are formulated and some
conclusions are derived.

3 Frequency and Population Vector
In the case of BGA the set of individuals

Z = {205 . '7'28—1}7

are chromosomes and they form all binary /-element sequences. For a better description one orders them
and the set Z with s = 2!, becomes a list, in which its typical element (chromosome) is of the form
z; =40,0,1,0,...,1,0,0}.

At first by a population we understand any multi-set of » chromosomes from Z, then r is the population
size: PopSize.

Definition 1. By a frequency vector of population we understand the vector
ag
p= (pOJ oo 7ps—1)7 where Pk = 77 (1)

where ay is a number of copies of the element zy,.

The set of all possible populations now understood in the second meaning as frequency vectors is

s—1

d
A= R® : > = - IN. =1} 2
{pe Dk _07 Pk 7'7 de ) ];)pk } ( )

When GA is realized by an action of the so-called transition operator on given population, new population
is generated. Since the transition between two subsequent populations is random and is realized by a
probabilistic operator, then if one starts with a frequency vector, a probabilistic vector can be obtained,
in which p; may not be rational any more. Hence for our analysis the closure of the set A, namely

s—1

Z:{xEIRS:/\k, x> 0, and ZkaI}, (3)
k=0

is more suitable.

4 Selection Operator

Optimization problem at hand is characterized by a goal (or cost) function. If we transform it by a
standard operation to a nonnegative function we will get the so-called fitness function f:Z — R, If
we assume the first genetic operator is the fitness proportional selection, then the probability that the
element z; from a given population p will appear in the next population equals

I (z)pr
fp)

where f(p) is the average population fitness denoted by

(4)
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Then the transition from the population p into the new one, say ¢, can be given by

1
q==—5p, (6)
f(p)
where the matrix S of the size s, has on its main diagonal the entries
Sk = f(2k)- (7)

Matrix S describes selection operator [5,7,8].

5 Mutation Operator

The second genetic operator we consider the binary uniform mutation with a parameter u as the
probability of changing bits 0 into 1 or vice versa. If the chromosome z; differs from z; at ¢ positions
then the probability of mutation of the element z; into the element z; is

Uij = p(1 = p)' . (8)

Then we may define a matrix
U= [Ui ] )

with U;; as in (8) and U;;—the probability of the surviving of the element (individual) z;. In general one
requires

1.
Uij > 05
2.
s—1
> Uiy =1, for allj. (9)
=0

6 Transition Operator

When we have the specific population p, then it means p is a frequency vector and p € A. If the mutation
and selection (random) operators are applied to it they could lead p out the set A. The action of the
genetic algorithm at the first and at all subsequent steps is the following: if we have a given population p
then we sample with returning r-elements from the set Z, and the probability of sampling the elements
20, .- .,2s—1 is described by the vector G(p), where

G(p) = %U&o . (10)

This r-element vector is our new population q.

Let us denote by W the set of all possible r-element populations composed of elements selected from
the set Z, where elements in the population could be repeated. This set is finite and let its cardinality
be M. It can be shown that the number M is given by some combinatoric formula, cf. [12]. Let us order
all populations, then we identify the set W with the list W = {w!,... , wM}. Typical w* k =1,2,..., M
is some population for which we used the notation p in the previous section. That population will
be identified with its frequency vector or probabilistic vector. This means that for given population
p=wk = (wk,...,wk |), the number w¥, for i € {0,...,s — 1} , denotes the probability of sampling
from the population w* the individual z;. If p is a frequency vector then the number w¥ the fraction of
the individual z; in the population w*.

Beginning our implementation of BGA from an arbitrary population p = w® in the next stage each
population w!, ..., wM can appear with the probability, which can be determined from our analysis. In
particular, if in the next stage the population has to be ¢, with the position ! on our list W (it means

g = w'), then this probability [7,11,12] is equal

k

rg;)!

r!ﬁ)(gng)w . (11)
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After two steps, every population w',...,w™ will appear with some probability, which is a double
composition of this formula. It will be analogously in the third step and so on. This formula gives
a possibility of determining all elements of a matrix T' which defines the probability distribution of
appearance of populations in the next steps, if we have current probability distribution of the populations.
With our choice of denotations for the populations p and ¢, the element (I, k) of the matrix will give
transition probability from the population with the number & into the population with the number [. It is
important that elements of the matrix are determined once forever, independently of the number of steps.
The transition between elements of different pairs of populations is described by different probabilities
(11) represented by different elements of the matrix. We can see that the nonnegative, square matrix T'
of dimension M, with elements pji, I,k = 1,2,..., M has the property: the probability distribution of
all M populations in the step t is given by the formula

T'w t=0,1,2,...

Let us denote by
I'={zeRM:Vka, >0 oraz ||z|]| = 1},

where ||z|| = z1 4+ ... + 2, for © = (z1,...,20), the set of new M-dimensional probabilistic vectors.
A particular component of the vector x represents the probability of the appearance of this population
from the list W of all M populations. The set I" is composed of the all possible probability distributions
for M populations. Then described implementation transforms, at every step, the set I" into the same.

Notice that if at the beginning we start our SGA at a specific population p, which attains the place
j-th on our list Wi.e. p = w’ , then the vector u will denote the particular situation of the population
distribution in the step zero 0 if

u=1(0,...,0,1,0...,0) € R™.

On the set I' the basic, fundamental transition operator,
T():INxI' —T. (12)

is defined. According to the above remark the transition operator T'(¢) is linked with the above matrix
by the dependence

T(t)=T". (13)
If uw € I, then T(t)u = ((T(t)u)1,...,(T(t)u)r) is the probability distribution for M populations in
the step number ¢ , if we have begun our implementation of SGA given by G (10) from the probability
distribution v = (u1,...,unm) € I', by t - application of this method. The number (T'(t)u); for k €
{1..., M} denotes the probability of appearance of the population w* in the step of number ¢. By the
definition G(p) in (10),(11), and the remarks made at the end of the previous section, the transition
operator T'(t) is linear for all natural ¢.

Notice that though the formula (11) determining individual entries (components) of the matrix T is
a population dependent, and hence nonlinear, the transition operator T'(¢) is linear thanks to the order
relation introduced in the set W of all M populations. The multi-index [, k of the component py;, kills,
in some sense, this nonlinearity, since it tells (is responsible)for a pair of populations between which the
transition takes place. The matrix T is a Markovian matrix. This fact permits us to apply Theory of
Markov operators to analyze the convergence of genetic algorithms [1,6,9,10].

Notice that the action of the matrix T' can be seen as follows. In the space of the all possible
populations there is a walking point, which attains its next random position numbered by 1,2,..., M,
as an action of SGA on the actual population, with probabilities u1,us,...,us. We know that if at the
moment ¢ (in the generation number t) we had population p with the position k& on our list, i.e. the
population w”, then the probability that at the moment ¢ + 1 (in the generation number ¢ + 1) it will
attain population ¢ with the position [, on our list, i.e. the population w', is p;, and this probability is
independent of the number of steps in which it is realized. With this denotation the probability p is
given by the formula (11).

Let ex € I' be a vector which at the k-th position has one and zeroes at the other positions. Then eg
describes the probability distribution in which the population w* is attained with the probability 1.

By the notation T'(#)w* we will understand

T(t)wk =T (t)es (14)
which means that we begin the GA at the specific population w" .

Further on we will assume U;; > 0 for j € {0,...,s—1}. Notice that in the case of binary mutation
(8) this condition will be satisfied if 0 < p < 1.
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Definition 2. We will say that the model is asymptotically stable if there exists u* € I' such that:
T{u" =u* for t=0,1,... (15)
tlirrolo |T(t)u—u*||=0 foralluel . (16)
Since for k € {1,..., M} we have
[(T()u),, — uil < [T —w|| . (17)

then (16) will gives
lim (T'(t)u)

t—o0 k

—uj . (18)

It means that probability of appearance of the population w* in the step number ¢ converges to a
certain fixed number u; independently of the initial distribution u . It is realized in some special case,
when our implementation begun at one specific population p = w’ .

We shall say that from the chromosome z, it is possible to obtain z, in one mutation step with
a positive probability if Uy, > 0. We shall say that from the chromosome z, it is possible to get the
chromosome z; with positive probability in n-step mutation if there exists a sequence of chromosomes
Ziyy -+ Zin, sSuch that z;, = z4 , 2;, = 2, and any z;; for j =1,...,n is possible to attain from z;,_, in
one step with a positive probability.

Definition 3. Model is pointwise asymptotically stable if there exists such a population w’ that

tlim (T(t)u);j=1foruel . (19)
— 00

Condition (19) denotes that in successive steps the probability of appearance of another population than
w’ tends to zero. It is a special case of the asymptotic stability for which

=€j.

Theorem 1. Model is pointwise asymptotically stable if and only if there exists exactly one chromosome
zq with such a property that it is possible to attain it from any chromosome in a finite number of steps
with a positive probability. In this situation the population w? is exclusively composed of the chromosomes
Zq and

T(t)w! = w’ (20)

holds. Moreover, the probability of appearance of other population than w? tends to zero in the step
number t with a geometrical rate, i.e. there exists A € (0,1), D € Ry thats

M
> (T(t)u); <D - A A (21)
iz
The proofs of our theorems and auxiliary lemmas are stated in original articles [12,13].
Numbers A and D could be determined for a specific model. It will be the subject of the next articles.
Theorem 1 states that the convergence to one population could occur only under specific assumptions.
This justifies the investigation of asymptotic stability that in Definition 2.

Definition 4. By an attainable chromosome we denote z, € Z such that it is possible to attain it from
any other chromosome in a finite number of steps with a positive probability. Let us denote by Z* the set
of all z, with this property.

Theorem 2. Model is asymptotically stable if and only if Z* # (. A

Theorem 3. Let us assume that the model is asymptotically stable. Then the next relationship holds:

(war) uy > 0 if and only if the population wk is exclusively composed of chromosomes belonging to
the set Z*. A
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7 Conclusions

Here we set the summary of our results obtained here and in our other papers [11,12,13]:

1. If Z* = () then there is a lack of asymptotic stability.

2. If Z* # ( then asymptotic stability holds but:

3. If cardinality (Z*) = 1 then pointwise asymptotic stability (in some sense convergence to one popu-
lation) holds.

4. If cardinality (Z*) > 1 then asymptotic stability holds, but there is no pointwise asymptotic stability.

5. If Z* = Z then uj, > 0 forall k € {1,...,M}.

REMARK. In SGA with a positive mutation probability, it is possible to attain any individual (chro-
mosome) from any other individual. Then there is more than one chromosome which is possible to attain
from any other in a finite number of steps with a positive probability. Hence, by Theorem 1, it is impos-
sible to get the population composed exclusively of one type of chromosome.

The last conclusion means that if any chromosome is possible to attain from any other in a finite num-
ber of steps with a positive probability then in the limit (probability distribution) of infinite number of
generations each population (has a positive probability) may be reached with a positive probability.
Acknowledgement The research work on the paper was partially done by W.K and S.K. in the frame-
work of the KBN Project (State Committee for Scientific Research) No. 3 T11 C007 28. Authors thanks
Professor Zbigniew Michalewicz for the inspiration and discussions.
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Abstract. Comparative analysis of reporting mechanisms based on XML technology is presented in the
paper. The analysis was carried out as the part of the process of selecting and implementing of reporting
mechanisms for a cadastre information system. The reports were designed for two versions of the system, i.e.
for the internet system based on PHP technology and the fat client system in two-layer client-server
architecture. The reports for the internet system were prepared using XSLT for HTML output and using
XML-FO for PDF output and compared with reports implemented using Free PDF library. Each solution was
tested by means of the Web Application Stress Tool in order to determine what limits in scalability and
efficiency could be observed. As far as the desktop system is concerned three versions of reporting
mechanisms based on Crystal Reports, Microsoft Reporting Services and XML technology were
accomplished and compared with the mean execution time as the main criterion.

1. Introduction

On the market there are many commercia reporting tools. They can take data from various sources such as
ODBC, JDBC, EJB, OLE DB, Oracle, DB2, Microsoft SQL Server, Access, BDE, XML, txt and others. Almost
al of them alow to export reports to such file formats as html, pdf, xml, rtf, xls, csv, txt and some to doc,
LaTeX, tiff, jpeg, gif [8], [10]. The study presented in the paper was carried out in order to choose the most
suitable reporting mechanisms for a new version of a cadastre system used by many local governments in
Poland. Selection of a reporting tool for an information system is a difficult task. It should be accomplished
carefully and many factors should be taken into account such as user expectations, ability of report designing
and modifying, possibility of presenting complex data in a readable way, costs and licensing as well as the
performance and scalability required. However just the prices usually have decisive influence on the selection of
reporting tools for the cadastre system. Commercia tools are perceived by local governments to be too
expensive and this was the main reason for that we started to design and programme reporting mechanisms
based on low level open source tools.

The selection process should also take into account results of feature comparative analyses [5, 10] and
benchmark tests carried out on reporting tools by their producers or by independent organizations [1, 2, 3, 4].
All benchmark tests have proved that such commercia tools as Actuate iServer, Crystal Enterprise and Cognos
ReportNet significantly exceed the requirements of the cadastre system considered in the paper. Those
benchmark tests were accomplished using highly efficient and expensive hardware and were designed for the
developers who want to build large-scale applications. Therefore the results were not usable for the decision
process of selecting the most convenient reporting tool for the cadastre system. This aso led us to start testing
the performance and scalability of our solution.

The most prospective seem to be mechanisms based on XML language. Using the DOM (Document Object
Model) you can create and manipulate XML documents by your application with dynamic access to the content
of XML documents. XSL and XSL-FO languages enable you to create style sheet documents which control the
presentation of a XML document and describe the transformation of a XML document into other formats as
HTML, SVG, CSV, plaintext or PDF [6, 7, 9].

The model of generating reports using XML language is shown in Fig. 1. XSLT processor takes XML and
XSLT documents and transforms them into new XML document or into a document in another format for
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example into HTML document. In order to obtain PDF output XSL-FO document is created and then trans-
formed by FOP processor into final PDF document.

<<document>> %]
XSLT
<<document>>$:| <<process>> <<document>>$:| <<process>>
XML XSLT Processor XSL-FO FOP Processor
<<document>> g] <<document>>$:|
HTML PDF

Fig 1. Modd of creating reportsusing XML language

2. Reportsin the Cadastre System

The maintenance of real estate cadastre registersis dispersed in Poland. There are above 400 information centres
located by district local self-governments as well as by the municipalities of bigger towns which exploit dif-
ferent cadastre systems. The mgjority of cadastre systems in Poland are developed in two-layer client-server
architecture and deployed on Microsoft SQL Server or Oracle database management systems running on Intel
servers. The EGB2000 system for which we were looking for the best reporting tools is deployed in above 100
local governments throughout Poland while the EGB2000-INT system providing an internet access to cadastral
databases is used in about 50 intranets and extranets. The EGB2000 system was implemented in fat client
architecture using Visua C++ in Visual Studio.NET environment whereas the EGB2000-INT system was
programmed using PHP script language and accommodated for the cooperation with Apache or 11S web servers.
Four years of developing and maintaining cadastre systems in many information centres in Poland experi-
enced us that users regard reporting functions as the most important in the systems and require reporting tools of
high quality. They expect reports presenting complex data clearly, allowing to select data using various criteria,
enabling to change the scope of data shown in aflexible way and taking time as shortest as possible to generate.

a) mean hourly usage b) heaviest hourly usage
—e—centre 1 —X—centre2 —A—centre 3 Ocentre1 mcentre2 [Ocentre3
30.0 125 -

100 4

usage per hour

75

50 -

25 A

mean number of uses per hou

—tt— 0 - L
6 7 8 9 10 11 12 13 14 15 1st 2nd 3rd 4th  5th
time of a day in 2004 rank position

Fig. 2. Hourly usage of reportsin internet system in selected centres
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There are 117 reports available in the fat client system and 15 in the internet one. In order to investigate what
and how the reports are used in both systems report usage logs are maintained. The analysis of these logs in six
selected centres indicated that three groups of reports were the most frequently employed by the users of the
systems. These are extracts from registers, notifications of changes and various lists of objects with their attri-
butes. Fig. 2a presents mean hourly usage of reports in the internet system in 2004. The five best results from
the top for each centre studied are shown in Fig. 2b. Data indicate that the maximum hourly usage reached 122
what equals to only 2 reports per one minute. Mean hourly usage of the reports in fat client system during June
2005 for three another centres is shown in Fig. 3a. Analogoudly to Fig. 2b the top five results are placed in
Fig. 3b. Data show that the maximum hourly usage reached 150 what equals to only 2.5 per minute. The load of
both systems was rather moderate.
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—e—centre4 —Xx—centre5 —A— centre 6 O centre 4 m centre 5 O centre 6
40.0 -
& 3 150 4
5 350 - <
[oN (9]
Q
8 300 o 1201
4 o)
> @
%5 25.0 4 2 90 |
2 200
g 60
2 15.04 1
g 10.0
Q 7
g 30 4
5.0 1
0.0 e K e 0+
7 8 9 10 11 12 13 14 15 16 1st  2nd 3rd 4th 5th
time of a day in June 2005 rank position

Fig. 3. Hourly usage of reportsin fat client system in selected centres

3. Testing of Reporting M echanisms I mplemented in the internet Cadastre System

Three versions of reporting mechanisms implemented in the internet system were compared, i. e. one based on
XML technology with HTML output (HTML), the second employing FOP processor to generate reports in PDF
format (FOP) and the third programmed using Free PDF library to produce PDF output (FPDF). Each solution
was tested using Web Application Stress Tool in order to determine what limits in scalability and efficiency
could be observed. The most frequently used report i.e. an extract from land register unit was the main subject
of dl tests.

Server Client
EGB2000-INT search result > ’ create element HTML
web application < (with an attribute) output
A
create XML report
Y -
Y
create DOM
document Data
XML document >
XSLT
Y processor
create root element create SQL query XSLT file >

Fig. 4. Architecture of XML reporting mechanism for internet system with HTML output
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Architectures of the first two reporting mechanisms are presented in Fig 4 and Fig. 5. In both cases the
system applications create XML documents using DOM and selecting records from database according to the
search criteriainput by users. Then required output is generated by XSLT processor or by FOP.

In Fig. 6 the architecture of the third reporting mechanism is shown. The Free PDF library generates a PDF
file directly on the basis of the result of SQL query and then saves it on the server disk and sends it to the
client’s browser. When the client finishes working with the report the PDF file is deleted from the server disk.

Server Client
EGB2000-INT search result > create element Pfﬁ)e’: printer
web application (with an attribute) * *
create XML report T * Acrobat Reader
) J
- XML XSLT file 1
create DOM document
document Data * *
XSLT processor PDF file
Y
create root element create SQL * *
query XSL-FO document »  FOP processor

Fig. 5. Architecture of XML reporting mechanism for internet system using FOP

Server Client

EGB2000-INT search result format report PDF rinter
web application in PDF file P

A A

create PDF report
\ save
create FPDF save
constructor Database
Y
send

) Acrobat Reader
PDF file _ dear

[create new PDF create SQL query

Fig. 6. Architecture of reporting mechanism using Free PDF Library

3.1. Testing of mechanisms based on XML providing HTML and PDF output

The experiment was carried out using the server with 2.0 GHz Intel Pentium 1V and 1 GB RAM, XP
Windows Professional operating system, Apache web server and MS SQL Server 2000 as DBMS. The tests
simulated continuous work of 1, 2, 5 or 10 concurrent users who generated reports containing 1, 10, 100 or 500
parcels. The results are presented in Fig. 7 where -10 and -100 denote the numbers of parcels comprised in
respective reports. It can be easily seen that the mechanism using only XSLT processor gives better results than
the mechanism having additional FOP processor. In al tests for one user mean response time was shorter than
1 sand for 10 users smaller than 1.6 s. However 15 users or reports with 500 parcels caused the load too big for
the operating system. It started to suspend or to display out of memory error.
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Fig. 7. Test results of XML reporting mechanism with HTML output and using FOP

3.2. Testing of mechanisms using FOP and Free PDF Library

In the experiment 2.0 GHz Intel Pentium IV with 1 GB RAM was used as the server. Windows 2000
Professional operating system (different from OS used in sec. 3.1), Apache web server and MS SQL Server
2000 as DBM S were installed.
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Fig. 8. Test results of reporting mechanisms based on FOP and Free PDF library

Anaogously the tests simulated continuous work of 1, 2, 5 or 10 concurrent users who generated reports
containing 1, 10, 100 or 500 parcels. Denotation of mechanisms in Fig. 8 is similar to that used in Fig. 7. The
results in Fig. 8 revealed better performance of the mechanism using Free PDF library, but the difference was
not big enough to compensate longer time and inconvenience of programming. The tests for 15 users or reports
with 500 parcels also caused so heavy load that the operating system did not manage to serveit.
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4. Testing of Reporting Mechanisms Implemented in the fat client Cadastre System

Client Server
EGEZOQS - search result HTML
application output

v

create element
(with an attribute)

i create XML report

create DOM
document

XML file
XSLT file

XSLT
processor

create root element create SQL query

Fig. 9. Architecture of reporting mechanism in fat client cadastre system

In order to study the XML technology (XML) in the fat client cadastre system two additional versions of
reporting mechanisms were implemented, i.e. one using Crystal Reports 10 (CR10) and the second based on
Microsoft Reporting Services (MRS). In Fig. 9 the architecture of reporting mechanism using XML technology
implemented in the fat client cadastre system is presented.

a) reports containing 10 parcels b) reports containing 500 parcels
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Fig. 10. Test results of reporting mechanismsin fat client cadastre system

Each solution was tested with the most frequently used report i.e. an extract from land register unit. The tests
simulated continuous work of 1, 2, 5 or 10 concurrent users who generated 20 the same reports containing 1, 10,
100 or 500 parcels. Mean time of generating individual reports was calculated. The MRS mechanism gave the
best results (see Fig. 10) and the XML mechanism showed better performance than the CR10 one. Perhaps it
was caused by the method of designing CR10 reports, which contained SQL expressionsin rpt files.

5. Conclusions

All the tests were carried out using the configuration of hardware and software common for majority of
information centres. They proved that al reporting mechanisms tested could fulfil present system requirements
of performance. Although the mechanism based on Microsoft Reporting Services revealed the best performance,
it should be treated cautiously. It is relatively new and not all features and behaviour are known yet. Moreover
we do not suppose that our clients having Oracle databases would maintain Microsoft SQL Server as their
second database environment. In turn Crystal Reports is limited to one level of sub-reports what considerably
makes it more difficult to design reports selecting complex data. The most prospective seems to be XML
technology which has no drawbacks of other mechanisms tested taking into account all present aspects of
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exploiting the cadastre information system in local governments. We appreciated wide scope of XML language
functions and especialy the ability to separate content processing form presentation layer and the dynamic
access to the content of a XML document. The XML technology turned out to be especially useful for the
internet version of the cadastre system as far as both technical and economical factors are concerned. In fact the
tests revealed the limits of XML based reporting tools, but those limits are at present far beyond the real usage

of the system.
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Abstract. Visualization techniques are especially relevant to multidimensional data, the analysis
of which is limited by human perception abilities. The paper presents a hybrid method of multidi-
mensional data analysis. The main goal was to test the efficiency of the method in the context of
real-life medical data. A short survey of issues and techniques concerned with data visualization
are also included.

1 Introduction

Analysis of real data sets is a very difficult task for the humans. It is extremely hard when examined data
are represented by multidimensional vectors (records). The human mind is limited to the perception in
two or three dimensional space. Therefore visualisation techniques lie in the area of interest of the data
mining domain. A visualization process can be divided into several stages (Fig. 1). Rough data have
to be preprocessed to the convenient form. The data presented in the form of multidimensional vectors
are scaled or normalized. The next phase is a projection from multidimensional space into two dimen-
sional (2D) space [5, 1]. We can distinguish linear (Principal Component Analysis, Principal Coordinate
Analysis, Discriminant Coordinates) and nonlinear methods (Self Organizing Map — SOM, Unified Dis-
tance Matrix, autoassociative neural networks, Non-Linear Mapping — for example well known Sammon
mapping [9], triangulation [6], SAMANN [4]). Coordinates of points obtained after projection are sub-
sequently plotted giving the final image. Different techniques used in this stage are presented in [3] and
[7]. The source data can be used to bring in the final image a bit of information which was lost during
the projection. In Fig. 1 this process is shown as a distinction.

2

Preprocessing Projection| Data Plotting | Image

Distinction - -

Fig. 1. Stages of a visualization process

Our hybrid method called MedViz combines known visualisation techniques. Using a neural network
for Sammon mapping is a novelty of the method.

2 The Medviz method

According to the general scheme (Fig. 1), the data should be preprocessed before visualization. First, they
have to be presented as a vector of numbers, with the relationship of partial order for each component.
These vectors can be treated as points in the multidimensional Cartesian space (R™).

The next step is normalization. Its aim is to obtain the distribution of values with mean =~ 0,0 and
variance = 1,0 for each attribute (similar to N(0;1)). Thanks to this process, attributes with large
(e.g. thousand) and small (e. g. one) values are treated similarly. Medviz contains a number of popular
normalization methods, the first one is statistical normalization in which each value is processed according
to the following equation

(1)
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where: x the original value, T the average value of the attribute, s the standard deviation of the given
attribute. The next one is simple scaling to (—1.0;1.0):

1
xTr — 3 (l‘max + xmin) o 2@ — Lmax — Lmin

(2)

Tnorm = 1 ( ] = . P
2 Tmax — xmm) max min

where: z is the original value, x,;,—the minimal value of a given attribute and x,.x—the maximal value
of the attribute.

The next stage is the data projection by Sammon mapping. It is nonlinear projection which retains
the distance between pairs of training patterns. The general idea lies in a minimisation of the error
function, defined as follows:

2

1 N

) D) DI ®
Z Z D, i=1i=1

where: D;; the distance between i-th i j-th points in the source data, d;; the distance between i-th i j-th
points in the output data set, N the number of patterns in the input data set.

The above function describes the sum of the differences of distances calculated for each pair of
points. Each distance is divided by D;; what ensures insensibility to the scaling method. For a given set
of multidimensional data the output set of points in 2D space is created in this way that i-th point in the
output data (2D space) is an image of i-th point in the input data (multidimensional space). Mostly the
classic euclidian distance is used. In successive iteration, points in the space move in this way that the
value of the error is minimised. Usually in this process a simple Newton gradient method is applied [9].

After the projection, the image of the data is created by simplified method Glyph Plot. Each element
of the data set is represented as one object (point). The object has a form of a circle with a variable
diameter and colour. These parameters represent the value of the same component (attribute). The
component used to a distinction can be chosen interactively. The MedViz method has two possibilities of
the point colouring: in a temperature scale of colour (blue-green—yellow—orange-red) or in a gray scale.

In MedViz, for the point in the image indicated by a mouse, it is possible to obtain a bit of information,
like a label and an average value (of the actual selected attribute). The selection of point and click by
the mouse gives information about the neighbourhood. Double click switches the user on the table with
data. In this case it is possible to get a quick look in the values of attributes of the selected record. To
facilitate an analysis of a huge data set it is also possible to zoom the selected fragment of image. This
function helps in the case of some small data sets. Nonuniform distribution on the space causes that the
analysis can be difficult. An enlargement of the part containing interesting subset of points makes the
observation much easier.

Because of the complexity of class O(N?) of Sammon mapping, the time of calculation for huge data
sets becomes unacceptable. The similar situation arrives when a new record (vector) has to be visualised.
Some solutions of this problem are described in ([8]).

In our method we use a simple back propagation (BP) neural network (NN) with momentum. In the
output layer of the NN a linear activation function is used because new values can lie outside the range
(—1,0;1,0). At the beginning, a part of original multidimensional vectors is projected to two dimensional
space according to the Sammon mapping method. They constitute a training set for the NN realizing
Sammon mapping. The error of the mapping is calculated as the sum of distances of the output vectors
from the training patterns. After training the rest of original multidimensional vectors, as well as new
vectors when necessary, are projected by the NN. The new (added) points are visualised as empty circles.
The unknown components are automatically supplied according to the method described in the previous
section. They are distinguished in the image by the colour besides the assumed scale.

3 Experimental studies

The aim of the experimental studies was the evaluation of an efficiency of the implemented method in
data analysis in order to find relationships between attributes. Additionally, the influence of different
methods of normalization was investigated. If there is no other explanation, the following values of
parameter are set: number of iteration of Sammon mapping — 500, simple scaling as a normalization
method, parameters of NN: number of layers — 2, min error — 0,4%, momentum — 0,9, learning coefficient
— 0,001, max number of iteration — 3000.



Visualization—data mining 155

We have experimented with three data sets: y14c—synthetic data set [2], benthic [7]—it contains
information about the water purity in Chesapeake Bay and cerviz—it has information about patients
with carcinoma of the cerviz uteri. In Fig. 2 we show the results obtained for cerviz appropriately (a)
without normalization, (b) with simple scaling, (¢) with statistical normalization. The cerviz data set in
fig. 2 is a set of real data, which were not specially prepared before.

(a) (b) (c)

Fig. 2. The comparison of the normalization methods (data set cerviz)

It is easy to notice that there is big difference in the plots obtained with the different normalization
methods. The values of attributes differ a lot what can be observed in fig. 2.a for the data which were
not normalized. The oblong shape of points means that values of one attribute significantly differed from
other values have dominated projection process. The plot obtained by simple scaling the set of points
(fig. 2.b) has more groups than after statistical normalization (fig. 2.c). At the same time statistical
normalization demonstrates better capability to show outliers. In general, we can say that the only way
to choose the method of normalization is to experiment with them.

The successive experiments tested the relationship between geometric distribution of points in the
two dimensional space and the values of attributes. The criterion of colouring was joined with the values
of respective attributes. We used two data sets: benthic and cerviz. The obtained plots were analysed
with respective attributes after the appropriate colouring of points (the Glyph Plot method). It was
the basis for searching similarity between the distribution of points and distribution of colours in the
different plots. The first two images (fig. 3 and 4) present data set cerviz showed by the perspective
of the attribute P8.2—the application of radiotherapy (External Pelvic RT), P10—general evaluation
of the therapy efficiency, P7.3—an application of surgery operation (Radical Abdominal Hysterectomy
without Pelvic/Paraortic Lymphadenectomy) and P11—the time between diagnosis and the desertion
of a hospital. In Fig. 3.a we see the distinct group of points. It is easy to observe similar tendency with
the other attributes. For example in Fig. 3.b the resemble group of points can be found. It represents
patients with a good efficiency of the radiotherapy (bottom part of image). In this way we can conclude
that radiotherapy (External Pelvic RT) has a positive influence on the efficiency of treatment. In Fig. 4,
the similar relationship can be noticed between attributes P7.3 and P11. This means that patients after
surgery operation Radical Abdominal Hysterectomy without Pelvic/Paraortic Lymphadenectomy, need
the longer stay in a hospital.

4 Summary

We have made numerous experiments with the developed method and different data sets. The results
show that visualisation has wide capabilities in the area of data mining. Visual analysis much better
uses capabilities of a human being and very frequently leads to the conclusion which are very difficult to
access on the basis on rough data. The method and application were dedicated to medical data analysis,
but it is much universal—it is possible to use it successfully with other data sets.
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(a) P8.2 (b) P10

Fig. 3. The geometric separation (data set cerviz, attributes P8.2 i P10)

(a) P7.3 (b) P11

Fig. 4. The geometric separation (data set cerviz, attributes P7.3 and P11)
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Streszczenie. W pracy omowiono problematyke generowania regut asocjacji z medycznych baz danych
zwykorzystaniem autorskiej metody generowania regut asocjacji wykorzystujacel algorytm genetyczny
EGAR, w poréwnaniu z klasycznym agorytmem FPTree. Dla celéw badawczych opracowano program
komputerowy, ktéry jest stosunkowo uniwersalnym narzedziem do tego zadania. W pracy poréwnano efekty
obu metod wykorzystujac rzeczywiste zbiory danych medycznych z wroctawskiej kliniki.

1 Wprowadzenie

W posiadaniu réznych instytucji znajduja si¢ obszerne zbiory danych, zgromadzone w postaci baz danych badz
hurtowni. Dane te ukrywaja czesto obszerna i bardzo wazna wiedze, ktoreg) jednak nie mozna odczyta¢ z nich
bezposrednio z uzyciem standardowych srodkéw. Zrodzita si¢ wigc potrzeba zastosowania wydajniejszych
rozwiazan, dajacych lepsze rezultaty. Stad tez pojawienie si¢ nowej dyscypliny naukowej nazywane dzisig
drazeniem danych (ang. Data Mining), a bedacej czescia szerszego procesu — odkrywania wiedzy z baz danych
(ang. Knowledge Discovering from Databases) [2, 10].

Obecnie ze specjalizowanych algorytméw drazenia danych i catego procesu pozyskiwania wiedzy z baz
danych korzysta si¢ w takich dziedzinach nauki jak: bankowosé¢, marketing, telekomunikacja, energetyka,
farmaceutyka, medycyna i wiele innych. We wszystkich dziedzinach mozna w zasadzie stosowaé te same
metody drazenia danych, cho¢ nalezy zwraca¢ uwage na specyfike analizowanych danych —w niektérych zasto-
sowaniach posiadane dane zawieraja atrybuty zar6wno o wartosciach ciagtych, jak i symbolicznych, co nalezy
uwzglednia¢ w doborze metod. Niektore metody nie nadaja si¢ do danych niepetnych, zaszumionych, itp.,
dlatego rodzaj danych jest rownieistotny jak i cel drazeniadanych. Zawsze w procesie drazenia danych powinni
bra¢ udziat specjalisci z dangj dziedziny, aby wydobyta wiedza mogta by¢ oceniona i zweryfikowana. Czasami
eksperci sa w stanie postawi¢ interesujace hipotezy, ktére metody drazenia danych potrafia zweryfikowac.

Podstawowy cel tej pracy to zbadanie mozliwosci generowania regut asocjacyjnych z medycznych baz
danych za pomoca algorytméw genetycznych oraz pordwnanie uzytecznosci tej metody z podejsciem klasycz-
nym. Zaproponowano genetyczng, autorska metod¢ EGAR (Extended Genetic Association Rules). Stowo
Extended oznacza, ze autorzy oparli si¢ na metodzie GAR [11]. Opracowany program komputerowy zostal tak
zaprojektowany, aby praca z nim byta tatwa i aby wyniki byly prezentowane w czytelnej formie. Autorzy praco-
wali wcze$niej z obiema wykorzystanymi tu bazami danych, realizujac zadanie klasyfikacji [7, 8].

2 Generowanieregul asocjacji jako zadanie dr azenia danych

Za [15] mozemy powiedziec, ze: Pozyskiwanie wiedzy z danych jest nietrywialnym procesem wyszukiwania
rzeczywistych, nowych, potencjanie uzytecznych i zrozumiatych dla cztowieka wzorcéw w zbiorach danych.
Na proces pozyskiwania wiedzy z danych sktada sie sekwencja zadan, ktére powinny zapewni¢ pozyskanie
uzytecznej i zrozumiatej dla cztowieka wiedzy:

1. Zrozumienie dziedziny problemu, zdefiniowanie celu pozyskiwania wiedzy

2. Pozyskanie potrzebnych danych

3. Wstepne przetworzenie danych — konsolidacja i oczyszczenie danych

4. Selekcja odpowiednich danych (redukcja danych) i ich wzbogacenie
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5. Zakodowanie danych

6. Drazenie danych (wybdr odpowiedniego zadania procesu drazenia, wybdr odpowiedniej reprezentacji wiedzy
i algorytmu eksploracji danych, uruchomienie algorytmu — przeszukiwanie danych i generowanie znalezio-
nych wzorcow)

7. Interpretacja, prezentacjai wyjasnianie odkrytej wiedzy

8. Konsolidacjai praktyczne wykorzystywanie odkrytej wiedzy

Zadania drazenia danych mozna podzieli¢ ze wzgledu na posta¢ otrzymywanej wiedzy lub na cel jgf wyko-
rzystania[15]. Najpopularnigjsze zadania to: klasyfikacja, klasteryzacja danych, odkrywanie zaleznosci przyczy-
nowych oraz odkrywanie regu? asocjacji (regu? zwigzkow). Kazde z tych zadan moze by¢ realizowane stosujac
rézne algorytmy [5, 13]. Niniejsza praca dotyczy odkrywania regut asocjacji.

Odkrywanie regut asocjacji jest nagjogélniejszym mechanizmem w dziedzinie drazenia danych i moze by¢
stosowane réwniez w klasyfikacji przy pewnych zatozeniach. Typowa postac regut asocjacji przypomina
logiczng implikacjg:

Cialo —» Glowa [wsparcie, pawnosd],

gdzie: Cialo, Glowa — zbiory atrybutéw wraz z odpowiadajacymi im wartosciami, wsparcie (ang. support) —
wsparcie reguty, pewnos¢ (ang. confidence) — pewnos¢ (Ufnoscé) reguty.

Wsparcie reguty jest to czestos¢ wspllwystepowania wartosci pewnych atrybutéw w bazie danych;
podawana jest procentowo. Jesli wsparcie pewnej reguty wynosi 50%, oznacza to, ze w potowie wszystkich
danych z bazy, atrybuty wystepuja z wartosciami okreslonymi w ciele reguty. Pewnosé reguty jest to czestosé
wspbtwystepowania wartosci atrybutow z gtowy reguty w tych rekordach bazy danych, w ktérych wystepuja
wartosci atrybutéw z ciata reguty. Jesli pewnos$¢ reguty wynos 50%, oznacza to, ze w potowie rekordéw,
w ktorych wystepuja wartosci atrybutéw z ciata reguty, wystepuja réwniez wartosci atrybutdéw z gtowy reguty.

3 Metody gener owania regul asocjacji

Mozna wyodrebni¢ dwie zasadnicze grupy algorytméw odkrywania regut asocjacji: algorytmy klasyczne oraz
grupa algorytmoéw obliczen miekkich (ang. Soft Computing). Algorytmy klasyczne sa stosunkowo dobrze poz-
nane, opisane i wykorzystywane w wielu systemach, natomiast algorytmy typu mickkiego stale si¢ rozwijgja
i nie ma obecnie jednoznacznegy metody pozwalajacel na osiagniecie najlepszych wynikéw. Najbardziej obie-
cujacym podejsciem typu soft computing wydaja sie by¢ algorytmy genetyczne i to podejscie jest wykorzystane
w tg pracy.

3.1. Podgscie klasyczne

Najprostszy agorytm pozyskiwania regut to algorytm o nazwie Apriori [5]. Jest to algorytm generowania
wzorcow czestych, na podstawie ktdrych mozna w nastepne kolgjnosci wygenerowaé reguty asocjacji. Jest to
iteracyjne podejscie, w ktdrym wzorce k-elementowe stuza do pozyskania wzorcéw (k+1)-elementowych.
Wykorzystuje on podstawowa wilasnos¢ wzorcOw czestych: kazdy niepusty podzbidr zbioru czestego jest
rowniez zbiorem czestym, gdzie poprzez zbidr czesty (nazywany tez wzorcem czestym) rozumiemy zbior par
<atrybut, warto$¢> wspotwystepujacych w bazie z okreslong czgstoscia. Oznaczato, ze jezeli podzbidr pewnego
zbioru nie jest czesty, to ten zbidr réwniez nie jest czesty, zatem bezcelowe jest przegladanie zbioréw bedacych
nadzbiorami zbioréw nieczestych, w poszukiwaniu wzorcow czestych. Pozwala to zawezal przestrzen
przeszukiwan poprzez generowanie ,kandydatow” na wzorce czeste (k+1)-elementowe sposrdd nadzbioréw
zbioréw czestych k-elementowych. Przy wickszg ilosci danych wydajnosé Apriori jest niezadowal ajaca. Zapro-
ponowano wiele jego modyfikacji majacych na celu zwigkszenie jego efektywnosci, jak np.: haszowanie,
redukcje skanowania, itp. [5].

Algorytm drzewa wzorcow czestych, zwany w skrdcie FPTree (ang. Frequent Pattern Tree) jest algorytmem
wydajnego generowania wzorcow czestych [10]. Jego istota jest struktura nazwana drzewem wzorcow czestych
(FPTree), ktéra pozwala na kompresje danych zawartych w bazie.

Zadaniem agorytmu jest nie tylko stworzenie drzewa, ale tez wydobycie tg) informacji w postaci zrozumiatej
dla uzytkownika. Proces ten nazywany jest drgzeniem drzewa, jest to algorytm rekurencyjny [10].

FPTree jest jednym z najwydajnigjszych algorytméw klasycznych. Charakteryzuje sie kompletnoscia
(zngjdowane sa wszystkie wzorce 0 okreslongj czestosci), jednokrotnym przegladaniem danych, a co za tym
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idzie — duza wydajnoscia, brakiem koniecznosci generowania kandydatéw, duza kondensacja reprezentacji da-
nych (dzieki strukturze FPTree), zachowaniem malenia czestosci wzorcow. Istnigje wiele wergji algorytmu
FPTree, rozniacych siec miedzy soba gtéwnie zastosowana optymalizacja dziatania.

function draz (drzewo, wsparcie)
begin
if ( ma_jedna_gataz(drzewo) ) generuj_wszystkie_wzorce_z(drzewo)
/lgenerowane wzorce to wszystkie kombinacje elementéw jedynej gatezi
else if drzewo jest puste=return {}
for_each(elementy e drzewa) do
make wzorce_warunkowe for element e
/Iznajduje sciezki zawierajace e
filter wzorce_warunkowe, wsparcie
/Ipozostawia jedynie elementy wystarczajgcym wsparciu
make drzewo_warunkowe z wzorce_warunkowe
/lpodczas budowy drzewa warunkowego wzorce warunkowe sg
/[ traktowane tak, jak rekordy podczas budowy drzewa gtéwnego
nowe_wzorce = drgz (drzewo_warunkowe, wsparcie)
for_each (nowe_wzorce) add element e
result += nowe_wzorce
end_for_each
return result
end

Rysunek 1. Pseudokod zaimplementowanego algorytmu FPTree

W pracy zastosowano prosty algorytm stuzacy generowaniu regut asocjacji na podstawie otrzymanych
uprzednio wzorcow czestych. Algorytm ten polega na wygenerowaniu dla kazdego wzorca czestego W wszyst-
kich kombinacji regut typu: A = B, gdzie A to dowolny podzbiér zbioru czestego, a B to rdznica zbioréw
W\A. Wsparcie tak utworzongj reguty rowne jest czestosci zbioru czestego, z ktérego zostata utworzona, nato-
miast pewnos¢ jest ilorazem wsparcia zbioru czestego W i wsparcia zbioru A.

FPTree mozna stosowa¢ jedynie do atrybutéw dyskretnych, w systemie opracowanym na potrzeby niniejszej
pracy do dyskretyzacji atrybutéw o dziedzinach ciagtych wykorzystano algorytm dyskretyzacji wedfug rownej
czestosci. Jest to prosty algorytm nalezacy do grupy ,,bez nadzoru”, polega na dzieleniu zakresu wartosci orygi-
nalnego atrybutu na ustalona z gory liczbe przedziatéw. Granice tych przedziatéw sa dobierane tak, aby moz-
liwie w kazdym z nich znalazta sie ta sama liczba przyktadéw uczacych.

3.2. Algorytm genetyczny jako narzedzie drazenia danych (soft computing)

Algorytm genetyczny jest wzorowana na naturalnej ewolucji metoda optymalizacyjna, nie gwarantujaca
znalezienia optymalnego rozwiazania [4, 6]. Jest jednak silna, uznang metoda przeszukiwania, dajaca czgsto
zadowalajace wyniki.

Idea algorytmoéw genetycznych polega na zakodowaniu potencjalnego rozwiazania, utworzeniu populacji
poczatkowych rozwiazan (nawet losowo), a nastepnie ich ‘ewoluowaniu’ stosujac mechanizmy zaczerpniete
z biologii: lepsze osobniki sa statystycznie czescigj reprodukowane (maja wiecgj ‘dzieci’), pokolenie potomne
(‘dzieci’) rézni sie¢ od swoich rodzicow wskutek losowego dziatania mechanizméw réznicujacych — mutagji
i krzyzowania. Po pewnym czasie ewolucji, przy dobrze dobranych parametrach ewolucji i ocenie osobnikéw,
otrzymujemy satysfakcjonujace (czasami optymalne) rozwiazania. Dzieki swojgj sile, algorytmy genetyczne
znalazly szerokie zastosowanie w rozwiazywaniu probleméw szeregowania zadan, model owania finansowego,
optymalizacji funkcji, harmonogramowania, itp. Znajduja tez szerokie zastosowanie w analizie danych medycz-
nych, w tym, w drazeniu danych zgromadzonych w réznych klinikach swiata[6, 7, 14].

Zaproponowany w niniejszej pracy agorytm genetyczny wykorzystuje doswiadczenia autorow systemu GAR
(Genetic Association Rules), ktory daje interesujace wyniki dla danych zawiergjacych atrybuty z ciagtymi war-
tosciami [11]. GAR nie generuje bezposrednio regut asocjacji, ae generuje wzorce czeste, z ktérych dopiero
mozna wygenerowa¢ reguty asocjacji. Wiele baz danych, jak np. medyczne bazy danych, zawiera atrybuty
zaréwno o wartosciach ciagtych jak i dyskretnych (symbolicznych), stad nazwa zaproponowanej modyfikacji —
EGAR (Extended GAR). Modyfikacji ulegt zarbwno sposib reprezentacji osobnika, jak i operatory genetyczne —
mutacja i krzyzowanie. Tak przystosowany algorytm jest bardziej uniwersalny, moze mie¢ szersze zastoso-
wanie.
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EGAR to podgjscie typu Mitchigan [4, 6] a wiec genotyp osobnika zawiera informacje o czastkowym roz-
wiazaniu problemu — pojedynczym wzorcu czestym. Drazenie wigkszej liczby wzorcow polega na
wiglokrotnym przeprowadzaniu procesu ewolucji, przy czym kazdorazowo z ostatniego pokolenia populacji
wybierany jest ngjlepig przystosowany osobnik, a reprezentowany przez niego wzorzec czesty dopisany zostaje
do globalnego zbioru wzorcow czestych. Liczba wzorcow pozyskanych z bazy zalezna jest wiec wytacznie od
liczby iteracji algorytmu.

Genotyp osobnika sktada si¢ z dwoch chromosoméw, w ktérym zapisane sa informacje o atrybutach wystg-
pujacych w zbiorze czgstym oraz przedziatach, do ktorych naleza ich warto$ci. Jeden chromosom zawiera atry-
buty ciagle, gen w tym chromosomie jest trojka <a,/u>, gdzie a — atrybut, / — minimalna warto$¢ (lower value),
u — maksymalna wartos¢ (upper value). Drugi chromosom tego samego osobnika zawiera atrybuty o dyskret-
nych warto$ciach, gen jest tu dwojka <a,v>, gdzie a — atrybut, v — warto$§¢ atrybutu. Dtugo$¢ chromosoméw
moze by¢ rézna u poszczegdlnych osobnikow, zalezy od aktualnej liczby atrybutow (dyskretnych i ciagtych)
w reprezentowanym przez osobnika wzorcu czgstym.

Doswiadczenie wskazuje, ze w zadaniach drazenia danych lepiej sprawdzajg si¢ twarde metody selekcji, to
znaczy takie, ktoére w wigkszym stopniu preferuja najlepszych osobnikéw. W prezentowanym podejsciu zasto-
sowano metodeg probkowania deterministycznego z elitaryzmem [4, 6]. Elitaryzm polega na preferowanlu ngj-
lepszych osobnikéw, w tym wypadku, najlepszy osobnik z kazdego pokolenia przechodzi bez zmian do
nastepnego pokolenia (tzw. przezywanie najlepszego). Jest to szczegdlnie istotne, biorac pod uwage fakt, ze
wiasnie najlepigl oceniony osobnik dotaczony zostaje do globalnego zbioru wzorcéw czestych.

Bardzo waznym elementem jest funkcja oceny osobnika, tzn., na ile rozwiazanie zakodowane przez danego
osobnika dobrze spetnia zadanie. W zadaniu generowania regut asocjacji ocena ta jest wielokryterialna. Ngj-
bardzigi naturalnym sposobem wydaje sie by¢ liczba pokrytych rekordéw w bazie przez danego osobnika
(kryterium trafnosci), ale wtedy preferowane bytyby osobniki trywialne, jedno-atrybutowe [8]. Dlatego tez fun-
kcja ocenigjaca jest uzalezniona od innych miar, np. dtugosci chromosomu (czyli liczby atrybutéw wystepuja-
cych we wzorcu). Aby powickszy¢ miare trafnosci generowanych wzorcéw ewolucja ma tendencje do
poszerzania szerokosci przedziatdbw wartosci dla poszczegblnych atrybutéw az do objecia cate) dziedziny
atrybutu jednym przedziatem. Jest to oczywiscie niepozadana cecha ewolucji, dlatego tez w ocenie osobnika
nalezy kara¢ go za zbyt duza sredniq amplitude przedzialéw, gdzie srednia amplituda to $rednia diugosé
przedzialéw zawartych w genach osobnika. Ta czes¢ oceny dotyczy chromosomu zawierajacego atrybuty ciagte.
Aby nie generowa¢ wzorcow czestych pokrywajacych te same rekordy w bazie, do funkcji oceny osobnikéw
wiaczono kare za pokrywanie juz pokrytych rekordow. W tym celu, w kazdg iteracji algorytmu, kiedy zwy-
cieski wzorzec (osobnik) dopisywany jest do zbioru wzorcow czestych, pokrywane przez niego rekordy sa
oznaczane. Podsumowujac, funkcja oceny (przystosowanie) i-tego osobnika wyraza si¢ wzorem:

f;=cov,—a-mark ,—b-ampl.+c-nAtr,
gdzie: cov; — liczba rekordow pokrytych przez i-ty wzorzec, mark; — liczba takich rekordow pokrytych przez i-ty
wzorzec rekordow, ktore byly pokryte przez wczesniejsze wzorce, ampl; — $rednia amplituda wzorca, nAtr; —
liczba atrybutow w kodowanym wzorcu, a, b, ¢ — wagi kar i nagrdd ustalane przez uzytkownika.

Funkcja przystosowania zalezna jest od obiektywnych miar jakosci osobnika oraz od parametréw warunkuja-
cych wplyw tych miar, dlatego tez EGAR wymaga dostrojenia wag przez uzytkownika.

Zdefiniowano specjalizowane operatory dla poszczegdlnych chromosomoéw. Krzyzowanie osobnikéw rodzi-
cielskich daje dwdch potomkoéw, z ktérych lepszy (o wiekszym przystosowaniu) jest wybierany do nastepnego
pokolenia. Chromosomy zawierajace atrybuty ciagte sa krzyzowane jak w GAR: chromosom pierwszego z po-
tomkow powstaje poprzez przepisanie wszystkich atrybutow z pierwszego kojarzonego osobnika, przy czym
zakresy przedziatléw wartosci poszczegdlnych atrybutéw sumowane sa z odpowiednimi zakresami z chromoso-
mu drugiego osobnika bioracego udziat w krzyzowaniu, o ile w tym drugim atrybuty takie wystepuja. Jesli
w chromosomie drugiego z krzyzowanych osobnikéw nie wystepuje dany atrybut, to wartosci krancéw
przedziatu nie ulegaja zmianie, to znaczy sa takie same jak w pierwszym z kojarzonych osobnikéw. Drugi
chromosom potomny powstgje za§ poprzez przepisanie gendéw z drugiego chromosomu pierwszego osobnika
bioracego udziat w krzyzowaniu, a nastepnie dodanie wybranych w sposob losowy genéw z drugiego chromo-
somu drugiego kojarzonego osobnika. W przypadku, gdy wylosowany do dodania gen reprezentuje atrybut ist-
nigjacy juz w tworzonym chromosomie, jego wartos¢ zostaje zastapiona nowa z prawdopodobienstwem 50%.
Analogicznie powstaje chromosom drugiego potomka, przy czym kojarzone osobniki zamieniane sa miejscami.

Mutacja chromosomu z atrybutami ciqglymi polega na zmianie jednego lub wigkszej liczby genow, poprzez
modyﬁkaCJQ zawartych w nich krancéow przedzuﬁow Wyroznla si¢ cztery mozliwo$ci mutacji genu: przesunig-
cie catego przedzialu w lewo lub prawo, oraz zmniejszenie lub zwigkszenie przedziatu. Prawdopodobienstwo
mutacji ustala si¢ w granicach 1%, przy czym najczgéciej przeprowadzana jest mutacja pojedynczego genu.
Chromosom z atrybutami dyskretnymi podlega dwoém rodzajom mutacji: pierwsza polega na zastapieniu dys-
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kretnej warto$ci atrybutu inna, wskazana na podstawie warto$ci tego atrybutu w losowo wybranym rekordzie
bazy danych. Ten sposob mutacji uwzglednia rozktad wartosci danego atrybutu w bazie danych, poniewaz wig-
ksze jest prawdopodobienstwo wylosowania wartoSci atrybutu czgsciej wystepujacego w bazie. Jest to istotne,
bo zwigksza szanse na odpowiednie wsparcie osobnika podlegajacego mutacji. Drugi rodzaj mutacji polega na
zastapieniu atrybutu reprezentowanego przez dany gen innym, losowo wybranym, dyskretnym atrybutem bazy
oraz przypisaniu mu losowo wybranej wartosci, przy czym w tym przypadku nowa warto$¢ atrybutu jest loso-
wana wprost z jego dziedziny. W ten sposob, zapewnia sig, ze kazda warto$¢ nalezaca do dziedziny atrybutu ma
t¢ sama szans¢ na wylosowanie, dzigki czemu mozliwe jest rowniez odkrycie wzorcow o mniejszym wsparciu.

4 Eksperymenty na medycznych bazach danych

Do celéw eksperymentalnych zaprojektowano i zaimplementowano obie oméwione wczesniej metody genero-
wania regut asocjacyjnych na bazie wzorcoéw czestych: FPTree i EGAR. Wykonany program komputerowy jest
na tyle uniwersalny, ze umozliwia badania na réznych bazach danych zawiergjacych atrybuty zaréwno dyskret-
ne, jak i ciagte.

4.1 System Antlia

System Antlia (nazwa wynika z zamitowania astronomia wspétautora badan, Antlia jest nazwa gromady) jest

wygodnym narzedziem do generowania regut asocjacyjnych z danych zawiergjacych zaréwno atrybuty o war-

tosciach ciagtych, jak i dyskretnych. Pod wzglgdem logicznym program zbudowany jest z trzech zasadniczych

czesci: modufu wstepnego przetwarzania danych, modufu drgzenia danych oraz modufu prezentacji wynikow.

Kazda z tych czesci reprezentowana jest poprzez jedna z ikon w gornegj czesci okna systemu. Uzytkownik ma

w kazdej chwili mozliwosé przetaczenia pomigdzy tymi modutami. Antlia umozliwia przeprowadzenie nastgpu-

jacych operacji:

- wezytanie, wstgpne odfiltrowanie oraz sortowanie danych,

- dyskretyzacje danych metoda statej czestosci,

- definiowanie przez uzytkownika liczby punktéw podziatu dyskretyzowanych dziedzin,

- zapis wstepnie przetworzonych danych w nowym pliku,

- drazenie regut asocjacji metoda FPTree oraz autorska metoda EGAR,

- ustalanie wszystkich parametréw wybrang) metody drazenia,

- $ledzenie na wykresie wptywu wybranych parametrow na srednie przystosowanie populacji w algorytmie
EGAR,

- przegladanie, sortowanie oraz filtrowanie otrzymanych regut asocjacji,

- zapisywanie regut asocjacji do pliku, ich wydruk oraz podglad wydruku.

Na rys. 2. przedstawiono ogdlny schemat blokowy prezentowanego systemu. Program Antlia zostal napisany

w $rodowisku Microsoft Visual Studio .NET 2002, w jezyku C++. W celu zapewnienia odpowiednieg)

wydajnosci, wszystkie algorytmy wykorzystywane w systemie zostaty zoptymalizowane przy uzyciu profilera,

bedacego czescia oprogramowania Compuware DevPartner Studio. Kod programu zostat obdarzony odpo-

wiednim komentarzem w jezyku angiel skim, wedtug standardéw DoxyGene.

Modutdrazenia danych

Modulwstepnego .
przetwarzania Modutprezentaciji

danych FPTree EG AR wynikow

Rysunek 2. Podziat systemu Antlia na moduly logiczne

Modu? wstepnego przetwar zania danych odpowiedzialny jest za odczytanie danych ze wskazanego pliku oraz
ich wstepne przygotowanie do drazenia wybrana metoda. Program obstuguje wlasny format plikow, przy-
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gotowanie danych w tym formacie jest bardzo proste, sprowadza si¢ do wyeksportowania danych w postaci
pliku tekstowego, ktory musi spetnia¢ dwa warunki: (1) w pierwszej linii pliku powinny znajdowaé si¢ nazwy
atrybutow oddzielone znakami tabulacji (nazwy moga zawiera¢ inne znaki biale np. spacje), (2) w kazdej nas-
tgpnej linii pliku powinny znalez¢ si¢ warto$ci atrybutéw oddzielone znakami tabulacji. Wezytane dane widocz-
ne sa w oknie programu w postaci tabeli. Dane te mozna sortowac rosnaco lub malejaco wedtug dowolnego
atrybutu, mozliwe jest rowniez odfiltrowanie czgsci rekordéw. Ta czgéé systemu umozliwia dyskretyzacje atry-
butéw ciagtych, szczegblnie wazna w przypadku drazenia regut asocjacji metoda FPTree. Dyskretyzacja prze-
prowadzana jest wedfug stafej czestosci, przy czym liczba punktéw podziatu przeciwdziedziny atrybutu moze
by¢ zdefiniowana przez uzytkownika. Dodatkowa mozliwoscia jest wybor zakresu dyskretyzacji, daje to mozli-
wos¢ dyskretyzacji wszystkich atrybutéw numerycznych, lub jedynie atrybutéw o dziedzinach rzeczywistych.

Modu? drgzenia danych daje uzytkownikowi mozliwos¢ wyboru metody drazenia danych, dobrania jg para-
metréw, a nastgpnie przeprowadzenia procesu drazenia regut asocjacji. Modut ten sktada sie z dwdch czegsci,
z ktérych kazda odpowiedziana jest za osobng metode drazenia danych. Uzytkownik wybiera odpowiednia
metode drazenia danych poprzez wyb6r odpowiedniej zaktadki. Dla metody drzewa wzorcdw czestych, gtow-
nymi parametrami ustalanymi przez uzytkownika sa: minimalne wsparcie oraz minimalna pewnos¢ szukanych
regut. Dodatkowa mozliwoscia oferowana przez system jest wybor atrybutow, ktdre, ze wzgledu na cel drazenia
danych, s interesujace w czesci konkluzji reguty. Opcja ta daje rowniez mozliwosé przeprowadzenia procesu
klasteryzacji danych, przy czym wartos¢ atrybutu wybranego do czesci konkluzji (gtowy reguty) okresla przy-
naleznos¢ do klasy, obiektu reprezentowanego przez rekord bazy danych.

Wyb6r drugig zaktadki w module drazenia danych powoduje przejscie do metody EGAR. Dostgpne tu pola
umozliwigja ustalenie wszystkich parametrow algorytmu EGAR i przeprowadzenie drazenia danych w poszuki-
waniu regut asocjacji. Parametry konfigurujace algorytmu EGAR podziel one sa na parametry ogolne, jak: mini-
malne wsparcie i liczba szukanych wzorcow czestych oraz parametry specyficzne dla algorytmu genetycznego,
czyli: wielkos¢ populacii, liczba pokolen przypadajaca na wzorzec czesty, wspotczynnik kary dla pokrytych re-
kordow, wspotczynnik kary dla duzej amplitudy, wspdtczynnik nagradzania liczby pokrytych rekordéw oraz
prawdopodobienstwo mutacji. Uzytkownik ma mozliwos¢ sledzenia wptywu parametréw na dziatanie algo-
rytmu, poprzez wykres sredniego przystosowania populacji na przestrzeni pokolen (rys. 3.).

A Antlia - System Drazenia Regut Asocjacji
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Frawdopodobieristwn mutaci: Mumer iteracii algorytmu: 1 3
oo z

x. Pokaz wykres dia wsapstkich iteracii

“Wspétezpnnik nagradzania ilosei atpbutdw,

Automatycznie przechods do nasteprego kroky

Rysunek 3. Ekran ustalania parametr 6w metody EGAR

Ostatnia cze$¢ systemu Antlia, to modut prezentacji wynikdw, stuzy do przegladania i weryfikacji
otrzymanych regut asocjacji. Funkcje dostgpne w tgj czgsci systemu umozliwiaja uzytkownikowi réwniez sorto-
wanie i filtrowanie regut wedtug osiaganego przez nie wsparcia i pewnosci. Mozliwe jest zapisanie odfiltrowa-
nych regut asocjacji w wybranym przez uzytkownika pliku.
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4.2. Charakterystyka baz danych

Do eksperymentéw wykorzystano medyczne bazy danych sutek.xls (dotyczy chorych kobiet na raka sutka)
i szyjka.xIs (dotyczy raka szyjki macicy). Obie bazy byty przedmiotem wczesniejszych badan dla zadania klasy-
fikacji, z wykorzystaniem metod: analiza statystyczna [12], ewolucyjne generowanie regut klasyfikujacych [7]
oraz wizualizacja danych [8]. W tych badaniach wsp6tpracujacy lekarze wskazali cel badan i analizowali wyni-
ki.

Wykorzystane bazy danych, jak wigkszos¢ rzeczywistych medycznych baz danych, nie sa najtatwiejsze dia
automatycznego pozyskiwania wiedzy, sa stosunkowo mate, zawieraja brakujace dane, zawiergja atrybuty réz-
nych typéw: symboliczne, numeryczne — dyskretne i ciagte. Wiekszos¢ danych opisuje tzw. typowe przypadki,
CO sprzyja generowaniu wiedzy typowsj, znangj lekarzom. Baza sutek.xls zawiera 100 rekordéw, dane dotycza
21 atrybutéw o réznych dziedzinach wartosci. Baza szyjka.xls zawiera 530 rekorddw, 12 atrybutéw o réznych
dziedzinach wartosci. Nalezy podkresli¢, ze brak danych dlatakich atrybutéw, jak wiek zgonu jest oczywisty dla
pacjentek, ktére jeszcze zyja, ale brak same informacji o ponad 30 pacjentkach czy zyjq jest wiekszym pro-
blem.

4.3 Analiza wynikow

Na poczatku przeprowadzono drazenie danych klasyczna metoda FPTree, ktéra pozwala na wygenerowanie
wszystkich regut asocjacji 0 zadanych parametrach wsparciai pewnosci.

Eksperymenty z metodg FPTree: Pierwsze eksperymenty odbyly sie z baza sutek.xls, bez dyskretyzacji i fil-
trowania danych, wsparcie i pewnos¢ ustalono na 70%. Otrzymano 340 regut asocjacji o0 srednim wsparciu 73%
i pewnosci 93%, ale — zgodnie z oczekiwaniami autorow, wiekszos¢ regut byta pewna, ae trywialna, np. jesli
nie nastapit nawrdt choroby, to pacjentka zyje lub, jesli w wywiadzie krewnych nie stwierdzono raka sutka, to
nie stwierdzono tez rowniez innego raka (92% pewnos¢). W regutach, z powodu braku dyskretyzacji, nie wyste-
powaly atrybuty o wartosciach rzeczywistych, szukalismy regut o wysokim wsparciu (70%), mozna oczekiwaé
wigc, ze tak wysokie wsparcie w medycznych bazach danych maja typowe przypadki, traktowane rutynowo
przez lekarzy. Zatem, nastepne eksperymenty wykonano przy obnizonym wsparciu do 50%, ale — aby uzyskana
wiedza nie byta przypadkowa, podniesiono prog pewnosci do 95%.

Analizowano reguty po odfiltrowaniu tych ze wsparciem powyze] 70% (algorytm jest deterministyczny, te
reguty mielismy w poprzednim eksperymencie), byto ich 355, ich srednie wsparcie 56% a srednia pewnos¢ — az
99%. Otrzymane reguty dotycza w wigkszosci zaleznosci okresu przezycia pacjentek oraz czasu nawrotu
choroby od stopnia ztosliwosci histopatologicznej. Dla laika jest to bardzo interesujaca wiedza, jednakze dla
lekarza nie stanowi ona wiedzy odkrywczej. Dlatego w kolejnym eksperymencie wskazano atrybuty, ktére maja
znalez¢ sig w czgsci konkluzji generowanych regut asocjacji. Zgodnie z zainteresowaniem lekarzy w poprzed-
nich badaniach, do konkluzji wtaczono atrybut dfugos¢ okresu przezycia oraz czas do wystgpienia nawrotu.
Przy minimalnych wsparciu i pewnosci réwnych 70% uzyskano 56 regut o $rednim wsparciu 74% i pewnosci
96%. Jakkolwiek uzyskane reguty sa w wiekszosci trywialne, zdarzaja sie tez bardzig interesujace. Przyktado-
wo, jesli u bliskich krewnych nie byto raka sutka oraz pacjentka w przesztosci nie chorowata na raka, to
w wigkszosci przypadkow (86%) ma czas przezycia wigkszy od 5 lat (maksymalny wyrdzniony okres w da-
nych).

Szczegbtowa analiza wynikow wskazuje, ze w regutach wystepuje tylko maksymalny okres przezycia,
poniewaz wystepuje on nagjczescie, areguty o innej wartosci nie sa w stanie uzyska¢ wystarczajacego wsparcia.
Mozna w tg sytuacji odfiltrowa¢ z danych wstepnie te rekordy, ktére maja maksymalna wartos¢ interesujacych
nas atrybutéw lub znacznie obnizy¢ wymagany prog wsparcia. Pierwsze rozwiazanie wigze Sie¢ ze zbytnim
zubozeniem zhioru danych — zbiér stanie sie mato liczny, w drugim — bedzie bardzo duzo czestych wzorcow
i czas drazenia znacznie si¢ wydtuzy, uzyskana liczba regut bedzie zbyt duza, aby je moc przeanalizowal.
Zastosowano ‘reczng’ dyskretyzacje danych numerycznych, dla dfugosé przezycia i czas nawrotu wyodrebniono
dwa przedziaty, jednowartosciowy o najwiekszej wartosci i drugi, obeimujacy pozostate wartosci. Uzyskane
reguty osiagnety 100 % pewnos¢ i wsparcie blisko 16%. Poza trywialnymi regutami uzyskano tez interesujace,
np. jesli nastapi wznowa z odlegtymi przerzutami to okres przezyciajest mnigjszy niz 5 lat.

Aby sprawdzi¢ wptyw dyskretyzacji na generowanie regut asocjacji metoda FPTree dokonano dyskretyzaci
wszystkich danych ciagtych w bazie. Obnizono parametr wsparcia do 30%, bo po dyskretyzacji wartosci
ciagtych, uzyskanie wysokiego wsparcia nie jest mozliwe (automatyczne podzielenie przedziatu wartosci na
n zbiorow powoduje, ze maksymalne wsparcie moze wynosi¢ 100/n procent). Uzyskane reguty zawieraly
atrybuty rzeczywiste, ich srednie wsparcie to 39% a pewnos¢ 88%. Reguta, ktora nalezatoby da¢ Iekarzom do
interpretacji to: jesli stopien zawansowania klinicznego wg UICC jest 2b oraz wielkos¢ guza nalezy do
przedziatu [3,5 cm — 7,5 cm] to w wywiadzie u bliskich krewnych nie stwierdzono raka. Dyskretyzacja
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wszystkich danych numerycznych powoduje generowanie duzej liczby regut, trudno je analizowaé, cigzko
znalez¢ wsréd nich interesujace.

Wykorzystanie bazy szyjka.xls powodowato te same problemy, co poprzednia baza — generowanie duzej licz-
by dos¢ znanych i trywianych regut. Do ciekawszych regut mozna zaliczy¢ regute ukazujaca zaleznosé po-
migdzy miejscem zamieszkania a rodzajem raka: jesli pacjentka mieszkaw miescie, to rodzg histopatol ogiczny
nowotworu jest Ca plano (pewnos¢ 91,18%). Atrybuty numeryczne zawieraja mato powtarzajace si¢ wartosci,
diatego tez te atrybuty nie wystepuja w odkrywanych regutach, mimo obnizania wartosci wsparcia do 25%.
Postepujac podabnie, jak dla bazy sutek.xls, dokonujac dyskretyzacji danych numerycznych i ograniczajac liste
atrybutéw mogacych wystapi¢ w czesci konkluzji, otrzymano kilka ciekawych regut, np. jesli w drugim lecze-
niu zastosowano izotop promieniotworczy — rad, arodzaj histopatologiczny byt Ca plano, to pacjentka nie prze-
zyta

Eksperymenty z metodg EGAR: Algorytm ten wymaga ustalania znacznie wigkszej liczby parametréw niz
FPTree, co wymaga wigkszego zaangazowania ze strony uzytkownika. Jednocze$nie, metoda ta zwalnia
uzytkownika z koniecznosci dyskretyzacji atrybutéw, jako ze sama moze dobiera¢ granice przedziatbw wartosci
atrybutéw ciagtych (numerycznych). Jak zostalo wspomniane w opisie programu, pozwala on na podglad
sredniego przystosowaniaw populagji. Informacja ta jest wazna dla uzytkownika, bowiem moze on $ledzi¢, czy
przy dobranych parametrach ewolucja przebiega odpowiednio, tzn., czy nie dochodzi do przedwczesne
zbieznosci, abo czy nasz agorytm nie przypomina btadzenia losowego zamiast ukierunkowanych zmian.
Autorzy starali sie tak dobra¢ domysine parametry metody EGAR, aby w wickszosci przypadkéw mozliwe byto
uzyskanie interesujacych regut. Jak pamietamy, w tym algorytmie liczba uzyskiwanych wzorcéw czestych jest
parametrem metody, w kazdej iteracji zngjdowany jest jeden wzorzec czesty. Z punktu widzenia algorytmow
genetycznych, istotnymi badaniami sa eksperymenty majace na celu pokazanie wrazliwosci metody na
parametry operatorow genetycznych, wielkos¢ populagji itp. Z uwagi na ograniczone migjsce, nie bedziemy
przytacza¢ wszystkich wykonanych eksperymentéw. Skupimy si¢ na podsumowaniu tych badan. Warto zwrdcié
uwage, ze baza sutek.xls zawiera sporo atrybutéw numerycznych, co powinno pozwoli¢ na weryfikacje
zdolnosci metody do samodzielnego szukania odpowiednich przedziatéw wartosci tych atrybutow w regutach.
Interesowano si¢ gidwnie regutami 0 wysokiej pewnosci i niezbyt wysokim wsparciu, majac nadzigje, ze
wiasnie w tgj grupie znajda Sig interesujace, tzn. odkrywcze reguty.

Bolaczka tej metody jest sktonnos¢ do generowania regut zbyt ogdlinych, nie reprezentujacych zadnej istotnej
wiedzy. Wynikato z faktu, ze EGAR, stargjac sie spetni¢ wymoég duzego wsparcia dla generowanych regut, jest
sktonny ustala¢ przedziaty wartosci dla atrybutow numerycznych mozliwie szerokie, nawet jeden przedziat dla
catg) dziedziny. Aby temu przeciwdziata¢, nalezy odpowiednio dobra¢ parametr wspéiczynnik kary duzei
amplitudy. Zbyt mata jego wartos¢ spowoduje generowanie szerokich przedziatdw wartosci dla atrybutow
numerycznych, zbyt duza wartos¢ moze zablokowaé proces ewolucji. Nalezy dbaé, aby nastepowat wzrost sred-
niego przystosowania populacji w kolgjnych iteracjach algorytmu. Zbytnie ujednolicenie si¢ osobnikdéw w po-
pulacji moze by¢ spowodowane za matym prawdopodobienstwem mutacji. Pamietajmy réwniez o odpowiednim
ustaleniu parametru wspéfczynnik kary pokrytych rekordéw, ktéry nie pozwala na to, aby kolejne generowane
reguly pokrywaly te same wzorce w bazie danych — reguty te reprezentowatyby te sama wiedze. Z istoty
algorytmu wynika, iz w pierwszych pokoleniach ewolucji gtéwnie wsparcie i pewnos¢ generowanych regut
odgrywa role w ewolucji, poznigj stopniowo do gtosu dochodza parametry zwiazane z pokrywaniem wzorcow
juz pokrytych oraz z amplituda przedziatéw dla atrybutéw numerycznych. Pozwala to na odkrywanie regut
o stosunkowo duzym wsparciu, ktére nie byly generowane metoda FPTree, np., ze pacjentki z zawartoscia
biatka nm23 nie wigksza niz 6 przezywaly nie mnig niz 3 lata (92% pewnos¢) lub u pacjentek, ktorych bliscy
krewni nie chorowali na raka, czas wznowy byt nie krétszy niz 3 lata. Eksperymenty wykazaty, ze odpowiedni
dob6r wspbtczynnikbéw kar za pokrywanie juz pokrytych regut oraz za amplitude szerokosci przedziatow
wartosci atrybutéw numerycznych pozwala na wyeliminowanie nieefektywnych przebiegéw ewolucji, tzn.
takich, w ktérych $rednie przystosowanie populacji pozostaje na niskim poziomie. Jesli parametr nagroda ilosci
atrybutow jest zbyt niski, to generowane reguty sa stosunkowo krétkie. Z jedne strony jest to pozytywna cecha,
bo generowane sa reguty dos¢ ogélne, ale z drugigj — takie reguty zwykle nie zawieraja interesujacej wiedzy.
Preferujac nieco dtuzsze reguty, pozwalajac na stosunkowo wysokie kary za duza amplitude, mozemy uzyskat
efektywne ewolucje oraz interesujace reguty, zawierajace atrybuty numeryczne.

Przeprowadzono badanie efektywnosci metody EGAR na bazie sutek, w ktérej atrybuty numeryczne zostaty
zdyskretyzowane wczesnigl (EGAR nie wymaga dyskretyzacji). W wyniku otrzymano tylko 14 regut, o stosun-
kowo wysokiej pewnosci, a e niebezpieczenstwem byto utykanie algorytmu w lokalnym optimum —juz po kilku
pokoleniach srednie przystosowanie populacji przestato wzrastac.

Na obu bazach danych eksperymenty wykazuja, ze w wzrost prawdopodobienstwa mutacji pomaga zlikwi-
dowa¢ przedwczesna zbhieznosé populacji. Jest to obserwacja zgodna z przestankami teoretycznymi, to wiasnie
mutacja wnosi nowe wartosci gendw do populacji. Na uwage zastuguje obserwacja (zgodna z teoretyczna ana-
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liza metody), ze drazenie regut z baz dyskretnych jest procesem bardziej losowym z uwagi nafakt, ze losowosé
wprowadzanych podczas mutacji gendw odgrywa duza role i przeszkadzato w ukierunkowaniu ewolucji.

5. Podsumowanie

Przeprowadzone eksperymenty oraz doktadna analiza metod pozwala stwierdzié¢, ze metoda FPTree jest stosun-
kowo efektywna metoda dla pozyskiwania regut asocjacji z baz danych o atrybutach dyskretnych. Mozliwe jest
stosunkowo szybkie uzyskanie wszystkich wzorcow czestych, awiec i zawartych w bazie regut asocjacji, o za-
danych wartosciach minimalnego poziomu wsparcia i pewnosci. Stosowanie EGAR w takim przypadku nie
gwarantuje znalezienia wszystkich regut, co przemawia na jego niekorzys¢. Zaprojektowany program pozwaa
na wskazanie atrybutéw interesujacych w czesci konkluzji, co pozwala na ukierunkowanie procesu generacji re-
gut. Jednakze dla drazenia wiedzy z danych numerycznych, zwlaszcza ciagtych, metoda EGAR lepig sie spraw-
dza. Elastycznos¢ automatycznego doboru przedziatéw wartosci poszczeg6lnych atrybutéw wykazata przewage
nad sztucznym podziatem ich dziedzin na ustalona z gory liczbe przedziatéw, umozliwia to uzyskiwanie regut
asocjacji 0 wyzszym wsparciu. Nalezy tez podkresli¢, ze EGAR jest metoda wrazliwa na parametry, jg stoso-
wanie wymaga od uzytkownika pewnego wysitku i wyczucia. Mozliwos¢ podgladania wykresow przebiegu
ewolucji utatwia odpowiedni dobér parametréw. Biorac pod uwage, ze mamy do czynienia z medycznymi baza-
mi danych, nalezy zwrdci¢ uwage na fakt, ze wigkszos¢ rekordow w bazie to bardzig typowe przypadki, dla-
tego tez cheac znalez¢ odkrywcze reguty nalezy tak dobra¢ sama metode pozyskiwaniawiedzy, jak i jg parame-
try, aby nie promowac¢ zbytnio wysokiego wsparcia regut, poniewaz doprowadzi to do regut reprezentujacych
wiedze dos¢ dobrze znang i stosowana przez lekarzy. Trzeba uciec si¢ do generowania regut niezbyt ogélnych, o
wysokiej pewnosci i hiezbyt wysokim wsparciu.

Stworzone narzedzie badawcze moze stuzy¢ do pozyskiwania regut z baz danych, dajac mozliwosci wyboru
samej metody, faktu i sposobu dyskretyzacji danych, filtrowania i sortowania danych wykorzystywanych do
drazenia, filtrowaniai sortowania pozyskanych regut, ich wygodng prezentacji, rowniez w postaci nadajace sic
do druku. System, poprzez wskazanie atrybutow do konkluzji generowanych regut moze by¢ wykorzystany do
generowania regut klasyfikacji. Planowane jest rozbudowanie systemu o modut drazenia danych poprzez
wizualizacje danych, wykorzystujac wyniki uzyskane w [8].
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Mining of an electrocardiogram
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Abstract. Widespread use of medical information systems and explosive growth of medical databases re-
quire methods for efficient computer assisted analysis. In the paper we focus on the QRS complex detection
in electrocardiogram but, the idea of further recognition of anomalies in QRS complexes based on the im-
munology approach is described, as well. In order to detect QRS complexes the neural network ensemble is
proposed. It consists of three neural networks. The details referring to this solution are described. The results
of the experimental study are also shown.

1 Introduction

An electrocardiogram (FCG/EKG) is an electrical recording of the heart activity and is used in the heart diag-
noses. ECG allows evaluating the rhythm and frequency of the heart work and enables investigation of the heart
defects of people. On the basis of ECG recording one can evaluate the size of the heart chambers. Knowledge
of the ECG image for healthy and defect cases is the base for the heart diagnose. The ECG signal provides in-
formation concerning electrical phenomena occurring in the heart, which influence on the change of shape of
an individual part of the signal. Because of the direct relationship between the ECG waveform and interval of
the heart beats, it is possible for the doctor to diagnose cardiac disease and monitor patient conditions from the
unusual ECG waveforms. The basic analysis of ECG signal is based on the following elements (Fig. 1): wave P,
spike Q, spike R, spike S, wave T. Especially, the complex QRS is essential for every heart anomaly detection.
Traditionally, such a detection is done by physicians in order to examine whether the patient heart works properly
or not.

In recent years, a significant amount of research effort has been devoted to the automated detection of spikes
in ECG signal [1-4]. In general, they can be divided into linear methods of the signal processing and methods of
nonlinear transformation. The most important techniques [5] are:

— calculation and analysis of the first derivative of ECG signal,

— pattern matching,

— using DFT or wavelet for discovery of periodic part of the signal [6],[7],
— using digital filter (e. g. FIR, IIR),

— heuristics equations,

— neural networks,

— nonlinear principal component analysis of the ECG signal.

The performance of an automated ECG analysis systems depends heavily on the reliable detection of QRS com-
plex. The difficulties of characteristic waves detection lie in oscillations in the baseline, irregularities of the wave-
form and frequency overlapping among wide band distribution of the characteristic waves. These arguments ex-
plain so many different approaches in an automatic detection of QRS complexes.

In the paper we focus on the automatic detection of the QRS complex using ensemble of neural networks. The
QRS complex detection is the starting point for further analysis of ECG signal allowing to determine a kind of
anomaly occurring in ECG signal. In other words, QRS complexes (or features acquired from them) are the basis
of classification of the ECG signal giving in the result a patient diagnose. Classification is one of the datamining
tasks—new emerging technology, which is well suited for the analysis of data. It is becoming an important tool in
science, healthcare and medicine.

2 The idea of ECG mining

In the presented study, signals from twelve leads of the ECG recording are delivered to the preprocessing module,
where they are processed in order to obtain input features for a detection of characteristic points of the signal such
as QRS complex, wave P or T.

The signal is represented as the sequence of voltage values relating to the activity of the heart. It is sampled
every 4 ms. Because the measurement lasts 5 s. the sequence is composed of 1200 values. The signal is displayed
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Fig. 2. The idea of ECG mining

to the user allowing to mark patterns (parts of the signal) for training the detection module (Fig. 2). This module
is based on an ensemble of neural networks. Each neural network in the ensemble has its own input representation
of the signal in order to show different aspects of information hidden in the signal. The final decision of the neural
network ensemble follows according to the voting procedure, and this decision has to be unanimous.

The output of detection module can be processed further either manually by the physician to diagnose the state
of patient or can be delivered to the anomaly recognition module. This module on the basis of the characteristic
spikes in the signal (QRS complex, T or P wave) classifies the part of the signal to the proper category. The
solution of this problem in our approach is inspired by the immune system. In the paper we concentrate mostly
on the detection module, describing its details and presenting obtained results while for the problem of anomaly
recognition the idea is sketched only. It determines the direction we will follow in our research in the nearest
future.

3 Detection of QRS spikes

Due to the differences in the size of the hearts, the orientation of the heart in the body and healthiness of heart
itself automatic detection of QRS complex is not an easy task. In order to improve the reliability of the spike
detection we used a neural network ensemble. It is composed of three neural networks (NN1, NN2, NN3). Each
network is the classical multilayered neural network, trained with backpropagation algorithm with momentum. It
classifies actual input pattern into one of the following classes: QRS complex, wave P or T, or meaningless pattern.
Therefore there are three neurons in the output layer of each neural network.

The number of input neurons for each network depends on the size of the input pattern. Because we decided
to deliver different kind of information about the ECG signal for each neural network, it means that the number of
inputs in each network is various according to the size of the input vector. The idea of the neural network ensemble
detecting QRS complex is shown in Fig. 3.

It has to be pointed out that the input pattern of each neural network refers to the same part of the signal but
it contains other parameters. When the networks are trained, the decision of the detection module about pattern
classification is made on the basis of common decision of neural networks in the ensemble. The rule is that
decisions of all neural networks have to be unanimous. In other case classification is incorrect and the user is
informed about that.

3.1 Input data for neural networks

The recorded ECG signal is stored as discrete samples describing an electrical activity of the heart in a given
discrete time ¢; (Fig. 4). The training set for the neural networks in the ensemble is prepared on the basis of patterns
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in the signal (QRS complex, T and P wave) marked on the screen by an expert. Such a rough representation of the
signal is composed of the sequence of real values that are not useful to process by a neural network (NN). That
was why we have to preprocess the input data.

Input data representation for NN1 The aim of the first representation of the signal, which refers to the NN1
is to get hold of similarity between different fragments of signal. The trigonometric representation of the signal
was used in this case. It is based on the transformation of the signal from the amplitude values to the sequence of
angles (represented by its sinus value). This representation allows to formulate information independently of the
absolute signal value while the important characteristic of the signal are kept. It refers to the speed of growth or
decline of the signal.

In order to transform the value(i+1) of the signal in the timestep (i+1) to its angle representation (the value of
sinus) it is necessary to calculate the change Ay according to the eq. 1:

Ay = value(i + 1) — value(i) (1)

Next, the distance between points are calculated as follows:

dist = \/ Ay? + At2. )

We assumed that each timestep was equal to 1, so the dist can be expressed as:

dist =/ Ay? + 1. 3)
These two parameters are used in order to formulate the new value expressed as sinus of the angle in the signal:

valueqny (i) = Ay/dist. “)
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These could be quite good to detect the QRS complexes in case when they would occur regularly and they would
have exactly the same shape. Reality is more complex so we decided to introduce the next networks with other
input data.

Input data representation for NN2 The problem with the first representation occurs when we try to consider the
following two patterns as QRS complexes. Let say the first one rises in the range [0,20] and in the range [21,50]
it decreases while the second one has its growth in the range [0;30] and the decrease in the range [31;50]. In such
case with the first representation neural network would have difficulties to decide what is in the range [21;30].
That was the reason that for the second network the range of angles was discretized into 14 following ranges:

(85, 90); (75, 85); (60, 75); (45, 60); (30, 45); (15, 30); (0, 15);
(-15, 0); (-30, -15); (-45, -30); (-60, -45); (-75, -60); (-85; -75); (-90, -85)

Next, the frequency of the appearance of the given angle range in the sample of signal is calculated. Then the input
vector is formed as 14 elements each of which relates to one angle range. The number of ranges = 14 was chosen
on basis of experiments. In consequence the number of neurons in the input layer of NN2 is 14, as well.

Input data representation for NN3 The next input data representation is similar to the previous one. The corre-
sponding ranges of angles are not distinguished and are represented by their absolute value. It means that we have
only seven ranges of angles and for example the ranges (85, 90) and (-90, -85), are treated as the same range. In
this case for the considered part of signal we obtain the input vector composing of seven elements. Each of them
informs about the frequency of the appearance of the given angle range.

While the number of input neurons in networks NN2 and NN3 is fixed, the number of neurons for NN1 is set
by the user. Summarizing, the representation of the signal for each network was designed to show some specific
features of the ECG signal. The first one helps to discover a similarity between parts of signal and to preserve
information about the spike. The second representation delivers information about the function gradient (without
knowledge about its location). The last one identifies and distinguishes spikes from flat parts.

3.2 Training set for the neural network ensemble

The training set is prepared by the user. He/she marks the appropriate part in the signal displayed on the screen
and assigns to it the type of the pattern (QRS spikes or P/T wave or 'meaningless’). Next, the representation of
the patterns for each neural network is prepared by the application. It means that for NN1 each pattern has to be
scaled according to the number of inputs assumed for this network. For other networks the frequency of ranges is
calculated.

3.3 Detection of QRS complexes by the neural network ensemble

When the process of the neural network ensemble training ends, the system is ready to discover characteristics of
ECG signal (QRS complexes, P and T waves). First, the examined signal has to be loaded. Next, the user decides
which type of the signal characteristic should be automatically marked on the screen. The range of size of the
moving window has to be defined, as well.

The principle of the system performance is based on the progressive signal processing. The size of the window
moving along the ¢ axis starts from the smallest window size and increases during the progress of detection. The
step of the window movement and its increase influence on the time of signal processing, but also on an efficiency
of the spike detection.

The moving and increasing window enables the detection of patterns independently of its width but the com-
plexity of this algorithm is high. Each of the neural networks gets the transformed sample of the signal from the
window and performs its classification. As an output of each neural network, the vector of three elements is pro-
duced. Each output is responsible for detecting a suitable characteristic of the signal, ie. QRS complex, wave P
or T. In case when the neural networks answers are unanimous, the decision of the neural network ensemble is
assigned to the pattern. It is the basis to mark the detected spikes in the image of the signal.

3.4 Procedure of detected spike visualisation

After signal processing by the neural network ensemble, we obtain many patterns with an answer assign to each of
them (detected QRS complex, wave P/T or meaningless pattern-class of the detected pattern). Because values from
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the signal are repeatedly processed in various patterns they can be classified in a different way. In order to mark
the spikes sought by the user, the overlapping parts of the signal have to be joined together. A new parameter—
sensitivity is vital in the process of joining those parts. It is used to decide in how many parts a particular point
has to appear to be recognized as a part of marked answer. Next, those points are joined to become a cohesive
range—one of the detected intervals. It is a kind of a treshold that allows to decide whether the value belongs to
the sought pattern. As we can see in the experimental part of the paper this parameter plays a crucial role in the
successful spike detection.

3.5 QRS complex detection—experimental studies

In the first phase of experiments we investigated the influence of the neural networks parameters in order to find
the values guaranteeing successful results. The number of neurons in the hidden layer was chosen according to
the rule of thumb as the average of the number of input and output neurons for each network. The best setting
of neural network parameters in the ensemble was as follows: initial weights were randomly chosen in the range
[—0.1;0.1], learning coefficient = 0.001, training error = 0.0001. The last two parameters need some comments.
The bigger their values cause that the networks in the ensemble were not unanimous in their decision, so the
ensemble was not able to classify patterns properly. For example we observed that for detecting P/T waves it would
be better to set learning coefficient even smaller than 0.001, but it extends time of training of neural networks. In
further experiments the neural network ensemble was trained using training set composed of 60 training patterns
(20 patterns for each class).

The next phase of experiments was focused on the role of the sensitivity parameter. The proper setting of its
value is essential for the results produced by the application. It is visualized in Fig. 5. As it can be noticed, the
recognition of QRS complex is more accurate when the bigger value of sensitivity is used. The higher is its value,
the narrower is the range of detected pattern. In case when the sensitivity value is too small, unwanted regions
belong to the marked part of the pattern. The additional difficulty is the necessity of individual tuning of sensitivity
value for each ECG signal.

In Fig. 6 the results of QRS recognition are shown for ensemble consisting of two neural networks (a) or three
neural networks (b). Comparing both cases, we can conclude that the extended neural network ensemble produces
narrower ranges of patterns, what gives more accurate results.

The proper evaluation of the described approach of the QRS complexes detection still needs more experiments,
but we can conclude that the application gives satisfying results especially in detection of QRS complexes. The
detection of P/T waves was also satisfying, but because their shapes are not so specific comparing to the QRS
complexes, sometimes the detection failed.

4 Anomaly recognition—future works

The recognized sample of signal (QRS complex) should be properly interpreted in order to acquire additional
knowledge (to check whether the person is healthy or not). An expert can easily say whether the signal includes
any anomalies. The algorithm of the automatic anomaly recognition described in this document requires samples
of ECG signal, but can cope with recognizing anomaly using only positive patterns. It is inspired by a natural
immune system activity based on negative selection phenomenon (self-nonself discrimination process that takes
place in thymus), which is also an origin of Negative Selection Algorithm (NSA), discussed wider in [8], [2] and
[9].
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Fig. 5. The comparison of QRS complex recognition for two cases a) sensitivity=10 and b) sensitivity=100
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Fig. 6. The results of the neural network ensemble a) composing of two neural networks and b) three neural networks

Parts of the signal corresponding to QRS complexes have to be recognized by immune system receptor, in
order to determine its membership in the group of proper or abnormal structures. Both—samples of signals and
receptors consist of strings (binary or real values—depending on the problem idiosyncracy). The initial set of
receptors is created basing on model signals transformed by random mutations (fluctuations in higher or lower
level). Next, those receptors from the previously created set, that have ability to properly recognize anomalous
parts of signal, are selected.

The process of choosing those effective receptors rests on stimulating them with self structures (proper signals
samples). Those receptors, which do not recognize any of the self structures are added to the effective receptors set
(see Fig. 7) and shall become the base of anomaly recognition algorithm performance. Anomaly recognition relies
on the presenting already recognized QRS complex to the NSA system. In the case of positive answer (recognition
by any receptor), the signal presented to the receptor is marked as abnormal. That fact is alerted by the system.
The key of the NSA is affinity function, which is a measure of receptor and presented structure similarity.
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Fig. 7. The algorithm of effective receptors set creation
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Lack of model signals may become a problem. A solution presented below tries to avoid necessity of possess-
ing many model signals and allows the algorithm to work using just one positive sample. In that case anomaly
detection becomes more complex, because creation of both positive and negative samples is necessary. The idea
of NSA modification, presented in the paper reaches out the problem. The modification idea rests on using a set
of positive detectors, which work just opposite than NSA receptors. The first, original detector is an exact copy of
model sample signal for QRS complex of a lead. Next, using random mutations, new patterns are created. Those
new patterns are presented to the detectors. In the case of detector’s stimulation by the pattern, it is marked as self
structure, otherwise nonself structure. Self structures join detectors set. The rejected ones however join the non-
self structures set. This process lasts as long, as the cardinality of detectors set does not reach previously assumed
value. The algorithm can be compared to negative selection phenomenon, which takes place in thymus, with one
main difference: detectors work opposite than receptors (the idea is inspired by T cells performance, whose job
is to detect nonself structures) and its set is widen by those detectors, the structure of which is similar to one (or
more) of other detectors.

In order to find out whether a sample signal detected (by an expert or neural networks ensemble) as QRS
complex includes an anomaly, it is introduced to the described immune system (with already prepared set of
detectors and nonself structures) and the system assigns it to one of the groups - detectors (self) or nonself.

5 Conclusions

In the paper the idea of ECG mining is presented. It consists of the QRS complex detection and anomaly recogni-
tion in samples of the ECG signal. To detect QRS complex we propose neural network ensemble. Each network in
the ensemble obtains information about the signal expressed in various form. The results obtained during experi-
ments with the application were promising, but to evaluate the proposed approach in all extend further experiments
are necessary. All details referring to the proposed QRS detection are precisely described in the paper. The idea
of anomaly recognition based on immune system is proposed, as well, but its implementation and experiments are
planned in the nearest future.
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Abstract. The paper presents a method of rule extraction from a trained neural network by means of a ge-
netic algorithm. The multiobjective approach is used to suit the nature of the problem, since different criteria
(accuracy, complexity) may be taken into account during the search for a satisfying solution. The use of a
hierarchical algorithm aims at reducing the complexity of the problem and thus enhancing the method’s per-
formance. The overall structure and details of the algorithm as well as the results of experiments performed on
popular benchmark data sets are presented.

1 Introduction

The problem of extracting rules from neural networks consists in finding the dependency between the network’s
output and the properties of the presented input vector [1]. It is very important in medical domain because it
increases the trust of users to the system which uses neural network. The complexity of this task arises usually
from a large number of dimensions of the input vectors. The usefulness of genetic algorithms results mainly from
their ability of searching vast multidimensional spaces, as well as processing many potential solutions at a time.
Moreover, unlike other methods that treat the network as a “black box™ and concentrate only on the values of inputs
and corresponding outputs, thus becoming architecture independent (e. g. decision trees), genetic algorithms prove
to be more successful when dealing with real values of inputs. Several techniques, usually for networks whose task
is to classify the input vectors, have already been developed, e. g. in [2, 3] however, the multiobjective nature of
the problem of rule extraction is rarely taken into account. A set of rules describing the functioning of a network
may be optimised in several various ways. First of all, its accuracy may be improved by modifications that lead to
maximizing the number of correctly classified patterns as well as reducing the number of errors made by the set.
Another criterion taken usually into consideration is the complexity of the set, denoted by the number of rules and
the number of premises in each rule [1], which in turn may be considered separately.

This implies the existence of several criteria of the evaluation of the solutions that tend to be contradictory. The
standard approach in a genetic algorithm is based on the concept of aggregating functions that enable gathering
all the values of the criteria into a single fitness function, usually in the form of a weighted sum. However, this
method has two main drawbacks. The weights must be properly adjusted to allow the algorithm to find satisfactory
solutions, which may result in the necessity of running the algorithm many times. Moreover, whenever the user
decides to change the weights in order to concentrate on one criterion to a greater degree, the process of evolution
must be repeated. This makes the use of classic genetic algorithms rather unwieldy and time-consuming.

During the process of rule extraction one may wish to take one of different approaches, depending on the purpose
of extraction. One option is an attempt to obtain a relatively simple set of rules that contains only the most
significant principles governing the functioning of the network, without focusing on exceptions. Another approach
aims at developing a set that describes the network with the highest fidelity possible. This might lead to discovering
“hidden” knowledge by finding rules that apply to small numbers of input vectors. Taking this into account, one
may say that a perfect solution to the problem of rule extraction would produce results at a different level of
accuracy and complexity to suit all the needs. This requirement is met by multiobjective genetic algorithms. Such
a method has been proposed in [4] but, since the algorithm operates on entire sets of rules, its efficiency when
dealing with complex problems is questionable.

2 Pareto optimality in multiobjective problems

In a multiobjective problem several criteria are used to evaluate each solution. The quality of a given solution
cannot be easily expressed in terms of a single numeric value; hence the problem of comparing solutions and
determining which of them proves to be the most satisfactory. The concept of Pareto optimality introduces a
relation of quasi order on the set of solutions, called Pareto domination and denoted by the symbol <. For two
solutions = and y, whose quality is measured by two vectors consisting of the values of individual criteria, namely:

f(m):[fl(x)>f2<x)’7fm(x)}7 (1)
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f(y):[fl(y)va(y)v7fm(y)]7 2

the relation of domination is defined as follows:

f(x) = f(y) And (Vk = 17"'7m) fk(x) < fk(y)
A3 fe(@)) < fu(y) 3)

It means that a given solution dominates another if it is better with regard to one criterion and at least equally
good if any of the remaining criteria is taken into account. This implies that in a general case two solutions do not
necessarily have to be bound by this relation, which makes them equally valuable. The optimisation in the Pareto
sense, unlike the optimisation of a function, does not aim at producing a single satisfactory solution, but at finding
an entire set of non-dominated solutions that would not only lie possibly close to the optimal values, but would
also be distributed evenly in the space of solutions. The second condition guarantees that all criteria and various
combinations of their relative “importance” are equally taken into account during the process of optimisation.

3 Basic concepts of the proposed method

The method of rule extraction proposed in the paper, we called MulGEx (Multiobjectve Genetic Extractor) is
based on a genetic approach. It acquires a set of rules describing the performance of a network is used for classifi-
cation tasks. Although we concentrate on rule extraction from a neural network, since MulGEX treats a network as
a black box (a global approach to rule extraction [1]), it can be used for extracting sets of rules immediately from
raw data as well. The input vector presented to the network may consist of data of various types (logical, enumer-
able, real) whereas the only output is an integer representing the class that a given pattern belongs to. Because of
the great complexity of the problem, especially for large numbers of attributes and input vectors, the algorithm
has been divided into two stages, which had been inspired by [2].

The lower-level genetic algorithm operates on single rules and aims at maximizing the number of correctly
classified patterns without taking the rules’ complexity into account. The upper-level algorithm, on the contrary,
respects all criteria mentioned in the introduction. Its task is to gather the rules evolved by the first algorithm
into one set and refine them through further processing. The general structure of the algorithm has been shown
in Fig. 1. The chromosome on the lower level represents a single rule consisting of a set of premises followed
by the conclusion, as shown in Fig. 3a. A premise may be active or not, depending on the value of its flag. More
detail and an explanation of the purpose of flags is given in the next subsection. Similarly, a set evolved by the
upper-level algorithm is a sequence of rules that may also be activated or disabled when the corresponding flag is
changed. The chromosome at this stage represents a set of rules. Its structure is presented in Fig. 3b.

3.1 The description of the lower-level algorithm

The lower-level algorithm consists of several independently evolved populations, each responsible for a different
class in the problem of classification. At this stage an individual represents a single rule in the form of a set of
premises followed by the number of the appropriate class, as shown in 4.

Each premise p; corresponds to one element of an input vector presented to the network (the i-th input of
the network)and denotes the constraint that the attribute must satisfy before the rule may be applied to the entire
vector. Depending on the type of the attribute, this constraint may take one of the following forms.

For logical attributes the constraint determines which of the two possible values must be taken by the attribute.
Therefore the premise consists of a single Boolean value (Fig. 2a).

— For enumerable attributes the premise is expressed as an array of Boolean values (V;) with one element per
every value in the type. It determines the subset of values accepted by the constraint (Fig. 2b)

Discrete and real attributes require defining the range of acceptable values, which is achieved by specifying
its minimum and maximum

Discrete and real attributes require defining the range of acceptable values, which is achieved by specifying
its minimum and maximum (Fig. 2c¢).

Every rule contains a complete set of premises, i. e. imposes constraints on all elements of input vectors
presented to the network. This prevents from introducing chromosomes with variable lengths and thus facilitates
defining the genetic operators. However, in many cases certain attributes do not influence the choice of a class
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Fig. 1. The general structure of MulGEx

during the process of classification, and therefore all their values could be accepted by a given rule. To achieve
this, a Boolean flag is added to every premise. It determines whether the particular constraint remains active and
is taken into account when the rule is applied to an input vector. By disabling some of the constraints one may
obtain more general rules with lesser complexity, which is essential during the process of rule extraction.

The form of the chromosome (rule) requires defining special genetic operators responsible for crossover and
mutation. Uniform crossover has been used, i. e. the process of exchanging genetic information between two
individuals consists in choosing one of the parents with equal probability for each premise (gene) copied to the
chromosome of the offspring. A premise is duplicated entirely, including the flag. The only exception occurs in
the case of constraints imposed on real inputs, where each of the values determining the accepted range (namely
the minimum and maximum) may be taken from a different parent. The conclusion of the rule may be copied from
either of the parents, since the number of the class is identical for all individuals in a given population.

The effect of mutation depends on the type of the gene that it’s applied to. In all cases the flag may be affected,
which results in enabling or disabling a given gene. For the types consisting of Boolean values shown in Fig. 2a
and Fig. 2b, mutation may cause changing a randomly chosen value to the opposite one. The operator of mutation
applied to a real value in a premise of the type shown in Fig. 2c changes it by a random amount (without exceeding
the maximal range defined for the corresponding attribute), on the assumption that small modifications are more
probable. Mutation doesn’t affect the conclusion of a rule.

In order to compare both approaches (scalar and multiobjective), the value of the fitness function assigned
to an individual in the lower-level algorithm may be either calculated as a weighed sum of the criteria or based
on the relation of domination (the multiobjective approach). The first step in both cases consists in determining

%) b )

AV AoV Wa| | Wy A | minn | rhax

T

—Flag

Fig. 2. Genes for different type of premises, which depending on the type of attribute, a)—for logical, b)—for enumerative,
c)—for real attribute.
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Fig. 3. A schema of chromosomes on both levels

the number of correctly and incorrectly classified input vectors, i.e. the coverage and error, respectively. To this
end the answer given by the neural network for each vector is compared to the answer given by the rule if the
constraints have been satisfied. The weights used for fitness calculation in the first approach are chosen by the user
and the function takes the form presented by Eq. 5.

Fitnessiower = We - coverage — W, - error (@)

If the value of the function happens to be negative, it must be modified, e. g. by adding a constant value to the
fitness of every individual.

In the multiobjective approach, the fitness assignment is based on ranks given to the individuals. Several
techniques may be used here—the most popular were proposed by Goldberg in [5] and Fonseca and Fleming in
[6]. Both of them are implemented in MulGEX, the latter with a modification introduced by Zitzler and Thiele
(the SPEA algorithm [7]). The selection of individuals that participate in the process of reproduction is performed
by means of the roulette wheel method, which implies that the probability of choosing a given individual for
crossover is proportional to its fitness. Goldberg’s algorithm of rank assignment is as follows:

Temp := Population

n=20

while( Temp #0) do

{

Nondominated ={x € Temp / (=3 y € Temp)f(y) < f(x)}
(Vx € Nondominated) rank(x) :=n

Temp := Temp \ Nondominated

n:=n+1

}

Fitness assignment in SPEA is performed according to the following algorithm:
Let N denote the size of the population

For each individual iin the external set :

N
f i = NF1
wheren stands for the number of individuals
dominatedbyi f; € [0,1)
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For each individual jin the population :
fi=2Ciiz fit L
i.e.the sumof fitnessvaluesof all external
individuals that dominate j increased by one
fi €[1,N)

Because in this method the lowest fitness values are assigned to the best individuals, the fitness function must
be modified so that it can be used for the roulette wheel technique.

Since the complexity criterion is not taken into account during the fitness assignment at this stage, all genes
of the individuals in the initial population are set to disabled. During the process of evolution the premises are
gradually activated by applying mutation, which allows to keep the complexity at a relatively low level and intro-
duce only the necessary constraints. The duration of evolution is determined by the user who may choose either to
create a fixed number of generations or to stop the algorithm when no improvement has been detected for a given
amount of time (measured in generations). When the algorithm has stopped, the best rule in every population is
stored in an external set and all vectors recognized by this rule are removed from the set that the algorithm works
on. A good idea is to choose the rule with the highest coverage and no error, but in some cases this might be
impossible or inefficient. Afterwards a new initial population is created and all steps are repeated. This phase of
rule extraction ends when there are no more vectors corresponding to a given class in the set, so that no new rules
may be evolved. The external set containing rules stored during the entire course of evolution is passed to the
upper-level algorithm for further processing and optimisation.

3.2 The description of the upper-level algorithm

The upper-level algorithm is used to refine and optimise the rules evolved by the previous algorithm. This is
achieved by gathering them into a single set and evaluating the efficiency of their cooperation. As a result, super-
fluous rules may be eliminated and the remaining ones simplified. Because at this stage a multiobjective algorithm
is used, the evolved sets of rules have different features; they vary both in accuracy and complexity. The most
general structure of the algorithm resembles the one introduced at the lower level where, an individual represented
a rule consisting of premises that could remain active or inactive. In this case a chromosome codes a set of rules
that may be disabled in the same way, which excludes them temporarily from participating in classification. Again,
in order to avoid operating on chromosomes with variable length, each rule is accompanied by a flag determining
its status in the set. In the initial population all individuals are exact copies of the set of rules obtained from the
lower-level algorithm. This implies that the maximal accuracy is available without the necessity for adding new
rules. The only condition that has to be met is that all genes remain active. Therefore the task of the algorithm
is limited to searching for sets with reduced complexity. However, the improvement of this criterion should be
accompanied by the lowest possible deterioration of accuracy.

The process of reproduction, just like at the earlier stage, consists in exchanging genes in a random way
between the parents (uniform crossover). This means that every rule and its flag in a newly created individual are
copied from the parent that has been selected randomly for this purpose. Mutation occurs on two levels. First of
all, a randomly selected flag may be changed, which results in altering the activation status of the corresponding
rule. The effect is that a potentially superfluous rule is excluded from the set or, in the opposite case, a previously
removed one is restored. The other type of mutation affects single premises inside the rules and is performed in the
same way as in the lower-level algorithm, thus leading to the modification of constraints imposed on the attributes.
Since in the previous algorithm some rules were evolved on the basis of a reduced set of input vectors, at this stage
they have a chance to improve their quality through the use of the entire vector set as a ground for evaluation, as
well as cooperation with other rules.

The upper-level algorithm is multiobjective and therefore its fitness function is based on the relation of dom-
ination. The entire process of selection, including the rank-based method of assigning fitness to an individual as
well as the technique of the roulette wheel, is identical to the one used in the lower-level algorithm. The only
difference consists in the choice of criteria for the evaluation of individuals and the way of calculating their val-
ues. The coverage of a set is determined by the number of input patterns that are correctly classified by the set
as a whole, i.e. by at least one of its active rules. The error, on the contrary, depends not only on the number of
misclassified vectors, but also on the frequency of a given mistake. In other words, the error is calculated as the
sum of errors for all active rules in the set. On the upper-level another criterion, namely the complexity of a set, is
added. Its value is determined by the number of active rules in a set increased by the number of active premises in
each of them. This criterion could be split into two, but, apart from complicating the algorithm, such a distinction
would not result in a significant improvement of performance.
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The process of evolution stops after evolving a given number of generations measured either from the begin-
ning or since the last improvement observed (like in the previous algorithm). However, the definition of improve-
ment in a multiobjective algorithm is not as straightforward as in classic algorithms, where the average fitness of
the population may be easily compared in the course of evolution. In this case the quality of an individual is ex-
pressed as a vector consisting of several values. Average values for all criteria in the population may be calculated,
but the comparison of different generations must be based on domination. In other words, a new generation is
recognized as more fit only if the vector of those average values dominates a corresponding vector calculated for
the previous generation. The output produced by the algorithm is a set of non-dominated solutions. The choice of
the most appropriate one (in a given situation) is left to the user, who may apply certain weights to the criteria and
obtain the solution with the highest weighed sum of their values. This might be done repeatedly, which results in
presenting solutions with various features without the need for rerunning the algorithm with different parameters.

4 Experiments

The purpose of performing experiments is to verify whether the proposed method can be applied to various prob-
lems and whether it remains efficient regardless of the number and types of attributes in a set of input vectors. The
use of popular benchmark data sets gathered in [8] during the tests facilitates comparing the method with other
techniques developed for a similar class of problems. Table 1 presents detailed information about the data sets
that have been used for the tests, namely: Iris, LED — 24, Monk — 1 and Quadrupeds. A 2 % noise has been
introduced to the LE D — 24 data set.

Table 1. Data sets used for the tests

Name Type of Class No of
(examples)| attributes examples
Iris Setosa 50
(150) 3 Versicolour 50

continuous | Virginica 50
LED-24 | 24 binary ~ 100/
(1000) 2% noise | 10 classes | class
Monk-1 6 0 216
(432) |enumerable 1 216

Separate experiments were carried out directly on the data sets obtained from the repository [8], without
having them processed by a neural network beforehand. One more data set (Quadrupeds) was added to verify the

Table 2. Results of the network training

data |Number of neurons|Accuracy
(set) |in the hidden layer %

Iris 3 98
LED-24 5 95
Monk-1 3 100

scalability of the presented method. The reason is that a network tends to simplify data by eliminating noise at
least partially. This should theoretically lead to reducing the complexity of rule sets and improving the efficiency
of the algorithm, which has been observed during the tests. Extracting rules from data processed by a network
resulted in improved efficiency of the method and enhanced accuracy of the solutions.

The proposed genetic algorithm was tested on data that had been processed by a multi-layer feed-forward neural
network with one hidden layer, trained by the back-propagation algorithm. The accuracy achieved by the network
in each case is presented in Table 2.

During the tests the lower-level algorithm worked with best effectiveness with a relatively low probability
of crossover, not exceeding 50%, and a low probability of mutation, up to 1%. The desirable size of a single
population depended strongly on the complexity of the problem, particularly on the number of attributes, and was
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Table 3. Rules for Iris evolved by the lower-level algorithm; *) indicates that coverage has been calculated on the basis of a
reduced set of input patterns)

No|Rule Coverage
1. |IF PetalLength € [1.00; 2.90] THEN Setosa 50
2. |IF PetalLength € [1.97; 4.98] AND PetalWidth € [0.96; 1.65]

THEN Versicolour 47

3. |IF SepalLength € [6.19; 7.17] AND SepalWidth € [2.66; 3.32]
AND PetalLength € [1.00; 5.51]JAND PetalWidthe [0.88; 1.71]
THEN Versicolour 2%
4. |IF PetalWidth € [1.72; 2.50] THEN Virginica 46
5. |IF SepalLength € [4.30; 6.12] AND SepalWidth € [2.00;2.75]
AND Petallength € [4.37; 5.76]AND PetalWidthe [1.37; 2.50]
THEN Virginica 2%
6. |IF PetalLength € [5.33; 6.27] THEN Virginica 1*

Table 4. The two examples of sets of rules for Iris evolved by the upper-level algorithm (cov—stands for coverage, compl—
stands for complexity)

No|Set contents Cov.|Error|Compl.

IF PetalLength € [1.00; 2.90] THEN Setosa

1. |IF PetalLength € [1.97; 4.98] AND PetalWidth € [0.96; 1.65]
THEN Versicolour 143 0 7

IF PetalWidth € [1.72; 2.50] THEN Virginica

IF PetalLength € [1.00; 2.90] THEN Setosa

IF PetalLength € [1.97; 4.98] AND PetalWidth € [0.96; 1.65]
THEN Versicolour

2. |IF SepalLength € [6.19; 7.17] AND PetalWidth € [0.88; 1.71]
THEN Versicolour 148 | 2 13

IF PetalWidth € [1.72; 2.50] THEN Virginica

IF SepalWidth € [2.00; 2.62] AND PetalWidth € [1.37; 2.50]
THEN Virginica

usually set to 50 or 100 individuals. Increasing the size of a population (within reason) resulted in better efficiency
of the search. On the upper level the probability of crossover and mutation was usually the same. Otherwise
the changes in the chromosome became too rapid for the algorithm to be able to refine the rules through small
modifications. At both stages of the algorithm its efficiency could be enhanced by adding the option of saving
the best individuals in the population. In a multiobjective algorithm this is achieved by introducing an external
population consisting of all non-dominated individuals found so far during the course of evolution, as described in
[7] (SPEA algorithm). This permits to increase the probability of mutation without the risk of destroying the best
individuals. In all cases the process of evolution was stopped when no improvement had been observed in the last
100 generations.

An example of rules for Iris evolved by the lower-stage algorithm for data processed by the network is shown
in Table 3. In this case the first rule in each class usually covers the majority of input patterns, whereas the
remaining rules supplement it by covering all omitted examples. It’s worth noticing that the number of patterns
covered by each rule is calculated on the basis of a reduced set, after all vectors recognized by the previous rule
have been excluded. Therefore the actual number of examples covered by some of the rules may be larger than
indicated. In all cases the number of misclassified examples is equal to zero, which results from the method of
choosing the best rule (a very high weight assigned to error). The number of decimal places within the premises has
been reduced for clarity. Table 4 presents examples of sets obtained from the upper-level algorithm on the basis
of the previously evolved rules. It is apparent that the improvement in accuracy is accompanied by increasing
complexity of sets and rules—and vice versa.

The general features of rule sets obtained by the method in question for the chosen benchmark data sets are
gathered in Table 5 and Table 6—for data passed through a network and for raw data, respectively. The algorithm
has been run five times for every data set and the average values of accuracy corresponding to particular sizes
of rule sets have been calculated. In each case the algorithm evolved a wide range of sets with various features,
including complex sets classifying correctly all the instances, as well as relatively simple solutions with few rules
for each category. This proves that the proposed method is suitable for different types of attributes. Moreover,
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very good results obtained for Quadrupeds are the evidence for the method’s scalability, i.e. the ability of solving
problems with large numbers of attributes.

The results for Iris, LED-24 and Quadrupeds indicate that a set consisting of one rule per category may cover
most of the instances although some level of misclassification is possible. Additional rules improve the accuracy
in a relatively low degree. This applies especially to the LED-24 data set, where the accuracy of 96% and 92%
was achieved by a set of 10 rules whereas a set classifying correctly all input vectors contained 23 rules for data
processed by the network and over 60 rules for raw data (not presented in the table). The observed disproportion
is caused by noise that requires very specific rules to deal with certain examples. A small increase in accuracy
observed when new rules are added to a set indicates that the algorithm starts taking exceptions into account,
which is usually not desirable—unless these specific rules lead to discovering “hidden” knowledge, i. e. unknown
dependencies concerning small subsets of instances. Therefore the most complex rule sets evolved for Iris, LED-
24 and Quadrupeds have little value. This observation is possible due to the multiobjective approach used in the
algorithm that allows to develop different solutions in parallel, thus facilitating their analysis and comparison. The
results produced by the presented algorithm may be confronted with those obtained for a different multiobjective
algorithm (GenPar) described in [2]. Since the same data sets have been used in both cases, it is possible to compare
the effectiveness of the methods. However, this can be done to a certain degree only because of differences in the
way of performing experiments. The most significant one is that the results presented in [4] and copied to Table 6
contain information on the number of correctly classified instances only (fidelity), without providing any data
about the error made by a given set. Moreover, no superfluous attributes had been added to the LE D data set.

The results for GenPar, shown in Table 7 prove to be less accurate than those for MulGEXx. It is worth noticing
that GenPar did not produce a set with maximal possible accuracy in any of these cases. This might be caused by
the fact that it operates on entire sets only, which hinders individual rules from being intensively optimised (the
lower-level algorithm in the proposed method is aimed solely at improving single rules), as well as by combining
coverage and error into one criterion. The presented algorithm, on the contrary, considers them separately, thus
gaining the ability of finding a solution with maximal coverage which is followed by modifications leading to the
reduction of error.

5 Conclusions

The results of the performed experiments indicate that the proposed method shows good effectiveness when ex-
tracting rules from various data, with different numbers and types of attributes. It enables producing a wide range
of sets of rules, varying from ones with perfect accuracy achieved at the cost of high complexity to relatively
simple ones that cover only the most typical cases, as well as dealing with the problem of noisy data. This is
obtained by combining a hierarchical genetic algorithm with a multiobjective approach based on the concept of
Pareto optimality. The method is architecture independent. It can be used for any classification problem performed
by a neural network regardless of its structure, as long as the responses given by the network for the examined set
of input vectors are known. The main weakness of this method consists in the necessity of adjusting parameters for
both genetic algorithms in order to ensure the effectiveness of evolution. The optimal values of parameters may be
different for each problem and no technique of their precise estimation has been developed. Another disadvantage
is that the algorithm needs to examine the entire set of input vectors repeatedly to calculate the values of the crite-
ria for each individual. Even if an effective data representation is implemented, large sets cause the deterioration
of efficiency. In spite of these drawbacks that are present in many GA-based methods of rule extraction, the results
produced by the proposed algorithm may be considered satisfactory.

Table 5. The results of experiments (size—number of rules, acc—accuracy as the difference between coverage and error)
performed on data processed by a neural network

Iris LED-24 | Monk-1
stzelacc|size|acc|size|acc

1 [50] 1 |106] 1 |72

2 197 5 |507] 2 |144
3 |141] 10 |926] 3 |216
5 [147] 15 |943] 5 |360
8 [150] 20 |953] 7 |432
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Table 6. The results of experiments (size—number of rules, acc—accuracy as the difference between coverage and error)
performed on raw data

Iris | LED-24 | Monk-1 |quadrupeds
sizelacc|size|acc|size|acc|stze| acc

1 [50] 1 |106] 1 |72 1 | 144

2 197 5 |507| 2 |144| 2 | 277
3 141} 10 {926 3 |216| 3 | 388
5 [147] 15 |943| 5 |360| 4 | 497
8 [150] 20 |953| 7 |432| 6 | 500

Table 7. The results of experiments for GenPar (size—number of rules, fid—fidelity equivalent to coverage) on the basis
of [4]

Iris | LED-24 |Quadrupeds
size|fid|size|fid|size| fid
1 |50 1 [87] 2 | 182
2 (94| 4 [324| 4 | 471
4 |137| 5 |473| — | -
5 |144| 13 |928| - -
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Abstract. W artykule omawia sie korzyéci i trudnoéci, jakie wiaza sie z probami przerzucenia po-
mostu miedzy praktyks projektowania systemoéw a wykorzystaniem metod formalnych (zwlaszcza
model checkingu) w procesie projektowania. Jako przyktad, przedstawia sie pokrotce badania nad
srodowiskiem programowym COSMA, prowadzone w Instytucie Informatyki Politechniki Warsza-
wskiej.

1 Wstep

1.1 Metody formalne a proces projektowania

Jednym ze zjawisk, ktére daja sie zaobserwowaé we wspolczesnej informatyce jest dysproporcja miedzy
rozwojem badan nad formalnymi metodami opisu i analizy systeméw a stosunkowo stabym ich przeni-
kaniem do praktyki projektowania.

Istotnie, w §rodowiskach naukowych i akademickich zainteresowanie badaniami w tej dziedzinie w os-
tatniej dekadzie wyraznie wzrosto. Mozna ocenié, 7e co roku okoto dwudziestu miedzynarodowych konfe-
rencji jest pos§wieconych w catosci lub przynajmniej w znacznej cze$ci metodom formalnym. Do§¢ wspom-
nie¢ periodyczne konferencje FME (Formal Methods Europe), FORTE (IFIP International Conference
on Formal Techniques for Networked and Distributed Systems, czy multi-konferencje ETAPS (European
Joint Conferences on Theory and Practice of Software, w 2003 roku w Warszawie). Wydawane sa cza-
sopisma naukowe, jak Formal Methods in System Design oraz Formal Aspects of Computing Science.
Obok tych wyspecjalizowanych konferencji i czasopism, tematyka metod formalnych w projektowaniu
pojawia sie czesto w informatycznych czasopismach naukowych o szerszym §wiatowym obiegu. Powstaja
warto$ciowe monografie na ten temat (up. [5,2]) oraz narzedzia programowe, przewidziane do formalnej
weryfikacji projektow sprzetowych i software’owych. Zainteresowany czytelnik znajdzie wiecej danych na
ten temat w witrynie [3].

7 drugiej strony, wiekszo$¢ rezultatow i narzedzi 7z dziedziny metod formalnych jest malo znana
poza $rodowiskiem naukowym i akademickim, chociaz wszyscy badacze starajg sie, by ich rezultaty mi-
aly charakter metod o wartosci przemystowej (industrial strength formal methods). Metody formalne
7 kregu weryfikacji modelowej (model checking) sa jeszcze stosunkowo czesto stosowane przy projek-
towaniu rozwiazan sprzetowych (hardware), jednakze praktyczna formalna weryfikacja projektow soft-
ware’owych nalezy do rzadkosci. Z tych zapewne powodéw moéwi sie, ze podcezas gdy btad w komercyjnie
dostepnym uktadzie scalonym jest sensacja na §wiatowg skale  blad w réwnie powszechnym produkcie
software’owym jest nie warta uwagi codziennoscig.

Do najszerzej stosowanych w praktyce sposobéw zwiekszania zaufania co do poprawnodci projektow
software’owych naleza: testowanie i probna eksploatacja rzeczywistej lub symulacyjnej wersji produktu.
Jednakze, przy pomocy testéw mozna sprawdzié, czy system w zasadzie robi to, co powinien robi¢, nie
mozna natomiast sprawdzi¢, czy nie robi tego, czego nie powinien (np. zawieszaé sie). Rowniez probna,
nawet dlugotrwata, eksploatacja systemu (zwlaszcza wspolbieznego) nie gwarantuje, ze akurat w jej
trakcie pojawia sie losowe koincydencje zdarzen, prowadzace do ujawnienia sie btedu synchronizacji czy
koordynacji miedzy wspotbieznymi komponentami. Metody formalne usitujg dowiesé istnienia (nieist-
nienia) bledu, nie za§ wytropi¢ go eksperymentalnie.

Rowniez komercyjnie oferowane narzedzia CASE i $rodowiska programistyczne, przewidziane do
wspomagania produkcji software’u, praktycznie nie zajmuja sie formalna analize poprawnodci zachowan
projektowanych systeméw. Koncentruja sie raczej na sktadniowej poprawnosci software’u, zgodnosci jego
konstrukeji z przyjetym paradygmatem programowania (np. strukturalnego czy obiektowego), a takze na
wspieraniu testowania i zarzadzania samym procesem projektowania (praca zespolowa, kontrola wersji,
dokumentacja itp.). Oferowane wspoélczesnie sposoby specyfikacji zachowan systemu (np. UML [15]) sa
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ukierunkowane bardziej na dorazna wygode uzytkownika, niz na formalng poprawnosé projektu. Jedynie
nieliczne (i nie tak powszechnie uzywane) srodowiska tego typu (jak np. EDT, oparte na zastosowaniu
jezyka Estelle [17,18]), oferuja formalnie zdefiniowana semantyke stosowanych konstrukcji programisty-
cznych.

Znaczna cze$é trudnodci ma z pewnoscig zrodla w niedoskonatosci samych metod i narzedzi do formal-
nej weryfikacji, tworzonych w srodowiskach naukowych i akademickich. Niezaleznie od tego, stosowanie ich
w praktyce wymaga od projektanta po pierwsze opanowania nowego zestawu poje¢ i samej ‘technologii’
weryfikacji, po drugie — opisywania zaréwno systemu, jak wlasciwosci podlegajacych weryfikacji —
w formalny sposéb wygodny dla danego narzedzia czy metody, lecz obcy dla projektanta-praktyka.

Tym zapewne mozna ttumaczy¢ mala praktyczng znajomos$é metod opartych np. na notacji Z, VDM,
czy B-method, a takze technik i narzedzi formalnych z kregu dowodzenia twierdzen (theorem proving), jak
np PVS, HOL czy Larch, ktére wymagaja sporej kultury matematycznej. Wiekszym zainteresowaniem
zdaja sie cieszy¢ metody skoriczenie stanowe, w szczegolnoscei weryfikacja modelowa (model checking, [1,
2,5,8]). Jej krotkiej charakterystyce poswiecony jest sekcja 1.2.

1.2 Zasady model checkingu
W najogoélniejszym zarysie, weryfikacja modelowa (model checking) polega na tym, ze:

— zachowania komponentéw systemu opisuje sie w postaci pewnego typu automatéw skoriczonych
(o skoriczonej liczbie stanow i etykietowanych przej§¢ miedzy nimi),

— z opisu zbioru komponentéw, przy odpowiednich zalozeniach co do zasad ich synchronizacji (np.
model synchroniczny, asynchroniczny, przeplotowy, ... ) otrzymuje sie (oczywiscie rowniez skoriczony,
cho¢ moze bardzo wielki) graf stanow (lub funkcje przejsé) calego systemu, opisujacy wszystkie
mozliwe zachowania modelu,

— wtasciwos$ci podlegajace ewaluacji sa zadawane formalnie, zazwyczaj w postaci formut pewnej logiki
temporalnej (temporal model checking) lub automatu Biichiego.

— ewaluacja wymagan co do poprawnosci zachowan systemu polega na wyczerpujgceej inspekcji grafu
stanow osiggalnych (lub funkcji przej$é) systemu.

Podstawowa zaleta tego podejécia jest fakt, ze wszystkie pytania o zachowania systemu opisanego
skoniczonym modelem sg rozstrzygalne, jesli odsunaé¢ problem zlozono$ci obliczeniowej algorytméw prze-
szukiwania grafu stanéw systemu oraz algorytmu samego otrzymywania tego grafu. Co wiecej, algorytmy
inspekcji grafu, raz opracowane przez twércéw metody nie wymagaja potem inwencji uzytkown-
ika, ktory musi jedynie nauczyé sie formutowaé pytania i odczytaé odpowieds. Wazne, ze w przypadku
odpowiedzi negatywnej model skoriczenie-stanowy moze dostarczyé kontrprzyktadu, to znaczy wymienié
$ciezke w grafie, prowadzgca do miejsca (stanu lub podgrafu), w ktérym wymogi poprawnosci zostaty
naruszone. Analiza kontrprzyktadéw utatwia identyfikacje i usuwanie bledow.

Inna wtasciwosé, predysponujaca model checking do roli forpoczty metod formalnych w praktyce,
polega na tym, ze kazdy komponent jest oddzielnym automatem, a opis jego zachowania (w kategori-
ach stanow i przejé¢) odpowiada intuicji projektanta i utatwia pézniejsze przeksztalcenie go sekwen-
cyjny watek, proces, automat sprzetowy itd. Tej wtasciwosci nie majg np. systemy tranzycyjne czy sieci
Petriego.

7 drugiej strony, modele skoniczenie-stanowe praktycznie nie nadaja sie (bez dodatkowych mecha-
nizmoéw abstrakcji) do opisu abstrakcyjnych typéw danych i operacji na nich: dopuszczaja wlasciwie
jedynie dane binarne i krétkie liczby catkowite. Zle sobie radza réwniez 7 innymi aspektami zachowan
systemu, np. z dynamicznie zmienng liczbg proceséw (watkow, klientéw itp.) czy istnieniem buforéow
(kolejek) o nieograniczonej dlugosci. Dlatego naturalnym i pierwotnym terenem zastosowania modeli
skoniczenie-stanowych byto projektowanie i weryfikacja uktadéw sprzetowych ([4]) oraz control-dominated
systems, to znaczy takich systeméw, w ktérych analizuje sie poprawnodé sterowania i koordynacji miedzy
komponentami, nie zag§ poprawno$¢ operacji na danych.

Problemem, 7 jakim walczg tworcy wszystkich metod i narzedzi skoficzenie stanowych jest wyktadnicza
eksplozja modelu wraz ze wzrostem liczby komponentéw. Dlatego praktyczny sukces uwarunkowany jest
opracowaniem skutecznych metod hierarchizacji opisu automatowego i redukcji modelu, a takze metod
badania modelu ’czesciami’ (compositional model checking).

Dla celéw weryfikacji modelowej opracowano wiele narzedzi (model checkeréw). Do najczesciej cy-
towanych w literaturze naleza SPIN ([6], [7]), SMV (]8], [9]) i Cospan (lub jego komercyjna wersja

FormalCheck, [10]). Kilkadziesiat innych implementowano dla celéw akademickich i badawczych ([3]).
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Nizej zostanie opisane $rodowisko programowe COSMA ([16]) powstale w Instytucie Informatyki
Politechniki Warszawskiej w toku badan nad weryfikacjg modelowg. Jest ono oparte na modelu automa-
towym Concurrent State Machines (CSM, [25]). Model CSM wydaje sie szczegdlnie dobrze nadawaé do
opisu i badania zachowan wspdtbieznych systemow reaktywnych, to znaczy takich systeméw, w ktérych
szczegOlnie wazna jest wzajemna kooperacja zaréwno miedzy wspoéibieznie dziatajacymi komponentami
systemu, jak miedzy systemem a jego otoczeniem. Pozwala on na wyrazenie dwoch form wspotbieznosci:
jednoczesnego wystepowania zdarzen komunikacyjnych (formalnie: symboli alfabetu wejsciowego) i jed-
noczesnego wykonywania przez komponenty swoich akcji. Nie zaktada sie zadnego mechanizmu przepla-
tania akcji (interleaving) ani szeregowania symboli wejsciowych automatu. Komponenty systemu sa wiec
wzgledem siebie asynchroniczne.

2 Automaty wspoélbiezne CSM i srodowisko COSMA

2.1 Automaty CSM

Technike opisu zachowari systemu przy pomocy automatéw wspoéltbieznych CSM (Concurrent State
Machines, [25]) opiszemy nieformalnie na przykladzie prostego systemu o schemacie strukturalnym
jak na Rys. 1. Przyjmijmy, ze Nadawca przygotowuje i stopniowo wktada do bufora kolejne porcje
danych (put). W chwili, gdy liczba danych w buforze osiggnie Ny - Nadawca zatrzymuje sie i czeka, az
Odbiorca przetworzy cala zawartos¢ bufora, oprozni bufor (reset) i potwierdzi koniec swej pracy sygnatem
potwierdzenia ack. Wowczas Nadawca znow podejmuje zapetnianie bufora itd. Zat6zmy, ze Odbiorca
$ledzi stan zapelnienia bufora i samoczynnie podejmuje przetwarzanie, gdy liczba porcji danych staje sie
rowna Na. Oczywiscie, system dziala poprawnie, jes§li N1 = Ns. Dla zilustrowania konsekwencji btednego
zachowania systemu, rozpatrzymy jednak przypadek Ny > Ns, tak, jak gdyby na skutek nieporozumienie
miedzy projektantami Nadawcy i Odbiorcy - Odbiorca rozpoczynatl przetwarzanie zbyt wezesnie.

ack
Nadawca [* Odbiorca

put egN2

leN1 reset
Bufor

Fig. 1. Schemat strukturalny przyktadowego systemu

W kazdym momencie, Bufor (poczatkowo pusty) sygnalizuje Nadawcy, czy liczba danych jest mniejsza
od N7 (wyjécie leN1), a Odbiorcy, czy liczba przebywajgcych w nim porcji danych jest réwna Na (wyjscie
eqN2). Otrzymujac na swym wejsciu symbol put (od Nadawcy) Bufor zwieksza swoj stan, za§ symbol
reset (od Odbiorcy) powoduje wyzerowanie bufora.

Zachowanie Nadawcy i Odbiorcy, opisane w postaci automatéw wspotbieznych CSM, jest przedstaw-
ione na Rys. 2. Modelem Nadawcy jest graf, sktadajacym sie z czterech weztow (standw) i siedmiu
skierowanych krawedzi. Think jest stanem poczatkowym. W dolnej czesci prostokata stanu widnieje
zbiér symboli wyjsciowych produkowanych w danym stanie. Tak wiec np. w stanie Write, Nadawca
produkuje jednoelementowy zbiér symboli {put}, w stanach Think, Decide i Wait produkowany zbior
symboli jest pusty, Odbiorca w stanie Conclude produkuje zbior dwuelementowy: {reset, ack}. Symbole
te sg produkowane jednoczesnie i przez caly czas przebywania w danym stanie.

Krawedzie grafu sg etykietowane nie symbolami alfabetu wejsciowego (jak to ma miejsce w ’klasy-
cznych’ automatach skonczonych) lecz boolowskimi formutami. Argumentami formut sa symbole pro-
dukowane przez inne automaty ('wnetrze’) systemu lub jego otoczenie ("zewnetrze’). Operatory +,,!
oznaczaja (odpowiednio) boolowska sume, iloczyn i negacje. Formuta oznacza warunek konieczny do
tego, by dana krawedz byla 'potencjalnie aktywna’ (enabled). Tak wiec na przyklad formula lleN1 na
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Nadawca Odbiorca

Decide

reset
ack

Fig. 2. Modele CSM Nadawcy i Odbiorcy

krawedzi od Decide do Wait oznacza, ze Nadawca moze przej$é od stanu Decide do Wait jesli nie
przyszedt symbol [eN1 itd.

Formuta 1 reprezentuje funkcje boolowska, ktora jest true niezaleznie od aktualnego stanu wejscia
maszyny. Krawedzie etykietowane przez 1 opisuja zatem zachowania spontaniczne. Tak wiec na przyktad,
wchodzac do stanu Write, Arbiter produkuje symbol wyj$ciowy put, a nastepnie spontanicznie przechodzi
do stanu Decide. Formula 0 (zawsze false) nie wystepuje w grafie, gdyz krawedzie, ktore nie sa nigdy
enabled sa po prostu z grafu usuwane.

Jesli dwie krawedzie wychodzace z tego samego stanu sa jednoczesnie enabled, dokonuje sie wyboru
jednej krawedzi aktywnej (active), ktora wskazuje nastepny stan. Zaklada sie, ze wybor jest niedetermin-
istyczny i uczciwy (fair), co w praktyce znaczy, ze kazde potencjalnie aktywne przejicie bedzie kiedy$
wykonane. Na przyktad, Odbiorca w stanie Active moze — niederministycznie i spontanicznie — albo
pozostaé w tym stanie, albo przejsé do Conclude. Praktycznie znaczy to, ze w stanie Active Odbiorca
przebywa przez nieokreslenie dtugi, ale skonczony czas'. Podobnie niedeterministyczne jest zachowanie
Nadawcy w stanie Think.

W modelu CSM przejéciami (tranzycjami) nazywane sg jedynie krawedzie taczace dwa rézne stany.
Automat w kazdej chwili przebywa wiec w dokladnie jednym stanie, a przejscia sa natych miastowe
(w zerowym crzasie). Natomiast t. zw. ‘ucha’ (krawedzie od stanu z powrotem do tego samego stanu)
opisuja warunki trwania w danym stanie.

Model Bufora (Rys. 3) ilustruje pewng mozliwos¢ abstrakcji. Zbior liczb catkowitych reprezentujacych
liczbe danych w Buforze mozna podzieli¢ na pie¢ klas abstrakcji, odpowiadajacych stanom Bl...B5.
W kazdym ze stanéw produkowane sa (lub nie) odpowiednie symbole leN1 lub eqN2. Warunkiem prze-
jscia do ‘wyzszego’ stanu jest pojawienie sie symbolu put (od Nadawcy), symbol reset (od Odbiorcy)
sprowadza Bufor do stanu Bl.

Zaklada sie, Zze komponenty systemu (tu: Nadawca, Bufor i Odbiorca) wspotistnieja we wspolnym
srodowisku komunikacyjnym. Rozpowszechnia ono do wszystkich komponentéw (natychmiast i bezbted-
nie) mnogosciowg sume zaréwno zbioréw symboli wyjsciowych produkowanych przez wszystkie kompo-
nenty, jak zbioréw symboli przychodzgcych do systemu 7 jego zewnetrznego otoczenia®. Ta mnogosciowa
suma jest natychmiast odbierana przez wszystkie komponenty, ktore traktuja ja jak aktualny zbiér swoich
symboli wejsciowych. Kazdy z komponentéow (asynchronicznie i niezaleznie od innych) ewaluuje formuly
boolowskie na krawedziach wychodzacych z jego aktualnego stanu i zachowuje sie zgodnie z opisanymi
wyze]j zasadami. Nie naklada sie zadnego ograniczenia na jednoczesno$é wystepowania symboli (zdarzeri,
sygnaléow itd.) ani jednoczesno$é przejsé (jak np. interleaving). Model CSM jest zatem wspétbiezny,
asynchroniczny i koincydencyjny.

Globalne dzialanie catego systemu jest iloczynem (produktem) zachowarn komponentow. Opracow-
ano sprawny algorytm wyznaczania produktu automatéow CSM [25], ktory prowadzi do otrzymania
grafu stanow osiggalnych systemu . Operacja mnozenia (®) jest przemienna i laczna. Produkt kilku
komponentéw jest z powrotem pojedynczg maszyna CSM. Wazne, 7e formuly boolowskie przypisane
krawedziom produktu odwotujg sie wytgcznie do obecnosci (nieobecnosci) symboli przychodzagcych do

"W podstawowym modelu CSM nie specyfikuje sie ograniczen czasowych. 'Czasowa’ wersja modelu,
przewidziana do model checkingu, jest w trakcie opracowywania. Do celéw symulacsi (cho¢ nie model checkingu)
zachowania systemu w czasie opracowano rozszerzony model ECSM, patrz punkt 2.2

2 Omawiany przykladowy system nie odbiera sygnaléw z otoczenia
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Fig. 3. Model CSM Bufora

systemu z zewnatrz, natomiast symbole, ktérymi komponenty komunikuja sie wewngtrz systemu  nie
wystepuja w tych formutach.

Produkt Nadawca ® Bufor ® Odbiorca (Rys. 4) ujawnia, iz system dziala 7le. Szarym kolorem
zaznaczone sg dwa stany zakleszczenia (deadlock), po osiagnieciu ktérych system pozostaje bez mozli-
wosci wyjscia. Ponadto, w niektorych stanach symbole put i process wystepuja jednoczesnie, co oznacza,
ze zachowania Nadawcy i Odbiorcy sa zle skoordynowane. Kazda §ciezka w grafie stanéw osiggalnych,
prowadzaca od stanu poczatkowego do takiego stanu niepozadanego jest tzw. kontrprzyktadem (coun-
terezample). Analiza kontrprzykladu pozwala na identyfikacje (i w konsekwencji skorygowanie) btedu
projektowego.

Powyzszy przyktad ma oczywiscie charakter pogladowy. Jego celem bylo nieformalne wprowadzenie
w tematyke weryfikacji z uzyciem automatéow CSM, a zwtlaszcza zilustrowanie faktu, ze zasady opisywa-
nia zachowan przy uzyciu automatéw CSM, interpretacja pojeé: system, produkt systemu itd.  wydaja
sie naturalne i bliskie intuicji kazdego, kto zna pojecie grafu, stanu, przejécia, symbolu elementarnego
i formuty boolowskiej. Graf z Rys. 4 ma 24 stany, mozna go narysowac i zanalizowaé¢ golym okiem.
W praktyce weryfikacji nalezy sie liczy¢ 7 grafami osiggalnosdci o rozmiarach setek tysiecy czy milionow
stanéw. Do tworzenia i analizy grafu stanéw osiggalnych systemu sa wiec niezbedne odpowiednie algo-
rytmy i narzedzia programowe. W przypadku modelu opartego na automatach CSM role te odgrywa
srodowisko programowe COSMA.

2.2 Srodowisko COSMA

Pogladowy schemat §rodowiska COSMA (]16]) jest przedstawiony na Rys. 5. Centralna jego czesé¢ stanowi
repozytorium, w ktorym (w postaci plikow tekstowych w jezyku CXI) przechowywane sg opisy modeli
CSM. Jezyk CXL zostal opracowany dla celéw reprezentacji modeli CSM oraz ECSM w oparciu o XML.
Funkcje sterowania caloscig narzedzia pelni (nie pokazany na schemacie) nadrzedny modul sterujacy,
ktéry umozliwia:

— utworzenie i nazwanie aktualnej przestrzeni roboczej (workspace),
— tworzenie, usuwanie i edycje projektéw w tej przestrzeni,
— wywolywanie pozostalych moduléw i komunikacje miedzy nimi.

Funkcje pozostatych podstawowych moduléw sa nastepujace:
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Fig. 4. Graf stanéw osiggalnych systemu (Produkt Nadawca ® Bufor ® Odbiorca )

Grapher umozliwia projektantowi (graficzne) tworzenie i edycje modeli CSM komponentéw systemu.
Modele sg zapamietywane w formacie CXL lub eksportowane do formatu emf.

Product Engine tworzy reprezentacje komponentéw w postaci BDD i wykonuje operacje mnozenia
(®) komponentéw tworzacych jeden projekt. Wynik ma posta¢ BDD, moze by¢ takze przetworzony
na postaé¢ tekstowa CXL,

TempoRG przyjmuje od projektanta wymagania wyrazone w postaci wyrazen logiki temporalnej
QsCTL [23] [26] i przeprowadza ich ewaluacje w grafie stanow osiggalnych (produkcie) dostarczonym
przez Product Engine,

Cntrexmple Editor produkuje w postaci graficznej lub tekstowej kontrprzyktady, dostarczane przez
TempoRG w przypadku negatywnego rezultatu ewaluacji,

Reduction Engine przeprowadza redukcje wskazanego produktu, dostarczonego przez Product Engine
lub pobranego 7z repozytorium.

Narzedzie COSMA wspiera rowniez rozszerzony model CSM (Extended CSM, ECSM, [24]). Nie jest

on modelem skonczenie-stanowym i nie podlega model-checkingowi, jest natomiast wykonywany w drodze
symulacji i moze stuzy¢ do ewaluacji wydajnosci systemu (modut ECSM Simulator, ([22]). Rozszerzenia
w stosunku do modelu CSM sa nastepujace:

istnieje mozliwosé definiowania dowolnych zmiennych lokalnych dla komponentu lub globalnych dla
projektu,

zaréwno stanom, jak przejsciom komponentéw CSM mozna przyporzadkowywaé akcje, bedace po
prostu sekwencyjnymi programami w C,

formutom boolowskim na krawedziach graféw CSM mozna dodawaé¢ czynniki odpowiadajace wyraze-
niom boolowskim na zmiennych,

symbole generowane w stanach moga by¢ uzupelnione o atrybuty (modelowanie zawartosci komu-
nikatow),
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Fig. 5. Ideowy schemat §rodowiska programowego COSMA

— dla celow badan wydajnosciowych, stanom mozna przypisywac czasy (deterministyczne lub losowe
czasy przebywania w stanie), za$ rozej$ciom niedeterministycznym - prawdopodobieristwa.

Do moduléw srodowiska COSMA nalezy réwniez Code Generator — generator kodu programu z mod-
eli ECSM, istniejacy w nieopublikowanej wersji eksperymentalnej. Modul Code Analyzer byl z kolei
planowany jako narzedzie produkujace modele CSM komponentéw zapisanych w postaci programéw
w jez. Java. Wejéciem dla modutu jest nie sam program, lecz jego odpowiednik w postaci posredniej
(t. zw. BIR) produkowanej przez srodowisko Bandera ([13], [14]). Eksperymentalna wersja tego modutu
[21], cho¢ dziala, nie zacheca jednak do kontynuacji: wydaje sie, ze skonczenie stanowe modele mozna
skutecznie produkowaé dla bardzo ograniczonego podzbioru Javy.

3 Podsumowanie

Préba przerzucenia pomostu miedzy praktyka projektowania a formalna weryfikacja musi wigzaé sie
przede wszystkim z okre§leniem miejsca formalnej weryfikacji w procesie projektowania. Dotychczasowe
do$wiadczenia sktaniaja do pogladu, ze zalety model checkingu ujawniaja sie najlepiej na wczesnym
etapie projektowania. Analiza koncepcyjnego szkieletu systemu, uwzgledniajacego koordynacje i komu-
nikacje miedzy gtéwnymi wspétbieznymi komponentami moze ujawni¢ istnienie btedéw komunikacji i syn-
chronizacji, ktére (po usunieciu) nie beda propagowaly sie do dalszych etapéw projektowania. Tak zw-
eryfikowane automatowe modele komponentéw moga nastepnie poshuzyé jako wzorce do szczegdlowej
implementacji w postaci programéw czy uktadéw sprzetowych.

Ze wzgledu na pozadang ‘przyjazno$¢’ metodologii, w pracach nad narzedziami do model checkingu
nalezaloby przywiagzywaé¢ wieksza wage do ich wspélpracy z powszechnie znanymi narzedziami CASE
i grodowiskami programowania. W szczegolnosci, warto wykorzysta¢ podobienistwa miedzy modelami
skoniczenie stanowymi a diagramami stanow, sekwencji, aktywnosci i kooperacji (UML) lub statecharts
Harela [11], [12]. Eksport i import tego typu specyfikacji miedzy narzedziem CASE a model checkerem
takim, jak COSMA, przyblizytby mozliwos$é¢ formalnej weryfikacji projektu na wezesnym etapie projek-
towania.

Automaty wspoétbiezne CSM i srodowisko COSMA wydaja sie obiecujace jako koncepcyjna i narze-
dziowa podstawa tego typu prac. Przemawiaja za tym:

— koncepcyjna prostota modelu komponentéw systemu,

— graficzny tryb definiowania zachowan komponentéw (zgodnie ze wspoétezesnymi tendencjami, por.
choéby UML),

— proste zasady komunikacji wewnatrz systemu (asynchronicznosé, jednoczesnoséé, brak domniemanego
’demona’ przeplatajacego lub szeregujacego zdarzenia i akcje)
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istnienie podstawowych narzedzi do otrzymywania i analizy grafu stanéw osiagalnych systemu, a takze
symulacji modelu ESCM.

Oczywiscie, konieczny jest dalszy rozwdj metodologii, zwlaszcza zas:

opracowanie metod hierarchicznej specyfikacji automatéw CSM,

wsparcie dla algorytmoéw eksportu/importu automatow CSM z/do UMLowych diagraméw stanow,
sekwencji, aktywnosci i kooperacji,

wprowadzenie ograniczeri czasowych do modelu CSM (Timed CSM),

modelowanie operacji na danych,

opracowanie specyficznych dla CSM algorytmow redukcji, pozwalajacych ztagodzié¢ efekt wyktad-
niczej eksplozji modelu,

Tak ukierunkowane badania sa w toku. Dotychczasowe rezultaty sa zachecajace [28,29,27]. Nieza-

leznie jednak od ich wartosci poznawczej, do szerszego stosowania opisanej metodologii w praktyce na-
jbardziej zachecityby przyktady, case studies, ktére maja najwicksza site przekonywania.
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Formal Verification of a Three-stage Pipeline
in the COSM A Environment?
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Abstract. The case study analyzed in the paper illustrates the example of model checking in the COSMA
environment. The system itself is a three-stage pipeline consisting of mutually concurrent modules which
also compete for a shared resource. System components are specified in terms of Concurrent State Machines
(CSM) The paper shows verification of behavioral properties, model reduction technique, analysis of
counter-example and checking of real time properties.

1 Introduction

In [1] we have described the functional model of a system for processing of consecutive portions of data (or
messages) submitted to its input. Each message goes through the three stages of processing which is reflected in
the system’s structure (Fig. 1). The system is a three—stage pipeline consisting of three modules that operate
concurrently and asynchronously, in a sense that there is no general, common synchronizing process or
mechanism. Moreover, two out of three modules compete for the access to the common resource, which is
accessed also by some other (unspecified) agents from the system’s environment. This calls for the verification
if the cooperation among system components is correct. Indeed, due to potential coordination errors system can
get deadlocked, messages can be lost or duplicated etc.

Data
sink

Data
source

e —|

Fig. 1. Flow of datain athree-module pipeline with a shared resource

It is known that in the case of asynchronous and concurrent systems such errors are extremely hard to discover,
identify and correct using typical debugging and testing procedures. Therefore, we have applied a formal
procedure of model checking [2, 3, 4, 5], using the software tool called COSMA [6], implemented in the
Institute of Computer Science, Warsaw University of Technology.

Model checking is based on the following principle. Given the finite state model M of system’s behavior and
property (requirement) p to be checked, one has to check if p holds for M. Usually, there is a set of techniques
and algorithms (making together the model-checking environment or tool) designed for this purpose. This is

1 This work has been supported by grant No.7 T 11 C 013 20 from Polish State Committee for Scientific Research
(Komitet Badan Naukowych).
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designer’s job to formulate properties to be evaluated: usually the verification involves a set of model checking
experiments with severa properties pj. Additionaly, if the given property does not hold for M, then so-called

counterexample is provided which allows to identify the sequence of states (or events) that results in this
negative evaluation. This helps to identify and correct the cause of an error.

The main limitation the model checking faces is the exponential explosion of model’s state space size along
with the increase of the number of finite state system components and their individual state spaces. So, an
extensive research is being done on various techniques that can help to manage the problem. First, multiple
forms of reduction of state space are proposed, aimed to remove the states and transitions which are irrelevant
w.r.t. the evaluation of a given formula. The other approach is to calculate the state space just during the
evaluation, as one can expect that in order to obtain the outcome of the evaluation only the bounded model
will do. Still other technique consists in compositional model checking, where some individual parts of a system
(of more acceptable size) are subject to an exhaustive state space search while the conclusion as to the behavior
of awhole system is reached by some logical reasoning. Unfortunately, most of ideas of reduction found in the
literature (e.g. [7, 8]) usualy cannot be applied for Concurrent State Machines. This model admits coincident
execution of actions rather than their interleaving, while most finite state models assume just the interleaved
executions. Also, other known forms of reduction (e.g. slicing and abstraction [9, 10, 11]) make the use of
specific properties of programs and can not be applied directly to more abstract CSM models.

In this paper we briefly describe three techniques used in a COSMA-style methodology of system’s
verification. First, we will analyze the system behavior step-by-step, using so-called multi-phase reduction [12,
13] which exploits some compositional features of the CSM model [14]. As a result, the system which (as

naively estimated) may have as much as 4* 1014 gates is finally reduced to a model of 323 states and 1406
edges, easily representable and algorithmically checkable in a split second. Then, as some properties proved to
be evaluated to false, we illustrate how the counterexample can be obtained and analyzed. Finally, using timed
version of the model, we present how real time dependencies may be analyzed. This part of the COSMA
environment is under devel opment.

2 Two-phase procedure of obtaining the reduced reachability graph

Let us recall the basic facts about the CSM model of a pipeline, described in more details in [1]. It consists of
three complex modules and three individual components (data source, data sink and the arbiter) common to the
whole system. Each module can be internally subdivided into six components (see also left-hand part of Fig. 2
below). In total, this makes a set of 21 cooperating components. For each of them, a separate (finite state) CSM
model has been developed, aimed to specify its behavior as well as the communication to/from its
communication partners. The goal was to obtain the large system’s behavioral model or a graph of reachable
system states, containing al the reachable states and possible execution paths among them. Then, some
temporal formulas representing desirable behavioral properties of the system have been evaluated (true or false).

In [1] the emphasis was put on the specification of components and tempora properties, while the technique
of obtaining the product of all the components was not analyzed. Now we proceed to the method of determining
the system’s behavioral model that can (to an extent) help to cope with problems of the graph size. The main
idea is devoted to is the following. In order to obtain system behaviora model, one has to perform the product
(0) of CSM models of system components. This operation is associative and commutetive. Associativity
supports the important compositional property. Now, if we have - for instance - system Z={m, n, p} of three
components, then (due to the associativity) we can obtain the behavioral model either immediately, as a 'flat’
product 0Z = m0O n0O porintwo steps: first computing the local product of some subsystem e.g. r = m n,

then 0OZ =r O p. Meanwhile, before the second, final product is obtained, we can apply some reduction
procedure to the partial product r. While the associativity of the product applies to other finite state models as
well, this reduction makes the use of intrinsic features of CSM model itself. If machines m and n do
communicate intensively with each other - it may result in a considerable reduction of a total computational
effort, necessary for the computation of 0Z.

Below, we show how this general rule apply to our system of 21 components, briefly recalled above. We will
proceed in the two steps or phases.

Generally, each phase consists in the selection of some subsystem, obtaining its CSM product and removing
the irrelevant states and edges from it. However, one has to decide first which elements of the model are
relevant ones and therefore have to be preserved. Relevant — in this sense - are the selected output symbols
(produced by individual system components) and thus also the system states in which these symbols are
generated. Typically, among relevant symbols are;

1. symbolsthat are referred to in the temporal formulas to be evaluated,
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2. symbols that should be preserved for designer’s convenience, e.g. because they serve as a type of
markers that make the complex behavior more readable,
3. symbols that are necessary from the viewpoint of the communication among the currently reduced
subsystem and remaining components?.
The former two groups of symbols are decided upon by the designer while the latter one is determined by the
specification of system components. Assume that in our case the relevant symbols of the types 1 and 2 above are
the following ones:

msg_1, msg_4, doProc_1, doProc_2, doProc_3

-~

E4i doProc_i
-/ e

Subsystem_i

 Proti > < Prot_i+1 >

Reduced product
of 6 components

1
1
1
1
1
1
1
: InpQ_i Main_i outQ_i
1
b
1

Fig. 2. ‘Loca’ product of asingle module

In order to obtain the ‘phase-1' model of our example system we perform the following procedure:
Phase-1
1. Takeasubsystem, consisting of the six components of module #1 (see Fig. 2),
2. Compute its CSM product,
3. Reduceit, leaving as the relevant output symbols the following ones:
e All the output symbols (from the subsystem) which are ‘watched for' by subsystem’s
communication partners (i.e. the Arbiter, Trsm_0, Rev_2),
e Symbolsfrom the set selected above, which are produced within module #1 (this case: doProc_1),
Let the product reduced this way be called Subsystem 1,
4. Repeat the above for modules #2 and #3 obtaining Subsystem 2 and Subsystem 3 (respectively).
5. Substitute subsystems 1, 2, 3 in the place of just processed components.
This way we abtain the phase-1 structural model, in which subsystems 1, 2 and 3 are replaced by single
automata. It is noteworthy that for Subsystem 1.
e Cartesian product of its six components has 24300 states,
e CSM product (before reduction) has 24 reachable states and 31 edges,

«  After reduction, Subsystem 1isagraph of 10 states and 16 edges.

2 Note that among the ‘remaining components' can be also the additional, auxiliary automata (e.g. Invariant, in our case)
necessary for expressing the properties under checking.
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Fig. 3. CSM model of Subsystem 3 (reduced product of six components of module #3)

For Subsystem 3, the situation is analogous. As an illustration, the reduced CSM product of six components
making Subsystem 3 (Main_3, Rev_3, Trsm_3, Proc_3, InpQ_3, OutQ_3) is shown in Fig. 3. At no surprise, it
has 10 states and 16 edges, same as Subsystem 1. For Subsystem 2 (not shown), it is as few as 7 states and 12
edges.
Now, the analogous procedure can be applied again to the structural elements of the reduced model, for
instance:
Phase-2
e The procedure is applied to a subsystem consisting of Subsystem 1 and Trsm O, preserving all the
output symbols which are ‘watched for’ by the communication partners (i.e. Arbiter and Subsystem 2)
and symbols needed for temporal formulas to be evaluated (this case: doProc_1 and msg_1),

¢ and to asubsystem consisting of Subsystem 3 and Rev_4, preserving ‘watched for’ symbols (i.e.
Arbiter and Subsystem 2) and symbols for model checking (this case: doProc_3 and msg_4),

e finaly substitute Syst 1 Trsm Oand Syst 3 Rcv_4 inthe place of just processed components.
This way we obtain the phase-2 structural model as in Fig. 4. Notice that the phase-2 system now consists of
four components (instead of 21 components of phase-0 structural model), each of significantly reduced size.
This ‘downsizing’ the model can be continued, but each time the reduction is performed a certain conditions
have to be met [12] so that the reduction is not necessarily guaranteed. Nevertheless, in practice the degree of
reduction can be substantial.

Let the CSM product of the system from Fig. 4 be called New_System and serve as the new behavioral model
in which the temporal requirements are evaluated. New_System, obtained again with the COSMA Product
Engine, has 323 states and 1406 edges and is expected to preserve at least these functional properties of the
original, flat version which can be expressed in terms of symbols msg_ 1, msg 4, doProc_1, doProc_2,
doProc_3.
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Fig. 4. Phase-2 structural model of the system

3 Veification of the reduced model

To sum up, now we have two behavioral models of the same example system:

e Flat-product (CSM product of 21 components, obtained as described in [1]) which had 8284 states and
34711 edges,

* New_System, obtained in the above two-phase reduction procedure, with 323 states, 1406 edges.

Both models have been verified in COSMA environment. As in [1], an additional automaton Invariant was
determined to conveniently specify the verified properties. The checked properties were the following:

o Sdofety 1, saying — informally — that the number of messages within the pipeline never exceeds its
capacity and the number of messages leaving the pipeline never exceeds the number of messages
entering it,

e Liveness 1, saying — informally — that for any system state it is possible that the pipeline eventually
would get empty,

e Liveness 2, saying — informally — that for any system state it is possible that the pipeline eventually
would get full,

Experiments have been performed on PC computer with 800MHz processor and 512 MB RAM. Results are
summarized in Table 1.

Notice that both formulas referring to the liveness have been evaluated false in both (flat and reduced)
models. This negative result means that the system may enter such a state (states) that - from this state on - the
pipeline is never empty again (i.e. it never terminates the processing of messages) or is never able to process
three messages at once, which it was designed for.

The differences in evaluation times are really noteworthy: in all cases the ratio of 103 — 104 in favor of

reduced model was achieved, even though in terms of state space size the reduced model is only approximately
25 times less than the flat one.

Table 1. Summary of experiments

Flat model Reduced model
Result Evaluation time Result Evaluation time
Safety 1 True 17s. true <lms
Liveness 1 False 54s. false <1lms
Liveness 2 False 4min40s. false 60 ms

Finally, the model verification can be summarized as follows,
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e The system itself performs wrong: there must be a synchronization bug in the specification of
components. This calls for the analysis of a counterexample,

¢ The reduced model well preserves the relevant properties of the primary, flat one. Indeed, each case
the same temporal formula was eval uated the same way (true or false) in both models,

e The multi-phase reduction method provides a significant gain in the evaluation time, even greater than
the savings in the state space itself.

¢ The advantages of the evaluation algorithm used in the COSMA tool have been also confirmed. The
algorithm terminates the evaluation as soon as the result (true, false) is certainly determined. It is why
the evaluation times of rather similar formulas (1) and (2) differ by afew dozen of times.

4 Analysisof a counterexample

In the case of negative evauation, the TempoRG checker [15, 17] produces a counterexample. Often, it is a path
(a sequence of states) in the reachability graph that leads to the state where it was decided that the temporal
formula is to be certainly evaluated false. In the case of more complex temporal formulas involving several
operators, the counterexample can be a tree [15], showing which particular part of the formula (a sub-formula)
is responsible for the negative result. Tracing the consecutive states along the counterexample, the designer is
able to identify the synchronization bug.

However, in the case of reduced models, the model states can be unreadable. As a result of reduction, some
states are eliminated, remaining ones are usually renamed etc., so that the analysis of counterexample should be
based on the sequences of symbols (events) produced by the system instead of on sequences of states.

The evaluation of both formulas representing the liveness condition yields the same counterexample,
presented in Fig. 5. The counterexample itself pretends to be a CSM, in order to enable the use of animation
feature of COSMA tool. Using it, one can trace the states of individual components (and their change)
corresponding to consecutive states of an counterexample. Also, some additional symbols (not used in ‘regular’
CSM) are aso introduced as first elements of states' output field. @ marks the starting state of the formula (this
caseit issystem’sinitial state) while F and G stand for operators of sub-formulas (G standsfor AG and F stands
for AF).

(sO:ldIe:nQ:rr\Z:nZ:Cos\

50:Busy:m3:m2:n2:Cos'

50:Idle:m1:m1:n1:Ini

s 1:Busy:md:m2:n2:Ni >
s1:Busy:m5:m2:n2:Nic)

G

F

reqAccess_1
pause_0

pause_0
rdyRev_2
\@yRcv_a

Fig. 5. Counterexample to the formula AG AF in Invariant.s3

The counterexample is constructed as follows:

e it beginsin the starting state of evaluation (the initial state in this example),

* it contains sub-paths responsible for sub-formulas (which may produce atree-like counterexample),

» for four states two successors are shown: one which leads towards an erroneous state (in which the
error is possible, transition labeled with Error), the other which leads to a ‘proper’ state (transition
labeled with OK ),

« thefifth state in an upper sequence, namely s1:Busy: m5:m2:n2:Cos is referred to as a Trap. The rules
of constructing counterexamples [24] say that this state is a representative of so-called Ending Strongly
Connected Subgraph (ESCS) of states in which the most nested formula (in Invariant.state; state/7
{s0,s3}) is not satisfied. When the system falls into one of these states, the error is inevitable (the
desired state state of linvariant is never reached).

The analysis starts with finding the last one of states (in the sequence) that has two outgoing transitions: one
labeled OK and the other labeled Error. This state is referred to as a Checkpoint. In the example, it is
(sl:Busy:m4d:m2:n2:Cos), with two successors. (sl:Busy:m5:m2:n2:Nic) as ‘proper’ state and



Formal Verification of a Three-stage Pipeline in the COSMA Environment 201

(s1:Busy:m5:m2:n2:Nic) as a‘wrong’ one. Thistime, the ‘wrong’ state is actually the Trap itself, but often it is
only the initial state of a sequence of states which inevitably ends in atrap. Analysis of signals generated in the
triangle {Checkpoint, its ‘proper’ successor, its ‘wrong’ successor} reveals the nature of error. We see that in
the Checkpoint a request of access to the shared resource is generated (signal req_Access 1), and the resource is
granted to another user (signal others is present). For this state, its ‘proper’ successor does not produce others,
while in the Trap the symbol others is still present. So, OK-labeled transition (to a ‘proper’ state) is executed
only if signal others is withdrawn, otherwise the system chooses a transition to a ‘wrong’ state which leads to
the Trap. In other words, the error isinevitable, if the request (req_Access 1) isissued while other users do use
the shared resource.

Actualy, in the system the two-state dead-end subgraph (causing a livelock of the whole system) can be
found. System performs incorrectly because regAccess 1 is not stored. Recall that in the CSM framework no
implicit buffering of events is assumed: this should be provided by the model itself, e.g. by an additiona (e.g.
two-state) buffering component or by a simple modification of Proc_1. The same conclusion refers to the third
module which accesses the shared resource as well. Both modules (#1 and #3) have been easily corrected and
positively verified.

Finally, we may add that the flat product of the corrected system has 8086 states, 33588 edges instead of
8284 states and 34711 edges of the (incorrect) flat product discussed in [1]. This confirms the observation that
the better the synchronization is, the less is the behavioral model of a system.

5 Real-timedependencies

Now we may convert automata to TSCM (Timed CSM, derived from CSM as Timed Automata [18, 19]) by
adding time constraints and clock resets on some transitions in automata Proc_i and control units Main_i (Fig.
2). All time dependencies are shown as multiples of abasic time period, atick. The constraintsin Proc i (Fig. 6)
informs what is the minimal time of processing (tim1: by the constraint on the transition outgoing from the state
UseShared) and the maximal time (tim2: the constraint on self-loop of the state UseShared). The constraints are
based on a clock Ti local to Proc_i. The fixed time of staying in states in Main_i models delays in control unit.
The clock is being reset every time the automaton enters UseShared. The constraints guarantee that the time of
using a shared resource is finite. The constants timl_i and tim2 i, timl_i < tim2_i, may be specific to
subsystems 1,2 and 3. Auxiliary automaton which guarantees finite time of using the resource by others must be
modeled. Also, maximal time of atime period between generation of items should be specified.

[ N )

Process

Fig. 6. Timed automaton Proc_1

Now we may convert automata to TSCM (Timed CSM, derived from CSM as Timed Automata [18, 19]) by
adding time constraints and clock resets on some transitions in automata Proc_i and control units Main_i (Fig.
2). All time dependencies are shown as multiples of abasic time period, atick. The constraintsin Proc i (Fig. 6)
informs what is the minimal time of processing (tim1: by the constraint on the transition outgoing from the state
UseShared) and the maximal time (tim2: the constraint on self-loop of the state UseShared). The constraints are
based on a clock Ti local to Proc_i. The fixed time of staying in states in Main_i models delays in control unit.
The clock is being reset every time the automaton enters UseShared. The constraints guarantee that the time of
using a shared resource is finite. The constants timl i and tim2 i, timl i < tim2_ i, may be specific to
subsystems 1,2 and 3.
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tickb
error

Fig.7. Testing timed automaton

Auxiliary automaton which guarantees finite time of using the resource by others must be modeled. Also,
maximal time of a time period between generation of items should be specified. The model may be reduced as
earlier, but in states subject to reduction their time constraints should match.

Now, the state space may be calculated following the rules given in [20], and RCSM (Region automaton)
may be constructed from product TCSM (TCSM does not specify the succession relation unambiguously).
Basing on RCSM state space, a testing automaton may be constructed, as shown in Fig. 7. This automaton
checks if atime period between two items on output of the whole system is <0,1), <1,2), <2,3) ... ticks. If we
impose a minimal and maximal time on the system, states violating the limits should produce the error signal
(period <1 or >4 in this case).

The presented verification should be completed by atest using invariant automaton, because time constraints
may change the behavior of the system.

6 Conclusions

The advantage of the formalism of Concurrent State Machines is that in order to understand (or even to design)
the behavioral specification of a system component one has to be familiar with only afew elementary notions. a
state, a transition, an atomic symbol, a Boolean formula, a time congtraint. Generally, the semantics of an
individual CSM is not far from the conventional finite state machines or basic UML’s state diagram. However,
given acollection of such CSM components, one can select a subsystem and obtain its product, representing (in
one, large graph) all possible subsystem’s executions or runs. Consequently, the model of asystem can be
subject to forma model checking methods and techniques. This advantage is not provided by a standard
specification methods based on UML.

Moreover, as we have shown, the COSMA software environment supports the additional functional features,
like stepwise model reduction, defining behaviora invariants, imposing time dependencies etc., as well as the
means for the analysis of counterexamples. This makes the (Timed) Concurrent State Machines (and COSMA
tool) agood candidate for a convenient framework for preliminary specification of concurrent, reactive systems.
Once verified and corrected, such a specification can be refined, enhanced and otherwise developed in other
professional software development environment. Moreover, if some components are to be hardware-
implemented (which is often the case in embedded systems), the automata-like CSM specification is also close
to common forms of behavioral specification of sequential circuits.
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Abstract. This paper summarizes the current state of art in the domain of automated travel planning.
Requirements for planning systems are identified taking into account both functionality and personalization
aspects of such systems. A new agorithm that allows planning routes between any two locations and utilizes
various means of transportation is discussed.

1 Introduction

One of the areas served by information technology is the travel domain. Within this domain, much effort is
being paid to the problem of integrating Internet available information. For instance, finding transportation bet-
ween travel origin and destination is to be combined with locating suitable hotels, restaurants, etc. To achieve
this goal information already available on the Internet must be integrated into a homogenous system that allows
its exploitation. In this paper we address only one of aspects of developing an integrated Travel Support System—
preparation of travel plans that combine multiple means of transportation. For the up-to-date description of a
complete system, see[7].

Currently, within the Internet, there exist a number of systems that provide access to timetables and/or allow
performing queries for routes between two given locations. However, in most cases such systems are limited to
only one specific mean of transportation (airplane, train, bus etc.). A person who plans a trip involving an air-
plane and a train must manually search within multiple systems to find connections that together constitute a
sensible travel plan. Within such a system proposed connection must satisfy user-defined and interrelation-based
constraints. Separately, there exists software that supports traveling by combining GPS technology and digital
maps. This software is capable of searching for the shortest routes and can help while traveling [19]. Unfortuna-
tely, this software is of value only for “individual” travels that utilize means of transportation such as cars, mo-
torcycles etc. In other words, while it may be fun to watch on a GPS based display how the train is moving
across France; such a system will not help us find connection with another train or a bus that we have to catch in
Dijon. Obviously, combining travel from a*“generic” origin to a*“generic” destination (defined e.g. as a city na-
me or a zip code) becomes more complicated when it involves particular targets like a detailed home address or
a hotel. In this case the complete trip may involve one or more bus connections from home to the airport, flight
to a specific destination, atrain to the center of the city and a tram to the hotel. Thisis exactly the type of travel
scenario that we are interested in.

In the paper we proceed as follows. In the next section we summarize information about most important tra-
vel planning systems. We follow with a description of our proposed approach (in Sections 3-7). In Section 8 we
discuss some open research issues that have to be addressed for the proposed system to become truly robust.
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2 Travel Planning

2.1 Current Research Projects

While there exists a number of travel planning projects[1, 2, 3, 5, 8, 9, 10, 11, 15, 16, 21, 23], two of them are
of particular interest in the context of this paper. Both are a part of research conducted by Craig Knoblock and
his collaborators at the University of Southern California. These projects are: Heracles and Theseus [21, 23].
Heraclesis aframework designed to support creation of information agents that provide means of gathering and
integration of data for a particular domain. An example of applying this framework (described at project’s web
pages) is a system called Travel Assistant that supports planning of business trips [11]. Provided with the origin
and the destination of the travel, it is able to recommend best suiting means of transportation (taxi, private car or
airplane). If the airplane is chosen, system advises whether it is cheaper to go to the airport by a private car and
to pay for parking (for the time of being away on the trip) or to take the taxi. As an addition, Travel Assistant
presents the weather forecast for the time of arriving at the destination and selects the closest hotel to the desti-
nation airport. Travel Assistant is able to optimize plan of travel against time or price. The Theseus project, on
the other hand, allows mining information from sources available on the Internet-WWW pages in particular. It
is also capable of monitoring over time the state of atask and it detects and reacts to changes. Theseus is based
on flow charts, so it can execute queries in parallel and can also predict queries it will receive in the close future
S0 it can start execution of them in advance increasing the speed of the whole system [2, 3]. Mining of infor-
mation is achieved through wrappers dedicated to each source of information.

2.2 Hierarchical Task Networks

When speaking about planning it is difficult not to mention Hierarchical Task Networks [12, 13]. Here, the idea
how to solve the travel problem is to divide getting from place A to place B into two or more tasks of getting
from A to B through some intermediate locations. For instance, let us consider a person that wants to get from
his or her home to work. This task might be decomposed into smaller subtasks: getting from home to the bus
stop, getting from that bus stop to the bus stop next to the work and finally from the last bus stop to the place of
work. Thisis avery smple example, however often avery complicated net of (sub)tasks could be obtained. Ge-
nerally, decomposition is achieved by applying one of the predefined operators which involve conditions that
specify precisely when they can be applied.

3 Planning Algorithm-the Idea

When planning atrip one must take into account a lot of information to achieve the desired goa. Since the space
of possible solutions is extremely large, algorithm that is to be used to solve this problem hasto proceed in such
away to maximally reduce the search space. We can start from an observation how people act when planning a
trip. First, they try to find a ‘genera’ route to the destination and once this “step” is completed they search for
connections that satisfy the route that they have established. The proposed algorithm works in a similar manner.
In thefirst step, it finds out divisions of the travel into stages (where each of them has a defined both the starting
and end locations and a mean of transportation between these two locations.) In the second step, for each divi-
sion algorithm searches for possible chains of real connections that implement it is performed. (Let us clarify,
that when we talk about real connections we mean connections that involve real means of transportation, e.g. a
train or a bus; however, currently the system Is not connected with any real-world travel resources; instead, a
simulated world of travel has been created to test the proposed algorithm.) Resulting proposals are presented to
the user. Algorithm is executed once and finds as many proposals as possible (at this stage no optimization is
performed). Choosing the cheapest offer (or the fastest way) will be achieved by sorting all proposals against the
desired criteria. Finding out all solutions will take more time then a dedicated search to optimize a single crite-
rion, but will be generally faster then performing multiple searches to satisfy multiple requests that the user will
very likely issue. Let us now describe the proposed algorithm in more detail.
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4  Planning Algorithm—Step |

4.1 Conditionsof Dividing the Trip into Stages

As described above, the task of the first step of the algorithm is to prepare a set of divisions (into stages) of the
complete travel. We require that each stage must have defined (1) both start and end locations, and (2) mean of
transportation used between these two locations. What is more, we require that al stages must end where the
next stage in the division begins. For the first stage in the division we require that it starts as close as possible to
the actual beginning of the travel and for the last stage in the division to end as close as possible to the actua
end of travel (in both cases we call distances between these locations: unplanned distances).

4.2 Generation of Divisions

Let us now describe how divisions of atravel into stages are generated. Here, we utilize the idea of each travel
having one main stage, for example, a flight or a travel by atrain, and apply the Hierarchical Task Networks
approach. We create a division by finding out the main part first, and solving two subtasks recursively (from
start of the stage to the start of the main part; and from the end of main part to the end of the stage). By doing so,
we eventually obtain a complete set of divisions. We construct more then one division, because there are many
possibilities to choose the main stage (it is described in detail below). Recursive division ends at some level
when the main part covers the whole distance being divided or when there is no possibility of further division.
Having solved both subtasks it is possible to construct divisions for the given level—t is achieved by merging
each of the divisions for the first subtask, the main stage and each of the divisions of the second subtask.
Merging is possible only if (1) all stages satisfy conditions described before (geographic continuity of stages)
and (2) the sum of unplanned distances on both ends of the result chain of stages is not greater then the distance
between the start and end locations of the part being divided (since the division would increase the overall
distance the plan is needed for).

4.3 Selecting Accepted Paths

When all divisions are ready it is possible to remove some of them. First of all, it may turn out, that some
divisions are identical (thisis a result of recursion and many possibilities at each level of it). Secondly, we re-
move all divisions that imply much longer distance then the rest of them. This is done by the means of statistics.
Each division implies a distance at least as long as the sum of lines joining ends of each stage (since the straight
lines are the shortest possible routes). Divisions with the implied distance, for example, two times longer then
the average one might be removed as very often they are of lesser quality (they may be zigzagged). Further-
more, divisions that start and/or end not exactly where the travel does (unplanned distances) should be removed
if there are divisions that start and/or end exactly where the travel does (ones without unplanned distances). We
assume here that it is better for a user, if possible, to obtain only plans that start and end where he or she wanted
to. This assumption may need to be relaxed though, if we take into account discount airlines that fly to some-
what remote places. If plans do not start or end exactly where the travel does (for example, if there are no sta-
tions known to the system in the area), it would be an improvement to remove these divisions that have unplan-
ned distances much longer then the other ones, once again thisis achieved by the means of statistics. Whenever
removing possible paths it is assumed that the removal is performed only if some arbitrary number of them will
be left (e. g. 10) so we never reduce the number of possibilities too far—a relatively wide variety of proposalsis
guaranteed to be ready for the processing in the second step of our planning algorithm.

4.4 Establishing Travel Details

Let us now describe how the main stages are found. At first, proper means of transportation are chosen using
dedicated rules. These rules may decide that it is, for example, too long to go by walk, just enough to take a taxi
or too close to fly (but in some other situation flying might be just fine, if there is an obstacle in the way that
makes other possibilities impossible.) Generally, the rules decide which means of transportation would work in
the given situation and they should tend to exclude the means of transportation that would not produce any
possibilities in the second stage of the planning algorithm that is described later. Subsequently, for each of the
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chosen means of transportation the start and end of the stage are set. If the mean of transportation has no stations
(like walk or taxi) the stage covers the whole distance. If there are stations, at both ends we search for N stations
laying the closest to the start (or end). Once they are identified, the main stages are created between every
possible pair of start-end stations (under condition that such pair is not against rules used to choose proper
means of transportation; before rules where applied to a different pair of locations—t may turn out that one of
the chosen closest stations lays on another island, for example, and hence is not a wise choice any more.)

Rules applied to select specific mean of transportation may be based purely on distance between the two
given locations—different means of transportation are better for different distances. However, if some extra
information is added to the coordinates of those two locations, more sophisticated rules may be constructed. For
instance, information on continent and an island/continental part on which the given location lays, may allow
bringing better rules in—normally an airplane would not be used on short distances, unless there is an obstaclein
the way (such as a sea). Such extended information may be gathered automatically for most stations and
towns[20].

Use of rules causes the system to search for connections that lead in arather direct way to the target location.
This is generally a recommended behavior, however sometimes it might be undesirable. There might be only
one complex solution that leads in a curve-like way to the target or there might be a very attractive price offer
requiring such a route. Unfortunately, the planning system will not find it, as it will not even consider it.
However, the presented algorithm allows receiving feedback that may be used to mediate such problems-it
allows extending the list of stations searched for a given mean of transportation in the first step of algorithm by
some additional pairs of stations. These new stations are marked to be coupled only with each other, not with
any other station. Such additional pairs of stations allow making the algorithm to consider some cases it would
have normally not investigated. In this way, for instance, we address the problem of discount airlines flying
from Frankfurt Hahn rather than Frankfurt’s main airport.

5 Planning Algorithm-Step 11

In the first step of the planning algorithm divisions of travel into stages have been prepared. In the second step
these divisions are being realized by real connections.

5.1 Implementation of Divisions

Stages of a single division are completed one by one. We start from the beginning of the trip and conditions at
the end of each stage specify entry conditions for the next stage. For instance, arrival time at the station
establishes set of possible trains. Of course, the first stage requires a specia treatment, since there are no
connections leading to it. Therefore some number of connections (e.g. 5) leaving from the start location is
chosen as initial search connections (each with different next station in its schedule; and for each of them the
earliest oneis chosen). Then the search is performed until the connection arriving at the end location of the stage
is found. Search is performed by simulating travel and checking possible changes at each visited station. Not all
changes are checked as that would lead to browsing of far too many possibilities to perform the search in the
acceptable time. Once again a set of dedicated rulesis used to discard some of the potential changes to reduce
the time spent on browsing of the search space. Rules are deciding whether a particular change should be
ignored or not. They can do so taking into account various aspects. (1) These rules may easily discard
connections that definitively do not lead in the right direction. (2) They may also enforce keeping of direct
connections (so no unnecessary search is performed if a connection leading to the destination is found.) (3)
Another rule may state that it is not wise to change to the connection that have the same route but is a later one,
since this gains nothing. (4) It is aso pointless to change to alocal train if the current location is very far away
from the target destination. Other rules may be devised as well. It is obvious that the more sophisticated rules
will be, the faster the search will be performed (as they will eliminate alarger number of spurious connections).
We have to acknowledge that not al means of transportation do have stations and hence they have no
timetables (e.g. taxi). As a result, when stage with such a mean of transportation is encountered we need to
reserve a minimal required time for that stage, so that the start time for the next stage can be established. An
exact duration of that stage will be known precisely when connections for the next stage will be found—it may
turn out then, that there will be more time for the stage then previously reserved. It is crucia to always reserve
ample amount of time for such stages, otherwise it may turn out that the whole plan will not be executable.
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6 Planning Algorithm-Architecture

In Figure 1 we present architecture of the proposed planning system. Red arrows indicate a typical flow of
information in the system: at first, for given locations, divisions of travel into stages are generated, subsequently
these divisions are implemented with the real connections and eventually all the resulting proposals are being
sorted according to expected user satisfaction (personalization).
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Knowledge Geographic Timetables
Module Module Module
X 1 Tasks
Management

Module

Finder

\
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Transportation
Choosing

Rules
Module

Proposals
Judgement
Changes Module
Discarding

Rules
Module ‘
Fig. 1. Architecture of atravel planning system.

Each of system’s modules might be encapsulated by a separate agent. These agents might be divided into groups
that can operate on different computers, if there is such a need, for instance, for performance reasons. These
groups are: agents working on travel divisions, agents finding connections and agents judging the prepared
travel proposals. These groups should not be split as agents belonging to them exchange large amount of
information (thus possibly generating alot of network traffic).

6.1 Travel Division and Finding Connections

Divisions of travel into stages are generated with utilization of information provided by the following modules:
geographic module (extended location information and finding of stations situated close to the given location),
means of transportation selection module (a rule based system that provides list of appropriate means of
transportation) and expert knowledge module (responsible for providing feedback to the first step of the
algorithm, as described above). The test implementation of the planning system utilizes JESS (Java Expert
System Shell) as the rule system [22]. This allows the dynamic edition of rules without making any changes to
the remaining code of the system and thus experimenting with different sets of rules. Prepared divisions of
travel into stages are passed to the connection finder module for realization using the real connections.

Redlization of each proposed path is achieved with help of the following modules. timetables module
(provides connections passing through the given station; it might also manage a database of such connections),
tasks management module (decides in what order changes are investigated) and changes discarding rules
module (a rule-based system deciding whether to ignore the given change, also JESS-based). Realizations of all
paths congtitute proposals of travel routes prepared for the user. They are passed to the judging module and
sorted so that the best of them (according to system’s knowledge of user preferences) are going to be presented
first.

6.2 ProposalsJudgment Module

Thisisthe last of main modules of the planning system. Its task isto judge aready prepared proposals and sort
them based on likelihood of being attractive to the user. Judging proposals might be done by using case-based
logic. Each travel proposal is described as a single case containing its most important characteristics [14, 18]—
the more of them, the better. Cases, in turn, are stored in the Case Retrieval Net that allows fast retrieving cases
similar to the given one. Furthermore, each case does not have to have the same descriptors as the other ones
(e. g. one case can contain more visited stations while another case may contain details of a flight while yet
another one may involved details f travel by atrain); the net will still work perfectly. With each case there is
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a so associated a decision made by the user on the proposal it describes: it can be either acceptance (the user has
chosen this proposal as his or her final plan) or the direct statement that a proposal is unacceptable (user has
indicated that the given proposal is totally unacceptable to him or her). Each proposal being judged is
transformed into a case, which in turn is compared against cases aready stored in the net. Most similar case
from the net is chosen. User may influence the process of computing of similarity between cases by defining the
importance levels of each descriptor—this gives him or her opportunity to tune the mechanism, so it will take into
account only criteria important to the user (with proper weights). Similarity of the most similar case to the
judged one is taken as the judgment value (with a negative sign, if the decision associated with the most similar
case was a rejection). In this way each of the proposals is judged and then al of them sorted based on that
judgment. Subsequently, user browsing the list of proposals may reject some of them or choose one of them asa
plan to be executed. In both cases an additional case is created and stored in the net along with the decisions
made about it-this will extend the knowledge gathered in the net, hence over time the judging mechanism is
able to learn preferences of the user—even such that would be very difficult to learn otherwise, like that in some
regions user preferstrains and in other buses.

A screen-shot of the system as it has been implemented is presented in Fig. 2. Instead of a GIS module
(which was not available) we have implemented our own “world editor” that was used to generate worlds
characterized by features that the proposed algorithm had to deal with (e.g. islands, and peninsulas introduce
specia complexities to the system).

7 Planning Algorithm—Remaining I ssues

The optimal solution. In both steps of the algorithm the rule-based systems are used to reduce the search space
as far as possible. They prune the search tree considerably, however it may turn out that in some cases they
prevent the algorithm from finding the most optimal solutions. This is an unavoidable trade off, since deciding
not to use the rules would mean searching through the paramount number of possibilities what would in turn
made the planning process cumbersome, if not prevent it from running at all in any sensible time.
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Fig. 2. Screen-shot of the system asit is currently implemented

Planning with date of departure and date of arrival. As every trip planning system, agorithm presented here
alows user to issue travel queries that may be either given date of departure or date on which he or she has to
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reach the destination location. From the technical point of view, there are only small differences in the algorithm
in both cases—only time definitions of ‘next’ and ‘previous stations are being swapped. In the case of planning
to arrive at the given date, the planning takes place from the end toward the beginning—stages of travel divisions
are being implemented from the last to the first.

Parallel Computing. It is worth mentioning that the proposed algorithm can be easily paralelized. Even
though applied rules greatly reduce the search space, it still may turn out that there will be a massive number of
possibilities to check. Hence this feature might be important in a production environment. Possibilities of
parallel computation exist in both steps of algorithm. In the first one, subtask divisions at all levels might be
found in paralel as these are independent divisions. In the second step each change might be investigated
independently and thusin parallel.

8 FutureWork

Let us now discuss directions that the existing algorithm (that has been implemented-see Fig. 2 for the
screen-shot of its current interface—and is available from
http://mpaprzycki.swps.edu.pl/mp/cvr/research/agent.html) can be extended.

Planning trips between multiple destinations. Presented algorithm allows planning of a route between any
two random points. However, sometimes it might not be enough. For example, a person may be interested in
visiting more the just two places. In this case, the proposed algorithm could be used to find routes between any
two of these places. The problem is how to establish order of visiting these places (assuming that it is up to the
system to make such a suggestion). It is not a trivia task as it is a case of the Traveling Salesman Problem
(TSP). A simple solution is to ask the user in what particular order he or she wants to visit all locations. The
other oneisto use one of the approximation algorithms known for the TSP.

Problems of Uncertainty in Time Reservations. When describing the second step of the planning algorithm it
was mentioned that there is a need to reserve some time when encountering stage(s) with no timetables (like a
taxi) asit is not known how long these stages could last. While the idea to reserve some time for these stagesis
not so bad, the problem is that if the amount of time being reserved will turn out to be too short, the whole plan
will become impossible to complete. On the other hand, reserving too much time would cause the plan to have
unnecessary layovers. A simple solution to this problems is to utilize a distance measure and establish a
“benchmark time” e.g. for ataxi use 15 minutes for 10 kilometers and then scale it linearly. Unfortunately, this
approach has some serious disadvantages. First of all, how to establish the benchmark time (city or highway?
day or night? etc.)? Second, when scaling, how to be sure that the real distance between the start and end of the
stage is the same as the length of the straight line between these two locations? It might be possible that between
these two locations there is ariver and the bridge is in some distance. Finally, how to take into account the fact
that every day on a given street there is a traffic jam between 4pm and 6:30 pm? Better solution to that problem
must be devised.

Planning without positions of stations. To join different means of transportation there is a need to know if
stations are close to each other (can we switch from the bus to the train easily? do we need to change trains
stations-ike in Paris or Vienna?). This is easy to determine only if geographic locations of stations are
available. Without explicit joints between stations used in subsequent stages it is hardly possible to complete the
plan. Assuming these joints could be somehow available, there still would be an unavoidable increase in the
number of possibilitiesto check while searching, since only a smaller number of rules could be used. Of course,
some simple geographic information could be implicitly gathered—for instance, the continent. But the name of
island would still be a problem. Generally, geographic locations are crucia for the first step of the algorithm.
They also influence the second step, but in theory it could work without them. Since geographic locations of all
stations are not easily available at the moment, some research should be undertaken to try to devise some other
means of finding out divisions of atravel into stages.

Increasing user interaction. Another interesting aspect of planning—connected to travel personalization—is
increasing users' interactions with the system. This could be achieved either by letting them to modify the divi-
sions prepared in the first step of the algorithm or by allowing modification of prepared proposals. Modifica-
tions of the first step of algorithm would allow user, for example, to have a route leading through his favorite
city (possibly to meet with friends). From agorithm’s point of view such modifications would be transparent.
The only problem is a need to develop an intuitive graphical interface that would alow user performing such
modifications. Modifications to plans generated in the second step of the algorithm could alow user to enforce
use of some other connection, for example, if she decides the algorithm gave her not enough (or too much) time
for some stages due to the time reservations or because she would like to have more time to have a stroll in the
city. Modifications made to the prepared plans would, however, require re-planning of some parts of the route.
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9 Concluding Remarks

In this paper current state of art concerning the automated planning of atravel has been described and some of
their weaknesses have been specified. In response we have proposed an agorithm that alows preparing travel
plans utilizing multiple means of transportation. This algorithm is not limited by distances between locations it
isto plan the route for. Architecture of the solution allows easy modification and replacing modules responsible
for different aspects of travel planning. Use of Java Expert System Shell allows modification and conducting
experiments with any set of rules used to choose appropriate means of transportation when dividing the travel
into stages, and to discard some solutions proposed when realizing these divisions with real connections. The
proposed algorithm has been implemented and readers are invited to download it and experiment with. In the
near future we plan to utilize it within the context of atravel support system described in [7].
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Abstract. Emerging patterns are kind of relationships discovered in databases containing a decision
attribute. They represent contrast characteristics of individual decision classes. This form of knowledge can
be useful for experts and has been successfully employed in afield of classification. In this paper we present
the KTDA system. It enables discovering emerging patterns and applies them to classification purposes. The
system has capabilities of identifying improper data by making use of data credibility analysis, a new
approach to assessment data typicality.

1 Introduction

Knowledge discovery or data based inference is one of the most important purpose of accumulating data and
maintaining large, often only growing, databases. Emerging patterns (EPs) [2] are examples of specid
relationships observed on attribute values of items. EPs can be then analyzed by experts (supported by computer
systems) to discover new rules or relations in a given domain to understand it better. For instance EPs can be
exploited for classification purposes. It seems nowadays almost no one has to be convinced of benefits of data
mining and knowledge discovery, especialy in the business world.

But all data analysis and knowledge discovery make sense only if processed data are credible. At first, to
ensure the most possible data credibility, validity and consistency checks are used at data gathering stage. Then
in most cases, a large number of processed records are analyzed to gain some generalized information, facts,
rules. There is an unspoken assumption that most of data are correct, thus a minor, not credible part of
considered dataset will not disrupt discovered knowledge too much. Often there is so much of data that we can
reject some of them by applying some data cleaning procedures without much information loss. However, there
exist still some applications where such approach is inappropriate. As an example one can point medicine [1],
where a single record of a database can often represent an individual patient. In such a case no records can be
removed, even if there are indications that data may be corrupted. Moreover in such sensitive domains data
credibility gets its special significance. If the data based inference can have any influence on medical decisions,
it is obvious that a particular care must be taken to ensure or at least asses data credibility. One of possible
approaches is to employ some data credibility estimation mechanism which will pay expert's attention to records,
which seem to be most incredible.

In this paper we present the KTDA (shortening for KT Data Analysis) system. It is user-friendly tool for
discovering emerging patterns in data. The KTDA system implements two different algorithms of discovering
emerging patterns, proposed in [2] and [3], but with some extensions and improvements. EPs enable data
classification for which CAEP algorithm [4] is applied. Moreover, with KTDA system it is possible to assess
data credibility using credibility coefficient, as proposed in [5] and [6]. In the KTDA system an original
credibility coefficient computing algorithm was implemented. It takes into account data characteristics expressed
by discovered emerging patterns. Its details are going to be published elsewhere. The paper is organized as
follows. In Section 2 a short description of emerging patterns is given. Then, in Section 3, a brief introduction
into data credibility analysis is submitted. After presenting in Section 4 an overall view of the KTDA system and
its capabilities the paper is completed with some conclusions.
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2 Emerging Patterns

Emerging patterns are closely related to frequent patterns, widely known as frequent itemsets [ 7]. Both are kinds
of relations on attribute values discovered in datasets and both have the same form. In this paper we define a
dataset as a set of data records, each described with the same set of attributes which can be continuous (numeric)
or nominal (discrete).

A pattern consists of some terms which, in fact, are individual conditions or, in other terminology, true-false
tests. Each condition refers to a single dataset attribute and determines a set of values of this attribute satisfying
this condition. In most cases conditions for continuous attributes check whether attribute's value is less-equal or
greater then the given thresholds. A condition for a nominal attribute checks if its valueis equal or not equal to a
certain constant. A particular record agrees with the whole pattern if and only if it satisfies all conditions con-
tained in this pattern. Then we say the pattern matches to this record. The ratio of the number of records matched
by the pattern to the number of al records in the considered dataset is named the pattern support.

If we are interested what attribute's values often appear jointly we would like to discover in our dataset some
patterns with a support high enough (greater or equal then a specified support threshold). These are frequent
itemsets and they describe some characteristic features, states or relations in the dataset (at the given support
threshold). Now let us assume that our dataset contains a decision attribute. This is a typical nominal attribute
but its value denotes association of the given record to a group of records with the same value. These disjoint
groups of records create decision classes. For example, diagnosis can be a good decision attribute dividing some
patients dataset into two decision classes: healthy ones and ill ones. Now if we are interested what is distingui-
shing in one of these decision classes the frequent itemsets are not sufficient. Some of these patterns could be
common to both decision classes (high support in both classes) and do not represent a knowledge describing
only healthy class or only ill class. Really interesting are these patterns which have a high support in one
decision class and at the same time a low support in the other one. To distinguish two decision classes it is
desirable to find out such patterns which are frequent itemsets in one class and are infrequent in the other one.
These patterns are just caled emerging patterns. The decision class in which an EP has a higher support is
referred to as atarget class for this EP. In more general situation there are N decision classes and we are interes-
ted in discovering EPs for each decision class as their target class. In this case for each decision class we are
composing a temporary division of the dataset into two subsets, a first one consisting only of records belonging
to the decision class and a second one consisting of all other records (the rest of the dataset). The ratio of the
pattern support in its target class to the pattern support in the rest of the dataset is a growth rate for this pattern.

How high should be EP's support in its target class and how low in the rest of the dataset? Actual values of
support are not important. Essential is the EP's growth rate. Larger values of the growth rate denote more
characteristic EPs for its target class. In the approach proposed in [2] a growth rate threshold (greater then 1) is
arbitrary chosen and only these EPs which have the growth rates greater or equal to that threshold are discove-
red. As a result we can obtain many EPs with quite low values of both supports and till having satisfactory
value of the grow rates.

The other approach [3] is to detect only EPs with sufficient statistical significance. In this methodology the
growth rate threshold is of no importance and a significance level value parameterizes the set of results (EPS).
The significance level value is used then in a process of statistical hypothesis testing to assess statistical signifi-
cance of each inferred EP and not significant EPs are rejected. In consequence we can acquire many EPs with
lower growth rates but with higher supports and we have got the guarantee that they are all statistically signifi-
cant at the specified level.

These two approaches lead to different sets of EPs generated from the same dataset although obviously many
of patterns are the same or similar. In the KTDA system the both methods of discovering Emerging Patterns
have been implemented. The first of them utilizes maximal frequent itemsets approach [7]. Details of the algo-
rithm can be found in [2]. The second method makes use of decision trees [8]. The exact Fisher's test [9] isem-
ployed in procedure of decision tree construction as a statistical test for assessing significance. This algorithm
was proposed in [3].

3 Data Credibility Analysis

Data credibility analysis is a hew research area in a domain of knowledge acquisition. The main goal of the
research is estimating credibility of individual records of analyzed datasets and applying this expertise for
ensuring maximal data credibility. Evaluation of credibility of data is done by specialized heuristic algorithms.
Some of them were described in [5] and [6]. The most important aspect of these algorithms is unawareness on
meaning of the processed data. This makes them general, universal and ready to operate on any data. Basing on a
given dataset they assign to each data record the relative credibility estimation known as a credibility coefficient.
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Thisisjust areal number in range [0, 1]. Lower vaues indicate lower estimated credibility. The intention of the
proposed data credibility assessment algorithms is to assign lower credibility coefficients to less typical record.
They are commonly invalid, outlying or abnormal data. In any of these casesit is good to identify such records.
Invalid data are obvioudy incredible and outlying data do not match well to typical schemes so cannot be used to
infer a general knowledge. For example if in a medical application an outlying patient record denotes a special
case, he or she is going probably to be treated with some extra care and most likely will get dightly different
remedies. Since calculated credibility coefficients are relative to the analyzed dataset the system itself cannot
decide how low coefficient value denotes an incredible record. Nevertheless an expert can revise a chosen
number of records (for example: 10% of the dataset) which were given the lowest credibility coefficient. Then
he/she can make the decision how significant are the records and what to do with them (e. g. neglect, correct,
start thorough investigation of cases).

The KTDA system contains our two new, general algorithms of computing credibility coefficients: the Voting
Classifier Method and the Multi Credibility Coefficient Method. They are general because their parameters are
other algorithms. They will be described in details elsewhere.

The Voting Classifier Method computes credibility coefficients by using a voting classifier. In the KTDA
system it uses the CAEP (Classification by Aggregating Emerging Patterns) classifier [4], which is avoting one.
In this way EPs can be exploited in data credibility analysis. Some other kinds of voting classifiers, such as
neural network, SVM, k-NN, Bayesian classifiers, etc., are planned to be exploited as well for the Voting
Classifier Method.

The Multi Credibility Coefficient Method allows obtaining credibility coefficients as an aggregation of many
credibility coefficients computed by an arbitrary number of agorithms. The main idea of proposing this solution
was to gain al advantages of various approaches. Different credibility coefficient computing algorithms produce
better results in different cases. Usually it is impossible to choose the best one among them. Instead of choosing
one such algorithm it would be better to use them all and benefits from their individual advantages. This is
exactly what the Multi Credibility Coefficient Method is performing. Our initial experiments have shown that
this approach allows obtaining even better results then the best outcome of a single method, which is incorpora-
ted into the Multi Credibility Coefficient Method. In current version of the KTDA system the Multi Credibility
Coefficient Method has a fixed configuration consisting of two Voting Classifier Methods basing on CAEP and
differing in algorithms they use to discover EPs.

4 System Overview

The KTDA system has been developed for 1.5 year. It has a comfortable graphic user interface and its source
code level portability (C++) enables implementations under many different operating systems. The KTDA
system has been successfully used under Linux and MS Windows.

The KTDA system has multi-window interface architecture but its main window plays a key role in
controlling the execution of the program and managing other information windows. The KTDA system’s main
window is shown in Fig. 1 and Fig. 2. It has a very simple and intuitive interface consisting of the main menu
and two views. Object and Windows. In most cases only the File menu from the main menu is used for opening
and closing datasets. The other functions in the main menu of the KTDA system covers experiments associated
with data credibility analysis. There are as well some options which do not affect KTDA results anyhow. The
Windows view plays only supporting role and allows bringing up and down or closing other KTDA windows.
Thus the most important element of the main window is the Objects view. It shows a hierarchical view of all
objects created and processed during applying the KTDA system: opened dataset, defined decision systems
(dataset with set decision attribute), discovered emerging patterns, computed credibility coefficients, CAEP
classifiers and classification results. Each of these object types have their own icons so the view is very compre-
hensible. All operations the user can accomplish on a given object are accessible from a context menu appearing
after clicking the right button of the mouse while pointing on the object. For most object types the context menu
contains the View and the Properties items. Choosing the View item the user opens a new, dedicated view win-
dow presenting information characteristic for the selected object. Depending on the type of the selected object
view window provides an additional context-dependent functions. Example view windows are shown in Fig. 3,
Fig. 4 and Fig. 5. Choosing Properties item from the context menu the user get access to some detailed informa:
tion on the given object.



216 Roman Podraza, Krzysztof Tomaszewski

=

File Tools Options Help

@ Ohjects % wWindos I
E|’ iris
E‘ﬁl iris (decision: class) 1
Credibility coefficients 1
Pl Ermeraing Patterns 1

| S

Fig. 1. Main window of the KTDA system under MS Windows. Object view contains: dataset object (iris), decision system
object (iris (decision: class) 1), credibility coefficients object (Credibility coefficients 1) and Emerging Patterns object
(Emerging Patterns 1)
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Fig. 2. Main window of the KTDA system under Fedora Core (Linux) with GNOME window manager. Object view
contents as described for Fig. 1
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[ Jiris = view @ R
Name  sepallength sepalwidth petallength petalwidth class =
1 obj_1 5.1 3.5 1.4 0.2 Iris-setosa
2 ohj_2 4.9 3 1.4 0.2 Iris-setosa
3 i3 a7 3.2 1.3 0.2 lris-setosa
4 obj_4 4.6 3.1 1.5 0.2 Iris-setosa
5 obj 5 5 3.6 1.4 0.2 Iris-setosa
6 obj_ 6 5.4 3.9 1.7 0.4 Iris-setosa
7 obj_7 4.6 3.4 1.4 0.3 Iris-setosa
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Fig. 3. Dataset view window. Bottom part of the window contains histograms showing value distribution of individual
attributes. Histogram bins related to arecord chosen in the table are marked.

4.1 Loading a Dataset

To dart working with the KTDA system one has to decide on a dataset to be analyzed. There are two
possibilities: a dataset can be open from a file or generated by the KTDA system itself (the KTDA system
supports two types of synthetic datasets). The second case is related mainly to performing comparative
experiments, with artificial datasets having the required and known characteristics. The KTDA system can be
used for example as a generator of datasets with multivariate Gaussian distribution. KTDA can read data filesin
following formats: ARFF (WEKA program files) [11], CSV (compliant with spreadsheets like MS Excel), DATA
(UCI Repository) [12] and TAB (RSES 2 program files) [13]. This allows comparative studies with other
classification results of many other systems as well as processing of aready existing datasets.

Finally the user must choose a decision attribute which will divide the loaded dataset into decision classes.
The operation is commenced by choosing Create a decision system option from the dataset context menu. In the
KTDA system one can define many decision systems with different decision attributes what allows data analysis
from many perspectives.

4.2 Discovering Emerging Patterns

Discovering EPs is available through Discover Emerging Patterns By... item from the decision system object
context menu. There are two agorithms to choose: Maximal frequent itemsets based algorithm and Decision
tree based algorithm. Selecting one brings up a particular configuration dialog. The algorithm based on maximal
frequent itemsets requires four parameters:

» Minimal EP Growth Rate — growth rate threshold for mined EPs;

» Minimal EP support in target class — specifies an initial support threshold in EPS target classes;

- Minimal-EP-support increase per iteration — specifies a support threshold increase per main algorithm
iteration. Each iteration runs with EP support threshold in target class calculated as support threshold from
previous iteration (starting with value equal to Minimal EP support in target class) increased by this para-
meter value. Less this parameter is, more iterations are performed and more EPs can be discovered;

» Reduce discovered EPs — a two-stage switch whether to reduce set of discovered EPs or not.

Default values of these parameters should give the best results with relatively short computing time for most
cases. All parameters in the KTDA system can be set through comfortable and easy to use dialog windows.
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EP discovering agorithm based on a decision tree has a much simpler parameterization. Moreover, our
experiments have shown that this algorithm is significantly insensitive to values of the parameters, so the default
ones should be sufficient almost in every case. These parameters are as follows:

- Split significance level—-determines a significance level used in checking the significance of splits considered
during a decision trees constructing;

- EP significance level—a significance level used to test if EPs extracted from decision trees are statisticaly
significant.

The user can examine discovered EPs with their growth rates and supports in target classes and in the rest of
the dataset. EPs view window is shown in Fig. 4. The KTDA system allows exporting them to a CSV file
(through menu File in the view window). By choosing Create a CAEP option in the context menu of EPs object
one can obtain a CAEP object. It may be used to conduct a classification of dataset objects. It may be also used
to compute credibility coefficients through the Voting Classifier Method. But the KTDA system provides much
shorter and more practical way to do this. It is described in the next section.

D Emerging Patterns 1 - view (1) O
Eile
Target class Emerging pattern Growth rate Target support Rest =
1 sepallength > 5.45, sepallength <= 6.5, sep;inf 10 % 0%
2 Iris-setosa sepallength <= 5.45, sepalwidth > 2.8 88 88 %% 1%
3 Iris-setosa sepalwidth > 3.35 10 60 % 6 %
4 Iris-setosa petallength <= 2.45 inf 100 % 0%
5 Iris-setosa petalwidth <= 0.8 inf 100 % 0%
6 Iris-versicolor sepallength > 4.7, sepallength <= 6.25, sep: 6.22222 56 % 9%
7 Iris-versicolor sepallength > 5.45, sepallength <= 6.25 3.52041 60 % 17 %
8 Iris-versicolor |sepallength <= 7.1, petalwidth > 0.8, petalw 24.5 98 % 4%
] Iris-versicolor petallength > 2.45, petallength <= 4.95, petz inf 04 % 0%
10 Iris-virginica  sepallength > 6.15, sepallength <= 7.05 3.375 54 % 16 %
11 Iris-virginica  sepallength > 7.05 inf 24 % 0%
12 Iris-virginica  sepallength <= 6.5, petallength > 4.75, petal 8 16 % 2%
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.
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Fig. 4. View window for discovered Emerging Patterns

4.3 Computing Credibility Coefficients

To calculate the credibility coefficients one simply chooses Compute credibility coefficients item from a decision
system context menu. Then there are two choices of algorithm to be used: Voting classifier method based on
CAEP classifier or Mutli credibility coefficient method. In the first method there is one more dialog consisting of
choosing EP discovering algorithm and configuration parameters of this algorithm. It was described in the
previous section. Since in the current implementation of the KTDA system Muitli credibility coefficient method
has a fixed configuration, in the second case there is nothing more to set up. After computations a new credibility
coefficients object appears in the Objects view of the main window. The View menu item from the credibility
coefficients object context menu launches a speciaized view window (Fig. 5). Marking of records with the
lowest values of credibility coefficients attracts attention of the user to the data requiring a specia care and/or
handling. There are two modes of record marking. The user can select marking of al records that have
credibility coefficient values less or equal to a given threshold. The second option is marking a specified part of
the dataset, consisting of records with lowest credibility coefficients. Especially the latter mode seems to be
useful as we rather would like to inspect some minor fraction of all records that are probably the most incredible.
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[< | credibility coefficients 1 - view (1) ey
FEile
Object | Credibility coeff. sepallength sepalwidth | petallength petalwidth class
15 uoy_L3 U.7331uy J.0 “ L.£ UL IMS-5EL05d
16 obj_16 0.63527 5.7 4.4 1.5 0.4 Iris-setosa
17 obj_17 0.701441 5.4 3.9 1.3 0.4 Iris-setosa
18 obj_18 0.916644 5.1 3.5 1.4 0.3 Iris-setosa
10 [BSEEY 0551503 5.7 3.8 17 03 Iris-setosa
20 obj_20 0.887243 5.1 3.8 1.5 0.3 Iris-setosa
21 obj_21 0.681543 5.4 3.4 1.7 0.2 Iris-setosa
22 obj_22 0.850234 5.1 3.7 1.5 0.4 Iris-setosa
23 obj_23 0.977609 4.6 3.6 1 0.2 Iris-setosa
2a [ 0530457 5.1 33 17 05 Iris-setosa
25 obj_25 0.695747 4.8 3.4 1.9 0.2 Iris-setosa
26 obj_26 0.836945 5 3 1.6 0.2 Iris-setosa
27 obj_27 0.812698 5 3.4 1.6 0.4 Iris-setosa
28 obj_28 0.949474 5.2 3.5 1.5 0.2 Iris-setosa
e mki 20 Nno1nYeE2 c2 24 1A na Iric catne- J
Mark objects...
...with Credibility Factor less-equal to the threshold [0.0, 1.0: [os
@ _.with least Credibility Factors. Mark at least this part of all [%]: 10

|Marked objects: 16 (10.67%)

Fig. 5. Credibility coefficients view window. Among visible ones records 19 and 24 are marked according to marking
condition specified in the bottom panel of the window

As it was described above the whole process of data credibility analysis using the KTDA system is simple and
easy and does not demand any sophisticated knowledge from the user. Even quite inexperienced user can
process data with the KTDA system to recognize the records seeming to be not typical and having the lowest
estimated credibility. The decision what to do with such recordsis up to the user.

4.4 Other Functions

The KTDA system has some more auxiliary functions. These aid in performing many experiments with
discovering EPs, classification based on EPs and credibility coefficient calculation algorithms. They have been
used in different research undertakings. For example these auxiliary capabilities maintain adding some false,
randomly generated records to the loaded dataset and checking whether they were properly identified by
relatively low credibility coefficient values.

The KTDA system can be used as a data analysis system or as a research and educational tool. It supports
performing the following automatic experiments:

» classification experiment—it can be carried out to observe how modifications of a given parameter of a parti-
cular EPs discovering agorithm influence the quality of classification accomplished by the CAEP classifier
on abasis of the revealed patterns;

» false object detection experiment—it's purpose is to test how many generated false records are successfully
identified by a certain credibility analysis method in respect to a number of false records inserted to a
genuine dataset and parameters for the false record generator;

« credibility coefficient and probability experiment—it is performed to analyze correlations between credibility
coefficient values and probability values for records of generated synthetic datasets, in which the
probabilities are known. Such experiments are carried out to prove and/or assess a correctness of algorithms
for evaluation the credibility coefficients - lower credibility coefficients should be assigned to less probable
(more unusual) records.

These are automatic experiments, since each of them can be automatically repeated a required number of
times and the results from all iterations are averaged to circumvent an influence of random fluctuations caused
by applying a pseudorandom number generator. Other (non-automatic) experiments require some planning and
user assistance.
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4.5 Technology

The entire KTDA system was implemented in 1ISO C++ programming language [14] what benefited in high
performance and source code level portability. The portability is preserved even by the graphic user interface as
it utilizes wx\Widgets [10] library—a portable and open-source GUI toolkit. The system can be compiled on
amost any platform that has a contemporary C++ compiler and the standard C/C++ library. Implementations of
the KTDA system were run under MS Windows and Linux (Fedora Core 3) operating systems.

All tools and libraries needed to compile KTDA are free and open-source. By choosing Linux operating
system and GCC compiler one obtains absolutely free and stable platform for using the KTDA system. Moreover
the KTDA system has relatively low hardware requirements. For quite a long time it has been developed on a
machine with only 64 MB of RAM and a CPU of 400 MHz.

5 Conclusions

The KTDA system general description and its capabilities were presented in the paper. The KTDA system is
technologically advanced but easy to use and user-friendly tool for data analysis. Its fundamentals are based on
emerging patterns concept, relatively novel form of knowledge discovered in databases. Some introductory
information on emerging patterns was submitted in Section 2. Two different algorithms for discovering emerging
patterns were put into practice in the KTDA system. Comparative studies of these two approaches can be very
beneficial for researchers and experts.

The KTDA systemis also atool for data credibility analysis. The paper presents essentials of the research and
briefly explains its target and a methodology of credibility coefficients. The KTDA system suppors our two
innovative algorithms for computing credibility coefficients: Voting Classifier Method and Multi Credibility
Coefficient Method. The first one of them employs emerging patterns in generating the measure of credibility.
The second algorithm is much more general and applies cooperation of many credibility coefficient calculating
methods to obtain better results of credibility coefficients. The KTDA system only partialy utilizes its
advantages as in a current version it support only Voting Classifier Method with different parameterizations (EP
discovering agorithm). We believe that Multi Credibility Coefficient Method used with broader set of credibility
coefficients computing algorithms will increase data credibility analysis quality.

The system can be employed to work with amost all data having a tabular form, for example stored in a CSV
file. A presence of predefined decision attribute is not required as the program allows to temporarily define one.
The ability to define many different decision attributes enables to discover emerging patterns related to different
aspects of processed data. Although the medicine was the primary inspiration for a data credibility analysis
research the KTDA system is suitable not only for medical applications. It is universal and can be applied in
amost every domain.

To fairly evaluate advantages and drawbacks of the KTDA system some more experience has to be gained.
The perspectives are promising. The KTDA system is an interesting novelty in the field of data classification.
The rules inferred from the dataset can be supplemented by the exceptions identified by credibility assessment
tools. Experiment-oriented bias of the KDTA system makesiit attractive for research and educational purposes.
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Abstract. In Java programming language as implemented in JDK 5.0 there appear rather ad-
vanced kinds of polymorphism, even if they are hidden under different names. The notion of poly-
morphism unifies many concepts present in typed programming languages, not necessary object-
oriented. We briefly define some varieties of polymorphism and trace them in Java. Java shows
that “industrial” programming languages are able to express more abstract patterns using rather
involved theoretical means, hence the “working programmer” has to be better educated in order to
understand them, recognize them in different programming languages under different names and
superficial syntax, and make good use of them.

Monsieur Jourdain.

Par ma foi! il y a plus de quarante ans que je dis de

la prose sans que j’en susse rien, et je vous suis le
plus obligé du monde de m’avoir appris cela.

Moliére

1 Introduction

Polymorphism (gr. moAvs = many + popen = form) in general means “multiform” and allows the same
code to be assigned multiple types. This may be achieved in many ways, hence there are varieties of poly-
morphism in computer science and still new kinds of it are being proposed, but most of them are known
only to theoreticians. The unqualified term “polymorphism” may cause some confusion, since among
programmers it is often used to mean concrete kinds of polymorphism. For object-oriented programmers
it almost always means inclusion polymorphism, for functional programmers—shallow parametric poly-
morphism, for theoreticians it usually means impredicative parametric polymorphism, as used in System
F (called also polymorphic or second-order lambda-calculus). The “working programmer” usually identi-
fies this term with inclusion polymorphism, but it does not mean that he did not unconsciously use other
kinds of polymorphism (vide monsieur Jourdain, who all of his life has spoken prose not being aware of
this fact). Our goal is to disclose other kinds of polymorphism which may be found in Java in order to
make these mechanisms more accessible to the working programmer.

Since a long time people discussed how to include in Java programming language parametric polymor-
phism which allows abstracting over types. Some proposals were considered, among them GJ [2]. However
it turned out that importing this mechanism from functional programming languages, e.g. Standard ML,
raises some problems in connection with inclusion polymorphism. Thorup and Torgersen [13] proposed
a variant of bounded polymorphism which integrates the merits of virtual types with F-bounded poly-
morphism. Their type system has been further developed, formalized, and proven sound by Igarashi and
Viroli [10] within the Featherweight GJ calculus [9]. This mechanism in now available in JDK 5.0. Its
short description can be found e.g. in [3,14].

2 Varieties of Polymorphism

Many kinds of polymorphism can be found in modern programming languages. Below we provide neces-
sary definitions (somewhat simplified, but suitable for this paper) and shortly characterize polymorphisms
discussed in this paper.

Objects are programming units that associate data (called instance variables) with the operations
(called methods) that can use or affect these data.

223
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Classes are extensible templates for creating objects, providing initial values for instance variables
and the bodies for methods. New objects can be created from a class with the new operator.

In terms of implementation we can recognize universal polymorphism when the same code is executed
for any admissible type, whereas in case of ad-hoc polymorphism different code is executed for each type.
There are two major kinds of universal polymorphism: parametric and inclusion polymorphism, and two
major kinds of ad-hoc polymorphism: coercion and overloading.

Parametric polymorphism allows a simple piece of code to be typed “generically”, using variables in
place of actual types. These type variables are instantiated with concrete types. Parametric polymorphism
guarantees uniform behavior on the range of types.

In inclusion polymorphism an object can be viewed as belonging to many different classes that need
not to be disjoint; that is, there may be inclusion of classes. Inclusion polymorphism models subtyping
and subclassing (inheritance).

Subtyping. The type of an object is just the set of names and types of its methods. We say type S is
a subtype of T (written S <: T), if a value of type S can be used in any context in which a value of type
T is expected. We say T is a supertype of S if S is a subtype of T. Subtyping relation should be reflexive
and transitive. Because values may have multiple types in languages supporting subtyping, we say these
languages support subtype polymorphism. Object types fit naturally into the subtype relation.

Subclassing (inheritance). Classes are used not only to create objects, but also to create richer sub-
classes by inheritance that allows new classes to be derived from old ones by adding implementations of
new methods or overriding (i.e. replacing) implementations of old methods. Subclass relation is defined
analogically to the subtype relation. We will write S <: T to mean also that class S is a subclass of T,
which is a superclass of S. The meaning of “<:” should be clear from the context. The reference to an
object of a subclass can be used anywhere that a reference to an object of its superclass is expected.

In general we have two hierarchies, one induced by inheritance, the other one corresponding to the
subtyping relation. These two hierarchies are, in principle, completely distinct, e.g. in Objective Caml [11],
but in many typed object-oriented languages the two hierarchies coincide.

Bounded polymorphism integrates parametric and subtype polymorphism, and allows restriction on
type variables by specifying upper and/or lower bounds.

Ad-hoc polymorphism allows to use the same name for different piece of code that may behave in
unrelated ways for each type.

Coercion is a semantic operation that converts an argument to the expected type in a situation that
would otherwise result in a type error. The special well-known case of coercion is promotion.

In overloading the same name is used to denote different functions or methods and the context is
used to decide which function or method is denoted by a particular instance of the name.

In languages with subtyping we differentiate at least two disciplines of method (or function) selection:

early binding is based on static (compile-time) type information;

late binding is based on dynamic (run-time) type information.

Classification of type systems can be found in [5], see also [6]. Theoretical foundations of type systems
in programming languages are contained in monographs [1,4,7,12].

3 Polymorphism “ad hoc”

There are two major kinds of ad-hoc polymorphism: overloading and coercion, but the boundary between
them in many cases is not sharp and depends on the implementation.

3.1 Operator Overloading

Operators for arithmetical operations in Java are overloaded for all numeric types and strings, but both
arguments must be of the same type. In the expression ‘5+3.4’ operator ‘+’ denotes addition of two
numbers of type double and left argument is coerced to the type double. In the expression ‘5+3.4F’
two numbers of type float are added with appropriate coercion of the left argument. Of course different
object code is generated by the compiler in both cases. However, one may imagine that operator ‘+’
is overloaded for four combinations of argument types (int and double). The same situation may be
observed for other arithmetic operators.

In this example we may consider the same expression to exhibit overloading or coercion (or both),
depending on implementation decision.
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3.2 Method Overloading

Most object-oriented programming languages, including Java, allow programmers to overload method
names on classes. A method name is overloaded in a context if it is used to represent two or more distinct
methods, and the method represented by the overloaded name is determined by its signature, like the
method name m from the class C defined below. As long as their signatures are different, Java treats
methods with overloaded names as though they had completely different names. The compiler statically
(using early binding) determines what method code is to be executed.

public class C {
void m( ) { System.out.print("C.m() "); }
void m( C other ) { System.out.print("C.m(C) "); }

In Java, the overloading can happen when a method in a superclass is inherited in a subclass that
has a method with the same name, but different signature.

public class SubCOverload extends C {
void m( SubCOverload other ) // overloading m
{ System.out.print("SubCOverload.m(SubCOverload) "); }

Class SubCOverload has three overloaded methods with name m.

public class TestOverload {
public static void main(Stringl[] args) {
C c =new CQ;
C c1 = new SubCOverload();
SubCOverload sc = new SubCOverload();
System.out.print(" c: ");
c.m(); c.m(c); c.m(cl); c.m(sc); System.out.print ("\ncl: ");
cl.m(Q); cl.m(c); cl.m(cl); cl.m(sc); System.out.print("\nsc: ");
sc.m(); sc.m(c); sc.m(cl); sc.m(sc); System.out.println();

Executing code of the class TestOverload we obtain the following result.

c: C.m() C.m(C) C.m(C) C.m(C)
cl: C.m() C.m(C) C.m(C) C.m(C)
sc: C.m() C.m(C) C.m(C) SubCOverload.m(SubCOverload)

It illustrates the fact, that the class SubCOverload has three overloaded methods m, and that Java
uses early binding for overloaded methods.

3.3 Coercion between Primitive Types and Wrapper Classes

The type of an object is just the set of names and of its methods. In Java these types are called reference
types (since objects in Java are accessed exclusively by references). But Java has also primitive types like
int, double, or boolean. Values of these types are not objects, but for each primitive type there exists
wrapper class, e.g. Integer, Double, Boolean, which can be used in contexts where primitive types are
not allowed.

Converting between primitive types, like int or boolean, and their wrapper classes like Integer and
Boolean was very annoying in old Java. Unfortunately, these back and forth conversions could not be
avoided since only objects can be stored in collections. Below the essential part of the wrapper class
Integer is shown.

public final class Integer {
private int i;
public Integer(int i) { this.i = i; }
public int intValue() { return i; }

}
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The following code illustrates the operations of “wrapping” and “unwrapping” integer value.

Integer wil = new Integer(5); // wrapping
int i1 = wil.intValue(Q); // unwrapping

Using autoboxing/unboxing mechanism the code is much more concise and easier to follow. This is
an example of coercion, hence ad-hoc polymorphism.

Integer wi2 = 5; // autoboxing
int i2 = wi2; // unboxing

In old Java (without generic types) the terms subtype and subclass were basically interchangeable, but
in Java 5.0 this relationship is more complicated, as we shall see later.

4 Polymorphic Classes

4.1 Inclusion Polymorphism

Suppose we want to define a class which provides the basic functionality of a pair without regard for
specific types. In old Java this could have been done using inclusion polymorphism. We had to define
a pair whose both elements are instances of the Object class, since every class in Java inherits from it,
hence every object can be stored in such a pair.

public class ObjectPair {
private Object el;
private Object e2;

public ObjectPair(Object el, Object e2)

{ this.el = el; this.e2 = e2; }

public Object getFst() { return el; }

public Object getSnd() { return e2; }

public String toString() { return "(" + el + ", " + e2 + ")"; }

Unfortunately, when we use this class, downcasts (with time and memory overhead) are required.

ObjectPair p;
p = new ObjectPair("Five", new Integer(5));

String numeral = (String) p.getFst();
Integer number = (Integer) p.getSnd();

p = new ObjectPair(new Integer(5), "Five");
numeral = (String) p.getFst(); // throws ClassCastException

Java compiler generates code, which checks dynamically correctness of downcasting operation and pos-
sibly throws ClassCastException. This affects program efficiency.

Method overriding with late binding exhibits quite different behavior than method overloading with
early binding. When “object-oriented working programmer” speaks about polymorphism, he usually
refers to this mechanism. In Java, when a method is redefined in a subclass with exactly the same
signature as the original method in the superclass then we have overriding and the binding of method
calls occurs at run time (late binding). If the new method has the same name, but different signature,
then we have overloading as described in Subsection 3.2 and the binding occurs at compile time (early
binding).

In the example below both classes SubC10verride and SubC20verride inherit from the class C,
defined in Subsection 3.2, and they override (redefine) inherited method m.

public class SubClOverride extends C {
void m( ) { System.out.print("SubClOverride.m() "); }
}
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public class SubC20verride extends C {
void m( ) { System.out.print("SubC20verride.m() "); }
}

In the code below the list of instances of these classes is traversed, and for each object its method m
is invoked. This method prints the name of a class in which its body has been defined. LinkedList is
a standard collection, which contains instances of class Object. We need downcasting (C)i.next () to
make use of method m. This is a typical program with collections and inclusion polymorphism.

import java.util.x*;
public class TestOverrideIncl {
public static void main(String[] args) {
LinkedList 1 = new LinkedList();
1l.add(new CQO));
1.add(new SubC10verride());
1.add(new SubC20verride());
for (Iterator i = 1l.iterator(); i.hasNext(); ) {
( (©)i.next()).mQ;

}
System.out.println();

Program output is given below. Observe, that the code of the method m comes from classes objects
are instantiated, and not necessary from class C, to which they were downcast. This proves that late
binding was used (in C++ terminology these methods are virtual).

C.m() SubCilOverride.m() SubC20verride.m()

Unfortunately, downcasting is always dangerous, since there is no guarantee that all objects in the
collection are instances of class C (or its subclasses).

4.2 Parametric Polymorphism
A class for a pair can be defined using parametric polymorphism (or generic class in Java terminology).

public class Pair<A, B> {
private A el;
private B e2;

public Pair(A el, B e2)
{ this.el = el; this.e2 = e2; }

public A getFst() { return el; }

public B getSnd() { return e2; }

public String toString() { return "(" + el + ", " +e2 + ")"; }
}

Below this class is used to create a pair for strings and integers. In Java generic class can be instantiated
with reference types only. We do not need downcasting. All type checking is done statically during
compilation and ClassCastException will never be thrown.

Pair<String, Integer> p;

p = new Pair<String, Integer> ("Five", 5);

String numeral = p.getFst();
Integer number = p.getSnd();

The code below illustrates the advantages of Java generics over code which uses inclusion polymorphism
(class TestOverrideIncl from the previous section). Again, there are no casts. Notice also shorter form
of the for loop.
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import java.util.x*;
public class TestOverrideParam {
public static void main(String[] args) {
LinkedList<C> 1 = new LinkedList<C>();
1.add(new C(O));
1.add(new SubC10verride());
1.add(new SubC20verride());
for (C e:1) { // read: for each e of type C in 1
e.m();

}
System.out.println();

}

This is a typical program with collections and parametric polymorphism.

4.3 Integrating Parametric and Inclusion Polymorphism

Java 5.0 integrates parametric and inclusion polymorphism as illustrates class PairMut. It extends func-
tionality of class Pair with two new methods, which allow to change objects stored in a pair.

public class PairMut<A, B> extends Pair<A,B>{
public PairMut(A el, B e2) { super(el, e2); }
public void setFst(A e) { el =e; }
public void setSnd(B e) { e2 = e; }

5 Implementation of Generics

When generating bytecode for a generic class, Java compiler replaces type parameters by their erasure.
Basically, erasure gets rid of (or erasures) all generic type information, and generates one bytecode for a
generic class, which contains nothing but ordinary types, and which is executed for each instantiation of
this class. This guarantees backward compatibility with legacy code. For an unbounded type parameter
its erasure is Object. For an upper-bounded type parameter its erasure is the erasure of its upper bound.

With the addition of generics, the relationship between subtyping and subclassing has become more
complex. In the code below (references to) objects pS and pI have distinct types (Pair<String, String>
and Pair<Integer, Integer>, respectively), but are instances of the same class Pair, which is called
raw type. All reference types in old Java were raw types in this terminology and they are legitimate in
Java 5.0.

Pair<String, String> pS = new Pair<String, String>("fst","snd");
Pair<Integer, Integer> pI = new Pair<Integer, Integer>(1,2);

System.out.println(pS.getClass()); // prints: class Pair
System.out.println(pI.getClass()); // prints: class Pair
System.out.println(pS instanceof Pair); // prints: true
System.out.println(pI instanceof Pair); // prints: true

Consequently, the expression pS instanceof Pair<String, String> is illegal and gives rise to the
compilation error 7illegal generic type for instanceof”.

This erasure implementation enforces some limitations on generics in Java, e.g. type variables in
parametric polymorphism cannot be instantiated with primitive types. This limitation is not serious in
presence of autoboxing/unboxing mechanism.

For comparison, templates in C++ are generally not type checked until they are instantiated. They
are typically compiled into disjoint code for each instantiation rather then a single code, hence problems
arise with code bloat, but type variables can be instantiated with primitive types.
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6 Generic Types are not Covariant

We say that type operator G is covariant (or that subtyping is covariant for G) if S <: T implies G<S>
<: G<T>. We call it is contravariant if S <: T implies GKT> <: G<S>. We say that G is invariant if the
conjunction of § <: Tand T <: S implies G<KS> <: G<T>.

Subtyping is invariant for generic types. We show only why it cannot be covariant. Suppose we want
to have a method that prints elements of any pair. Here is a naive attempt using generics:

public static void printPairOfObjects(Pair<Object,0bject> p) {
System.out.println( "(" + p.getFst() + ", " + p.getSnd() + ")");
}

The problem is that it only works for Pair<Object,0bject> which is not a supertype of all pairs!
Compiling the following code we obtain compilation errors in lines 2 and 3.

PairMut <String, Integer> pSI;

pSI = new PairMut <String, Integer> ("Five", 5); // 1
printPair0fObjects(pSI); // 2
PairMut<QObject, Object> p00 = pSI; // 3: incompatible types

Suppose that assignment in line 3 was accepted. Then the following instructions must also be accepted.

p00.setFst(new Object()); // 4
String s = pSI.getFst(); // 5

Accessing pair pSI through the alias p00 arbitrary object can be inserted to the pair, as was done in
line 4. Now in line 5 we attempt to assign an Object to a String! For the same reason line 2 is illegal.

The argument against covariant subtypig for generic classes also applies to arrays, but Java actually
permits covariant subtyping of arrays. This feature is now generally considered a flaw in the language
design, since it seriously affects the performance of programs involving arrays. The reason is that the
unsound subtyping rule must be compensated with a run-time check on every assignment to any array,
to make sure the value being written belongs to the actual type of the elements of the array. If this
type checking fails, the ArrayStoreException is thrown. In the example below we refer to classes C
and SubCOverload defined in Subsection 3.2. Assignment arrC = arrSC is legal, because of covariant
subtyping: SubCOverload <: C hence SubCOverload[] <: C[].

SubCOverload[] arrSC = {new SubCOverload(), new SubCOverload()};
C[] arrC = arrSC;

arrC[0] = new CQ);

arrSC[0] .m(new SubCOverload()); // throws ArrayStoreException

Since arrays in Java are covariant, but generic types are invariant, one cannot create an array of a
generic type using named variables (but unbounded wildcards are allowed). The declaration:

Pair <Integer, Integer>[] iPArr = new Pair <Integer, Integer>[5];

is illegal and causes compilation error “generic array creation”.

7 Wildcards and Bounded Polymorphism

The supertype of all kinds of pairs is Pair<?, 7>, where wildcard ‘?’ stands for some unknown type. Here
is the code for our printing method.

public static void printPair(Pair<?,?> p) {
System.out.println("(" + p.getFst() + ", " + p.getSnd() + ")");
}

¢

Syntactically, a wildcard is an expression of the form ‘?’; possibly annotated with an upper bound, as
in ‘? extends T’, or with a lower bound, as in ‘? super T’. As demonstrated in Section 6 subtyping
is invariant for parameterized types. Using wildcards one may also express covariant and contravariant
subtyping. Parameterized types with extends-bounded wildcards give rise to covariant subtyping: if A<:B



230 Zdzistaw Splawski

then G<?7 extends A> <: G<7 extends B>. Dually, super-bounds give rise to contravariant subtyping:
if A<:B then G<? super B> <: G<?7 super A>.

Similarly one can specify upper bounds for named type parameters ‘S extends Foo’. In the absence
of a type bound, a type parameter is assumed to be bounded by Object. Only wildcards can have lower
bounds. A named type parameter can have more than one upper bound, but wildcard can have only a
single (upper or lower) bound.

8 Polymorphic Methods

Methods can also be made generic, independently of the class in which they are defined by adding a list
of formal type arguments to its definition. Suppose we want to write static utility method max, which
returns greater of its two arguments. Static methods are outside the scope of class-level type parameters
(this is another limitation caused by erasure semantics), so we have to use generic method, parameterized
by a type of its argument. But arguments must be comparable, hence the type must specify appropriate
method for comparison, which can be assured by a bound.

Java standard library contains generic interface Comparable<T>.

public interface Comparable<T> {
public int compareTo(T o);

}

It specifies a method that compares ‘this’ object with the specified object for order.
Here is our polymorphic method we were looking for:

public class Test{
public static <T extends Comparable<T>> T max(T el, T e2) {
return el.compareTo(e2) > 0 7 el : e2;

}

public static void main(String[] args) {
System.out.println(max("Adam", "Dick"));
System.out.println(max(6, 2)); // autoboxing to Integer

Notice, that when extends is used to denote a type parameter bound, it does not denote a subclass-
superclass relationship, but rather a subtype-supertype relationship.

9 Conclusions

The notion of polymorphism unifies many concepts present in typed programming languages. We briefly
defined some varieties of polymorphism and traced them in Java 5.0. Java shows that “industrial”
programming languages are able to express more abstract patterns using rather involved theoretical
means, hence the “working programmer” has to be better educated in order to understand them, recognize
them in different programming languages under different names and make good use of them. Programmers
are often unpleasantly surprised when a mechanism exhibits different behavior in another language, or
if different names turn out to denote the same mechanism.

It would be also interesting to compare polymorphic features of some other “industrial” programming
languages (e. g. C++, C#) from more abstract perspective than used in manuals or tutorials. “Working
programmer” should have a command of many programming languages which quickly evolve, and deeper
understanding of underlying concepts would greatly alleviate his task.
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Streszczenie. W artykule przedstawiono procedurg oceny efektywnosci planowanego przedsiewzigcia
wdrozeniowego systemu klasy ERP APS (Advanced Planning and Scheduling, Advanced Planning Systems)
w $rednim przedsi¢biorstwie produkcyjnym. Proponowane podejscie, uwzgledniagjac aktualny stan przygoto-
wan rozwazanego przedsi¢biorstwa do wdrozenia wraz z istnigjacymi ograniczeniami wdrozeniowymi, poz-
wala okresli¢, czy wdrozenie danego systemu informatycznego gwarantuje realizacje przyjetego przez to
przedsiebiorstwo celu. Zastosowanie zbioréw rozmytych pozwala przy tym modelowa¢ subiektywne prefe-
rencje przedsiehiorstwa wobec systemu oraz zwiazane z przysztoscia warunki niepewnosci.

1 Wstep

Konwencjonalne systemy klasy ERP (Enterprise Resource Planning — Planowanie zasobow przedsichiorstwa)
tylko w ograniczonym zakresie spetnigja swoje podstawowe zadanie — efektywnego planowania i sterowania
zasobami w przedsiebiorstwie — w szczegélnosci w obszarze produkcji i logistyki. APS (Advanced Planning
and Scheduling, Advanced Planning Systems - Zaawansowane planowanie i harmonogramowanie, Systemy za-
awansowanego planowania) stanowi nowa generacje systemoéw o znacznie udoskonalong funkcji planowaniai
sterowania [6]. Oferowane na rynku oprogramowania moduty APS w postaci rozwiazan zintegrowanych
w ramach systemu ERP, wykorzystujac dane z ERP, umozliwiaja optymalizacje produkcji i procesow logistycz-
nych, symulacje, oraz planowanie i harmonogramowanie w czasie rzeczywistym, wspierajac procesy decyzyjne
(por. [4, 6, 8, 12]).

Proces wdrozenia zintegrowanych systeméw zarzadzania jest inwestycja informatyczna o duzym stopniu zto-
zonosci, diugotrwata, kosztowna, wymagajaca wielu przygotowan przedsiebiorstwa i dobrej organizacji prac,
bez ktorych stgje si¢ przedsiewzieciem bardzo ryzykownym (por. [1], [5], [10]). W konsekwencji producenci
oferujacy systemy ERP APS zmuszeni s do uzalezniania zar6wno terminu jak i kosztu przedsiewzigcia wdro-
zeniowego od aktualnego stanu przygotowan danego przedsiebiorstwa. Przedsiebiorstwa produkcyjne nato-
miast, dazac do uzyskania okreslonej poprawy wynikéw swojg dziatalnosci w zatozonym terminie i budzecie,
staja przed koniecznoscia wdrozenia oraz wyboru odpowiedniego rozwiazania, sposrod szerokigj oferty rynko-
wej. Zachodzi wiec potrzeba dokonania takigj oceny efektywnosci planowanego przedsiewziecia wdrozeniowe-
go, ktéra uwzgledni subiektywne potrzeby i wymagania przedsiebiorstwa wobec systemu oraz aktualny stan
przygotowan przedsiebiorstwa do wdrozeniawraz z istniejacymi ograniczeniami wdrozeniowymi.

Proponowane w pracy podejscie zwiazane jest wigc z opracowaniem oraz implementacja metody, ktora
umozliwi rozwiazywanie nastepujacego problemu decyzyjnego. Dane jest przedsicbiorstwo produkcyjne $red-
nigj wielkosci o znanych wskaznikach ilosciowych i jakosciowych, znanym stanie przygotowan do wdrozenia
zintegrowanego systemu informatycznego oraz znanych potrzebach waobec systemu. Dany jest system informa-
tyczny klasy ERP APS o znanych mozliwosciach funkcjonalnych i wymaganiach technicznych. Poszukiwana
jest odpowiedz na pytanie: Czy wdrozenie danego systemu informatycznego gwarantuje okreslone wartosci
poprawy wybranych wskaznikow efektywnosci funkcjonowania przedsiebiorstwa w zadanym terminie i budze-
cie, przy znanych ograniczeniach wdrozeniowych? Celem prezentowanej pracy jest przedstawienie modelu opi-
sang sytuacji decyzyjnej oraz procedury oceny planowanego przedsiewziecia wdrozeniowego, Stanowiace
podstawe podjecia decyzji o przyjeciu lub odrzuceniu oferty danego systemu, ze szczegélnym uwzglednieniem
formalizmu zbioréw rozmytych, stuzacych do opisu zjawisk okreslonych nieprecyzyjnie i umozliwiagjacych mo-
delowanie subiektywnych preferencji decydenta oraz niepewnosci zwiazanej z przysztoscia.

233



234 Lilianna Wazna

2 Mode decyzyjny oceny efektywnosci wdrozenia systemu ERP APS
w przedsigbior stwie produkcyjnym

W modelu: Przedsicbiorstwo produkcyjne - System klasy ERP APS, zaprezentowanym na rys.1, czynnosci
przygotowawcze oraz pozostate czynnosci sktadajace sie naplanowane przedsiewziecie oraz ich wzajemne
nastepstwo definiowane sa wraz z systemem. W zaleznoéci od analizowanych wskaznikéw efektywnosci model
przyjmuje posta¢ odpowiedniego submodelu.

Wykorzystanie do opisu parametréw niepewnych formalizmu zbioréw rozmytych moze stanowié
alternatywe dla metody PERT, stosujacej przy modelowaniu niepewnosci rozklady beta z estymacja za pomoca
rozktadéw Gaussa. Procedure postepowania zaprezentowano w rozdziale nastepnym.

Zdefiniowane przedsichiorstwo Zde finiowany system ERP APS
produkeyjne
- Zhidr procesdw AP, obejroygoyeh obshige procesdw

- Zhidt procestw produkeyjnych produkeyiny ch w przedsighiorstwie P3={F3; =1, .0}
P={P; =1, p} - Zhidt funkejonanodel systemu FC={FC; i=1,. »n}

- Zhidt potezeb wobec systemn - Ehidr warnnkdw (coyinoéc) proygotowawezyeh mechednyeh
W={%j, j=1,...m} do realizacji wdtoZenia systemu w={wj, j=1,.. .k}

- Zbidr spelionych warunkiw - Zhidt czynnoded, poza preygotowawezymi, slladajgoyeh sig
(czynnodel) prygotowacych i prze dsipwzigele wdtoZendowe systemu C={cf, =1,..,1}
do wdroienia - Zbidr zmiennych decyzyjnych AWEZ= {awz, w=1,. kL

=1,.., kHl}, gdzie awez=1, gdy coynnodé wia, poprzedza
cEyrno g g i awr0 wprzeciwnym wypadin
- Zhidt niepewtyeh termindw realizacii poszeze gdlnyeh
czyrmogel TP={tpq, i=1,... kH}
Zdefiniowane przedsiewziecie - Zhidt niepewtiych kosztdw zwigzanyeh = poszezegdltyymi
czynnodeiami KP={kp, j=1, k+}
- Terminrealizacyi
prredsipwzigeia tp
- Koszt realizacii
przedsiewziecia kp W=FC?
tp = termin zadany?
kp<= budzet zadany?

Rys. 1. Modd Przedsiebiorstwo produkcyjne — System klasy ERP APS

3 Procedura oceny efektywnosci wdrozenia systemu ERP APS w war unkach
ograniczen wdrozeniowych

3.1 Zbiory rozmytew wiglokryterialng ocenie decyzyjnej planowanego przedsigwziecia wdr ozeniowego

Prognozowanie przysztosci nigdy nie gwarantuje wysokiej precyzji podejmowanych decyzji, lecz zwykle wiaze
si¢ z pewnymi szacunkami, ktore juz pozwalaja je podejmowac. Precyzyjne szacunki wyrazone w formie ocen
punktowych posiadaja bardzo niska wartos¢, a podejmowanie decyzji jedynie naich podstawie obarczone jest
z reguty duzym btedem. Nie dostarczaja bowiem zadnych informacji 0 zwiazanej z przysztoscia niepewnosci
i ryzyku. Stuzace do opisu zjawisk, okreslonych nieprecyzyjnie, zbiory rozmyte, stanowiace uzupetnienie lub
aternatywg opisu probabilistycznego, uwzgledniajac brak precyzyjnych informacji, umozliwigia dokonanie
opisu niepewnosci typu subiektywnego, wystepujacej przy podejmowaniu decyzji (por. [7], [14]).

W teorii zbioréw rozmytych zbiér rozmyty A w X charakteryzowany jest funkcja przynaeznosci, ktéra
przypisuje elementowi X jego stopien przynaleznosci do zbioru rozmytego A i przyjmuje wartosci z przedziatu
[0,1]. Zbior rozmyty umozliwia wiec ptynne okreslenie stopni, w jakich naleza do niego poszczegdlne
elementy. Ten sam element moze w réznym stopniu naleze¢ do réznych zbioréw rozmytych. Przyktadem zbio-
réw rozmytych moga by¢ stosowane w jezyku naturalnym pojecia: wysoki, niski, bardzo wysoki, $rednio-wy-
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soki, duzy, maty (por. [11], [14]). Okreslenia funkcji przynaleznosci mozna dokonywac na podstawie danych
eksperymentalnych lub przy pomocy eksperta.

Szczegllny przypadek zbioréw rozmytych stanowia liczby rozmyte, wsréd ktérych wyrdznia sie liczby roz-
myte wtasciwe i liczby rozmyte ptaskie (przedziaty rozmyte) (por. [11], [14]). W przypadku wykonywania obli-
czen na danych niepewnych majacych naturg rozmyta, niepewne wartosci rzeczywiste mozna reprezentowac
jako liczby rozmyte, nadajace sic do wyrazania poje¢ typu ,,okoto 2 tygodni”. Stanowi to uzasadnienie wyko-
rzystaniaich w ninigjszej pracy. Pomimo widlu istnigjacych podej$¢ do sformutowania operacji naliczbach roz-
mytych, do celu implementacji informatycznej odpowiednia jest stosowanaw pracy metoda reprezentacji liczby
rozmytg jako zbioru o -przekrojow i wykonywanie operacji arytmetycznych na o -przekrojach,
z wykorzystaniem arytmetyki przedziatow (por. [9], [11], [13], [14]).

Teoria zbiorow rozmytych jest efektywnym srodkiem do formutowania zadan oceny wielokryterialngj w wa-
runkach niepewnosci. Przy dokonywaniu agregacji wielu kryteriéw czastkowych, na réwnoczesne wykorzysty-
wanie parametréw ilosciowych i jakosciowych (wyrazonych werbalnie) oraz wprowadzenie ich normalizagji,
utatwiajacej dokonanie oceny globalnej pozwala wprowadzenie tzw. kryterium uzytecznosci, wyrazonego przez
funkcje uzytecznosci (por. [14]). Kryterium uzytecznosci jest rodzajem zbioru rozmytego, a funkcja uzytecz-
nosci jest przyktadem funkcji przynaleznosci. W celu uwzglednienia stopnia wptywu kazdego kryterium czast-
kowego na ocene globalna mozna okresli¢ wagi kryteridw szczegGtowych, przez wspotczynniki wzgledne) waz-
nosci, dokonujac lingwistycznej oceny waznosci poréwywania parami i korzystajac z macierzy parzystych po-
roéwnan. Dysponujac okreslonymi wartosciami czastkowych kryteriow uzytecznosci {Ku,, i=1,...,p} oraz ich wa-
gami {QKui, i=1,...,p}, do okreslenia oceny globalng zastosowa¢ mozna nastepujace kryteria (por. [2, 3,
13, 14)):

- kryterium addytywne:
P )
D= Zl QKul Kul ’
P
— kryterium multiplikatywne:
e, @
D=]T &u?,
i=1
- kryterium maksymalnego pesymizmu:
D= min{(Kul Oy e oe ,Kupgk,,,,)] ®)

3.2 Metoda oceny efektywnosci wdrozenia systemu ERP APS w przedsigbior stwie produkcyjnym

Przebieg postepowania podzieli¢ mozna na nastepujace etapy:

— Etap 1 - Ocena stanu przygotowan przedsigbior stwa do wdr ozenia systemu

Etap ten polega na sprawdzaniu szeregu kolejnych warunkdw, ograniczajacych realizacje planowanego celu
i sktadajacych sie na ocene aktualnego stanu przygotowan do wdrozenia Do przyktadowych warunkéw naleza
migdzy innymi: ocena przygotowania infrastruktury technicznej srdowiska testowo-rozwojowego, sprzgtowo-
programowego i teleinformatycznego, kadry przedsiebiorstwa, danych oraz zmian organizacyjnych w przedsie-
biorstwie (por. [1], [5]). Kazdy nie spetniony warunek jest informacja o przeszkodzie efektywnego wykorzysta-
nia oferowanego narzedzia do wyznaczonego celu oraz wskazuje, co jest konieczne do wykonania i w jakim
czasie, aby narzedzie mogto przynies¢ oczekiwany efekt.

- Etap 2 — Ocena adekwatnosci funkcjonalnosci systemu do potrzeb przedsiebior stwa

Ten etap dotyczy analizy zestawienia oferty funkcjonalnosci systemu {FCi, i=1,...,n} zwymaganiami
i potrzebami przedsigbiorstwa {Wj, j=1,...m}. Pozwala okresli¢ w jakim stopniu oferta systemu odpowiada
wymaganiom przedsichiorstwa i uwzgledni¢ jego subiektywne preferencje odnosnie wagi tych wymagan.
Dokonanie poréwnania parami poszczegélnych wymagan przedsiebiorstwa umozliwia okreslenie tzw. macierzy
parzystych pordwnan, stanowiacel podstawg wyliczenia wspltczynnikdw wzglednej waznosci kazdego
wymagania. Wprowadzenie nastgpnie odwzorowania u: {W, j=1,..., m} - {0,1}:
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(4)

=1, ... nl

FC., i=1, nJ

oraz wykorzystanie kryterium addytywnego (1) pozwala ustali¢ stopien adekwatnosci funkcjonalnosci systemu
do potrzeb przedsicbiorstwa Sadp.

- Etap 3—Ocenaterminu oraz kosztow realizacji przedsiewziecia na podstawie danych niepewnych

Trzeci etap polega na okresleniu na podstawie danych niepewnych, w jakim okresie i przy jakich naktadach
finansowych, przy uwzglednieniu ograniczen z etapu 1, dana inwestycja pozwoli uzyskaé¢ okreslone wartosci
poprawy wybranych wskaznikdéw efektywnosci przedsigbiorstwa. Dysponujac nieprecyzyjnymi terminami
realizacji {tpj, j=1,...k+I} oraz kosztami {kpj, j=1,..,k} poszczegblnych czynnosci planowanego
przedsigwziecia i uwzglednigiac wyniki raportu oceny stanu przygotowan przedsicbiorstwa do wdrozenia,
mozna okresli¢ prognozowany termin realizacji przedsiwzigcia tp oraz prognozowany koszt przygotowan kp.
Zastosowano przy tym metode sciezki krytycznel, modelowanie parametréw nieprecyzyjnie okreslonych
zapomoca liczb rozmytych oraz operacje sumy i poréwnania liczb rozmytych z wykorzystaniem o -prze-
krojow i arytmetyki przedziatéw (por. [9], [11], [13], [14]). Uwzglednigjac ponadto koszt zakupu systemu kzs
oraz koszt ustugi wdrozeniowej ku ustalono prognozowana wartosé¢ kosztu przedsigwzigcia kpc. Umozliwia to
ocene planowangj inwestycji w dwoch kategoriach: czy zmiesci sie w planowanym terminie? Czy zmiesci si¢
w planowanym budzecie?

- Etap 4 — Globalna ocena efektywnosci planowanego przedsigwzigcia

Etap polegajacy haagregacji poszczegdlnych kryteridw czastkowych, dotyczacych oceny uzytecznosci pla-
nowanego przedsiewziecia. Dla rozwazanych kryteriow czastkowych funkcje uzytecznosci moga mie¢ postat
zaprezentowana narys.2-4:

— Adekwatnos¢ funkcjonanosci systemu do potrzeb przedsigbiorstwa - dany system otrzyma pod wzgledem
tego kryterium ocene tym lepsza, im w wiekszym stopniu spetni wymagania przedsiebiorstwa (rys. 2).

Adekwatnosé
0.8
0.6 /
04 /
02 /

0 02 04 06 08 1

u{Sadp)

Stopien adekwatnosci Sadp

Rys. 2. Funkcja uzytecznosci dla kryterium: Adekwatnos¢

Termin
12

1

038 \

06 \

04 \

02 \
y

0 20 40 80 80 100
tp

uftp}

Rys. 3. Funkcja uzytecznosci dla kryterium: Termin
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— Termin redlizacji przedsiewzigcia — ocena planowanego przedsiewziccia jest tym gorsza, im bardzigj pro-
ghozowany termin realizacji przedsiewziecia przekracza dany termin realizacji planowany przez przedsie —
biorstwo (rys. 3: dany termin=60, termin dopuszczalny=78).

- Koszt przedsiewzigcia— im bardzigl prognozowany koszt przedsigwzigcia przekracza dany budzet planowa-
ny przez przedsigbiorstwo, tym gorsza jest ocena planowanego przedsigwzigcia (rys. 4: dany budzet =68,
kwota dopuszczalna=100).

Koszt
1.2

08 \

05 \

04 \
0.2 \

0 50 100 150
kpc

u{kpc)

Rys. 4. Funkcja uzytecznosci dla kryterium: Koszt

Efektywnos¢ przedsigwzigcia

bardzo o .
niska niska srednia wysoka bardzo wysoka

0,2 04 06 08 1

Rys. 5. Wartosci oceny efektywnosci przedsiewziecia. Definicja wiasna.

Dysponujac okreslonymi wartosciami powyzszych czastkowych kryteriéw uzytecznosci {Ku;, i=1,...,p} oraz
ich wagami {QKui, i=1,...,p}, ustalonymi zgodnie z preferencjami przedsicbiorstwa przy pomocy macierzy
parzystych poréwnan, mozna okresli¢ warto$¢ oceny globalneg planowanego przedsiewziecia za pomoca kryte-
riow addytywnego, multiplikatywnego i maksymalnego pesymizmu zgodnie ze wzorami (1)-(3).

Przeprowadzenie powyzszel analizy i sprawdzenie przedstawionych warunkéw daje poszukiwana ocene
efektywnosci wdrozenia danego systemu (rys.5). Przyjeto, ze przy uzyskaniu efektywnosci wysokig i bardzo
wysokig planowane wdrozenie danego systemu informatycznego gwarantuje redizacje okreslonego celu
przedsiebiorstwa. Stanowi to rozwiazanie sformutowanego problemu.

3.3 Przyklad ilustrujacy zastosowanie proponowanej procedury

Dane jest przedsiebiorstwo produkcyjne $rednigf wielkosci rozwazajace w ramach budzetu 68jp. wdrozenie
zintegrowanego systemu zarzadzania klasy ERP APS w celu zwiekszenia wskaznika wydajnosci pracy o 7%
oraz redukcji zapasdw o0 10% w terminie 60j. Poszukiwany system powinien umozliwi¢ realizacje takich zadan,
jak: kontrola kosztéw produkcji oraz planowanie potrzeb materiatowych. Ponadto przedsigbiorstwo wymaga
specjane opieki eksploatacyjnegl w ciagu pierwszych 7j. czasu pracy systemu w postaci konsultanta pomoc-
nego w rozwiazywaniu biezacych trudnosci.

Oferowane jest kompleksowe rozwiazanie klasy ERP dla srednich przedsigbiorstw, jakim jest system
proALPHA®APS. Elastycznos¢ systemu pozwaa na zakup wybranych elementéw sposrdd nastepujacych
modutéw: Dane podstawowe, Sprzedaz i dystrybucja, Zakupy, Gospodarka materiatowa, Produkcja, Zarzadza-
nie Projektami, Ksieggowos¢ finansowa, Ksieggowos¢ srodkdw trwatych, Rachunek kosztéw i wynikéw. Koszt
ustugi wdrozeniowej wynosi 18jp i obgimuje ustugi konsultanta w poczatkowym etapie funkcjonowania syste-
mu (10j.).
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Planowane przedsiewziecie sktada si¢ z czynnosci podanych w tabeli 1.

Tabela 1. Zbiér czynnosci sktadajacych sie na planowane przedsiewziecie

Czynnos¢  Nazwa czynnosci Czynnosci

poprzedzajace

wl Przygotowanie migjscai zakup serwera

w2 M odel owanie procesdw biznesowych

w3 Zakup i przygotowanie sieci roboczych,

stacji roboczych, drukarek

w4 Przygotowanie serwera, instal acja systemu wl

w5 Konfiguracjai testowanie ystemu w2, w4

w6 Szkolenie w3, wb

cl Wdrozenie systemu w3, wh

c2 Uruchomienie systemu cl

c3 Kontrolai eksploatacja systemu c3, Wb

Przebieg zastosowania proponowanej procedury przedstawiono ponizej:

- Etap 1 —Ocena stanu przygotowan przedsiebior stwa do wdrozenia systemu
Wyniki raportu sprawdzania warunkéw przygotowawczych zawiergja informacje o spelnieniu przez
przedsiebiorstwo warunkéw: wl i w3.

- Etap 2 — Ocena adekwatnosci funkcjonalnosci systemu do potrzeb przedsigbior stwa

Z zestawienia wymagan przedsighiorstwa oraz mozliwosci systemu przedstawionego w tabeli 2, przy
uwzglednieniu jednakowych preferencji przedsiebiorstwa wobec poszczegdlnych wymagan wynika, ze propo-
nowana oferta systemu odpowiada w petni oczekiwaniom przedsiebiorstwa (Sadp=1).

Tabela 2. Zestawienie oferty systemu proALPHA®APS z potrzebami przedsigbiorstwa

Wymagania przedsiehiorstwa Oferta systemu
proALPHA®APS
Planowanie potrzeb materiatowych  Gospodarka materiatowa
Kontrola kosztow produkcji Produkcja
Rachunek zyskéw i strat
Opieka eksploatacyjna (7 j.cz.) Konsultant (10j.cz.)

- Etap 3—-Ocenaterminu oraz kosztow realizacji przedsiewziecia na podstawie danych niepewnych
Do oceny wykorzystano dane przyktadowe dla parametréw nieprecyzyjnych zawarte w tabeli 3.

Tabela 3. Przyktadowe dane dla parametréw opisujacych planowane przedsiewziccie. Podany wektor zawiera mozliwe
termniy zakonczenia (lub koszty) realizacji wybranej czynnosci

Czynno$é Termin Koszt

wl [1,3,2,2,2] [1,4,1,2,1]
w2 [15,14,16,14,18] [2,2,4,3,5]
w3 [10,11,14,17,16] [3,3,4,4,16]
w4 [10,14,11,5,14] [4,4,3,5,15]
w5 [8,18,14,13,14] [5,3,6,6,19]
w6 [7,7,6,9,8] [6,4,7,2,6]
cl [12,9,10,14,11]

c2 [8,10,9,11,10]

c3 [10,8,11,9,9]

Ponadto koszt zakupu systemu wynosi 30j.

Przy uwzglednieniu wynikéw raportu z etapu 1, zaproponowanych funkcji uzytecznosci przedstawionych na
rys. 2-4 w analizowanym przyktadzie dokonano modelowania danych niepewnych zapomocs tréjkatnych
funkcji przynaleznosci (por. [9]). Nastepnie wykorzystano podzialy na o -przekroje do wykonania
koniecznych operacji arytmetycznych (sumowanie i poréwnanie) i otrzymano wyniki przedstawione w tabeli 4 i
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narys. 6 i 7. Poniewaz w rozwazanym przyktadzie operacje arytmetyczne sumowania wykonywane byly na
tréjkatnych liczbach rozmytych, wyniki otrzymano réwniez w posatci trojkatnych liczb rozmytych. W ogélnym
przypadku w zaleznosci od okreslonych funkcji przynaleznosci dla modelowania parametréw niepewnych,
otrzymane wyniki moga mie¢ inna posta¢ zbioréw rozmytych.

Tabela 4. Prognozowany termin i koszt planowanego przedsiewziecia przy modelowaniu niepewnosci za pomoca zbiorow
liczb rozmytych

tpmin _tpmod  tpmax kpmin  Kpmod kpmax kpcmin kpcmod  kpcmax
47 59 72 10 22,2 46 58 70,2 94
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Rys. 6. Prognozowany termin przedsigwzigcia
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Rys. 7. Prognozowany koszt przedsiewzigcia

- Etap 4 — Globalna ocena efektywnosci planowanego przedsiewzigcia

Agregacji przedstawionych kryteriéw, jednakowo preferowanych przez rozwazane przedsiebiorstwo, doko-
nano postugujac sie¢ przedstawionymi wczesnigj kryteriami zgodnie ze wzorami (1)-(3). W tym celu otrzymana
wartos¢ prognozowanego terminu przedsigwzigcia oceniono najpierw za pomoca kryterium Termin z rys. 3
(por.[14]). W prawe czgsci rys. 8 znajduje sie wynik dokonang] oceny, ktory ze wzgledu na rozmyta dana wej-
sciowa jest réwniez liczba rozmyta. Anaogicznie dokonano oceny wedtug kryterium Koszt i Adekwatnosé.
Nastepnie wykorzystano podziat na o -przekroje i wykonano operacje arytmetyczne zgodnie ze wzorami (1)-
(3). Otrzymane wartosci globalnej oceny planowanego przedsiewziecia, dla kazdego kryterium (1)-(3), zapre-
zentowano narys. 9. Uzyskana ocene efektywnosci mozna okresli¢ jako bardzo wysoka. Zatem z przeprowa-
dzong analizy wynika, ze w rozwazanym przypadku wdrozenie danego systemu gwarantuje realizacje przyjete-
go przez przedsi¢biorstwo celu, co jest rozwiazaniem postawionego problemu.
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Ocena terminu przedsiewziecia
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Rys. 8. Ocena prognozowanego terminu realizacji przedsiewzieciawg kryterium Termin
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Rys. 9. Ocena efektywnosci planowanego przedsiewzi¢cia wdrozeniowego
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5. Podsumowanie

Proponowanaw pracy procedura daje mozliwos¢ oceny planowanego przedsiewziecia wdrozeniowego pod katem
poprawy wybranych wskaznikéw efektywnosci przedsigbiorstwa produkcyjnego, z uwzglednieniem jego obecne-
go stanu przygotowan do wdrozenia, stwarzajac dodatkowe mozliwosci oceny rentownosci projektu informa
tycznego. Wykorzystanie przy dokonywaniu tej oceny formalizmu zbioréw rozmytych, pozwala na uwzglednianie
subiektywnych preferencji decydenta wobec systemu, oraz niepewnosci, zwiazanej z podejmowaniem decyzji
dotyczacych przysztosci.

Rozpatrywanie ograniczen wdrozeniowych przy dokonywaniu tej oceny umozliwia uzyskanie juz na etapie pla-
nowania odpowiedzi na szereg pytan, takich jak: co jest konieczne do wykonania i w jakim terminie, aby wdro-
zenie danego narzedzia mogto przynies¢ oczekiwany efekt? czy przedsiebiorstwo jest przygotowane do reaizagji
wdrozenia? co stanowi przeszkode w przeprowadzeniu efektywnego wdrozenia i wykorzystaniu oferowanego
narzedzia do realizacji wyznaczonego celu? jaki okres czasu niezbedny jest narealizacje nie wykonanych jeszcze
prac przygotowawczych? Tymczasem istnigjace oceny efektywnosci ekonomicznej inwestycji nie uwzgledniaja
tego typu ograniczen.

Ponadto przedstawiona procedura, poprzez identyfikacje zaleznosci oczekiwanego efektu od czynnikow
zwigzanych z redlizacja przedsiewziecia, umozliwia kontrolowanie i uaktualnianie prognozy podczas trwania
przedsiewziecia. |mplementacja proponowane] metody jest przedmiotem dal szych prac.
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Streszczenie W typowych systemach przetwarzania informacji system zarzadzania danymi moze
zosta¢ wydzielony. Niestety, relacyjne systemy zarzadzania bazg danych nie sg na tyle wydajne,
aby podotaé¢ zadaniu biezacego przetwarzania sygnatéw w systemie monitorujacym. Gléwny nurt
badan nad stworzeniem modelowego systemu zarzadzania danymi dla potrzeb systeméw monito-
rujacych jest zwigzany ze strumieniowym modelem danych. W wigkszosci systemy te funkcjonuja
jednak niedeterministycznie. W artykule przedstawiono opracowane w ramach prac badawczych
deterministyczne metody przetwarzania strumieni danych dla potrzeb zadan przetwarzania sy-
gnaléw w medycznych systemach zarzadzania danymi. Przedstawiono opracowane w ramach prac
badawczych twierdzenia opracowanej algebry ciagéw danych (strumieni) wraz z wyprowadzony-
mi formalnymi dowodami. Udowodniono bezposredni zwigzek niektérych operatoréw z odkrytymi
w polowie zesztego wieku twierdzeniami Beatty oraz Fraenkela.

1 Wstep

Obecnie dostepne systemy zarzadzania danymi przetwarzaja informacje w oparciu o reguly rachunku
relacji. Ten sposéb przetwarzania informacji umozliwia opis dowolnych obiektéw (Encji) oraz zwiazku
pomiedzy nimi (Relacji). Opis struktur danych przy pomocy diagraméw Encji-Relacji [1] stal sie obo-
wigzujacym standardem w dziedzinie projektowania systeméw zarzadzania danymi.

W typowych systemach przetwarzania informacji system zarzadzania danymi moze zosta¢ wydzielony.
W przypadku systeméw, do ktérych dane naplywaja z zewnetrznych zrédel (np. system monitorujacy)
relacyjne systemy zarzadzania danymi okazaly si¢ niedostatecznie wydajne [2]. Poszukiwania aktywnych
lub sekwencyjnych [3] rozszerzen poszerzyly dziedzing wiedzy nie zapewniajac jednak dostatecznie efek-
tywnego rozwigzania problemu. Na przeszkodzie w podniesieniu wydajnosci stoi utrwalony paradygmat
relacyjny [1].

Obecnie gléwny nurt badan nad stworzeniem modelowego systemu zarzadzania danymi dla potrzeb
systemow monitorujacych jest zwigzany ze strumieniowym modelem danych oraz systemami zarzadzania
strumieniami danych [4]. Oczekuje sig, ze zastosowanie go w zadaniu monitorowania pozwoli na prost-
sze 1 bardziej eleganckie wyrazenie algorytmdéw oraz dzigki uproszczeniu konstrukeji uzyskany zostanie
znaczacy wzrost efektywnosci przetwarzania informacji.

Podstawowa réznica pomiedzy systemem relacyjnym a strumieniowym jest istnienie w systemie stru-
mieniowym tzw. Ciaglych zapytan [5]. Przez ciagle zapytanie rozumiemy zapytanie, ktérego plan re-
alizacji zamkniety jest w martwej petli. W systemie relacyjnym tego typu funkcjonalnosé osiaga sie
poprzez stosunkowo skomplikowany i mato efektywny proces odpytywania bazy danych przez aplika-
cje lub zastosowanie wielu wyzwalaczy. Kolejna réznica jest sposéb wprowadzania danych do systemu.
W systemie relacyjnym dane sa wprowadzane i zatwierdzane przez uzytkownika, natomiast w systemie
strumieniowym dane wprowadzane sa z zewnetrznych, zazwyczaj autonomicznych podsysteméw. Do-
datkowo strumien danych ma charakter nieskoniczony. Tradycyjne systemy zarzadzania danymi operuja
z reguly na danych, dla ktérych oszacowano gérna granice koniecznych zasobéw. Operowanie na zbiorach
nieskoniczonych wymaga wigc modyfikacji niektérych operatorow.

1.1 System zarzadzania danymi

Informatyczne systemy monitorujace stosowane w medycynie na biezaco rejestruja, analizuja i prezentu-
ja informacje dostarczane przez aparature [6]. Celem prowadzonych w prac badawczych bylo opracowa-
nie systemu zarzadzania danymi oraz jezyka zapytan umozliwiajacego formulowanie i realizacje zadan

* Praca finansowana ze $rodkéw Ministerstwa Nauki i Informatyzacji w latach 2003-2005 jako projekt badawczy
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przetwarzania sygnaléw. Opracowano algebre [7] oraz zaimplementowano jezyk zapytan w systemie za-
rzadzania danymi [8]. Powstale rozwiazanie umozliwia efektywne przetwarzanie sygnaléw dla potrzeb
medycznych systeméw monitorujacych oraz umozliwia prosta realizacje i zapis réwnoleglych algorytmow
przetwarzania sygnalow.

1.2 Projekty systeméw strumieniowych

Mozna obecnie wskazaé kilka wiodacych projektow badawczych obejmujacych zagadnienia systeméw
strumieniowych [9,10]. Projekt STREAM [1] jest prowadzony na uniwersytecie Stanford. Projekt Au-
rora, a obecnie Borealis [11,12] jest prowadzony na uniwersytecie MIT. Autorzy projektu STREAM
poszukuja ogdlnych regul przetwarzania strumieni danych w oparciu o rozwiniecie algebry relacyjne;j.
Dla potrzeb opracowanego modelu zmodyfikowano definicje relacji. Relacje R reprezentuje zmienny w
czasie zbiér krotek. Zapis relacji przedstawiony zostal w postaci R(t). Istniejace operatory nazwano
relacyjno-relacyjnymi natomiast do operowania na strumieniach danych wprowadzono zespdt operato-
row relacyjno-strumieniowych i strumieniowo-relacyjnych. Na uwage zastuguje fakt ze nie wprowadzono
operatorow strumieniowo-strumieniowych. W przypadku projektu Borealis nie rozpatruje si¢ jawnie za-
gadnienia polaczenia zbioru relacji ze zbiorem strumieni danych, wprowadzone operatory umozliwiaja
jedynie operacje na strumieniach danych. Projekt prowadzony na uniwersytecie MIT doczekal si¢ komer-
cyjnej implementacji.

2 Algebry strumieni danych

Algebra jest jednym z dzialéw matematyki, natomiast pojecie algebry ogélnej (lub po prostu algebry)
dotyczy struktury matematycznej ztozonej ze zdefiniowanego zbioru danych oraz pewnej liczby operacji
zdefiniowanych na tym zbiorze danych. Przykladem definicji prostej algebry moze by¢ nastepujaca struk-
tura matematyczna: A; := (N, (4, —)). Algebra A; zostala zdefiniowana jako zbiér liczb naturalnych na
ktérych mozemy jednie wykonywaé operacje dodawania i odejmowania.

W przypadku algebr opartych na strumieniach danych [11, 4] przyjeto za model danych pare uporzad-
kowana, ktérej pierwszym elementem jest krotka (krotka - uogélnienie pojecia pary dla dowolnej liczby
elementéw) a drugim czas jej wystapienia - (s,t).

2.1 Operacje na strumieniach danych
Prowadzac obliczenia na strumieniach danych zaktada sie istnienie danych o nastepujacym charakterze:

— dane nadchodza w postaci sekwencji elementow,
— kazdy element jest przegladany i przetwarzany tylko raz.

Gléwnym problemem jest zapewnienie przestrzeni zasobéw koniecznych do przetworzenia pojedyncze-
go elementu. Zapotrzebowanie na pamieé¢ operacyjng i czas realizacji zadania w przypadku idealnym
powinno by¢ niezalezne od wielkosSci strumienia danych. System wyposazony w ograniczone zasoby unie-
mozliwia wyznaczenie doktadnej odpowiedzi na zadane zapytanie w oparciu o nieskonczony w czasie
i wymiarze strumien danych. W takim przypadku za zadowalajace przyjmowane sa odpowiedzi aprok-
symowane. Rozwaza sie kilka podstawowych technik tworzenia algorytméw aproksymujacych: szkice,
przypadkowe probkowanie, histogramy oraz algorytmy falkowe.

W przypadku zadan przetwarzania sygnaléw konieczne jest przedstawienie algorytmdéw determini-
stycznych, z tego powodu przedstawione zalozenia systeméw strumieniowych nie moga zostaé¢ bezpo-
$redniego zastosowane w realizacji tych zadan.

3 Przetwarzanie ciggéw danych

Potrzebe deterministycznego przetwarzania strumieni danych dostrzezono w trakcie prac nad systemami
czasu rzeczywistego. Twoércy rozwijajacy projekt QStream [13] okreslili zaloZenia umozliwiajace stwo-
rzenie systemu zarzadzania danymi dla potrzeb tego rodzaju systemoéw. Zaprezentowane wyniki prac
badawczych [14, 7] ida o krok dalej. Zaproponowano deterministyczna algebre strumieni danych oparta
na matematycznych podstawach teorii liczb a w szczegdlnosci ukladéw pokrywajacych (ang. Covering
System). Rozwazanym problemem jest spos6b wyznaczania podzialu zbioru dodatnich liczb naturalnych.
Dwie sekwencje dokonuja podziatu zbioru liczb naturalnych jesli ich przekrdj jest zbiorem pustym, nato-
miast ich suma tworzy zbiér liczb naturalnych. Formalne sformutowanie twierdzenia bedacego podstawa
badan nad tym problemem podal S. Beatty w 1926r [15].
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Twierdzenie 1 (Beatty). Jesli p,q sq dodatnimi liczbami niewymiernymi i zachodzi pomiedzy nimi

zaleznodé % + % =1 to sekwencje {|np]},—, = |p|,[2p],3p],... oraz {|nq]},~, = lal.|2q],[3q],...
dokonujg podziatu zbioru dodatnich liczb calkowitych.

Podstawsa prowadzonych rozwazan w literaturze jest nastepujaca sekwencja nazywana sekwencja Be-

atty (podloga).
st (252

o= (5])

Gdzie « oznacza gestosc, é oznacza nachylenie, o’ oznacza przesuniecie oraz _T‘X/ y-przechywcenie.

Twierdzenie Beaty umozliwia podzial zbioru jedynie w oparciu dobér dwoéch liczb niewymiernych.
W 1969 Aviezri S. Fraenkel [16] uogdlnil poprzednie twierdzenie przedstawiajac sposéb tworzenia se-
kwencji dokonujacych podzialu zbioru réwniez w oparciu o liczby wymierne.

lub sekwencja Beatty (sufit):

Twierdzenie 2 (Fraenkel). Sekwencje B(a, o) oraz B(8, ") dokonujg podziatu zbioru N wtedy i tylko
wtedy gdy nastepujgce preé¢ warunkow zostanie spelnionych:

1. 0<a<l.

2. a+pB=1.

3. 0<a+ad <1

4. Jedli « jest liczbg niewymierng, wtedy o/ + ' =0 ika+ o €7 dla2 <k € N.

5. Jesli « jest liczbg wymierng, (niech ¢ € N bedzie najmniejszq liczbg takg zZe qo € N ) wtedy % <a+d

i [qa'] + [¢B'] = 1.

Dowéd twierdzenia mozna odnalezé w literaturze [17]. Twierdzenia przedstawione w dalszej czesci
pracy opierajg sie¢ na tych badaniach. Przedstawione metody znajduja obecnie zastosowanie w zadaniu
przetwarzania sygnaléw [18].

3.1 Model danych

Przyjety w literaturze [19,4, 20] model danych (s, 7) , umozliwia opis zjawisk, ktére w tej samej chwili
czasu przyjmuja kilka réznych stanéw. Jest to rozwigzanie nadmiarowe w stosunku do potrzeb opisu
strumienia danych, w ktérym nie wystepuja dwie rézne krotki w tej samej chwili czasu. Takie zatozenie
znaczaco komplikuje definicje wprowadzanych operacji [21]. Strumient danych dla potrzeb strumieniowego
systemu zarzadzania danymi opisany jest [7,22] przez pare uporzadkowang (s, A, ), ktérej pierwszym
elementem jest ciag krotek a drugim ciag wartoséci wyznaczajacych ciag réznic czasu pomiedzy kolejnymi
krotkami.

Model danych w postaci (s, 7,) opisuje ta sama klase zjawisk co model (s, 7). Natomiast model
réznicowy (sp,A,) uniemozliwia przedstawienie strumienia danych, w ktérym wystepuja dwie rézne
krotki w tej samej chwili czasu 7.

Zawezajac przedzial zastosowania modelu przyjeto [7], ze ciag odstepdéw czasu pomiedzy kolejnymi
krotkami jest wartoscia stala. Dzigki temu mozna okresli¢ model danych w nastepujacy sposéb: (s, A).
Taki model danych odpowiadajacy serii czasowej jest podstawa dalszych rozwazan.

Przyjmuje sie ze relacje oznaczane sa literami alfabetu lacinskiego [23]. Dla strumieni przyjeto podob-
ng konwencje. Dodatkowo z kazdym strumieniem danych zwigzana jest warto$¢ oznaczajaca staly odstep
czasu pomiedzy kolejnymi krotkami. Wartosé ta zapisujemy po nazwie strumienia danych po przecinku,
np. zapis A,3 oznacza strumien danych A ktérego krotki przychodza raz na trzy sekundy. Z kazdym
strumieniem zwiazane jest pojecie schematu.

Schemat strumienia to dowolny, uporzadkowany zbiér atrybutéw opisujacych kolejne pola krotek
nalezacych do strumienia danych. Analogicznie jak w przypadku modelu relacyjnego, kazdy atrybut od-
powiada kolumnie danych. Przykladowy identyfikator strumienia w postaci A(imie ,nazwisko),3 oznacza
strumien A, ktérego kazda krotka sktada sie z dwoch atrybutéow: imie i nazwisko oraz kazda kolejna krot-
ka pojawia si¢ raz na trzy sekundy. Przez schemat jednorodny strumienia danych rozumiemy schemat,
ktorego wszystkie atrybuty sa tego samego typu.
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3.2 Wprowadzone operatory

Po analizie wigkszosci typowych operacji prowadzonych na danych otrzymywanych z urzadzen medycz-
nych zidentyfikowano nastepujacy zbiér operacji: Przeplot, Rozplatanie, Suma, Réznica, Projekcja, Se-
lekcja, Agregacja i Serializacja (AGSE) oraz Przesunigcie. Przyjmujac, ze dane sa dwa strumienie A, B
operacje zostaly zdefiniowane w nastepujacy sposob:

Suma i réznica W przypadku taczenia strumieni danych pochodzacych z urzadzen pracujacych syn-
chronicznie wystepuje potrzeba zlgczenia strumieni danych niejako w naturalny sposéb, poprzez ztaczenie
ich schematéw. O ile w przypadku strumieni danych, ktorych elementy nadchodza z identyczna czestodcia
problem sumarycznego zlaczenia nie sprawia trudnodci, o tyle w przypadku strumieni danych, ktérych
elementy nadchodza z rézng czestoscia, elementy strumienia nadchodzacego z mniejsza czestoscia musza
zostaé powielone.

Uwzgledniajac réznice pomiedzy zbiorem relacji oraz zbiorem strumieni danych operacje zlaczenia
sumarycznego (sumy) i rozlaczenia réznicowego (réznicy) zdefiniowano w nastepujacy sposob: wartoscia
wyrazenia X (A, B) jest strumien danych. Sposéb tworzenia kolejnych krotek strumienia wynikowego
oraz wyznaczania warto$ci A tego strumienia opisuje wzoér:

an|bLnAaJ Ac = Aa

A _ N
atﬂ bbn A=A, , A = min (A, Ap) (3)

Cp =

Aq

Gdzie:

Agp.c to wartosci okreslajace staty odstep czasu pomiedzy krotkami w strumieniach A,B oraz C.

n oznacza pozycje kolejnej krotki

Gy b, € 0ZNCZAJY krotki strumieni A, B oraz C.

Cresé calkowita liczby rzeczywistej = oznaczana jest jako |x]. Sufit [z] liczby rzeczywiste] z to
najmniejsza liczba catkowita nie mniejsza od z.

Przyklad 1. Zakladajac istnienie dwoch strumieni danych:

Alfa(znak),2: (1,2,3,4,...) oraz Beta(znak),1: (a,b,c,d,e,f,g,...)
to wyrazenie: X (Al fa, Beta) opisuje strumieni danych o postaci:
Omega(znak,znak),1: ((1,a),(1,b),(2,c),(2,d),...)

Operacja réznicy umozliwia odtworzenie strumieni bioracych udzial w operacji sumowania. Nalezy
jednak podkreslié, ze nie jest to operacja projekcji [1,23]. Krotki, ktére w wyniku sumowania strumieni
danych o réznych czestosciach zostaly powielone, sa w wyniku operacji roztaczenia réznicowego usuwane.
Dopiero zastosowanie operatora projekcji umozliwia odtworzenie pierwotnej postaci strumienia danych.

Argumentem tej operacji jest strumien danych, (ktéry w domysle zostal poddany operacji sumowania)
oraz para dwdbch liczb, przedstawiajacych stosunek odstepéw czasu dwoch pierwotnych strumieni danych.
Sposdb tworzenia kolejnych krotek strumienia wynikowego opisuje:

Cn Ab P Aa
On = C[m'l Ay < A, (4)

Ap

Symboliczny zapis tej operacji przedstawia si¢ nastepujaco dqp (S). Gdzie a,b oznaczaja pare liczb
okreslajacych stosunek odstepéw czasu pierwotnych strumieni danych. S jest strumieniem, argumentem
operacji roznicy.

Przyklad 2. Zakladajac istnienie strumienia danych Omega o postaci przedstawionej poprzednio to wy-
razenie 01 2(Omega) opisuje strumien danych o postaci:
Alfa2(znak,znak),2: ((1,a),(2,c),(3,e),...)

Przeplot i rozplatanie Operacje sumarycznego splatania (przeplotu) i rozplatania réznicowego (roz-
platania) tworzg ortogonalny zbidr operatoréw w stosunku do operacji sumy i réznicy. O ile w przypadku
sumy i réznicy schematy taczonych strumieni danych moga by¢ rézne, o tyle w przypadku operacji prze-
plotu i rozplatania schematy laczonych strumieni danych musza by¢ ze soba zgodne. Dwa schematy
strumieni danych sa ze soba zgodne jesli odpowiadajace sobie kolejne typy pél sg takie same.
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Jedli czestodé obu strumieni jest identyczna, wynikowy strumien danych po przeplocie zawiera na-
przemian krotki ze strumieni bedacych argumentami operacji. Jesli czestosé argumentéw jest rézna to
kolejnosé, w jakiej umieszczane sa po sobie krotki wyznacza reguta (5) okreslajaca operacje przeplotu.

Operacja ta zapisywana jest w nastepujacy sposéb ¢ (A, B). Nastepujacy wzoér przedstawia sposéb
wyznaczania kolejnych krotek strumienia wynikowego:

c = bp—|nz) Inz] = [(n+1) 2] L= Ay _ JAVAYS
" { A|nz| anJ 7'é L(TLJrl) ZJ ’ A (5)

AL+ Ay ’ AL+ Ay
Twierdzenie 3. Operacja splgtania zapewnia sekwencyjne pokrycie obu zbiorow zawierajgcych elementy
strumieni danych.

Dowdd. W pierwszym kroku analizowany jest pierwszy warunek (réwnosci) w réwnaniu (5). Dla kazdego
n spelniajacego warunek™ |nz| = |(n + 1)z|, kolejne wartosci wyrazenia n — |nz| tworzq drugi (skoja-
rzony) cigg liczb naturalnych wybierajgcych kolejne elementy z ciggu b,,.

Czyli dla kazdego n spelniajocego warunek™ powinna zachodzié dla wyrazenia n — |nz] zalezno$é x,, =
Tp41 — 1. Formalnie zapis tego zdania przedstawia sie nastepujgco:

n—|nzl=n+1)—|(n+1)z] -1 (6)
Podstawiajge warunek™ do powyzszej zaleinosci otrzymujemy:
n—|(n+z]=Mn+1)—|(n+1)z] -1 (7)

Poprzez proste algebraiczne uproszczenie dochodzimy do nastepujgcej tozsamosci: n = (n+1) — 1
Drugq cze$é dowodu (w oparciu o warunek nieréwnosci) prowadzi sie analogicznie. a

Przykltad 3. Przy zalozeniu istnienia strumieni danych Alfa oraz Beta, wyrazenie ¢(Alfa, Beta) opisuje
przeplot dwoéch strumieni danych tworzacych strumien wynikowy o postaci:

Gamma (znak) ,2/3: (a,b,1,c,d,2,e,f,3,...)

Natomiast wyrazenie ¢(Beta, Al fa) opisuje strumienn wynikowy o postaci:

Delta(znak),2/3: (1,a,b,2,c,d,3,e,f,...)

Jak wida¢ operacja przeplotu nie jest przemienna .

Rozplatanie jest operacja komplementarna w stosunku do operacji przeplotu. Rozplatujac strumien
mozna wybraé te krotki ze strumienia, ktére nalezaly do jednego z argumentéw operacji splatania.
Argumentami operacji sa: strumien danych oraz liczba okreslajaca odstep czasu. Dla formalno$ci przyjeto
dwa operatory okreslajace te operacje: ©,(A) oraz ~ O, (A). Pierwszy z nich przedstawia operacje
uzyskania pierwotnego strumienia danych, a drugi ,reszty” z operacji rozplatania. Operacje rozplatania
definiujg dwa wzory:

A Ay

W= ey s A=
I =€, [oenaa] Py 8
oraz
A.A
= ay |, Ay = ——cTa
b Cnt |22 ST A A (9)

Twierdzenie 4. Operacja rozplgtania speinia postulaty twierdzenia Fraenkela.

Dowdd. W pierwszej czesci dowodu poszukiwana jest sekwencja Beatty przedstawiona w sposéb (9) za-
prezentowany w definicji operacji rozplatania. Zapis przy pomocy tej notacji przedstawia sie nastepujaco:

(+15)).., )

Jesli n € N to wtedy na mocy wlasnoéci (21) mozna powyzsze réwnanie zapisaé:

(=), - (5. w
(b= = (). w

Upraszczajac,
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’ . . 1 ’ 7 . . .o
Symbol —<2- oznacza y-przechwycenie, jesli warto$¢ przesunigcia sekwencji o’ = 0 wtedy o =

sekwencja (10) moze zostaé przedstawiona w nastepujacy sposéb:

((st3) - (b))

Poprzez kilka prostych przeksztalcen algebraicznych z sekwencji opisujacej wybér kolejnych krotek
w operacji rozplatania (9) otrzymano postaé¢ sekwencji Beatty. W kolejnej czesci dowodu na mocy po-
stulatéw twierdzenia Fraenkela okreslamy residuum sekwencji (10).

a .
ath Cth

. Wartos¢ wyrazenia a = 245 dla a,b > 0 jest mniejsza od jednosci i wigksza od zera.

. Warunek o + 8 =1 jest spelniony dla § =
. Dla o/ = 0 postulat jest réwnowazny 1.

. Poszukujemy rozwiazan w zbiorze liczb wymiernych.

. Jesli g € Ni g € N oraz % < a+ o to skoro & =0 to % > 245 a to jest prawda dla ¢ < nufldtf’b)

z tego wynika ze [nw"dﬁ’b) 5’—‘ =1.Czyli g = ”wadJ(r‘Z’b).

b
a+b*

Tk W N =

W wyniku przeksztalcen otrzymamy postaé ciagu przedstawiona w réwnaniu (9) opisujacym ope-
racje rozplatania. Posta¢ ciggu residuum dla B (aLer’O) spelniajaca postulaty twierdzenia Fraenkela
przedstawia si¢ nastepujaco:

b  nwd(a,b) - (n+1)— %(aw‘) S
5 (a—M’ﬁ) - <{ — ~ (14)

a-+b

Opuszczajac nawiasy opisujace sekwencje po kilku prostych przeksztalceniach mozna wykazaé, ze:

n+1)— nwd(a,b)
\‘( ) a-+b — Lng +n+g+1_MJ (15)

b b b b

a+b

Przyréwnujac wyznaczona postaé residuum do przyjetej sekwencji (8) otrzymujemy réwnanie ktérego
prawdziwo$¢ nalezy udowodni¢:

a a
{n—+n+—+1—

b b nwdlga,b)J - [M] 16

B b

Stad mozna wykazac, ze:

(n+1)a nwd(a,b) [+ 1a
{ b b ] +1= 5 (17)
Podstawiajac za n + 1 liczbe naturalna n otrzymujemy:
a nwd(a,b) T.a

W dalszej czesci dowodu zastosowanie znajda nastepujace wlasnosci operacji podtoga oraz sufit:

lz] =[z] 2z eN (19)
lz] +1=[z] © 2 € R\N (20)
lt+C|l=|z]+C<ceN (21)

Uwzgledniajac wlasnosci nwd(a,b) dowdéd mozna rozwazaé w oparciu o nastepujace dwa przypadki:

nwd(a,b)zb@%:ceN (22)
oraz a
1<nwd(a,b)<a®0<g<1 (23)

Uwzgledniajac przypadek (22), réwnanie (18) mozna zapisaé¢ w postaci:
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e 4] 1 [egn

Uwzgledniajac wlasnosci (19,21) oraz dziedzine dla tego przypadku (22) mozna stwierdzié, ze obie
sekwencje tworza te same elementy.

Rozwazajac kolejny przypadek (23) mozna zalozyé ze istnieja takie dwie liczby a i b, dla ktérych
réwnanie (18) nie jest falszywe, czyli dla:

a nwd(a,b) a
A 2
ny g € N (25)
Korzystajac z wlasnosci (19,21) nie zachodzi:
a nwd(a,b) a
f-mmte) | 2
{nb b + J # ny (26)
Korzystajac z wlasnosci (19) poszukiwane sa takie a i b dla ktérych zachodzi wlasnosé:
a nwd(a,b) a
- 41 — 2
ny 2 +1#n 2 (27)

Réwnanie (18) jest spelnione dla nwd(a,b) = b, a w rozwazanej dziedzinie (23) 1 < nwd(a,b) < a
réwnanie to nie ma rozwigzan. Nie istnieja takie a i b nalezace do dziedziny (25) ktére by przeczyly
rozwazanemu rownaniu (18).

Analizujac druga wlasnosé (20) mozna zalozy¢ ze istnieja dwie takie liczby a i b ze réwnanie (18) nie
jest spelnione. Czyli dla a i b takich, ze:

a nwd(a,b) a
Powinna zawsze zachodzi¢: d( )
a nwd(a, a
2 2 29
ny #ny (29)
Nie istnieja jednak dwie takie liczby, dla ktorych nwd(a,b) =

Dla ¢ € R\N réwnanie to jest zawsze prawdziwe.
Tak wiec oba réwnania (8,9) sa przypadkiem sekwencjami Beatty spelniajacymi postulaty twierdzenia
Fraenkela dla liczb wymiernych. a

Przyktad 4. Zakladajac istnienie przedstawionego w poprzednim przykladzie strumienia Gamma,2/3 to
wyrazenie ©1 (Gamma) opisuje strumien danych:

Alfa(znak),2: (1,2,3,4,...)

Natomiast wyrazenie @2(Gamma) opisuje strumien danych

Beta(znak),1: (a,b,c,d,e,f,g,...)

Rzutowanie Operator rzutowania (projekcji) wykorzystywany jest przy tworzeniu nowego strumienia,
ktéry powstaje ze strumienia A poprzez usuniecie lub zmiane kolejnosci kolumn. Wartoscia wyrazenia
1y Ty, T, (A) jest strumien, ktéry powstaje ze strumienia A poprzez przepisanie wartosci wszystkich
atrybutéw Ty, Ts, ..., T;,. Operacja rzutowania nie wptywa na warto$é¢ statego odstepu czasu pomiedzy
kolejnymi krotkami w strumieniu. Warto$¢ A po operacji rzutowania pozostaje niezmieniona.

Przyklad 5. Zakladajac istnienie przedstawionego strumienia danych Alfa2 wyrazenie 7z,,qx(Alfa2) opi-
suje strumien danych o postaci
Alfa(znak),2: (1,2,3,...)

Selekcja W wyniku zastosowania operatora selekcji na strumieniu A powstaje nowy strumien, do kto6-
rego nalezy pewien podzbidr krotek strumienia A. Krotki strumienia wynikowego sa wybierane wedtug
kryterium okreslonego przez pewien warunek W. Te operacje, bardzo podobnie jak w przypadku algebry
relacji, oznaczono symbolem oy 5(A). Schemat strumienia wynikowego po operacji selekcji pozostaje bez
zmian. Porzadek atrybutéw réowniez zostaje zachowany. W stanowi wyrazenie warunkowe oznaczajace
prawde lub falsz. Operandami moga by¢ state lub atrybuty strumienia A. Je$li wyrazenie przyjmuje
warto$¢ prawda, to wéwczas krotka jest dolaczana do strumienia wynikowego, w przeciwnym wypadku



250 Michat Widera

krotka nie zostanie dotgczona. Operacja selekcji wplywa bezposrednio na warto$é statego odstepu czasu
pomiedzy kolejnymi krotkami w strumieniu. Wartosé A strumienia wynikowego jest okre$lana z goéry
i przyjmuje warto$c¢ 9.

Przyklad 6. Zakladajac istnienie strumienia Omega(znak,znak),1 wyrazenie:
Tis_number(znak),2(Omega) opisuje strumien Alfa(znak),2.

Agregacja i serializacja Akronim AGSE powstal ze zlozenia pierwszych sylab stéw Agregacja oraz
Serializacja. Jest to operacja, ktérej argumentem jest jeden strumien danych o jednorodnym schemacie.
W wyniku tej operacji powstaje kolejny strumien danych o zadanym schemacie oraz innej, wyznaczonej
wartosci A. Operacje oznacza si¢ symbolem ¥, x(A). Symbol A oznacza krok, z jakim przesuwane jest
ruchome okno danych nad strumieniem. Jest on wyrazony w liczbie krotek. Symbol n oznacza szerokosé
tego okna danych wyrazong w ilosci atrybutéw schematu danych.

Przyklad 7. Jedli istnieje strumien Alfa(znak),l wyrazenie W5 2(Alfa) opisuje nowy strumien o posta-
ci: Agsel(znak, znak), 2 ktérego elementy tworza ciag: ((a,b), (¢, d), (e, f),...) . Natomiast wyrazenie
U, 1 (Beta) opisuje strumien Beta(znak),1. Pierwsza operacja jest przykladem agregacji, natomiast druga
jest przyktadem serializacji.

Przesuniecie Operator przesuniecia to podstawowy operator stosowany w zapisie filtréw sygnatlowych.
Umozliwia on odwolanie sie do danych archiwalnych. Jest to operacja w wyniku, ktérej tworzony jest
strumien danych, ktérego elementy sa przesuniete wzgledem argumentu o zadana liczbe krotek. Operacje
oznaczono symbolem 7, (A). Symbol n oznacza liczbe krotek, o jaka nalezy op6znié strumien wynikowy
w stosunku do argumentu A.

Przyklad 8. Jedli istnieje strumienn Alfa(znak),1 wyrazenie: 72(Alfa) definiuje strumien
Shift2(znak),1: (3,4,5,6,...)

4 Wtlasnosci operacji

W przypadku optymalizacji czasowej planéw realizacji zapytan stosuje sie m.in. regule przenoszenia ope-
racji selekcji ponad operacje zlaczen [24]. Podobne zagadnienia sa rozwazane w przypadku systeméw
strumieniowych [25]. W trakcie prac nad deterministycznym sposobem optymalizacji czasowej odkryto
kilka wtasnosci oraz metod algebraicznego upraszczania wyrazen strumieniowych. Pierwsza z wtasnosci
dotyczy zaburzenia kolejnosci elementéw. Nastepna okresla stosunkowo prosta zasade przemiennosci su-
mowania. Ostatnia metoda, okreslona jako metoda dopasowania przeplotu umozliwia zamiane kolejnosci
atrybutéw operacji przeplotu przy pewnych warunkach.

4.1 Zaburzenie kolejnosci zdarzen

Twierdzenie 5. Kolejnosé elementow w strumieniu nie zawsze odzwierciedla faktyczng kolejnosci wy-
stepowania elementow w Swiecie Tzeczywistym

Dowaod. Ta wtasnosé mozna w prosty sposéb odkryé, analizujac operacje przeplotu zastosowana na na-
stepujacych strumieniach danych:

Alfa(znak),2: (1,2,3,4,5,6...)

Epsilon(znak),3: (a,b,c,d,e,f....)

Wyrazenie ¢(Epsilon, Al fa) opisuje przeplot strumieni danych o postaci:

Tau(znak),6/5: (1,2,a,3,b,4,5,c,6,d,...)

W strumieniu Tau krotka oznaczona litera ¢ wystepuje po krotce oznaczonej cyfra 5. Tymczasem w stru-
mieniu Epsilon krotka oznaczona litera ¢ wystepuje w 9 sekundzie, a w strumieniu Alfa krotka oznaczona
cyfra 5 wystepuje w 10 sekundzie. Naturalny porzadek zdarzen zostal w strumieniu wynikowym naruszo-
ny. Nalezy wyciagnaé nastepujacy wniosek: Kolejno$¢ krotek w strumieniu danych nie zawsze odpowia-
da kolejnosci ich wystepowania w $wiecie rzeczywistym. Prowadzac analize wzgledem czasu zawartego
w strumieniach danych konieczne jest uwzglednienie tego aspektu i zastosowanie w tym przypadku ope-
racji rozplatania w celu uzyskania pierwotnej postaci strumieni danych. a
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4.2 Przemiennos¢é sumowania

Twierdzenie 6. Operacja sumowania strumieni danych, nie uvwzgledniajgc kolejnosci atrybutéw sumo-
wanych strumieni danych jest przemienna.

Dowdéd. Zalézmy, ze: C = X' (A, B) oraz C = X (S, A). Korzystajac ze wzoru na sume strumieni danych
mozna przedstawié¢ dwie zalezno$ci:

A
0 nay b Aa > A (30)
5]

an|bL7LAaJ Aa < Ab
C=X(A,B) c¢,=

oraz
Sn|aL%J Ag < Aq

D =X (S, A) dn:{ (31)

SLnAﬂJkln AS > Aa
Pomijajac kolejnos¢ atrybutéw wynikajaca z operacji potaczenia elementéw krotek oraz zmieniajac

kolejnosé warunkéow mozna wyprowadzi¢ nastepujacy wzor:

an|SLnA_AaJ A > A, = (Aa < AS)

@ lsn A < Ay = (40> A,) (32)

D= 5(S,A) dn:{

Podstawiajac we wzorze (32) za symbol S symbol B dowodzimy poprawnosci twierdzenia o przemien-
noéci operacji sumowania strumieni danych. Istnieje jeszcze jeden, nieuwzgledniony przypadek - kiedy A
obu strumieni danych jest réwna. Dowdd nie zostal zaprezentowany z uwagi na trywialnosé. a

4.3 Metoda dopasowania przeplotu

Jak pokazano na przykltadzie operacji przeplotu, nie jest to operacja przemienna. Jednak istnieje algebra-
iczna metoda umozliwiajaca zmiane kolejnosci atrybutéw operacji przeplotu przy pewnych zatozeniach.

Twierdzenie 7. Jesli wybierzemy dwie liczby naturalne ik, ktorych stosunek jest rowny stosunkow:
wartodci elementow A, strumieni {gczonych operacjg przeplotu to operacja przeplotu strumieni danych
przesunietych wzgledem tych wartosci tworzy strumien danych rowny strumieniowi powstalemu poprzez
przeplot, przesuniecie wzgledem sumy wartosci tych liczb i zamiane kolejnosci argumentow tej operacyi.

Formalnie: Jesli speinione sqg nastepujgce warunksi: % = 2—‘; oraz 1,k € N to:
¢ (7i (A), 7k (B)) = Tivk(¢ (B, A)) (33)

Dowdd. Analizujac lewa strone réwnania (33) oraz biorac pod uwage réwnanie opisujace operacje prze-
plotu (5) mozna otrzymaé nastepujacy wzor:

bon_nzpysi Lnz) = L(n+1) 2
C=0¢(r;i(A), 7 (B)) ¢, = { (n—|nz])+i 34
¢( ( ) k( )) A(|nz))+k anJ 7& |_(n+ l)ZJ ( )
Analizujac prawa strone réwnania (33) oraz biorac pod uwage réwnanie opisujace operacje przeplotu
(5), mozna otrzymaé nastepujacy wzor:

C=7k(6(B,A) cn= { A ntithyz)  |nz) = [(n+1)z2] .

bntith—|(n+ith)z) [nz] # [(n+1) 2]
Rozwazajac warunki, dla ktérych réwnania dobieraja odpowiednie probki ze strumieni A i B oraz
korzystajac z zalozen twierdzenia (33) mozemy stwierdzié, ze:

bnanzJ+i = bn+i+k7L(n+i+k)zJ = - LTLZJ =k- I_(n +i1+ k) ZJ (36)
oraz:
‘ Aer o (Ae Nk
z+k—A—bk+k—k<Ab+1>—Z (37)

Majac na uwadze zalozenia tezy (33) oraz poprzednie réwnania mozna przedstawié¢ nastepujacy wnio-
sek:

—|nz] =k — |k +nz| (38)
Biorac pod uwage zalozenie tezy (33) tzn. k € N mozna stwierdzi¢ ze réwnanie (38) jest speinione.
Druga cze¢dé dowodu, prowadzona w oparciu o warunek nieréwnosci, jest analogiczna. a
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5 Budowa planéw zapytan

W poprzednich punktach przedstawiono zbiér operatoréw oraz metody umozliwiajace poprawe efek-
tywnosci dostep do danych. Efektywnoscia realizacji zarzadza procesor zapytan. Procesor zapytan jest
elementem systemu zarzadzania danymi, ktory stuzy do przetlumaczenia zapytan wyrazonych w jezyku
formalnym na ciag operacji na bazie danych. Bledna strategia realizacji zapytan moze prowadzi¢ do
powstania algorytméw, ktore przetwarzaja zapytania w znacznie dluzszym czasie niz jest to niezbed-
ne. W wiekszosci relacyjnych systeméw zarzadzania danymi w celu wyrazenia wewnetrznej reprezentacji
zapytan zapisanych w jezyku SQL stosowana jest notacja algebry relacji. Zaleta algebry relacji jest mozli-
wos$¢ reprezentacji wyrazen algebraicznych w postaci drzewa wyrazen opisujacych logiczny plan zapytania
[24].

Podobne zasady przyjeto podczas tworzenia procesora zapytan dla potrzeb tworzonego systemu. W ce-
lu wyrazenia wewnetrznej reprezentacji zapytan stosowana jest przedstawiona w pracy algebra strumieni
danych. Zdefiniowany dla potrzeb systemu zbiér operacji rézni si¢ zbioru operacji zdefiniowanych w alge-
brze relacji jednak podobnie jak w przypadku algebry relacji przewidziano mozliwosé reprezentacji wyra-
zen algebraicznych w postaci drzewa wyrazen. Aby stworzy¢ drzewo wyrazen procesor zapytan wykonuje
szereg etapéw [24]. Najpierw nalezy przeanalizowaé skladniowo zapytanie zapisane w deklaratywnym
jezyku zapytan. Do opisu jezykow programowania stosuje sie gramatyki formalne, a w szczegdlnodci gra-
matyki bezkontekstowe [26]. Pozwalaja one na przejrzysta reprezentacje struktury zapytania w postaci
drzewa rozbioru sktadniowego oraz umozliwiajg stworzenie algorytmu, ktory bedzie akceptowal poprawne
zdania. Nastepnie nalezy przeksztalci¢ drzewo sktadniowe w drzewo wyrazen algebraicznych wg przyjetej
algebry danych. Na tym etapie system zarzadzania danymi decyduje o sposobie wykonania zapytania
wybierajac najbardziej efektywny sposob realizacji zadania. Stworzone drzewo wyrazen nazywane jest tez
logicznym planem zapytania. W ostatniej fazie logiczny plan zapytania nalezy przeksztalci¢ w fizyczny
plan zapytania, ktory wskazuje nie tylko wykonywane operacje, ale rowniez kolejno$¢ ich wykonywania
oraz algorytm stosowany do realizacji kazdej z nich, a takze sposoby przekazywania danych pomiedzy
kolejnymi krokami algorytmu.

5.1 Drzewa wyrazen

Jedno wyrazenie algebraiczne moze zawieraé wiele operatoréow. Dzialaja one kaskadowo na wynikach
poprzednich dzialan. Zatem mozna przedstawié¢ kolejnos¢ wykonywania operatoréw w postaci drzewa
wyrazen. Li$¢mi sg nazwy strumieni danych, kazdy wezel wewnetrzny jest etykietowany operatorem.
Zalézmy ze sa dane dwa strumienie danych: EKG( pacjent_id, ekg.v ), 0.001 oraz

Czujnik( pacjent_id, wartosé¢ ),0.1. Pierwszy strumien danych zawiera informacje o zmierzonych
potencjatach elektrycznych serca, natomiast drugi strumien zawiera pomiary z czujnika biometrycznego.
Zapytanie, ktorego zadaniem jest stworzenie strumienia danych zawierajacego jedynie prébki EKG dla
ktérych pole wartosé strumienia czujnik jest wieksze od 25.

SELECT ekg_v

STREAM bol_ekg

FROM EKG + Czujnik

FILTER BY wartosé > 25, 0.001

Tak sformulowane zapytanie jest tlumaczone przez analizator skladniowy na logiczny plan zapytania,
w ktérym pierwszy krok polega na polaczeniu strumieni EKG oraz Czujnik. W nastepnym kroku wyko-
nywana jest selekcja, odpowiadajaca klauzuli FILTER BY, a ostatni krok to rzutowanie na liste atrybutéw
umieszczong w klauzuli SELECT. Wyrazenie algebraiczne powyzszego zapytania przedstawiono w postaci
drzewa na rysunku 1.

Istnieje kilka wyrazen réwnowaznych wyrazeniu przedstawionemu na rysunku 1. Réwnowaznych
w tym sensie, ze bez wzgledu na wybdr planu zapytania ich wyniki sa takie same. Ogélna zasada znana
z algebry relacyjnej stanowi, ze (zazwyczaj) warto wykonywac selekcje jak najszybciej. Podobna zasada
obowiazuje w przypadku przetwarzania strumieni danych gdyz inne operacje trwaja zazwyczaj diuzej
niz selekcje, ktére redukuja rozmiary strumieni danych.

Zastosowanie przez procesor zapytan wprowadzonej metody dopasowania przeplotu (33) oraz prze-
miennodci sumowania (30,31) umozliwia procesorowi zapytan dobér bardziej odpowiedniego planu reali-
zacji zapytania.
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T Ekg v

G Wartos¢>25,0.001

+
/ \
EKG Czujnik

Rysunek 1. Logiczny plan zapytania

6 Podsumowanie

W ramach prac badawczych realizowane sa zadania majace na celu stworzenie systemdéw monitoruja-
cych dla medycyny [6]. W wigkszosci przypadkéw zadanie zarzadzania danymi powierza sie bezposrednio
systemowi monitorowania. Takie rozwiazane poczatkowo nie komplikuje znaczaco konstrukcji systemu.
Jednak z czasem sytuacja ulega zmianie. Okazuje sie, ze zaimplementowane algorytmy sa silnie zwigza-
ne z wybrana implementacja i dlatego zastosowanie nowszych rozwiazan sprzetowych jest utrudnione.
Prowadzone prace maja na celu przedstawienie systemu zarzadzania danymi wyposazonego w formalny
jezyk zapytan, ktory rozwiaze ten problem. Rozwigzanie oparto na rozszerzonej koncepcji strumienio-
wego przetwarzania danych. Zastosowanie proponowanego systemu upraszcza konstrukcje algorytmow
przetwarzania sygnaléw, zapewnia bezpieczenstwo danym oraz rozwiazuje problemy z wspétuzytkowa-
niem informacji w systemie monitorujacym.

Systemy zarzadzania strumieniami danych to obecnie jedng z bardziej intensywnie rozwijanych dzie-
dzin nauki zwiazanej z problematyka systeméw baz danych. Prowadzone prace maja na celu wykazanie
efektywnosci zastosowania stworzonego modelu przetwarzania informacji w stosunku do istniejacych roz-
wigzan [27]. Zadanie to jest o tyle utrudnione, ze przyjety model relacyjny jest modelem uniwersalnym.
Od modelu strumieniowego oczekuje sie, ze zastosowanie go w zadaniu monitorowania pozwoli na prostsze
i bardziej eleganckie wyrazenie zapytan oraz dzieki uproszczeniu konstrukcji uzyskany zostanie znacza-
cy wzrost efektywnosci przetwarzania informacji. Osiggniecie stopnia uniwersalnosci modelu relacyjnego
bedzie jednak bardzo utrudnione.

W artykule przedstawiono opracowane w ramach prac badawczych twierdzenia algebry ciagow da-
nych (strumieni) wraz z wyprowadzonymi dowodami. Udowodniono bezposredni zwiazek zastosowanych
operatoréw z odkrytymi w polowie zesztego wieku twierdzeniami Teorii Liczb. Twierdzenia te doczekaly
sie stosunkowo niedawno kolejnych dowodéw [17].
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Context-awareness is emerging as an important element of future wireless systems. In particular, concepts
like ambient intelligence and ubiquitous computing rely on context information in order to personalize
services provided to their end users. However, security implications of employing context-awareness in
computing systems are not well understood. Security challenges in context-aware systems include integrity,
confidentiality and availability of context information, as well as end user’s privacy. Another interesting and
open question is to what extent availability of additional context information could be used in order to
optimise and reconfigure security-related services themselves.

1. Introduction

Ubiquitous computing is referring to scenarios in which computing is omnipresent, and particularly in which
devices that are traditionally perceived as dumb are endowed with computing capability [1]. In ubiquitous
computing, context information (such as user’s location, time, etc.) can have a strong impact on application
adaptation. We consider that application adaptation is performed at both application logic and security
management levels. At the application logic level, an application can, e.g., modify contrast of the screen
depending on the surrounding brightness. At the security management level, an application can, e.g., adapt an
encryption mechanism used for communication with remote application depending on the nature of network
over which data will be exchanged. We start with presenting the state of the art in context-aware computing in
Section 1.

Processing of context information introduces two major chalenges. The first one is related to a
heterogeneous character of context information: context can come from different context information provider
and can be of different kinds. A thermometer delivers temperature whereas user’s device provides its | P address
in a wireless network. The challenge raised by the diversity of context is discussed in Section |11, where we
present an initial taxonomy of context information. The second challenge is security in context-aware systems.
In Section IV, we describe new challenges and opportunities for information security arising in context-aware
environments, and in particular in ubiquitous computing environment. In Section V we present possible ways of
using context information to influence security services, in particular in order to manage security and trust in
context-aware systems. Finaly, in Section VI we present one of the ongoing European research projects
focusing on security in context-aware systems.

2. Context-awar e computing

As more advanced mobile applications begin to emerge, we can observe an increasing interest in use of context
information in mobile environment [2], [3], [4]. Severa terminologies and classifications for context informa-
tion have been proposed. Section I1-A provides a comprehensive set of definitions related to context-aware
computing, which we use in our research. In Section I1-B, we describe a life-cycle of a context in amobile
application environment.
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2.1. Terminology

As context information we understand any kind of information, which can be used to characterize the state of an
entity. An entity might be any kind of asset of a computing system such as user, software, hardware, media
storage or data [5]. Moreover, we define as context information provider (CIP) any kind of entity which delivers
context information. A context information provider can be for example a thermometer, a GPS receiver or a
watch. In this paper, we call a system context-aware if it uses any kind of context information before or during
service provisioning, including, e.g., service design, implementation, and delivery. The smart floor system is a
good illustration of a context-aware system [6]. The smart floor is a device equipped with force measuring sen-
sors, so that it can detects users walking on it. The purpose of such system can be to identify users. In such case,
the context-aware system is the backend system to which users authenticate themselves; the context information
is the force pressure measured by the smart floor; and the smart floor acts as the context information provider.

2.2 Life-cycle of Context

We assume that a context information provider delivers context information to a context-aware system fol-
lowing the life-cycleillustrated in Figure 1. The main stepsin alife-cycle of context information are:

« Discovery of context information: In this step, a context-aware system discovers available context
information providers. The discovery can be performed either in a push or a pull mode [7], i.e. the context-
aware system can actively look for CIPs or can passively receive information about available CIPs.

e Acquisition of context information: In this step, a context-aware system collects context information from
the discovered context information providers and stores it in a context information repository for further
reasoning. Similar to the process of discovery, the acquisition is performed either in a pull or a push mode. In
a pull mode, the context-aware system explicitly requests for context information whereas in a push mode,
context information providers push context information to the context-aware system. For example, a GPS
receiver can either push every second a geographical position to a context-aware system or the context-aware
system can pull the GPS receiver every second for the geographical position.

¢ Reasoning about context information: reasoning mechanisms enable applications to take advantage of the
available context information. The reasoning can be performed based on a single piece of context information
or on a collection of such information. For example, in the case of a context-aware e-Health application,
user's health status can be evaluated based on both his heart rate and blood pressure provided by medical
Sensors.

Context informatiol
discovery

Context informatio
acquisition

Context informatio
reasoning

Fig. 1. Context life cycle.

2.3. Context Architecture

Severa architectures have been developed for supporting discovery, acquisition and reasoning about context
information. Two particularly interesting approaches are represented by the Context Toolkit Architecture [8]
and the Context Broker Architecture (CoBrA) [9].

The Context Toolkit Architecture aims at facilitating development and deployment of context-aware
applications. The basic components of this architecture are context widgets, interpreters, aggregators and a
discoverer. Context widgets are software components that provide access to context information. Aggregators
collect al the relevant context information for a specific application. Interpreters provide abstraction of context
information by reasoning about them. Finally, a discoverer aims at determining what context can be currently
sensed from the environment. Application can either get access to aggregator, interpreter or a widget. Moreover,
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the Context Toolkit enables basic access control for privacy protection. Figure 2 gives an overview of the
Context Toolkit Architecture.

The Context Broker Architecture (CoBrA) proposes architecture for discovery, acquisition and reasoning
about context information. It includes also mechanisms for privacy protection of context information. CoBrA
assumes that all context information providers have a prior knowledge about the broker’ s presence and that they

communicate with the context broker via a standardized protocol. CoBrA is based on a Web Semantic
Ontology, which isdescribed in Section 111. CoBrA architecture is depicted in Figure 3.

{ Application | Application
4 ™

Irterpreter Agoregstor [ Interpreter

Fig. 2. Context Toolkit Architecture (arrows show the flow of context information).
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Fig. 3. Context Broker Architecture.
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3. Context ontology

Context ontology is needed in order to deal with a heterogeneous character of context information. In particular,
and ontology focuses on identifying objects by classifying them and characterizing them with properties [10].
Below we present an early attempt of a classification of context information, including identification of common
properties and description of relationships between them. We also briefly introduce the Web Ontology
Language [11], which can be used for representing context ontology.

3.1. Context taxonomy

We first aim fat establishing a simple taxonomy for context information, based on various approaches proposed
inthe literature.

In general, context information can consist of very different information. User’s location is one of the most
popular kinds of context information [12]. However, other common kinds of context include, e.g., user's
identity, activity pattern, |P address and time of transaction.

We can identify the following four basic categories for context information [13], [14]:

System context: A mobile application has to take into account context information related to both the
computing system it is running on, e.g. the particular type of mobile device, and to communication system being
used, e.g. the particular type of wireless network. System context deals with any kind of context information
related to a computing system, e.g. computer CPU, network, |P address, status of a workflow, wireless network,
etc. In order to provide a fine-grained classification of system context, we can use model based on context
information provided by different layers of Open System Interconnections (OSI) model [15]: application,
presentation, session, transport, network, data link, and physical. Figure 4 provides an example of context
information available per layer. For example, a workflow status would be provided by the application layer
whereas an |P address would be related to the network layer.

User context: refers to any kind of context information related to the user and characterizing him. User
context information can be user’s age, location, medical history, etc. Biometric information, such as fingerprint,
iris or face shape, is apart of user context, too. User context can be also related to his emotions [16], eveniif it is
currently difficult to capture this kind of information in computing systems. User context can aso include
context information related to user’s tasks, social connections, personal state, and spatio-temporal information
[17]. The task context captures user’s tasks, goals and current activities. The social context focuses on capturing
the social relationships, such as family, friends, and colleagues. The personal context describes physical and
mental information about the user. The spatio-temporal context refers to the location or movement of the user.

Environmental context: consist of any kind of context information related to the physical environment,
which is not covered by system and user context. Environmental context information include, e. g., lighting,
temperature, weather, etc.

Temporal context: defines any kind of context information related to time. Time and day are typical
temporal context information.

Figure 4 depicts the taxonomy of context information described above.
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Fig. 4. Classification of context information.
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Any context information can be classified as type-of object class as defined in Figure 4. For example, an IP
address is considered as type-of Network context information which is a subtype-of System context. Our
proposed taxonomy should be considered as a basis for context information classification, and therefore it can
be extended. Nevertheless, classification of context information is not sufficient. It is necessary to identify the
properties of this context information. In the next section, we describe a set of properties that we believe are
common to many kinds of context information.

3.2. Attributes of context information

In this section our goal is to present a non-exhaustive list of attributes which characterize various kinds of
context information. Figure 5 illustrates this basic set of attributes of context information. In particular, we have
identified the three main properties of context information:

Persistence of context information: We consider persistence of context information as relative to the
application life-time. In particular, static context information does not change (or changes very slowly). Static
context information can include user’s address, information name, room temperature, etc. At the contrary,
dynamic context information changes much more often. Dynamic context information includes time, user's
location, etc.

Origin of context information: context information can be provided by either an interna or an external
source. For example, in the case of an application hosted by a mobile phone, context information coming from
the mobile phone itself is considered as internal context information; whereas context information provided,
e.g., by a GSM operator (such as user’s location) is considered as external context information. We believe that
the distinction between internal and external context information is important for the evaluation of, e.g., quality
and trustworthiness of context information. In particular, internal context information, such as battery level, can
be assumed more reliable than external context information such as network coverage guaranteed by the mobile
operator.

Quality of context information: an important attribute of context information is its quality. For example,
various approaches have been proposed in order to increase accuracy of GPS location information for outdoor
user’s localization or to provide user’s location indoor based on Wi-Fi networks [18]. Gray [19] introduced
criteriafor evaluation of quality of the context information. Based on the quality of the context information, the
acquisition can be repeated periodically, either in order to maintain the freshness of the context information or
when some events in the system occur [7]. The importance of the quality will be further discussed in section 1V.
As stated previously, the above list of common property is not exhaustive. Nevertheless, we believe that it
provides a good basis for further research.
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Fig. 5. Attributes of context information.
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3.3. Context Information Relationship

Even if context information is clearly classified and if a list of common properties is established, relationships
between different kinds context information have to be identified in order to enable further reasoning about
context. For example, an e-Health application may acquire context information related to a patient’s health
status such as a patient’ s heart rate, pulse and blood pressure. We can assume that an equivalence relation exists
between heart rate and pulse [11]. Moreover, we could state, e.g., the following correlation between context
information: if pulse lower than 10 and blood pressure lower than 10 then health status is unconscious. During
the reasoning phase, if pulse is not available, heart rate can be used for reasoning about the patient’s health
condition. Identification of relationships between context information permits aggregation of context
information at the application level: instead of having different context information from different sources,
correlation compiles sets of context information in single and comprehensive information, which can be used by
the application. The goal of aggregation and reasoning about context information is to avoid flooding an
application with too much context information and to provide a global context understanding. Nevertheless the
quality of the reasoning about context information is based on the properties of the individua context
information. Depending on the individua quality of a set of context information, reasoning about correlated
imperfect context information determines the quality of this new context information [20]. The complexity of
reasoning about imperfect information may constitute a significant obstacle for the success of context-aware
system.

3.4. OWL -based Context Ontology

The Web Ontology Language (OWL) has been developed as a part of the Semantic Web initiative sponsored by
World Wide Web Consortium (W3C) [11]. Based on the XML standard, OWL is a knowledge representation
language for defining and instantiating of ontologies. Standard Ontology for Ubiquitous and Pervasive
Applications (SOUPA) [21] is an ontology covering knowledge sharing, context information reasoning and
inter-operability in ubiquitous environments. Expressed using OWL, SOUPA ontology consists of two sets of
ontologies: SOUPA Core and SOUPA Extension. SOUPA Core defines a typical vocabulary for nine basic
concepts: person, agent, belief-desire-intention, action, policy, time, space and event. For example, for the
person concept, SOUPA Core defines attributes such as first name, last name or contacts. SOUPA Extension
enables the definition of new set of vocabulary. Existing SOUPA extensions include location, image capture,
and region connection calculus.

4. Context and security

Context ontology provides a conceptual mechanism for understanding of context at the application-level. This
context can be further used at application-level for the adaptation of application’s logic and management of
security. However, such context-aware systems face important security challenges related to the use of context
information: the main issue is to how to get secure and trusted context information. In section 1V-A, we focus
on the management of trusted and secure context information. The goal is to provide to context-aware system
reliable context information. Afterwards, we discuss in section V how trusted context can be integrated as input
for trust and security management in context-aware system. We aso explain in that section the benefits, which
mobile application can gain from using context-aware security.

4.1. Secure context

During each step of the life-cycle of context, see also Figure 11-B, context-aware systems face specific security

and trust challenges. We consider the three main security needs in computer system: confidentiality, integrity

and availability [5].

< Confidentiality: focuses on protecting of computer system assets (Computer system assets include hardware,
software, media storage and data) from unauthorized entities; For example, user can choose to disclose his
age only to specific authorized entities.

« Integrity: focuses on ensuring that computer system assets can be modified only by authorized entities; For
example, temperature measurements delivered by thermometer must be reliable and not modified by any
entity. Context information spoofing is
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e Availability: focuses on ensuring that computer assets must be available to the authorized entities. A GPS
receiver must ensure to provide user’s location anywhere and anytime.
Those three security goals are aso relevant for a context-aware system, with respect to information exchanged
between the context information provider and requestor during the context life-cycle. We have identified the
following security issues related to exchange of context information:
Confidentiality of context information: (also called context information privacy). Considering user’s context
information (see also section 111-A), user should be able to protect personal information such as his health status,
or medical history. Jason proposes an architecture so-called Confab in order to provide privacy in ubiquitous
computing [22]. Confab framework has been designed for protecting a user’s location information in ubiquitous
systems. It is based on an analysis of privacy needs for end-users and application developers. The main ideais
that personal information are captured, stored and processed as much as possible on the user’s device. Users can
apply security control on their choice on those data. Context views have been introduced by Shankar [23].
Context view is a fraction of an entity’s context that is relevant to the application. In order to protect context
information confidentiality, delivered context information can be controlled in context view. Bussard et al
proposed security mechanisms for protecting privacy of context information. [24] These context information are
used for further trust relationship establishment between two entities.
Integrity of context information: focuses on guaranteeing that the provided context information has not been
corrupted by athird party. Hash functions or public key digital signatures can provide context integrity.
. Hash function: We consider two kind of hash function: un-keyed and keyed hash functions. In the first
case, un-keyed hash functions, such as MD5 or SHA-1, provide avery low level of dataintegrity with respect to
the use of context in application adaptation. With keyed hash function, such as MAC, we have the issue of the
establishment of pre-shared key between the context information providers and the context-aware systems.
. Public key digital signature: the PKI-based approach might not be always suitable for context-aware
systems, especially in distributed systems including low-cost sensors [25].
Availability of context information: denia of service attacks could be easy to perform on a context
information provider. Possible denial-of-service attacks on context information providers include the sleep
deprivation torture or CPU exhaustion [25]. However, we do not focus on this security challenges here.

When considering that the application logic and the security configuration can depend on context, we have to
ensure that context information is trustworthy. In particular, we have to be able to estimate the level of trust a
context information requester can put in the delivered context information. Due to the fact that context
information provider and the context-aware system might be members of different administrative domains, it is
very important to be able to differentiate trustworthy parties from un-trustworthy ones. Defining trust
mechanisms and metrics is not an easy task [26], [27]. In the scope of context-aware system, we consider that
trust refers to the reliability and accuracy of context information. In this sense, trust is related to the quality of
the delivered context information, but not restricted to it. We can evaluate the trust about delivered context
information by computing the distance between it and the real context. The following approaches can be used in
order to compute this distance and evaluate the trustworthiness of delivered context information:

Statistical analysis of context information: The ideaisto perform statistical analysis of the value of context
information in order to detect unreliable ones. A simple example is to take an average of temperature values
provided by different thermometer in the same room. Such naive approach raises the following issue: if the
temperature values collected are (10; 10; 11; 50) we get an average of over 20. It is obvious that the last value is
awrong one, and the temperature in the room should be 10. A simple solution is to use median that detects that
value 50 is out of the scope, and eliminate the context information provider delivering this temperature value as
an unreliable provider. Of course, rea-life implementation requires use of much more sophisticated statistical
tools.

Digtributed reputation network: Trustworthiness is often described as the expectation of cooperative
behavior [28]. Usually the trustworthiness is based on previous experience with the same party. The problem is
that often there has not been any direct interaction before. In this case, an entity can establish trust in its
communication partner based on the latter’s reputation [29-31]. Reputation is based on the collection of
evidence of good and bad behavior. In the case where we use sensors in order to identify and authenticate users,
their reputation depend, e.g., on whether the sensors input led to correct authentication or to a violation of a
security policy. Reiability of context information is computed based on the previous experiences with a context
information provider. The mathematical foundations for reputation management are rooted in statistics and
probability [32]. Trust context views [33] have been introduced by Robinson in order to establish a degree and
state of trust within a certain interactive context. This approach doesn't consider the authentication of context
information provider.

Confidence value: In the scope of Gaia architecture, Al-Muthadi et al [34] define a notion of confidence
values in context-aware authentication. Gaia architecture establishes a confidence value based on the
authentication devices and protocol used. For example, iris recognition would have a better confidence value
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than a fingerprint authentication device. The use of challenge-response protocol would be considered with a
strong confidence value than auser’s identity sent in clear text.

Above considerations about security and trust are relevant for discovery and acquisition of context
information. Reasoning about context information raises another security chalenge. Indeed, reasoning about
context information often deals with integrating several pieces of context information into another piece of
context information. For example, from a patient’s heart rate and blood pressure, we can evaluate his health
condition. Assuming that patient’s heart rate and blood pressure has different level of trust and security, the
question is about the level of trust and security about the patient’s health condition.

4.2. Context-awar e security

Context information can be also used in order to reconfigure and enhance security of the system and of the
applications. We define context-aware security as dynamic adaptation of system security policy according to the
context. For example, a context-aware system can exploit user’s location for access control: if the user isin a
public area, such as airport, he should not be able to display confidential datain away it could be seen by athird
party. Context information could also be used in order to automatically reconfigure security mechanisms in
order to provide a predefined level of security, at the same time optimising use of resources. For example, email
messages send by a mobile worker using WLAN hotspot as an access point for his PDA can be automatically
encrypted, whereas the same massages could be sent in plaintext when connected to an access point belonging,
which employs the worker.

As we have aready mentioned, one of the main challenge in context-aware security is estimation of trust we
put in context information. This is especially true, if context information is to be used in order to enforce
security policiesin mobile applications or to alter security configuration of a portable device.

Below, we describe trust management and access control as two candidates for security services integrating
context information.

4.3. Access control

Access control is a set of mechanisms and processes that aim at protecting assets of a computer system from
being accessed by unauthorized entities. Access control determines whether an access request to a resource or
data is granted or denied [35]. Access control policy defines the set of controls or permissions in the computing
system. Permission is normally associated with a subject, such as a user. It is a set of rights for a specific object.
Access control policy is commonly enforced through identification of a subject and a decision of granting or
denying access to an object, according to the permissions associated to the subject identity. For example, user A
authenticates himself to a computing system. A requests access to file C. As permission B allows user A to read
and write in file C, access control enforcement grants access to file C to user A. Access control targets the three
main security goals: authentication, authorization and accounting. Authentication is the process whereby one
party is assured of the identity of a second party involved in a protocol, and that the second has actually
participated (i.e., is active at, or immediately prior to, the time the evidence is acquired). Authorization deals
with the rights on an asset associated to a principal. Finally, accounting focuses on logging all requests for
access, as well as the corresponding access decisions. Context-aware access control can be easily illustrated by
the following example: a doctor should have the rights to book a room for a patient in a hospital or plan for a
surgery only if he is physicaly in the hospital and not on vacation. In our e-Health scenario, emergency team
member can get access to all health information about victim, only if the latter is unconscious. Based on context
information, proximity-based and encounter-based access control can be defined [36]. Proximity-based access
control defines a set of security rules based on the proximity of an entity to other entity or group of entities.
Another example of a context-aware system that exploit user’s location for access control could be as follow: if
the user isin a public area, such as an airport terminal, he should not be able to display confidential data in a
way it could be seen by untrusted third parties. In the scope of access control, we can also consider context-
aware delegation of rights. For example, if a manager is out of office, he can delegate some of his rights to his
secretary until he is back in his office. Depending on the urgency of certain task, context-aware system can
decide whether delegation can take place or not with respect to particular tasks.

Several architectures have been developed for context-aware access control:

Environmental Roles: Covington et al [37] propose a uniform access control framework for environmental
roles. It is an extension to the Role-Based Access Control (RBAC) model. In RBAC model, permissions are
associated with roles. In an administrative domain, a role can be a developer or a manager. A role determines
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the user’s position or ability in an administrative domain. Likely, an environmental role is a role that captures
environmental conditions. Environmental roles are based on General Role Based Access Control [38]. Unlikely
in the RBAC mode which is only subject-oriented, GRBAC allows defining access control policy based on
subject, object or environment. An implementation of the environmental rolesis provided by, e.g., CASA.

Gaia: Roman et a [39] defined generic context-based software architecture for physical spaces, so-called
Gaia. A physical space is a geographic region with limited and well defined boundaries, containing physical
objects, heterogeneous networked devices, and users performing arange of activities. Derived from the physical
space, Active Space provides to the user a computing representation of physical space. Active Space helps the
user to interact with the physical space. Cerberus is a framework for context-aware identification, authentication
and access control and reasoning about context, based on Kerberos [40] authentication and Gaia [34]. Cerberus
focuses on user’ sidentification via user’s context information such as fingerprint, voice and face recognition.

Authorization mechanisms for Intranet: This context-aware authorization architecture, based on Kerberos
authentication, enables to activate or deactivate role assigned to a user depending on his context [41]. For
example, if auser isin aun-secure place such as airport terminal, the access to sensitive data is denied whereas
in the corporate building of the user, he has access to the confidentia data.

4.5. Trust management

Severa trust models have been proposed in the literature [26]. In the scope of ubiquitous environment, we target
the trust management of mobile application across multiple domains. It means that mobile application involved
in collaboration may not trust a priori each other. When considering collaborative mobile applications, we can
identify the following history information, which can influence the trust relationship during the collaboration:

Respect of common security policy: Assuming that mobile application negotiate a common security policy
at the beginning of the collaboration, if one of the entity involved in the collaboration breaks the common
security policy it should decrease the trust that the others entities will have in the | atter.

Respect of the common goal: The collaboration aims at achieving a specific goal, e.g., sharing afilein a
secure manner, exchange contact, etc. If actions of one the entities is not focused on the goal of the
collaboration, it level of trust should decreases. At the contrary, if an entity fulfills its entire obligation in the
collaboration, its level of trust should increase.

As we discussed in Section IV-A, trust is a complex concept. Defining a generic model of trust is a very
challenging and so far unsolved issue [27]. By exploiting the context information, we aim at managing trust
between entities in collaboration on a case by case basis. We also aim at providing a dynamic evaluation of level
of trust in context information itself. This issue is directly related to risk management. In particular, mobile
applications can accept the risk of using un-trustable context information, either if it isin urge or it doesn’t
really care of the reliability of the context information. On the other hand, user or application can decide to fix a
threshold of trust, below which context information is not taken into account when considering adaptation of
application logic or security mechanisms.

4.6. Ongoing and future work

The secure context awareness and context aware security are currently field of active research in both academic
and industrial community. Mobile Workers' Secure Mobile Application Collaboration in Ubiquitous
Environment (MOSQUITO) is ajoint European research project funded under EU FP6 IST Programme [21]. It
aims at providing a secure framework for collaborative mobile business application. In particular, within
MOSQUITO we aim at developing a framework for context-aware security services in ubiquitous computing
environment. In order to deal with security of context information, we introduce in MOSQUITO a concept of
Context Information Provider (CIP). Trusted CIP (TCIP) is responsible for providing accurate and secure
context information to context-aware applications. We consider several classes of TCIPs:

Third Party TCIP: a stand-alone system operated by a party belonging to a different administrative domain
than the entity requesting context information. This one is for instance operated by a mobile network operator.
Intra-Domain TCIP: aservice that is operated by an entity belonging to the same administrative domain as the
entity requesting context information. Intra-domain TCIP can be a stand-alone service or a service integrated in
another server.

Embedded TCIP: atamper-resistant component of a (mobile) device that ensures integrity and authenticity
of provided context information.
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5. Conclusions

In this paper we have focused on investigation of two different aspects of security related to context
information.

First, we presented challenges related to security of context information. Security challengesin context-aware
systems include integrity, confidentiality and availability of context information, as well as end user’s privacy.
Another important issue is trustworthiness of context information, i. e. the amount of trust, which a context
information requester can put in the delivered context information.

Second, we have discussed how availability of additional context information could be used in order to
manage and optimize security configuration of the mobile devices and services offered to the user.

6. Disclaimer

IST-Directorate General / Integrating and strengthening the ERA: the project MOSQUITO is supported by the
European Community. This document does not represent the opinion of the European Community. It is aso the
sole responsibility of the author and not the responsibility of the European Community using any data that might
appear therein.
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Abstract. The paper covers the use of multimedia and the Internet in management, concentrating mainly on
globalization and management process (planning, organization, motivation and control). The use of modern
multimedia and the Internet in management must be thoroughly thought over because it has both chances
and new possibilities and dangers for companies, employees and clients in the new age of knowledge,
information technologies and globalization. The paper also presents statistical data in selected countries
about the saturation of multimedia in the World.

1 Introduction

Thanks to the significant technological process of last decades the use of multimediain modern world is really
enormous and it still increases. Computers, computer networks, mobile phones, calculation centers and data
bases, automatic information and management centers, mass media, radio or television are already a constant
element of management practice.

Multimedia are practically at every management step, planning, organization, motivation and control—
especially at operational process. Moreover, they are widely applied to financial operations, banks, information
(also secret) transfer in marketing, public relations, etc.

Thanks to mass popularization of multimedia the world becomes a global village. All information, ideas or
tasks can be very quickly transferred and spread to every part of our planet. Moreover, it gives the possibility of
service and technology transfer on alarge scale in globalizing economy. All this, as any great invention, has its
possibilities and chances but, on the other hand, can cause enormous dangers. Technologies which are imperfect
and are also badly used can be the reason of many problems and tragedies. Legal system which, as usual, does
not follow technological changes and global economy, is also important here.

Due to its limitations, the paper contains only selected aspects of management, globalization and net eco-
nomy processes, presents the popularization of multimedia in the world quoting statistic data related to Gross
Domestic Product and demographic data. This paper contains also elements of cognitivisitcs and influence of
multimedia on man and their activity.

2 Globalization process and multimedia

In modern world there are many voices both for globalization and against it, from extreme liberalism to extreme
etatyzm. It seems, however, that for the civilization point of view the globalization process cannot be avoided.
There is still a question about the shape of globalization, its implementation, its beneficiaries, etc. Thereis pro-
bably a need of a compromise between extreme ideologies and interests of individua groups.

Tendencies of constant fight of different interests and rapid appearances of new economic phenomena on one
hand are limited by the tendencies of closing these processes within clear legal state regulations connected with
the informative revolution. These processes acquired a new character especially at the turn of 20 and 21 centu-
ries. From these points of view, computer networks can become the basic element of the future global manage-
ment system which will cover the whole human life.

Globalization processes have taken place at different scale and pace for hundreds of years. But they acquired
a decisive dynamics at the time of the great geographical discoveries. They accelerated fast with consecutive,
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revolutionary scientific-technical discoveries, from steamships and railways up to modern jet planes, large
tankers, through telegraph and telephone up to modern Internet [1].

The last 20th century, know as the age of steam and electricity played a very specia role, the present 21st
age is supposed to be the age of information and knowledge. In the present world many opinions both and
against globalization can be encountered, from extreme neo-liberalism to extreme state control. It seems,
however, that from the civilization point of view, globalization processes are not to be avoided. Here comes the
question: what kind of globalization will it be, how will it be implemented, who will it suit, whose interests will
be represented, etc. Probably, a certain compromise between these ideologically extreme views and interests of
individual groups is necessary. Tendencies to constant confrontation of different interests and spontaneous
formation of new economic phenomena on the one hand, are limited by the tendencies to keep these processes
within clear, legal regulations connected with the information revolution. These processes developed a
particular character especially at the end of the 20th century and at the beginning of the 21st century. From this
point of view, computer networks can become a basic element of future global management system, covering
the whole human life.

Conditions of the present globalization process create, of course, many old and new problems concerning,
among others, social, economical, technical, technological, legal, organization, cultural, awareness and eco-
logical areas. Polarization and differentiation of the world, e.g. into richer and poorer is growing, migrations,
capital and culture flows are becoming more intensive. The control of the state over multinationals is usually
limited. Supranational computerization and communication standards structure is being built. It creates both
opportunities and threats form the point of view of states, nations, business groups and ordinary people. The
guestion arises: how will the globalization process be conducted and who will benefit from it?

The use of e-business, of course, brings many new possibilities or changes in economy and management, but
requires modern, technological infrastructure — this requirement is connected with large, financial investments.
As it can be seen from the data presented, e-business develops fastest in rich areas, such as the USA and EU,
where about 2/3 of the world’'s GDP is produced, causing and additional large economic growth using multi-
media (like the loop of positive feedback) in spite of the fact that in rich, developed countries the growth
dynamics of GDP is very small (0.1-3%) per year. However, non-material values, like in a typical information
society, begin to dominate. Although USA and EU goals are similar (information society) the way to their
achievement is different. The Americans believe more in market self-regulation and business profits, the EU
also stresses state regulations and social values — hence the program e-Europe. Probably, a certain compromise
to achieve mutual goals (within the frames of globalization) and fulfill the rowing needs of the population can
be made.

Table 1 shows the saturation of multimedia in different world countries in relation to number of population
and GDP per head. It can be stated that the bigger the saturation of multimedia, the higher living standard is.

3 Theuse of multimediain management

The use of multimedia, microprocessors, computers and computer networks is common today — however, |
think that it has a unique and large significance in management because it makes management more effective
and optimum, where decisions can be taken with the use of modern forecasting methods, data processing,
simulation calculations, etc. It does not relieve the manager from decision-making processes, but it can help him
to make the right decisions. The planning function can be supported with data processing, multiple calculations
and smulations. The organization and metivation function can be reinforced with data based, modern
communication, calculation, multimedia training means.

The control function can be largely used through reports, monitoring, saving nearly everything including the
place of an employee on the Earth in a given moment with the use of GSM/DCS and UMTS telephones and
GPS satellite positioning eguipment. Management Process [2] presenting the regulation equipment system is
shown in Fig.1 and the operational system of the enterprise in Fig. 2.
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Table 1. Saturation of multimedia in relation to GDP and number of population in selected World countries

Inter- Popula- | GDPreal GDP Inter-- | Telepho | Telephones
-net -tion | per capita| real net nes mobile
State users growth hosts main cellular
lyear thousands| rate linesin min
min min uUsb % min usemin
v Jyear | 2004 2003 2003 lyear lyear lyear

1 |USA 159,3/03 293,0 37,8 31 115,3/02 | 181,6/03 158,7/03
2 | China 79,5 /103 1298,8 50 91 0,16 /03 | 263,0/04 269,0/03
3 | Japan 57,2 /03 127,3 28,2 2,7 12,9 /03 | 78,1/02 86,6/ 03
4 | Germany 39,0 /03 82,4 27,6 -01 |27 /04 |543/03 64,8 /03
5 | KoreaS. 29,2 /03 48,5 17,0 3,1 0,7 /01 | 22,9/03 33,6 /03
6 | G.Britan |25,0 /02 60,3 27,7 2,2 3,4 /04 |34,9/02 49,6 /02
7 | France 21,9 /03 60,4 27,6 0,5 2,3 /04 |339/03 41,6 /03
8 | Italy 18,5 /03 58,0 26,6 04 14 /04 |26,6/03 55,9/03
9 | India 18,5 /03 1065,1 29 8,3 0,09/03 | 48,9/03 26,1/03
10 | Canada 16,1 /03 32,5 29,8 1,7 3,2 /03 | 19,9/03 13,2 /03
11 | Brazil 14,3 /02 184,1 7,6 -0,2 3,1 /03 |38,8/02 46,3 /03
12 | Mexico 10,0 /02 104,9 9,0 1,3 1,3 /03 |15,9/03 28,1/03
13 | Spain 9,7 102 40,3 22,0 24 1,1 /04 |17,6/03 37,5/03
14 | Austraia 9,5 /02 19,9 29,0 30 2,8 /03 |10,9/03 14,3/03
15 | Poland 9,0 /03 38,6 11,1 3,7 0,8 /04 | 12,3/03 17,4/03
16 | Netherlands | 8,5 /03 16,3 28,6 -0,7 |45 /04 |10,0/02 12,5/03
17 | Russia 6,0 /02 143,7 8,9 7,3 0,5 /04 | 355/02 17,6 /02
18 | Turkey 55 /03 68,9 6,7 58 0,4 /04 |189/03 27,8/03
19 | Sweden 51 /02 8,9 26,8 18 0,9/04 |6,6/02 7,9/02
20 | Iran 4,3 /03 69,1 7,0 6,1 0,005/04 | 14,5/03 3,4/03
21 | Argentina | 4,1 /02 39,1 11,2 8,7 0,7/03 |8,0/03 1,5/02
22 | Romania 4,0 /03 22,3 7,0 49 0,05/04 | 4,3/03 6,9/03
23 | Austria 3,7 /03 8,1 30,0 0,7 0,4/04 |39/03 7,0/03
24 | Portugal 3,6 /02 10,5 18,0 -1,3 |03/04 |4,3/03 9,3/03
25 | Belgium 3,4 /03 10,3 29,1 1,1 0,2/04 |51/02 8,1 /02
26 | Hong-Kong | 3,2 /03 6,9 28,8 33 0,6/03 |3,8/03 7,2/03
27 | AfricaS. 3,1 /02 42,7 10,7 19 0,3/03 |4,8/02 16,9/03
28 | Denmark 2,7 103 55 31,1 0,0 1,2/04 |3,6/03 4,7/03
29 | Czech Rep. | 2,7 /103 10,2 15,7 29 0,3/04 |3,6/03 9,7/03
30 | Finland 2,7 102 5,2 27,4 1,9 1,2/04 |2,5/03 4,7/03
31 | Switzerland | 2,5 /03 75 32,7 -05 |0,7/04 |55/02 6,1/03
32 | Norway 2,3 /02 4,6 37,8 0,6 0,6/04 |34/02 4,2 /03
33 | Israd 2,0 /02 6,2 19,8 1,3 0,5/04 |3,0/02 6,3/02
34 | Greece 1,7 /03 10,6 20,0 47 0,2/04 |5,2/03 8,9/03
35 | Hungary 1,6 /02 10,0 13,9 2,9 0,4/04 |3,6/02 6,9 /02
36 | Slovakia 1,4 /03 54 13,3 39 0,09/04 | 1,3/03 3,6/03
37 | Belarus 1,3 /03 10,3 6,1 6,8 0,005/04 | 3,0/03 1,1/03
38 | Ireland 1,2 /03 39 29,6 14 0,2 /03 |1,9/03 3,4/03
39 | Latvia 0,9 /03 23 10,2 74 0,05/04 | 0,6/03 1,2/03
40 | Ukrainian ] 0,9 /03 47,7 5,4 9,4 0,1/03 |10,8/02 4,2 /02
41 | Lithuania 0,7 /03 3,6 11,4 9,0 0,06 /04 | 0,8/03 2,1/03
42 | Slovenia 0,7 /02 2,0 19,0 2,3 0,04/04 | 0,8/03 1,7/03
43 | Uruguay 04 /0,2 34 12,8 25 0,09/03 | 0,9/02 0,7/02
44 | Zimbabwe | 0,5 /02 12,6 19 -13,6 | 0,004/03 | 0,3/03 0,4/03
45 | Kenya 0,4 /02 32,0 1,0 15 0,008/03 | 0,3/03 1,5/03
46 | Luxemb. 0,2 /03 05 55,1 1,2 0,03/03 | 0,4/02 0,5/02
47 | Cuba 0,1 /02 11,3 29 2,6 0,002/03 | 0,6 /02 0,02 /02
48 | Zambia 0,07 /03 10,5 0,8 4,0 0,002/03 | 0,09 /03 0,2 /03
49 | World 604,2 /03 6379,2 - 3,8 - 843,9 -

Source: Own elaborate on the basis of [6]
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Fig. 1. Management Process of the regulation equipment system
Source: [3]

The use of multimedia, computers and the Internet considering management functionsis shown in Table 2.

Table 2. The use of multimedia, computers and Internet in management

MANAGEMENT FUNCTIONS
Planning Organization and motivation Control

— forecasting — data bases — monitoring
—simulation — communications and —  reports,

calculation identification means — cdculations,
—data processing,| —saving —  comparisons

modelling, etc. | — staff training and —  positioning, etc.

teaching, etc.

Source: own research

Although it seems obvious that the use of multimedia, computers, the Internet, GSM/DCSUMTS phone
systems, etc. may only help in management and economy it may also happen that the wrong use of these
techniques can lead to failure or even atragedy. The manager who believes in the only right computer prints
and makes his decisions on their base can fail since computer technology, though more and more sophisticated,
is still very limited, based on the already existing programs which often do not take into consideration all the
assumptions. In practice the manager’s ,,thinking” cannot be substituted by computers in management process,
it can however help him significantly.
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Fig. 2. The operational system of the enterprise.
Source: own elaborate on the basic of [4]
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Relation between power, money and information knowledge is shown in Fig. 3.

Fig. 3. Relation between power, money and information knowledge
Source: own research.

The next problem is connected with the implementation of modern computer and communication systems in
companies. | think that many mistakes may be made here. On the other hand, a too comprehensive manager's
control including the positioning of an employee at a given moment — can lead to dissatisfaction of the
employees who are not used to such methods, their stress and, consequently, worse work results. In case when
the employees are against it, are not mentally prepared because of e.g. psychological reasons and safety, | think
that it is not worth using it, the employee can be evauated by the work they have done without an expensive
observing their movements and position. The use of new technologies and new management methods by force
at an area and with people who are totally unprepared for this — can bring about most fatal, expensive and
thoughtless results. The theory of management says that an employee needs some minimum of freedom in order
to perform their duties well.

Another danger of thoughtless introduction of modern or pseudo-modern computer technologies can be
massive losses of gates, firms and clients themselves due to viruses and badly protected computer
telecommunication, cheque transfers and secret information networks, etc. Here, great care and mastering of
protection systems using microprocessor with an algorithm credit and phone cards — and not ordinary, magnetic
ones, must be used.

4 Cognitivistics, medial experience and human behavior

New information and informative technologies era makes the surrounding world a world of collective
imagination. This concerns mostly the use of mass media such as radio, television or computer networks which,
to some extent, can create avirtual reality in human minds and psychology.

Even if some facts have never existed or their influence was relatively small, thanks to mass media they can
exist medialy. Then they start existing in human psychology, thus creating specific experiences and changes in
human behavior, also creating new, but not necessary useful knowledge. People should approach the transferred
and created information with care, criticism and intelligence and not consider such information as being true—if
one does not experience it consciously and physically. Then, his world may become virtual and separated form
reality. There must be afilter in human minds which separates information more or less important, true or false,
etc.

The development of multimedia technologies aims probably at taking over the functions of television, radio,
VCR, press, books, telephone, mail, fax, library, data bases or game machines by computers, computer
programs and computer networks. In future it may only be one computer machine with attached interfaces.
When people’ s mentality changes and adequate portable screens are applied even books will be better read from
computer screens since there will be additional possibilities, e.g. fast finding of phrases, putting thousands of
books on one mini-disc, possibility of marking fragments of texts for better remembering and making inter-
active versions of drawings and pictures. It may be difficult and expensive and require new technologies but, at
the same time, there appear new possibilities for publishers and writers who must learn how to use these new
methods of transfer and must know how to write a book or an article in the electronic version. Although new
technologies are a challenge to mankind and give a wider scale of possibilities, they are till at the level of tools
(programmed, shaped) which are used by a more complicated and intelligent creature-man.

There is no doubt that the computer having specific properties will be a kind of a hyper-medium and will
make an intellectual aid in processing information by man. The analysis of this problem is not easy because it
needs analyzing many areas which are deeply rooted in many sciences known under a mutual name of cogniti-
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vistics [5]. Due to the limits of this paper | will concentrate on a smplified presentation of connections between
sciences dealing with cognition and humanistic aspect of technologies. Here we can separate many platforms
which are the base for functioning of man who is trapped informative technologies. Cultural and social aspects
are very important here. External informative world (and not only) overlaps internal world of human psy-
chology. As we know, man has several psychological layers which are responsible for feelings, cultural arche-
types and awareness. Adequate multimedial preparation and presentation of information can have a sublime
impact on specific layers in human psychology, e.g. feglings, thus broadening this layer while narrowing the
awareness. These techniques are used in advertising and public relations in order to make the customer buy a
product and created a good image of a company. They are the activities which influence human psychology.
Through experience and internal stimulus man is induced to certain behavior, including cultural behavior at a
specific time and place. It is difficult to say whether it is good or bad but such is the situation and surely there
are limits for such activities. Man himself can become resistant to these activities with time.

5 Conclusions

In spite of al significant and still increasing possibilities of multimedia we can assume that at the present stage
of development multimedia and computers are only tools in human hands and, from this point of view, they can
be used in different ways—according to their possibilities, destination and human decisions. In management
practice they are mainly used at the operational level for formalized, structured, repeatable and programmable
activities.

On the other hand if problems cannot be easily described by an agorithm or the phenomenon is relatively
new the use of machines in decision-making is practically impossible at this stage of development. Here,
manager’ s decisions are still needed; he can only support himself with modern technology (information transfer,
data collecting and processing, etc.). It refers mainly to the strategic level of management where decisions are
usually taken in risky, unsure and even turbulent conditions.

Mass spread of multimedia thanks to technological achievements, especially during the last 150 years have
created real possibilities of their application to many aspects of human life, including management on a large
scale, creating event the base for global management and global world economy where everything can be
produced and sold. Also, exchange and spreading of technology and information can be done on alarge scale at
the enormous speed. It gives a chance but also, as it is in the case of important events, carries dangers.
Everything depends on the use of these technol ogies and their perfection.

Asthe datain Table 1 shows, the saturation of multimediais usualy larger in highly-developed with a high
GDP level per person. In these countries the number of mobile phones can be compared to the number of
population. We can draw a conclusion that these means can serve a better development and functioning of the
states, business organizations or people themselves, but it is not always so.

Surely, the use of e-business, and internet economy gives many possibilities and chances in economy or
management but it also requires modern technology infrastructure which needs large financial investments. As
it can be seen from the presented data, internet economy and e-business with the use of multimedia is best
developed in the richest areas, e.g. the USA or EU where about 2/3 of the world’s GDP is produced. However,
non-material values, asin atypica information society, increase in value.

References

Gltowezyk J.: Uniwersalny stownik ekonomiczny. Fundacja Innowacja, Warszawa (2000) 385-394

Steinman H, Schreyogg G.: Zarzqdzanie, podstawy kierowania przedsiebiorstwem. Politechnika Wroctawska,
Wroctaw (1992) 18-20.

Peszko A.: Podstawy zarzqdzania organizacjami. Wydawnictwo AGH, Krakow (1997) 51.

Stoner J., Wankel C.: Kierowanie, PWE, Warszawa (1992).

Siemieniecki B.: Komputery i hipermedia w procesie edukacji dorostyc., Wyd. A. Marszatek, Torun (1998) 3—10.
Central Intelligence Agency (CIA) USA: www.cia.gov (The World Factbook), July 2005.

N~

SNk W









