


Uredniki:

prof. dr. Marko Bohanec
prof. dr. Matjaz Gams

prof. dr. Vladislav Rajkovi¢
prof. dr. Tanja Urbanci¢
Mojca Bernik,

dr. Dunja Mladeni¢
Marko Grobelnik

prof. dr. Marjan Heri¢ko

dr. Urban Korde$
prof. dr. Olga Marki¢

prof. dr. Janek Musek
Mari Osredkar

prof. dr. Igor Kononenko
Barbara Novak Skarja

Zaloznik: Institut »JoZef Stefan«, Ljubljana
Tisk: Birografika BORI d.o0.0.

Priprava zbornika: Mitja Lasi¢

Oblikovanje naslovnice: dr. Damjan Dem3ar
Tiskano iz predloga avtorjev

Naklada: 120

Ljubljana, oktober 2006
Konferenco IS 2006 sofinancirata
Ministrstvo za visoko Solstvo, znanost in tehnologijo

Institut »Jozef Stefan«

Informacijska druzba
ISSN 1581-9973

CIP - Katalozni zapis o publikaciji
Narodna in univerzitetna knjiznica, Ljubljana

659.2:316.42(063) (082)
659.2:004(063) (082)
004.8(063) (082)

MEDNARODNA multi-konferenca Informacijska druzba IS (9 ; 2006 ;
Ljubljana)

Zbornik 9. mednarodne multikonference Informacijska druzba IS
2006, 9. do 14. oktober 2006 = Proceedings of the 9th International
Multiconference Information Society IS 2006, 9th-14th October 2006,
Ljubljana, Slovenia / uredili, edited by Marko Bohanec ... [et
al.]. - Ljubljana : Institut "Jozef Stefan', 2006. - (Informacijska
druzba, ISSN 1581-9973)

Vsebina na nasl. str.: Inteligentni sistemi = Intelligent systems ;
Vzgoja in izobrazevanje v informacijski druzbi = Education in
information society ; lzkopavanje znanja in podatkovna skladisSca =
Data-mining and data-warehouses ; Sodelovanje in informacijska
druzba = Collaboration and information society ; Kognitivne
znanosti = Cognitive sciences ; Mejne kognitivne znanosti =
Borderline cognitive sciences

ISBN-10 961-6303-82-1

ISBN-13 978-961-6303-82-8

1. Informacijska druzba 2. Information society 3. Bohanec, Marko
229096448




Zbornik 9. mednarodne multikonference
Proceedings of the 9™ International Multiconference

INFORMACIJSKA DRUZBA IS 2006

INFORMATION SOCIETY IS 2006

Inteligentni sistemi
Vzgojain izobrazevanje v informacijski druzbi
Izkopavanje znanja in podatkovna skladiS¢a
Sodelovanje in informacijska druzba
Kognitivhe znanosti
Mejne kognitivnhe znanosti

Intelligent Systems
Collaboration and Information Society
Data-Mining and Data-Warehouses
Education in Information Society
Borderline Cognitive Sciences
Cognitive Sciences

Uredili / Edited by
Marko Bohanec , Matjaz Gams, Vladislav Rajkovi¢, Tanja Urbanci¢, Mojca Bernik,

Dunja Mladeni¢, Marko Grobelnik, Marjan Heric¢ko, Urban Kordes, Olga Markic,
Janek Musek, Mari Osredkar, Igor Kononenko, Barbara Novak Skarja

9. do 14. oktober 2006 / 9" - 14" October 2006
Ljubljana, Slovenia


http://is.ijs.si/




PREDGOVOR MULTIKONFERENCI
INFORMACIJSKA DRUZBA 2006

V svojem devetem letu ostaja multikonferenca Informacijska druzba 2006 (http://is.ijs.si) ena vodilnih
srednjeevropskih konferenc, ki zdruZuje znanstvenike z razli¢nih raziskovalnih podrocij povezanih z
informacijsko druzbo. V letu 2006 smo v multikonferenco povezali osem neodvisnih konferenc.
Informacijska druzba postaja vedno bolj zapleten socialni, ekonomski in tehnoloski sistem, ki je pritegnil
pozornost vrste specializiranih konferenc v Sloveniji in Evropi. NaSa multikonferenca izstopa po Sirini in
obsegu tem, ki jih obravnava.

Rdeca nit multikonference ostaja sinergija interdisciplinarnih pristopov, ki obravnavajo razli¢ne vidike
informacijske druzbe ter poglabljajo razumevanje informacijskih in komunikacijskih storitev v najSirSem
pomenu besede. Na multikonferenci predstavljamo, analiziramo in preverjamo nova odkritja in
pripravljamo teren za njihovo prakticno uporabo, saj je njen osnovni namen promocija raziskovalnih
dosezkov in spodbujanje njihovega prenosa v prakso na razlicnih podrogjih informacijske druzbe tako v
Sloveniji kot tujini.

Na multikonferenci, ki bo trajala Sest dni, bo na vzporednih konferencah predstavljenih preko 200
referatov, vkljucevala pa bo tudi okrogle mize in razprave. Referati so objavljeni v zbornikih
multikonference, izbrani prispevki pa bodo izsli tudi v dveh posebnih Stevilkah znanstvenih revij, od
katerih je ena Informatica, ki se ponaSa s 30-letno tradicijo odli¢ne znanstvene revijei. Multikonferenco
Informacijska druzba 2006 sestavljajo naslednje samostojne konference:

« BIOMA 2006 - Bioinspired Optimization Methods and their Applications
o Mejne kognitivne znanosti

o Kognitivne znanosti

e Sodelovanje in informacijska druzba

e Rudarjenje podatkov in podatkovna skladisca

e Vzgoja v informacijski druzbi

o Inteligentni sistemi

« Jezikovne tehnologije.

Soorganizatorji in podporniki konference so razli¢ne raziskovalne institucije in zdruZzenja, med njimi tudi
ACM Slovenija. Zahvaljujemo se tudi Ministrstvu za visoko Solstvo, znanost in tehnologijo za njihovo
sodelovanje in podporo. V imenu organizatorjev konference pa se Zelimo posebej zahvaliti udelezencem
za njihove dragocene prispevke in priloznost, da z nami delijo svoje izkudnje o informacijski druzbi.
Zahvaljujemo se tudi recenzentom za njihovo pomoc pri recenziranju.

V letu 2006 sta se programski in organizacijski odbor odlocila, da bosta podelila posebno priznanje
Slovencu ali Slovenki za izjemen prispevek k razvoju in promociji informacijske druzbe v nasem okolju.
Z vegino glasov je letodnje priznanje pripadlo prof. dr. Cenetu Bavcu. Cestitamo!

Viljan Mahni¢, predsednik programskega odbora
Matjaz Gams, predsednik organizacijskega odbora


http://is.ijs.si/

FOREWORD - INFORMATION SOCIETY 2006

In its 9" year, the Information Society Multiconference (http://is.ijs.si) continues as one of the leading
conferences in Central Europe gathering scientific community with a wide range of research interest in
information society. In 2006, we organized eight independent conferences forming the multiconference.
Information society displays a complex interplay of social, economic, and technological issues that attract
attention of many scientific events around Europe. The broad range of topics makes our event unique
among similar conferences.

The motto of the Multiconference is synergy of different interdisciplinary approaches dealing with the
challenges of information society. The major driving forces of the Multiconference are search and
demand for new knowledge related to information, communication, and computer services. We present,
analyze, and verify new discoveries in order to prepare the ground for their enrichment and development
in practice. The main objective of the Multiconference is presentation and promotion of research results,
to encourage their practical application in new ICT products and information services in Slovenia and
also broader region.

The Multiconference is running in parallel sessions for six days with over 200 presentations of scientific
papers. The papers are published in the conference proceedings, and in two special journal issues. One of
them is Informatica with its 30 years of tradition in excellent research publications.

The Information Society 2006 Multi-Conference consists of the following conferences:

« BIOMA 2006 - Bioinspired Optimization Methods and their Applications

o Borderline Cognitive Sciences

o Cognitive Sciences

e Collaboration and Information Society
« Data Mining and Data Warehouses

e Education in Information Society

e Intelligent Systems

e Language Technologies.

The Conference is co-organized and supported by several major research institutions and societies,
among them ACM Slovenia, i.e. the Slovenian chapter of ACM. We would like to express our
appreciation to the Slovenian Government for cooperation and support, in particular through the Ministry
of Higher Education, Science and Technology.

At the end we would like to bring your attention to a special event. In 2006, the Programme and
Organizing Committees decided to award one Slovenian for his/her outstanding contribution to
development and promotion of information society in our country. With the majority of votes, this honor
went to Prof. Dr. Cene Bavec. Congratulations!

On behalf of the conference organizers we would like to thank all participants for their valuable
contribution and their interest in this event, and particularly the reviewers for their thorough reviews.

Viljan Mahni¢, President of the Programme Committee
Matjaz Gams, President of the Organizing Committee
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Predgovor

V 2006 smo doziveli izreden porast prispevkov v konferenci Inteligentni sistemi,
Ceprav jo izvajamo vsako leto. Konfrenca je mednarodna, pa tudi vseslovenska.
Posebej razveseljivi so tudi prispevki mladih avtorjev, ki opisujejo prakti¢ne
aplikacije na najrazli¢nejSih podro¢jih. Vecina avtorjev ugotavlja, da inteligentni
sistemi nudijo pomembne prednosti pri reSevanju zahtevnih prakti¢nih problemov.

V letu 2006 belezimo nove dokaze o pomembnosti in stabilnosti podrocja
inteligentnih sistemov. Strokovnjaki napovedujejo nekaj pomembnih kvalitativnih
sprememb: v nekaj letih naj bi programi bistveno bolj uspesno simulirali in opravljali
naloge inteligentnin pomocnikov, hkrati pa naj bi postali tudi bistveno bolj
komunikativni v smislu govora in mimike. To je tudi ena najpomembnejSih
predvidenih izboljSav v celotnem racunalnistvu.

Na letoSnji konferenci Inteligentni sistemi 2006 je predstavljenih preko 30
prispevkov. Vsi prispevki so bili recenzirani s strani dveh anonimnih recenzentov.
Oblikovne pripombe sva prispevala tudi predsednika konference.

Matjaz Gams in Marko Bohanec,
predsednika konference

Preface

Even though the conference Intelligent Systems is held annually and the quantity of
contributions remains stable, in 2006 we noticed a significant increase of
contributions. The conference is international and Slovenian at the same time.
Especially promising are contributions of young authors who present interesting
practical applications of intelligent systems in different fields. Most of the authors
confirm that intelligent systems provide important advantages in the solving of
difficult real-life problems.

The year 2006 provides further evidence about the importance and stability of the area
of Intelligent Systems. Experts predict important qualitative changes: they expect that
in a few years time, computer programs will considerably improve their ability to
simulate and perform their role of intelligent advisors, and at the same time become
much more communicative in the sense of speech and mimics. This is one of the most
important advances expected in computer science.

The proceedings of Intelligent Systems 2006 includes over 30 papers. All submitted
papers have been reviewed by two reviewers. Some additional suggestions for
improvements were also provided by the chairmen of the conference.

Matjaz Gams and Marko Bohanec,
conference chairs






IZBIRANJE METODE ZA ANALIZO PODATKOV NA
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POVZETEK

Za raziskave turistiénega trga se danes uporabljajo
razliéne analiticne metode, zato se pogosto pojavi
vpraSanje, katera od njih je najbolj primerna za reSitev
dolo¢enega problema. V prispevku prikazujemo primer
izbora najprimernejSe metode za analizo podatkov,
zbranih v okviru raziskave Satelitski ra¢uni za turizem.
Izbirali smo izmed 8estih metod, s katerimi smo razvili
sedem Kklasifikacijskih modelov. Na podlagi preglednosti
modelov in njihove to¢nosti, ocenjene z Sestimi merami,
smo izbrali model, ki omogo¢a najbolj jasno primerjavo
turistié¢ne dejavnosti drzav EU z ostalimi skupinami
drzav, vkljuéenih v omenjeno raziskavo.

1 UuvOoD

Vodenje turisti¢nih  poslovnih  sistemov ~ zahteva
predvidevanje razmer na turisti¢cnem trgu tako v svetu kot
doma. V ta namen so leta 1999 uvedli raziskavo Satelitski
racuni za turizem (ang. Tourism Satellite Accounts-TSA),
katere glavni namen je primerjava rezultatov turisti¢ne
dejavnosti med razliénimi drzavami [1]. V omenjeni
raziskavi za predstavitev in primerjavo turisticne dejavnosti
posameznih drZav uporabljajo Kklasi¢ne statisticne in
tabelariécne metode. Te se v sodobnih trznih raziskavah
uspesno nadomeSéajo ali dopolnjujejo z metodami za
podporo odlo¢anja (ang. Decision Support-DS) [2] in
rudarjenja podatkov (ang. Data Mining-DM) [3].

Za potrebe raziskav turisti¢nega trga so bile ze uporabljene
razlicne metode DM [4]. Pri tem se je pojavilo vpraSanje,
katera metoda DM je najbolj primerna za analizo
obravnavanih podatkov. V tem prispevku smo odgovore
poiskali s kombiniranjem metod DS in DM [5]. Pri tem smo
uporabili dve metodi DS, s katerima smo izmed Sestih
metod DM poiskali tisto, ki je najbolj primerna za obdelavo
tistega dela podatkov, zbranih v okviru raziskave TSA, ki
se nanaSajo na primerjavo med EU in ostalim svetom.

V drugem razdelku predstavimo raziskavo TSA, ki je vir
podatkov za naSe analize. V tretjem razdelku so opisane
metode za podporo odlo¢anja in rudarjenje podatkov,
uporabljene v raziskavi. V cetrtem razdelku podrobneje
opisujemo mere toénosti, s katerimi ocenjujemo metode
DM. V petem razdelku opisujemo podatkovno zbirko, na
kateri temeljijo analize. V Sestem razdelku predstavimo
postopek izbora in ocene metod za rudarjenje podatkov, v
sedmem pa rezultate tega postopka.

2 SATELITSKI RACUNI ZA TURIZEM (TSA)

Metodologijo TSA so leta 1999 razvili strokovnjaki
Svetovne turisti¢cne organizacije (ang. World Tourism
Organization-WTQO), OECD in Evropske unije. Namenjena
je raziskavam in spremljanju ekonomskega obsega in
ucinkov turizma na nacionalna gospodarstva. Slovenija je
omenjeno metodologijo uvedla leta 2000 in tako postala ena
izmed prvih drzav, ki so pristopile k uvedbi te relativno
nove statisti¢ne metodologije za vrednotenje turizma. Poleg
Slovenije so s procesom uvajanja TSA pricele tudi
Avstralija, Awvstrija, Danska, Finska, Francija, Mehika,
Nova Zelandija, Norveska, Poljska, Spanija, Svedska,
Svica, Velika Britanija in Zdruzene drzave Amerike.

Metodologija TSA temelji na desetih tabelah [1]:

e Tabela 1 prikazuje turisticno potrosnjo za mednarodni
receptivni turizem, po vrstah turizma in kategorijah
proizvodov.

e Tabela 2 prikazuje turisticno potrosnjo za domaci
turizem, po vrstah turizma in kategorijah proizvodov.

e Tabela 3 prikazuje turisti¢no potrosnjo za mednarodni
emitivni turizem, po vrstah turizma in Kkategorijah
proizvodov.

e Tabela 4 prikazuje interno oziroma notranjo turisti¢no
potro3njo po proizvodih in vrstah turizma.

e Tabela 5 je ponudbena tabela in prikazuje racune
proizvodnih dejavnosti, ki so znacilne za turizem, s
turizmom povezanih dejavnosti ter nespecifi¢nih
dejavnosti v doloceni drzavi.

e Tabela 6 prikazuje domaco ponudbo ter interno
oziroma notranjo turisti¢no potroSnjo po proizvodih. Ta
tabela je srediSc¢e TSA.

e Tabela 7 prikazuje Stevilo zaposlenih v turisti¢ni
dejavnosti po posameznih storitvah.

e Tabela 8 prikazuje bruto investicije v turisti¢ni
dejavnosti v osnovna sredstva v turizmu.

e Tabela 9 prikazuje turisti¢no kolektivno potrosnjo po
funkcijah in ravneh.

e Tabela 10 prikazuje kolicinske kazalce, ki so
pomembni pri ocenjevanju in razlagi nekaterih
denarnih informacij, predstavljenih v prejsnjih tabelah.

3 UPORABLJENE METODE

V okviru raziskave smo uporabili kombinacijo metod DS in
DM. Z metodami DS smo izbrali metodo DM, ki je najbolj
primerna za obdelavo podatkov, zbranih v okviru TSA.
Izbirali smo med Sestimi metodami DM, s katerimi smo


mailto:iztok.bizjak@gov.si

razvili sedem klasifikacijskih modelov. Te smo ocenili na
podlagi njihove preglednosti in to¢nosti. Slednjo smo ocenili
z Sestimi merami.

3.1 Metode za podporo odlo¢anja

Izmed metod za podporo odloc¢anja smo uporabili analize
tipa ROC (ang. Receiver Operating Characteristic) [6] in
program za veéparametrsko modeliranje DEXi [7].

3.1.1 Analize tipa ROC

Analize tipa ROC spadajo v skupino metod DS, namenjene
pa so za grafiéno ponazoritev obcutljivosti in specifi¢nosti
klasifikacijskega modela. Na osi x grafikona je ponazorjena
specificnost modela, na osi y pa njegova obéutljivost. V nasi
raziskavi smo analize tipa ROC uporabili za oceno
klasifikacijskih modelov. Iskali smo predvsem modele, ki
imajo visoko obcutljivost in  majhno specifi¢nost,
pomembno merilo pa je tudi povrSina, ki jo krivulja ROC
oklepa z osjo x (ang. Area Under ROC-AUC). Omejitev te
metode je, da jo je mogoc¢e uporabiti le v primerih, Kjer je
problem izrazen z dvema razredoma. V okviru naSe
raziskave smo obravnavali prav takSen klasifikacijski
problem: razred pove, ali drzava je ali ni ¢lanica EU [8].

3.1.2 Program DEXi

Pri kon¢nem izboru metod DM smo si pomagali s
programom DEXi [7]. Gre za program, katerega namen je
pomo¢ pri  odlocanju na oshovi vecparametrskega
modeliranja. Namenjen je za razvoj kvalitativnih
odlogitvenih modelov. Modeli imajo strukturo drevesa, ki
vsebuje atribute (simboli¢ne spremenljivke, pomembne za
izbor variant) in funkcije Kkoristnosti (pravila zdruZevanja
podrednih atributov v nadredne). Uporaba modelov poteka v
treh korakih: (1) opis variant z vrednostmi osnovnih
atributov; (2) izracun izpeljanih atributov in konéne ocene;
ter (3) analiza rezultatov vrednotenja, kjer izbiramo Zelene
atribute in variante ter jih med sabo primerjamo.

3.2 Metode za rudarjenje podatkov

Pri izboru metod DM smo upostevali tri kriterije: (1) metode
ponazarjajo informacije s pomocjo odlogitvenih pravil ali
dreves; (2) metode omogocajo Kklasifikacijo razredov,
izrazenih z nominalnimi vrednostmi; (3) vse uporabljene
metode so realizirane v programskem paketu Weka [9].

Konjunkcijska pravila (ang. Conjunctive Rule): Metoda, ki
oblikuje preprosta pravila, ki temeljijo na konjunkciji. Ce bi
ta pravila prikazali v obliki binarnega drevesa, bi to drevo
imelo le dva nivoja [10].

OneR: Posebnost te metode je, da ponudi le eno pravilo, s
katerim pokrije najvecje mozno Stevilo primerov. Prednost
te metode je, da je odporna na prazna mesta v zbirki
podatkov in da nikoli ne pride do prevelike prilagoditve
modela podatkom (ang. overfitting) [9].

ZeroR: Gre za dokaj preprosto metodo, ki podobno kot
metoda OneR ponudi le eno odlo¢itveno pravilo. Ce razred

vsebuje numeri¢ne vrednosti, je konéen rezultat mediana
razreda, sicer pa vrednost, ki se v njem najveckrat pojavi
[10].

J48: Metoda za razvoj odlocitvenih dreves uporablja
algoritem C4.5, ki so ga razvili iz algoritma ID3. IzboljSave
se kaZejo predvsem v metodah za obdelavo atributov z
numeriénimi, manjkajo¢imi in Sumnimi podatki [9].
NBTree: Metoda omogoca predstavitev informacij,
pridobljenih z algoritmom »naivni Bayesov Klasifikator«, s
pomocjo odlocitvenega drevesa, potem pa poda apriorno
verjetnost za nastop posameznega primera, ki je predmet
raziskave [10].

Random Tree: Posebnost te metode je, da pri kreiranju
posameznega vozlis¢a izbere nakljuéno Stevilo. To Stevilo
predstavlja zaporedno Stevilko atributa, ki ga metoda
uporabi za nadaljnjo Siritev drevesa [9].

4 MERE TOCNOSTI METOD DM

Tocnost klasifikacijskega modela ima mocan vpliv na

njegovo kakovost. Na podro¢ju strojnega ucéenja in

rudarjenja podatkov obstaja veliko mer za oceno tega

parametra. V tem prispevku uporabljamo mere, ki jih je

mogocde izracunati iz Klasifikacijske matrike (tabela 1) [6].

Gre za Stevce, ki nam povedo [8]:

e TP (ang. True Positive): Stevilo pravilno razvr$éenih
pozitivnih primerov;

e FN (False Negative): Stevilo napacno razvrSéenih
pozitivnih primerov;

e FP (False Positive): S3tevilo napacno razvriéenih
negativnih primerov, in

e TN (True Negative): Stevilo pravilno razvricenih
negativnih primerov.

Klasifikacija
Pozitivni | Negativni
£ o | Pozitivni TP FN
ez
B
A “ | Negativni FP TN

Tabela 1: Klasifikacijska matrika [6].

Od teh vrednosti je odvisna obcutljivost klasifikacijskega
modela (ang. True Positive Rate-tpr), ki se izracuna kot
razmerje med Stevilom pravilno razvrs¢enih pozitivnih
primerov in Stevilom vseh pozitivnih primerov ter
specificnost (ang. False Positive Rate-fpr), ki se izracuna
kot razmerje med Stevilom napa¢no razvrs¢enih negativnih
primerov in Stevilom vseh negativnih primerov [8]. 1z teh
razmerij je mogoce izracunati Se ostale mere, ki so kriterij
za ugotavljanje to¢nosti klasifikacijskega modela. Te mere
so razvidne iz tabele 2. lzraz ¢ pomeni razmerje med
Stevilom pozitivnih in negativnih primerov v uéni zbirki
podatkov [6].

Klasifikacijska to¢nost nam pove, kaksno je razmerje med
pravilno razvrSéenimi primeri in vsemi primeri v zbirki



podatkov. F-mera je kombinacija dveh kazalcev in sicer
preciznosti in pokritosti. Preciznost nam pove, kakSen je
delez med Stevilom pravilno razvrs¢enih pozitivnih
primerov in Stevilom vseh primerov, ki so pozitivno
razvrsceni. Pokritost se izra¢una kot razmerje med Stevilom
pravilno razvrdéenih pozitivnih primerov ter vsoto vseh
pozitivnih primerov v zbirki podatkov. Modeli, ki so dosegli
visoko vrednost F-mere, so obic¢ajno bolj to¢ni od tistih z
nizjo vrednostjo [6]. Mera to¢nosti klasifikacijskin modelov
WRAcc (ang. Weighted Relative Accuracy) je sicer najbolj
primerna za oceno odstopanj lo¢enih skupin primerov v bazi
podatkov. Omogoca merjenje pomembnosti pravil. Z
vecanjem vrednosti mere WRAcc narasSéa tudi pomembnost
pravil in s tem kakovost klasifikacijskega modela [8].

Mera Izraz
Klasifikacijska tocnost tpr+c(1-— fpr)
l+c
i tpr
Preciznost _
tpr+c- fpr
F _ 2
e tpr+c- fpr+1
4c
WRAcc tor — for
dropz PP

Tabela 2.: Mere tocnosti klasifikacijskih modelov [8].

5 PODATKOVNA ZBIRKA

Pri analizi smo uporabili podatke o turisticni dejavnosti

drZav, ki so bile leta 2005 vkljucene v raziskavo TSA. Gre

za podatke, zdruzene iz razli¢nih tabel, na katerih temelji ta

raziskava. Vsako drZavo opisuje en zapis. Zbirka vsebuje

172 zapisov. opisanih z naslednjimi devetimi atributi:

e SKUPINE: Ta atribut pove, kateri skupini pripada
posamezna drzava. DrZave so razporejene v 13 skupin.

e POTR_OS: Osebna potro3nja turistov v doloc¢eni drzavi.

e POTR_POSL: PotroSnja poslovnih turistov v doloceni
drZavi .

e POTR_TUJ: Potro3nja tujih turistov v doloceni drZavi.

e POTR_SK: Celotna potrodnja turistov v doloceni drZavi

e INVESTICIJE: Javne in privatne, finan¢ne investicije v
turisti¢no dejavnost .

e BDP: Bruto druzbeni proizvod, turisticnega

gospodarstva.
e ZAPOSL: Stevilo zaposlenih v turisticnem
gospodarstvu.
Vse denarne vrednosti v zbirki so podane v ameriskih
dolarjih.

6 OCENA IN IZBOR MODELOV

Namen raziskave je bil razviti in preizkusiti metodo, ki
izbira najboljSe klasifikacijske modele, razvite z metodami
DM. Izbira poteka z vecparametrskim modelom DEXi, ki
ovrednoti dosezene rezultate modelov DM, pri cemer
upoSteva predvsem njihovo preglednost in to¢nost. Metodo
izbire smo preizkusili na problemu klasifikacije drzav v dve
skupini (EU in ostale drZave) iz podatkov TSA. Zapise, Ki
opisujejo drzave Evropske Unije, smo oznacili kot
pozitivne, ostale pa kot negativne. Pozitivnih zapisov je 25,
negativnih pa 147. Apriorna to¢nost znaSa 24%.

6.1 Primerjalna analiza

Za razvoj klasifikacijskih modelov smo uporabili 6 metod
DM, s katerimi smo razvili 7 modelov. Da bi dosegli
najvecjo mozno to¢nost modelov, smo pri njihovem razvoju
uporabili metodo desetkratnega pre¢nega preverjanja [9].
Pri metodi J48 smo to¢nost modelov izboljsali tudi z
vecanjem parametra M, ki predstavlja minimalno Stevilo
primerov, pokritih s posameznim listom. To¢nost modelov
smo ugotovili na podlagi mer, predstavljenih v razdelkih
3.1.1 in 4. Rezultate analiz prikazuje tabela 3. 1z tabele je
razvidno, da ima model J48 (M10) najvecjo klasifikacijsko
to¢nost, najmanjSo pa model, razvit z metodo ZeroR.
Najbolj obéutljiv je model, razvit z metodo Conjunctive
Rule, najmanj pa model, razvit z metodo ZeroR, ki sploh ni
obcutljiv. To je posledica tega, da ni pravilno razvricenih
pozitivnih primerov, saj model nobenega zapisa ne razvrsti
med drzave EU. Prav zato tudi ni napacno razvriéenih
negativnih primerov, zato je tudi specificnost enaka nic.
Najbolj specificen je model, razvit z metodo Conjunctive
Rule. Glede na F-mero je najbolje ocenjen model J48
(M10), najslabSe pa model, razvit z metodo ZeroR.
Najvecjo povrsino pod krivuljo ROC ima model J48 (M10),
najmanjSo pa model ZeroR. Glede na mero WRAcc je
najbolj ocenjen model J48 (M10), najslabSe pa model

e POVPR_SK: Celotno turisti¢no povpraSevanje. Zeror
Klasifikator Klasif. t. | Obéutlj. | Specif. | Preciz. |Pokritost|F-mera] AUC|WRAcc
Conjunctive Rule 0,33 0,88 0,45 0,25 0,88] 0,39] 0,71 0,21
OneR 0,30 0,68 0,25 0,32 0,68] 0,43] 0,71 0,21
ZeroR 0,24 0,00 0,00 0,00 0,00] 0,00] 0,44f 0,00
J48 (M2) 0,30 0,40 0,17 0,29 0,40] 0,33} 0,62 0,11
J48 (M10) 0,40 0,76] 0,25 0,34 0,76/ 0,47| 0,80] 0,25
NBTree 0,33 0,76 0,34 0,28 0,76] 0,40] 0,76] 0,21
Random Tree 0,23 0,28 0,15 0,24 0,28] 0,26] 0,57 0,06

Tabela 3.: Ocene klasifikacijskih modelov.



6.2 lzbor Klasifikacijskega modela

Pri izboru klasifikacijskega modela smo upostevali njihovo
to¢nost in preglednost. Preglednost oziroma nepreglednost
modela se nanaa predvsem na njegovo kompleksnost.
Modeli, ki imajo vegje Stevilo listov ozirom pravil, so bolj
kompleksni in zato manj pregledni od manj kompleksnih
modelov. To¢nost modela smo ocenili na podlagi Sestih
mer, razvidnih iz tabele 3. I1zbor smo opravili s programom
DEXi. V ta namen smo numeri¢ne vrednosti mer (Tabela

3), razvrstili v razrede: »dobro«, »srednje« in »slabo«. Na
enak nacin smo ocenili tudi preglednost modelov. Pri
izboru je bil ve¢ji poudarek na toc¢nosti klasifikacijskega
modela in sicer v razmerju 30%:70%. Rezultate
vrednotenja modelov prikazuje slika 1. Najbolje je ocenjen
model, razvit z metodo J48, pri katerem smo parameter M
nastavili na vrednost 10 in s tem dosegli boljSo preglednost
in to¢nost. Sledi mu model, razvit z metodo Conjunctive
Rule, ki je nekoliko bolj tocen od prvega, vendar zaostaja
zaradi njegove slabSe preglednosti.

Attribute J48M10 NBTree J48M2 RanTree OneR ConRule ZeroR
METODA dobro srednje srednje slabo srednje  srednje  slabo
Freglednost dobro  srednje srednje slabo srednje srednje slabo
Tocnst srednje dobro  srednje srednje  dobro dobro srednje
—ROC srednje  dobro  srednje srednje  dobro dobro srednje
Specificnost slabo  srednje slabo dobro  dobro srednje  dobro
Obcutljiv ost dobro dobro srednje slabo dobro dobro slabo
—<lasifikacijskalocnost srednje  srednje srednje slabo srednje  srednje slabo
H-Mera srednje srednje dobro  slabo srednje  srednje  slabo
=R ACT dobro dobro srednje slabo dobro dobro slabo
=4 LC dobro dobro srednje srednje  dobro dobro srednje
Slika 1.: Ocena klasifikacijskih modelov s programom DEXi.
7 SKLEP Bohanec, M., Moyle, S.: Data mining and decision

V ¢lanku smo prikazali metodologijo izbora analiti¢ne
metode, ki je najbolj primerna za primerjavo turisticne
dejavnosti drzav EU z ostalimi skupinami drzav, vklju¢enih
v raziskavo TSA. Izbirali smo med tremi metodami za
razvoj odlocitvenih pravil in tremi metodami za razvoj
odlocitvenih dreves. Pri izboru smo uporabili dva glavna
kriterija in sicer preglednost in toénost klasifikacijskega
modela. To¢nost smo ocenili z Sestimi merami, ki so
podrobneje opisane v ¢etrtem poglavju. lzmed metod za
razvoj odlogitvenih pravil se je kot najboljSa izkazala
metoda Conjunctive Rule, izmed odlogitvenih dreves pa
metoda J48. Menimo, da so izmed teh odlocitvena drevesa
zaradi svojega nacina predstavitve informacij bolj primerna
za primerjavo turisticne dejavnosti drzav EU z ostalimi
skupinami drzav, vkljuéenimi v raziskavo TSA.
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ABSTRACT

This paper presents SMAC Advisor, a decision-support tool
for the assessment of coexistence between genetically
modified and conventional maize. The assessment is based
on a qualitative multi-attribute DEXi model. This model
was developed from two sources: (1) extensive simulations
of gene flow due to cross-pollination, obtained by a
simulator called MAPOD®, and (2) rules provided by
experts in agronomy. SMAC Advisor provides a friendly
“wizard” interface for its users: farmers, administrative
workers and policy makers in agronomy.

1 INTRODUCTION

Modern agronomy is highly innovative. In order to meet
the demands for food, ensuring food quality and safety,
contributing to sustainable development, and making profit,
new innovative production systems are designed. One such
recent innovation is the introduction of genetically modified
(GM) crops. On one hand, GM crops have genetical
charateristics, such as resistance to pests and tolerance to
herbicides, which make them very convenient for
agricultural production. On the other hand, the use of GM
crops raises many concerns about their potential ecological
and economic impacts. Decision-making about GM crops
turns out to be extremely difficult as it involves many
factors that are difficult to assess and control, but may have
significant long-term or irreversible consequences to the
environment and food production.

One of important GM issues is the question of
coexistence: is it possible, under which conditions and to
which extent, to grow both GM and non-GM
(conventional) crops simultaneously or in close proximity
without affecting each other “too much”. In other words,
coexistence refers to the ability of farmers to freely choose
between conventional, organic or GM-based crop
production (Recommendation 2003/556/EC). Currently,
coexistence is being studied in two major European
research projects: SIGMEA (2004) and Co-Extra (2005).

In this paper, we present a decision-support tool called
SMAC Advisor. SMAC stands for SIGMEA MAize
Coexistence, denoting that this software was developed in
SIGMEA and specifically addresses the coexistence of
maize. The aim of this software is to provide advice to
farmers and other decision-makers (administrative workers,

policy makers) who want to assess the achievable level of
coexistence between GM and non-GM maize on a given
field and in a given agricultural environment. This
assessment is based on a qualitative multi-attribute model,
which was constructed from two sources: (1) results of
simulation and (2) expert-provided rules.

In what follows, we first define the decision problem
addressed by SMAC Advisor. Then, we describe the
architecture of this software, which consists of three
layers: (1) user interface, (2) multi-attribute model, and (3)
simulation results. In sections 4 to 6, these layers are
presented in more detail.

2 DECISION PROBLEM

According to the European Commission Recommendation
2003/556/EC, the farmers who introduce a new production
type in a region should bear responsibility for
implementing the farm management measures necessary to
limit gene flow. Accordingly, we have formulated the
decision problem as follows:

Suppose a farmer wants to start growing GM maize on
some field F. In the neighbourhood, there may be some
other fileds, say E;, E,, ..., E,, on which this or other
farmers grow (or want to grow) non-GM maize. Then, the
question is: to which extent will the plants grown on F
genetically interfere with the plants on E’s? Will this
interference be small enough to allow coexistence?

The “interference” between plants is usually expressed
and measured in terms of adventitious presence (AP). AP
refers to the unintentional and incidental commingling of
trace amounts of one type of seed, grain or food product
with another (BIO, 2006). AP is an unavoidable reality of
plant biology, seed production and the distribution of
commaodity crops. EU regulations have introduced a 0.9 %
labelling threshold for the AP of GM material in non-GM
products (Regulation 2003/1830/EC). Thus, in order to
approve the coexistence between GM and non-GM crops,
we usually require that the achieved AP is 0.9 % or less.

There are a number of factors that contribute to AP:
pollen flow, volunteers, feral plants, mixing during
harvesting, transport, storage and processing, human error,
and accidents (BIO, 2006). These factors are complex.
Pollen flow, for example, depends on the distance between
fields, their sizes and shapes, climate (especially wind



characteristics), flowering characteristics of crops, etc.
Determining the achievable level of AP and assessing the
level of coexistence taking into account all these factors is a
difficult problem even for experts.

3 SMAC ADVISOR

SMAC Advisor is aimed at providing assistance in solving

the above problem. Basically, the program requires

information from the user about the:

e emitting field F,

e neighbouring fields Ey, E,, ..., E,,

e relation between F and each E; (in terms of distance,
relative size, prevalent wind direction, etc.),

e type and characteristics of used seeds,

e environmental characteristics (e.g., background GM
pollen pressure),

e use of machinery (e.g., sharing with other farmers).

On this basis, SMAC Advisor determines the achievable

AP, that is, the expected level of GM impurities in harvests

of the neighbouring fields. This achievable AP is compared

with the required target AP (provided by the user). In
principle, when the achievable AP is lower than or equal to
the required AP, coexistence is considered to be achieved
and, consequently, GM farming on F can be allowed.
Actually, this inference is more complex and takes into
account some additional indicators, such as the structure of

GM and non-GM production in the neighbourhood. In any

case, SMAC Advisor completes the analysis giving one of

the following “color-coded” recommendations:

e “Green”: GM farming allowed (no need to address
coexistence at all, e.g., due to existing GM production
in the neighbourhood).

e “Red”: GM farming dissallowed (e.g. due to an organic
farm in close vicinity).

o  “Yellow”: assess risks (coexistence is possibly
achievable, so the farming might be allowed; continue
with further analyses not covered in SMAC Advisor).

e “Orange”: assess additional measures (target AP is
currently not achievable, meaning that the farming is
disallowed, but might have been achievable by some
small changes, e.g., making an additional agreement
with a neighbouring farmer).

Schematically, SMAC Advisor consists of three software
layers (Figure 1). On the highest layer, there is a user
interface. It communicates with the user, guides him or her
through the coexistence assessment process and, when
necessary, engages the second layer. The second layer
performs all the inference (reasoning, evaluation and
aggregation) necessary to map the inputs into
recommendations. This is done using a qualitative multi-
attribute model. The essential part of this model has been
developed according to pollen-flow simulations provided
by a system called MAPOD®; its simulation results
compose the third layer of SMAC Advisor. In the following
sections, these layers are described in more detail in the
bottom-up order.
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Figure 1: Three layers of SMAC Advisor.

4 MAPOD® SIMULATOR

MAPOD® is an advanced simulator that estimates the rate
of varietal impurities due to cross-pollination in maize as
well as changes in these rates due to changes in cropping
techniques (Angevin et al., 2001). The input variables
include certain traits of the varieties and certain
agricultural practices for each maize field as well as
climatic factors for the given region (Table 1). The output
is an estimated amout of pollination in the considered area.

Table 1: MAPOD® input data.

Input data Description

Field plan Form and size of fields, location of
GM and non-GM maize plants

Climate (per day) | Temperature; rain; wind: speed and

direction

Cropping systems | Sowing dates and densities, drought
stress before flowering, drought stress

during flowering

Variety Quantity of pollen per plant, pollen
sensitivity to  high  temperature,
temperature needs between sowing
and female flowering, genotype of
GM: homozygous or heterozygous;
Tassel height of each variety, ear

height of non-GM variety

The overall structure of the simulation model is shown in
Figure 2 (Angevin et al., 2002). The first module
determines the flowering date for female flowers,
expressed in degree-days, as a function of climate and
sowing date. The analysis takes into account protandry
(male flowering beginning several days before female
flowering) and the factors (drought stress and sowing
density) that affect it. Then this module simulates the
dynamics of male and female flowering, giving an estimate



of the amounts of pollen produced by GM and non-GM
varieties. The second module simulates pollen dispersal as
a function of distance from the emitter, direction and mean
speed of the wind, and the difference in height between the
panicle from which the pollen is emitted and the receptive
silks. The composition of the pollen cloud at a given site in
a non-GM field is determined by the pollen dispersal curves
for all the plants in the neighbourhood. For each day, the
frequency of GM seeds is calculated. These daily results
are pooled to provide the total frequency of GM seeds in
the harvest.

Figure 2: Structure of the MAPOD® model.

This model has been used to carry out several coexistence
studies (Angevin et al., 2002; Messéan et al., 2006). In the
latter, simulations with MAPOD® were carried out for
maize production in Poitou-Charentes (South West of
France). Using typical climatic conditions and field
patterns, this study aimed at evaluating the impact of
current practices as well as the feasibility of alternative
practices reducing adventitious presence in non-GM
harvests. Different strategies were tested, considering
spatial isolation, time isolation, characteristics of GM and
non-GM fields, and different buffer zones. In total, 8960
simulations were run to test one or several strategies in
combination. Results were synthesised in a database and in
decision tables (Messéan et al., 2006). These results were
also used to design a part of the DEXi model used at the
second layer of SMAC Advisor.

5 MULTI-ATTRIBUTE DEXi MODEL

The second layer of SMAC Advisor contains a qualitative
multi-attribute model that was developed according to DEX
methodology (Bohanec, 2003), using the software DEXi
(Bohanec, 2006). The role of this model is to take the
inputs, provided by the user, that describe the decision
situation, and to use them to make a final recommendation.
This is done according to a hierarchical structure of
attributes (Figure 3): inputs are entered at the bottom of the
hierarchy and are gradually aggregated in a bottom-up way

1"

through a series of internal attributes, until the final
recommendation is eventually obtained at the root attribute
(COEXISTENCE). The reasoning at each attribute is
performed according to “if-then’ rules. The rules that occur
in the attribute “cross pollination” and below, were
obtained from the results of MAPOD® simulations. All
the remaining rules in the model were provided by the
experts.
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Figure 3: Hierarchical strucure of the DEXi model.

This DEXi model consists of two essential parts. The left-
hand part in Figure 3 assesses the characteristics related to
the field F itself and its environment: % of seed impurity,
existing regional GM-pollen pressure, existing farms in the
neighbourhood, target AP to be achieved. The right-hand
part, which consists of the subtrees “machinery” and
“cross pollination”, assesses the relation between the field
F and each of its neighbouring fields E;. For each such
pair, the model determines the achievable AP. The total
achievable AP is then the maximum of the AP’s
achievable pairwise.

6 USER INTERFACE

SMAC Advisor has a user-friendly wizard-type user
interface, implemented in Borland Delphi. The interface
contains a series of dialogs that guide the user through
logical steps of the decision-making process:

1. obtaining data related to the field F;

2. for each E;: obtaining data related to E; (Figure 4);

3. making and presenting the recommendation (Figure 5).
If necessary, these steps are repeated until the decision
situation has been sufficiently analysed.

Figure 4 shows one of the SMAC Advisor’s windows,
which is used for obtaining data about E; fields. The data
items in this window directly correspond to the right-hand
input attributes of the DEXi model (Figure 3). Notice that



they are qualitative: they have descriptive values (such as
‘low’, ‘“medium’, ‘high’), or they are divided into numerical
intervals (see the attributes “Distance”, “Relative size” and
“Seed impurity”). It is also worth noticing that the attributes
may be assigned more than just a single qualitative value.
In Figure 4, the attribute “Seed impurity” has two values
(0.1 and 0.3). These two values cause a dual assessment of
achievable AP: 0.5 and 0.7 (Figure 5).

Figure 4: SMAC Advisor: A data-entry window.

SMAC Advisor’s assessment is dynamic: at all times, the
program shows the current recommendation (as shown in
the status line in Figure 4). Whenever the user makes a
change, SMAC Advisor re-evaluates the situation and
displays the new assessment. This feature turns out to be
very useful for “what-if” analysis of the situation.

Figure 5: SMAC Advisor: Final report.

6 CONCLUSION

SMAC Advisor is a simple software tool aimed at making
advice in a difficult real-life decision problem in agronomy:
is it possible to grow genetically modified maize in a given
field, achieving coexistence with other fields in a given

12

environment? SMAC Advisor gives recommendations
using a knowledge base, which is composed of two parts.
The central part is a “shallow” qualitative multi-attribute
model, developed according to DEX methodology. It
contains rules that aggregate inputs, provided by the user,
into final recommendations following a hierarchical
structure of attributes. The essential part of this shallow
model, which determines the achievable adventitious
presence, is however based on a “deep” MAPOD® model,
which simulates the biological behavior of maize plants.
Currently, SMAC Advisor has a status of evolving
prototype software, which was so far used only on test
cases. Within the SIGMEA project, we wish to develop it
further towards a useful decision-support tool for farmers,
administrative workers and policy makers in the EU.

REFERENCES

Angevin, F., Klein, E. K., Choimet, C., Meynard, J. M., de
Rouw, A., Sohbi, Y. (2001). Modélisation des effets des
systemes de culture et du climat sur les pollinisations
croisées chez le mais. In Pertinence économique et
faisabilité d’une filiere sans utilisation d’OGM. Rapport
du groupe 3, INRA — FNSEA, pp 21-36.

Angevin, F., Colbach N., Meynard, J. M., Roturier, C.
(2002): Analysis of necessary adjustements of farming
practices. In: A.-K. Bock, Lheureux, K., Libeau-Dulos,
M., Nilsagard H., Rodriguez-Cerezo, E. Scenarios for
coexistence of genetically modified, conventional and
organic crops in European agriculture. Technical Report
Series of the Joint Research Center of the European
Commission.

BIO (2006): Biotechnology information, advocacy and
business support: Adventitious presence.
http://www.bio.org/foodag/background/adventitious.asp

Bohanec, M. (2003): Decision support. In: Mladeni¢, D.,
Lavra¢, N., Bohanec, M., Moyle, S. (eds.): Data mining
and decision support: Integration and collaboration.
Kluwer Academic Publishers, 23-35.

Bohanec, M. (2006): DEXi: A Program for Multi-Attribute
Decision Making. http://www-ai.ijs.si/MarkoBohanec/
dexi.html

Co-Extra (2005): GM and non-GM supply chains: their
CO-EXistence and TRAceability. Integrated Project,
funded by the Sixth European Community Framework
Programme: Food Quality and Safety Priority.
http://www.coextra.org/

Messéan, A., Angevin F, Gdmez-Barbero, M., Menrad, K.,
Rodriguez-Cerezo, E. (2006): New case studies on the
coexistence of GM and non-GM crops in European
agriculture. European Commission , Technical Report
EUR 22102 EN.

SIGMEA (2004): SIGMEA: Sustainable introduction of
genetically modified crops into European agricu-ture.
Specific targeted research project, funded by the Sixth
European Community Framework Programme: Policy
Oriented Research. http://sigmea.dyndns.org/



http://www.bio.org/foodag/background/adventitious.asp
http://www-ai.ijs.si/MarkoBohanec/%20dexi.html
http://www-ai.ijs.si/MarkoBohanec/%20dexi.html
http://www.coextra.org/
http://sigmea.dyndns.org/

A PARALLEL IMPLEMENTATION OF SIMULATED
ANNEALING WITH A BOLTZMANN SYNCHRONIZATION
FUNCTION AND ITS APPLICATION TO SOLVE THE
TRAVELING SALESMAN PROBLEM

Ivan Chorbev, Ivica Dimitrovski, Suzana Loskovska, Dragan Mihajlov
Faculty of Electrotechnics and Information Technologies, Ss. Cyril and Methodius University, Skopje,
R.of Macedonia
Ruger Boskovic, Karpos 3, 1000 Skopje, R. of Macedonia
Tel: +389 70 758539; fax: +389 2 3064262

e-mail:

ABSTRACT

Simulated Annealing (SA) has been considered a good tool
for complex nonlinear optimization problems. However, a
major disadvantage of the technique is its slow solving
speed. One way to achieve speedup is parallelization of the
otherwise  sequential algorithm. We propose a
parallelization approach for the SA algorithm. We directed
most of our research toward designing the parallel
architecture and finding the optimal number of parallel
processors. We experimented with the best frequency of
communication among parallel processes and especially
with the decision making function for accepting processes
solutions. The Traveling Salesman problem serves as a
benchmark of our parallel SA implementation.

1 INTRODUCTION

Real-world  optimization  problems  require  high
computational effort. In practice, there is a demand to solve
problems of growing size in decreasing time limits. One
way to achieve better solving times is to develop
sophisticated solving techniques. Another possibility to
reduce solving time is the use of parallel systems.
Parallelization of existing sequential algorithms is a
problem of its own. Different approaches for parallelization
have been proposed, with different advantages and benefits
[4], [13], [6]. [3].

We present our approach of parallelization of the Simulated
Annealing algorithm. Our implementation is coded in C++,
using the message passing interface (MPI). For some of the
experiments, a single personal computer with an installed
MPI simulation software was used [2]. For experiments
concerning the communication overhead of parallelization,
a local area network of 20 identical PCs was used, in order
to obtain realistic parallel testing. The Traveling Salesman
Problem (TSP) serves as a benchmark for our
implementation, since a large library of solved instances is
available [1]. The problem is simple enough to implement,
so the effort was directed toward optimizing the
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parallelization of Simulated Annealing itself, rather than
finding the best way to solve a certain more complex
problem.

In section 2 the sequential SA algorithm is explained.
Section 3 describes different methods for parallelization
the SA algorithm. Our parallelization of SA is given in
Section 4. The TSP is explained in Section 5 while Section
6 gives experimental results. Section 7 contains
conclusions.

2 SIMULATED ANNEALING TECHNIQUE

Simulated Annealing (SA) is a heuristic algorithm for
solving combinatorial optimization problems. SA is based
on a local search procedure, and can be viewed as a
control strategy for the underlying heuristic search. The
algorithm was first introduced by Metropolis et al. in 1953.
Since it was first used for optimization by Kirkpatrik et al.
[9], SA has been shown to be a powerful stochastic search
method that can be applied to a wide range of problems
[8].

Starting with an initial proposed solution, SA repeatedly
generates succeeding solutions using the local search
procedure. Every solution defines its value of the objective
function, also known as cost or energy. Some of the
proposed solutions are accepted and some will be rejected,
according to a predefined acceptance rule. In the beginning
of the optimization process, the main control parameter -
the temperature - is high. Proposed solutions that
deteriorate the objective function are accepted more often
when the temperature is higher. Later in the process when
the temperature decreases, only proposals that reduce the
cost are accepted. Starting with an arbitrary solution, every
improvement is accepted. Proposed solutions that
deteriorate the objective function are accepted according to
the Boltzmann probability [9]. In our case we implemented
the Metropolis distribution probability function:
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where € ¥ is the Boltzman distribution.
An outline of the basic sequential SA algorithm is:
INITIALIZE;
M =0;
repeat
repeat
PERTUB(config s(i) -> config s(j), Acost;);
if Acost;; <= 0 then accept
else if ex(-Acost;/TM) > random[0; 1) then accept;
if accept then UPDATE(config s(j));
until equilibrium is approached sufficiently;
TM+1 = f(M); (Generate new smaller temperature)
M =M +1; (Temperature iteration counter)
until stop criterion = true (system is frozen);

3 STRATEGIES OF PARALLELIZING THE SA
ALGORITHM

Parallelism in SA can be broadly classified into two
approaches, single and multiple path parallelism. In a single
path algorithm, only a single path in the search space is
carried out. In a multiple path approach, several different
trials are evaluated simultaneously. In single-path
algorithms, only one step is carried out (single-step
parallelism), or a sequence starting at the current solution
(multiple-step parallelism) after evaluating a part of the
current  solution’s neighborhood. In  multiple path
algorithms the parallel-path can be independent or may
interact according to a communication pattern [10].
Another taxonomy divides parallel annealing into three
major classes: serial-like algorithms, altered generated
algorithms and asynchronous algorithms [13].

An approach where a master processor sends and receives
data from slave processors, and makes decisions by sending
commands to the slave processors is proposed [6]. In this
approach the master processor turned out to be a
bottleneck, forcing implementation of as much
independence to the slaves as possible. Czech et al. propose
a parallelization approach where every m-th process
consults the best solution of previous (m-1) processes [5].

4 PARALLEL SA WITH A BOLTZMANN
SYNCRONISATION FUNCTION

The cooperation of more processors can be used either to
speed up the sequential annealing algorithm or to achieve a
higher accuracy of solutions to a problem. In this work we
considered both goals. The accuracy of a solution is meant
as its proximity to the global optimum solution.

We designed a system with r available processors and each
of them is capable of generating its own annealing process.
The architecture includes a master computer and given
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number of slave computers, interconnected in a Local Area
Network. The starting - master computer P1 imports the
initialization data, generates the first proposed solution and
passes data to r-1 remaining computers. All remaining
computers — processors start independent annealing
process after receiving the initial data. All processors
communicate by exchanging current best solutions during
annealing processes, at a chosen rate. The scheme of
communication is given in the figure 1.

Figure 1: Processor communication

The communication model used is synchronized point-to-
point. Before the temperature is decreased, every process
sends its best found solution to the remaining r-2
processes, and waits the best found solutions from all other
processes, too. Once all data is received, each process calls
its acceptance function to decide weather to accept the best
solution from all other processes or continue with the one
found by the process itself. With this architecture, the
master computer only starts the solving process and
eventually, collects best solutions from slave computers. It
serves no purpose during solving iterations and
information exchange; therefore its functions could be
performed by some of the slaves. Keeping master’s
functions limited excludes it being a bottleneck in the
architecture.

We analyzed a possible problem of certain faster
convergating processes to wait for slower processes to
send their best solutions. Truly, this architecture is only as
fast as the slowest of the included computers. However,
we consider this not to be a setback. All computers used in
the network are of same type, design and performance.
Also, all computers execute the same annealing algorithm;
use the same temperature decrement coefficient, the same
number of iterations during each temperature and the same
metropolis function. The only difference is the
independent random generation of the next proposed
solution in every computer. This provides different search
paths through the solution space in every parallel process
and increase diversity of the search. Therefore, all
computers are expected to make at average the same
number of acceptance and declination of new proposed
solutions (due to the metropolis function). The cumulative
result is roughly the same computational effort (time of
execution) in each computer. Sometimes some processors
might convergate faster toward a local optimum, but the
necessary broad search of the domain that this parallel
architecture brings is worth waiting.

The acceptance function (the decision in every processor
to accept the best solution from others or continue with its



own) was also a subject of interest in our research. We
tried: always accepting the best solution from all others,
randomly accepting any of the given solutions from other
processes and eventually accepting solutions using the
Boltzmann distribution. We got the best results using the
Boltzmann distribution. This probability function is
fundamental for SA and it seems natural for it to be part of
SA’s parallelization.

There are other points among the algorithm steps where
parallel processes could communicate, i.e. different rates of
communication. Data could be exchanged within the inner
annealing iteration at every n-th iteration or after certain
number of temperature decreasing iterations. In our parallel
SA the processes P,, Ps,...Pr cooperate among each other at
every temperature decreasing iteration.

Implementation of the parallel SA is the following:

Process PO:

INITIALIZE;

Dispatch initial solution to processes Pp, p=2,3,...... r

Wait until final solutions from processes Pp, p=2,3,...... r
are received

Choose and display the best solution from processes Pp,

Process Pp, p=2,3,...... r:
INITIALIZE;//receive initially proposed solution
repeat
repeat
PERTUB(solution(i) -> solution(j), Acost;);
if METROPOLIS(Acost;;) then accept
if accept then UPDATE(solution(j));
until predefined number of iterations;
Send current solution s(p) to other processes Pq,
0=2,3,...r, g#p
Receive solutions from all proc. Pg, q=2,3,...... r, q#p
Choose the best solution s(q) from received solutions
if exp(-Acost,,/ TEMP) > random[0; 1) //Boltzmann
then accept;
if accept then UPDATE (solution s(j));
TEMP,, = f (TEMP); //Decrease temperature
until stop criterion = true (system is frozen);

5 THE TRAVELING SALESMAN PROBLEM

The traveling salesman problem (TSP) is a problem for
finding the minimum distance of a tour of visiting all the
finite number of cities and returning to the starting point.
The tour distance is expressed as follows:

fd(vﬂ (i),0,(+1)+d(v,(N),v_ ()

where v(i) is the i-th point (city) in a tour z; d(v(i); v(j)) is
the distance between two points, and d(v(i); v(j)) = d(v(j);
v(i)).

The constellation of cities used for evaluating our proposed
algorithm is selected arbitrary from TSPLIB [1]. An optimal
solution for the selected constellation is already given there,
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so our results can be compared with TSPLIB optimal
solution.

The worst case time complexity of the sequential Simulated
Annealing applied to the Traveling Salesman Problem is
cn? = O(cn?), where ¢ is the number of cooling stages. [7].
The worst case time complexity of the parallel simulated
annealing algorithm that we propose is c(n® +rn) = O(cn?
+crn), where ¢ is the number of cooling iterations and r is
the number of parallel processes which communicate. The
additional crn component in the parallel SA as opposed to
the sequential version is because the necessity for r parallel
processes to exchange r messages of O(n) complexity c
times. Experiments of communication with different rates
are given in the experimental results.

5 EXPERIMENTAL RESULTS

A crucial component when designing a parallel
algorithm is finding the best tradeoff between the amount
of communication and every processor’s independence.
Communication of the parallel processes within the inner
annealing cycle causes extensive communication slowing
the overall performance. On the other hand, delaying the
communication for every n-th temperature iteration gave
worse solution quality because of lack of sufficient
information exchange. The experimental results given in
figure 2 show that best results are attained when
communicating at every temperature iteration. This graph
is generated with 5, 10 and 20 processors.

Cost Function
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Communication Rate (temperature iterations)

Figure 2: Course of solution quality versus the rate of
communication among processes. The horizontal axis is the
number of temperature iterations between the processes
communication. The vertical axis is the solution cost. The
dashed line is the optimal solution

Besides increasing solution quality, main reason for
parallelization is the expected speedup. Speedup is defined
as the ratio of solving time using single processor versus
multiple parallel processors solving time. Efficiency is
defined as the ratio of speedup versus the number of
processors used. Efficiency gives the utilization of the
processors. According to experimental results in figure 3,
the speedup is obviously increasing when going from one
processor toward five or ten. Further increasing of the
number of processors brings no advantage since large
amount of communication among processes slows the



overall performance. According to experimental results, our
parallel SA implementation achieves best speedup at 10 - 20
processors. However, if we take the efficiency into
consideration, using more than 10 processors is highly
inefficient.

Sg:ezequp Efﬂmencz 12
2 —* 1
1,8 - + 0,8
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Figure 3: Course of speedup and efficiency versus the
number of processors.

4 CONCLUSION

Results showed that time needed to get the solution
decreases when using parallel, yet synchronized
computation. However, increasing the number of
processors beyond certain saturation point becomes highly
inefficient (Figure 3).

The rate of processors communication also contributes
for the quality of the solution. Higher communication rates
cause parallel processes to become over-dependent,
reducing to the performance of a single processor (Figure
2). The optimal communication rate (at every temperature
iteration), combined with the Boltzmann acceptance
function gave the best results in the shortest time.

The implemented parallel architecture emphasizes both
intensification and diversification of the heuristic search,
what in sequential algorithms is only a trade off. While
each processor intensifies the search through its path in the
domain, they all cumulatively perform a broad diversified
search through the entire domain. Hence, growth of the
problem size is easily compensated with increasing the
number of used processors. Frequent Boltzmann
synchronization among the parallel processes adds the
proper amount of intensification in the otherwise
diversified search.
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ABSTRACT

In this paper, we describe an improved approach for shot
boundary detection in digital videos, one of the
fundamental steps in digital video analysis. Our approach is
divided into two steps: histogram-level extraction and local
mean-ratio comparison. The detection method has been
tested on video sequences with different object and camera
motions. We used TV news, commercial, sports and
documentary video sequences to estimate the performance
of the proposed algorithm. Test results have shown that this
method can produce accurate shot cut detection, even in
video materials that contain illumination changes and
moving objects.

1 INTRODUCTION

In  multimedia information retrieval, shot boundary
detection is a very active research topic [1], [2], [3]. Today,
a typical end-user of a multimedia system is overwhelmed
with video collections. Organizing these collections, so
they are easily accessible, is a major problem. Thus, to
enable efficient browsing of multimedia materials, it is
necessary to design techniques and methods for indexing
and retrieving this kind of data. We focus on video data, as
it is one of the richest, but also most resource consuming
part of multimedia content. Digital video information often
consists of series of 25 frames or images per second and an
associated and synchronized audio track. To develop any
content-based manipulations on digital video information,
the video information must first be structured and broken
down into components. Digital video can be described with
four different levels of details (Figure 1). At the lowest
level, the video consists of a set of frames. At the next,
higher level, frames are grouped into shots. Consecutive
shots are aggregated into scenes based on story-telling
coherence. All scenes together compose the entire video
sequence.

Shots are basic structural building blocks in video. A shot
in video information may be defined as a sequence of
continuous images (frames) from a single camera at a time.
A shot boundary is the gap between two shots. Naturally,
boundaries between shots need to be determined
automatically. After the boundaries are found, each shot
can be represented with an appropriate key frame. Key
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frames are used to encapsulate the content of the video
sequence, and to apply indexing and browsing.

A shot cut is a shot boundary where one shot abruptly
changes to another. In shot cuts there is a sudden transition
from one shot to another, i. e. one frame belongs to the
first shot, the following frame belongs to the second shot.
Other types of shot boundaries include fades, dissolves or
wipes [4]. These shot boudaries types include gradual
transition between two shots, i. e. there exists a sequence
of frames that belongs to both the first and the second shot.
"Detecting a cut" means precise positioning of the change
of shots. In this paper we focus on detecting shot cuts,
since they contribute roughly 90% of all shot boudaries
present in video collections, as opposed to 10% presence
of gradual transitions.

Video bl |
Scenes D\I

|
NI )

Figure 1: Video structuring model

=7
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The remainder of the paper is organized as follows.
Section 2 gives an overview of existing approaches in shot
boundary detection, Section 3 introduces our proposed
algorithm, Section 4 describes the algorithm evaluation
technique and the data used for testing the proposed
method. Section 5 presents the experimental results and
Section 6 gives a conclusion of the paper.

2 OVERVIEW OF EXISTING APPROACHES

A variety of techniques have been proposed for shot
boundary detection in digital video [5], [6], [7]. [8], [12].
These techniques can be categorized in two basic groups:
techniques using compressed and techniques using
uncompressed video. Most shot boundary detection
algorithms use uncompressed video [5]. Each approach
typically computes difference in various properties
between frames. There is generally little difference
between adjacent frames that belong in the same shot.



However, when two adjacent frames span a cut, each is a
member of a different shot and there is a sufficient
dissimilarity to enable cut detection. There are several
methods that can be used to measure the difference between
frames. In pixel-by-pixel comparison, the change in values
of corresponding pixels of adjacent frames is determined.
The main disadvantage of this method is that any kind of
shot transition can be easily confused with object motion,
which often occurs in video. This method is highly
sensitive to camera motion, camera zoom, intensity
variation, and noise. Most popular techniques on
uncompressed video summarize frame content using
histograms. Such approaches represent a frame, or parts of
a frame, by the frequency distribution of features such as
color. For example, color spaces are often separated into
their component dimensions which are then divided into
discrete ranges or bins. For each bin, frequency is
computed in the frames. The difference between frames is
computed using the distance between bin frequencies over
each color dimension using an appropriate distance metric.
Another method for shot detection is the edge detection
segmentation method. This method seeks for entering and
exiting edge pixels. All these methods operate on
uncompressed video. However, some other techniques
utilize the compression features of MPEG for shot
boundary detection: color blocks in MPEG stream [9], [10],
DCT - based shot boundary detection uses differences in
motion encoded in a MPEG stream to find shots [11].

3 SHOT BOUNDARY DETECTION ALGORITHM

The task in any shot boundary detection method in a video
sequence is to detect the visual discontinuities along the
time domain. During the detection process, it is crucial to
extract the visual features that measure the degree of
similarity between frames in a given shot. The color
histogram-based shot boundary detection is one of the most
reliable variants of histogram-based detection algorithms
[13]. It considers that color content does not change rapidly
within, but across shots. Thus, shot cuts and also gradual
transitions, can be detected as single peaks in the time
series of the differences between color histograms of
continuous frames. Often, digital images are represented in
RGB color space. In our work, we used 24 bits/pixel
images (8 bits for every color channel). If we compute the
overall number of possible colors we rise to a high number
of levels (2%* bins). Due to the limited response of human
visual system, we are not able to distinguish the whole
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levels of possible colors. A simple solution considers only
the most significant bits of each RGB component (Figure
2). This solution reduces computational overhead and
increases robustness toward simple camera and object
motion.

R; | Ri | Ro
G, [ Gi[Go
B7 BG BS B4 Bz Bl Bo

Figure 2: Video structuring model

With this quantization method we have grouped all
possible colors into 2 different color levels in RGB
space. This corresponds to 4096 colors. We can define the
color histogram as an array of 4096 elements after the
quantization. If we compare the original image and the
image obtained by eliminating the four least significant
bits of every component, we can see that pixels have been
grouped according to their similarity (Figure 3).

The shot boundary detection method is based on the
difference between color histograms of frames belonging
to a video sequence. This difference is computed as:

HistDif [i] = im (i)~ s ()

where h; is the color histogram with M=4096 bins of

frame i of the video sequence.

Previous approaches only compare peaks in the histogram
difference graph with a previously obtained threshold
value. Differences that reach above the threshold value
represent detected shot cuts. Figure 4 shows the result of
computing the color histogram difference for a given video
sequence. In the figure a peak appears when a large
discontinuity occurs between histograms. These peaks are
usually associated to an abrupt transition. However, from
all appearing peaks in figure 4, a real shot cut is
represented only with the peak appearing at frame 4090.
All other peaks are caused by the intensive object
movement in front of the camera. It is evident that
selecting the threshold value is a problem of its own.
Selecting too high threshold value increases the number of
missed shot cuts. Using a lower threshold results in
increasing the number of false alarms. A way to eliminate
the peaks caused by the camera or object motion, has to be
derived.

Figure 4 shows that an abrupt scene transition produces

(b)



Figure 3: (a)24 bits/pixel image (b)12 bits/pixel image

only one peak value within a period of time. Therefore, we
consider a sliding window of size 2n+1 along the axis that
covers frame transitions HistDif[i-n], ..., HistDif[i+n]. Next
we compute the local mean-ratio within the sliding
window, for each frame:

j=i+n

> HistDif,

M. = =i
' 2n

Then we map the color histogram difference curve into the
local mean-ratio space. The histogram difference value at
frame i is now equal to its original value HistDif[i] divided
by the the mean M; of the appropriate sliding window:

- - * . M
HistDif [i] = Wllfh]
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Figure 4: Color histogram difference

Figure 5 shows the transformed color histogram difference
for a window of size n=5 applied on the same video
sequence from the Figure 4.
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Figure 5: Transformed color histogram difference

It is evident that false alarms appearing in the original
histogram difference graph are eliminated. The only peak
that appears in this curve is the actual shot cut at frame
4090. The chosen value of 5 for the half length of the sliding
window n, is empirically derived from various experiments.
Choosing a greater value than 5 increases the danger of
including two shot cuts in a single sliding window.
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3 QUALITY OF DETECTION

When evaluating our shot boundary detection method we
compared results with a listing of the actual shot cuts
(when and where they occur). In evaluating the results of a
shot boundary detection method, there are a number of
parameters that should be considered, but the most
important are:
e N; — number of false shot boundaries detected by the
method
e Ny — number of shot boundaries not detected by the
method
e N;—number of actual shot boundaries
Having these values, most of the important evaluation
measures can be calculated. In our work we use the
following:
Nt — Nd f o Nt — Nd
Recall = —— Precision =
Nt (Nt - Nd ) + Ni
The recall measure looks at the percentage of actual shot
cuts that has been detected by the method, while the
precision measure is a percentage showing how accurate
the method is at detecting only the actual shot boundary.

Name Type Number of | Number of
Frames Shots

V1 News 479 4

V2 Music 10406 174
V3 Film 2632 34
V4 Film 1648 7

V5 Film 5132 38
V6 Film 24214 180
V7 Documentary 6297 12

Table 1: Video data used for experiments

4 EXPERIMENTAL RESULTS

To conduct a comprehensive test of the implemented
algorithm, we selected a variety of video clips as test data.
The characteristics of the test sets are presented in Table 1.
The locations of the shot boundaries within the test videos
were determined by a manual visual analysis.

We conducted numerous experiments with a variety of
video contents to evaluate the performance of our
boundary detection algorithm. The testing sequences
contain usually film features, cuts, camera motions, rapid
moving objects, zooms, flickers, and often combinations of
these. These videos contain most of the difficult aspects
that challenge the scene change detection algorithms. Our
results are presented in Table 2. Results show that
proposed algorithm has a very high accuracy on abrupt cut
detection and there is virtually no false detection. The



obtained results were compared with the color histogram
difference algorithm [5]. It’s evident that our improved
approach is highly accurate when the video sequence
contains object and camera motion (V2 and V6).

Name Type Recall Precision
our approach
V1 News 100% 100%
V2 Music 95% 95%
V3 Film 100% 100%
Va4 Film 97% 98%
V5 Film 93% 90%
V6 Film 99% 99%
V7 Documentary 100% 100%
histogram color difference
V1 News 100% 100%
V2 Music 85% 82%
V3 Film 90% 89%
V4 Film 92% 85%
V5 Film 90% 85%
V6 Film 91% 89%
V7 Documentary 100% 100%

Table 2: Video data used for experiments

5 CONCLUSION

In this paper we present a novel, robust and efficient
method to detect abrupt cuts in video. It has been
demonstrated that our method produces highly accurate
abrupt cut detection for a wide-range of types of video. Our
method is immune to moving objects, camera motion, and
other similar effects. Furthermore, our method uses only
frame pixel values without any motion estimation
processes, so that frugal computational complexity is
maintained, which makes it very attractive for real-time
video applications.
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ABSTRACT

This note discusses the way that operations involved in
trust management in a model agent-based e-commerce
system are functionalized. Specifically, we use UML
sequence diagrams to identify when, during an attempted
purchase, trust-related information is exchanged between
agents in the system. We also illustrate precise form and
content of messages exchanged between agents.

1 INTRODUCTION

Currently we are in the process of developing a complete
model agent-based e-commerce system. Its description can
be found in [1] and in collected there references to our
earlier work. In this system there exist a number of places
where its behavior is influenced by what can be defined as
a “trust relationship” between its components. In our earlier
work [2] we have conceptualized, on a very general level:
(1) precisely where in our system we have to deal with
“trust management,” (2) which “events” that take place in
the system influence trust relationships, and (3) how do
they influence them. The aim of this note is to look into
trust management related processes from the functional
point of view. Specifically, we are interested in establishing
(1) which components of the system are involved in trust
management, (2) when, during purchasing process, do these
components communicate, and (3) what information is
being transferred. Let us start from briefly summarizing the
way our system has been designed, with special attention
paid to trust management related issues.

2 SYSTEM SUMMARY

Our proposed model agent-based e-commerce system
depicts an e-marketplace where shop agents and their co-
workers, represent User-Sellers and attempt at selling
products to buyer agents, which together with client agents
represent User-Clients. In Figure 1 we present a partial use
case diagram of the system, in which we focus our attention
on these of its components that are directly involved in trust
management (detailed description of the system, as well as
it complete use case diagram can be found in [1]).
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Figure 1: Partial use case diagram of the system (only
agents participating in trust relations and their
interactions are depicted)

In Figure 1 we can see three major agents (and three main
“areas”) of our system: (1) the CIC (Client Information
Center) agent which manages white-page and yellow-page
data about products sold in the system (this is the central
information repository), (2) the Client agent (CA) which
represents User-Client (this is the User-Client support
infrastructure), and (3) Shop, Warehouse and Gatekeeper
agents, which represent User-Seller (this is the User-Seller
support infrastructure). Let us now briefly describe each
one these agents.

CIC agent (CIC) is responsible for providing information
which e-store in the system sells which products.
Information about products and stores is semantically
represented — using OWL Lite demarcation — and persisted
in a Jena [5] environment (for more details see [4]).

Client agent (CA) represents User-Client in autonomously
making all necessary decisions related to the purchasing
process. Buyer agent(s) (BA) help the CA by actually
taking part in price negotiations.




Shop agent (SA) is the central manager of the e-store and
autonomously makes all decisions pertinent to selling
products offered by the store. The SA is helped by (1) the
Gatekeeper agent (GA) that is responsible for admitting (or
not) BAs to the host, managing the process of preparing
negotiation which includes, among others, registration of
participants and supplying them with negotiation template
and protocol, and releasing BAs to price negotiations; (2)
the Warehouse agent (WA) that is responsible for product
reservations and inventory management; and, (3) multiple
Seller agents (SeA) that are directly involved in price
negotiations with BAs.

A typical system operations scenario is as follows (for a
detailed description see [4]). Let us assume that system is
already initialized and all information about all products
sold by all e-stores has been registered with the CIC. User-
Client formulates a request — what product she would like
to purchase. The CA queries the CIC to find out which
stores sell the requested product and attempts to “deliver” a
BA to these stores it deems worthy of its trust. Depending
on the trust that each store has in the CA, its BAs are
allowed (or not) to enter. BAs participate in price
negotiations and report results to the CA. Based on obtained
results, the CA decides to (1) attempt purchase at one of the
stores, (2) try to negotiate a better price, or (3) abandon
purchase altogether. Let us note that trust that the CA has in
shops (SAs) in which its representatives were winners in
price negotiations plays a role in making these decisions.

In our system we utilize an airline ticket reservation
mechanism to manage the purchasing process. Successful
price negotiations result in a reservation being issued to the
winner. Within a certain time, specified in the reservation,
that winner can make a purchase of the product at the
negotiated price. Time of the reservation depends on the
trust that the SA has in a given CA. When the reservation
expires the reserved product is returned to the pool of
available products and the only way for the BA to make a
purchase is through repeated participation in price
negotiations. Note that expired reservation has a direct
negative effect on trust that the SA has in a given CA.

In the above description, we have identified these situations
which involve trust relationships. Let us now discuss in
more detail how these processes actually take place in the
system.

3 INTERACTIONS BEFORE NEGOTIATIONS

Let us start from the interactions between agents in the
system that take place before price negotiations. Let us
assume that for each store that a given CA interacted with
in the past, it has computed its trust-value. Let us also note
that in the actual implementation we have decided to split
the CA into two agents. The CA itself became an
orchestrator of the flow of information and a store manager
— taking part in interactions with other components of the
system. The CDA (Client Decision Agent), which was
originally viewed as an integral part of the CA, is where
actual decision-making takes place. It has been upgraded to
a status of a full-blown agent. Metaphorically, the CDA is

22

the brain of the CA that, for technical reasons, has been
removed from its skull.

After User-Client’s request is formulated, the CA
communicates with the CIC and obtains a list of stores that
sell a given product. The CA analyses that list of stores and
updates their trust-values [2]. Then it checks if there are
any stores with trust-value below a “threshold of trust.”
Such stores are considered untrustworthy and removed
from the list. Obviously, when only very few stores remain
on the active list, the CA may decide to adjust the
threshold value vis-a-vis a given (unpopular) product and
as a result to increase number of stores that it will try to
interact with. One of the reasons for such a decision may
be to obtain a broader perspective on current valuation of
the requested product within the marketplace. After
adjusting the list of shops, the CA interacts with GAs
representing them (each shop (SA) is actually represented
by its Gatekeeper agent, which is the agent that any other
agent has to interact with first when attempting to make a
purchase).

The GA checks the trustworthiness of each of the CAs that
approach it about entering the shop. Note that, similarly to
the case of the CA and the CDA, we have decided to
separate the manager / orchestrator functions of the SA
from the decision-making functions that were delegated to
the Shop Decision Agent (SDA). Thus, to assess the trust
value of incoming BAs, the GA communicates with the
SDA. These processes have been depicted in the sequence
diagram in Figure 2. Note that all messages presented in
this and subsequent figures reference FIPA ACL
messages.
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Figure 2: The sequence diagram of ACL messages
exchange between CA and CIC and CDA

We can see here, first, exchange of messages between the
CA and the CIC (QUERY-REF message from the CA is
either responded to by a REFUSE message — when the CA
is not authorized in the system or by the INFORM-REF
message containing the requested list of stores). Next, the
CA communicates with its “brain,” the CDA, to adjust the
list of shops to interact with (here we can see a simple
REQUEST — INFORM pair of messages). For each store



on the list, the CA sends a REQUEST message to its GA.
Such a message requests to be admitted to the store and to
specify conditions of admission — the store may admit BAs,
or create them internally (for more details see [3]).

In the way that our system was set up, where the CA and
the GA are located on two separate servers named
beethoven and bach, when running JADE agent
environment, the message that the CA sends to the GA will
have the form:

(request
:sender (agent-identifier
:name ca@beethoven:7771/JADE
zaddresses (sequence
http://10.1.1.2:7770/acc)
:X-team-id “client-1')
:receiver (agent-identifier
zname ga@bach:7771/JADE
:addresses (sequence
http://10.1.1.2:7770/acc))
:content
(action
(agent-identifier
name ga@bach:7771/JADE
addresses (sequence
http://10.1.1.2:7770/acc))
(get-negotiation-incoming-conf)

)

The GA communicates with the SDA to evaluate the trust
value of the incoming CA (in Figure 2, a pair of QUERY-
REF — INFORM-REF messages). Depending on the content
of the INFORM-REF message that it receives from the
SDA, the GA sends to the CA either: (1) an INFORM
message — in the case it is to be admitted — which will have
the following form (note that here the GA informs the CA
not only that it is ready to get involved in interactions, but
also informs the CA that it can both accept its representative
— can-welcome-buyer true, and create a buyer
agent locally — can-create-buyer true):

(inform
:sender (agent-identifier
name ga@bach:7771/JADE
:addresses (sequence
http://10.1.1.2:7770/acc)
:X-team-id "'shop-1')
:receiver (agent-identifier
:name ca@beethoven:7771/JADE
:addresses (sequence
http://10.1.1.2:7770/acc))
:content
(result
(action
(agent-identifier
zname ga@bach:7771/JADE
:addresses (sequence
http://10.1.1.2:7770/acc))
(get-negotiation-incoming-cont)
(negotiation-incoming-conf
:can-create-buyer true
:can-welcome-buyer true)
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or, otherwise, (2) when the CA is not going to be admitted
to negotiations, a REFUSE message — which will have the
form:

(refuse
:sender (agent-identifier
name ga@bach:7771/JADE
zaddresses (sequence
http://10.1.1.2:7770/acc)
:X-team-id "shop-1')
:receiver (agent-identifier
:name ca@beethoven:7771/JADE
:addresses (sequence
http://10.1.1.2:7770/acc))
:content
(result
(action
(agent-identifier
name ga@bach:7771/JADE
zaddresses (sequence
http://10.1.1.2:7770/acc))
(get-negotiation-incoming-conf)
(reason not-trusted)

)

))

Interestingly, the fact that at this stage the GA sends back a
positive response does not mean automatically that the
representative of the CA will be admitted to negotiations.
Specifically, if the shop creates BAs locally, then the BA
will be created for the CA. Situation changes when the
shop receives incoming BAs. In this case it is possible that
between moment of the first request about trust which is
presented on the Figure 2 and the moment when BA
arrives in the shop, trust relationship between SA and CA
could change. To explain this we have to recall that the
trust value depends, for instance on the fact that the CA
has won price negotiations but did not make a purchase, or
that it confirmed purchasing a product, but did not make a
payment. Now, we have to consider the fact that a given
CA can be involved in multiple interactions with a given
shop (SA). Therefore, between the time that the CA
receives a positive answer from the GA and prepares the
BA; and the time that BA arrives at the shop, trust value
could have changed because of actions of other BAs
representing the CA.
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Figure 3: The sequence diagram of ACL message
exchange between arriving BA and GA.

Therefore, when the BA arrives at the Shop and informs the
GA: “I am here” the GA has to re-check the trust status of
the CA that the BA represents. This process has been
depicted in Figure 3. There we can see first the CA creating
the BA and sending it a REQUEST message to migrate to a
given GA and register for price negotiations. Upon
receiving this REQUEST message, the BA moves to the
specified location and sends a REQUEST to register to the
local GA. The GA sends a QUERY-REF message to the
SDA to (re)check if the CA is (still) trusted. In the case of a
trusted CA, the GA initiates the process of preparing
negotiations. If the CA is not to be trusted, then the GA
sends a REFUSE message to the BA. In this case the BA
sends a REFUSE message back to the CA (to inform it
about the situation) and kills itself.

4 INTERACTIONS AFTER NEGOTIATIONS

The last moment in which trust is taken into account is
when a given BA is a winner of price negotiations. As
stated above, in our system we use an airline ticket
reservation model. In this model, winning price
negotiations means that a limited-time reservation will be
issued for the winning BA. Furthermore, the time of
reservation will depend on the level of trust (the more
trusted the given CA is, the longer the reservation time is
going to be (longer reservation time is a reward for being a
good client). In this situation the SA asks the SDA about
reservation time for the given BA. SDA establishes its
duration based on the trust level [2]. After receiving an
answer the SA asks the WA to reserve the product for a
specific time. Finally, the SA informs the BA about the
reservation time. This process (combined with the CA
decision making that also involves trust considerations —
we may not want to buy cheap products from stores that
have a low trust value and rather buy more expensive
products from trusted sources) is represented in Figure 4.

5 CONCLUDING REMARKS

In this note we have discussed functional aspects of trust
management in a model agent-based e-commerce system.
We have used UML sequence diagrams to formally
represent all situations when agents exchange messages
related to trust management. We have also presented form
and content of trust-related messages exchanged between
agents in the system.

Currently our system is being implemented and the above
presented sequence diagrams are used as aid in this process.
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ABSTRACT

This article presents a new algorithm for
combinatorial optimization based on the basic Tabu
Search scheme named Adaptive Tabu Search (A-TS).
The A-TS introduces a new, complex function for
evaluation of moves. The new evaluation function
incorporates both the aspiration criteria and the long-
term memory. A-TS also introduces a new decision
making mechanism, providing means for avoiding
possible infinite loops. The performance of A-TS was
measured by applying it to the Quadratic Assignment
Problem. The experimental results are compared to
published results from other authors. The data shows
that A-TS performs favorably against other established
techniques.

1 INTRODUCTION

Heuristic search algorithms have proven to be very useful
in solving difficult combinatorial optimization problems.
Due to their ability to escape local optima, most successful
heuristic local search techniques are Simulated Annealing,
Genetic Algorithms, and Tabu Search with its variations.
Tabu Search has been very successful in achieving near-
optimal (and sometimes optimal) solutions to a variety of
hard problems.

This paper introduces the Adaptive Tabu Search (A-TS), an
improved tabu search algorithm for combinatorial
optimization. Adaptive Tabu Search introduces a new
evaluation function to the basic scheme of Tabu Search.
Our Tabu scheme also proposes a new mechanism for
selecting the best move. The selection process uses the
evaluation function which incorporates both long-term
memory and aspiration criteria.

The performance of our A-TS is evaluated by using
instances of the Quadratic Assignment Problem (QAP),
chosen from the QAP Library (QAPLIB) [3]. By solving
the same problem instances of QAP used by other cited
researchers [2][4][5][14], we aimed to derive objective
conclusions of the advantages of our Adaptive Tabu
Search.

Section 2 presents a formal definition of the QAP. Section
3 provides a brief overview of the basic Tabu Search
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algorithm and its popular variations. In section 4 we
describe the main improvements that we propose to the
basic TS algorithm, resulting in our Adaptive Tabu Search
(A-TS) algorithm. The environment used to test A-TS is
described in section 5. Section 6 presents the experimental
results. Our conclusions and areas of further research are
given in section 7.

2 THE QUADRATIC ASSIGNMENT PROBLEM

The Quadratic Assignment Problem (QAP) is NP-hard
combinatorial optimization problem [13]. Its many
practical instances come from areas such as design and
resource allocation, microprocessor design and scheduling.
Due to the complexity of QAP, in some ways, it has
become a benchmark by which new techniques are
validated.

For the first time, QAP is stated by Koopmans and
Beckman in 1957 [11]. It can be described as follows:
Given two n x n matrices A=(a;) and B=(b;), find a
permutation T minimizing

n n
”renr}(nn) f(7) .2:1: jz_l:aij B

where 71(n) is the set of permutations of n elements. In
other words, it deals with identifying optimal assignments
of facilities to locations such that the cost of the resulting
system is minimized. Shani and Gonzalez [13] have shown
that the problem is NP-hard and that there is no e-
approximation algorithm for the QAP unless P = NP.

In practice, a large number of real world problems lead to
QAP instances of considerable size, that cannot be solved
exactly. For example, an application in image processing
requires solving more than 100 QAP problems of size n =
256 [15]. Even with today’s fastest computers, relatively
small problems require prohibitive amounts of time to
solve to provable optimality [1]. The use of heuristic
methods for solving large QAP instances is currently the
only practicable solution.

3 TABU SEARCH OVERVIEW

Glover introduced Tabu Search (TS) in the late 80’s [6].
The basic idea behind TS is that, adding short-term



memory to local search, improves its ability to locate
optimal solutions. Revisiting previously or recently visited
solutions is discouraged, and operations that would do so
are labeled as being “tabu” or “taboo”. Glover proposed the
use of both statically and dynamically sized memory
structures for tracking tabu operations. In 1991 Taillard
created the Robust Tabu Search (RO-TS) [14], which
introduced a dynamic randomly-sized short-term memory
design. Battiti and Tecchiolli developed the RE-TS [2] in
1994. They introduced a dynamically sized short-term
memory, dependent on the runtime characteristics of the
algorithm. Also, they utilized a form of long-term memory
that helped prevent searches from stagnating.

Many other TS variations have been developed that
incorporate various forms of dynamically-sized short-term
memory and long-term memory [9][10]. Still, the RO-TS
and RE-TS remain among the most successful and popular.
The following concepts are common to most (if not all)
Tabu Search techniques, but their specific implementations
are somewhat flexible.

A move m is an operation by which one solution is
transformed into a new, neighboring solution. The
neighborhood of the solution, N(i,k), is the set of all
solutions that can be derived from the given solution i, at
iteration k, by applying a valid move. For the QAP, a
common move strategy consists of swapping facilities
assigned to two locations.

The Tabu List implements the short-term memory. It is the
most influential piece of any TS design. The basic purpose
of the list is to maintain a record of moves that are tabu
(discouraged) during a number of following iterations.
Usually, a move added to the Tabu List is the reciprocal of
the move last accepted and applied to the current solution.
The reciprocal is recorded in order to prevent the search
from “undoing” recent moves.

During a TS run, it is possible that a single solution will be
visited multiple times. To some degree, this behavior is
desirable - it supports the concepts of exploitation and
exploration. On repeated visits of a solution, the Tabu List
will most likely contain a different set of tabu moves, and
the search may travel a new path. However, the problem
arises when the algorithm continuously revisits the same set
of solutions repeatedly (infinite loop), leaving large areas of
the search space unexplored. Increasing the length of the
list, decreases the probability of entering an infinite loop.
On the other hand, longer lists limit the exploration of the
search space. The so called long-term memory has a great
deal in solving this problem.

When selecting the next move to perform, TS evaluates the
neighborhood of the current solution and attempts to find
the best non-tabu move; “best” being determined as the
objective value of the resulting solution, should the move
be applied. Sometimes, however, it may be desirable to
allow a tabu move to be chosen. The conditions under
which a tabu move would be allowed are known as the
aspiration criteria. The most common aspiration criteria is
to test whether the implementation of the tabu move would
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result in the best-fit solution yet found, for the current run.
The above criteria is used by Battiti and Tecchiolli in the
RE-TS. Figure 1 shows the basic elements of TS.

Step 1. Create an initial solution i at random. Set
i"=i and k=0.

Step 2. Set k=k+1 and generate a subset V" of
solutions in N(i,k) such that either one of the
tabu conditions tr(i,m)eTr is violated
(r=1,..,t) or at least one of the aspiration
conditions ar(i,m)<Ar(i,m) holds (r=1,...,a).

Step 3. Choose a best j=i®m in V" (with respect to
objective function f) and set i=j.

Step 4. If f(i) < f(i") then set i "=i.

Step 5. Update tabu and aspiration conditions.

Step 6. If a stopping condition is met then stop. Else
go to Step 2.

Figure 1: Tabu Search pseudo code.

4 THE ADAPTIVE TABU SEARCH

The Adaptive Tabu Search, that we propose, explores the
meaning of finding the “best” move. The search for the
best move is a very computation demanding operation.
Therefore, it plays a major part in the speed and accuracy
of the solving process. The local search in TS consists of
evaluating all moves applicable to the current solution, and
choosing the best one. In the A-TS approach, the non-tabu
move that generates the greatest improvement of the
objective function is chosen and applied. In this case, no
aspiration criteria are being utilized. However, in some
instances, none of the evaluated non-tabu moves provides
any improvement. The proposed evaluation function is
triggered only when all evaluated moves are tabu or non-
improving, non-tabu. The move for which the evaluation
function returns the lowest value is accepted and
performed.

Any implementation of TS must provide a balance
between exploring and exploiting the search space. The
risk of visiting certain solutions infinite number of times
must be avoided. On the other hand, the potential benefit
from revisiting a single solution has to be encouraged. The
aim of A-TS is to achieve this balance and maintain it
throughout the whole search.

The evaluation function makes its decisions considering
the long-term memory and the remaining time (iterations)
for the move as tabu (tabu_time_left). The long-term
memory is implemented as a list of counters, remembering
the application of each possible move during the search. In
the evaluation function, the number of occurrences of the
move (frequency) is multiplied with an adaptive coefficient
(ky). The value of k; is proportional to the value of the
move itself, the frequency of the application of the move
and the current iteration. The main objective of the
adaptive coefficient is to prevent the search from getting
caught in an infinite loop.



On the other hand, the function includes an aspiration
criterion. It allows a tabu move to be performed, if it seems
promising and not risky in terms of loops or local
stagnation. The criterion is implemented using another
adaptive coefficient (k;), whose value also changes and is
proportional to the value of the move. The adaptive nature
of our Tabu Search scheme is based on these two adaptive
coefficients. The final form of the evaluation function is:

evaluation_ func (move_value, frequency, tabu_time_left)=
move_value + k; * frequency + k, * tabu_time_left

where:
{cl -iter - abs(max(move _value,l)), if freq > avgfreq

c, -abs(move _value), if freq < avgfreq
_ |0, if move is tabu
- C, - abs(move _ value), if move is not tabu

The coefficients k; and k, control the influence of the move
frequency and the remaining time of the move in the tabu
list. The coefficients c¢;, ¢, and c3 are tuned up
experimentally, according to the specific problem being
solved. Their influence upon the accuracy of the obtained
solutions is considerable. However, they have no
significant influence on the number of iteration required to
reach the optimal solution. The values for ¢y, ¢, and c; used
here are 10, 0.01 and 0.01 respectively.

5 BENCHMARK INSTANCES

The problem instances used in the development and testing
of A-TS were obtained from the QAPLIB, a public library
of QAP problems and their best-known solutions [3]. The
number in the problem’s name corresponds to the size of
the problem. QAPLIB currently contains over 100
instances that have been used in earlier researches. Some of
them originate from real life applications, like hospital
layout (kra30%*, els19), typewriter design (bur26%*), etc.

As shown by Taillard [15], the quality of solutions
produced by heuristic methods strongly depends on the
problem type. For problems taken from the real world,
many heuristic methods perform rather poorly. They are not
able to find solutions within 10% of the value of the best
solutions known, even if excessive computing time is
allowed. Conversely, the same methods may perform very
well on randomly generated problems. For such problems,
almost all heuristic methods are able to find high quality
solutions (i.e., solutions approximately one percent worse
than the best solution known). Therefore, it is reasonable to
analyze the performance of A-TS by splitting the problem
instances into two categories: (i) real world, irregular and
structured problems, and (ii) randomly generated, regular
and unstructured problems.

6 EXPERIMENTAL RESULTS

A-TS is compared with a set of the best heuristic methods
available for the QAP, such as the genetic hybrid method of
Fleurent and Ferland [5] (GH), the reactive tabu search of
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Battiti and Tecchiolli [2] (RE-TS), the tabu search of
Taillard [14] (RO-TS) and a simulated annealing from
Connolly [4] (SA). In the comparison, a large subset of
well known problem instances is considered, with sizes
between n =12 and n = 35, contained in the QAPLIB.

The complexity of one iteration, for each algorithm
considered, varies: SA has the lower complexity with O(n)
per iteration. RO-TS and RE-TS have a complexity of
O(n?) per iteration, GH has a complexity of O(n®), while
A-TS has a complexity of O(n(n-1)/2) ~ O(n?).

In order to make fair comparisons between these
algorithms, the same computational time was given to each
test problem trial, by performing a number of iterations
equal to nln(62.5n — 5) for A-TS, to 10nl .4 [12] for RE-
TS and RO-TS, 125n2l,a, [12] for SA and 2.5l [12] for
GH.

Tests are performed with 1,,=10. The experiments
evaluate their ability in producing relatively good solutions
under strong time constraints.

Problem | Best known RO-Ts | RE-TS SA GH A-TS

name value

Els19 17212548 21.261 | 6.714 | 16.028 | 0.515 [10.0914
Tai20b 122455319 0 — 6.7298 0 1.4522
Tai25b 344355646 0.0072 — 1.1215 0 0.0559
Tai30b 637117113 0.0547 — 4.4075 | 0.0003 | 1.7026
Tai35b 283315445 0.1777 — 3.1746 | 0.1067 | 1.1849
Kra30a 88900 0.4702 | 2.0079 | 1.4657 | 0.1338 | 0.0267
Kra30b 91420 0.0591 | 0.7121 | 0.1947 | 0.0536 0
Chr25a 3796 6.9652 | 9.8894 | 12.4973 | 2.6923 0

Table 1: Quality of various heuristic methods for irregular
problems, measured in percent above the best solution
value known. Best results are in boldface.

Table 1 compares all mentioned methods on real life,
irregular and structured problems opposed to A-TS. In
particular, the average quality of the solutions produced by
these methods is shown, measured in percent above the
best solution value known. The RE-TS, S-TS, and RO-TS
data contained in table 1 and 2, was gathered from L. M.
Gambardella, E. D. Taillard and M. Dorigo [12]. The
results of the mentioned authors are averaged over 10 runs,
while the results of A-TS are averaged over 100 runs.
Table 1 shows that methods like RE-TS or SA are not well
adapted for irregular problems. Sometimes, they produce
solutions over 10% worse than the best solutions known.
Other heuristic methods are able to exhibit solutions at less
than 1% of the optimum value, with the same computing
effort. For problem types tai*b, GH seems to be the best
method overall. Our approach produces solutions with
average deviation smaller than 1% in most of the cases.
Table 2 provides the same type of comparisons as those of
table 1, only for unstructured problems. Table 2 shows that
our technique outperforms all of the other techniques, for
all of the listed problems. In half of the cases, our results
achieve the exact best solutions in all 100 trials, whereas in




the rest, the average gap (deviation from the optimal) is
below 1%.

Problem Best
known RO-TS | RE-TS SA GH A-TS
name
value
Nug20 2570 0.101 0.911 0.327 0.047 0
Nug30 6124 0.271 0.872 0.500 0.249 0
Tai20a 703482 0.769 0.705 1.209 | 0.732 | 0.046
Tai25a 1167256 1.128 0.892 1.766 1.371 | 0.736
Tai30a 1818146 0.871 1.044 1.434 1.160 0
Tai35a 2422002 1.356 1.192 1.886 1.455 | 0.014

Table 2: Quality of various heuristic methods for regular
problems measured in percent above the best solution value
known. Best results are in boldface.

Additional comparison of the algorithms, based on the
number of iterations needed to achieve the optimal solution,
was performed. A series of runs performed with the A-TS
were compared with published results of the metaheuristic
search techniques RE-TS and RO-TS. Table 3 shows
comparisons over some of the problems from the Taillard
set, ranging in sizes from 12 to 35. 100 runs were
performed on each problem by A-TS, opposed to 30 runs
performed by the authors of the other approaches. The RE-
TS, and RO-TS data contained in this table was gathered
from Battiti and Tecchiolli [2]. The best result in each row
is bolded.

Max.Iter A-TS
Problem A- RE-TS RO-TS Avg.
TS/Others Iter.
Tail2a 10K/100K 282.3 210.7 165.7
Tail5a 10K/100K 1780.3 2168.0 2145.5
Tail7a 100K/100K 4133.9 5020.4 4363.9
Tai20a 100K/500K 37593.2 34279 31650.8
Tai25a 400K/1M 38989.7 80280.4 19945
Tai30a 560K/2M 68178.2 146315.7 104084.2
Tai35a 760K/4AM 281334.0 448514.5 290458.1

Table 3: Comparison of average iterations before
convergence to best solution for RE-TS, RO-TS, and A-TS.

7 CONCLUSION

This paper describes a novel approach to the Tabu search
scheme. We propose a new decision making mechanism
with a new evaluation function to integrate within the
standard TS. The resulting Adaptive Tabu Search (A-TS)
augments the exploration and exploitation of the search
space, through the incorporation of long-term memory,
aspiration criteria and the value of the move in a single
evaluation function. By using search history, the adaptive
coeficients within the combined evaluation function
provide useful feedback to the process.

Instances of the Quadratic Assignment problem were used
for quantitative evaluation of the algorithm. Experimental
results show that A-TS performs favorably. In some cases,
the optimal result was found in less iteration than other
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techniques. For most of the problems, especially regular
problem instances, A-TS seems to be the best choice.

Based on the encouraging results, further research of A-TS
will be performed. Its implementation to more complex,
real life problems, will provide more details of the
algorithm quality and advantages.
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1 Povzetek

Referat obravnava metodo umetna nevronska omrezja
za kratkoroéno prognoziranje vremenskih pogojev v
okolici daljnovoda. Prognoze lahko sluzijo pri izra¢unih
termiéne zmogljivosti daljnovoda nekaj ur v naprej. 1z
informacijskega sistema DAMOS, ki je vgrajen v
slovensko prenosno omreZje, je mozno izbrati razli¢ne
vzorce potrebnih vremenskih podatkov. Na vzorcu
meritev petminutnih povpre¢ij za Stiri vremenske
parametre: skalarna hitrost vetra, smer vetra,
temperatura okolice in sonéno sevanje, v obdobju 30
mesecev, je bil izdelan model za izra¢un predikcije za 4
ure vnaprej za parametre, ki vplivajo na dolo¢itev
termiéne zmogljivosti nadzemnega voda. Rezultati so
pokazali, da metoda nevronskih omreZij daje dobre
rezultate.

2 Uvod

S kratkoro¢nimi predikcijami vremenskih parametrov od 1
do 24 ur je mozno dolocati dinami¢ne zmogljivosti
daljnovodov v realnem ¢asu, za razliko od veéine danes
uporabljenih metod stati¢nih doloc¢itev zmogljivosti, Ki
slone na konzervativnem ro¢nem izboru teh parametrov. S
pomocjo kakovostnih predikcij bi bilo mogoce v primeru
zamasitev omrezja na dologenih trasah, napovedati
dinami¢ne zmogljivosti in jih v primeru zadostnih rezerv
trziti.

Pri uporabi metode umetnih nevronskih omreZij za
reSevanje problema c¢asovnih vrst je potrebno izbrati
ustrezni algoritem in arhitekturo nevronskega omreZja.
Algoritmi se med seboj razlikujejo po zgradbi, vrsti uéenja
(nadzorovano ali nenadzorovano) in vrsti signala. Najbolj
razSirjena je vecnivojska usmerjena nevronska mreza z
ucenjem vzvratnega razsirjanja napake (Backpropagation
of error). Na osnovi podatkovne baze (30 mesecev, 5-
minutna povpreé¢ja) se Zeli izdelati model za predikcijo in
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sicer za 4 ure v naprej. Aplikacija nevronske mreze za
reSevanje problema ¢asovnih nizov izvaja razpoznavanje
vzorca. Vhodne vrednosti za izracun napovedanih
vrednosti za dolocen ¢asovni interval se dolocajo iz
tekocih merjenih vrednosti izbranih parametrov.

V referatu je prikazan pristop k izracunu kratkoro¢nih
predikcij vremenskih pogojev (veter, smer vetra, zunanja
temperatura in soc¢ni prispevek) s pomoc¢jo umetnega
nevronskega omreZja.

3 Postavitev nevronskega omrezja

V naSem modelu je bil uporabljen ve¢nivojski prediktor, ki
je primeren za daljSe ¢asovne predikcije hitrosti vetra. Za
vsak parameter in vsako lokacijo je bilo potrebno dologiti
primerno strukturo nevronskega omreZja. Postopek dela je
bil razdeljen na tri faze:

1. Priprava vhodnih podatkov, konverzija podatkov in
generiranje vzorca.

2 Dolocitev Stevila nevronov.

3. Izgradnja nevronskega omrezja.

Natanc¢nejsSi opis posamezne faze je prikazan spodaj.
Priprava vhodnih podatkov.

Nevronsko omreZje se mora zasnovati tako, da lahko
ocenjuje razlicne vhodne podatke. Magnitude vhodnih
vrednosti ne reflektirajo njihove relativne pomembnosti pri
dolocanju zahtevanih izhodnih informacij. Zato se morajo
vhodni podatki normalizirati, da izboljSajo karakteristike
nevronskega omrezja. Srednje vrednosti nestandardne
deviacije vhodnih podatkov so namenjene skaliranju
vhodnih in izhodnih podatkov. Normalizacija je izvedena
kot sledi:

_ Yik—m
SD,

ni,k


mailto:Ruslan.kadyrov@artes.si
mailto:kresimir.bakic@eles.si

. Ny je normaliziran vhodni podatek K (ciljni podatek)
pri 1=12...,N

podatek
.. M in SD, sta srednja vrednost in standardna deviacija

(indeks podatka) Y, je originalni

vhodnega podatka k (ali ciljnega podatka)

Vhodne podatke smo razdelili na dva slucajno izbrana
vzorca: za ucenje in validacijo, v izbranem razmerju.
Vzorec za ucéenje smo uporabili v fazi ucenja, vzorec za
validacijo pa za verifikacijo izdelanega modela
nevronskega omreZzja po fazi u¢enja.

Dolocitev Stevila nevronov

Izracun avtokorelacijskih koeficientov je merilo korelacije
med sosednjimi podatki, ki so opazovani v ¢asovnih vrstah
meritev. To informacijo je uporabljena za dologitev Stevila
vhodnih signalov in Stevila nevronov v skritem nivoju.
Koeficienti so izracunani po naslednji formuli:

i 1 Z(Yi —M)(Yi.y —M)

“ N 0

Avtokorelacija niza k je definirana kot pricakovano
odstopanje  spremenljivke  od  srednje  vrednosti,
normalizirane z varianco. Stevilo vhodnih signalov in
Stevilo nevronov v skritem nivoju je pomembno pri
aplikaciji nevronskega omrezja za predikcijo meritev.

Na oshovi vzorca in Stevila vhodnih signalov ter Stevila
nevronov Vv skritem nivoju lahko zgradimo prediktor
nevronskega omrezja.

Uporabili smo ve¢nivojsko usmerjeno nevronsko mrezo.
Nevronsko omreZje ima lahko enega ali ve¢ skritih nivojev.
Parametri nevronskega omrezja so odvisni od vrednosti
meritev in dolZine napovedovanega intervala. Na Sliki 1 in

Sliki 2 je prikazana shema avtokorelacijske analize za
hitrost vetra.

Na osnovi statisticne analize in razli¢nih eksperimentov
smo izbrali naslednji model za napoved hitrosti vetra za 4
ure na lokaciji postaje RTP Bericevo: usmerjena
tronivojska nevronska mreza s 45 vhodnimi nevroni, 10 v
skritem nivoju in enim izhodnim nevronom. Na lokaciji
postaje RTP Podlog so bili rezultati druga¢ni: mreZa z 52
vhodnimi nevroni, 20 v skritem sloju in enim izhodnim
nevronom. Za ucenje smo uporabili posploSeno pravilo
delta (backpropagation of error). Za funkcijo aktivacije
smo izbrali hiperboli¢ni tangens (thc, hyperbolic tangent).
Podobne analize so bile narejene tudi za ostale meritve in
postaje. Za vsako postajo in meritev je bilo potrebno
zasnovati ustrezno strukturo nevronskega omrezja.

Pri testiranju modela za Stiri urno napoved hitrosti vetra je
bilo izbrano obdobje od 22.01.2006 00:00 do 28.01.06
23:55. 1z Slike 3 in Slike 4 je razvidno, da se predikcije
vetra zelo malo razlikujejo od dejanskih, kar je dovolj za
nacértovano uporabo.

3 Zakljucek

Na osnovi baze podatkov za 30 mesecev (od 1.7.2003 do
31.12.2005) je izdelan model tronivojske nevronske mreze
za vsako postajo in merjeni parameter. Model je
uporabljen za 4-urno napoved v obdobju od 22.1.2006 do
28.1.2006. V naSem primeru analiza pokaZe, da je uporaba
te metode za predikcijo atmosferskih podatkov za potrebe
monitoringa termi¢nih obremenitev nadzemnih vodov
primerna metoda. S ¢asom bo potrebno izvajati ponovno
ucenje sistema na osnovi vecje koli¢ine izmerjenih
podatkov, kar bo omogocilo se boljSe rezultate napovedi.
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Slika 1: Avtokorelacijska funkcija za predikcijo hitrosti vetra na lokaciji RTP Bericevo.
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Slika 2: Avtokorelacijska funkcija za predikcijo hitrosti vetra na lokaciji RTP Podlog.
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Slika 3: Predikcija jakosti vetra v postaji RTP Bericevo za 4 ure po metodi ANN
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Slika 4: Predikcija jakosti vetra v postaji RTPPodlog za 4 ure po metodi ANN
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Povzetek

S strojnim ucenjem smo iz podatkov 0
preteklih poZarih izdelali dva logisti¢na
modela, ki napovedujeta verjetnost izbruha
pozara v naravnem okolju na podlagi
prostorsko in ¢asovno opredeljenih podatkov o
vremenu, poZarnih gorivih, rabi tal, prometni
infrastrukturi in reliefu. Modela delujeta na
ravni kvadrantov velikosti 1 km x 1 km in sta
sta prostorsko komplementarna, eden pokriva
Primorski del Slovenije, drugi pa preostalo
Slovenijo. Modela delujeta na ravni
kvadrantov velikosti 1 km x 1 km. Prostorska
in ¢asovna povezava med lokacijami poZarov
ter pojasnjevalnimi spremenljivkami je bila
vzpostavljena v okolju GIS. Zaradi Suma v
vhodnih podatkih in zaradi nepopolnosti
modelov  modelne  vrednosti iz  ravni
kilometrskih kvadrantov statisti¢no agregiramo
na ravni ob¢in. Zvezne vrednosti napovedi na
ravni ob¢in nato diskretiziramo v predpisano 5-
stopenjsko lestvico. Modela sta prototipno
implementirana v informacijskem sistemu
Uprave RS za zaS¢ito in reSevanje (eGIS
UJME).

1 Uvod

Ocena poZarnega tveganja je kljuéna tako za
preprecevanje pozarov v naravnem okolju kot
tudi za organizacijo preventivnih ukrepov in
optimalno razporejanje gasilskih resursov.
Pomembno orodje za  napovedovanje
poZarnega tveganja je modeliranje povezav
med pozarno ogrozenostjo in vplivnimi
faktorji. Ker okolis¢ine za izbruh poZarov
veéinoma doloc¢ajo prostorsko izraZeni faktorji,
tovrstne  modele razvijamo v  okolju
geografskih informacijskih sistemov (GIS).
Namen pricujoce raziskave, ki je potekala v
okviru raziskovalnega projekta
»Napovedovalni  GIS  model  pozarne
ogrozenosti naravnega okoljax (CRP MIR
2004 — 2010, pog. §t. 3311-04-828032; MO in
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MSZS), je il razsiriti veljavnost Ze
obstojecega modela za ocenjevanje pozarne
ogrozenosti (Kobler 2001a, 2001b) iz zgolj
gozda na celotno naravno okolje, med
pojasnjevalne spremenljivke vkljugiti tudi
podatke o vremenu in poZarnih gorivih ter
izvesti prototipno implementacijo modela v
okviru informacijskega sistema eGIS UJIME na
Upravi RS za zaS¢ito in reSevanje.

2 Vhodni podatki in kalibracija modelov

Izdelali smo dva prostorsko komplementarna
empiri¢éna modela verjetnosti izbruha pozara v
naravnem okolju, enega za Primorski del
Slovenije in drugega za preostalo Slovenijo.
Modela delujeta na ravni kvadrantov velikosti
1 km x 1 km. Vrednosti obeh modelov
zdruZzujemo v enotni model s pomogjo
geografskega ponderja, ki v vmesnem obmocju
med Primorsko in celinsko Slovenijo uposteva
oba delna modela. Enotni model napoveduje
verjetnost izbruha pozara v naravnem okolju,
ne pa tudi hitrosti in na¢ina njegovega razvoja
ali njegovega koncnega obsega. Delna modela
temeljita na statisticni povezavi med pojavi
poZarov, zabeleZenimi v 5-letnem obdobju
2000 — 2004 in vplivnimi faktorji (vreme,
poZarna goriva, infrastruktura, raba tal, relief
ipd). Prostorska in c¢asovna povezava med
lokacijami  pozarov  ter  pojasnjevalnimi
spremenljivkami je bila vzpostavljena v okolju
GIS. Zaradi napak v vhodnih podatkih in
zaradi neizogibne nepopolnosti modelov so
izracunane  vrednosti obremenjene z
negotovostjo, ki smo jo zmanjsali s statisti¢no
agregacijo modelnih  vrednosti iz ravni
kvadrantov na raven obgin.

Vhodne podatke lo¢imo v tri sklope:

e Odvisne samo od prostora (GIS
podatki).

e Odvisne od prostora ter dneva v letu
(povprecja za vec let -
multitemporalni  satelitski  podatki



MODIS, ki implicitno podajajo
informacijo o odzivnosti vegetacije na
suSo in s tem o vrsti pozZarnih goriv).

e Odvisne od prostora ter casa
(meteorolodki podatki modela Aladin)

GIS podatki so ¢asovno neodvisni, vsi so
podani na ravni na kilometrskih kvadrantov,
vkljuéujejo pa podatke o nadmorski visini,
naklonu in ekspoziciji reliefa, oddaljenosti
kvadranta od najbliZljih cest, naselij in Zeleznic
ter deleZe glavnih tipov rabe tal.

Multitemporalni satelitski podatki MODIS
(King in sod. 2003), ki implicitno podajajo
informacijo o odzivnosti vegetacije na suso in
S tem o vrsti pozarnih goriv, so ¢asovno
odvisni od dneva v letu. Ti podatki odraZajo
izmerjene temperature (T) zemeljskega povrsja
in neto primarno produkcijo (NPP) rastlinstva
za obdobje 2000 — 2004 s prostorsko resolucijo
priblizno 1 km in ¢asovno resolucijo 8 dni. Za
vsak kvadrant smo dobili maksimalno 5
vrednosti za vsako 8-dnevno obdobje skozi 5
let ter izracunali 5-letno povpregje. Ce za
doloc¢en kvadrant v vseh petih letih ni bilo
dobrega podatka, smo iz sosednjih 8
kvadrantov izracunali povpre¢je. 1z tako
ocis¢enih in zdruzenih podatkov smo izpeljali
razli¢ne pojasnjevalne spremenljivke za model:
razna povprecja, vsote ter razmerja med T in
NPP v zadnjih nekaj tednih.

Vremenske vplive v pozarnem modelu
predstavljajo podatki meteoroloSskega modela
Aladin (ARSO 2006), ki jih dnevno izdaja
Agencija RS za okolje (ARSO). ARSO je
zagotovila tudi arhivske podatke Aladin za
obdobje 2000 — 2004 za kalibracijo poZarnega
modela. Aladin podatki vsebujejo triurne
dnevne napovedi (od 00:00 do 21:00 UTC)
desetih vremenskih parametrov — padavine,
energija sonénega sevanja, hitrost, smer ter
sunki vetra, evapotranspiracija, transpiracija,
evaporacija, relativna vlaznost ter temperatura
na 2 metrih od tal. Vseh teh deset parametrov
smo sesteli oziroma povprecili za zadnjih 24,
48, 96 ur ter 14 dni. Prostorska loc¢ljivost za
arhivske Aladin podatke je dobrih enajst
kilometrov, za tekoce priblizno devet
kilometrov, v prihodnosti pa je pricakovati
prostorsko Se podrobnejSe napovedi.

Za napovedovanje verjetnosti izbruha pozara
na ravni kilometrskih  kvadrantov smo
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uporabili logisticne modele (Slika 1). Modele
smo kalibrirali s strojnim ucenjem na izbranih
trenaznih podatkih s pomo¢jo programa Weka.
Za kalibracijo logisti¢nega modela
potrebujemo pozitivne in negativne primere.
Pozitivne primere predstavljajo lokacije, Kjer je
bil v preteklosti zabeleZzen izbruh poZara,
skupaj s ¢asom izbruha pozara (URSZR 2005,
ZGS 2005). Negativne primere predstavljajo
lokacije (skupaj s casovno znamko), kjer se
poZar v preteklosti ni zgodil oziroma je bila

verjetnost izbruha majhna. Po ¢iS¢enju
podvojenih  podatkov, izlo¢anju pozarov
znotraj naselij ter pozarov brez casovne

znamke nam je za obdobje 2000 - 2004
preostalo 4267 poZarov. Enako Stevilo
negativnih primerov smo generirali naklju¢no
po algoritmu, ki daje prednost obmocjem, kjer
je bila v dolo¢enem obdobju verjetnost izbruha
pozZara manjsa.

Algoritem za izbor negativnih primerov je
naslednji:

1. lIzberi naklju¢ni trenutek t znotraj
obdobja 2000 — 2004.

2. Pois¢i vse pozitivne primere znotraj
obdobja t = 3 dni.

3. Za vse pozitivne primere iz (2) tvori
15-kilometrsko okolico.

4. Zunaj okolice iz (3) in zunaj naselij
nakljuc¢no lociraj negativni primer.

5. Ponavljaj (1) do (4), dokler Stevilo
negativnih primerov ni enako Stevilu
pozitivnih.

Nizka verjet. IIIIE. M Visoka verjet.

Slika 1: Primer vizualizacije

2003.

rezultatov
modelnega izra¢una verjetnosti izbruha pozara
na ravni kilometrskih kvadrantov za 8. april



3  Prikazovanje napovedi modelov

Zaradi napak v vhodnih podatkih in zaradi
neizogibne nepopolnosti modelov so vrednosti
izracunane na ravni kvadrantov obremenjene s
Sumom, ki ga deloma zaduSimo s statisti¢no
agregacijo modelnih  vrednosti iz ravni
kvadrantov na raven obcin. Agregiramo le
veljavne kvadrante, torej kvadrante znotraj
naravnega okolja, kjer povrsinski delez naselij
ne presega 15 % in Kkjer je delez povrSinskih
voda pod 50 %. Kjer je Stevilo veljavnih
kvadrantov v ob¢ini manjSe od 30, to obgino
pred agregacijo  pridruzimo pozarno
najsorodnejSi sosednji obcini. Uporabili smo
dva nacina agregacije:

e Srednja vrednost na ravni ob¢in, ki je
enaka povprec¢ju veljavnih kvadrantov
v ob¢ini. Rezultati dobljeni s tovrstno
agregacijo povedo nekaj o povprecénih
pozarnih razmerah v obg¢ini, ni¢ pa ne
povedo o ekstremnih primerih znotraj
obcine.

e Zgornja vrednost na ravni obcine, ki je
enaka 80. percentilu vseh modelnih
vrednosti vseh veljavnih kvadrantov v
ob¢ini. Rezultati dobljeni s tovrstno
agregacijo dajo oceno najvisje zaznane
verjetnosti izbruha poZara znotraj
obcine.

Rezultat modelov na ravni ob¢in so zvezne
vrednosti (srednje, zgornje) na intervalu od 0
do 1. Po Uredbi o varstvu pred pozari v
naravnem okolju pa se uporablja 5-stopenjska

L
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Linearna lestvica

e

Geometri¢na lestvica

lestvica z diskretnimi razredi poZarne
ogrozZenosti. Potrebna je torej diskretizacija
zveznih vrednosti in sicer na podlagi vnaprej
zahtevanih frekvenc pojavljanja posameznega
razreda ter izmerjene dolgoletne frekvencne
porazdelitve modelnih vrednosti. Uporabili
smo 3 razlicne lestvice pragov za
diskretizacijo, ki jih imenujemo linearna
delitev (razred "Zelo visoka"™ ima frekvenco
1k, razred "Visoka" 2k, razred "Srednja" 3K,
...), geometri¢na delitev (1k, 2k, 4k, ..) in
kvadratno geometri¢na delitev (1k, 4k, 16k,
...). Vpliv razlicnih nacinov diskretizacije
ilustrira Slika 2 — s prehodom iz linearne proti
kvadratno-geometri¢ni  delitvi delez obg¢in
uvrscenih v najvisjo stopnjo verjetnosti izbruha
pozara drasti¢no pada.

Poleg ocene verjetnosti izbruha poZara v
naravhem okolju, smo predlagali Se oceno
poZarne ogrozenosti, ki jo dobimo tako, da
verjetnost izbruha poZara ponderiramo z
nevarnostjo Sirjenja poZara, v primeru da bi
poZar v resnici izbruhni. Mera za to nevarnost,
je standardiziran faktor, odvisen od hitrosti
sunkov vetra, za katero dobimo napoved iz
meteoroloSkega modela ALADIN.

Napoved ogroZenosti se raéuna na ravni
kvadranta kot:

PoZarna ogroZenost = Standardiziran_faktor *
Verjetnost izbruha poZara

&

LB

Kvadratna geometri¢na lestvica

B  Zelo nizka verjetnost izbruha poZara

[ 1 Nizka verjetnost izbruha pozara

[ 1 Srednja verjetnost izbruha pozara

[ Visoka verjetnost izbruha pozara

I Zelo visoka verjetnost izbruha poZara
Slika 2: Vpliv razliénih lestvic mejnih vrednosti se kaze v razliénih delezih obéin, uvrséenih v najvisje
oziroma najnizje stopnje verjetnosti izbruha pozara. Na primeru karte zgornje verjetnosti izbruha za 8.
april 2003 vidimo, da ima linearna lestvica (leva karta) najve¢ji deleZ ob¢in uvrséenih v najvisjo stopnjo
verjetnosti, kvadratno geometri¢na (desna karta) pa najmanjsega.



Slika 3: Prikaz modela verjetnosti izbruha
poZara v eGIS UJME za 23. julij 2006

4 PoZarna ogroZenost v sistemu eGIS UIME

Informacijski sistem eGIS UJME je bil razvit
za Republiko Slovenijo - Ministrstvo za
obrambo in sicer za Upravo RS za zaS¢ito in
reSevanje (URSZR). Je geografski
informacijski  sistem, namenjen  podpori
ukrepanju ob naravnih in drugih nesrecah.
Aplikacijo  eGIS_UJME  uporabljajo v
operativnih sluzbah centrov za obvescanje in
nacrtovalci zaSc¢ite pred naravnimi in drugimi
nesrecami.

Sistem vsebuje osnovne karte kot tudi
posamezne dodatne karte o razli¢nih vrstah
ogrozenosti  okolja.  Slednje  vklju¢ujejo
poplavna  ogroZenost, ogroZenost pred
nesre¢ami z nevarnimi snovmi, ogrozenost
pred zemeljskimi in sneznimi plazovi, potresna
ogrozenost... Omogoceno je  dodajanje
poljubnega Stevila tematskih kart. V okviru
pricujoc¢ih raziskav smo dodali oz. izboljsali
podatke 0 ogrozZenosti pred poZari v naravi.

Model za napovedovanje verjetnosti izbruha
poZara, kot tudi model za poZarno ogrozZenost,
sta bila prototipno implementirana v okviru
spletnega prostorskega informacijskega
sistema eGIS UJME na Upravi RS za zaS¢ito
in reSevanje. Ustrezno sta bila dodana dva
nova podatkovna sloja, ki ustrezata napovedim
obeh modelov. Sistem eGIS ujme omogoca
enostavno pregledovanje podatkov, izbor
pogledov in znotraj njih preko legende
interaktivno izbiro slojev za pregledovanje.
Prikaz  pregledovanja napovedi modela
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verjetnosti izbruha poZara v eGIS UIME za 23.
julij 2006 je prikazan na Sliki 3.

5 Zakljugki

Razvili smo modele poZarne ogroZenosti
naravnega okolja z veljavnostjo za celotno
Slovenijo in posebej za Kras. Razvili smo
prototipno implementacijo teh modelov z
navezavo na obstojeci GIS sistem v Upravi
RS za zascito in reSevanje (GIS-UJME) in
z online povezavo na meteoroloske
podatke ALADIN (ARSO). Izboljsali smo
prostorsko podrobnost vhodnih
meteoroloskih podatkov (uporabljeni so
rezultati modela Aladin, ARSO - HMZ)
ter razSirili njihov tematski obseg v
primerjavi z obstoje¢imi modeli, s ¢imer
smo tudi izboljSali to¢nost modela.
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Napovedovanje uporabe UMTS
storitev s pomoc¢jo orodja Weka
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Povzetek

Cedalje ostrejse razmere na trgu silijo podjetja v
uporabo novih tehnik pridobivanja kupcev. Na ta nac¢in
si poizkuSajo zagotoviti prednost pred konkurenco ali
pa zmanjSati stroSke promoviranja novih storitev. Ena
izmed teh tehnik je tudi podatkovno rudarjenje,
katerega glavna znacilnost je odkrivanje nepoznanih
zakonitosti v podatkih.

To delo prikazuje uporabo podatkovnega
rudarjenja pri napovedovanju bodocih uporabnikov
UMTS storitev. Zato sem v nadaljevanju poizkusal iz
zgodovinskih podatkov dobiti odgovor na to vprasanje.
Pri tem mi je pomagal programski paket Weka.
Rezultati Sestih algoritmov, s katerimi je bilo opravljeno
testiranje, so se med seboj mocno razlikovali. Kot
najboljsi se je izkazal SimpleKMeans - to je
predstavnik skupine algoritmov, ki delujejo na principu
razvrSéanja v skupine. Algoritem je z 79,8 %
natancnostjo pravilno napovedal novega UMTS
uporabnika.

1. UvOD

Mobilna telefonija je v zadnjem desetletju dosegla velik
razvoj tako, da Ze skoraj vsakdo uporablja mobilni
telefon. Vecina uporabnikov uporablja storitve kot so
telefonija, SMS in MMS sporocanje ter prenos
podatkov. Zadnji dve storitvi temeljita na paketnem
prenosu podatkov GPRS (General Packet Radio
Service), ki omogoca hitrosti prenosa do 54 kbps. Pred
nekaj leti pa se je v svetu pricelo uveljavljanje tretje
generacije v mobilni telefoniji, ki jo na kratko opisuje
kratica UMTS (Universal Mobile Telecommunications
System). UMTS je povsem nov pristop, ¢eprav se iz
uporabniSkega staliS¢éa vidi kot nadgradnja GPRS
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omreZja. Ponuja povecanje hitrosti paketnega prenosa
podatkov, ki tu znaSa zaenkrat do 384 kbps.

Cilj mobilnih operaterjev je, da bi uporabniki ¢im bolj
uporabljali nove tehnologije, saj bi na ta nacin
zagotovili njihovo amortiziranje. Problem pa se pojavi
pri lociranju posameznih klju¢nih skupin. Kilasi¢ni
poslovni uporabniki so navadno podvrzeni posebni
obravnavi s strani svetovalcev, ki jih sproti obves¢ajo o
novih storitvah. Vegji problem pa se pojavi pri fizi¢nih
uporabnikih. Ti predstavljajo heterogeno okolje, ki se
ga lahko opiSe z mnozico spremenljivk. Nekaj izmed
teh spremenljivk lahko odlo¢a kdo je oziroma kdo ni
kandidat za uporabo novih storitev. Kako prepoznati te
uporabnike?

Ceprav je ¢lovek inteligentneji od obstojecih
racunalnikov (Gams, 2001), lahko racunalniki z
razlicnimi  metodami olajSajo delo pri tak3nih

problemih. Te metode, ki temeljijo na strojnem ucenju
in podatkovnem rudarjenju omogocajo, da na podlagi
vhodnih podatkov z doloceno verjetnostjo napovejo
kon¢ni rezultat 0z. v naSem primeru ali bo dolo¢en
uporabnik v bodo¢nosti uporabljal nove storitve.

2. PRIPRAVA PODATKOV

Podatki za analizo so bili pridobljeni iz treh virov. Prvi
vir je vseboval podatke o narocniskih razmerjih:
e ZAVEZANEC dav¢ni zavezanec (da, ne)

o TIP tip stranke

e POSTA posta prebivalis¢a

e DRZAVA drzava prebivalis¢a

e RAZRED naro¢niki so Kklasificirani v

razrede,ki opisujejo njihov profil (neznan, srednji
uporabnik, veliki uporabnik, vip)



Drugi vir podatkov je izhajal iz prejetih anket:
. SPOL
e STAROST

e IZOBRAZBA stopnja izobrazbe (11-V111)

e  OBVESCENOST opisuje zanimanje za nove
tehnologije (ne, delno, da)

e  ZAPOSLITEV opisuje zaposlitev naro¢nika
(osnovnodolec, dijak, Student, drugo, ni podatka,
gospodinja, samozaposlen, zaposlen v podjetju,
javni sektor, upokojenec)

Tretji vir pa je prestavljal uporabo storitev v preteklem
mesecu:

e SMS uporabljal SMS (da, ne)

e MMS uporabljal MMS (da, ne)

e UMTS uporabljal UMTS (da, ne)

Fiziéno so se vsi trije viri nahajali v podatkovnem
skladiS¢u podjetja. Pri izvozu v CSV datoteko so bili
viri zdruzeni z internim Kkljucem. S tem se je Ze na
zacetku zagotovila anonimizacija podatkov. Kon¢ni
izbor je tako obsegal 5.000 zapisov, katere je sestavljalo
13 atributov.

Slika 1: Priprava vhodnih podatkov CSV formatu

3. PODATKOVNO RUDARJENJE

Prej pripravljena datoteka v CSV formatu je
predstavljala vhodne podatke za program. WEKA je
prepoznala, da je atribut STAROST tipa NUMERIC, VSi
ostali atributi pa tipa NOMINAL.

Zapisi so bili razporejeni neenakomerno. Od 5.000
naro¢nikov jih 3.608 ni uporabljalo UMTS storitve.

Zaradi narave podatkov — ciljni atribut umTS je tipa
NOMINAL, priporo¢a teorija (Taft, 2003; Goonatilake,
1995) klasifikacijske metode podatkovnega rudarjenja.
Klasifikacija se uporablja v primerih, ko se Zeli
napovedati nominalni razred za vrednost ciljnega
atributa (Gams, 2006).

Slika 2: Podatki naloZeni v programu WEKA
3.1. Analiza podatkov

Analiza  kvalitete  podatkov je eden izmed
najpomembnejsih korakov za zagotovitev uspeSnosti
podatkovnega rudarjenja (Edelstein, 1999; Goonatilake,
1995). Srecujemo se lahko z napakami (manjkajoce
vrednosti, vrednosti izven obmocja, nelogi¢ne
vrednosti,... ) kot tudi s prevelikim Stevilom atributov.

Slika 3: Grafi¢ni prikaz distribucije zacetnega nabora atributov
Opravljena so bila tri pred testiranja na podatkih:

e lzlo¢anje atributov: Prvi test je iskal atribute, ki na
prvi pogled nimajo nobenega vpliva na odlocitev.




Iz seznama atributov so bili tako izloceni
ZAVEZANEC, TIP, DRZAVA in RAZRED.
e BestFirst: Sledilo je testiranje pomembnosti

preostalih atributov. 10-kratno pre¢no preverjanje v
Weki je pokazalo, da je imajo najvecjo tezo atributi
SPOL, STAROST, SMS, MMS.

e Ranker: Metoda ranker je se je izkazala za boljSo
od prejSnje v tem, ker je atribute uredila po
pomembnosti in obenem nasla atribut ZAPOSLITEV,
ki ga metoda BestFirst ni nasla. Kot
najpomembnejSega je izbral mms, ostali po
pomembnosti pa SO STAROST, ZAPOSLITEV, SMS,
SPOL, IZOBRAZBA, POSTA in OBVESCENOST.

Podatki do bili sedaj pripravljeni na naslednjo fazo —
modeliranje.

3.2. Modeliranje

Modeliranje je bilo opravljeno s Stirimi algoritmi
strojnega ucenja:

o Kilasifikacija z drevesom odlocanja
o Kklasifikacija z najblizjimi sosedi

e naivni Bayesov klasifikator

e razvric¢anje v skupine

Za Klasifikacijo z odloc¢itvenimi drevesi je bil vzet
klasifikacijski algoritem poimenovan J48.

Prvi test s tem algoritmom je bil opravljen s privzetimi
parametri. Test je vrnil odlogitveno drevo z 71 listi in
92 pravili.

Zaradi nepreglednosti drevesa je bilo potrebno to drevo
porezati. V ta namen se je parameter minNumObj, ki
definira minimalno Stevilo pripadnikov v listu drevesa,
iz vrednosti 2 spremenil v 20. S tem se je zagotovila
veéja  preglednost  odloc¢itvenega  drevesa in
univerzalnost algoritma. Odlocitveno drevo je se je
zmanjSalo na 66 pravil in 54 listov, vendar pa je bilo
zaradi obilice podatkov 3e vedno slabo pregledno.

Drugi algoritem je uporabljal klasifikacijo z najblizjimi
sosedi. Pri Klasifikaciji z najblizjimi sosedi poteka
klasifikacija novega primera tako, da algoritem gleda
kako so Kklasificirani njegovi sosedi. V veki je ta
postopek implementiran z algoritmom IBk
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Prvi test je bil opravljen z vrednostjo parametra k=1. V
tem primeru se predpostavlja, da je uéna mnoZzica brez
napak. Algoritem gleda samo najbliZjega soseda in tako
doloci razred novega primera.

Drugi test je predpostavljal napake v u¢ni mnozici.
Parameter k je bil nastavljen na vrednost 10. Algoritem
je tako primerjal razrede desetih najblizjih sosedov in
tako dologil razred novega primera.

Tretji algoritem je temeljil na Bayesovi formuli za
pogojno  verjetnost, pri tem pa predpostavlja
neodvisnost atributov glede na razred. V programu
Weka je predstavljen z metodo NaiveBayes.

Za zadnji uporabljeni algoritem — razvrSéanje v skupine
je znacilno, da se primerom ne doloca razreda, ampak
se jih razvri¢a glede na podobnost. Uporabljen je bil
algoritem Simple k-Means, ki je s privzetim
parametrom zgradil skupine okoli k=2 centrov.

4. PRIMERJAVA TOCNOSTI PREUCEVANIH

METOD

Tocnost preucevanih metod je temeljila na rezultatih
klasifikacijske to¢nosti in vrednost parametra TP Rate
zarazred »DA«.

Klasifikacijska to¢nost je definirana kot razmerje med
Stevilom pravilno klasificiranih primerov in Stevilom
vseh primerov.

Parameter TP Rate pa definira razmerje med Stevilom
pravilno Klasificiranih primerov v nekem razredu in
Stevilom vseh primerov v tem razredu.

Pri delu je bila uporabljena metodologija, ki jo predlaga
standard CRISP (Chapman, 1999), primerjava pa se je
izvedla nad istim naborom podatkov.

Vsi testi so bili opravljeni z 10-kratnim preénim
preverjanjem. To poteka pri Weki avtomatsko in sicer
tako, da se podatke razdeli na u¢no (90 %) in testno (10
%) mnozico. Potem se na vseh 10 razdelitvah izracuna
model iz u¢nih primerov in se ga oceni na testnih
primerih. Orodje na koncu iz desetih ocen izraduna
povpredéen rezultat.



Naslednja tabela prikazuje vrednosti obravnavanih

parametrov:

Algoritem Klasifikacij- TP Rate za
ska toc¢nost razred DA

J48 minNumObj=2 77,28 % 0,485

minNumObj=20 77,88 % 0,478

1Bk k=1 70,48 % 0,466

k=10 76,88 % 0,430

Naive Bayes 75,40 % 0,657

SimpleKMeans | K=2 54,23 % 0,798

Tabela 1: Rezultati testiranj z razli¢nimi algoritmi

Klasifikacijska to¢nost je bila najvisja pri algoritmu J48
s parametrom minNumObj=20, Kjer je znaSala 77,88 %.
V sploSnem primeru, bi ta algoritem veljal za
najustreznejSega. Poslovni primer, ki ga delo analizira
pa zeli s podatkovnim rudarjenjem ¢im bolj natanéno
poiskati primere, Ki ustrezajo razredu »DA«. V tem
primeru pa se izkaZe, da zgoraj omenjeno drevo
odloc¢anja ni najboljSa izbira. To nam pove vrednost
parametra TP Rate. TP Rate se je kot najvisji izkazal pri
zadnjem primeru - razvrS¢anju v skupine z algoritmom
Simple K-Means. Vrednost parametra je 0,798, kar
pomeni, da algoritem v slabih 80 % pravilno dologi
razred »DA«.

5. ZAKLJUCEK

Podatkovno rudarjenje omogoca podjetjem, da odkrijejo
skrite vzorce v njihovih podatkih, ki jim lahko sluzijo
kot osnova za napovedovanje obna3anja kupcev,
izdelkov in procesov. Kakorkoli Ze, pa velja, da morajo
biti postopki podatkovnega rudarjenja vodeni s strani
ljudi, ki poznajo posel, podatke in osnove uporabljenih
analiticnih metod. Realisticno je pricakovati, da
pravilna uporaba orodij za podatkovno rudarjenje
izboljSa stanje na razlicnih finanénih podrog¢jih od
povecanja prihodkov do zmanjSanja stroSkov.

Izdelava modela predstavlja samo en Kkorak pri
odkrivanju znanj. Glavnega pomena je pravilna priprava
podatkov in testiranje modelov v realnem svetu.
Najboljs§i model se navadno pojavi po izdelavi ve¢
modelov razli¢nih tipov.

Pomembna je tudi pravilna izbira orodja za podatkovno
rudarjenje. Weka kot odprtokodno orodje vsekakor
spada v skupino dobrih orodij, saj njeno akademsko

41

ozadje  omogoca  stalno
nadgrajevanje algoritmov.
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ABSTRACT

There is more than 90% of unstructured information in
organizations, but still majority of information engineers
mainly deal with structured data. The answer may simply be
that we know this best and basically all information systems
are based on structured repositories like relational
databases. Decision support systems often prove as
inefficient due to the lack of intuitive support and active
involvement of business user which drives to limited view
of the decision problem. Data warehouses are often used for
this purpose, but like many other tools for decision support
they are also based on structured data. This article deals
with integration of data warehouse and unstructured
information with the use of ontologies and intelligent
agents. The purpose of this synergy is to support associative
thinking of business user and facilitate systems support.

1 INTRODUCTION

Majority of business intelligence (BI) systems are based on
structured data, ie. data with predefined format (number,
character, date etc.) and known location within electronic
record. It is still a very demanding task to build systems like
this due to increasing emphasis on searching while the
quantity of data is rising uncontrollably.

Unstructured data from various sources, like forms, e-mails
or documents, contains a lot of information that can be
applicable in existing information systems. It is a very
important fact that data don’t contribute added value if they
are not employed in the process of decision making.

The problem of using unstructured data was already
addressed by Bill Inmon [1] who argues that accessing
unstructured data is only the first step in filtering of usefull
information. When unstructured data are read it has to be
edited and sorted by priority. Problem in unstructured data
is exactly that — it is unstructured. Because structure and
format are undefined it is hard to determine important parts
of unstructured data.

In data warehouse we work mainly with structured data.
They alone are not sufficient for optimal decision making
because majority of usefull information is still located in
documents and not relational databases. This article
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therefore presents integration of both types of information
into unified system. The purpose of this system is to
efficiently aid business user in decision making process.
The article is organized as follows. Section 2 briefly
presents background on data warehouses and section 3 on
intelligent agents and Multi-Agent Systems. The main part
is presented in section 4 with presentation of architecture
of solution, conceptual plan and short evaluation. Finally
section 6 concludes this contribution.

2 DATA WAREHOUSES

Organisations within their day-to-day operations collect
immense quantity of data. These data are usually kept in
transactional systems with primary task of maintaining
consistency, effective updating, safe simultaneous access,
effective execution of numerous small transactions and
securing the data in case of failures. Transaction system
also provide quick response time especially when using
SQL queries [2].

Organisation of transactional oriented databases is not
suitable to be directly used in business applications.
Business wusers and analysts require aggregated and
summarized information, comparisons by time and space
dimensions, synthesis by numerous records, trends in data
and other complex analyses that support their tactical and
strategical decision support process.

Transactional systems were not designed for decision
support, therefore new type of systems to support decision
support has evolved. They are usually named analytical
systems or BI systems. Data warehouse (DW), optimized
for complex analyses and query execution for more than
thousand records, plays the main role in these systems [3,
4]. The most widely used BI solutions are OLAP (On-Line
Analytical Processing) systems and introduce functionality
of interactive exploring of data warehouse.

Data warehouse combines data from heterogeneous data
sources to provide united source of information that user
can query. Data in DW is organized in a way that enables
direct support to management functions.

Relational data model is not appropriate for DW, because
all tables are treated symmetrical and users have
difficulties comprehending it and nevertheless is also less



effective in execution of analyses that require several
conditions. Therefore dimentional data model is used for
OLAP analyses with fact table and related dimensional
tables. Every record in fact table contains measurable fact
according to combination of values from multiple
dimensions.

Data warehouses present an important foundation for
decision support systems. They form the platform for
development of analytical application and are based under
assumption that underlying data is at desired quality and
cleanse in preceding ETL (Extract-Transform-Load)
process.

3 INTELLIGENT AGENTS AND MULTI-AGENT
SYSTEMS

Multi-Agent Systems (MAS) are gradually becoming a new
paradigm in development distributed business information
systems. With agent oriented technology more complex
information systems can be developed with the help of
natural decomposition of problems, abstraction and
flexibility of management of organizational changes [5].
Interest in research of intelligent agents and MAS has been
increasing in the last two decades. The mainstream of
research is focused mainly on business information systems
[6, 7, 8], confirming that MAS is very appropriate for
decision support information system development.
Resemblance between agents from MAS paradigm and
human actor in business organizations can be seen in
characteristics and coordination styles. This leads to a
modeling approach where intelligent agent in MAS plays a
role of actor in business organizations. While the popularity
and the quantity of applications with agent technology have
gone up in recent years, the recent developments in this area
include innovative approaches and architectures for
management of integration between different systems.

Many definitions of an agent exists nowadays so it is hard to
point one out. They all agree that an agent is a computer
system, located in its environment and is capable of
autonomous actions in this environment with a purpose of
achieving predefined goals. Intelligent agent also share the
properties like autonomy, reactivity, proactivness and social
behaviour. Agents are also often modeled using abstract
concepts like knowledge, belief, desire and intention, while
objects on the other side simply encapsulate their inner
structure with methods and attributes. Level of autonomy
differs from agents to objects — object don’t have control
over their execution and are initiated by other entity, while
agents can, after receiving a request, decide whether to
execute requested action or not.

In the following section 4 the use of intelligent agents in the
domain of data warehouse will be shown with the emphasis
on organizational view of MAS and roles of agents in
integration and acquiring of information.
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4 THE USE OF INTELLIGENT AGENTS IN DATA
WAREHOUSES FOR INTEGRATION WITH
UNSTRUCTURED INFORMATION

4.1 Introduction

The most important part of the decision support system is
the business user who makes all decision. Business user is
usually not a specialist in modern technologies in
knowledge management but is rather an expert in a
problem domain where he works. This section therefore
presents framework for implementation of data warehouse
and unstructured information integration. The purpose of
this approach is to facilitate decision support process where
business analyst has overall view of the data, required for
making decisions.

4.2 Architecture

Figure 1 presents organizational structure of intelligent
agents supporting data warehouse. There are several roles
of agents: OLAP Agent (OA), Information Retrieval
Agent (IRA) and Knowledge Discovery Agent (KDA).

Figure 1: Use case of MAS for decision support.

IRA is responsible for acquisition of information from
various sources and is furthermore specialized in Internet
Crawler Agent (ICA) and Document Mining Agent
(DMA). The role of ICA is to autonomously search for
information available on the Internet, related to the OLAP
analyses. As depicted in metamodel in figure 2 ICA
acquires different information (news, forum opinions, stock
reports etc.) about the selected problem domain. Resources
being searched are also identified automatically to achieve
highest level of autonomy as possible. DMA is on the other
hand oriented towards finding usefull data from local
document repository, including specifications, contracts etc.
in different formats (DOC, PDF, TXT etc.). Role of KDA is
employing methods of artificial intelligence and analytical
methods for identification of important facts and patterns in
existing data. The derived knowledge is therefore directly
used to aid business users in their decision making.

The central element of Multi-Agent System is MAS
knowledge baze (MAS-KB) with its data vocabulary, used
for standardization of used concepts. As depicted in figure 1
all collaborating agents use MAS-KB either for storing
found information or deriving new knowledge. With advent



of Semantic Web the availability of tools for implementation
of this kind of mechanisms is increasing.

4.3 Integration of unstructured information with DW

Before proceeding with the use of unstructured information
in DW let us identify some possible approaches of
integration that are available on the market [9, 10]. There are
approaches using ETL tools for unstructured information
examination and extracting usefull information and
transforming to structured form. Another approaches
emphasize semantic handling. Hybrid approach that we
introduce is based on several concepts from basic taxonomy
(hierarchical structure of classification) and ontology (rules
and different view on taxonomies) to describing data for
enabling context and associative thinking [11].

The idea of integration is depicted in figure 2 where all
important elements are presented. Metamodel includes
elements of data warehouse and unstructured information
from various sources.
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Figure 2: Metamodel of using unstructured information in
OLAP analyses.

Elements relating to DW are as follows — schema, cube,
dimension, cube dimension, cube view, level, hierarchy,
restriction and restriction set. Element related to unstructured
information is depicted as resource and further specialized
into internet resource and local resource.

The most important part of the integration is linking element
between unstructured information and process of OLAP
analysis. To benefit from overall view on the information
space we introduce the use of topic maps [12, 13] that
contain metadata needed for navigation between data.
Problem with OLAP analyses nowadays lies in preprepared
and static reports. These reports have been prepared by users
with technical background and will be used by business users
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who generally don’t posses that kind of technical expertise.
Let us consider for example a business user from a trading
company that makes a decision about a supplier of
chocolate bars. Decision maker is primarily interested in
movement of sales of several chocolate products in the
nearby history, which branch was the most successful, what
is the most appropriate stock quantity etc. All these analyses
can be accomplished by using OLAP tool on structured data
found in DW, but generally this is not sufficient to make an
optimal business decision.
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Figure 3: Ontology in a form of Topic Map for traversing
through information space.

It can be very important how selected supplier is presented
in the media or are there any associated scandals, open
contracts, what is their financal report and nevertheless what
is the general opinion of potential buyers that would trading
company include in its sell program. All of these can be
achieved with Topic Maps as a mechanism for management
of metadata within data warehouse. It is all based on
associative thinking paradigm where focus is in selected
moment concentrated on specific concept and its context. If
someone is interested in Lumpi chocolate bar (see figure 3)
then this element becomes the observed concept with all
related properties — who currently sells this product, what is
the general opinion on forums, which products are in the
same scope etc.

4.4 Implementation and evaluation

Implementation of presented approach is progressing in a
form of prototype in Java programming language. Tools,
used for implementation, are as following:

e Mondrian — OLAP server that enables interactive
analyses on various datasources.

e JPivot — OLAP client used by business analyst used for
standard OLAP functions — slice, dice, drill down, drill
up etc.

e Ontopia Omnigator — supporting tool for building
Topic Maps with emphasis on navigational aspects.

e JADE - platform for developing agents.

Concept of user interface used by business user is depicted
in figure 4. When viewing and dynamically generating
reports business user has ability to use related information



from the internet and local document repository and

therefore aiding decision making process.
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Figure 4: Dynamic support to decision support process in
data warehouses.

In comparison to existing OLAP tools our approach present

several advantages:

e When viewing information from selected problem
domain our approach enables connections to other
sources within observed context. Existence of navigation
on information space where user can freely traverse
based on mutual dependencies.

e When viewing report, it is feasible to view all related
documents (news on the internet, documents from local
repository, financal reports etc.)

e When making decisions all opinions are welcomed
(internet forums).

6 CONCLUSION

In decision making information plays the most important
role and that remained unchanged. The only thing that
changed are types of decisions. In transition from industry
oriented to knowledge oriented economy more information
is needed to endorse decision support process. Dynamics
currently present in business environment demands less
information that can be classified into structured information
model. It is kind of a paradox that information specialists
label themselves as experts for information technology but
they still constantly ignore more than 90% of relevant
information. This is related to ratio between unstructured and
structured information which reaches 9:1, while majority of
information specialists mainly deals with minor part of
unstructured  information.  Nevertheless  unstructured
information are still priceless source for decision support
process. Business processes were always dependant on
unstructured information and the quantity of unstructured
information is only rising not vice versa. A good example is
gaining importance of World Wide Web, e-mails, forums
etc.

This article presented concept of linking unstructured
information with data warehouse as one of the most
important systems for decision support. Solution is presented
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by using agent oriented approach with emphasis on
cooperation with business user while searching for
information and exploiting navigational support. Problem
was addressed with the use of ontologies as a metalevel
above data warehouse and contains all required information
about associations between data and metadata needed for
navigation through information space. Solutions tries to
support the process of associative thinking at decision
making and enable business user access to required
information as entirely as possible.
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ABSTRACT

This paper presents an agent based framework for
delivering information about affective user profiles. The
agent model is based on fuzzy decision-making
techniques with the utility function defined over the
affective profile attributes, personality traits and the
social context. Subject-agent and psychiatrist-agent
forms of interaction are covered by varying the utility
function.

1 INTRODUCTION

The interest in emotions as elements of agent architectures
has grown dramatically in the past 10 years. The initiators
of this interest are several works that explicitly emphasize
the importance of emotions [1, 2]. The conferences
organized by Cafiamero, the simulation of adaptive
behavior conference SAB'98 [3] and AAAI'98 conference
[4] have significant influence on recognizing the potential
of emotions for creating intelligent systems.

Nowadays, animated agents that recognize and express
emotions, provided with a personality and a social
competence, and with verbal and nonverbal abilities
represent a new approach to creating natural and efficient
interfaces.  Several  projects  describe  embodied
conversational agents, like REA [5], DFKI Persona [6] and
pedagogical agents of Lester and his colleagues [7, 8].
Important aspect to enhance the believability of animated
agents is a social role awareness that determines the
behavioral reactions according to the social context. For
example, when interacting with the patient the agent
psychiatrist has to behave according to the norms and
standards appropriate for the situation. The behavior is
different when presenting a diagnosis to a psychiatrist or
psychologist. In a particular social setting the social
distance between the participants and the power that an
agent role has over other roles determine the appropriate
behavioral and communicative conventions.

Several agent architectures are based on the decision theory
[9, 10]. Since the description of user affective state involves
imprecision in this work a fuzzy decision-making paradigm
is proposed to deal with this uncertainty.
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This work describes the design of an intelligent agent
whose behavior is determined with the utility function
defined over the affective profile attributes, personality
traits and the social context.. The main task of the agent is
to interpret the affective profiles created with the user-
modeling component. Agent presentations are formulated
as informative paragraphs and are taken from the
predefined knowledge base.

Next section describes the user-modeling component.
Then the conceptual model of the agent for delivering
information about the profiles is presented. This approach
is illustrated by an example that shows the principles of
fuzzy decision-making paradigm used to formalize the
agent behavior. The paper ends with a brief discussion and
conclusions.

2 CREATING AFFECTIVE USER PROFILE

The affective profile is built according to the standard test
in psychiatry and clinical psychology Emotions Profile
Index. This instrument uses the idea that personality traits
are mixtures of two or more primary emotions [11]. For
example, personality trait cautious includes expectancy
and fear as two main emotional components, and
affectionate includes acceptance and joy. EPI assesses the
user affective state based on a partial ordering scheme of
personality traits: adventurous, affectionate, brooding,
cautious, gloomy, impulsive, obedient, quarrelsome,
resentful, self-conscious, shy, and sociable.

The emotional dispositions, such as fear, anger, joy,
sadness, acceptance, disgust, expectancy and surprise,
represent the user affective state. One type of a user profile
is shown in Figure 1.

2.1 Rule-Based Refinement of the User Profile

EPI is used for initialization of the user affective profile.
The user model might be modified using fuzzy rules [12].
Emotional state is described with linguistic labels for the
fuzzy variables <R,I,N,S,D,0,E,A> denoting emotional
categories reproduction, incorporation, orientation,
protection, deprivation, rejection, exploration and
destruction, respectively.



Figure 1: Representation of affective user profile

Fuzzy rules with the following general pattern are used for
updating of the profile:

if x; is Aj and ... and x,, is A, or ... then y is B,

where A; and B are linguistic variables from the universes
of discourse U and V respectively, x; is an instance in the
universe U corresponding to membership value pa;(x;), y is
an instance in V with membership value pg(y).
Condition part of the rule might, for example, include
events from the application where EPI is used for the
assessment of the user emotional state. Action part might
specify new values for the attributes in the user model or
might activate other rules.
The process of fuzzy inference is formalized with fuzzy
automaton:

FA=(LS,0,f,A),

where I is a set of input linguistic variables, S is a set of
automaton internal states and O is a set of output linguistic
variables.

Transition function f is defined as f: SxIxS — {0,1} and
output function A as A: SxIxO — {0,1}, where f(s;,ip,s;)=1
if there is link from state s; to sj, and f(s;,i,,sj)=0 in other
cases, and A(s;i,,0,)=1 if 0, is the output at state s; when
input is i, and A(8;,i,,0,)=0 otherwise.
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The fuzzy automaton has to be deterministic. That is, for a
given input and current state there is only one next state
and output. So, some constraints are imposed: function f
has value 1 for exactly one next state s; being in state s;
when the input is i, and A has value 1 for only one output
ok being in state s; when the input is i,.

To obtain next states the automaton computes max-min
operations from the current state and inputs.

Let current input x has membership values

I:[“-il(x)r“ aHip(X)],

for every input linguistic variable i and S is the current
state of the automaton distributed over several states,
where the degree of activation of the states is defined with
value in the interval [0,1].

The next state S is computed as fuzzy composition

S=S°max[min(py(x),f(Si,i1,5;))s-,MIn(ip(X), £(Sis1s57))-

User affective profile might be modified to include
evidence from psychiatrists. The experts might add a rule
that is inconsistent with the rest of the rules. Analyzing the
process of fuzzy inference using fuzzy automaton may
help in detecting undesirable and ambiguous situations.



3 FORMAL MODEL OF THE AGENT

In what follows the formal model of the agent fuzzy
decision-making process is represented together with the
transformations of the decision-making situation under the
influence of the social roles and agent personality traits.
The role of the agent is associated with certain goals and
behaviors to model social competence.

Let the set of feasible alternatives or actions that the agent
is able to perform in state ;€ X is S ={S,..... S,.} -

The state X is the decision context. Agent actions in this
model are actually conversational acts.
In general case S represents the subset of the space R?, or

with other words an alternative might be defined with p
attributes.

The agent goals and motives are formalized as decision
criteria. The motives determine priority of the goals. The
set of agent goals and motives is

C={Cy»-Ci}-

The criteria are defined as functions
C] . Rp - R )

where j=1,....k.
The image of S in R is the set of feasible solutions for the
multi-criteria problem of selecting an alternative

BS:{BleRk|blj:Cj(S1)aj:1?5k? SiES: i:L"’n}'

Actually B;=1{p,1,.... by} are evaluations of the alternative
S;,1=1,...,n versus all the criteria.

Ordering the set of motives and goals is realized with the
function that assigns weights to the criteria in different
decision-making situations

w:x >0,

where W(X,)=wi,wr)» X;€X, i=1,..,n denotes

the importance of the motive or the goal j=1,....k for the
agent in a particular situation.

Using the defined terms the agent utility function for the
alternative S, = {s;;,....5%5 18 given with the following

formula
U(Sl) = f(g(Wl s Sil)""’ g(Wk :Sjk))a i= lr--’ n

where g:R X R— R is a function that transforms the
evaluations of the alternatives with the criteria weights, and
f:R* > R is an aggregation operator that gives the unit
score of appropriateness of the alternative versus all the
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criteria. For example, f might be the minimum operator
and g maximum t-conorm

g(W_/'sS[j):max{l_w_/ssy}a i:15-~-an> J:Lak

In the cases where the type of aggregation is neither pure
"anding" denoting complete lack of compensation nor pure
"oring" denoting complete submission to any good
satisfaction, OWA operators [13] might be used. OWA
aggregation operators act like quantifiers, providing ways
to represent aggregation where "many", "most", "few", etc.
criteria are satisfied by the alternative.

The agent selects actions that maximize its performance
measure and in that sense performs utility-directed action
selection

U(S*) = maX (U(Sl))’ i= 1»'-'5 n.

Agent actions feasible in situation )Y; are subset of the set

A" that we call the set of behavior conventions S < A",
where A is the set of all elementary actions in any
situation of X, A" is a set of all sequences that can be
formed from the elementary actions of set A .

The decision-making situation is represented with the
following quadruple

V:(Xis Ss Cs U)

where X is the state or decision context, S is the set of
actions feasible in particular situation or appropriate
conversational acts, C are agent goals and motives that
serve as decision criteria and U is the utility function.
Under the influence of the social roles the decision-making
situation is transformed in

(Xia Ss Cn U' )

The impact of the social roles is implemented through the
change of the criteria weights. The transformed utility
function is

U'(Si) = f(g(Wi !Sil)s~'-7 g(W}c ’Sik))s i= 15-~'a n.

Agent personality traits, as relatively stable characteristics
are included in the set of decision criteria. In that sense
personality traits influence the selection of the alternative
and determine the linguistic style for expressing
information.

4 AN EXAMPLE

To exhibit social competence, an agent ought to possess
the ability to select adequate behaviors. The process of
selection depends on the evaluation of the situation and on
the desirability of the possible outcomes.



Two characters are defined to cover the subject-agent and
psychiatrist-agent forms of interaction. First agent will
assign higher importance to expressions of empathy and
giving advice to subjects and the second will value more
the actions offering detailed explanations of the results
about the mental health of the user.

Let the affective profile under consideration belongs to a

person with certain pathological manifestations and let the

following alternatives from the knowledge base are
activated:

e S1: This is a cautious and anxious person. The results
show that this person is constantly worried of getting
into troubles that she could not be able to overcome.
Also this person is worried about what other people
think or speak about her.

e S2: There is a possibility for phobic and obsessive-
compulsive behavior.

e  S3: It looks that you have some problems. Is that right?
You have to visit a psychiatrist.

e S4: For further analyses you have to consult a
psychiatrist. Your results show anxiety and some other
pathological problems.

The agent that presents information to subjects will display

the alternative S3. The alternative S4 is less suitable

because of the low performance on some of the criteria.

The explanation that alternative S4 offers might have

negative impact on the subject.

The agent that covers psychiatrist-agent form of interaction

will present detailed information about the pathological

problems of the subject. This agent will display alternatives

S1 and S2.

5 CONCLUSION

This work describes a human-computer interface with
agents that deliver information about the affective profiles.
Agents are able to adapt their behavior by changing
parameters related to the social roles, personality traits,
emotions and linguistic styles. The formal model of the
agent includes transformation of the decision-making
situation according to the agent goals and under the
affective influence.

A framework for affective user modeling is presented based
on the assessment of the user emotional state. User
emotional state is obtained from the partial-ordering
scheme of personality traits.

The social role of an agent is associated with certain
responsibilities, duties, rights and behavioral constraints,
and contributes to achieving convincing behavior and to the
believability of the agents.
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ABSTRACT

This study investigates the potential of text mining for
increasing the possibility of discovering implicit
knowledge in biomedical literature. Based on Swanson's
suggestion for hypotheses generation we focused on
articles from database PubMed Central when trying to
identify  potential contributions to a better
understanding of autism. First, we used them for
ontology construction with OntoGen in order to obtain
better insight into the domain structure. Next, we
extracted a few rare terms that could potentially lead to
new knowledge discovery for the explanation of the
autism phenomena. We present a concrete example of
such constructed knowledge about a substance
calcineurin and its potential connections with autism.

1 INTRODUCTION

Huge bibliographic databases often contain interesting
information that may be inexplicit or even hidden. One of
such databases is MEDLINE, the primary component of
PubMed, which is the United States National Library of
Medicine’s bibliographic database. It covers over 4.800
journals published in more than 70 countries worldwide
and thus contains over 14 million citations from 1966 to the
present (PubMed, 2006). There is an urgent need to assist
researchers in extracting knowledge from the rapidly
growing volumes of databases (Fayyad et al., 1996). In
fact, important information hidden in huge databases could
be discovered by data mining and knowledge discovery
techniques. Therefore, one of the major challenges of
biomedical text mining over the next 5 to 10 years is to
make these techniques better understood and more useful to
biomedical researchers (Cohen, Hersh, 2005).

In the PubMed database we found 10.821 documents (till
August 21, 2006) that contain derived forms of autis*, the
expression root for autism. Our aim was first to review the
autism literature and to identify the most frequent topics
researched in this domain. With this intention we built the
autism domain ontology with OntoGen on 214 articles from
database PubMed Central that treat problems of autism.
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Ontologies in general with their capability to share a
common understanding of domains support researches
with ability to reason over and to analyze the information
at issue (Joshi, Undercoffer, 2004). Many tools that help
constructing ontologies from texts were developed and
successfully used in practice (Brank et al., 2005). Among
them, OntoGen (Fortuna et al.,, 2006) received a
remarkable attention.

In this article we first describe several data mining
approaches in real settings towards extracting knowledge
from data. We focus on the areas and methods where data
mining potentially enriches biomedical science and thus
interdisciplinary connects information technologies with
biomedical expert knowledge. Then we present our
approach towards integration of real problem analysis and
extraction of potentially useful information from data. Our
main aim was to extract some implicit and previously
unknown interesting information from texts about autism.

2 DATA MINING POTENTIAL FOR BIOMEDICINE

The practice of biomedicine is, as well as other activities
of our society, inherently an information-management task
(Shortliffe, 1993). In MEDLINE database there are
between 1.500-3.500 complete references added since
2002 each day from Tuesday to Saturday (PubMed, 2006).
The daily increasing number of biomedical articles
provides a huge potential source of new data. For such
reasons, the ability to extract the right information of
interest remains the subject of the growing field of
knowledge discovery in databases. Knowledge discovery
is the process of discovering useful knowledge from data,
which includes data mining as the application of specific
algorithms for extracting patterns from data (Fayyad et al.,
1996).

Although the technology for data mining is well advanced,
its potential still seems to be not sufficiently recognized.
On the other hand, the continued cooperation with
professional communities such as the biomedical research
community is required to ensure that their needs are
properly addressed. There are several biomedical
examples, where data mining has been successfully



applied (Van Someren, Urbanci¢, 2006). Examples include
diagnosis, where data mining relates symptoms and other
attributes of patients to their disease, subgroups of patients
that are at risk for certain disease, and gene expression,
with a growing number of applications, where predictions
and identifications of disease markers are made, based on
features of genes.

Methods that have been recently used for text mining tasks,

include the following items (Cohen, Hersh, 2005):

e Named entity recognition in order to identify all of the
instances of a name for specific type of domain, within
a collection of text;

Examples of recent areas of biomedical research:
e drug names within published journal articles,
e gene names and their symbols within a
collection of MEDLINE abstracts.
Text mining approaches: lexicon-based, rules-based,
statistically based, combined.

e Text classification with the goal to automatically
determine whether a document or a part of it has
particular attributes of interest;

Examples of recent areas of biomedical research:

o documents discussing a given topic,

o texts containing a certain type of information.
Text mining approaches: classification rule induction.

e Synonym and abbreviation extraction with the attempt
to speed up literature search with automatic collections
of synonyms and abbreviations for entities;

Examples of recent areas of biomedical research:

e gene name synonyms,

o biomedical term abbreviations.
Text mining approaches: combination of named entity
recognition system, with statistical, support vector
machine classifier-based, and automatic or manual
pattern-based matching rules algorithms.

e Relationship extraction with the goal to recognize
occurrences of a pre-specified type of relationship
between a pair of entities of specific types;

Examples of recent areas of biomedical research:

o relationships between genes and proteins,

o text-based gene clustering.
Text mining approaches: neighbour divergence
analysis, vector space approach and k-medoids
clustering algorithm, fuzzy set theory on co-occurring
dataset records, type and part-of-speech tagging.

¢ Integration frameworks with intention to address many
different user needs;

Examples of recent areas of biomedical research:
e comparison of gene names and functional
terms,
e gene based text clusters.
Text mining approaches: template-based, text profiling
and clustering based.

e Hypothesis generation that focuses on the uncovering
of implicit relationships, worthy of further
investigation, that are inferred by the presence of other
more explicit information;
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Examples of recent areas of biomedical research:
e connection between patient benefit and food

substances,
e potential new uses and therapeutic effects of
drugs.
Text mining approaches: Swanson’s ABC model-

based.

3 SWANSON’S
GENERATION

Idea known as Swanson’s ABC model consists of
discovering complementary structures in disjoint journal
articles. This model assumes that when one literature
reports that agent A causes phenomenon B, and second
literature reports that B influences C, we could propose
that agent A might influence phenomenon C (Swanson,
1990). To find some published evidence leading to an
undiscovered knowledge, the A and C literatures should
have few or no published articles in common. In such way,
Swanson discovered eleven relationships between
migraine and magnesium literature (Swanson, 1988).
Weeber et al. experimented with Swanson’s idea of
searching the literature for generating new potential
therapeutic uses of the drug thalidomide with the use of a
concept-based discovery support system DAD on the
scientific literature (Weeber et al., 2003). Another example
of discovering new relations from bibliographic database
according to Swanson’s model is identification of disease
candidate genes by an interactive discovery support system
for biomedicine BITOLA (Hristovski et al., 2005).

MODEL OF HYPOTHESIS

4 IDENTIFICATION OF PROBLEM DOMAIN

For successful data mining a wide background knowledge
concerning the problem domain presents a substantial
advantage. In fact, hypothesis generation from text mining
results relies on background knowledge, experience, and
intuition (Srinivasan, 2004). With this consideration we
started our examination of autism phenomena with the
identification of its main concepts and the review of what
is already known about autism.

Frequently used in text mining and one of the simplest
representations of texts is word-vector representation,
where the word-vector contains some weight for each
word of text, proportional to the number of its occurrences
in the text (Mladeni¢, 2006). Such representations are
performed also by OntoGen, which enables interactive
construction of ontologies in certain domain. We used it to
construct several autism ontologies. The input for the tool
is a collection of text documents. With machine learning
techniques OntoGen supports phases of ontology
construction by suggesting concepts and their names, by
defining relations between them, and by automatic
assignment of documents to the concepts (Fortuna, 2005).

4.1 Target dataset



We chose to analyze the professional literature about
autism that is publicly accessible on the World Wide Web
in the database of biomedical publications, PubMed. There
were 354 articles with their entire text published in the
PubMed Central data base. Other relevant publications
were either restricted to abstracts of documents or their
entire texts were published in sources outside PubMed.
From the listed 354 articles we further restricted the target
set of articles on documents to those that have been
published in the last ten years. As a result, we got 214
articles from 1997 forward, which we decomposed to titles,
abstracts and texts for the purpose of further analysis.

4.2 Ontology of autism domain

To identify some useful pieces of knowledge from the large
amount of digital articles one approach would be to read
and manually analyse all available data. Since this is
evidently a time consuming task, we instead chose to guide
our attention only on the most relevant information about
the domain of interest. We identified such information by
ontologies construction, which we found a very fast and
effective way of exploring large datasets. Ontologies built
with OntoGen, as an example shown in figure 1, actually
helped us to substantially speed up the process of reviewing
and understanding the complex and heterogeneous
spectrum of scientific articles about autism.

mmr
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gene,
linkage,
chromosome

Supartopic-of language
Supertopic-of disardear
Supertopic-of
g Supert -of
Supertopic-of
. staren s
Supertopic-of beha\?:rzl
Supertopic-of
problems

reinforcers,
stimulus

sensony,
auditony
response

Figure 1: Concepts of autism ontology with 7 subgroups,
built on 214 abstracts from the PubMed Central data base.

The main concepts of autism phenomena as they result
from the first level of our ontology model (first level
subgroups of autism domain) are: genetics; teaching and
training; reinforcers and stimulus; sensory and auditory
response; stereotypy and behavioral problems; language
disorders, and MMR (Measles, Mumps, and Rubella)
vaccine. Important confirmation of the resulted ontology
construction is the recent state of autism research as
described by Zerhouni (2004), that summarizes the main
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scientific activities of autism research in the major areas of
epidemiology, genetics, neurobiology, environmental
factors and specific treatments of autism.

5 EXTRACTION OF IMPLICIT RELATIONSHIPS
FROM AUTISM DATA

Besides constructing an ontology on the input file of texts,
OntoGen creates also a *.txtstat file with statistical
incidence of terms as they appear in documents collected in
the input dataset. We utilized this OntoGen's byproduct as
the source for our approach toward the identification of the
rare relations between autism data. As our goal was to
discover undocumented knowledge about autism
phenomena, we assumed that starting our search on rare
connections between data rather than on frequent ones, we
would have better chances to discover implicit relations that
are still unknown and might, however, be useful for the
autism researchers.

We took the *.txtstat file that OntoGen made while
constructing ontologies and first concentrated our attention
on listed terms that appear only in one article from the input
dataset. On the base of our background knowledge about
autism we chose words that could be useful for autism
discovery. Three of such terms are: lactoylglutathione,
calcium_channels, and synaptophysin. The reasons for
these three choices are: first, that we found that an increase
in polarity of glyoxalase | in autism brains was reported,
and that glyoxalase system involves also lactoylglutathione;
second, as the altered synaptic function was also discussed
in autism articles, we took in consideration synaptophysin,
a protein localized to synaptic vesicles; and third, abnormal
calcium signaling was found in some autistic children, thus
we  chose also term calcium_channels for further
discovery. Then we searched what all this terms have in
common.

The text mining goal in hypothesis generation is to
automatically discover interesting hypotheses from a
potentially useful text collection (Srinivasan, 2004). By text
mining on PubMed articles that treat these selected terms
domains, we constructed their ontologies and from the
OntoGen’s *.txt.stat files we retrieved the words, they all
have in common (the words that appeared in the three
*.txt.stat files). One of such terms, listed also in Figure 2,
that in our opinion could be interesting for the hypothesis
generation and forward research on autism phenomena, is
calcineurin. Calcineurin is calcium- and calmodulin-
dependent serine/threonine protein phosphatase, which is
widely present in mammalian tissues, with the highest
levels found in brain (Rusnak, Mertz, 2000). Our literature
mining in disjoint journal articles showed that it could be
related to autistic disorders, however to the present no
evidence of calcineurin role in autism has been reported on
the World Wide Web.



Figure 2: Results of our approach to literature mining on
autism domain.

6 CONCLUSIONS AND FUTURE WORK

Our study confirms the potential of ontology construction
by OntoGen on biomedical literature to systematically
recognise main concepts. The evaluation of the ontology
constructed on autism showed important similarity to the
reported state of autism research.

Considering OntoGen’s statistical data from its *.txt.stat
files can lead to discovery of potentially useful and
previously unknown information related to the researched
phenomena. Thus the OntoGen's functionality can be
extended to retrieve new information from vast amounts of
textual data that experts otherwise have to explore
manually. As connecting sets of literature about
synaptophysin, lactoylglutathione and calcium channels,
that we took as three experimental interesting rare terms
from autism articles, we found calcineurin, cysteing,
magnesium, melanoma, oxidative stress and many others.
Further experimental assessment of their possible role in
autism is needed to justify our methodological approach
and to see if it can contribute to the knowledge corpus of
autism phenomena.
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ABSTRACT

First softwares were built upon the idea we had about
human cognition. Nowadays, softwares are developed with
another perspective which is to mimic the behaviour of a
society of humans. Several components (called agents) of
this society realize specific tasks, interact and communicate
between each other in order to accomplish a global activity.
In addition agents may have some other cognitive
properties. As any human society they can reorganize and
adapt themselves to the changes in the external
environment. There exist already several applications in the
domain of document management and e-commerce, many
products aim at resolving part or complete problems. This
paper® will briefly describe the multi-agent technology and
then present the main categories of multi-agent systems and
focus on the most outstanding applications.

1 INTRODUCTION

Multi-agent systems are usually used to simulate, resolve
problems or to facilitate the management of a complex
system. By definition [1], an agent can be a physical or
virtual entity that can act, perceive its environment (in a
partial way) and communicate with others, is autonomous
and has skills to achieve its goals and tendencies. It is in a
multi-agent system (MAS) that contains an environment,
objects and agents (the agents being the only ones to act),
relations between all the entities, a set of operations that
can be performed by the entities and the changes of the
universe in time and due to these actions.

A multi-agent system is composed by a set of objects
within an environment. Among these objects, some of them
are agents, others are passive objects that can be used,
destroyed, modified or created by agents. A set of relations
is defined between the objects within the environment,
including relations between agents, and between passive
objects and agents.

Y This work is part of a course on Network Intelligent
Systems and Agents in the program of New Media and e-
science at the international postgraduate school JozZef
Stefan in Ljubljana.
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An agent works without direct intervention from the user.
Its autonomy can range from simply running a backup at a
certain time to negotiating shares on the stock market.
During its process the agent is also able to report on
possible errors that it has encountered or refine its search
with additional directives given by the user. Agents may
have mobility capabilities either by sending requests on
several servers or even by stopping its execution on the
current servers and starting a new execution on a new
server. For instance, a backup agent may move from one
machine to the other in order to backup files.

Agents can be used to perform many different tasks [2].
We will address in this paper only a subset of categories:

e  Agents that improve the research of information
e Agents for e-commerce
e Agents for chatting

2 META-SEARCH WITH AGENTS

Existing search engines often provides too much
information that is not always well organized. Some search
engines may not retrieve some results whereas others do. It
is usually difficult for the user to find relevant information
among the large amount of results that search engines
return. With this problem in mind, some systems are
developed using agent technology, in order to facilitate
search. One solution is still to use existing general purpose
search engines like Google, Yahoo!, Altavista, etc. The
agents then call automatically these search engines in
parallel and then process the results in order to sort and
filter out redundant and useless information. Usually each
agent is responsible of one part of the search.

Search can also be performed inside specialized sources of
information such as newspapers’ databases or industrial
sectors.

On-line systems:
e DogPile [3] is a system that combines up to 25
different search engines including Google, Yahoo!
Search, MSN, Ask.com, About, MIVA,
LookSmart, etc. It is possible to search for web
documents, news, or files through FTP. The
system allows the use of Boolean operators (AND,



OR, NOT) to combine words or phrases. The
search results are then processed to filter out
duplicates and sorted by pertinence.

e Ixquick [4] sends the request to 12 different search
engines: AltaVista, EntireWeb, Excite, Francite,
Go, Google, Mirago, MSN, Open Directory,
Overture, Voila and Yahoo! It offers different
services: search the web, phonebook, price
comparison, search images, etc. In order to sort the
results from the 12 search engines, it uses a system
with stars. Each time a web site enters the top ten
of one search engine, it receives one star. A result
having five stars means that five search engines
have found that the result is good.

e Metacrawler [5] is also combining the results of
several standard search engines such as Google,
Yahoo! Search, MSN Search, Ask Jeeves, About,
MIVA, LookSmart, etc. It removes duplicates and
sorts the results by pertinence.

e Vivisimo [6] is using several search engines (MSN,
Lycos, etc.), news (CNN, Reuters, Yahoo! News,
etc.), etc. The search can also be limited to only
one source. Vivisimo is using clustering to display
the results, which means that it is grouping similar
document in categories.

e FindForward [7] is a meta-search engine with
various types of search. “Normal search” queries
Google with the same syntax as in the original
search engine. “Get questions” search will find
questions related to the keywords given in the
search string. “Backlinks search” will show the
pages that link to the URL passed for search. “Meta
search” will combine the results of several search
engines. Each result is presented with a small
preview of the web page. It is also possible to add a
comment on some websites that will be shown next
time they are found.

Software systems:

e Autonomy [8] is a system where each agent is
responsible for searching specific information.
Before the search, the notion of briefing is used to
specify the information that the agent is supposed
to extract. This is done with natural language where
it is even encouraged to use long sentences to
describe the information that one is looking for. It
is possible to specify sentences in French or
English, remove some words or phrases from the
query, etc. The agent can retrieve documents or
images on the web according to the information
that was passed to it during the briefing. The agent
can also operate in automous mode without
intervention of the user. After the search has
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finished, the notion of debriefing is used to refine
the parameters of search by telling to the agents
which sites are the most interesting.

e WebSeeker [9] comes preconfigured with more
than 100 possible search engines to use for search.
It also allows to add new search engines and to
sort them into categories like Arts, Automotive,
Business, Computers, etc. It uses Boolean logic,
And, Or, phrase, and substring. Its main advantage
is to allow scheduling searches in advance, for
instance if one wants to monitor an on-going
subject. It is also possible to save the results.

e WebCompass [10], like the others, uses several
search engines to perform search. It is also
possible to group search engines by categories. In
addition, it uses an agent as a separate application
outside the browser, in order to retrieve and index
articles selected as a result of a previous search.
The agent also performs searches automatically for
you.

e Copernic [11] performs search on several search
engines and presents the results on the fly. For
each of them the title is displayed with a
description and other information (URL, number
of occurrences, etc.). Results are classified by
pertinence and duplicates are automatically
removed. Afterwards, it is possible to perform a
search within the results.

3 AGENTS IN E-COMMERCE

To search information about products and prices, it is
possible to wuse search engines with key words.
Nevertheless, there exist also specialized portals for web
shops and agents to compare prices. In reality, search
engines only provide a list of results from the web sites
that their crawler is authorized to access. One can
distinguish two different technologies: the pull technology
where the user will ask information to the agent by using
key words, and the push technology where the agent will
propose by itself information or products to the user.
Programs implementing the pull system are called buying
agents and programs using the push system are called
selling agents.

Buying agents are controlled by the client and aim at
facilitating the process of buying. Searching, identifying
and checking a commercial offer is always a difficult task
on internet. These systems do not use keywords like
standard search engines but directly the product names and
brand names. It can then check the availability of the
product and propose a list of potential sellers. This list can
be created and ordered according to the preferences that



the user can specify. Here are some examples of agents
using the pull system:

e MySimon [12] was one of the first propose a
service to compare prices. The user selects a
category and a product. It is possible to compare
products with four criteria: the lower price, the
most popular, the manufacturer and the name of
the product. It is also possible to compare the price
of the same product in several different chops.

e With Kelkoo [13] it is also possible to choose a
product in one category, to specify the model, the
brand and the range for the price. In addition it is
also possible to search prices for trips by plane,
insurance and second hand products.

e BargainFinder [14] is specialized in the music
domain. Given the name of an album and the name
of the artist, it can find the prices and sellers
among a list of 10 partners. It is then possible to
compare the prices and order them.

e Bargainbot Agent [15] works similarly with
books. It uses ten bookstores, including Amazon,
WordsWorth, and Books.com, etc. With the name
of the book and the name of the author provided, it
contacts directly the bookstores and presents the
results.

Selling agents systems are able to manage potential clients
and to analyze their expectations. One of the best examples
of agents using the push system is profiling agents. They
establish a profile of the user in order to refine their search
when they want to propose a product. The profile is
updated after each transaction. They can be used in many
domain such as selling airplane tickets, music, books, etc.
The system presents products to the client and sometimes
can even make the transactions. It is also possible for the
client to register as a potential buyer on a web site and then
agents search this database of users to find the most
appropriate clients for their products. The client is then
treated as a buying agent and can communicate with the
selling agent to negotiate a possible transaction.

o Firefly [16] was created by Patty Maes and served
as a model for several other systems. Initially,
Firefly was used in the domain of selling music.
The user is invited to evaluate a product, then the
system search into its knowledge base in order to
find other users with similar taste. The agent is
then able to suggest new choices based on the taste
of the others users. The more products are
reviewed, the better are the suggestions.

e Acheter moins cher [17] searches and references
the products of on-line shops. It is possible to
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compare prices but also to receive alerts when the
price of one product is getting down.

e Google [18] has introduced the concept of
adsense. The owner of a Web site can install the
system from the search engine and receives
advertising links that are adapted to the content of
the Web site. If a visitor clicks on one link then
the owner receives money. With this system
Google can share some of its revenues with its
partners.

4 CHATTERBOTS

A chatterbot is literally a robot that can chat with you. The
first chatterbot was created in 1966 by Dr. Jozeph
Wizenbaum from the MIT. He named it Eliza and it has
the goal to act as a psychologist. Eliza was reformulating
sentences from the user into questions to encourage the
user to give more explanations infinitely. Since then many
other systems have been developed and it is more and
more often to find this kind of application on web sites to
guide the user through its search or to help him finding
information. Here are few descriptions of such systems:

e AL.ILLCE [19] is a chatterbot using AIML
(Artificial Intelligence Markup Language), which
is an XML-compliant language to encode
knowledge. This language defines pairs of
questions/answers where the dialogue generation
system is searching answers according to the
question asked by the user. It is based on pattern-
matching where patterns can be organized into
categories. This technology works pretty well but
depends a lot on the quality of the knowledge
base that is given to the program.

e The Billy [20] project resulted in a chatterbot that
uses natural language processing and generation.
It is able to generate its own language, based on
rules it has learned from natural language
analysis. This system contains no pre-
programmed language. Billy is also able to learn
facts from humans and then answer questions
about these facts. It has a special module to teach
the system from text files. It has also a special
feature that allows recognizing who is talking just
by looking at the sentences. Billy can also answer
basic arithmetic questions. Any of the basic
operations can be used, plus exponents, and any
level of parenthesization.

e Corby [21] is a language independent chatterbot.
Its purpose is to simulate human verbal
behaviour. It is based on a very simple stimulus-
response model. The stimulus consists in a
statement provided by the user, which causes



Corby to provide an appropriate response. Corby
learns from the normal interaction with its users.
The basic learning model uses a pair of paragraphs
where one of them constitutes the stimulus and the
other is the appropriate response to that stimulus.
This can be done automatically during normal
system use; in this case Corby will consider any
statement input by the user as the appropriate
response to its previous production. You can also
submit text or HTML files for Corby to learn
from, in an autonomous way.

6 CONCLUSION

The agent technology is a very active and promising area
with a lot of conferences and journals covering all different
aspects of the discipline, involving a lot of people and
institutions. However it is still hard to find a real leader
when the actors are mixed between big companies, small
companies and even the free software community. Except
information agents there are only few mature projects,
mainly because of security problems restricting the mobility
of the agents.

Concerning information agents, the analysis [22] shows that
most of the web users prefer search engines to agent-based
systems. However, people from industries evaluate and
experiment more agent systems in order to find a performant
system to monitor specific information on the web
automatically. 71% of this group has downloaded an agent
and 40% have bought at least one product, in contrary to the
people in universities. These tools have a real potential.
Their main problems are their complexity and low speed,
which hardly compensate the advantages that they can bring.
Some of them like Webseeker, Metacrawler and Autonomy
offer powerful techniques for search for instance allowing
queries in natural language or using a combination of
several operators.

Agents in e-commerce have problems with both buyers and
sellers. Sellers are usually afraid that the results of the
agents will not reflect exactly the specificities of their
products. On the other hand buyers would want more
confidentiality, especially for payment and also more
complete information on the products when the list is
displayed in order to choose or compare them.

Chatterbots are also a promising topic which drains a lot of
interest within the community. However their efficiency is
still limited and most of them are still based on patter-
matching techniques, which do not allow reasoning or any
kind of intelligence. There are attempts to build more
“intelligent” [23] systems but they remain experimental and
are developed mainly inside universities or research
institutions.

Even if these systems present some problems, it is obvious
that they will evolve and the agent technology will expand
even more in the next decades. Their communication and
collaboration skills make the agents the perfect platform for
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future applications in distributed environments, e-

commerce and search of information.
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ABSTRACT

As part of the efforts for building a unified Inductive
Databases (IDBs) framework, an important step would be
to find a way to combine discovered local patterns from the
data with global models of predictive nature. In this paper,
we investigate the possibility of using bi-sets (local
patterns) as features during classification. When searching
for bi-sets from Boolean data, despite reasonable frequency
constraints, a large number of sets are usually generated. In
order to discern which of these bi-sets could be potentially
useful as features for classification, we are using a scoring
function which includes as parameters the bi-sets coverage
and size. After a feature construction process, we perform
an experimental evaluation on Huntington’s disesase (HD)
microarray data. We apply Predictive Clustering Trees for
the problem of distinguishinh between HD and healthy
subjects and also for determining the stage of the
development of the disease.

1 INTRODUCTION

A recent emerging area in data mining are Inductive
Databases (IDBs), which offer a database perspective on
the process of knowledge discovery. IDBs contain not only
data, but also patterns. They can be either local patterns
(e.g., frequent itemsets), which are of descriptive nature, or
global models (e.g., decision trees), which are generally of
predictive nature. The idea behind IDBs is that data and
patterns (models) are handled in the same way and the user
can query and manipulate the patterns (models) of interest
by means of a query language [4] As part of this general
framework, in this paper we are exploring the use of bi-
sets (as local patterns) for classification purposes (as global
models). We first perform a feature construction procedure
and test the performance of these features by constructing
decision trees. The data that was used for testing is
Huntington’s  disease microarray data, which was
previously discretized i.e. binarized.
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This paper is organized as follows. In Section 2 we
describe the dataset and the discretization technique that
was used. Section 3 gives an overview of the
methodology, including a short definition of bi-clusters
and bi-sets followed by the feature scoring and selection
process. Section 4 concerns the experimental design and
results. Finally, in Section 5 we give conclusion and
discussion of the obtained results.

2 DATA DESCRIPTION AND PREPROCESSING

2.1 Huntington’s disease microarray data

Huntington's disease (HD) is an autosomal dominant
neurodegenerative disorder characterized by progressive
motor impairment, cognitive decline, and various
psychiatric symptoms, with the typical age of onset in the
third to fifth decades [1]. It is caused by the expansion of
an unstable triplet repeat in huntingtin gene, which
encodes for the ubiquitously distributed huntingtin protein.
The microarray data is from Slovene patients and it
consisted of three different types of samples. The first two
types are samples from HD patients, which are in two
distinct stages of the disease: presymptomatic and
symptomatic. The third type are control (healthy) subjects.
All together, there were 24 samples of which: 9
presymptomatic, 5 symtomatic (14 HD) and 10 control.
For each sample the expression levels for 54.675 probes
from an Affymetrix HG.U133A 2.0 chip were measured.
The expression levels were obtained by using the MAS 5.0
software.

2.2 Data preprocessing

The first step of the data preprocessing was filtering out
the measured microarray transcripts which could be
considered as unreliable. This was a simple elimination of
genes, which under all experimental conditions had signal
strength less than 100. The number of genes was reduced
to 8910. Furthermore, there was need for discretization of
the numerical data and converting it into a Boolean format.



After the discretization each gene had three possible values:
overexpressed, normaly expressed and underexpressed. We
had two threshold for discretization of the values of each
gene. Values under threshold 1 were considered as
underexpressed, values above threshold 2 were
overexpressed and the rest were normally expressed. We
tried different values of the two threshold and discretized
the data several times. We assessed which threshold values
were optimal by using the score described in [8].

3 METHODOLOGY
3.1 Predictive Clustering Trees (PCTs)

Decision trees are usually considered for classification
purposes. Each tree consists of three elements: internal
nodes, branches and leaves. The internal nodes are labeled
with some attribute (variable name) and each branch is
labeled with a predicate that can be applied to the attribute
associated with the parent node. The leaves however, are
labeled with a class. Following the branches from the root
to a leaf gives sufficient conditions for classification
(Figure 1).

-
pos

Figure 1: A typical classification tree with classes ““pos”
and “neg”’

An alternative view of decision trees is that they correspond
to the concept of hierarchical clustering [2,10]. Each node
(and leaf) corresponds to a cluster and the tree as a whole
represents a kind of taxonomy or hierarchy. Thus we can
use the concept of TDIDT (Top-Down Induction of
Decision Trees) for inducing clustering trees. We assume
that two types of functions exist. A prototype function,
which is used to get the best description of the members of
a cluster, and a distance function for measuring the distance
between prototypes and also between members of the
cluster and the prototype. This leads to a simple method for
building trees that allow prediction of multiple target
variables at once.

When inducing the clustering tree the TDICT (Top-Down
Induction of Clustering Trees) algorithm uses as a heuristic
the minimization of intra-cluster variance (and
maximization of inter-cluster variance). The minimization
of the intra-cluster variance means minimizing the average
distance between the members of the cluster and the
prototype, which describes it. Maximization of the inter-
cluster variance maximizes the distance between the
prototypes. At the end we get a clustering tree in which the
top-level node corresponds to one cluster containing all of
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the data, which is recursively partitioned into smaller
clusters while moving down the tree. The leaves of the
clustering tree are clusters, but they also store information
about the cluster prototype. Because in essence the
prototype describes the cluster, it can also be considered as
a prediction of the values in that cluster with a certain
amount of error.

[09,025]

[0.1,0.93]

Figure 2: A multi-objective regression tree with two
predicted values in the leaves

When PCTs are used for prediction of one target variable,
they are actually regular decision trees. But their real
advantage is when predicting multiple variables at the
same time (multi objective classification or regression)
shown in Figure 2.

3.2 Bi-sets and bi-clustering

When mining for local patterns in Boolean data (Figure 3)
it is interesting to see not only which items appear together
often, but also which items occur together in which
situation (i.e. object). The sets which give us this
information are called bi-sets[7]. One such bi-set from
Figure 2 would be ({o1; 02};{i1; i2}).

Ttems

i1fiz|ia
aq[1f1]1
aa|1[1]0
1
1

03 01
14 o0
os|0(1]0

Figure 3: Boolean table

Bi-clustering has been previously used for mining
microarray data [3] and for discovering co-expressed sets
of genes. The bi-clustering algorithms are performing
clustering on the data by taking into account the rows as
well as the columns. Esentially, given a set of m objects
and n items (i.e. an m x n matrix), the bi-clustering
algorithm generates subsets of objects that exhibit similar
behavior across a subset of items, or vice versa.



3.1 Feature construction for classification

In order to use the information from the bi-sets and bi-
clusters (local patterns) for constructing classifiers a
process of feature construction is needed. The algorithm for
feature construction [9] is given as:

Input: Boolean labeled data D, maximum number of
features f
Output: List of features feature for classification Lf

S= empty; score of each bi-set

Bp= generate bi-partitions from labeled data D
Bs = generate bi-sets from labeled data D
Repeat

bs=first bi-set from Bs

Bs=Bs\bs

s=score(bs, Bp)

S=SUs

9. Until Bs is empty

. S=sort(S)

. Repeat

. |=extract genes from concept bs with score S[I]
. Lf=LfU I

-

. Until f=/=0

. Return Lf

ONOO~WNE

The whole process of feature construction begins by
generating the bi-partitions from the data. When generating
the bi-partitions we constrain one of the dimesions of
clustering to match to the classes. This means that the
number of clusters is identical to the number of classes and
members of one cluster are the same type of samples.
Furthermore, we mine for all of the bi-sets from the Boolean
data. We asses (score) each of the bi-set by taking into
account its’ relationship with each of the bi-clusters [9]. We
have four main parameters which we take into account:
1. Coverage ratio C: number of covered class
examples/number of class examples
2. Object Confidence OC: number of covered objects
from the bi-partition /total number of covered
objects by the bi-set
3. Item Confidence PC: number of covered items
from the bi-partition /total number of covered
items by the bi-set
4. Feature size N (i.e., maximum number of genes,
N)
As the three parameters are between 0 and 1, we can

calculate the score by:
Jcxocxpc

score = —— ;
N

After scoring each bi-set in terms of how good it describes a
bi-cluster and sorting the bi sets by the score, we can extract
the top f features where f is user defined. As features we
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consider the co-expressed genes extracted from the top
scoring bi-sets.

4 EXPERIMENTAL DESIGN AND RESULTS

As a classification model we used ordinary decision trees
and the previously described Predictive Clustering Trees
(PCTs), which can predict several class values at the same
time (Figure 4).

Figure 4: Example of the constructed PCT

Due to the small sample size we performed a leave-one-out
cross validation We compared our results against those
obtained by constructing predictive models on the original,
numeric data. First we selected the “relevant” features from
the training data and then we performed feature
construction for the full set. We then built a model from the
training data and tested the model on the left-out sample.
The results are summarized in Table 1.

Type of Class Class |LOO-CV| LOO-CV
model values |accuracy| accuracy
for for
numerical discretized
data data
Classification|Huntington| {HD,C} | 51% 75%
tree
Classification| Stage {P,SC} | 44% 62,5%
tree
Predictive |Huntington| {HD,C} | 74% 79,1%
Clustering Stage {P,SC}| 74% 62,5%
Tree

Table 1: Experimental results from the original and from
the discretized data with features f=12

When constructing the features we selected number of
features f=12. From the results the following can be seen:
For ordinary decision trees, when using the discretized data
and the feature construction process, there is a significant
improvement in accuracy compared to the numerical data.
The same is true when constructing PCTs, but only for the
class “Huntington”. For the class “Stage” the accuracy is
worse compared to the numerical data, but it is the same as
when constructing ordinary decision trees. This could mean




that ordinary decision trees have a significant benefit when
used in conjuction with the bi-sets feature construction
process, while PCTs do not have the same improvement
(leverage) of performance.

The set of genes that were identified as important when
using the numerical data was different than the genes used
as features from the discretized data. This was expected due
to the different type of modeling the data, but also because
of the biological complexity involved. The number of genes
which are interconnected between themselves and have a
role in the genesis of the disease is numerous. That is why
we searched for the role of these genes in the Gene
Ontology (GO) database. Although they were not the same
set of genes, there was an overlap in some of their functions,
which by previous studies were conected to the mechanism
of Huntington’s disease. This included disturbed
transcriptional activities  [5,11] and disturbed protein
functioning [6].

5 CONCLUSION

An important aspect when working with high-dimensional
data is selecting the features which are most informative
(important). In this paper we are attempting to demonstrate
the possibility of using a feature construction (selection)
process for microarray data, which combines local pattern
mining with global predictive modeling. The results showed
that there could be two possible benefits when using the bi-
sets feature construction process: first, the significant
reduction of features (in this case from 8910 to 12) and
second, the improvement of accuracy.

This scenario for analysis of microarray data can be further
expanded towards any type of data. Further work would
include testing this type of analysis to other type of data
besides microarray and also in the direction of exploring
other types of scenarios for analysis which combine
different types of local patterns (association rules, frequent
itemset) with predictive models.
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POVZETEK

V ¢lanku je predstavljeno iskanje povezave med
pojavljanjem prometnih nesre¢ v Sloveniji in dejavniki, ki
bi lahko na njih vplivali. To povezavo sem iskal s pomocjo
inteligentnega sistema WEKA. Za pravilno napovedovanje
so bili uporabljeni podatki o prometnih nesrecah v mesecu
marcu leta 2004 in v mesecu marcu leta 2005. Pri delu z
inteligentnim sistemom WEKA sem moral nato zmanjSati
koli¢ino atributov na minimum, da sem lahko priSel do
uporabnih rezultatov. Pri delu sem bil posebej pozoren na
klasifikacijske tocnosti pri uporabi u¢ne mnoZice, pri
uporabi 10- kratnega pre¢nega preverjanja in pri uporabi 60
% razdelitve. Rezultati so bili presenetljivi, saj so kot
kljuéna dejavnika izpostavili gostoto prometa in alkotest.
Zaenkrat ti dobljeni rezultati v Policiji niso uporabni kot
dobra podpora pri odlo¢anju o ucinkovitem pristopu k
zmanjSevanju Stevila mrtvih v prometnih nesrec¢ah. Lahko
se pa zgodi, da bo Policija kdaj kasneje uporabila kak
zmogljivejsi inteligentni sistem.

1. UvOD

Hiter razvoj rac¢unalnistva in informatike je povzrogil, da ze
skoraj pri vseh oblikah delovanja uporabljamo racunalniske
programe, ki povecujejo uc¢inkovitost in natancnost naSega
dela.  Posebej vznemirljivo je uvajanje inteligentnih
sistemov. V Policiji imamo geografski informacijski sistem
— GIS, ki nam sluZi kot sistem za podporo pri odlo¢anju.
Toda trenutni sistem, ki je v operativni uporabi, vsebuje
samo analize podatkov iz preteklih let, nima pa razvitega
sistema, ki bi lahko iz teh podatkov napovedoval trend
pojavljanja prometnih nesre¢ v prihodnosti. Reagiralo se je
samo na dana dejstva, ki so nam jih izkazovale narejene
analize. Glede prihodnosti pa smo vedno tipali v temi.
Inteligentni sistem bi verjetno bil Policiji v zelo veliko
pomo¢ pri uresni¢evanju programa za zmanjSevanje Stevila
smrti v prometnih nesrecah.

Tako se mi je porodila ideja, da ugotovim ali lahko s
pomocjo inteligentnega sistema WEKA napovem trend
pojavljanja prometnih nesre¢ v prihodnosti.
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Pristopil sem k izdelavi seminarske naloge, s katero sem
Zelel ugotoviti, kateri od zabeleZenih dejavnikov mi lahko
ponudi uspedno napoved prometnih nesre¢ v prihodnosti.
Pri izdelavi sem uporabil podatke o prometnih nesrecah v
mesecu marcu leta 2004 in v mesecu marcu leta 2005.
Pomembno se mi zdi poudariti, da je pravilno
napovedovanje mozno le, ¢e lahko s podatki iz prejSnjega
obdobja natan¢no napove$ prometne nesrece za naslednje
enako obdobje. Sklepal sem, da bom imel v tem primeru
podobne dejavnike, ki bi lahko bolj prisli do izraza (letni
¢as, prazniki, migracije...).

2. Inteligentni sistem in prometne nesrece
2.1 Priprava podatkov

Zelel sem ugotoviti povezavo med pojavljanjem prometnih
nesre¢ in dejavniki, ki bi lahko na njih vplivali. Zato sem
poiskal zbrane podatke o prometnih nesrecah, ki so se
zgodile v mesecu marcu leta 2004 ter v mesecu marcu leta
2005. Ti podatki so bili zbrani s pomogjo policistov, ki so
jih zabelezili na kraju dogodkov in posredovali v
podatkovno bazo na centralnem racunalniku. Tam se je
podatkom dodelilo x in y koordinate in jih programsko
ustrezno pripravilo za prostorske analize v geografsko
informacijskem sistemu Policije.

Predvideval sem, da na pojavljanje prometnih nesre¢
vplivajo naslednji atributi:

- X'in Y koordinata

- cesta

- odsek

- kraj nesrece

- datum

- ura

- dan v tednu

- vzrok

- tip nesrece

- posledice

- vremenski pogoji

- gostota prometa

- povrsina cestisca

- stanje cestis¢a

- spol povzroditelja
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- starost povzrogitelja

- vozniski staZ povzrocitelja in

- prisotnost alkohola pri povzrocitelju.

Originalne podatke sem pridobil na Generalni policijski
upravi v operativnem komunikacijskem centru, Kjer
pripravljamo prostorske analize prometnih nesre¢ za
geografski informacijski sistem Policije. Podatke sem iz
DBASE tabele pretvoril v EXCEL-ovo tabelo.

2.2 Obdelava podatkov s programom WEKA

Za obdelavo podatkov sem uporabil program WEKA
(Waikato Enviroment for Knowledge Analysis), ki je znan
kot orodje za strojno ucenje. Napisan je bil v programskem
jeziku Java (dobiti se ga da na spletnem naslovu:
http://www.cs.waikato.ac.nz/ml/weka). Ker WEKA
uporablja ARFF format, sem moral moje podatke ustrezno
pretvoriti. Podatke sem najprej iz Excela uvozil v Access,
od tam pa sem jih izvozil v CSV (Comma delimited)
format. Ugotovil sem namre¢, da mi izvoz Excel CSV
povzroci, da so podatki med seboj loc¢eni s podpigji,
namesto z vejico, kot to zahteva WEKA pri uvozu CSV
datotek. Zal sem imel teZave tudi z vejicami v CSV
datoteki, zato sem v Accessu podatke izvazal v CSV
datoteko, Kjer so bili podatki med seboj loceni s tabulatorji.
WEKA je takSen format podatkov sprejela brez tezav. V
WEKI sem nato podatke izvozil v ARFF datoteko, s katero
sem delal v nadaljevanju. Za prometne nesrece v marcu leta
2004 sem imel zbranih 3464 primerov. Za mesec marec v
letu 2005 sem imel zbranih 2308 primerov prometnih
nesre¢. Originalni podatki so imeli 24 atributov, od katerih
je bilo 11 numeriénih in 13 nominalnih atributov. V
programu WEKA sem kasneje pri klasificiranju podatkov
ugotovil, da imam absolutno preve¢ atributov. Generirala
so se prevelika drevesa, kar je povzrocilo, da se je program
zaradi preobseZnega preracunavanja in premajhnega
spominskega prostora obesil. Zato sem moral atribute, za
katere sem menil, da jih lahko pogreSim, odstranil.
Odstranil sem atribute:

- X'in Y koordinata

- cesta

- odsek

- datum

- posledice

- vzrok nesrece

- vremenski pogoji

- Stevilo hudih poSkodb

- Stevilo lahkih poSkodb

- Stevilo ostalih poskodb

- skupno Stevilo poskodb

- starost povzroditelja in

- vozniski staz povzroditelja.
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Pozornost sem usmeril na pojavljanje Stevila smrtnih
nesre¢ glede na kraj nesrece, uro nesrece, dan v tednu, tip
nesrec¢e, gostoto prometa, povrSino cestid¢a, stanje
cestis¢a, spol povzroéitelja in alkotest (Slika 3). Atribut
Ura nesrec¢e sem poenostavil s tremi vrednostmi: Ponogi,
Dopoldne in Popoldne. Tabeli za obe obdobji sem zdruZil
v eno tabelo, v kateri so se na njenem zacetku nahajali
podatki za marec 2004, v drugem delu tabele pa podatki za
marec 2005.

Pri obdelavi podatkov sem ugotovil, da je najbolje
uporabljati odlogitvena drevesa (klasifikacijski algoritem
C4.5 - J48). In sicer sem Klasificiranje podatkov primerjal
z razlicnima modeloma minNumObj =1 in minNumObj
=3.

3. REZULTATI

Pri vseh primerjanjih sta mi izstopala dva atributa. To sta
bila Gostota prometa in Alkotest. Primerjave sem delal na
uéni mnozici, pri 10 — kratnem pre¢nem preverjanju in pri
60% razdelitvi (60% Percentage split). 60% razdelitev sem
uporabil zato, ker mi podatki za marec 2004 predstavljajo
ravno prvih 60 % vseh zbranih podatkov v skupni tabeli.
Pri pregledu rezultatov sem priSel do zanimivih rezultatov.
Ugotovil sem, da je bila najvecja klasifikacijska to¢nost pri
Gostoti prometa, ko sem uporabil u¢no mnozico (Tabela
1).

Zanimivo je bilo to, da 10 — kratno pre¢no preverjanje ni
dalo tako visoke klasifikacijske to¢nosti. Vrednosti so bile
nekje med toc¢nostmi u¢ne mnoZzice in 60% razdelitve
(Tabela 2).

Za atribut Alkotest sem dobil najvec¢jo klasifikacijsko
to¢nost pri 60% razdelitvi (Tabela 3).

Klasifikacijska toénost je takrat obakrat zna3ala nad 85,5
%. Pri tem preverjanju je bila Klasifikacijska to¢nost za
Gostoto prometa najnizja, okoli 57,3 %.

Za oba atributa je program WEKA zgradil odlocitveno
drevo. Zazeljeno je bilo, da bi bilo drevo ¢im manj3e,
vendar se to ni zgodilo pri vseh atributih. Pri nekaterih
atributih je program naredil tako ogromna drevesa, da mu
je zmanjkalo spomina za prerac¢unavanje in se je program
zaradi tega obesil. Pri drugih atributih pa drevesa kljub
mojim pri¢akovanjem ni zgradil.

Najbolj uporabni rezultati so bili dobljeni pri uporabi
modela minNumObj = 3. Takrat je imelo odlogitveno
drevo za atribut Gostota prometa 21 listov in 25 vozlis¢.
Pri atributu Alkotest se s spreminjanjem modela
minNumObj globina drevesa ni spremenila. Vedno je
imelo 3 liste in 4 vozlis¢a.



. Uc¢na mnoZica L 5 . U¢na mnoZica L L N
Atribut . ) St. listov St. vozlis¢ . . St. listov St. vozlis¢
(minNumObj = 1) (minNumObj = 3)
Gostota prometa 59,4% 75 88 59,1% 21 25
AlKotest 85,0% 3 4 85,1% 3 4
Tabela 1: Klasifikacijska to¢nost pri uporabi u¢ne mnozice
. 10-kratno prec¢no preverjanje . 5 . 10-kratno precno preverjanje L St.
Atribut ) ] St. listov St. vozlis¢ . . St. listov N
(minNumObj = 1) (minNumObj = 3) vozlis¢
Gostota prometa 58,3% 75 88 58,5% 21 25
Alkotest 85,1% 3 4 84,9% 3 4
Tabela 2: Klasifikacijska to¢nost pri uporabi 10- kratnega precnega preverjanja
] 60 % razdelitev L . ] 60 % razdelitev L St.
Atribut . . St. listov St. vozlis¢ . . St. listov )
(minNumObj = 1) (minNumObj =3 vozlis¢
Gostota prometa 57.3% 75 88 57.3% 21 25
Alkotest 85.9% 3 4 85.5% 3 4

Tabela 3: : Klasifikacijska to¢nost pri uporabi 60 % razdelitve

4. ZAKLJUCEK

Program WEKA kot inteligentni programski sistem je
uporaben, ¢e so na voljo pravi vhodni atributi. V tem
primeru je bilo na voljo ogromno atributov v zvezi s
prometnimi nesre¢ami.

Prvi poskusi so bili usmerjeni na iskanje klasifikacijske
to¢nosti na celotnih, neokrnjenih podatkih, vendar je
program WEKA zaradi prevelikega Stevila atributov delal
prevelika odlocitvena drevesa. Pri tem mu je zmanjkalo
spomina za preracunavanje klasifikacijske to¢nosti in se je
enostavno — obesil. Zato je bilo v naslednjih poskusih
Stevilo atributov skréeno s 24 na 10. V teh desetih atributih
je bila ohranjena osnovna informacija o smrtnih prometnih
nesrecah (kraj nesrece, ura, dan v tednu, tip nesrece, gostota
prometa, povrSina in stanje cestisca, spol, alkotest in Stevilo
mrtvih). Da bi dobili ¢imbolj uporabne rezultate, sem
poenostavil atribut Ura na vrednosti Dopoldne, Popoldne in
Ponodi.

Rezultati so pokazali, da sta pri napovedovanju prometnih
nesre¢ s smrtnim izidom Kklju¢nega pomena dejavnika
Gostota prometa in Alkotest, kar je zanimiv rezultat.

Pri obeh dejavnikih je bila izracunana dokaj visoka
klasifikacijska to¢nost. Odlocitveni drevesi sta bili majhni.
Skoda je le, da se izrisanih dreves ni dalo izvoziti v kako
grafi¢no datoteko, da bi se lahko liste in vozlis¢a dreves
bolje pregledovalo. Pri izrisu odlocitvenih dreves v drevesih
ni bilo vkljucenih vseh atributov. Zaradi tega se mi dobljeni
rezultati zdijo vprasljivi, saj je bilo upoStevano premalo
atributov in njihova teza v izracunu ni razvidna. Zato bi
manjSi  klasifikacijski to¢nosti navkljub uporabil za
napovedovanje atribut Gostota prometa.
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Pri dogodku, kot je prometna nesreca, je vpleteno
ogromno dejavnikov in se jih pri napovedovanju naslednje
nesre¢e ne da kar tako izkljuciti. Zaradi tega dobljeni
rezultati v Policiji niso uporabni kot dobra podpora pri
odlocanju o ucinkovitem pristopu k zmanjSevanju Stevila
mrtvih v prometnih nesrecah.

V programih, kot je WEKA, se skriva ogromen potencial.
Lahko se zgodi, da se bo neko¢ kak zmogljivejsi
inteligentni programski sistem uveljavil tudi v Policiji
Slovenije.
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POVZETEK

Vsako leto se na nasih cestah srecujemo z velikim
Stevilom prometnih nesre¢. Za zmanjSanje
njihovega Stevila in posledic lahko najve¢ storimo
s preventivno dejavnostjo. V uvodu tega
prispevka lahko najdemo primerjalne statisti¢ne
podatke, izpostavljena pa so tudi nekatera
vpraSanja, ki se postavljajo pri snovanju
preventivne dejavnosti. Drugo poglavje na kratko
predstavi faze odkrivanja znanja iz podatkov. V
naslednjem poglavju je na primeru prometnih
nesre¢, ponazorjeno, kako si lahko s sodobnimi
programskimi orodji in dovolj zmogljivo
racunalnidko podporo pomagamo najti odgovore
na vpraSanja, ki so omenjena v uvodu. V
zakljucku pa lahko najdemo nekaj dejstev in
misli, ki se porajajo pri vkljucevanju odkrivanja
znanja iz podatkov v redno delo Policije.

1 Uvod

Stanje na podrocju prometne varnosti v Sloveniji
prav gotovo ni takdno, kot bi si ga Zeleli. Vsako
leto se srecujemo z velikim Stevilom prometnih
nesre¢ na nasSih cestah, katerih posledice so tako
materialna Skoda na vozilih in prometni
infrastrukturi kot tudi poskodbe in v najhujsih
primerih celo smrt oseb, ki so v njih udelezene.
Glede na leto 2004 se je v letu 2005 sicer res
zgodilo za 31,1% manj prometnih nesre¢ vendar s
tem Se zdale¢ ne smemo biti zadovoljni. Kot kaze
je bil to le kratkoro¢ni trend, vzrok katerega bi
bilo zanimivo odkriti, saj se je v prvih Stirih
mesecih letoSnjega leta zopet pripetilo vec
prometnih nesre¢ kot v enakem obdobju lanskega
leta. Dejstvo je, da je s prvim januarjem leta 2005
stopil v veljavo nov Zakon o varnosti cestnega
prometa, ki je prinesel korenite spremembe na
podro¢ju postopkov o prekrskih in nenazadnje
tudi viSje kazni za krSitelje. To bi bil lahko eden
izmed vzrokov za tako wvelik upad Stevila
prometnih nesre¢ napram letu 2004. Glede na
zadnje trende, ko Stevilo prometnih nezgod zopet
naraScéa, pa je zelo verjetno da se bodo uresnicile
napovedi 0 kratkorocnem ucinku tega zakona.
Eden izmed nacinov reSevanja problematike v
cestnem prometu je tudi preventiva. Pri
organiziranju preventivnih dejavnosti pa se
pojavijo Stevilna vpraSanja, kot so: Na katero
populacijo udeleZencev v cestnem prometu
vplivati? Kako vplivati na neko doloceno
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populacijo udeleZzencev v cestnem prometu? Kako
spremeniti prometno ureditev na ¢rnih tockah, da
bodo bolj varne? Kaj so vzroki za nastanek ¢rnih
tock? Prav pri iskanju odgovorov na tovrstna
vprasanja, pa naj se zdi Se tako ¢udno, si lahko
pomagamo tudi z racunalnikom. Danes je na voljo
veliko Stevilo programskih paketov za odkrivanje
znanja iz podatkov. Eden tak$nih je tudi program
Weka. Z njegovo pomoc¢jo sem poizkuSal
ugotoviti vpliv posameznih atributov (vremenske
razmere, stanje prometa, stanje vozisca, ipd.) na
posledice prometne nesreée in priti do zanimivih
pravil.

2 Odkrivanje znanja v podatkih

Se ne dolgo nazaj so se racunalniki uporabljali
predvsem za avtomatizacijo opravil ter zbiranje,
obdelavo in hranjenje podatkov. Danes pa se je
obseg njihove wuporabe razsiril tudi na
procesiranje znanja. Ce zdruZzimo &lovesko
inteligenco in racunalnisko hitrost dobimo novo
kvaliteto. To je tudi osnovna zamisel inteligentnih
sistemov (Gams, 2004). Informacijska tehnologija
nam tako danes s Stevilnimi moZnostmi
pridobivanja, obdelave in hranjenja podatkov
omogoca, da iz podatkov odkrijemo doslej
nepoznane vzorce in zakonitosti. To novo znanje
lahko uporabimo npr. za izboljSanje poslovanja in
odlocanja, za  napovedovanje  prihodnjih
dogodkov in podobno (Bohanec, 2006).
Odkrivanje znanja iz podatkov (knowledge
discovery from data) je netrivialen proces
odkrivanja implicitnega, doslej neznanega in
potencialno uporabnega znanja iz podatkov. Faze
tega procesa so: priprava podatkov, podatkovno
rudarjenje ter interpretacija, vrednotenje in
predstavitev dobljenega rezultata.

3 Odkrivanje znanja v podatkih s
programom WEKA

Programski paket Weka (Waikato Environment
for Knowledge Analysis) predstavlja enoten
programski vmesnik razlicnim algoritmom za
strojno ucenje, vsebuje pa tudi obsezno zbirko teh
algoritmov. Nudi Stiri delovna okolja: simple CLI,
explorer, experimenter, knowledge flow (Witten
in Frank, 2005). Za potrebe tega prispevka sem
uporabil le explorer, ki je grafi¢ni uporabniski
vmesnik, v katerem lahko uporabljamo vse glavne
pakete Weke, t.. filters (filtri, predprocesorji),



classifiers (klasifikatorji), clusters (razvrs¢anje v
skupine), associations (povezovalna pravila) in
podobno.

3.1 Priprava podatkov

Prva faza pri iskanju znanja v podatkih je seveda
priprava podatkov. Prvi problem pri pridobivanju
podatkov je njihova razprSenost. Podatki se
ponavadi nahajajo v razli¢nih podatkovnih bazah
razli¢nih vrst, datotekah in drugih zunanjih virih.
Podatke iz vseh teh virov je zato potrebno zbrati
skupaj v neko celoto (Bohanec, 2006). Ker pa se
strukture  podatkov iz  posameznih  virov
razlikujejo, jih je potrebno »spraviti na skupni
imenovalec«. Ponavadi se ta problem reSuje s
podatkovnim skladis¢em in ETL procesom, Ki
skrbi za prec¢iS¢evanje in integracijo podatkov.
Podobno reSuje omenjeni problem tudi Policija.
Podatki o prometnih nesre¢ah se zbirajo v »Zivih«
podatkovnih bazah, ki se nato prepisujejo v
podatkovno skladiSce. Pridobivanje podatkov, ki
sem jih uporabil za pripravo tega prispevka, je
bilo zato mnogo laZje. Podatki so namre¢ Ze
prec¢is¢eni in urejeni in imajo enotno strukturo.
Vendar pa oblika nekaterih podatkov, ki se hrani
v podatkovnem skladis¢u, ni najbolj primerna za
namen tega dela. Poleg tega je atributov mnogo
preved, kot jih dejansko potrebujemo. Zato je bilo
potrebno opraviti tudi selekcijo in transformacijo
podatkov. Pri snovanju tega prispevka sem
uporabil tri nabore podatkov. Na prometne
nesrece sem namre¢ hotel pogledati s treh zornih
kotov. Prvi¢ so bili v ospredju sami udeleZenci
(osebe) oz. atributi, ki so z njimi povezani.
Drugi¢ so me zanimala vozila, ki so bila
udelezena v prometnih nezgodah, predvsem
njihova starost (varnost) in vrsta vozila. Kot
tretjic pa so me zanimali od posameznika
»neodvisni« atributi, kot so vremenske razmere,
razmere na cestiS¢éu, stanje prometa in podobno.
Po opravljeni selekciji in transformaciji sem dobil
tri relacijske sheme:

PROMETNA NESRECA - UDELEZENEC
(spol, starost, staZ, udeleZenec, povzrogitelj, pas,
alkohol, posSkodba)

PROMETNA NESRECA - VOZILO (vrstav,
starost, tipn, poSkodba)

PROMETNA NESRECA - OSTALO (vzrok,
tip, vreme, promet, vrstav, stanjev, naselje, kraj,
poskodba)

3.2 Obdelava podatkov s programom
WEKA in interpretacija rezultatov

Po opravljeni pripravi podatkov sem se lotil
»rudarjenjax na vsakem izmed treh naborov
podatkov posebej. Pri tem sem uporabil Weka
Explorer, ki je eden izmed delovnih okolij Weke.
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3.2.1

Pri prometnih nesrecah je ponavadi ena izmed
vec¢jih teZzav ugotoviti povzrogitelja, zato me je
zanimala klasifikacija udeleZencev na
povzrocitelje in nepovzroditelje. Pri tem sem se
omejil le na tiste prometne nesrece, ki so imele za
posledico telesne poSkodbe ali smrt in so se
zgodile med 1.1.2006 in 31.5.2006. V ta namen
sem uporabil klasifikacijski algoritem J48 z
naslednjimi nastavitvami: ConfidenceFactor =
0.25, MinNumObj = 2, NumFolds = 3.

Prometna nesre¢a — udelezenec

Kot rezultat, z uporabo 10-kratnega prec¢nega
preverjanja, sem dobil drevo, prikazano na sliki 1.

Slika 1: Klasifikacija udeleZzencev prometnih
nesre¢
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Dobljeno drevo ima 32 vozlis¢, od tega 20 listov.
Klasifikacijska to¢nost pri 10-krathem preénem
preverjanju je 72.3222%.

Kot nepovzrocitelji so bili klasificirani vozniki
avtobusov, potniki v vozilih (pricakovano) ter
pesci. Kot povzrocitelji pa vozniki motornih
koles. Pri ostalih udeleZzencih pa je bila
klasifikacija odvisna Se od drugih atributov.
Zanimivo je, da je bil pri voznikih kombiniranih
vozil klju¢en atribut, ki je odlogil ali je voznik
povrzogitelj ali ne, spol voznika. Ce je bil spol
moski, potem je bil voznik klasificiran kot
nepovzrogitelj, sicer pa kot povzrocitelj. Pri
ostalih vrstah udeleZencev je bil odloc¢ujo¢ atribut
alkohol, malo manj pa starost, vozniski staZ in
spol. Ce je bila vrednost alkohola pri udelezencu
nad dovoljeno mejo, je bil udeleZenec klasificiran
kot povzrocitelj. Povsem obratno kot pri voznikih
kombiniranih vozil pa je pri voznikih osebnih
avtomobilov (OA), ki so stari do 25 let. MoSki v
tej skupini so bili klasificirani kot povzrogitelji,
Zenske pa kot nepovzrogiteljice. Zanimivo je tudi,
da so bili vozniki OA starejSi kot 70 let
klasificirani kot povzrocitelji, pri mlajSih pa je bil
odlocujo¢ atribut vozniski staz. Ce je imel
udeleZenec manj kot 5 let vozniski izpit, potem je



bil klasificiran kot povzrogcitelj, v nasprotnem
primeru pa kot nepovzrocitelj.

Rezultat uporabljenega klasifikatorja je Ze
odgovoril na eno izmed vpraSanj iz uvodnega
poglavja tega prispevka in sicer na katero
populacijo udeleZzencev vplivati pri preventivnih
akcijah.

Na podoben nacin sem poizkusal ugotoviti tudi
vpliv uporabe varnostnega pasu na teZzo poskodb,
vendar nisem uspel priti do zadovoljivega
rezultata. Drevesa, ki sem jih dobival s pomogjo
klasifikatorja J48, so imela bodisi le eno vozlis¢e
(vse je Klasificiral v razred lazjih poSkodb), ali pa
se v drevesu atribut varnostnega pasu sploh ni
pojavil. Eden izmed razlogov za neuspeh je
mogoce dejstvo, da je deleZ uporabe varnostnega
pasu (v naboru podatkov, ki sem jih imel) izredno
velik (nad 90%). Podatkov o tem, kak3ne bi bile
posledice pri neuporabi, pa nisem imel.

3.2.2 Prometna nesreéa — vozilo (drugi
nabor podatkov)

Drugi nabor podatkov vsebuje podatke o vozilih,
ki so bila udelezena v prometnih nesrec¢ah od
1.1.2006 do 31.5.2006. Pri tem sem se omegjil le
na naslednje wvrste vozil: motorna kolesa,
kombinirana vozila, osebna vozila, avtobuse in
tovorna vozila. V zadnjih letih postaja varnost
vozila eden najpomembnejSih atributov vozila.
Prav zato sem poizkuSal ugotoviti vpliv varnosti
vozila na posledice prometne nesrecée. Ker pa
Policija ne zbira podatkov o varnosti vozila, sem
se moral zadovoljiti le z atributom starost vozila.
Tako sem poizkuSal ugotoviti vpliv starosti vozila
na posledice. V ta namen sem uporabil
klasifikator J48 z naslednjimi nastavitvami:
ConfidenceFactor = 0.25, MinNumObj = 20,
NumFolds = 3. Pri nizjih vrednostih parametra
MIinNumObj sem dobil obcéutno prevelika
drevesa, pri vecjih vrednostih pa je bilo drevo Ze
»prevec« porezano. Kot rezultat, z uporabo 10-
kratnega prec¢nega preverjanja, sem dobil drevo s
47 vozlis¢i od tega 34 listov. Klasifikacijska
to¢nost pri 10-kratnem precnem preverjanju je
70.0252%. Za graficni prikaz je to drevo
»presiroko«. TeZava je v tem, da v korenu drevesa
nastopa atribut TIPN (tip nesrece), ki ima 10
razli¢nih vrednosti. Zaradi tega sem se za prikaz
omejil le na poddrevo za ¢elna tréenja (glej Slika
2).

Slika 2: Poddrevo za ¢elna tréenja

Pri celnih tréenjih je klasifikator voznika in
potnike na motornih kolesih klasificiral v razred
poskodb, voznika in potnike v avtobusih pa v
razred brez poSkodb. Pri ostalih vrstah vozil je bil
odlo¢ujo¢ atribut starost vozila. Pri osebnih
vozilih je bila mejna vrednost 8 let. Ce je vozilo
mlajSe kot 8 let, potem so udeleZenci Kklasificirani
v razred brez poSkodb, sicer pa v razred poSkodb.
Pri tovornih vozilih mejna vrednost starosti vozila
znada 6 let. Pri kombiniranih vozilih je zgodba
ravno obratna. VVoznik in potniki so klasificirani v
razred telesnih poSkodb, ¢e je vozilo mlajse kot 7
let, in v razred brez poSkodb, ¢e je vozilo starejSe
kot 7 let.

3.2.3 Prometna nesre€a — ostalo (tretji
nabor podatkov)

S ftretjim naborom podatkov, sem poizkusal
ugotoviti vpliv ostalih atributov (vremenske
okolis¢ine, stanje in vrsta vozis¢a, lokacija
nesre¢e in podobno) na klasifikacijo prometne
nesrece. Zajete so bile vse prometne nesrece, ki so
imele za posledice telesne poskodbe ali smrt in so
se zgodile med 1.1.2006 in 31.5.2006. Tako kot v
prejsnjih primerih sem uporabil klasifikator J48. S
privzetimi nastavitvami je klasifikator vrnil drevo
z le enim vozlis¢em. Vse nesrece je namre¢
klasificiral v razred lazjih telesnih poSkodb. S
spreminjanjem nastavitev (predvsem parametra
confidenceFactor, ki sem ga nastavil na 0.5) sem
dobil uporabnejse drevo (Slika 3).

Slika 3: Klasifikacija prometnih nesre¢ glede
na ostale atribute (vreme, ...)
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Drevo, ki sem ga dobil ima 42 vozlis¢, od tega 35
listov. Njegova Klasifikacijska to¢nost pri 10-
kratnem precnem preverjanju znaSa 89.4779%. V
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korenu drevesa nastopa atribut »vzrok prometne
nesrece« in ker je drevo precej veliko, sem se za
interpretacijo omejil le na tri vzroke in sicer:
nepravilnost peScev, odvzem prednosti in
nepravilnosti na cestiséu.

Ce je bil vzrok prometne nesrece nepravilnost
pesSca, potem so bile nesrece, ki so se zgodile v
sneznih razmerah, Klasificirane v razred hudih
telesnih poSkodb. Pri jasnem vremenu je bila
klasifikacija odvisna od lokacije, kjer se je
zgodila nesre¢a. Ce se je zgodila na cesti v
naselju, je imela za posledico hudo telesno
poSkodbo, izven naselja pa smrt. PovoZenja
pescev, ki so se zgodila na prehodih za pesce, so
imela za posledico le laZje telesne po3kodbe.

Pri odvzemih prednosti, so bile nesrece, ki so se
zgodile na Zeleznidkih prehodih, klasificirane kot
nesrece s smrtnim izidom, kar je bilo tudi
pricakovano. Ce se je odvzem prednosti zgodil na
prehodu za peSce (voznik ni upoSteval prednosti
peSca), potem je na klasifikacijo vplivala vrsta
voziSéa o0z. podlage na vozis¢éu. Pri gladki
(spolzki) asfaltni podlagi so imele nesrece za
posledico smrt, sicer (hrapav asfalt) pa hude
telesne poSkodbe.

Eden izmed vzrokov prometnih nesre¢ so tudi
nepravilnosti na cestiS¢u. Sem Stejemo razne
poSkodbe na vozis¢u, poSkodovano ali nedelujoco
signalizacijo, napacne oznacbe in podobno.
Zanimivo je, da je Klasifikator uvrstil prometne
nesrece, katerih vzrok so bile nepravilnosti na
cestiS¢u, in ki so se zgodile v suhem vremenu, v
razred hudih telesnih poSkodb, pri ostalih
vremenskih okolis¢inah pa v razred laZjih telesnih
poSkodb. Nepravilnosti na cesti¢u imajo ocitno v
suhem vremenu teZje posledice kot npr. v deZju
ali snezenju.

4 ZAKLJUCEK

Policija pri svojem vsakodnevnem delu zbira
velike koli¢ine podatkov. V preteklosti in v
nekaterih primerih Se danes ti podatki sluzijo le
kot evidenca dogodkov, da se ve kaj, kje in kdaj
se je kaj zgodilo. Dejstvo je, da imajo podatki, Ki
se zbirajo le za takSen namen, majhno vrednost.
Pocasi so se na podlagi teh podatkov zacele
izvajati razne statisticne obdelave, katerih
rezultate se je uporabljalo predvsem za primerjave
uspesnosti dela na posameznih podrogjih, redkeje
pa za izboljSanje svojega poslanstva. S sodobnimi
metodami in orodji za odkrivanje znanja iz
podatkov pa lahko Policija to novo pridobljeno
znanje ucinkovitejSe uporabi tudi za izboljSanje
svojega dela, predvsem preventivnega. Na

primeru prometnih nesre¢ sem poizkuSal
ponazoriti, kako si lahko s sodobnimi
programskimi orodji in dovolj zmogljivo
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racunalnisko podporo pomagamo najti odgovore
na Stevilna vpraSanja, ki se pojavljajo pri
snovanju preventivnih dejavnosti. Problem, Ki
sem ga opazil tekom pisanja tega prispevka, je, da
tak nacin iskanja koristnega znanja zahteva
nekoliko drugacen pristop k delu, predvsem pa
nova znanja. Bolj kot sama programska orodja je
pomembno spoznati in razumeti metode ter
podatke, ki so nam na voljo. Problem je tudi v
kompleksnosti. Ze v tako trivialnem primeru, kot
SO prometne nesrece, nastopa veliko Stevilo
atributov. Ce bi pri iskanju znanja iz teh podatkov
uporabili vse hkrati, bi dobili povsem nepregledne
in zelo kompleksne rezultate. lzbor ustreznih
atributov pa je vse prej kot lahek. Odkrivanje
novega znanja iz podatkov v redno delo Policije z
namenom izboljSanja njenega poslanstva ni
mogodce uvesti »3ez noc«. Najvecja tezava v vsej
zgodbi je interpretacija rezultatov, saj ravno pri
tem lahko zelo hitro zaidemo, Se posebej, ¢e ne
poznamo dobro podatkov in orodij, s katerimi
delamo. Ker pa lahko napacha interpretacija
rezultatov privede do napacnih odlogitev, je
potrebno imeti sposoben, motiviran in ustrezno
izobrazen kader.
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Analyzing the aspects that concern the business market, we realized the obvious necessity of organizing an
informational fluids system for the firm, which the manager could direct towards the leader position of his
own organization on the competitional market. Starting from the premise that the enterprise is a dynamic
system that evolves in a continuous changing market, we consider that the role of the financial area should
be stressed and the way in which this one can be assisted information ally.

1. Introduction

Nowadays the economical agents face more and
more competitional economical markets, in which, to
survive, they need to reduce the costs, permanently, and
adopt the most intelligent business strategies. These
realities trigger the economical agents to exploit the best
management methods and we refer here, both to the
traditional methods and the modern ones between which
the information management takes shape more and
more[5].
The  consolidation of the informational
infrastructure from the financial management helps in
defining the strategical purpose revealing keys and
levers to improve the activities done by the economic
agents. The perspectives offered by the existence of the
informational infrastructure offer multiple possibilities
for:
= The efficiency growth of certain activities/processes in
terms of productivity, be it punctual for key
employment jobs or at a macro level through projects
or integrated solutions, vast modelling of processes;

= The growth of the products quality, increasing
competition and processes flexibility (shortening the
time for market access and production reconversion);

= The growth of the deposits of data (digital archives),
we refer here to the information reusing, also of
knowledge and of experience acquired.

2. Related Work

The complex business environment requires financial
management processes with the ability to adapt to
changes and to collaborate in activities. Based on
business rules concerning process routing, operational
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constraint, exception handling and business strategy are
used by such computer systems to perform appropriate
actions. The mechanism of this approach is investigated,
and a case application is developed by [10] to
demonstrate the validity and benefits of this approach.

The challenge of the changing business environment
requires managing complex in  non-procedure
paradigms. Non-procedure paradigms do not depend on
systems giving exact details to solve problems, but let
systems determine how to accomplish tasks [4].

3. Arguments for the developing of the
computer information systems from the
financial management area

The objective of computer system is to enhance the
economic agent financial management activity and to
forecast new trends. Thus, the system provides the
manager with a clear perspective on his/her company
while also paving the way to further objectives [9].
Under the circumstances, the user-manager establishes a
set of objectives according to which the data base
structure is build up alongside with transactions and
queries about:
v'the efficient and rapid providing with the information
necessary for the global system: indices, reports,
diagrams;

v'providing a basis for the financial management
decisions;

v/ forecasting the essential variables of the turnover;

v'evaluating the company position in comparison with
its competitors;

v'focus on the strategic financial indices and permanent
evaluation of economic efficiency.
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3. The System Development

In developing a computer information system for
the financial management the tracking of a methodology
[1], [2] is imposed, able to catch in detail the important
aspects of the financial management. At the end of this,
the informational system becomes an useful tool to
satisfy the manager’s requests in taking the best
decisions.

The methodology that we will track here represents
a gradual approach which means in fact the
accomplishment, basically, of the following stages:

The global modelling takes place on a whole level
and it applies to the financial management area, and it
has as purpose clarifying the structure, the efficiency and
the interconnections among the elements which define
this kind of activity.

To systematize this stage is focussed to find
solutions to the informational requests of the user,
reason for which this is the stage in which there will be
studied:

- definitions of the area and of the financial management
activities meaning: the analysis of the informational
sources, respectively of the synthesis documents and of

1. ATTRIBUTES BASE

= Analysis of inputs/outputs
= Analysis of attributes types
- semantically
- type, length
- encoding
- calculation
= determination of computation
algorithms and primary operators
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the intermediary ones, of the way in which these will be

used;

- the specification of work procedures and means to
accomplish the financial management;

- the links and the informational circuits connected to
functions and attributes of financial management;

- solutions that will be used for description, data and
processing, all in an informational approach;

- the users’ requests realized in and functional
managerial objectives of the model.

Data Modelling constitutes the stages in which the
operations are identified and need to be done on data
from the moment of their release, to generate significant
and relevant information. These operations take place on
a conceptual, logical, physical level and allow catching
data through their structure under the shape of attributes
and of internal relations.

The main purpose of the data modelling is to
describe the structure of the data base, re-defining and
updating transactions associated, ensuring the data
collecting by the user-manager. We’d rather have all
these elements synthesized through the sequence shown
in Figure 1 and not insist theoretically upon them [see 7
for theoretical approaches].

2.

Matrix of Functional Dependencies

Identification of the functional
dependencies among attributes

elementary
attributes

Determining types of entities

3 | Conceptual model of dates

relation diagram)

Types of entities

|

Representation of conceptual dates model (entity

- Types of entities, of relations, of attributes
- Primary and/or secondary keys

- Minimum and maximum cardinality

= Description of conceptual dates model

- Entities types description
- Relations types description

Figurel — Data modelling for the computer system

Processing modelling will take place in the
outmost detail and thoroughly, beginning gradually from
conceptual level where there will be identification of
event, the specific tasks for the inquired area,
establishing an event-results table in order to facilitate
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the specification of synchronization among these
depending on management already existing rules: at a
logical level when there will be identified: place,
moment and the persons involved and at a physical level



when the operation will respect the structure or the
syntax of a certain programming language (Visual C++).
The processing parts represent the dynamic side of
the computer information system. They describe the
actions exercised upon data to obtain the required
information. The processing parts represent in fact the
materialization in actions of the management rules
specific for the financial management.
The modelling of the system processing has as its
purpose to clarify aspects referring to: identification of
the activities that took place and releasing events of
these => the conceptual model of processing;

Characteristic

Activity

complex processes

-confirmation of the possibility of system use;

identification of place, moment or of the persons
involved => the logical model of processing; the way to
processing operations => physical model of processing.
The conceptual model of processing has the purpose
to answer the question what processing is done in the
activity of the financial management. To answer to this
question we will have to identify the complex process,
their contraction in elementary processes, in/out events,
synchronization and management rules, used the
financial management, for an economical agent. All
these, we’d rather have them presented in Table 1.
Table 1

Elementary Processes

3 é Openlsr;gstigi DS -specification of password and username;

g = -giving the access level.

S o Processing -introduction of data in the required working files of the Checking Balance;

0 8‘ information from | -processing the clearance scales: debtor/creditor to make the Balance of Accounts;
accounts -processing the net hauling time to accomplish the Profit and Loss Account.

The structural
analysis of the
patrimonies

Sheet;

-data taking over from the Balance of Accounts and obtaining the Financial Balance-

-elements processing from the Financial Balance-Sheet for 2 consecutive years and
obtaining the cumulative Financial Balance.

Activity
Analysis

Analysis of the
results formation

- obtaining a set of indicators to quantify the activity;
- checking the levels obtained;
- interpretation of results economically and financially.

Profitableness

diagnosis - results interpretation.

- obtaining the profitableness indicators;

Financial
Diagnosis

Risk diagnosis

-determination of the position indicators 1% and comparison with the known criteria to
determine the relative value of the exploitation and financial risk;

-determination of a set of indicators;

-models of evaluating the bankruptcy risk.

Elaboration of the
financial
anticipation
documents

estimated availability;

Financial
Anticipation

-estimations for the indicator level the turnover taking into account the level of the

-identification of position from Financial Balance, the Profit and Loss Account which
modifies together with the estimated Turnover;

-determination of the necessary of the external financing;

-specification of the financing ways.

4. Study Case. Data processing and analysis
to support an efficient financial
management

The computer system analyses in point of quality
and quantity the financial-account data to develop an
efficient financial management for the economic agent.

The system allows the collection and data stocking,
presentation of transformations and of processing and
analysis procedures and it creates tables and graphics for
results. The data are introduced using video-formats of
entrance projected in such a way as to show the
informational content of the entrance documents used
there, and the results are seen separately in exit windows
which can be manipulated simultaneously, maximized,
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restaured, minimized. The entrance data and the result
can be saved independently for the next work session.
The computer system has the role to support each
operation and activity from the financial department, to
establish the procedures and rules that must be applied in
each situation. Such an informational system for the
financial management allows the automatisation of the
activities of the type:
= Financial Analysis — activating the button from the
main window of the programs, the user has the
possibility to generate automatically, the synthesis
documents the Financial Balance and the Profit and
Loss Account. The box of data and processing
distribution which accompanies permanently the



system allows the activation of the year for which the

financial situations are done.

= The financial Diagnosis Module - is used by the
manager to answer rapidly and correctly, at any given
time, to the questions about the financial state of the
company. In order to provide as much information as
possible on efficiency, balances and risks in the
Financial Diagnosis window, a list of tabs have been
used; they open frames which contain commands
buttons. On activating such tools, using the attached
code, we can generate the required operations:

- the Efficiency tab, which determines the efficiency
rates, uses as data base the Balance sheet and the
Profit and Loss Account.

- the Balance tab, provides 3 methods of calculating
the balance. By activating one of the 3 commands,
we can determine the indices of the chosen method
and indicate the balance type.

- the Risk tab, allows for the assessment of
bankruptcy and solvency via the 3 recommended
methods (Altman, Conan-Holder and The national
Bank of France) [5]. By ticking one option in the
frame, we have a value for the Z function which
will be compared to the indices of every method.

= The Financial Forecasting Module — allows for the
financial data analysis in the synthesis and analysis
documents of several financial exercises. The module
implements the 2 methods of forecasting: “percentage
of sales” and ,,the simple linear regression” [see 8]

The main window of computer system what
constitute the subject of this paper, realized by author to
sustain the financial management activity includes:

- the application modules (3), which designate the
activities pertaining to financial management:
financial analysis, diagnosis and financial forecasting;

- the application menus: Windows menus have been
preserved: File, Edit, View, Help alongside with new
menus: Data input, Financial Reports;

- ,data processing and distribution” dialogues box
accompanies the main window and allows for gradual
activation of the financial exercises, using the
corresponding data base.

5. Conclusions

Each stage has involved serious research and
analysis of the recurrent problems and characteristics of
financial management

The conclusion to be drawn is that financial
management is a complex process, having as a starting
point the analysis documents: The balance sheet, The
profit and loss account. The information gathered from
these documents allows for the drawing up of some
other analysis documents, reports and final documents,
essential to the diagnosis and evaluation of the financial
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state and can make to financial forecasts as they trace
future lines of actions.

The modeling of the financial management activity
made possible not only the setting of the general and
particular objectives for computer system but also the
directions to be followed in the channeling of the efforts
of data gathering and processing.

The model is likely to be successful and therefore
needs refinement by providing a solution for data
processing and distribution as the most companies have
another division which are geographical desperately but
they function similarly.

Because, the computer system has an conceptual,

logical and physical support a relation database, we have
analyzed the additional factors influencing such a
database. More precisely, we have examined the data
distribution strategies, their global and local distribution
and data processing distribution in order to successfully
use this computer system in such a distribute medium.
Finally, I do hope that | have made my fair
contribution in the field of computer system as support
for the financial management decision making process.
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In the near future, the intelligent agent’s type programs will constitute the preponderant way to exploit
the enormous quantity of information which is on the internet. The intelligent financial agents, subject
to discussion in this paper, are able to follow the evolution of the movable values, to give warnings
regarding their evolution and to formulate recommendations concerning the purchasing and the
selling of certain financial products. The new generations of financial agents have to be able to
negotiate certain transactions for the managers in the given commission. Some broker-type societies
have already applied some computerized transactions with the help of the intelligent agents.

1. Introduction

For the potential or operational managers, the
intelligent agents represent or will represent an important
economical opportunity. Their use in the area of
transactioning financial products can prove to be a very
profitable business. Taking into consideration their
multiple abilities in progress, we can assert that the
intelligent agents will constitute one of the most attractive
business opportunities. The intelligent agents are strictly
linked to the existence of informational and
communicational technologies, especially the Internet;
outlined as a type of specialised activity, autonomous,
very useful for an important part of business. According
to the specialists’ opinion the intelligent agents represent
a new type of logicians, specialised in [2, 12].

Researching, extracting and treat information
automatically for the user in an informational network or
in a database. An agent is a computational system located
in an execution environment, capable of autonomous
action in that environment in order to achieve the planned
objectives [7].

Unlike the classical interface ways with the
computer, the intelligent agent is autonomous and much
more active, representing a hardware or software system
which has a series of properties, that we also find in [2]:
autonomy, initiative, adaptability, rationality,
communication and co-operation, mobility.

2. Related Research

To assess the possible magnitude of the context
problem in intelligent agents to support decisions, one
research team examined information on Honda from two
different sources, Disclosure and Dataline [6]. Their
analysis showed major definitional differences in the
information on the two sites. Also, their study looks at
non-financial information found on corporate web sites
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that may have important implications for users
understanding of the company’s sales, earnings, stock
price/market value, general financial condition or
expected results.

Landqvist and Pessi notes in [4] how the use of
intelligent  agent-enabled  decision  support in
conjunction with the organizational trends of more
dispersed and decentralized organic organized
enterprises, enables new practice in the field of
Business Intelligence. Their research focuses on
empirical data from two business cases and what
organizational implications it might have. The
behaviors of the applications in the described business
cases shows a trend that is very interesting to further
investigate.

Research within  agent-technologies usually
explore different lab related studies regarding how to
cope with the vast information overflow, using
intelligent agents mainly based on different rules-
based mechanism [5].

Decision support systems are usually focused on
historical data behavior, and analytical approaches.
Many researchers discuss the extension of these mart
models, to include real-time data [1]. With an
extended model on the use of enterprise decision
support environments, future business intelligence will
be combination of more traditional decision support
systems and intelligent agents.

The applications of agents to support
transactioning decision has been studied in a flurry of
research. Agent technology provides an extension and
alternative to process management with flexible,
distributed, and intelligent features [10], [11]. In
existing applications, an agent-based workflow system
usually consists of multiple agents, each responsible
for specific work items. More efforts are needed to
investigate the mechanism how to employ multi-agent
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technology into support decisions, especially focusing on
solving the problem through the essences of agents.

3. Functionalities offered by the
intelligent  financial agents for the
transactioning of financial products.

The dynamics of operations with derived financial
products and the informational explosion from the “stock
exchange rink”, a necessity make from the use of the
intelligent agents.

Despite the limitations imposed by the impossibility
of perfect reproduction by the computer of the human
reasoning, these represent the indispensable tool for the
modern portfolio manager, because the great majority of
the routine decisional activities, the total volume of the
necessary information for the decisional model together
with the searching and finding information techniques are
completely taking over by these.

The functionalities offered by the intelligent financial
agents to the portfolio management are drawn from the
general advantages which undergo from the introduction
of soft systems in decision support referring to:
= Access to the pertinent information and access control;
= Manipulating the information and results presentation;
= Information structuring under model shape: relations

among the variables, systems of relations, decision

shafts;

= Simulations  processes,  generating
(scenarios) and their evaluation;

= Presentation as library of concepts and useful
information in results interpretation;

= Automatic-expertise.

By referring to the informational product which uses
intelligent agents, imitated by the authors to support the
management of operations with financial products, its
functionalities as an interactive support decision system
consists mainly of:
= Gathering and quick processing of a large data volume

but also the possibility to download from the

specialised servers in providing the stock exchange
guotations.

= Using the methods and the economical - mathematical
models in analysing and information interpretation, but
also a series of decisional models already known, such
as:

- the market model has constituted the origination in
the elaboration of the study concerning the modelling
of he exposed decisional situation;

- the algorithm “excess of efficiency” - derives from
the market model and it is the one that assures very
well, with very good results to the necessity of
selection from a batch of transactioned financial
product, those which gathered in a strategically
portfolio should bring profit to the investor;

- regression functions - allow the prediction of the
course’s evolution, indicating values that can get in
the future, depending on the specified trend.

alternatives
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= Mobile media - adjust the chronology series if the
data batch is large enough, it is practised
successfully, it the chosen gap is at least 200 days.

= The oscillating stock exchange markers - they
successfully assist the user in the foundation of the
transactioning decision, because they are capable to
notice the intensity of the evolutions, on any trend
(bi it ascending or descending).

= Realising some multiple correlations between the
elements and the phenomena specific for the
analysed decisional situations, correlations that offer
the possibility of some analyses and interpretations
complex substantiated, presented very suggestively
for the decision taker.

= Description and basic information analysis with
statistical instruments (data analysis, anticipations).

= Obtaining reports and centralising situations, for
their use and interpretation we use information
synthesising under graphics.

In order to implement these functionalities, the
authors have initiated a first step in defining these
agents of that type to get a real instruments in
decisions, support, with numerous options of data
processing, of information analysis, having the
capacity of adaptation individually or
organisationally.

To add more, the system will rum on a large
variety of equipment’s, not necessarily sophisticated
and pretentious, being able to manage large data
volumes, all by itself and economically also, in a
computer network. Built for technology with verified
performances, the system’s database is relationally -
distributed and conceived in such a way as to decrease
the maintenance costs and exploitation costs of the
computation system, to manage all data types, to offer
access to information to all types of users.

4. Study case

The main advantage of the intelligent agents is, as
the same in the case of expert system the inferences
engine. Using the database, this one built in inferences
dynamically choosing the rules that are to be released
and establishing the order of enchaining linkage. No
matter the inference used the basic cycle of an
inference engine comprising 4 stages: the selection,
the filter, conflicts solving and the execution itself
(releasing the chosen rules).
The authors during a large process of
accomplishing intelligent agents, which could be used
to assist the portfolio manager in the transactioning
activity of the financial products, have defined the
algorithms for each stage of the basic cycle. Here
follows:
= Determining in relative sizes a batch of parameters
(profitableness,  volatility, risk)  for  each
transactioned financial product, on the basis of
which its performances are being established (see
Table 1, column R;, Bi, o)

= Selection of these financial products which fulfil the
conditions special for the algorithm: “excess of



efficiency”, see [8]. The proportion measures the
additional efficiency of an active on the non-manifold 1 the most advantageous situation is presented
risk unit (the risk that cannot be eliminated). The value identified by the system with the help of the
Ri— Re intelligent agents. It can be seen clearly that the
_ constitutes the selection done along the releasing of the algorithm
: and the (X;) proportion in which the selected
critical point C;, depending on it the actives’ products participate at the profitableness, volatility
performances are being ordered. The C; ‘s superior and portfolio’s risk o;a diagram is inserted.

values indicate the portfolio structure. In the Figure

obtained for the proportion

Figure 1: Manager assistance in defining the portfolio’ structure

¢ Anticipation of the trend on which quotations will e The support of transactioning decisions uses two

be marked, on the basis of stocked information in
the database. The identification of the quotations’
trend is done by the regressions model implemented
to analyse which of the regression types
approximate the courses’ evolution best. In this
way, one can determine an error margin computed
as a difference between the chart’s area marked by
the stock exchange quotations and of that which
identifies the trend depending on regressions, the
lowest error obtained mean that this approximates
the better the quotations evolution (see Figure 2).
Relying on these data, extrapolations will be done,
which should provide information concerning the
quotation level for a future data or viceversa, an
what date a certain level is attained a chart is
inserted.

Figure 2: The quotation trend

financial instruments; the mobile media and the
stock exchange oscillator factors which will guide
the manager to:

- establishing  the number of the transactioned
products;

- identification of the moment of in/out in the market;

- emission of signals of purchasing/selling signalled
by Relative Strength Index;

- determination of relative positions of prices of
closing in the maximums and minimum’s registered
for a specified number of days (Stochastic) .

The intelligent agents will test the current values
of quotations, minimum and/or maximum values and
they will compare with the values computed for each
financial instrument, giving suggestions of the type:

Suggestions:
= The market trend is descendent - We
recommend: opening the selling positions

= Signals of alertation of the market trend are
foreseen — We recommend: reconsideration
of the opened positions, using the other
indicators to validate or invalidate.

5. Conclusions

Obviously, the intelligent agents are placed in the
early stages of the evolution. In the future, they will be
able to make activities with much more complex and



notable decisional character. Concomitant, the
intelligent agents can be used to develop the already
existing business, increasing their functional and
financial performances.

To conclude, we can assert that the intelligent
agents represent a smart solution for the increasing
necessities of a large number of users, functional,
flexible, relatively, independent and adaptable to
different platforms and communicational systems.
Through the automatization of the work task which
presuppose a high degree of time consumption are
presuppose repetitive actions done by the user of a
computer, the intelligent agents free the users from
their  tasks, allowing, in  exchange, task
accomplishments, much more valuable for these. The
agents are those who do the boring and exhausting
tasks, faster, cheaper and more efficiently than the
human part.

The intelligent financial agents improve the man-
computer interaction through the hiding of the
complexity of difficult tasks, accomplishing
elaborating tasks, transaction administration from the
user’s side, training and learning, monitoring events
and diverse procedures.

The competence variety that can be given to the
intelligent agents is practically unlimited and includes
e-mail filters, database search, shopping in virtual
shops.
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ABSTRACT

As knowledge management has become an emerging
paradigm its application in various domains is being
researched. Ontologies as a means of knowledge
representation are gaining their importance, even though its
practical use is still somewhat limited. One of the more
important goals of knowledge management is to improve
decision processes. In this paper we propose an alternative
approach for decision modeling and support, in which we
use OWL ontologies and ontology reasoners. One of the
most important aspects of this approach is that it can be
used not only to directly support a human actor in a
decision process, but that it can also be used by application
systems, which we find especially appropriate for agents in
a multi-agent system. Our research has been focused
mainly on multi-attribute decision making, but we have
also proposed solutions for other types of decision making
models, such as group decisions.

1 INTRODUCTION

There is a growing recognition in the business community
about the importance of knowledge as a critical resource for
organisations. The purpose of knowledge management is to
help organisations create, share and use knowledge more
effectively, because that causes fewer errors, better
decisions, less reinventing of wheels etc. Ontologies were
developed to facilitate knowledge sharing and re-use. The
reason ontologies are becoming popular is largely due to
what they promise: “a shared and common understanding
of domain that can be communicated between people and
application systems” [Lavbi¢, 2006].

The purpose of this article is to present use of standard
ontologies in decision modeling and support. We define
required steps of a decision making process based on the
principle of multi-attribute decision making and we
research other possible implementations of our proposed
model for different types of decision making, such as
decisions with a component of uncertainty and group
decisions. One of the advantages of using standardized
ontology languages to build a decision model is that we
could come to a solution of a decision problem with any
reasoner. With a defined decision model we could make a
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better use of our existing knowledge and derive new
needed facts. This would contribute to a wider
applicability of ontologies and expand its practicality.
Moreover, as ontologies can be used by application
systems this could also mean a step forward in certain
other fields of research, where ontologies are used. An
example are multiagent systems. Since agents’ behavior is
decision based the proposed decision model represents an
efficient mechanism for implementation of their
reasoning.

The remainder of this paper is organised in the following
sections. In section 2 we present ontologies and their roles
in knowledge management. In section 3 we discuss our
proposed decision model and finally, in section 4, we
provide a summary and conclusions.

2 ONTOLOGIES

Ontologies are increasingly gaining their importance in
interoperable systems. They are used to capture knowledge
about some domain of interest, describe concepts of the
domain and relationships that hold between those
concepts. [Gruber, 1995] defines the ontology as an
explicit specification of a conceptualisation of the real-
world entities of an application domain. They are very
useful whenever two or more actors have to work together.
There are several languages available for ontology
representation. The most recent development in standard
ontology languages is OWL (Ontology Web Language),
developed by the World Wide Web Consortium [W3C,
2004]. One of the advantages of its logical model is that it
allows use of a reasoner which can check consistency of a
model, classify taxonomy and compute inferred types. We
chose OWL for our decision model implementation due to
the high level of semantic expressiveness and wide
acceptance of the language.

OWL ontology consists of Individuals, Properties and
Classes. Individuals (also known as instances) represent
objects in the domain that we are interested in. Properties
are binary relations on individuals — i.e. properties link two
individuals together. OWL classes are interpreted as sets
that contain individuals. They are described using formal
descriptions that state precisely the requirements for
membership of the class.



3 ONTOLOGY-BASED DECISION MAKING AND
SUPPORT

In this section we discuss our proposed decision model. We
first give a brief overview of multi-attribute decision
making as our ontology decision model is based on it. Then
we describe main characteristics of our approach and the
phases of the decision making process. At the end of the
chapter we discuss its applicability in multiagent systems
and propose guidelines for implementation of the model for
other types of decision making.

3.1 Multi-attribute decision-making
In complex decision-making processes the goal is to choose
the best option from a set of possible options and to rank
them from the best to the worst one. To achieve this
evaluation models are used. Evaluation models are a
technique which helps to estimate the worthiness (utility) of
each option for the decision maker [Bohanec, 1999].
The main concepts of multi-attribute decision-making are
options, attributes and evaluations. If A = {a;, a,...an} is the
set of options and X = {x;, X,...Xu} the set of attributes, the
utility function x; translates an option a;to a certain value: X;:
A - D;, where D; is the range of i-th’s attribute, i € {1,
2..M} and je{1,2...N}. This value represents the evaluation
of the option by the i-th attribute. The final decision is the
rational decision, i.e. the choice for the option a from A,
which is the most preferred. This is defined with the utility
function v(a) and the preference relation P:
v(a) = v(x1(a), x:(a).. xy(a)), a €A,
a P b . a is preferred over b,
aPbov@)>v(b).
Models are not necessarily quantitative. Qualitative models
use qualitative variables which are presented by words
rather than numbers. In the proposed model we use
qualitative values.
Typically steps in the decision making process are as
follows: 1. Problem identification, 2. Attributes
identification — 2.1 Attributes definition (usually this means
creating a list of all the attributes), 2.2 Defining a decision
tree, 2.3 Defining the range of the attributes in the decision
tree, 3. Decision rules definition, 4. Options description, 5.
Option evaluation and analysis.

3.2 Concepts and decision-making process

It may not be obvious how the concepts of an OWL
ontology can correspond to the concepts of multi-attribute
decision making. Actually, these two groups of concepts do
not have a direct translation. For example, we can use one
ontology for more than one decision model, in which case a
certain element of the ontology can present an attribute in
one model and an option in the other. Because of the fact
that ontologies are not explicitly meant to serve only for
decision making, our goal is to clearly define a model in
which elements comprising the decision model in an
ontology unambiguously correspond to the concepts of
multi-attribute decision making.
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In OWL ontology options correspond to instances of a
class. Therefore this class represents the set of options.
Attribute candidates are all the classes and properties,
which have any direct or indirect relationship with the
options’ class.

In the remainder of this section we describe required steps
of the ontology-based decision making process and how the
concepts in each step correspond to the concepts of
classical multi-attribute decision making process. For better
understanding we show how to build a model on an
example which comes from the domain of tourist agencies.
The example ontology (Figure 1) is very simplified as it
serves only for explanation of the concepts. For a
comparison with the classical multi-attribute decision
making a corresponding decision tree is given (Figure 2).
For construction of our ontology we used Protégé
[Stanford, 2004], since it is currently one of the most
powerful and widespread tools for this purpose. For
inference support we used Racer [RACER, 2004], which is
a semantic web inference engine for developing ontologies
and query answering.

Step 1 - Problem identification:

Description: Identification of the class which represents the
set of options.

Example: In the case of tourist agency ontology we would
like to find the most appropriate holiday. The class which
represents the set of options is Holiday.

Step 2 - Attributes identification:

Description: Identification of classes and properties which
influence in our decision and identification of their
relationships to the option class.

Classes and properties chosen as attributes correspond to
the list of attributes, before they are structured in a decision
tree. In the decision tree these attributes can be found in the
leaves of the tree.

Example: An example of an attribute in the decision tree is
Type of holiday. In the ontology this corresponds to all
subclasses of Holiday which comprise types of holidays
(City, Skiing, Holidays_at_seaside).

Step 3 - Attributes structuring and attribute values
identification:

Description: Grouping of the related attributes and their
structuring in subclasses.

For each derived attribute from the decision tree (all the
attributes in the tree which are not leaves) we identify the
corresponding class in the ontology. If the attribute is a
property the corresponding class is its domain. We create a
group of subclasses for each of them — we create as many
subclasses as there are possible different values of an
attribute. For the attribute class a covering axiom has to be
added for all attribute groups of subclasses. In addition for
every subclass its disjoint subclasses have to be defined —
these are all the subclasses which represent other values of
the attribute.



Figure 1: Example ontology — turist agency.

-3 Holiday
4 Type of haliday
4 Prices
4 Region
-3 Place Appropriateness
4 Attractions
-3 Safety
4 Crime
4] Diseases
—-E Hotel
4 Mumber of start
4] Distance to attraction
4 General satisfaction

Figure 2: Example decision tree — tourist agency

Formally, if N3, N,...N, are attribute subclasses and M is the
attribute class, then:
N;,UN,uU...uUN,=M, and
V' N;i, Nj: N; N Nj =; I,j € {1,2...]’]}, i ij.

In multi-attribute decision making structuring of attributes
corresponds to creation of the decision tree. The difference
in the name of the phase comes from the fact that that there
is no explicit decision tree in the ontology.

Example: In the decision tree there are four derived
attributes:  Safety, Hotel, Place Appropriateness and
Holiday. If we focus on safety we have to choose the class
that safety is in fact describing. That is safety of a Place.
Afterwards we identify possible values and create the
corresponding subclasses of the class Place, for example:
Safe_place, Average_safety place and Not_safe_place. The
covering axiom which has to be added to the class Place
would in this case be: Safe_place u Average safety place
w Not_safe_place. Then all the three subclasses have to be
specified as disjoint.

Step 4 - Decision rules definition;
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Description: In OWL ontology decision rules are
represented by necessary and sufficient conditions of a
class. If an individual satisfies these conditions then it
must be a member of the class. They have to be added to
all the attribute subclasses created in the previous step.

Use of complementOf expression is recommended,
because it helps to decrease the number of rules and
possible errors. Often we come in a situation when we
know what we prefer and what is still acceptable, while all
the other options are not appropriate. In cases like these
complementOf can be very useful.

Example: Example is given for the safety attribute
subclasses: Safe_place: Placendesease_risk  "low"
ncrime_level "low", Not_safe place: Place

N (desease_risk  "high"ucrime_level "high"),
Average_safety place: Place

N =Not_safe_place n—Safe_place.

Step 5 - Option description:

Description: We assume to work on an existing ontology,
which means that the options are already described.
Example: Options are all the instances of the class Holiday.

Step 6 - Option evaluation:

Description: Option evaluation is done by an ontology
reasoner. Reasoner computse the inferred types based on
the necessary and sufficient conditions and options are
sorted into corresponding subclasses. Subclass which we
created to represents the most appropriate option now
contains instances whish represent the solution to the
decision problem.

Example: Suppose the attribute sublasses of the class
Holiday are Most_appropriate_holiday, Appropriate_
holiday, Not_appropriate_holiday and that all the decision
rules have already been defined. After computing the



inferred type instances belonging to the subclass

Most_appropriate_holiday are the best options.
Step 7 - Option analysis

Description: Option analysis does not differ radically from
option analysis with other tools, like DEXi. There is no
support for charts, but there are other types of graphical
views. The model can be used for a what-if analysis or a
sensitivity analysis.

3.2 Ontology-based decision-making
systems

in  multiagent

Similarities between the agent in a multiagent system and
the human actor in a business organisation in terms of their
characteristics and coordination lead us to a
conceptualisation where intelligent agents in a multiagent
system are used to represent actors in human organizations.
Furthermore agents are commonly modeled using
“mentalistic” notions, such as knowledge, belief, intention,
obligation and goal [Wooldridge, 2002]. Agent’s behavior
should be goal-oriented, which means that agents take
actions for which they believe are the most likely to lead
them to achieving their goals.

On the other hand since multiagent systems are a relatively
young field in computer science research has been mainly
limited to smaller academic groups. Due to the lack of
standardization in the field of multiagent systems there are
also many different ways of presenting and implementing
agents’ cognitive concepts. We believe that with the
standardisation of ontology languages, use of ontologies in
multiagent systems would contribute to the area of
multiagent systems with a more standardised approach to
multiagent system development. As proposed decision
model is based on these standardized ontologies it
represents a promising solution to implementing agents’
decision-based behavior.

3.4 Possible implementations and other types of
decision-making

The proposed model can not be directly used in other types
of decision-making. For example, to implement decision-
making with a component of uncertainty prediction of states
has to be taken in consideration. If S = {sy, S,...Sm} is a set
of states we perform the evaluation of the utility on the pair:
(a, sj). As properties are binary relations this relations can
not be defined explicitly. In order to achieve this we have to
construct an additional class whose individuals will relate all
the three elements of each such relation.

In case quantitative values are required a special mechanism
can be used, such as SWRL rules. In this way decision-
making in a complete uncertainty can be realized, for
example based on the pessimistic, optimistic or Hurwitz’s
criteria. An disadvantage of this approach is that not all the
reasoners support SWRL rules inference.

With an implementation of the proposed model in a
multiagent system we can realize group decision support.
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Each agent represents an actor from an organisation who
participates in decision making. Firstly each agent ranks the
options based on the actors criteria, then if the interests are
conflicting (which is usually the case) they try to come to a
common decision based on the implemented negotiation
strategy.

4 CONCLUSION

We have presented an alternative approach for decision
modeling and support based on the recent development in
the area of ontologies and standardisation of ontology
languages. There are several advantages, such as the fact
that we build our decision model on existing knowledge
which facilitates the decision process as we do no have to
describe attributes and options. Furthermore, OWL
language allows the use of any DIG compliant reasoner and
can be used by application systems, which is especially
appropriate  in  multiagent  systems. The biggest
disadvantage of the proposed method is that a priori
knowledge is required, especially in the description logic.
Another disadvantage is that a model can get quickly
become complex and hard to follow. In this case it s very
important to choose clear names for classes.

Our current work is focused on testing the presented
approach and trying to find possible improvements to
expand its applicability and practicality.
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ABSTRACT

Semantic Web is a project aimed to make web
pages understandable by computers. We could use
these technologies for integration of different
applications and data in corporations for enhancing
productivity. We discovered that using mathematical
Category Theory concepts and constructions can help
a lot with performing these tasks. We give references
to related work and short presentation of our realized
practical solutions and problems encountered. An
abstract mathematical model is only briefly presented.

1 INTRODUCTION

Humans are capable of using the Web to carry out
tasks such as finding the Swedish word for “car," to
reserve a library book, or to search for the cheapest DVD
and buy it. However, a computer cannot accomplish the
same tasks without human direction because web pages
are designed to be read by people, not machines. The
Semantic Web is a project aimed to make web pages
understandable by computers, so that they can search
websites and perform actions in a standardized way. But
this means that one has to make bigger efforts with
construction and maintenance of web site. The issues of
costs against benefit arise here.

Corporations are confronted with cost / benefit
questions on daily basis and in all areas of their activities.
Before spending money for solutions that will make life
easier for some potential virtual buyer (supplier) out there
they have to integrate their own internal information
system. Typically in today’s organizations these
information systems consist of “information islands” —
data and applications not appropriately connected.
Application for correspondence with the buyer (e-mail,
fax...) has no connection to accounting application where
the invoice for the same buyer is processed.

The problem of different applications and data
integration within a corporation has two basic
components: a conceptual one and an engineering one.
With conceptual problem we mean that usually nobody
knows all processes that are going on in an organization
as a whole and their (dynamic) interdependencies. The
engineering problems are due to different technologies
used for different applications and therefore problems
with technical interoperability. These problems are
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accented also with different “closed” proprietary
solutions. We will show in this paper some guidelines for
addressing these complex problems with help from
mathematical Category Theory.

The paper is organized as follows: in chapter 2 we
give a very brief presentation of history and some basic
concepts from Category Theory; in chapter 3. we list
some of existing related work; in chapter 4. we briefly
present our practical solutions; in chapter 5. we present
our on-going work on mathematical model of knowledge;
and finally in chapter 6. we draw conclusions.

2 CATEGORY THEORY

Category theory (CT) arose from attempting to explain
the meaning of the word “natural” in mathematics. The
original paper on the subject by Eilenberg and Mac Lane
was titled: “The general theory of natural equivalences”
and published in 1945. We see that it’s a relatively young
brunch in mathematics itself and even much younger in
terms of its use in other sciences. Only recently CT is
becoming popular in Computer science and in other
sciences beside Mathematics, too [1].

We give here only hints and intuitions for some basic
concepts and constructions of CT, and refer to standard
texts for formal definitions and proofs [1, 7, 9]. There are
suggestions to introduce CT into schools as a new
foundation of mathematics because it provides more
general concepts as set-theoretic approach. On the other
hand there are objections that CT is an *“abstract
nonsense”. Indeed it is the (mathematically coherent)
abstraction and generality of CT that makes it a possible
tool for dealing with complex problems presented in the
introduction. We can always take a specific problem,
make a trip to rich and powerful CT machinery, solve the
problem in an abstract category, and bring the solution
back to the specific level.

We can make a category from any collection of
(abstract mathematical) objects and relations between
them. We call these relations morphisms or simply
arrows. Arrows can be composed in a category. There are
only two requirements for such a collection to make a
category — every object has an identity arrow associated
with it and composition of arrows has to be associative. It
then makes sense to form a category with somehow
similar objects. But it is arrows that are all about CT and


mailto:vili@inka.si

objects can be viewed as merely the placeholders for
arrows.

If we are interested in collections of different objects
we better make different categories for them and relations
between these categories are modeled with functors.
Functors are kind of more complex arrows that connect
object from one category to objects of another category,
and arrows from one category to arrows of another
category. Intuitively a functor brings a picture of source
category into the target category.

There could exist many such pictures in the target
category and we can compare them with natural
transformations. These are again a collection of arrows,
this time in the same (target) category. They are also the
focus of the above cited first paper in the field. It took
then a decade for finding another basic concept — adjoint
functors. This concept makes a connection of arrows in
two categories, functors between the two categories and
natural transformations. It seems that with concept of
adjoint functors can be modeled many complex relations
found in the nature and society [5, 6]. “Adjointness is a
concept of fundamental logical and mathematical
importance that is not captured elsewhere in mathematics
[1].”

Categories can have an initial, final or zero object. An
object A is initial if for each object B in the category there
is precisely one arrow from A to B. An object A is final if
for each object B in the category there is precisely one
arrow from B to A. Zero objects are both initial and final.
Categories are often characterized by these special
objects.

3 RELATED WORK

The Semantic Web is close related to questions about
different ontology. As CT also ontology can be presented
as concepts (objects) with some relations between them
(arrows). But in the wild these relations can vary
depending on the specific situations and we are faced with
great variety of ontology for concepts we humans see as
similar. Some authors [2] show how it is possible to
represent the complex data structures needed to support
electronic commerce applications in the Semantic Web
using ontology. The conventional mereological or
subtype-oriented refinement of the ontology is
supplemented by a method of coordinated refinement
based on CT. The combined methods make ontology a
much more powerful tool for organizing the Semantic
Web.

Semantic Web is about automatic communication of
software agents. (Intelligent autonomous software)
Agents and Multi-Agent Systems are a technology within
Artificial Intelligence science field since around 1990.
There are lots of difficult questions to be resolved for
such communications like interoperability standards and
the mathematical nature of a dialog. Significant effort was
devoted recently to the design and implementation of
languages and protocols for communications and
interaction between software agents. Some authors [8]
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proposed the first steps toward a formal mathematical
theory of agent interaction languages and protocols. They
argue that such a theory needs to account for the
semantics of agent interaction, and propose the first
mathematical theory which does this. Their framework
incorporates CT entities for the utterances made in an
agent dialog and for the commitments incurred by those
utterances, together with maps between these.

Despite its success in practical applications, Al as
science is a failure as claimed by Prof. Winston — after a
half of a century it still didn’t provide a good explanation
of a natural phenomenon, namely the intelligence. Some
authors [3, 4] model processes in human (and higher
animals) brains with CT. They consider the intelligence
conditioned on high performance memory capabilities.
They developed a (Memory evolutive) model for
autonomous evolutionary systems, such as artificial
“living” systems. It is shown [5, 6] that with adjunctions
can be modeled also such complex and subtle
relationships as teacher to student, manager to
subordinate, counselor to client, psychologist to patient,
and helper to doer where the first party tries to influence,
control, or otherwise determine the actions and beliefs of
the second party.

Knowledge management (KM) in  today’s
organizations brings together two worlds: the world of
(human relations) management and the world of
computers [12]. It is very desirable then to have a
common mathematics for both of them to model
(business)  processes and  systems.  Successful
interoperability of systems requires a sound basis for
activity across levels and up to the highest global level.
Some authors [11] claim the interoperability is non-local
and subject to the conditions of naturality found in reality.
The axiomatic models over the last two centuries can
guarantee no reliability at higher levels. CT is free from
these twin problems and can therefore offer a theoretical
basis on which to base standards for interoperability. They
use four levels to give closure for policy, organization,
instantiation, naming, classification and meta and
metameta relationships. Such constructions provide
facilities for relating arrows in general, both descriptive
and manipulative, including the specification of
constraints and a calculus.

4 OUR PRACTICAL SOLUTIONS

In 2002 special software was built within a small
company that supported cooperation between coworkers
on investment projects. The software was built upon some
innovative ideas and with most modern (object oriented,
web based) technology. The usage of that software
enhanced the productivity in a previously unimaginable
manner. It seemed that we found some really important
solution but also very complicated and invisible. We also
tried to develop further the software but the jump in
productivity was never again as big as with the first
solution. So in 2004 we stopped the engineering
development and concentrate to theoretical basis instead.



The aim of the design was to enable the delegation of
tasks from an expert leader to different members of the
working group. The existing and known project software
solutions and other groupware seemed somehow
unnatural. The idea was to implement a workflow
solution but with strict rule that any specific business
content is not the matter for software developers. We
wanted to provide just a communication tool - in our
specific case, between one expert and several “assistants”.
The workflow was designed with three main (and several
partial) steps, the approval of; the goal, the proposal and
the conclusion of the specific task. So the workflow
enabled the communication between expert and assistant,
oriented to the specific task.

The delegation of a new task from the expert to an
assistant started with informal talks. In these talks the
expert recognized the appropriate assistant for a specific
task. The “appropriateness” derived from expert’s
experience with the assistant in previous tasks and from
active interest of the specific assistant. In the next step the
assistant had to write the goal in the system explicitly and
fill in also the estimation for due dates. Two due dates
were provided: 1. for submitting the proposal and 2. for
completion of the task. The proposal had to explain to the
expert how the assistant intends to accomplish the task at
hand. All this procedure (supported with workflow) had a
very important goal: to convert the tacit knowledge of
assistants to the explicit form. It is not easy to write down
in a few words the precise goal of a task if you don’t have
at least a clue what the real situation is.

Several times we wanted to decompose a higher level
goal to some lower level goals. We saw these higher level
tasks as projects and tasks as their constituents. We
developed some prototype software but the gain of every
new solution was far from the effort invested in its
development. There were both - conceptual and
engineering problems. Things became very complicated.
We considered to use the Topic maps paradigm [10] in
order to solve these problems. The idea was (and still is)
appealing because Topic maps is an ISO standard
(interoperability) and there exist solutions in Python/ZOPE
open source technology we used.

5 MATHEMATICAL MODEL OF KNOWLEDGE

From 2004 we seek for appropriate mathematical tools
in order to solve application development problems we
encountered. First we searched in the direction of graphs
but concluded that it is the transitions from one graph to
another that we are interested in. Then it seemed that
mathematical groups could provide for some answers.
Finally at the end 2005 we discovered Category Theory
which integrates both into a single and more general
approach.

Only recently we constructed [13] an abstract
mathematical model based on CT concepts and
constructions and we propose it as a conceptual basis for
practical software solutions. The model is aimed to solve
hard problems in Knowledge management and Robots
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control. It is designed as relations and interplay between
categories of memorized perceptions, generated plans and
actions representations category inside an abstract agent.
These subcategories are characterized by their final, initial
and zero element respectively and relations between them
are modeled by adjoint functors.

AA

M

Fig. 1: An abstract agent with memory

Fig. 1 shows an abstract agent AA with memory M, where
S stands for sensors, A for activators, and E for
environment. The arrow r represents reactive actions of the
agent and the composition of arrows f o m represents
proactive actions.

Fig. 2: Adjunctions in an abstract agent AA
On Fig. 2 it’s shown how these arrows in a longer period
of time build three sub-categories in the category AA —
the Abstract Agent. Sub-category M (memory) has a final



element M, which is also an initial element in the sub-
category F (fantasy) and a zero element in the sub-
category A (actions representation). The bold arrows
between sub-categories represent (adjoint) functors.

Sub-structures in the sub-category M could be viewed
as a mathematical definition of declarative knowledge and
sub-structures of A as definition of know-how or
procedural knowledge. Currently we develop a detailed
algorithm with simple step by step operations in order to
test it for diverse practical purposes.

6 CONCLUSIONS

Semantic Web is a project aimed to make web pages
understandable by computers. Corporations have to
integrate their business processes and Semantic Web
technologies can help with that. We used Category
Theory in order to understand better both human
coordinated activities and computer system integration.
We presented some of the related work from variety of
science fields. We presented also our experiences with
practical knowledge management software solutions.
These experiences opened some hard conceptual
questions which are now explored with powerful tools
from CT. We are currently working on the mathematical
definition for knowledge, based on CT and our previous
work.
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ABSTRACT

With the recent developments of agent technology, agents
are constantly moving to new areas. Since the turn of the
millennia, one of the new areas has been entertainment.
With the constantly growing budgets of both movies and
computer games, it is a fertile area of research. In movies,
the main focus is in multiagent systems modeling crowds,
in games there are similar aspects, but there is also the
added importance of learning and sometimes the ability to
act in a personable manner. This paper presents some of the
ways agents have been used in the entertainment industry.

1 INTRODUCTION

In the prologue of the movie Lord of the Rings: The
Fellowship of the Ring includes a massive battle sequence
involving more than 70,000 combatants [8]. Directing such
a crowd, be they human or digital, is practically an
impossible task. However, if the 70,000 characters can
think for themselves with a limited amount of instruction,
the whole problem is instantly solved. If the characters are
digital, the instructions are easy enough to disperse, but
making them think is still problematic. The answer was
agent technology. Each of the 70,000 combatants was given
its own brain, with deliberation processes, set of possible
actions and sensory input. After that, all they needed was
an enemy and they were set to go.

In the 90’s there was a short-lived meme (cultural virus) of
virtual pets. They were simple gadgets, which would harass
their owners for food and attention. Feeding them and
playing with them required a few presses of a button. This
approach quickly grew into “ant-farm” games, such as The
Sims or Creatures. These were more like simulations than
actual games due to lack of goals.

Soon enough, the ideas were put to use in games such as
Black and White, which employed learning agents called
“Creatures”, which served their masters in a way they were
taught to do. These creatures are highly personable and
their appearance changes based on how the player treats
them.

Concepts such as coordination and negotiations could bring
realism into game genres such as role-playing games and
real-time strategy, if implemented properly.
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2 MOVIE INDUSTRY

Any scene with a crowd used to be real hard to achieve.
They required a lot of logistics as the assistant directors
tried to control the masses of extras. In time, the fees for
the extras grew and movies with massive crowd scenes
became less common. With the advent of digital
technology, this problem was overcome by copying small
groups numerous times. Still, this requires a lot of work,
especially since the repetition should not be visible to the
regular viewer,

A company called Massive Software overcame this
problem by using agents. The agents used by Massive
Software are in some ways fairly simple as they do not
learn. The lifetime of an agent used in a movie is so short
that it doesn’t have the time needed to learn in any case.
They must be able to do two things: work as a part of a
crowd and follow the director’s wishes if the director has a
special need for a certain agent.

Massive began its work with the Lord of the Rings trilogy,
which included a number of complicated battle sequences,
each of which would have been very time consuming with
earlier methods.

Figure 1: Early test of a battle scene for Lord of the Rings.



Working as a part of a crowd has many different aspects as
crowds have different motivations. A stadium full of agents
doesn’t need to interact with each other. They just need to
seem different enough from the persons next to them.
People in the background of a scene in a city are a bit more
complex. They need to be able to move in a natural way
without hitting each other. Each of these types must be able
to do things the viewer would expect from a crowd like
that: cheering, chants, eating hot dogs, talking to a mobile
phone and so forth.

After Lord of the Rings, the Massive Software has been
used for example on King Kong (2005) for panicking
crowds, in Elektra for masses of writhing snakes and traffic
for Fast & Furious: The Tokyo Drift. [5]

3 GAME INDUSTRY

Game industry has somewhat different goals from the
movie industry for their agents. Most of the agents in
games are reflexive agents similar to the ones used in the
movies. There are also agents in some games, which are
programmable by the player to work as a part of their team,
although in a manner which resembles expert systems with
rules such as if A happens, than B.

A newer breed computer games has taken this approach a
step further. Instead of using simple reflexive agents, they
are using deliberating agents, which have an ability to learn
by forming a model of the world based on what they have
learned.

3.1 Simulations

Simulations, popularly categorized as games, but lacking in
actual goals for the player, have been very successful, with
Sims being the best-selling PC game of all time with over
16 million copies sold. [23]

In Sims, the people in the game are left to roam in the world
which is under control of the player. The people can
interact with each other and the things around them. The
things themselves include instructions on how the people
should behave. A television will tell a person interested in it
to sit down to watch it and a ball will tell the person to
throw or kick it around.

In games such as The Creatures, the simulation includes
learning by the simulated organisms known as Norns. The
Norns can not be directly controlled by the player, but they
will interact with different objects found within the game,
which the player can add or remove as he or she wishes.
The player can also punish or reward the Norns which will
guide their actions in the future. Since each Norn is unique,
the player can also breed new specific Norns by guiding
certain adult Norns into reproducing. Norns lay eggs, which
can be traded over the Internet with other players. [3]

3.2 Humanlike characters and sociable agents

A real-time strategy game Close Combat first introduced a
psychological model for the soldiers depicted in the game.
This meant that instead of blindly following the orders of
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the player, the soldiers might look for cover instead of
facing gunfire, attempt something foolish or even panic
and attempt to flee the battleground. This brought a sense
of reality as the player would have to take the morale of
the troops into account, which meant that the usual tactic
of mass full frontal assault implemented by players of
many of other games would not work as well, but the
players would have to use real life tactics instead.
Although the soldiers of Close Combat can hardly be
called agents, the same model can be used with agents to
bring them personality beyond what most games have.
Generally humans are quite easily manipulated with
programmed sociable behavior, such as the behavior of
AIBO, the robot dog. [11]

In order to bring realism into a computer role-playing
game, the characters could have different social behaviors.
Some might lie, some might be more willing to talk, some
might overstate and so-forth. This would require the player
to learn to know the characters before being able to know
which ones to trust.

3.3 Coordinated planning

FIRA  (Federation of International Robot-soccer
Assaciation) holds annual international competitions for
several different leagues of robotic soccer players
(including humanoid, cubic and four-legged robots among
others). Just like human teams, robotic teams need to have
coordination. Since communication during the game is
limited, they have to coordinate their game with a “locker-
room agreement” [25, 26]. This agreement becomes a part
of the robots beliefs and therefore it changes its plans
accordingly.

Similar methods could be used to bring realism into games
such as aforementioned Close Combat. Instead of the
player having the troops work in a coordinated manner,
they could perform military maneuvers themselves. In a
realistic manner, this could be achieved by using preparing
plans for the platoons to use and their leader could perform
the decision-making between the plans.

In [10] planning has been used to create stories. Characters
have BDI-based behaviors, including a plan. The story
emerges from the plans as the characters interact. By
adding a player controlled character within the story, this
could easily be implemented as a game with a clear
socially based goal.

3.4 Adversarial planning

Often in strategy games, the computer player uses very
simple strategies based on search trees. However, if the
computer player has limited perceptions of the playing
field, this is not sufficient as the computer would fare
much better if it could anticipate the intention of its
opponent.

This can be achieved by using adversarial thinking, which
has been used successfully in Go [17]. In adversarial
thinking, the agent gathers percepts of the opponents’



movements and forms a model of the opponents thinking
based on those percepts. If it has enough knowledge, it can
reason about the plans of its opponent or in time it can even
find out the desires or beliefs, if they are not known
beforehand.

3.5 Creatures in Black and White

In Black and White, the player is a god, with some godlike
powers over the world they inhabit. Since the player is not
omniscient, he has a sort of avatar known as the “Creature”
to help. The Creature can learn to perform miracles, use the
environment and other such preprogrammed things.
However, it can also learn to act the way the player wants it
to. For example, the Creature needs energy and therefore it
needs to eat. The player can direct its eating habits by
giving it food. When the Creature is given food it learns
that it is the sort of food the player wants it to eat when it
looks for food independently. Also, when the Creature eats
food, the player can give the Creature feedback by either
slapping it or scratching it. If the player wishes to remain a
good god (as opposed to being evil), he or she should for
example stop the Creature from eating the villagers and
slap it afterwards if it does.
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Figure 2: An ape Creature slapped for eating its own poo.

The player's Creature is not the only Creature around.
Computer controlled gods have their own avatars too and
some Creatures roam the world freely. The Creature learns
about these beings by interacting with them. These
relationships are quite straightforward: either they like each
other or they hate each other. This is largely dependent on
whether they have fought or not.

The Creature also learns about its environment. In knows
where it can find food and if it has been taught to help the
villagers, it can learn to find forests for wood and so forth
or bring food to those who need it.

4. CONCLUSIONS

Agent technology has reached the point in which they can
be used to bring realism and color into movies and games.
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With good design, one agent can easily be reproduced with
slight variation into a group or even an army of realistic
agents. Even though different forms of entertainment have
different needs for their agents, the same ideas of BDI and
communications have implementations across the board.
Agents have been implemented for a multitude of purposes
in both movies and games in the recent years. In both
cases, it is a matter of realism, but also a matter of cost-
efficiency. It is not unusual for a movie budget to reach
100 million dollars or much more, but despite the massive
resources, director’s have to make creative decisions based
on the resources available. Today, more and more often
the decision is to use agents.

With the advances in storytelling through character
planning, movies and games will resemble each other more
and more. Movies can become interactive and certain
genres of games will have more storytelling components,
which will not require much input from the player.

Agent technologies will bring the social aspect of the
games to the fore. Instead of having one-dimensional
characters, the player can truly interact with them and
become part of their society or perhaps their enemy.
Perhaps in the future, not all problems in computer-based
role-playing games are met with violence.
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ABSTRACT

This paper presents the current state of the project Decision
Support for the Waste Electrical and Electronic Equipment
Treatment System in Slovenia. The aim of the project is to
design a decision support system to help decision makers of
the Waste Electrical and Electronic Equipment (WEEE)
treatment system in the development of incineration,
disposal, treatment and recycling integrated programs. In
the paper, we describe the WEEE, taking a broad view of
various types of decisions in the field of WEEE. A detailed
explanation of the decisions in the WEEE Logistics is given
in the main part. We present two decision models,
developed to support decisions in the WEEE Logistics. We
also explain the role and activities involved in the
management of the WEEE Treatment Decision Support
System, which is implemented as a supplement to the
decision support model.

1 INTRODUCTION

Waste management is one of the priority issues concerning
the protection of environment and conservation of natural
resources. As a significant treatment part of the waste
management is the waste of electrical and electronic
equipment (WEEE) [7].

WEEE (also called electronic waste or "e-waste") is waste
consisting of broken or unwanted electrical or electronic
appliances. It is a point of concern considering that many
components of such equipment are toxic. E-waste includes
computers, entertainment electronics, mobile phones and
other items that have been discarded by their users. While
there is no generally accepted definition of e-waste, it in
most cases consists of expensive and more or less durable
products used for data processing, telecommunications or
entertainment in private households and businesses. Despite
its common classification as a waste, WEEE is a
considerable category of secondary resource due to its
significant suitability for direct reuse, refurbishing, and
material recycling of its constituent raw materials.

The Waste Electrical and Electronic Equipment Directive
(WEEE Directive) is the European Community directive on
waste electrical and electronic equipment which, together
with the RoHS Directive [8], became European law, setting
the collection, recycling and recovery targets for all types of
electrical goods.

Slovenia has accepted the WEEE Directive and already
transposed it into the legislation in November 2004. Like
many other European Union member states, Slovenia has
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postponed the responsibility of producers and importers.
The implementation is required until 1st January 2007,
when all the activities should be prepared.

Producers and importers are individually responsible for the
WEEE treatment. Because of the common activities,
optimal processes and therefore expectations for minimal
costs, they have joined in several non-profit collective
schemes. One of them is called ZEOS, which includes the
majority of most representative producers and importers.
Gorenje, a household appliances producer, is a member and
also one of the 8 founders that hold shares in ZEOS. In
ZEOS, there are around 100 companies included. It covers
about 80 percent of the WEEE market, which means
approximately 80% of the WEEE material flow.
Experiences from some other countries indicate there is a
large quantity of material to process and ZEOS’s
expectations are very similar. Those quantities demand
optimal and clearly defined handling of all WEEE
treatment processes.

The aim of the WEEE Treatment Decision Support project
is to create a decision support system [1] in order to help
decision makers of the WEEE treatment system in ZEOS. A
case study, relevant to the WEEE treatment system in
Slovenia, is presented in this paper.

2 WEEE TREATMENT DECISIONS IN GENERAL

There are many decisions involved in the WEEE treatment
system, so they need to be structured first. The main groups
of decisions are related to:

Information technology: Almost every business today
depends on information technology. There are decisions
about software and information infrastructure.

Partners: A proper selection of various partners means long
term cooperation and stable operations. There will be
partners for collection sites, recyclers, logistics partners and
partners for material disposal.

Recycling: A very important decision to be made is whether
to build our own recycling center or not. In the case that we
decide to build our own recycling center, we must also
select its location. Besides, we need to decide about and
select locations for the warehouses and disassembling
plants.

Technology: For almost every task we need to decide
which technology to use and what kind of machines to buy.
Another decision is whether to use machines or people for
some kind of jobs, e.g. disassembling, where both are
possible.
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Materials: Materials are the core of the whole recycling
business. We need to decide how to recycle each type of
materials, when to stop processing it, how to use it or bring
it to the market.

Economy: There are many decisions concerning finances
and economy. They are hidden in the various other buying
or renting decisions. But the most important ones are
decisions about prices to be set for WEEE treatment
services and for recycled materials on the market.

Logistics: Logistics has an important role in the WEEE
treatment business. There are many locations included in
the transport network all over Slovenia and everything will
be transported among them all the time. Section 3 focuses
on decision support in logistics.

Environment: We should constantly assess our
environmental burdening. Besides, there are various
partners’ environmental evaluations and decisions about
their acceptability concerning environmental impact.
Energy: There are decisions about acceptable energy
consumption of the system or each part of it.

Human resources: Human resources management has to
take several decisions. All of them are extremely sensitive,
because they concern people: decisions about new
employment needs, employee selection and decisions about
wages.

Knowledge transfer to the production process: There is a
decision about whether it is necessary or reasonable to
transfer knowledge gained during the WEEE treatment to
production. Better knowledge of the recycling process and
business overall can lead towards constant research and
development of household appliances in the whole life
cycle. Knowledge gained in the recycle business will be
used in the R&D and production of new appliances in
Gorenje.

3 WEEE DECISIONS IN LOGISTICS

The whole WEEE treatment system includes several
different types of locations. At the beginning there are
collection centers, where WEEE materials are collected
from the users and WEEE material producers and
importers. Then we can find warehouses, where WEEE
material is temporarily stored, and disassembling plants,
where it is partially disassembled. And at the end there are
recycling plants or recycling centers, which recycle all of
the WEEE material. Logistics has an important role in this
business because all WEEE material must be transported
between the numerous locations, more than 100 are
expected, which are located all over Slovenia. It means that
each location is like a node in a big network and must be
continuously connected to the others and especially to the
recycling center.

In WEEE logistics, there are three levels of decisions:
strategic, tactical and operational [3].

3.1 STRATEGIC DECISIONS

Decision about recycling center need: At the beginning
there is no recycling center; material is recycled in various
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small recycling plants, which can be found elsewhere. This
means that the majority of recycling part of the WEEE
treatment business will be outsourced. At the moment, we
can only predict the annual material flow. But in the future,
when the quantity of material recycled per year is known,
adequate and certain, the decision about the recycling
center need will take place.

Decisions about the storage capacity and recycling
capacity of the recycling center: When the decision for the
location center has been accepted, a decision about its
capacity would become necessary. In fact, there are two
decisions. First, there is a decision about the storage
capacity, which is about the dimensions of the building that
can be used for storage, internal logistics and recycling
processes. The second one is a decision about the recycling
capacity. Recycling capacity means how much material can
be recycled over a given period of time, e.g., one day. It
must be sufficient to cover recycling needs in the near
future.

Decisions about supported types of recycling: Supported
recycling types means specific types of material or types of
recycling, which can be handled by the recycling center. It
depends on the market; firstly what kind of materials there
are in the majority of the electrical appliances; and
secondly, what kind of materials are needed on the market.
But the most important attribute is the profitability of the
particular material or type of recycling.

Decision about the location of the recycling center: This
decision is very sensitive. It’s true that it depends on
business parameters, like the optimal distance from the
other locations in the WEEE treatment system, proximity of
the recycling materials’ consumers and availability of
appropriate experts in the region. But there is also the very
important social aspect of the problem, which means how
society in the region will accept the recycling center. The
possible motivation for the community to accept the
recycling center is an expected rise of employment and
potential development of the region. The reason against is
the potential environmental risk to the region.

Decisions about the need for disassemble plants and
warehouses: There will be no recycling center at the
beginning and therefore some other facilities might be used
for partial disassembling and warehousing. This decision
will certainly take place very soon. Even when a recycling
center is built, it will still be desired to have some more
warehouses and disassembling plants.

Decisions about the locations of the disassembling plants,
warehouses: As soon as the decision for a disassembling
plant or warehouse is taken, some new decisions are
needed. Those are decisions about the location of the
disassembling plant or warehouse. Those kinds of facilities
should be at the locations where they fit perfectly in the
whole distribution network. The decisions depend on the
geographical characteristics, social and environmental
parameters.

Decision about the capacity of disassembling plants and
warehouses: For all the facilities, mentioned above, a



decision about the capacity is also important. For
disassembling plants, there is also a disassembling capacity
decision.

3.2 TACTICAL DECISIONS

Decision about the logistic partner selection (or
evaluation): Before the first transport, a proper transport
partner should be found. Therefore, the selection of the
logistic partner is one of the earliest decisions. A proper
partner can substantially influence the business success.
The partner should be reliable, flexible, but what is the most
important is the quality of its service. The decision
parameters used for this decision can also be used for
periodical evaluation purposes, but including some
additional attributes. We could evaluate and compare
partners annually or more frequently.

Decision about own vehicles need: When the quantities of
material per time unit become stable, we should decide
whether to use our vehicles or even fleet. We can expect a
lot of locations and very frequent transports and our own
vehicles and drivers could be the cheapest solution when
used properly and frequently.

Decision about our own vehicles selection or even fleet: It
is important what kind of vehicles we should use. The
decision about the vehicles characteristics depends on their
consumption and pollution, but also on the capacity and
ability to load and unload the cargo.

Decision about the transport units or caissons selection:
One of the fundamental decisions is the decision about the
transport units. They must be big enough to contain a
sufficient amount of material but not too big, because then
they are seldom full and they are hard to transport. They
should also be durable and easy to handle.

3.3 OPERATIONAL DECISIONS

Decision about the transport need: Before any transport is
made, a decision about the transport need must be taken.
There are a lot of locations and all of them should be
monitored to find if there are units ready for transport. On
the other hand, there is recycling, which can also be called
production, with its needs, for recycling or for disposal. The
decision about the transport need means constant
optimization between those two demands.

Decision about the transport provider: Transport provider
must be selected for each transport separately. Every
transport is different and not all the transport providers are
good for all the transports. It depends on trucks suitability
as well as availability at a particular time.

Optimal path selection: One of the attributes for transport
provider selection is also a previously selected optimal
path. This selection can substantially contribute to the
optimization of costs of the transport. The optimal path also
depends on the locations of the vehicles.

There are four of the listed decisions, which will be made
continuously. First, there is logistic partner selection, which
will be used for annual partner evaluation as well, but with
some additional group of attributes. The other three are all
operational decisions, transport need decision and transport
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provider selection combined with optimal path selection.
Decision models for two of them are presented in the
following two sections.

4 DECISION SUPPORT FOR THE LOGISTICS PARTNER
SELECTION AND EVALUATIONS

At the beginning of the WEEE project, proper transport
partners should be selected. This selection will take place
every time a new partner is needed. The management will
decide which partner to contract and which not, but on the
basis of a decision support system [5]. For this purpose, we
have designed a multi-attribute model (Figure 1) using the
DEXi decision modelling software [4]. Figure 2 shows an
example of evaluating four potential transport providers.
The success of the project will pretty much depend on those
partners as well. That is why annual partner evaluation is
also planned. Almost the same decision support model
could be used for that task as well: only history data should
be added to the model.

Partner Partner evaluation, suitability
—Company Company of the logistics partner
Market position Position and recognition on the market
Tradition Company's presence on the market

Number of clients - References Number of clients and market share
Income Annual income of the company
Employees properties Parameters that concern employees
Human resources care Human resources treatment and possibilities
Number of employees Number of employees in the company
—Service & Environment Services and their impact on environment

Vehicles Description of the vehicle
Number of vehicles Number of suitable vehicles in the company
Average Age Average age of the fleet
Vehicles tracking system Use of Vehicles tracking and controlling system
Operation Area of operations
Operational area Range of operations in Slovenia
WEEE treatment services Possibilities for other WEEE treatment services

Environmental Evaluation
EVehicIe Fleet Environm. Value

Environmental value of the company
Environmental value of the vehicle fleet
Environmental value of the entire company
Environmental certificates?

Environmental influence
Environmental certificates

—Costs Expected costs for the service
Contract costs Costs by the contract
Costs Sensitivity Potential costs rise

Figure 1: Logistics partner DEXi model

Figure 2: Logistics partner evaluation



5 DECISION SUPPORT IN THE TRANSPORT PROVIDER
SELECTION

When the decision about the transport need is taken, a
decision about the transport provider is needed
immediately. That is why the transport provider selection is
an operational decision which will take place very
frequently, which means practically every day. The person
responsible for this decision is the operator in the Call
center. This model (Figure 3) has been developed to help
this person to decide optimally. It is a combined decision
about an optimal path selection and an optimal partner or
even a vehicle for the particular transport. An example
evaluation is shown in Figure 4.

Transport provider Transport provider evaluation

~Vehicles adequacy Proper vehicle attributes and its position.
Truck suitability Proper vehicles dimensions and load capabilities
Vehicle position - path length  Position of the truck concerning selected locations
—Costs Expected costs of the transport
ontract costs These are planned costs, e.g.regarding the contract|
Additional costs - costs sensitivity Additional costs probability
—Availability Availability of the truck in the near future
—History - Flexibility Our general impression about its previous jobs

Figure 3: Transport provider DEXi model

Figure 4: Transport provider evaluation

6 MANAGEMENT OF THE DECISION SUPPORT SYSTEM

Constant evaluation and improvement of the decision
model can be very helpful in business improvement. The
first requirement is that decisions as well as performance of
the decided options are closely monitored. We should keep
track of decisions being made as well as their performance
after being implemented. Thus, we can group monitoring
and logging into two groups:

e Monitoring and logging of the decision process, which
includes all the possible alternatives, their attributes,
utility functions and the results.

e The most important data are data gathered from the
performance of the selected option in the decision
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process. We should measure time, costs, service
quality, quantity of transported material, number of
transports, its frequency, distances, number of
kilometres covered, etc.
These data may be analysed by using data mining
algorithms [2] to extract useful information, which are the
basis for the management of the decision support system
[1]. The plan is to be carried out using the Plan-Do-Check-
Act (PDCA) cycle [6], which is becoming a standard
mechanism in management systems.

7 CONCLUSION

The WEEE directive requires that providers and importers
are responsible for the waste of electrical and electronic
equipment. Large quantities demand optimal and clearly
defined WEEE treatment. We have presented the current
results of the Decision Support project, relevant to the
WEEE treatment system in Slovenia.

So far, the identification of the decision processes has been
made and two of the models in logistics, which are
presented in Section 4 and Section 5, have been developed.
Also, we have designed the management of the decision
support system.

The implementation of the WEEE Treatment Decision
Support System in Logistics is expected in 2007, followed
by the extension and adaptation of the decision support
system into other fields (Section 2) of WEEE treatment.
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1. Introduction

The main purpose of this paper is to present and
define ERP Moreover, for a successful selection
and implementation of an ERP system, a right
approach has to be selected, which will in
process deliver the optimal results with the
chosen ERP system. It will be discussed, which
the main methodologies for selection process,
their main advantages and disadvantages. In the
past there were many failed selection and
implementation projects, which make this
particular topic very relevant, also with the
increasing level of information technology
development and needs of organizations.

Top Ten Barriers to Success

In the past 30 years, a majority of the selection
and implementation projects have been failures.
Most of the projects have taken much more time,
than originally planned and had much higher
costs than originally planned and finally, they
did not deliver the required results. Many of
these projects were also aborted after some years
of effort and high costs (1). There are also other
reasons why such projects have failed in the past,
apart from selection of inadequate ERP system,
as shown on a picture below.

Resistance to Change

Inadequate Spoenscrship
Unrealistic Expectations

Poor Project Management

Case for Change Not Compaeiling
Project Team Lacked Skills
Scope Expansion/Uncertainty

No Change Management Pragram
No Hotizontal Process View

IT Perspective Not Integrated

40

50 Lt T a0

Percenlage of Firms

Source: (1), Deloitte & Touche 1998 CIO survey
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2. ERP system

ERP or resource planning system is a set of
applications with a structured approach to
optimizing an organization’s internal and
external value chain. It is fully installed across
an entire organization and connects different
components of the system with transmission of
common data into one integrated ERP system.
When a change of data occurs in one part of the
system, the change is made and processed in the
whole integrated system, thus allowing better
coordination of the processes. A change in one
component affects all other components of the
integrated system. The system standardizes and
organizes organization's business processes and
data. The data is transformed into useful
information, which can be analyzed to support
decision making. ERP system is an enabling
technology, a set of integrated modules that
make up the core engine of internal transaction
processing. Selecting and implementing ERP
requires major changes to organizational,
cultural and business processes. As a result, in an
ERP-empowered organization, new technologies
and processes force individuals to upgrade their
skill set as well their working pattern. (2)

There are many different sets of application
modules that make up an ERP system.
Sometimes there are also some terminology
problems regarding what particular sets of
application modules are included in an ERP
system. The system has already been referred to
as ERP, e-business, CRM, e-stores, e-
procurement, SCM, data warehousing, etc...
How all these different types of application
modules fit together in a system is shown in a
graph below.

Extended Enterprise System Framework
Source: (1)
The term used is XES or eXtended Enterprise

System (1) and represents a system, with all sets
of up-to-date application modules. This system

Management
Dashboard

Cross-Application
Repository

Advanced
-/ ! Pure-
CRM | SCM | E-P web |Other \ Applications

\ ERP
Financlal | Distribution |Human | @ @ rind\ Transactional
: "\ Backbone

Data Warehouse

Technical
Email Internet
/‘ IR | Mabaorks | OBNE ° Gateways  \ Infrastructure

framework is commonly and most widely called
an ERP system.

3. Selection methodologies

Selecting the right ERP system to enable
business process improvements is an important
decision for an organization. Selecting the wrong
ERP system can lead to a project failure even
with a good implementation approach. There are
no ERP systems, which would satisfy 100% of
all requirements, but there are systems, which
could satisfy 80% to 90% of necessary
requirements of an organization. (1)

There are two main selection methodologies:
e Requirements analysis,
e Gap analysis: comparing “As is” and “To
be1’

Requirements analysis

Requirements analysis is a review of system
requirements for organizational models, artefacts
and processes (MAPs). (3). Requirements are
catalogued by their importance and necessity.
Requirements are then summarized in a
requirements document called request for
proposal or RFP, which is then send to different



vendors. RFP document is then used for the
organizations to evaluate, which different part of
the software meets their needs.

Requirements analysis (example)
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Advantages of requirements analysis are:
e list of requirements can be used to
benchmark different software packages,
e provides basis for communication and
discussion of different MAPs,
e Detter understanding of the limitation of
existing MAPs,
e ensures, that specific needs are met.
Disadvantages:
e requirements
consuming
e requirements analysis can be very costly
e if RFP is too large, vendors may be too
busy to reply in an appropriate time
e requirements analysis may  lock
organizations into old working patterns

can be wvery time-

Gap analysis: comparing “as is” and “To be”

Second selection methodology deals with
developing an “as is” analysis and a “to be”
analysis and then compare these two by a gap
analysis. “As is” refers to current system
functionality. The organization must then decide

and research the “to be” model. If the “to be”
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analysis is clean slate, then it becomes the
requirements analysis, however more often “to
be” is based on a specific ERP package and may
also be called “best practice” analysis. (3)
Gap analysis is then used to see, what gap exists
currently between what an organization has and
what an organization needs, it enables the
organization to determine what modifications are
necessary for a software to meet their needs. (3)
Advantages:
e provides better practical insight into new
system
e all functions and modifications of the
new system can be directly tested
e it offers better cooperation with the
vendors (3)
Disadvantages:
e how is a gap defined?
e can the gap be
requirements?
e should only the critical requirements be
considered?(3)

calculated by

Alternative approach

Increasingly organizations are doing only “to be”
analysis and no “as is” analysis. In this case ERP
technology is seen as true technology enabled
reengineering.

Arguments are for such approach are:

e each ERP package is assumed to meet
organizational needs,

e organizations should rather reengineer
existing business processes using ERP
technology,

e Dest practice analysis should take place
only within context of the specific ERP
software chosen,

e implementation costs are minimized by
making few changes in the software, only
best practice within specific ERP system.

©)

There are also some extra information, that have
to be included in the process:
e are there any similar organizations, that
have implemented an ERP system,



e ERP system recommended by the
consultant, who has specific knowledge
of some ERP systems. (3)

4. Conclusion

There are advantages as well as disadvantages of
all methodologies. For each particular selection
process, there is one of these methodologies, that
is best suited for the selection process. There are
also The question, whether ERP system will
actually fulfil all the needs will never remain
entirely answered, for technology is constantly
improving, but the needs of organizations are
also constantly changing. It is vital however to
critically consider all possible approaches to a
selection process, truly evaluate all needs and try
to gather as much possible information regarding
different potential ERP systems.
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ABSTRACT

Advancement of usage of ontologies requires not only
creation of new ontologies (e.g. in a top-down manner), but
also ontological support for existing domain-specific
real-world standards. One of such standards that gains
popularity is the Open Travel Alliance (OTA) messaging
system that defines, among others, the way that entities
should communicate about air travel related issues. The aim
of this note is to outline our efforts leading toward creating
an air-travel ontology that would match the OTA messaging
specification as well as satisfy procedures described in
TIATA manuals.

1 INTRODUCTION

Recently we have proposed an airline ticket auctioning
system that could be used as a part of an agent-based Travel
Support System (TSS) [4, 14, 15]. In the TSS, travelers find
complete support of their needs including, among others,
items like restaurant information, historical points of interest,
local weather etc. It is important to emphasize that the ticket
auctioning system and the Travel Support System were
developed separately. The ticket auctioning system was
conceived in the context of a model agent-based e-commerce
system (see [1, 2] and references to our earlier work
contained there). During its creation we were aware that we
should interface our agents with the Global Distribution
System (GDS) used by airlines to sell their inventory, but we
did not pursue this problem further [14, 15]. Meanwhile, in
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the TSS we made ontologically demarcated data the
centerpiece of our system and have developed ontologies of
a hotel and a restaurant [3]. When attempting at merging
the two systems, we have realized that, on the one hand we
have to deal with data representation used in airline
distribution systems, which is regulated by IATA and which
has nothing to do with ontologies, and with RDF
demarcated instances of our travel ontology on the other.
The natural way of solving this problem was to find or
develop a suitable ontology to represent airline travel data.
After an in-depth research of existing air-travel ontologies
we have concluded that none of them is capable of
addressing issues that arise when real-life IATA rules come
to play [4, 6, 7, 8, 9, 10, 11]. Therefore we decided to
develop a new ontology that would reuse as much as
possible from the ontology used in the TSS, as well as
existing air-travel ontologies (initial results of our work
have been summarized in [14, 15]). Meanwhile we have
found that changes take place in data representation used in
airlines’ proprietary systems. They are spearheaded by
IATA’s movement to utilize new technologies such as XML
(and lately there is even talk about ontologies).
Furthermore, as we have studied existing air-travel related
ontologies, we became interested in the Open Travel
Alliance (OTA) messaging specification. It needs to be
stressed that this messaging standard was developed with
intent to model the process (and not persist) data. Therefore
this is not an ontology per se. However, it proved to be very
suitable for data exchange; even to the extent that some
GDSs already offer interfaces based on it. Therefore, we



have decided to modify our air-travel ontology in such a way
that it would be able to persist data defined by the OTA
messaging system. Ontology with these features would
enable us to exchange data between the TSS and the GDSs
that offer an OTA-based interface.

2 OTA AND OTA AIR-MESSAGES

The Open Travel Alliance (OTA) is a non-profit
organization working to establish a common electronic
vocabulary for exchange of travel information. It defines
messages using the eXtensible Markup Language (XML).
Its specifications have been designed to serve: (a) as a
common language for travel-related terminology, and (b) as
a mechanism for exchange of information between travel
industry members [5]. The OTA Air Messages standard
specifies structure and elements of different scenarios
involved in selling air travel tickets. Let us note that since
this is a specification of messaging, it does not cover any
other operations involved in selling air-tickets (e.g. airfare
calculations). These operations have to be treated
separately. OTA messages have been proposed as pairs of
request and response messages (RQ / RS below). Let us
summarize their main features (their complete description
can be found in [12]).

OTA_AirAvail RQ/RS — establishes airline flight availability
for a city pair, specific date, specific number and type of
passengers. The request can also be narrowed to a specific
airline, flight or booking class. Optional requested
information can include: time / time window, connecting
cities, client preferences (airlines, cabin, flight types etc.).
The response message (RS) contains flight availability.
Furthermore, a set of origin and destination options is
returned, each of which contains one or more (connecting)
flights that serve that city pair. For each flight information
about: origin and destination airports, departure and arrival
date/times, booking class availability, equipment, meal
information and code-share information is returned.
OTA_AirBookRQ/RS — requests to book a specific itinerary
for one or more identified passengers. The message contains
optional pricing information, allowing the booking class
availability and pricing to be rechecked as part of the
booking process. Optional requested information can
include: seat and meal requests, Special Service Requests
(SSR), Other Service Information (OSI), remarks,
fulfillment information — payment, delivery details, type of
ticket desired. If booking is successful, the RS message
contains the itinerary (including the directional indicator,
status of booking, and number of passengers), passenger
and pricing information sent in the request, along with a
booking reference number (PNR Locator) and the ticketing
information. The RS echoes back received information with
additional information — booking reference from the GDS
through which reservation was created.
OTA_AirFareDisplayRQO/RS - allows a client to request
information on fares, which exist between a city pair for a
particular date or date range. No inventory check for
available seats on flights is performed by the server before
the RS is send back. The request can optionally contain
information indicating that a more specific response
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(e.g. passenger information, specific flight information and
information on the types of fares that the client is interested
in) is required. The RS message repeats FareDisplayInfo
elements, each of which contains information on a specific
fare contract including airline, travel dates, restrictions and
pricing. It can also return information on other types of
fares that exist, but have not been included in the response.
OTA_AirFlifoRQ/RS — requests updated information on
the operation of a specific flight (it requires the airline,
flight number and departure date; the departure and arrival
airport locations can be also be included). The RS includes
real-time flight departure and arrival information. It also
includes: departure airport, arrival airport, marketing and
operating airline names; when applicable, flight number,
type of equipment, status of current operation, reason for
delay or cancellation, airport location for diversion of
flight, current departure and arrival date and time,
scheduled departure and arrival date and time, duration of
flight, flight mileage, baggage claim location.
OTA_AirLowFareSearchRQ/RS — requests priced
itinerary options for flights between specific city pairs on
certain dates for a specific number and types of passengers.
Optional requested information can include: time / time
window, connection points, client preferences (airlines,
cabin, flight types etc.), flight type (nonstop or direct),
number of itinerary options desired. The RS contains a
number of Priced Itinerary options. Each includes: a set of
available flights matching the client’s request, pricing
information including taxes and full fare breakdown for
each passenger type, ticketing information — ticket advisory
information and ticketing time limits, fare basis codes and
the information necessary to make a rules entry.
OTA_AirPriceRQ/RS - requests pricing information for
specific flights on certain dates for a specific number and
type of passengers. The message allows for optional
information such as fare restriction preferences and
negotiated fare contract codes to be included. The pricing
request contains information necessary to perform an
availability / sell from availability / price series of entries
for an airline CRS or GDS. The RS contains a Priced
Itinerary that includes: set of flights, pricing information
including taxes and full fare breakdown for each passenger
type, ticketing information, fare basis codes and the
information necessary to make a fare rules entry.
OTA_AirRulesRQ/RS — requests text rules for a specific
fare basis code for an airline and a city pair for a specific
date. Negotiated fare contract codes can be included in the
request. The RS contains a set of, human readable, rules,
identified by their codes.

OTA_AirSchedulesRQ/RS — provides customer, or a third
party, with ability to view flight schedules. It requires
specification of the departure and arrival cities and a
specific date. It offers flight information on airlines that
provide service between requested cities and could be used
when customer: (1) wants to determine what airlines offer
service to/from specific destinations, (2) is looking for a
specific flight number — by entering the arrival and
departure cities, and the approximate arrival or departure
time, specific flight number can be found, (3) needs to
determine the days of the week that service is scheduled to



and from requested destinations, (4) wants to determine
aircraft type used to fly that route. Message may request
other information that customers are interested in: meal
service, duration of flight, on-time statistics and if smoking
is allowed. In addition, these messages provide foundation
for electronic timetables.

OTA_AirSeatMapRQ/RS — displays seats available on a
given flight, as well as their location within the aircraft. It is
used o make seat assignments as it identifies all information
necessary to request and return an available seat map for a
particular flight. Types of information for the seat map
request include: airline, flight number, date of travel, class
of service and frequent flier status. The RS includes: flight,
aircraft and seat description information.
OTA_AirBookModifyRQ/OTA_AirBookRS - requests to
modify an existing booking file. It contains all elements of
the OTA_AirBookRQ plus a general type of modification,
i.e. name change, split, cancel or other; as indicated with the
attribute ModificationType. The modification operation on
different elements is either indicated with the existing
attribute Starus (for air segments, SSR’s and seat requests)
or with attribute Operation of type ActionType for other
elements (i.e. other service information, remarks or
AirTraveler elements). In the AirBookModifyRQ, all data to
be changed is submitted and in the AirReservation element
all existing data may be submitted. This allows the
receiving system to perform a consistency check before
updating the booking file (but to keep the message small,
this part can be omitted). Changes to a booking (1) may
result in required updates of the ticket (e.g. revalidation),
(2) may imply charges for the change, (3) the pricing may
change, and/or (4) some fees may need to be collected.
Pricing and fulfillment details required to achieve results of
AirBookModify ticketing, are out of scope and are omitted.
The RS confirms changes in the itinerary.

3 PROPOSED ONTOLOGY

As indicated above, in our research [14, 15] we have
established that existing air-travel ontologies have been
designed as “academic” demonstrator systems — rather than
with the goal of actually working within the context of real-
life airline reservation systems — and this explains lack of
important features when it comes to dealing with genuine
air travel data. According to our best knowledge, the only
project that actually involves airline industry is the OTA
specification (which, as stated above, is only a messaging
specification). Therefore, we decided to create new
ontology that would: (1) utilize IATA mandated data
descriptions and recommended practices; (2) utilize as
much as possible from existing travel ontologies — as long
as they follow IATA practices, (3) match features included
in the OTA specification, and (4) be synchronized with our
existing travel ontology. To achieve this goal we have
applied a bottom-up approach and our initial goal was to
model reservations occurring in the AMADEUS global
distribution system.

IN the proposed ontology we have divided main classes into
following groups: AirlnfrastructureCodes, AirTravel,
AirInfrastructure and AirtravelCodes. AirInfrastructure
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group encloses most basic terms related to air travel
industry such as Airline, Airplane and Airport. While all
three are defined in line with specifications presented in [0,
7, 11], the latest (Airport) is a subclass of our
OutdoorLocation class that was designed for the TSS [4].
In this way it is possible for the traveler to obtain more
data regarding the airport then the city name, which usually
is the only information that can be obtained from other
airline travel related ontologies. AirlnfrastructureCodes
group contains, used in other classes, codes for airports and
countries. Included classes are ISOCountryCode and
AirportCode. AirTravelCodes group comprises industry
codes used in GDSs and CRSs for itinerary reservation and
ticket issuance: I[ATATicketIndicator, IATAStatusCode,
CabinClass, BookingClass, IATAFareBasis, MealCode,
SSRCode, SSRMealCode, TicketDestignator (details can be
found in [6, 7, 8, 9, 10, 11]). Finally, the AirTravel group
takes care of upper-level terms that define more complex
objects used in air travel systems. Following classes are
included in this group: OfficelD, TerminallD,
AgentCredentials — that define credentials of the GDS/CRS
user, AvailabilityDisplay — that defines available flight
options for a certain route, Flight - with usual properties
together with status statistics, IATAltinerary — that defines
itinerary for the passenger, PNR — Passenger Name Record
or, simply described, a reservation with all details of the
passenger, the itinerary, special requests and the GDS/CRS
locator code, Pricing — that describes available prices for a
certain route with or without taxes included, SeatMapPlan
— for a certain flight, Tariff - with Category properties that
are coded as in the ATPCO's (Airline Tariff Publishing
Company) recommendation, and TimetableDisplay — with
timetable of different airlines for a certain route.

As stated above some classes were inherited or used as
upper level classes from the TSS. These classes are:
OutdoorLocation, IATADiscountCodes*, MeanOfPayment,
FareTax, Discounts, DiscountCodes, IATATaxCodes*,
NameRecord, and PersonTitle. Marked with * are classes
that were sub classed from classes inherited from the TSS.
One additional, very important, concept in traveling is
currency. At first we designed a very simple class that
contained only the currency code. Promptly this showed to
be insufficient as air travel currency application involved
some complicated restrictions. As in the case of air travel
ontology, we made an effort to find an already existing
ontology of currency, and inject it into our project. We
studied several currency ontologies (more details can be
found in [13]) and found out that ontology used in Cambia
webservice [3] was the most appropriate one.
Unfortunately, it was rather broad, and furthermore we had
to modify it so that it could be used for currency
conversion guided by the IATA conversion rules [9].

Let us stress that since the OTA was defined as a
messaging system used for information exchange, while the
proposed ontology was created with intention to describe
persistent data in our system, therefore quite often more
then one class from our ontology has to be used in
association with a single OTA message. As request (RQ)
messages contains only data used to make a query, let us
illustrate how the RS message matches with the proposed



ontology in the case of the OTA_AirAvailRS. In our
ontology an equivalent class is AvailabilityDisplay. Both
are used with regard to available flight information and

OTA message

OTA message element

contain flight numbers, arrival/departure details as well as
available seats etc. In Table 1 we depict how elements of
the message match elements in our ontology.

Related classes from our ontology

OTA_AirAvailRS OriginDestinationOption

FlightSegment atributes

Flight class properties

DepartureDateTime departureTime
ArrivalDateTime arrivalTime
FlightNumber flightNo
JourneyDuration Journeyduration
SmokingAllowed smokingAlowed
OnTimeRate onTime

Ticket etkt

DepartureAirport LocationCode

Flight class property origin

ArrivalAirport LocationCode
Equipment
AirEquipType, ChangeofGauge

Flight class property destination

Flight class property aircraft with range
airplane with further details of equipment

MarketingAirline Relates to CodeShare class that contains data
regarding marketing carrier
BookingClassAvail AvailableClassElement, AvailableClasses,
ResBookDesigCode, AvailableFlightElement and AvailableFlights
ResBookDesigQuantity all used to show hierarchy for connecting
flights and classes available in plane.
First relates to class of AvailableClassElement
and later relates to noAvailableSeats property
of the same class
Meal MealCode class
MealCode

Table 1. Matching the OTA message with the air-travel ontology

6 CONCLUSION

In this note we have discussed crucial aspects of design of
complete air-travel ontology. Proposed ontology goes
beyond what is proposed thus far in existing air-travel
ontologies, as it is based on IATA manuals and OTA
messaging system. Therefore, when completed (currently the
proposed merged travel ontology it is available for
comments at: http://agentlab.swps.edu.pl) can be used to
interface our travel support system with an actual GDS,
which is one of goals of our project. Specifically, we will
develop a subsystem that will parse OTA RQ messages
originating from the GDS into SPARQL queries to be
executed in the TSS. Obtained responses (in form of RDF
triples) will be parsed back to OTA RS messages.
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POSNEMANJE OPAZOVANEGA VECAGENTNEGA SISTEMA
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POVZETEK

V ¢lanku obravnavamo problem posnemanja delovanja
vecagentnega sistema. Na kratko predstavimo algoritem
za odkrivanje strategije vecagentnega sistema (MASDA)
in njegovo aplikacijo na domeni robotskega nogometa
3vs2 Keepaway. MASDA uporabimo za generiranje
opisov agentnega delovanja referen¢ne skupine agentov s
poznano strategijo, ki jih nato neposredno uporabimo pri
implementaciji agentov. S takim postopkom aktivno
posnemamo delovanje referencne skupine agentov. V
¢lanku ocenimo kvaliteto posnemanja z razli¢nimi
meritvami in nacini vrednotenja podobnosti obnaSanja
referencne in naucene skupine agentov.

1 UvOD

Vecagentni sistemi (angl. multi-agent systems, krajse
MAS) so dinami¢na okolja, v katerem deluje mnozica
avtonomnih agentov. V kooperativnih MAS deluje
skupina agentov z namenom, da zadovolji skupne cilje, ki
jih zgolj z delovanjem posameznih agentov ne bi mogli
doseci. Njihovo delovanje je obi¢ajno opisano z nekim
skupnim planom oz. strategijo, ki opisuje vloge in doloc¢a
ciljno usmerjeno obnaSanje posameznih agentov znotraj
skupine. Cilj modeliranja vecagentnih sistemov je torej
zaznati obnaSanje, ki je posledica izvrSevanja skupne
strategije in lociti od obna3anja, ki je zgolj posledica
agentnega odziva na lokalne spremembe okolja.

Nas$ cilj je bil razviti domensko neodvisen algoritem, ki
odkrije in opiSe strateSko vecagentno obnaSanje in s tem
omogo¢i ljudem, da razumejo principe delovanja
opazovanega MAS. Zato smo razvili algoritem za
odkrivanje strategije vecagentnega sistema (angl. Multi-
Agent Strategy Discovering Algorithm, krajSe MASDA)
[1][2]. Algoritem za vhod uporablja sled izvajanja akcij
agentov in ¢asovne spremembe stanja MAS. S pomogjo
iterativhega procesa abstrakcije lahko algoritem dologi,
kateri vzorci agentnega obnaSanja so dejansko del
strategije in kateri le posledica lokalnega delovanja
agentov. Rezultat algoritma je opis strateSkega obnasanja
agentov, ki je predstavljen v grafi¢ni in simbolni obliki.
Graficno obliko predstavlja usmerjen graf, ki ustreza
poteku zaporedja izvajanih akcij, imenovanih makro akcij,
simbolni opis pa sestavljajo pravila, ki opisujejo stanje
sistema v zacetku izvajanja posameznih agentnih akcij.
Algoritem MASDA smo uporabili na domeni RoboCup
Simulated League [4], ki je vec¢agentna domena, kjer dve
ekipi z 11 agenti odigrata simulirano igro nogometa.
Domena fizikalno natan¢no simulira 2D igro nogometa,
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kjer pri izracunih poti igralcev in Zoge upoSteva umetno
dodan Sum, ki igro naredi bolj nepredvidljivo. Agenti
delujejo neodvisno drug od drugega, domena pa omogoca
vidno in sluSno zaznavanje, ki pa je omejeno z
oddaljenostjo. RoboCup je kompleksna vegagentna
domena, ki je =zaradi jasno zastavljenih pravil in
popularnosti nogometa postala referen¢na vecagentna
domena.

Z uporabo MASDA na domeni RoboCup smo uspeli
dolociti nekaj znacilnih napadov na gol. Ustreznost
dobljenih opisov so preverili tudi nogometni strokovnjaki,
ki so potrdili vsebinsko primernost opisov. Vendar pa
dobljeni vzorci obnaSanja opisujejo le strateSko dejavnost
agentov. Ker ne opisujejo tudi nizjenivojskega obnaSanja,
kot je na primer veS¢ina preigravanja, ne omogoc¢ajo
neposredne uporabe kot napotkov za igranje nogometa.
Zato smo Zeleli MASDA preizkusiti tudi na domeni, ki
omogoca, da izhod iz MASDA uporabimo kot neposredne
napotke za izvajanje agentov. Ce nauceni agenti igrajo
(merljivo) podobno kot originalni agenti smo nedvoumno
potrdili uspeSnost MASDA za modeliranja MAS. V ta
namen, smo  preizkusili  posnemanje  delovanja
vecagentnega sistema na domeni 3v2 Keepaway, ki je
dovolj preprosta, da omogoca neposredno izvajanje
naucenih strategij.

V poglavju 2 predstavimo domeno 3vs2 Keepaway in
uporabo  MASDA na novi domeni. V poglavju 3
predstavimo meritve in rezultate meritev. Zakljucke
podamo v poglavju 4.

2 DOMENA 3VS2 KEEPAWAY

Zaradi relativne kompleksnosti u¢nih problemov v domeni
RoboCup so raziskovalci [7] zaceli razmiSljati o uéenju v
omejeni RoboCup domeni, ki bi vkljuéevala manjSe
Stevilo igralcev. Dolo¢ili so nalogo zadrZevanja Zoge pred
napadalci (angl. keep away) [6] kot podproblem RoboCup
domene, kjer ekipa branilcev (angl. keepers) poskusa
obdrzati posest Zoge v omejenem prostoru, medtem ko
ekipa napadalcev (angl. takers) poskuSa pridobiti posest
nad zogo. Cilj igre je maksimirati povprec¢no trajanje
epizode, ki je dolocena kot igra, v kateri imajo posest nad
7ogo branilci. Ce se Zoge polastijo napadalci ali pa zapusti
igralno polje, se epizoda kon¢a in igra ponovno poZene.
Domena lahko vsebuje razlicno Stevilo napadalcev in
branilcev ter razlicno veliko igralno polje. V naSih
poskusih smo uporabili domeno 3vs2 Keepaway [8], ki jo
dolo¢a kvadratno igralno polje velikosti 20x20m, 3
branilci in 2 napadalca. Steviléne oznake branilcev oz.
oznake njihovih vlog (oznaceni s K1, K2 in K3) in
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napadalcev (oznacena s T1 in T2) so urejene po
naraS¢ajoci oddaljenosti do Zoge, kot je to prikazano na
sliki 1. Branilec z Zogo ima tako vedno oznako K1.
Domena je poenostavljena tudi v smislu agentih akcij, saj
so te le visokonivojske. Akcije lahko izvaja le branilec, ki
ima v posesti Zogo (K1). Branilec K1 lahko Zogo zadrzi
(akcija: hold) ali pa jo poda enemu od soigralcev (akciji:
pass to K2 in pass to K3). Slika 1 shematsko predstavlja
vse tri moZne akcije. Trajanje akcije hold je en ¢asovni
korak, medtem ko je trajanje podaje lahko daljSe, saj je
odvisno od usmerjenosti agenta K1 in poravnanosti Zoge
glede na smer podaje. lzvajanje akcij je popolnoma
avtomatsko, saj sistem sam  pretvori izvajanje
visokonivojskih akcij v odgovarjajoce zaporedje osnovnih
agentih akcij.

T hold

,//{-J{
a pass|ito K2

_,// ® ‘\O® K1
/ \

pass to K3
| " )

\ /f
\ /

/
\‘\ ® - //,
“ S

Slika 1. MozZne akcije agenta z Zogo K1 v 3vs2
Keepaway domeni (hold, pass to K2 in pass to K3).

Poenostavitev je vpeljana tudi v agentnem zaznavanju
okolja, saj vsi agenti "vidijo" prostor z enakim naborom
spremenljivk. Ce je dist(a, b) razdalja med agentoma a in
b in ¢e je ang(a, b, ¢) kot med agenti a in ¢ s krajis¢em v
agentu b in je C oznaka za srediS¢e igris¢a, potem je
domenski  prostor opisan z  naslednjimi 13
spremenljivkami[61]:

hold. Sicer oceni kot in razdaljo med soigralci in
napadalci in, ¢e je soigralec dovolj odkrit, poda
najbolj odkritemu. Ce noben soigralec ni dovolj
odkrit, izbere akcijo hold.

Omenjene agentne strategije imenujemo referen¢ne in
sluzijo raziskovalcem za merodajno primerjavo z
njihovimi rezultati. Prednosti 3vs2 Keepaway domene
glede na RoboCup domeno so predvsem v enostavnejsi
implementaciji razlicnih agentnih strategij, v laZji
primerjavi kvalitete agentnih strategij ter v lazji
interpretaciji  dobljenih  rezultatov. Domena kljub
poenostavitvam  ohranja vse pomembne lastnosti
vecagentnih domen, saj posamezni agent nima moznosti,
da sam resi problem, ni centralnega nadzora in izvajanje je
asinhrono.

3 MERITVE NA DOMENI 3VS2 KEEPAWAY

Ker deluje okolje Keepaway v okolju RoboCup, je
postopek zaznave osnovnih agentnih akcij in postopek
zaznave agentnih akcij v obeh primerih enak. Razlika je v
podanemu domenskemu znanju, ki je v tem primeru
prilagojen novi domeni.

Ker je bil na$ cilj posnemanje poznanih strategij, smo
testiranje izvedli na sledeci nacin. Za poznano strategijo
smo generirali ustrezne igre. Vhod v MASDA je
predstavljalo zaporedje akcij iger s poznano strategijo. Z
MASDA smo nato generirali opise konceptov makroakcij.
Nato smo dobljena pravila in zaporedja akcijskih
konceptov ustrezno vgradili v program, ki krmili agente v
3vs2 Keepaway okolju. Nato smo pognali igro z naSimi
agenti in dobili posnetek igre z naugeno strategijo. Opisani
postopek je prikazan na sliki 2.

dist(K1, C), dist(K2, C), dist(K3, C),

e dist(T1, C), dist(T2, C),

o dist(K1, K2), dist(K1, K3), dist(K1, T1), dist(K1, T2),

e min(dist(K2, T1), dist(K2, T2)), min(dist(K3, T1),
dist(K3, T2)),

e min(ang(K2, K1, T1), ang(K2, K1, T2)), min(ang(K3,
K1, T1), ang(K3, K1, T2)).

3vs2 Keepaway okolje [3] je prosto dostopno v obliki

izvorne kode za okolje Linux in omogoca preprosto

vkljugitev agentov z razli¢nimi strategijami delovanja. V

okolju so Ze pripravljene naslednje tri referen¢ne agentne

strategije:

e Vedno zadrZi Zogo (oznaka: allwayshold): agent
vedno izbere akcijo hold.

o Nakljué¢na (oznaka: rand): agent naklju¢no izbere eno
akcijo.

e Roc¢no zgrajena (oznaka: hand): je preprosta, toda
zelo uginkovita strategija. Ce je T1 od K1 oddaljen
veé¢ kot 5m (dist(K1, T1) > 5m), potem izbere akcijo
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program

% Primerjava strategij J

Slika 2. Postopek generiranja strategije, ki posnema
referenéno.

Pri tem smo testirali naslednje strategije:

o dve referencni strategiji, ki sta priloZzeni okolju 3vs2
Keepaway: hand in rand,

e strategijo hand3-6-9, ki doloca razli¢no strategijo za
vsakega igralca posebej.

Ker imamo v Keepaway okolju na voljo referen¢ne
strategije, smo si za prvi cilj zadali modeliranje teh
strategij. Poznavanje referencnih strategij nam namre¢
omogoca, da s primerjavo naucenih in poznanih strategij
ocenimo  uspeSnosti  naSega  pristopa modeliranja



vecagentnih sistemov. Primerjavo naucenih in referenénih

strategij smo nato izvedli na naslednje nacine:

e Z merjenjem povprecnega trajanja epizode, Ki
omogoca  numeriéno  primerjavo  uspesnosti
referen¢nih in naucenih strategij.

e Z merjenjem ujemanja akcij, ki so jih izbrale
referencne in naucene strategije. Tako merjenje pove
v kolikSni meri se izvajanje naucene strategije
dejansko ujema z referencno.

e Z vizualno oceno poteka igre kot pomoZna oceno, ki
uposteva ¢loveSko zaznavo pri oceni podobnosti dveh
strategij igre.

S postopkom opisanim na sliki 2 smo zgenerirali
strategije, ki posnemajo referenc¢ni strategiji hand in rand.
Pri tem smo spreminjali vrednost parametra abstrakcije
(1.5, 2, 3, 4 in 5) ter dolzino generiranih konceptov
makroakcij (od 1 do 4). Poskuse smo ponovili za vse
kombinacije parametra abstrakcije in dolzine konceptov
makroakcij. Vsak poskus smo oznacili z "abs X, len Y",
kjer X predstavlja vrednost parametra abstrakcije, Y pa
dolZino konceptov makroakcij.

Slika 3. Trajanje povpreéne epizode, kjer levi stolpec
prikazuje rezultate nauéenih hand strategij, desni
stolpec pa rezultate nauéenih rand strategij.

Za vsak poskus smo v agentni program vgradili dobljen
opis agentne strategije in pognali igro za 30 minut ter
izmerili povpre¢no trajanje epizode. Izmerjeno trajanje
povprecnih epizod za naucene in referen¢ni strategij je
predstavljeno na sliki 3, Kkjer levi stolpec prikazuje
rezultate naucenih strategij, ki posnemajo hand strategijo,
desni stolpec pa rezultate naucenih strategij, ki posnemajo
rand strategijo. ViSina vodoravnih ¢&rt ustreza trajanju
povpre¢ne epizode naucenih strategij pri razlicnih
parametrih. Crne ¢rte v obeh stolpcih prikazujejo trajanje
povprecne epizode referencnih strategij.

Pri izvajanju poskusov smo izmerili tudi ujemanje
odigranih akcij z akcijami, ki bi jih izbrali referencni
strategiji. Vsako akcijo, ki jo je izbral agent na podlagi
pravil naugenih strategij, smo preverili, ali ustreza izbrani
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akciji referenénih strategij hand in rand. Rezultati teh
meritev so podani na sliki 4, kjer zgornje svetlo sive
vodoravne ¢rte ustrezajo primerom naucenih hand
strategij, spodnje temno sive pa primerom naucenih rand
strategij.

Slika 4. Odstotek ujemanja odigranih akcij nau¢enih
strategij z referenénimi.

Vizualno oceno podobnosti naucenih in referencnih

strategij lahko preverimo z gledanjem posnetih iger. V

naslednjih alinejah so podani internetni naslovi posnetkov

iger za razli¢ne referenéne in naucene strategije:

o referenc¢na strategija Hand:
http://dis.ijs.si/andraz/phd/3vs2-hand.avi

e naucena strategija Hand
http://dis.ijs.si/andraz/phd/hand-learn.avi

o referenc¢na strategija Rand:
http://dis.ijs.si/andraz/phd/3vs2-rand.avi

e naucena strategija Rand:
http://dis.ijs.si/andraz/phd/rand-learn.avi

Ogled posnetkov pokaze vizualno podobnost igre med
referenc¢no igro in igro z nauceno strategijo. Ujemanje je
mogoce zaznati za igre naucenih strategij obeh referencnih
strategij. Ce primerjamo igri naucenih hand in rand
strategij med seboj, se ponovno zazna jasha razlika v
nacinu igre razli¢nih strategij.

Za potrebe preverjanja pristopa MASDA smo v okolju
Keepaway implementirali novo strategijo imenovano
hand3-6-9, ki doloca razli¢no strategijo za vsakega igralca
posebej. Ker v osnovi okolje Keepaway naklju¢no
premeSa agente in ne omogoca enoli¢nega oStevil¢enja
igralcev, smo to moznost dodali v okolje. Za namenom, da
dolocimo strategije za vsakega agenta posebej, smo vioge
agentov ustrezno spremenili v fiksne vloge, ki ustrezajo
Stevilki igralca.

Nova strategija je podobna strategiji hand, pri tem da na
novo dolo¢i najmanjSo blizino napadalcev, pri kateri
branilec K1 poda Zogo najbolj odkritemu soigralcu.
Branilec Stevilka 1 ima najmanjSo blizino napadalcev pred
podajo nastavljeno na 3m, branilec Stevilka 2 na 6m in


http://dis.ijs.si/andraz/phd/3vs2-hand.avi
http://dis.ijs.si/andraz/phd/hand-learn.avi
http://dis.ijs.si/andraz/phd/3vs2-rand.avi
http://dis.ijs.si/andraz/phd/rand-learn.avi

branilec Stevilka 3 na 9m. Psevdo koda, ki opisuje
delovanje strategije hand3-6-9, je predstavljena na sliki 5.

it (playerNum == 1) { // igralec st. 1
if (Distk1Tl > 3) return Hold

¥
else if (playerNum == 2) { // igralec St. 2
if (Distk1Tl > 6) return Hold

¥
else { // igralec St. 3
if (DistK1T1l > 9) return Hold
3
// sicer podaj najbolj odprtemu branilcu
if (MinAngK2K1T1T2 > MinAngK3K1T1T2) {
return Passk2

}

return PassK3

Slika 5. Psevdo koda, ki opisuje delovanje strategije
hand3-6-9.

MinAngK2K1T172.30-350 A DistK1T1.0-4 A
MinDistK2T1T2.3-20 A DistK3C.4-15 A DistT2C.0-10 A
MinAngK3K1T1T2.0-90 A DistK172.1-10

LTeam.1:Pass-K2

v

DistK1T1.7-50 A MinAngK2K1T172.0-20 A

LTeam.2:Hol _ \ :
eam.2:Hold | | i AngK3KITIT2.5-350 A DiStK1K2.6-20 A Distk3C.4-15

{

DistK1T1.3-6 A MinAngK3K1T1T2.30-350 A
MinAngK2K1T172.0-60 A DistK1T2.0-7 A DistK1C.2-9 A
DistT1C.1-20 A Distk3C.4-15 A Distk2C.1-10

LTeam.2:Pass-K3

v

DistK1T1.9-20 A MinAngK2K1T1T72.0-30 A DistT1C.3-7 A

L Team.3:Hold Distk2C.2-15 A DistK1K3.8-50

Preglednica 1. Primer pravil za nauéeno strategijo
hand3-6-9, ki opisujejo en koncept makroakcije.

Namen testiranja je bil pokazati, da koncepti makroakcij
resni¢no prikazujejo del vecagentne strategije. Ker ima v
strategiji hand3-6-9 vsak branilec razlicno lokalno
strategijo, bi se to moralo odrazati v pravilih, ki opisujejo
koncepte makroakcij. Ce bi odkriti koncepti makroakcij
opisovali ve¢ razliénih agentnih strategij, potem lahko
sklepamo, da res predstavljajo del vecagentne strategije. V
ta namen smo v okolju Keepaway implementirali
strategijo hand3-6-9 in iz posnetka igre generirali pravila,
ki opisujejo nauceno strategijo hand3-6-9.

V preglednici 1 so predstavljena pravila, ki smo jih
pridobili iz iger agentov s strategijo hand3-6-9 in
predstavljajo eno nauc¢eno makroakcijo. S krepkim tiskom
S0 oznaceni pogoji, ki neposredno nastopajo v definiciji
strategije. Analiza pogojev pokaze, da v veliki meri
ustrezajo pogojem zapisanih v izvorni kodi strategije
hand3-6-9 (glej sliko 5).

4 ZAKLJUCEK

Predstavili smo modeliranje na domeni 3vs2 Keepaway z
uporabo  MASDA. Pristop smo uporabili za aktivno
posnemanje opazovanih strategij. Z meritvami povpreéne
dolzine epizode, z merjenjem ujemanja posameznih akcij,
z vizualno primerjavo in primerjavo generiranih pravil z
izvorno kodo strategij smo pokazali, da je MASDA na
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preprostejSih vecagentnih domenah sposoben odkriti in
reproducirati celotno strategijo opazovanega MAS.
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ABSTRACT

In this paper we present an owerview of methods,
services and solutions of intelligent homes. The
emphasis is on world-wide solutions supported by links
to the most relevant sites.

V mnozici aktualnih trznih reSitev in standardizacijskih
aktivnosti na podrog¢ju vgrajevanja inteligence v zgradbe in
domove ter na podroc¢ju telematskih storitev osnovanih na
dodani inteligenci doma in na sodobnih komunikacijskih
storitvah, se pojavlja potreba po celovitem vpogledu v (1)
sedanje stanje na podrogjih standardizacije informacijsko-
komunikacijskih tehnologij, automatizacije, inteligentnih
hisSnih naprav, varnostnih sistemov in uporabniskih
vmesnikov; (2) ponudbo in perspektivo storitev s pogleda
potreb uporabnikov in glavnih smernic razvoja tehnologije
in (3) aktualno ponudbo opreme in sistemov.

V tem ¢lanku podajamo pregled stanja sistemov in storitev
na podro¢ju inteligentnih domov.

1 UvOD

Digitalna konvergenca racunalnidtva, komunikacij in
vsebin postavlja informacijsko-komunikacijske tehnologije
(IKT) v novo perspektivo medsebojno povezanih, do sedaj
lo¢enih idustrijskih vej in storitvenih dejavnosti.

Vedno bolj dostopne tehnologije Zi¢nih in brezzZi¢nih
Sirokopasovnih omrezij, mobilne, prilagodljive, varne in
prijazne IKT reSitve, omogocajo komunikacije kjerkoli in
kadarkoli. Storitve so vedno bolj nezaznavno vkljucene v
vsakdanje inteligentne in  personalizirane naprave,
temelje¢e na autonomnih senzorskih in odlogitvenih
podsistemih, agentnih tehnologijah in semanti¢cnem spletu.
Integracija videa, zvoka in podatkov preko konvergence
fiksnih in mobilnih omreZji v enotne sisteme odpira
moZnosti za razvoj novih storitev in prodor inteligence v
bivalna okolja [1].

Inteligentni dom je mnozica medsebojno povezanih
storitev, aplikacij, naprav, sistemov in omreZij, Ki
zagotavljajo varnost in nadzor, komunikacije, visjo
kakovost Zivljenja in okoljsko sprejemljivost. Vse te
komponente inteligentnih domov pa zagotavlja mnoZica
ponudnikov, standardizacijskih teles, raziskovalcev in
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interesnih  zdruZenj, kar povecuje kompleksnost pri
zagotavljanju optimalnih reSitev.

V poglavju §t. 2 podajamo pregled storitev pomembnejSih
telekomunikacijskih (TK) operaterjev v Evropi, ponudba
ostalih podjetij je omejena na aktualna problemska
podro¢ja, ki se tematsko navezujejo na inteligentne
domove: telemedicina, telematsko upravljanje naprav in
varovanje. Hisni residenéni prehod, kot klju¢ni element v
povezovanju hisnih omrezij in naprav, je predstavljen v
poglavju §t. 3. ObSirno podrocje standardizacije, s
pregledom najpomembnejSih iniciativ ter interesnih
zdruZenj na podro¢ju uvajanja Sirokopasovnih storitev,
hidnih omreZij in razvoja inteligentnih domov, je podano v
poglavju 4.

2 PONUDBA STORITEV

Ko govorimo o naboru storitev na podrog¢ju inteligentnih

his, lahko problemska podrocja razdelimo v tri osnovne

skupine: (1) zagotavljanje wvarnosti in zdravstvenega

varstva; (2) zagotavljanje boljSe kakovosti Zivljenja,

veéjega bivalnega udobja in zabave o0z. vecje delovne

ucinkovitosti, kadar gre za delovna okolja; (3) omogocanje

prihrankov v energiji, v ¢asu za posamezna opravila, v

investicijah za vzdrZzevanje ter nadgrajevanje obstojecih

sistemov in manj3ih okoljskih obremenitvah.

Med trzno aktualnimi storitvami, ki jih lahko pokrivajo

sistemi inteligentnih zgradb in domov so [2]:

e distribucija vsebin (video na zahtevo, glasba, tv
programi);

e komunikacije (telefonija, fax, e-posta, videotelefonija,
VolP);

e izobraZevanje oziroma ucéenje na daljavo;

e zabava (interaktivne omrezne igre, igralnistvo na
daljavo, vecpredstavnostne klepetalnice idr.);

e nadzorovanje porabe komunalno-energetskih storitev
(elektri¢na energija, plin, voda, daljinsko ogrevanje);

e tehni¢no varovanje in videonadzor;

e nadzorovanje hiSne avtomatizacije in nadzornih
sistemov;

e zdravstveni nadzor in medicinska pomo¢ ali
reSevanje;

e vzdrZevalni nadzor sistemov inteligentnega doma;
e daljinski nadzor nad vsemi napravami in konfiguracijo
avtomatizacije;



e upravljanje z razli¢nimi hisnimi energijskimi porabniki
(kuhalniki, pecice, ogrevanje, pralni stroji);

e daljinsko diagnosticiranje avtomatiziranih sistemov s
predvidenimi vzdrZevalnimi postopki in uporabnisko
podporo;

e spremljanje zdravja in pocutja ljudi (npr. ljudje s
posebnimi potrebami, ostareli);

e storitve na daljavo (izobrazevanje, daljinsko delo,
socialne storitve).

V nadaljevanju podajamo pregled storitev telekom (TK)
operaterjev, ki obvladujejo najvec¢ji trzni deleZz pri
zagotavljanju storitev za residencne uporabnike, doloceni
segmenti ponudbe pa Ze zajemajo elemente inteligentnih
domov. Podajamo tudi vpogled v storitve zagotavljanja
zdravstvene nege in varnosti, ki na lestvici Zivljenjskih
potreb zavzemata vedno pomembnejsi delez.

2.1 Sirokopasovne storitve TK operaterjev

TK operaterji se s pospeSenim uvajanjem novih tehnologij
za Sirokopasovni dostop in Sirjenje mrezne infrastrukture
vedno bolj usmerjajo k storitvam za konéne uporabnike, ki
presegajo tradicionalne govorne komunikacije. Distribucija
vsebin preko tako imenovanih triple play reSitev v povezavi
z distributerskimi podjetji pokriva visok delez ponudbe.
Nabor storitev previloma obsega razlicne pakete
Sirokopasovnega dostopa, digitalne IP televizije in videa na
zahtevo (VoD), konvergenco IP in mobilne telefonije, ki v
povezavi s spletnimi portali dopolnjujejo ponudbo z
mreznimi igrami, fotoservisi za tiskanje fotografij,
distribucijo glasbe in osnovnimi funkcijami video nadzora.
Hisni residencni prehod (gateway), kot osrednja tocka
dostopa in povezave hiSnih naprav, postaja blagovna
znamka TK operaterjev. Dober primer je uspeh reSitve
Livebox % France Telecom
(http://www.francetelecom.com/en/our_solutions/home/live
box).

2.2 Telenega

Podro¢je telematskih zdravstvenih storitev postaja z
razvojem informacijsko-komunikacijskih  tehnologij v
zadnjih letih samostojna veja IKT industrije, ki jo spodbuja
potreba po zmanjSevanju stroSkov zdravstvenega varstva,
Sirjenje kroni¢nih bolezni med ostarelimi in potreba po ¢im
daljSem samostojnem bivanju ostarelih.

Zdravstvena informatika, kot samostojna znanstvena veja
interdisciplinarno  zdruZuje podrocje tehnologije in
medicine. Nove tehnologije Sirijo moZnosti razvoja in
spreminjajo organizacijske in poslovne modele v zdravstvu
in socialnem skrbstvu.

Podroc¢je telematskih zdravstvenih storitev je razpredeno
med mnozico podroc¢ij v sistemu zdravstvenega varstva.
Telemedicina uporablja informacijsko in
telekomunikacijsko tehnologijo za prenos medicinskih
informacij v diagnosti¢ne, terapevtske in izobraZevalne
namene.  Telezdravstvo  (Telehealth) je  uporaba
informacijske in telekomunikacijske tehnologije za prenos
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zdravstvenih informacij v Kkliniéne, administrativne in
izobraZzevalne namene. Telenega (Telecare) uporablja
informacijsko in telekomunikacijsko tehnologijo za prenos
medicinskih informacij, potrebnih za diagnostiko in
terapijo pacientov na njihovem domu. Napredne senzorske
tehnologije zagotavljajo zajem informacij o zdravstvenem
stanju ljudi, izvajanju terapij in njihovih dnevnih
aktivnostih.

Storitve patronazne oskrbe na domu so prisotne Ze nekaj
destletij. Trendi staranja prebivalstva, zmanjSevanje
sredstev za zdravstvo in spremnjenih Zivljenjskih navad, Se
povecujejo potrebo po tovrstnih storitvah. Samo v Veliki
Britaniji je poldrugi milijon uporabnikov tovrstnih storitev.
Pri vzpostavljanju telemedicinskih storitev pa se pojavljajo
tudi vpraSanja eti¢ne upravicenosti poseganja v zasebnost
posameznika v odnosu do varnosti in zdravstvenega
varstva [3].

Telematski nadzor nad zdravjem ljudi v domacem okolju
je v osnovi mogoce zagotoviti na tri nacine: (1) preko
zajemanja podatkov o vitalnih funkcijah preko mobilnih
senzorskih naprav (tipiéno v obliki zapestnice ali obeska);
(2) preko nezaznavnega zajemanja podatkov o aktivnostih
posameznika preko senzorjev vgrajenih v domace okolje
ali (3) preko kombinacije obeh [4].

Kljub temu, da je mreza patronazne oskrbe v Sloveniji
dokaj razvejana je ponudba storitev telematskega nadzora
nad zdravjem in pocutjem ljudi relativno omejena.
Vecinoma je zagotovljena telefonska povezava z
oskrbovalnim centrom preko prilagojenih brezZi¢nih
telefonskih pozivnikov v obliki obeskov s preprosto tipko
za poziv na izbrano telefonsko Stevilko.

V ZDA, Veliki Britaniji in delno v Evropi Ze obstaja
mnoZica ponudnikov sistemov, ki zajemajo podatke o
vitalnih Zivljenjskih funkcijah in jih preko hidnih omrezij
in Sirokopasovnih komunikacijskih poti prenaSajo v
specializirane zdravstvene in negovalne centre.

V nadaljevanju podajamo pregled nekaterih ponudnikov
opreme in neodvisnih raziskovalnih organizacij in
zdruZenj s podrocja telenege.

Ricability  (http://www.ricability.org.uk) je neodvisna
raziskovalna organizacija na podro¢ju opreme in storitev
za starejSe in osebe s posebnimi potrebami. TSA
(http://www.asap-uk.org/)  je  neodvisno  britansko
zdruzenje ponudnikov storitev s podrocja telenege.
TUNSTALL  (http://www.tunstall.co.uk/) je vodilni
ponudnik opreme in storitev s podrocja telenege v Veliki
Britaniji. ~ Philipsov  program  Medical  Systems
(http://www.medical.philips.com), poleg medicinskih
radioloSkih in kardioloSkih naprav, pokriva zdravstvene
informacijske sisteme in naprave za nadziranje
zdravstvenega stanja preko zajemanja podatkov o vitalnih
Zivljenjskih funkcijah ljudi. Sistem Motiva je osnovan na
interaktivni digitalni televiziji, ki preko uporabnisko
prijaznega televizijskega vmesnika in za starejSe
prilagojenega daljinskega upravljalnika omogoca dostop
do zbranih podatkov na zaslonu domacega TV




sprejemnika in sprotno daljinsko osveZevanje zdravstvene
kartoteke pri ponudniku zdravstvene nege.

2.4. Telematsko upravljanje naprav

Podroc¢je hisSne avtomatizacije in telematskega nadzora je
bilo v zadnjih desetletjih predvsem ozko specializirano
podro¢je za zahtevnejSe uporabnike in tehnoloSko
izobraZene samograditelje. Nestandardizirani,
ozkonamenski sistemi, ki jih je bilo praviloma tezko
nadgrajevati in integrirati v okolje, so zahtevali celovito
izvedbo, praviloma z obseZnimi strojnimi in kabelskimi
instalacijami in dograditvami obstoje¢ih hidnih naprav.
Praviloma so se za take reSitve odlocali pri novogradnjah
ali  obseznejSih  adaptacijah. S porastom novih
komunikacijskih, predvsem brezzi¢nih, tehnologij (Z-
Wave, ZigBee idr.) pa se odpira prostor za razvoj novih
interoperabilnih proizvodov, ki jih je mogoce relativno
hitro nadgrajevati. TrziS¢e Ze zasedajo mocnejSi igralci v
industriji telekomunikacij, multimedijskih naprav, zabavne
elektronike in bele tehnike. Proizvajalci bele tehnike Ze
ponujajo omreZene aparate v visjih cenovnih razredih, ki
omogocajo serviserjem oddaljeni nadzor in diagnostiko na
lokacijah  kon¢nih  uporabnikov. V  Sloveniji  lahko
omenimo strateSko preusmerjanje Gorenja iz strogo
industrijskega podjetja v storitveno naravnano podjetje.
Sodelovanje Gorenja z IBM pri implementaciji brezzi¢nih
arhitektur na osnovi usmeritev OSGi (http://www.osgi.org/)
bo omogocilo uvajanje celovitih storitev na podrocju
daljinskega nadzora gospodinjskih aparatov.

2.5 Varnost

Podrogje varnosti, ki ga pokriva Sirok spekter specializiranih
podjetij, npr. ameriski ADT (http://www.adt.com/adt/),
lahko v grobem razdelimo na varovanje velike stopnje
varnosti (vecji objekti, poslovni sklopi, tovarne itd.) in
varovanje nizje stopnje varnosti (stanovanja, hiSe, vikendi
idr.).

Za storitve IDT je zanimivo podroc¢je varovanja niZje
stopnje varnosti. Manj zahtevni brezzi¢ni sistemi za video
nadzor, protivlomni in poZarni sistemi so lahko integrirani v
inteligentni dom brez vegjih instalacijskih posegov. Npr.
Motorola ima v programu domacih omreZnih naprav druzino
brezzZi¢nih naprav za hisSni nadzor, ki jih je mogoce brez
obseznejSih instalacij hitro integrirati v domace okolje.
Podobne resitve Ze ponujajo nekateri TK operaterji, npr.
British Telecom (http://www.bt.com/homemonitoring/).
Skupina Redcare, (http://www.redcare.bt.com) v okviru
British  Telecom, pokriva podroc¢je zahtevnejSega
daljinskega nadzora za poslovne uporabnike in drZavni
sektor. Redcare predstavlja zgleden primer vklju¢evanja
javnega sektorja pri zagotavljanju storitev za javno dobro.

3 HISNI RESIDENCNI PREHOD

Hisni residen¢ni prehodi Ze predstavljajo uveljavljen nacin
telekom operaterjev pri uvajanju novih storitev. Uvajanje
novih storitev kot so VolIP, IPTV, tehni¢no varovanje idr.
preko hiSnih prehodov predstavlja vir vzpona v prihodkih
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in zmanjSevanja fluktuacije naroénikov [5]. Vsi
pomembnejSi operaterji Ze ponujajo triple play storitve, pri
tem pa je pomebna dolgoroc¢na strategija uvajanja dodatnih
storitev. S pravilno zasnovo hisnih residenénih prehodov
bo mogoce praviloma relativno enostavno, hitro in brez
dodatnih investicij za uporabnike dodajati nove storitve.
Studija [6] napoveduje v obdobju do leta 2009 znatno
povecevanje deleZza vec¢namenskih residencnih prehodov

glede na enonamenske ,single service* residencne
prehode.

Konec leta 2004 je devet velikih operaterjev ustanovilo
zdruZenje Home Gateway Inititive
(http://www.homegatewayinitiative.org/) 'z  namenom
zbiranja  fukcionalnih ~ zahtev  in  specificiranja

nizkocenovnih residenénih prehodov, ki bodo podpirali
nove storitve. Prvenstveni namen tovrstnih hiSnih
prehodov je zagotavljanje vmesnika med dostopovnim
omrezjem in storitveno platformo na eni strani in hiSnim
omrezjem pri uporabniku. Na sliki 1 je predstavljen hisni
residencni prehod, ki omogoca dostop do Sirokopasovnih
storitev preko razli¢nih mreznih vmesnikov.

Slika 1: Domace omrezje s hiSnim residenc¢nim prehodom

[7]

Klju¢ne funkcije hiSnega residenc¢nega prehoda so:

e simultana povezava z mnozico razlicnih hisnih
omrezij;

e dostop do vsebin, neodvisno od strojne opreme na
nizjih nivojih (razlicne naprave in komunikacijske
poti);

e narocanje storitev, kot komercialni odnos med stranko
in ponudnikom storitev;

e personalizacija uporabniskih profilov glede
Zivljenjske navade in potrebe ljudi;

e mobilnost in prenosljivost.

na

4. STANDARDIZACIJA

Inteligenente domove z novo generacijo odprtih hisnih
omrezij pokriva mnozica industrijskih  segmentov,
interesnih  zdruzenj in standardizacijskih  organov.
Standardizacija zagotavlja medsebojno  povezljivost,
upravljanje, varnost, interoperabilnost naprav in kakovost
storitev (QoS) za mnozico hiSnih aplikacij, do katerih
dostopamo preko hiSnega omreZja. V nadaljevanju
podajamo pregled pomembnejSih standardov, priporogil in
interesnih zdruzenj.



4.1 Standardizacijski organi

European Committee for Electrotechnical Standardization
(CENELEC: http://www.cenelec.org/) izvaja projekt
SmartHouse, ki spodbuja konvergenco in interoperabilnost
sistemov, naprav in storitev za inteligentne domove. V
okviru projekta je bil izdan obseZen referenéni dokument
[2] s priporocili razvijalcem in ponudnikom storitev
inteligentnin  domov. ICT Standards Board (ICSTB,
http://www.ictsb.org/), ki zdruzuje organizacije CEN,
CENELEC in ETSI je ustanovil delovno skupino
SmartHouse Standards Steering Group (ICTSB/SHSSG), ki
preko sodelovanja z industrijo oblikuje predloge za
standardizacijske organe.

ISO (http://www.iso.org/) in IEC (http://www.iec.ch/) sta v
zdruzenem tehni¢nem komiteju ISO/IEC JTC 1, izdala
standard ISO/IEC 15045-1 [8] s priporogili za razvoj hisnih
residenc¢nih prehodov.

4.2 Mrezni standardi

Med hiSnimi mreZnimi standardi, ki si najmo¢neje utirajo
pot na trzis¢e so ZigBee [9], Konnex [10] , LonWorks,
X10, Z-Wave, Bluetooth in nenazadnje druZina standardov

|EEE 802.11 [11] .

4.3 Iniciative in interesna zdruZenja

Poleg Ze omenjenih zdruzenj OSGi in HGI so za razvoj
inteligentnih  domov pomembne organizacije ANEC,
ISTAG, FMCA, Digital Living Network Alliance (DLNA),
Consumer Electronics Association (CEA), the Internet
Streaming Media Alliance (ISMA) in Home Audio/Video
Interoperability (HAVi).

5. ZAKLJUCEK

Trenutno v ponudbi TK operaterjev ni videti storitev
inteligentnega ali omreZenega doma (networked home), Ki
bi Sirse izkoriScale potenciale novih tehnologij. Nedvomno
lahko ugotovimo, da je vecina bivalnih okolij, kljub
pospeSenemu tehnoloSkemu razvoju, vedno ceneji in
vedno bolj dostopni visoki tehnologiji, 3e vedno
neinteligentna. HiSne naprave in sistemi, kljub relativno
veliki skupni procesorski moci, Se vedno niso povezani v
celovite inteligentne sisteme. Storitve so ve¢inoma omejene
na distribucijo vsebin, varovanje in komunikacije.
Integracija omejenega dela hidnih naprav v enovite sisteme
je sicer mogoca, vendar zahteva poglobljeno tehnolosko
znanje, zamenjavo dolocenih naprav ali delov naprav in
dodajanje razli¢nih komunikacijskih in uporabniskih
vmeshikov. VVgradnja tovrstnih sistemov praviloma zahteva
obseznejSe kabelske in strojne instalacije. Na tak nacin
praviloma  pridobimo neko  vnaprej doloceno
funkcionalnost, ki pa je neprilagodljiva in nezdruZljiva z
naknadnimi  dopolnitvami. Omejena  funkcionalnost,
nezdruzljivost, neprilagodljivost in nenazadnje visoka cena,
omejuje ekonomsko ucinkovitost in Sirjenje tovrstnih
sistemov. Sistemi popolnoma avtomatiziranih inteligentnih
zgradb, so tako predvsem stvar prestiZa in ne toliko rezultat
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realnih potreb Siroke skupine uporabnikov in ekonomske
upravicenosti, kar je tudi razlog za relativho pocasno
uvajanje novih storitev. Popolnoma omreZeni inteligentni
dom, ki omogoca prihranke v energiji, daljinski nadzor,
interoperabilnost in prilagodljivost je Se vedno bolj ali
manj predmet demonstracijskih prototipov in raziskovalnih
projektov. Kljub temu pa lahko ugotovimo, da naras¢ajoce
Stevilo omrezenih  naprav, Sirjenje  Sirokopasovne
infrastrukture in nove storitve TK operaterjev spodbujajo
razvoj inteligentnih domov prihodnosti.
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Povzetek

Podan je kratek pregled stanja in perspektiv
inteligentnih sistemov. Ker mineva (dobrih?) 50 let
od zacetka umetne inteligence, se je pojavilo veé¢
¢lankov in specialnih Stevilk v pomembnih
svetovnih revijah. lIzbranih je nekaj objav s
poglobljenimi analizami avtorju najbolj zanimivih
predvsem iz revije Intelligent systems.

Inteligentni sistemi dozivljajo stalno nadgradnjo,
cedalje uspesSnejSe aplikacije na raznolikih
podrogcjih in cedalje vec¢jo potrebo po inteligentnih
storitvah. Posebej pomembno je, da se pogoji za
uveljavitev inteligentnih sistemov izboljSujejo —
cenejSa strojna oprema, ve¢ znanja, Vvecja
konkurenca. Podrocje je zatorej izredno atraktivno
in perspektivno.

1 UvOD

Za zacetek umetne inteligence zgodovinarji véasih
Stejejo prve nastope Alana Turinga, Se pogosteje
pa John McCarthyjevo konferenco z naslovom The
Dartmouth Summer Research Project on Artificial
Intelligence, izpeljano leta 1956 v Dartmouthu,
ZDA. To je najpogosteje omenjeni rojstni datum
umetne inteligence in posredno tudi inteligentnih
sistemov. Morda bi se komu ta datum zdel
upravicéeno vprasljiv, saj je Turing Ze okoli leta
1950 pisal npr. o Turingovem testu kot
potencialnem odgovoru na vpraSanje, kaj naj se
Steje kot inteligentno, in tudi avtor tega prispevka
bi raje dejal, da je rojstni datum Ul in IS okoli leta
1950. Kakorkoli Ze, kmalu je umetna inteligenca
postala Siroko sprejeta kot oznaka nove,
samostojne  smeri  znanstvenega raziskovanja.
Termin “inteligentni sistemi” se pogosto pojavlja
kot sinonim, ceprav z nekoliko bolj tehni¢no
komponento.

Umetna inteligenca kot termin in znanstvena
disciplina je nekako vezana na raziskave, saj se
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uveljavljeni sistemi le redko Stejejo za umetno
inteligentne. To paradoksalno situacijo v veliki
meri delijo tudi inteligentni sistemi, saj recimo
danes ne obstaja niti en sam inteligentni agent (kot
primer najbolj udarnih metodologij inteligentnih
sistemov) v praksi, ki bi imel ve¢ino zaZelenih
lastnosti. Inteligentni sistemi so v inZenirskem
smislu zatorej v doloceni prednosti pred umetno
inteligenco, saj je tudi delno inteligenten sistem
lahko Stet kot tak, pa ceprav ni inteligenten v
¢loveskem smislu, npr. inteligentna miska.

Med pomembnimi podporniki zgodnje umetne

inteligence je bil Alan Turing, verjetno
najpomembnejSi raziskovalec racunalniStva in
informatike, ki je postavil wvrsto kljucnih

konceptov od Turingovega stroja, Turingovega
testa do Church-Turingove teze Ze v prvih
desetletjih 19. stoletja (Einstein ra¢unalnistva). Ti
osnhovni koncepti racunalniStva se ne Stejejo za
zacetek umetne inteligence, ker se je Turing z
njimi ukvarjal na akademski matemati¢ni ravni —
npr. z vpraSanjem, kaj je mozno izracunati in ¢esa
se naceloma ne da v nekem sistemu. Najbrz pa bi
bilo za pionirja umetne inteligence in inteligentnih
sistemov edino korektno priznati Alana Turinga in
zametke v njegovih zgodnjih desetletjih prejSnjega
stoletja.

Turing (1947, 1948) je predvideval, da bo okoli
leta 2000 Ze deloval inteligentni racunalnik, ki bo
pogosto prelisi¢il ¢loveSkega preiskovalca pri
testu inteligence, tj. v Turingovem testu. Splosno
priznana nezmoZznost prave inteligence na
racunalnikih je dobro desetletje nazaj sprozila
precejSnje kritike umetne inteligence, ki jih je
delno pomiril uspeh racunalnidkega 3aha, ki danes
premaga tudi najboljSe Sahiste na navadnem
osebnem racunalniku. Vendar pa so taki programi
inteligentni le v inzenirskem smislu, nikakor pa ne
v smislu prave ¢loveSke inteligence. Nasprotno —
zadnja leta uspeh testiranja na Turingovih testih
celo upada, ker so se ljudje navadili, kako
spradevati. Cim vpra3anje zadeva pomen



prejSnjega stavka, racunalniki prakticno vedno
odpovedo.

Hibbard (2003) predvideva, da bomo ljudje
priznali racunalnike kot zavestne in morda celo
nad-zavestne ¢ez kak3nih 100 let. Ko bi namre¢
uspeli realizirati pravo inteligenco in zavest na
racunalnikih, naj bi bil naslednji skok do ljudem
superiornih  sistemov le vpraSanje krajSega
¢asovnega obdobja. Glede na empiri¢ne izkusnje,
velika pricakovanja in posledi¢na razocaranja
opozarja, da so ¢loveski moZgani mnogokrat
kompleksnejSi kot racunalniki, ki so v osnovi
preproste naprave. Zato je razvoj zahtevnejsi.

Hibbard ne predvideva, da bodo super-inteligentni
racunalniki prekosili ljudi tudi pri ¢ustvih, saj naj bi
bili neke vrste “hladna” super inteligenca. Njegovo
mnenje je torej druga¢no kot nekaterih drugih
avtorjev, ki ravno v sklopu raznovrstnih miselnih
mehanizmov vidijo tisto dodatno racunsko mo¢
(Gams 2001).

Slika 1: Bill Hibbard pri¢akuje, da bodo ¢ez 100 let
rac¢unalniki dosegli in presegli ljudi. Dosedaj so se
vsa  tovrstna  pricakovanja  izkazala za
preoptimisti¢na.

Kurzweil (2000) je leta 2000 napovedal, da bodo
Ze okoli 2020 racunalniske umske sposobnosi
presle ¢loveske.

Kaj torej lahko re¢emo ob pregledu prvih 50 let in
ob pregledu nekaj najodmevnejSih ocen preteklosti
in napovedi prisotnosti?

2 OCENA NAZAJ

Kratek pregled nekaj objav kaZze splosno
zadovoljstvo ob pogledu nazaj. Selfridge (2006)
pravi: “Umetna inteligenca je cudovita! Toliko
stvari smo odkrili, toliko starih idej prevetrili na
razne nacine, zgradili smo tako napredna
racunalniSka orodja za preiskovanje umetne
inteligence.”
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Slika 2: Ray Kurzweil napoveduje, da bodo
racunalniki v dobrih dveh desetletjih umsko
prehiteli ljudi.

Rissland (2006) podobno ugotavlja, da “mnogo
tega je v umetni inteligenci, kar smo dosegli in
cesar se lahko veselimo. Dosegli smo mnozico
odli¢nih rezultatov na raznovrstnih podrogjih.
Recimo na podroc¢ju strojnega ucenja in
predstavitve znanja smo dosegli res impresivne,
zanesljive in splosno uporabne aplikacije, o
katerih smo nekaj desetletij ali let nazaj le
sanjali.” Sistemi umetne inteligence so pogosto
prekaSali klasicne po marsikaterih  klju¢nih
lastnostih, zato se uporabljajo v praksi.

Ce morda ob pisanju Kurzweila, ki predvideva
skorajsSnje rojstvo prave umetne inteligence in
integracijo ¢loveka s stroji tako v smislu hardvera
kot umskih sposobnosti, v¢asih zamahnemo z
roko, se ob mnozici utemeljenih pohval dosezkov
umetne inteligence v najkvalitetnejSih revijah pac
moramo strinjati s sploSno oceno stanja. Je pa
potrebno takoj omeniti, da je tu govora o
inZenirski umetni inteligenci, o aplikacijah metod
in tehnik umetne inteligence. Primer uspeSnega
paketa je Weka, kjer je preko interneta dostopnih
okoli 50 odprtokodnih sistemov za strojno ucéenje
in rudarjenje podatkov (Mitchell 1997), ki jih
lahko uporabljamo na istih podatkih oz. si jih
ogledujemo z istimi orodji za vizualizacijo. Lahko
pa jih preprogramiramo ali dodatno razvijamo za
kaksno posebno uporabo.

Tudi na podrogjih kot inteligentna robotika je
bil narejen ogromen napredek v dveh smereh.
Kot prvo imamo cedalje naprednejSe robote v
vsakdanji uporabi, tako industrijski kot doma.
Kot drugo so inteligentni razvojni roboti, Ki
znajo igrati nogomet ali plesati, samostojno
opravljati zahtevne naloge itd. Ti roboti so v
zadnjih  desetletjih  naredili  neverjeten
napreden in vpraSanje let ali kvecjemu



desetletij je, kdaj jih bomo srecali pri vrsti
novih trznih nalog.

3 BODOCNOST IN OCENA STANJA IS

Slika 2: Tudi revija IEEE Intelligent Systems je v
2006 namenila posebno Stevilko debatam o Al.

Izmed specialnih Stevilk si bomo podrobneje
ogledali The Future of Al revije (2006) IEEE
Intelligent systems (slika 2).
Med drugimi specialnimi Stevilkami omenimo Se
dve izdaji revije Al Magazine (2005 in 2006). Obe
prinaSata veliko zanimivih misli in analiz. Morda
je Ze najbolj izstopala ocena Patricka Winstona
(Stone idr. 2005), da je Al dosegla izjemen uspeh v
smislu razvoja racunalniskih metod in sistemov
umetne inteligence, ki se masovno uporabljajo in
S0 uspesnejSe kot Klasi¢ne. Po drugi strani pa je
potrebno priznati, da ¢loveske inteligence Se nismo
dosegli, niti se ji nismo bistveno priblizali. Nekaj
bistvenega manjka racunalniskim sistemom, saj bi
ob sicersnji neverjetni rasti sposobnosti morali Ze
zdavnaj kazati vsaj osnovne lastnosti cloveske
inteligence, npr. inteligenco otrok.
Hiter prikaz poglavitnih ¢lankov iz Future of Al
pokaze osrednja podrogja:

- ucenje in vzgoja

- roboti in inteligentni sistemi v

podporo/pomo¢ druzbi

- dinamika uteleSenih agentov

- geografsko porazdeljeni sodelujoci agenti

- razmiSljanje na osnovi podobnosti
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- brezumna inteligenca.

Omenjena Stevilka poleg poglavitnih prispevkov
kratko opisuje 10 udarnih mlajSih posameznikov.
Njihova podrogja so:

- ¢loveSka inteligenca (zdruzevanje ucenja s
predstavitvami znanja, prilagoditev
logi¢nega in verjetnostnega sklepanja na
probleme realnega sveta, razvoj teorij
¢loveku podobne Al)

- Alin lingvistika (modeliranje lingvisti¢nih
procesov, semantika)

- socialna omrezja in Al

- clovedka kognicija (kako se iz Al uciti o
¢loveski inteligenci)

- kreativno genetsko programiranje

- opisna logika v Al

- koodrinacija multiagentnih sistemov (npr.
uporaba v policijskih akcijah)

- Al in semanti¢ni splet (kot idealno
domensko podrogje za testiranje metod Al
na spletu)

- algoritmi¢na biologija (kako razviti teorije,
veljavne tako za biolo3ke kot rac¢unalniske
sisteme).

Selfridge (2006) opisuje ucenje in vzgojo kot eno
najpomembnejSih  ¢loveSkih lastnosti. Opisuje
primere ¢loveSkega ucenja predvsem v primerjavi
z zivalmi in primeri ucenja pri otrocih. Zakaj so
nekatere naloge preproste in druge zapletene?
Posebej obravnava nekaj podroc¢ij ucenja in
trenutno stanje strojnega ucenja. Za ucenje je
koristno, ¢e uc¢enec gradi mentalni model, ¢e se je
ze naucil podobnih oz. predhodnih nalog in samo
nadgrajuje.

Reddy (2006) najprej opozarja na eksponentni
razvoj racunalnidkih sposobnosti, tako gostot
elektronskih komponent kot kapacitet magnetnih
diskov in kapacitet prenosa. Ceprav poznamo
predvsem prvo zakonitost kot Moorov zakon, pa se
podvojitev tu zgodi v 15 do 24 mesecih, medtem
ko se pri kapacitetah diska v 12 mesecih in pri
prenosu podatkov po kablih v 9, torej bistveno
hitreje. To pomeni, da bomo kmalu lahko prenaali
vse telefonske pogovore na enem samem kablu oz.
se odpirajo ogromne moznosti nadaljnjega prenosa
ve¢jih  koli¢in  podatkov, npr. multimedijskih
vsebin.

Drugo pomembno podrocje je uporaba robotov.
Reddy vidi posebno motivacijo v skrbi za starejse
ljudi, saj se njihov delez v razvitem svetu
dramati¢cno povecuje in enostavno ni druge
moznosti kot pomo¢ z roboti in ITK storitvami.
Roboti so tudi zelo uporabni pri raznovrstnih
reSevalnih akcijah, npr. pri odkrivanju min ali
reSevanju ob pozarih. Med podrogji, ki bodo kmalu



dosegla komercialno uspe3nost, je racunalnisko
prepoznavanje govora. Na podrocju racunalniskega
vida in zmoZnosti samostojne voZnje je potrebno
omeniti, da ve¢ prototipov s kamerami in
racunalniki opremljenih avtomobilov dosega skoraj
¢loveske sposobnosti pri voznji na npr. kolovozih.
Na podro¢ju interakcije ¢lovek-stroj Reddy navaja
primer prototipnega PVTC, racunalnika, ki je
predelan v TV, oz. multimedijsko napravo. Lahko
se uporablja kot TV, kot DVR, kot telefon, kot IP
telefon, kot PC itd. Sistem je izredno preprost in
prijazen. Uporabnik samo klika ikone na zaslonu,
izbira osnovni nac¢in delovanja (npr. kot TV), nato s
klikanjem na okence kanala izbere primeren kanal
itd.

Pollack (2006) opisuje brezumno inteligenco. Po
njegovem mnenju se Al preve¢ ukvarja z najteZjo
nalogo — kako narediti inteligenco na cloveSkem
nivoju, namesto da bi gradila najprej preprostejse
modele inteligence, npr. preprostih in nato ¢edalje
bolj zapletenih Zivali. Odtod pride tudi ime
podpodro¢ja. Opozarja, da vecina Zivih bitij Zivi
brez uporabe formalne simbolne logike. Recimo
severni medved ima gotovo veliko znanja in
modelov 0 snegu, ¢eprav tega ne on ne ljudje ne
znamo formalizirati in niti ne vemo, ali obstaja v
obliki formalnega modela, ali pa kaksni drugi
obliki.

4 ZAKLJUCKI

Vecina modernih sistemov ima nekaj lastnosti
inteligentnih sistemov, ¢eprav vecini med njimi ne
recemo, da so inteligentni sistemi.

Trendi razvoja storitev in sistemov rac¢unalnikov in
informacijske druzbe gredo nesporno, relativno
pocasi in stanovitno v smeri inteligentnih sistemov.
Vecinsko mnenje strokovnjakov, tako
raziskovalcev kot razvojnikov, je, da bo pomen
inteligentnih sistemov bistveno porasel v bodocih
desetletjih.

Ne glede na inzenirsko, raziskovalno in razvojno
uspesnost inteligentnih sistemov ostaja nejasno
vprasanje, kdaj se bodo pojavili resni¢no
inteligentni sistemi na vsaj delno ¢loveSkem nivoju
— ocene nihajo med nekaj desetletij do stoletja.
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ABSTRACT

The paper presents an intelligent multi-modal biometric
system for access control. In the first part it discusses and
compares various biometric technologies, according to
their robustness, acceptance, commaodity of use, reliability
and price. It also includes recommendations and
conclusions about further application of different
biometric technologies. Next the paper presents the
possibilities of using computer vision to perform fuzzy
access control serving as additional information for
granting access. The paper follows by presenting an
intelligent behaviour recognition module, that is capable
of learning profile-typical behaviour and provides real-
time warning of possible unusual behaviour that might
lead to security crisis. At the end the whole access control
systems layout is presented.

1 INTRODUCTION

In a world in which security is ever more significant, access
control systems are of increasing importance to guarantee
safety of people and access to resources by their intended
users, and not by other possibly malicious intruders. Access
control systems are used to regulate access to various
resources (such as files, database entries, printers, web
pages, etc.). This article focuses on systems that control
access of individuals to physical places such as buildings,
offices, server rooms, etc.

Many different technologies are available for person
recognition and identity authentication and some examples
include biometric measures based on information from
handwriting (especially signatures), fingerprint, face, voice,
retina, iris, hand geometry and vein patterns. However,
recognition based on any one of these modalities may not
be sufficiently robust or else may not be acceptable to a
particular user group or in a particular situation or instance.

Current approaches in applications of access control are
mostly taking use RFID or single biometrics in personal
identity authentication. Single biometrics is limited,
principally because no single biometric (except fingerprint)
is generally considered both sufficiently accurate and user-
acceptable for universal application. Multi-modal
biometrics can provide a more balanced solution to the
security and convenience requirements of many
applications. The paper presents the model of an intelligent
multi-modal biometric system for access control. One of the
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scientific problems addressed by this article is decision
fusion from various biometric sensors.

The intelligent part of the system not only manages the
combination of available biometric measure to grant access
(decision fusion), but also learns a profile-typical
behaviour and warns about unusual behaviour in real time.
Hence a more prompt and effective reaction to a possible
system abuse could be performed.

2 BIOMETRIC TECHNOLOGIES

Essentially, biometrics is the automated approach to
authenticate the identity of a person using the individual's
unique physiological or behavioural characteristics.
Compared to traditional knowledge-based (e.g. passwords
or PIN) and token-based (e.g. ID cards and smart cards)
security systems, biometrics is generally regarded as a
stronger form of authentication [4], [5]. Since it is unique
to each person, it is more difficult for others to copy,
duplicate, and steal it or users forgetting it. Thus in
general, biometrics offers a more secure and friendly way
of identity authentication. Unfortunately, a biometric
attribute is not necessarily unambiguously permanent, so
all biometric schemes are probabilistic [5].

Registration of
Allowed User(s)

.

Processing:
Extract Features and
Generate Template

Acquire
Biometric
Data

A4

Allowed User(s)

Picture 1. Common Biometric Process Flow*

A sensor is required to acquire the biometric data that is
then processed by a processor (embedded system or PC).
The processing involves enhancing the data, removing
noise, segmenting out the crucial data, extracting unique
features (minutiae) and generation of a template to
represent the biometric data. This template is the basis
from which the uniqueness of the data is associated with
the identity of the user. User access to the system involves
comparing the currently generated template against the
reference template of allowed user(s). Matching against a
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claimed identity is called verification process (one-to-one
comparison), while matching against a list of legitimate
users is called identification (one-to-many comparison).

There are several biometric technologies that can be used
for identification and/or verification of individuals. The
advantages of wusing biometric measures are their
universality, uniqueness, invariability, simplicity and speed
of capture [1].

Picture 2. Comparison of biometric technologies?
2.1 Fingerprint

The fingertips have corrugated skin with line like ridges
flowing from one side of the finger to another. The
discontinuity in the ridge flow give rise to feature points,
called minutiae, while the pattern of flow give rise to
classification pattern such as arches, whorls and loops.
There are two main technical approaches for fingerprint
recognition: minutia matching and pattern matching. The
pattern matching approach typically requires a 2-3 times
larger template than in minutia approach.

There are a few variants of image capture technology
available for such commercially oriented fingerprint sensor,
including optical, silicon, ultrasound, thermal and hybrid.
The data that is extracted from fingerprints is dense which
explains why fingerprints are an extremely reliable means
of personal identification [6].

In general, fingerprint recognition can achieve good
accuracy sufficient for both verification and identification.
It is low cost, compact and is getting popular as consumer
products. [2]

2.2 Face recognition / Facial thermogram

A face image can be acquired using a normal camera such
as an off-the-shelf desktop camera. Two main approaches
are used to perform face recognition: holistic approach and
feature-based approach. Feature-based approach assures
robustness to position variations in the image, but the
automatic detection of the features is not accurate and
consistent enough to yield a high recognition accuracy rate.
Holistic approach processes the entire face and does not
destroy any information by exclusively processing only
certain points. This generally yields more accurate
recognition results. However, such technique is sensitive to

A Yun, The ‘123’ of Biometric Technology, 2003.
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variations in position and scale, and thus requires large
training data sets. [2]

A facial thermogram works much like face recognition
except that the image is captured by way of an infrared
camera, and the heat signature of the face is used to create
the biometric template used for matching. This is more
reliable than simple imaging and is less affected by
variation in face due to aging, make-up, hairstyle, glasses,
pose and lighting condition.

Face recognition is generally accepted by the public, easy
to use, a covert process, compact and the cost is rather low
[2]. The disadvantage is that the accuracy achievable it is
only suitable for verification, but is still insufficient for
identification.

2.3 Iris/ Retina

Iris, the coloured part of the eye, is composed of a type of
tissue, which gives the appearance of layered radial lines
or mesh when examined closely. The visible mesh consists
of characteristics such as striations, rings, crypts, furrows
etc. giving the iris a unique pattern. The iris image is
usually acquired using a monochrome camera with visible
and near infra red light. Based on an efficient processing
algorithm the iris is divided into rims. For each rim,
wavelets filter are applied sequentially throughout the rim
to extract the iris feature into numerical data [2].

Iris recognition is very accurate with very low false
acceptance rate and can be applied to both verification and
identification. The identification speed is also very fast and
it is relatively easy to verify whether the iris is from a
living subject. However, the cost of the system is
somewhat high and not compact. It also suffers from poor
lighting, reflection and possibly glasses. In addition, some
imaging system will require the user to be motionless for a
while.

Retinal recognition creates an “"eye signature™ from the
vascular configuration of the retina, an extremely
consistent and reliable attribute with the advantage of
being protected inside the eye itself. Retina scanning
requires a laser to be shined onto the back of the eye, with
obvious potential risks to health, what is unattractive to
users.

Diseases or injuries that would interfere with the retina are
comparatively rare in the general population, so the
attribute normally remains both consistent and consistently
available.

2.4 Hand geometry / Hand vein

The hand image is obtained using a camera looking from
the top or from the side when the user placed his or her
hand at a specified surface. From the hand image, the
fingers are located and the length, width, thickness,
curvatures and their relative geometry measured. The hand
geometry template size can be very small. It has acceptable
accuracy for verification but not sufficient for
identification [2]. The major advantage is that most people
can use it and as such, the acceptance rate is good.



However, the system is rather bulky and may have
problems with aging and health condition.

Hand vein recognition attempts to distinguish individuals
by measuring the differences in subcutaneous features of
the hand using infrared imaging. Like face recognition, it
must deal with the extra issues of three-dimensional space
and the orientation of the hand. Like retinal scanning, it
relies on the pattern of the veins in the hand to build a
template. The use of infrared imaging offers some of the
same advantages as hand geometry over fingerprint
recognition in manufacturing applications where hands may
not be clean enough to scan properly using a conventional
video or capacitance technique.

2.5 Voice

Voice authentication or speaker recognition uses a
microphone to record the voice of a person. The recorded
voice is digitized and then used for authentication. The
speech can be acquired from the user enunciating a known
text (text dependent) or speaking (text independent). In the
former case, the text can be fixed or prompted by the
system. The captured speech is then enhanced and unique
features extracted to form a voice template. There are two
types of templates: stochastic templates and model
templates.

The cost of voice authentication can be very low and
compact. Furthermore, it is relatively easy to use [2].
However, voice varies with age and there can be drastic
change from childhood to adolescence. Also illness and
emotion may affect the voice as well as changes in volume,
speed and quality of wvoice, room acoustics and
environmental noise.

2.6 Computer vision for behaviour recognition

Besides the presented market-ready biometric technologies,
other biometric parameters could be extracted by existing
hardware. In video surveillance technologies such as
computer vision could bring additional information for
identification / verification, thus increasing the degree of
confidence that the input biometric data is from the same
person as the registered data.

The video sequence is obtained using a surveillance
camera, which is triggered by a motion detector or trial to
access surveyed places. Efficient processing of video
sequence extracts typical features of individuals when
accessing secured rooms. For example, in a certain sensor
configuration one would always come from the left side of
the camera, taking the proximity card with the right hand
(identification) and putting the left forefinger on the
fingerprint sensor (verification). A suitable and efficient
image sequence transformation transforms the image
information to numerical data. Generation of registered
templates has to include machine learning techniques on
training data sets. Like face recognition, the collect-ability
and acceptability of this biometric measure are high, while
the permanency, circumvention and efficiency have still to
be tested.

By including computer vision supported behaviour
recognition and other retrieved information it is possible to
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recognize a situation, where more users are passing gates
where only one person identifies and trigger an alarm.

Computer vision is not invasive or harmful and can be
implemented with existing surveillance cameras. It cannot
be used as the only biometric measure to access the
system, since this technology is very environment
dependent and thus needs to be adaptive, what is difficult
to assure. We see computer vision as a fuzzy sensor with
perspective for automated system warning generation, but
usability in real applications has still to be tested.

2.7 Multi-modal biometric systems

Instead of relying on only one biometric measure, a multi-
modal system which combines several biometrics to
increase the likelihood of finding a match will be
increasingly feasible as hardware and system cost
decreases [4]. Besides not every biometric measure is
suitable for all application scenarios. In this new multi-
modal context, it is thus becoming important to be able to
combine different modalities (identification or verification
sensors) and merge their outcomes (usually a scalar
number representing the degree of confidence that the
input biometric data is from the same person as the
registered data) to come up with the proper binary decision
accept or reject user. Multi-modal biometrics assures
system  flexibility and adoptability to different
environmental requirements, better verification results
(FRR, FAR) than single biometrics, which results in a
user-friendly access control point [3], [7].

A popular approach to combining multiple classifiers in
biometric recognition is to treat the combination stage as a
second-level pattern recognition problem on the matching
scores that are to be fused [8], and then use standard
learning paradigms in order to obtain combining functions.
The similarity score output of each system is seen as a
different feature, and the two classes correspond to
impostor and genuine attempts, respectively. Comparative
studies in this field show that the support vector machine-
based fusion approach outperforms the others [3], [8].

Real multi-modal systems including face and fingerprint
recognition have proved to work with satisfactory response
time [9], but multi-modal systems are only as successful as
the biometrics that they are comprised of. All single
biometrics have their weaknesses, therefore the biometrics
used in multimodal systems should be used on rank of their
failure rate [9].

3 INTELLIGENT LEARNING OF BEHAVIOUR
PATTERNS

Biometrics is not only about new methods and
technologies to collect the biometrical data. Existing
sensors already collect much of the data and it can be used
for a higher-level biometric matching.

Additional information about individual’s typical
behaviour can be extracted from the events’ database or
other sensor-level available data. In applications of high
security this information could be useful to produce real-
time warnings of unusual behaviour. Therefore we propose



an intelligent module for typical behaviour recognition,
which considers existing knowledge of individuals’
behaviour and is able to learn user behaviour patterns.
Deviations from the standard patterns might result as a
system warning or furthermore contribute to the decision
fusion when granting access.

We propose a two-level behaviour recognition system:
- micro-behaviour,
- macro-behaviour.

3.1 Micro-behaviour

Micro-behaviour consists of typical individual’s behaviour
in a short time frame around the identification process at
the point of access control, i.e. at the sensor sight. At this
point the relative time of the day or sequence of
registrations at different points are not considered.

Different parameters are evaluated in the identification and
verification process such as time difference between usage
of sensors, keystroke dynamics when typing the pin
number, finger used for particular event (forefinger for
entrance, thumb for exit), combination and sequence of
modalities used, number of faulty trials, time of open doors,
etc. Rules for registration are previously appointed to each
user profile, which represent the knowledge base of the
system. Additional behaviour patterns of individuals and
user profiles are learned by the system through system
usage by machine learning methods. The output of the
micro-behaviour intelligent module is a scalar number,
which represents the degree of confidence that the claimed
identity is a registered user, based on his typical way of
registering.

The micro-behaviour module acts as a biometric measure,
which does not have a sensor on its own, but combines
information from other sensors in an intelligent way. Thus
we see micro-behaviour module as an additional sensor that
contributes to the overall matching to the claimed identity.

3.2 Macro-behaviour

Macro-behaviour includes typical individual’s daily
behaviour, which is partially built in the system knowledge
by the rules of registration (for example, someone is allowed
to enter or exit the premises in certain hours, minimum &
maximum time difference for accessing two remote gates
etc.). However, there are other individual-typical daily
behaviour characteristics that can be extracted from the
system database of registered events with machine learning
methods. For example: by clustering users in two clusters
regarding number of short exits (let’s suppose less than 10
minutes), it is possible to deduce which users are smokers.
A very non-typical behaviour for a non-smoking person
would be to exit every hour for a five-minute break and that
might be a warning for the system. Furthermore the system
would recognize that some individuals always register
together at some hours (for example, they travel to work
together or they cheat time registering at the end of the day).

While rules-based-access, which represent the system
knowledge base, can be used for binary decision to accept or
reject the user, the knowledge acquired with machine
learning is more suitable to produce warnings and for

database queries. Macro-behaviour knowledge can be used
also for a more friendly access control point, which is able
to facilitate the communication with the user with
(interactive) messages like: “Enjoy your meal today, Mr.
XY, “You are really an early bird!” or “Would you like to
compensate your exit with existing extra hours?”

4 SYSTEM INTEGRATION
4.1 Sensors

When selecting a specific biometric technology for a
particular use, the following should be considered [2]:
a. Size of user group.
b. Place of use and the nature of use
c. Ease of use and user training required.
d. Error incidence such as due to age, environment
and health condition.
Security and accuracy requirement needed.
f.  User acceptance level, privacy and anonymity.
g. Long-term  stability including technology
maturity, standard, interoperability and technical
support.

®

Based on facts presented in the paragraph 2 we consider
the following technologies to be the most suitable for a
robust, reliable and commercially viable intelligent
biometric access control system:
- identification: PIN, RFID cards and fingerprint;
- verification: fingerprint, iris scan, micro-
behaviour intelligent module;
- warning system: computer vision behaviour
recognition, micro-behaviour intelligent module,
macro-behaviour intelligent module;

Selecting sensors and building solutions that comply with
standards bring various advantages. The only industry
standard in the field of biometric applications that is
publicly available is BioAPI.

4.2 System Layout

The International Biometric Group (IBG) [5] proposes a
framework for multi-modal biometric applications named
AMOLD (Acquisition, Matching, Output, Logic, Decision),
where multi-modal verification and identification models
are presented. We use the IBG verification model
framework to build an intelligent multi-modal biometric
access control system layout.

IDENTIFICATION
8 MODULE

Sensor A
Keyboard
Sensor B: - Usrip
RFID reader ;

Sensor C:
Fingerprint reader

VERIFICATION DECISION-FUSION
8 MODULE 8 MODULE

Sensor 1. Native / BioAP! Identification
Ust 'ID Fngerprint reader 11
" | Decision
User Sensor 11, Native / BioAP! Verification f (Accept IReject)
Iris recognition 4
Sensor 111. [ Native / BioAP1, Warning
Micro-behavior

WARNING level
MODULE

INTELLIGENT
& MODULE




Picture 3. Conceptual scheme of the proposed system.

The system is comprised of a (near) deterministic
identification module, a probalistic verification module with
high degree of confidence (fingerprint, iris recognition).
The intelligent module for behaviour learning and the
computer vision behaviour recognition module produce
system warnings and other outputs (warning level).
Identification, verification and warning results are entered
in the decision-fusion module, which outputs the binary
decision to accept or reject the user. Besides the system
tracks system warnings and video sequences for later
analysis. All the modules have connection to the central
database.

4.3 Future work

Future work is focused on the novel biometrics introduced
like computer vision for behaviour recognition, micro- and
macro-behaviour recognition. Proposed methods have to be

tested and evaluated in real applications to prove
applicability and usability.
Using intelligent access control gives plenty of

opportunities for integration with other systems and
applications that could improve security and commodity of
use. The classic access control point is therefore
transformed in a friendly interactive point of
communication with the user. Imagine the system could
warn you that you have forgotten to lock your computer or
asking you to turn the Out-Of-Office function on when
leaving the building, or when coming back from lunch
asking you for coffee.

5 CONCLUSION

Biometrics has proved satisfactory results for automatic
authentication of identity in different environments.
However, all biometric technologies are not market-ready
(yet) and some of them are suitable in limited cases.
Fingerprint and iris scan biometrics are still the most robust
and reliable technologies to be used for access to secure
systems or applications. Additional information to secure
access could be obtained by applying computer vision
methods to video surveillance, but the permanency,
circumvention and efficiency of this approach have still to
be tested. Machine learning methods could be applied also
to retrieve micro and macro-behaviour characteristics of
users. This information is mostly useful to generate system
warnings or to bias the decision, which is handled by a
decision-fusion module.

An intelligent biometric access control system needs reliable
compounds to work efficiently. A very valuable part for
proper integration is sensor selection process, where
adequate technologies have to be used. We propose
deterministic identification and probalistic verification with
high degree of confidence. Furthermore we present a system
layout for successful integration of intelligent biometrics for
an efficient, user-friendly and reliable access control system.

In the future the emphasis of the work is on novel
biometrics, intelligent module for behaviour learning and
decision-fusion.
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POVZETEK

Za preiskovalne algoritme z takojSnjim odzivom, kakrsen je
LRTA*, velja, da najdejo boljSe reSitve, ¢e uporabljajo
veéjo globino preiskovanja. To pa ne drzi vedno in tudi
kadar drzi, je vegja globina od najmanj3e potrebne ¢asovno
potratna. Zaradi tega v tem prispevku preuc¢imo dve metodi
za vnaprejSnje dolo¢anje optimalne globine preiskovanja.
Eno od metod dopolnimo z uporabo abstraktnih stanj, kar
omogoci, da Stevilo stanj, za katere je optimalno globino
preiskovanja treba dologiti, zmanjSamo. Dopolnjeno
metodo smo preizkusili na problemu iskanja poti po
zemljevidih iz komercialnih racunalnidkih iger. Po
nekajurnem doloc¢anje optimalnih globin je uporaba teh
globin pri iskanju poti dala okrog desetkraten prihranek
¢asa in dosegala dolZine poti primerljive z uporabo
nespremenljive globine.

1 UuvOoD

Najbolj znan algoritem za enoagentno hevristiéno
preiskovanje je prav gotovo A* [6]. Ob uporabi popolne
(optimisticne) hevristicne funkcije A* vedno najde
optimalno pot do cilja. Zal pa je pri nekaterih problemih
prostor preiskovanja prevelik, da bi mu bil A* (dovolj
hitro) kos. V takih primerih se uporabljajo preiskovalni
algoritmi s takojsnjim odzivom (real-time). Klasicen
tovrsten algoritem je learning real-time A* ali LRTA* [7],
ki se mu bomo posvetili v tem prispevku.

LRTA™* in sorodni algoritmi preiS¢ejo del prostora okrog
trenutnega stanja in nato naredijo korak v najbolj obetavni
smeri proti cilju. Postopek ponavljajo, dokler cilja ne
dosezejo. VpraSanje, ki se ob rabi tovrstnih algoritmov
zastavi, je, do kakSne globine naj algoritem v vsakem
koraku prostor preiSée. RazSirjeno je prepricanje, da je
najdena pot do cilja boljsa, ¢e je globina preiskovanja vecja.
Nedavne ugotovitve [1, 3, 8, 9] pa kaZejo, da to ne drZi
vedno, da v¢asih prihaja do tako imenovane patologije, kar
pomeni, da se manjSe globine preiskovanja obnesejo bolje.
Ker poleg tega plitvejSe preiskovanje terja tudi manj
procesorskega ¢asa, bi bilo zazeleno za vsako stanje poznati
optimalno globino preiskovanja.

Optimalno globino preiskovanja v nekem stanju bi si Zeleli
dolociti kar neposredno iz topologije dela prostora, v
katerem stanje lezi. Zal pa kaka sploSno uporabna metoda
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za to ni znana. Tako si lahko pomagamo z vnaprejsnjim
dolo¢anjem optimalnih globin s pomogjo preiskovanja. Tak
postopek je casovno zelo zahteven, vendar si ga pri
nekaterih problemih lahko privos¢imo. Npr. v racunalniski
igri, kjer mora biti mnozica enot zmozna hitrega hkratnega
iskanja poti po zemljevidu, izdelovalec igre, preden igro
poSlje v trgovine, zlahka nameni nekaj ur ali dni
procesiranja dolo¢anju optimalnih globin preiskovanja.

Prispevek je razdeljen na Sest poglavij. Poglavje 2 opredeli
problem in predstavi algoritem LRTA*. Poglavje 3
obravnava naivno in ¢asovno zahtevno metodo za dolocanje
optimalne globine, v poglavju 4 pa je opisana uc¢inkovitejsa
metoda. V poglavju 5 to metodo dopolnimo z uporabo
abstraktnih stanj, kar omogoci, da Stevilo stanj, za katere je
optimalno  globino  preiskovanja treba izracunati,
zmanjSamo. Poglavje 6 prispevek sklene in poda nekaj
smernic za nadaljnje delo.

2 PROBLEM

Problem, s katerim se ukvarja ta prispevek, je iskanje poti
iz zacetnega stanja v koncéno stanje po zemljevidu
razdeljenem v kvadratna polja, od katerih so nekatera
neprehodna. Agent, ki iS¢e pot, se iz vsakega polja lahko
premakne v katerokoli prehodno sosednje polje — cena
premika naravnost je 1, cena diagonalnega premika pa V2.
Prosta polja tvorijo mnoZico stanj S. Preiskovalni problem
dolocajo zemljevid, zacetno stanje s, in kon¢no stanje sg.

Za nacrtovanje poti agent uporablja algoritem LRTS [2]
nastavljen tako, da ustreza LRTA*. Algoritem preisce vsa
stanja do d premikov oddaljena od trenutnega stanja s; € S.
Stanja na robu preiskanega podrocja oceni s hevristicno
funkcijo h, ki ocenjuje oddaljenost stanja od sy. Agent nato
naredi prvi premik po najkrajSi poti do najobetavnejSega
stanja na robu preiskanega prostora. To je stanje Sgope € S,
ki lezi na najcenejsi poti do sy. Cena poti  (Stopr) = O (St opt)
+ N (Sropy), Pri ¢emer je g (Srop) Cena poti od s; do St op,
h (Sropr) Pa hevristicna ocena cene poti od S¢qp 00 Sg. Na
zacetku so hevristi¢ne ocene enake cenam poti po povsem
prehodnem zemljevidu. Po opravljenem premiku pa h (s;)
dobi vrednost f (St op), S Cimer algoritem popravi hevristicne
vrednosti na podrogjih, kjer so bile na zacetku preve¢
optimisticne, tako da agent lahko najde pot okrog ovir tudi
takrat, kadar tega ne more doseci s preiskovanjem do
globine d.



V poizkusih opisanih v tem prispevku smo uporabili Sest
zemljevidov iz komercialnih racunalniskih iger: tri iz
Baldur's Gate in tri iz Warcraft 11l. Zemljevidi imajo od
5.672 do 18.841 prehodnih stanj. Na vsakem zemljevidu
smo naklju¢no izbrali kon¢no stanje, nato pa smo iz vseh
drugih stanj iskali pot do njega. Uporabljali smo globine
preiskovanja od 1 do 10.

3 OPTIMIZACIJA DOLZIN CELIH POTI

Najprej smo izmerili, kak3no povpreéno dolzino poti
dosegajo nespremenljive globine preiskovanja. Rezultati so
zbrani v tabeli 1. Poleg dolZine poti smo izmerili tudi
Stevilo preiskanih stanj na premik, ki je dobra ocena za
porabljen procesorski ¢as.

d Dolzina poti St. stanj / premik
1 2074,6 7,9
2 999,6 60,8
3 631,8 158,6
4 474,2 295,6
5 518,7 493,9
6 450,5 702,4
7 425,4 952,4
8 400,4 1.262,4
9 341,6 15443

10 350,7 1.890,5

Tabela 1. Povprecna dolZina poti in povprecno Stevilo
preiskanih stanj na premik pri nespremenljivi
globini preiskovanja.

Rezultati v tabeli 1 so v skladu s pri¢akovanji: s povec¢ano
globino preiskovanja se najdene poti krajsajo. Blago
patolosko obnaSanje je opaziti prid =5 in d = 10, kjer se v
primerjavi s plitvejSim preiskovanjem poti podaljsajo,
vendar so razlike majhne.

NajenostavnejSi nacin dolocanja optimalne globine
preiskovanja je prav gotovo izraéun dolZzine poti med
vsakima dvema stanjema z vsemi moznimi globinami (pri
nas od 1 do 10). Ce pri iskanju poti uporabimo najboljse
preizkuSene globine, je povpre¢na dolzina najdenih poti
310,7 (11,4 % manj kot pri d = 10), Stevilo preiskanih stanj
na premik pa 1.316,6 (30,3 % manj kot pri d = 10). Na tak
nacin korist od vnaprejSnjega dolocanja optimalne globine
preiskovanja o¢itno ni velika.

Ce poznamo optimalno globino preiskovanja za vsako
stanje, lahko pri iskanju poti globino spremenimo tudi vsak
premik: ko je agent v stanju s;, uporabi globino
preiskovanja, ki bi bila optimalna, ¢e bi v stanju s, iskanje
zacel. Povprec¢na dolzina poti se na ta nacin skrajsa na
178,3 (49,1 % manj kot pri d = 10), Stevilo preiskanih stanj
na premik pa na 1.192,2 (36,9 % manj kot pri d = 10). Ti
rezultati so precej bolj spodbudni in kazejo, da bi bilo
poznavanje optimalne globine preiskovanja lahko dokaj
koristno. Zal pa je izra¢un dolZine poti za vsaj usmerjen par
stanj z vsako globino ¢asovno izjemno zahteven, saj imajo
nasi zemljevidi v povpregju 8,1 - 10 takih parov stanj.
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4 OPTIMIZACIJA POSAMICNIH PREMIKOV

Metoda dolo¢anja optimalne globine preiskovanja iz
prejSnjega poglavja je neucinkovita, ker mora agent mnoge
dele poti prepotovati veckrat. Naj bo P54 mnoZica stanj, ki
leZijo na poti od stanja s € S do sy pri globini preiskovanja
d. V tem primeru je najverjetneje pri tej globini
preiskovanja znana tudi pot do sy iz vsakega od stanj Ssg €
Psq. (gotovo to ni zato, ker bi bile hevristicne vrednosti
drugacne, ¢e bi se preiskovanje zacelo v stanju s 4), metoda
iz prejSnjega poglavja pa te poti izracuna ponovno. Metodo
bi bilo mogoce dopolniti, da bi opisano pomanjkljivost
odpravili, vendar ta pomanjkljivost ni edina.

Druga pomanjkljivost je, da se v stanju s € S uporabi
globina preiskovanja, ki je morda potrebna le na majhnem
delu poti od s do sg, na vecjem pa bi se lahko uporabilo
plitvejSe preiskovanje, ki bi prihranilo procesorski ¢as. Se
ve¢, zaradi doloc¢anja optimalne globine v stanju s na
podlagi cele poti od s do sy se lahko zgodi, da je najdena
pot daljSa, kot ¢e bi bila izbrana le na podlagi prvega
premika iz s.

Preden predstavimo algoritem, ki odpravlja opisani
pomanijkljivosti, uvedimo nekaj definicij. Naj bo A mnoZica
premikov, ki jih lahko naredi agent. Preslikava ¢: S x A —
S doloc¢a stanje, v katero agent pride iz danega stanja z
danim premikom. LRTA* v stanju s € S pri globini
preiskovanja d izbere premik a(s,d). Pri optimalnem
premiku a* (s) lezi stanje s' = ¢ (s, a* (s)) na najkrajSi poti
od s do s, Optimalna globina preiskovanja d* (s) je
globina, pri kateri LRTA* v stanju s izbere premik a* (s).
Ce imamo na voljo le globine preiskovanja do dmay, je
dmax-optimalna globina dy max™ (S) enaka d* (s), ¢e d* (s) <
dmax, Sicer pa je enaka 1 < d < dna, pri ¢emer je pot od
stanja s do sy, na kateri lezi s' = o (s, a (s, d)), najkrajsa.

Naslednji algoritem ucinkovito doloci
globine preiskovanja za vsa stanja s € S.

Umax-Optimalne

for vsako stanje s € S do
if dmax-optimalna globina dq max™ (S) ni dolo¢ena then
s':=s
repeat
najdi dg max™ (s") s preiskovanjem z d =1 ... dpax
$':=0 (S" a (S', dd max™ (Sl)))
until dgma™ (s') dolocena v prejSnjem preiskovanju
(takem, Ki se ni zacelo v s)
end if
end for

Problemati¢na tocka algoritma je dolo¢anje dmax-optimalne
globine za neko stanje s. lzvede se s preiskovanjem z
globinami d = 1 ... dna, za katere se predlagani premik
a (s, d) primerja z a* (s). Seveda pa je za to a* (s) treba
poznati. Dolo¢i se lahko z Dijkstrovim algoritmom [5], ki
uc¢inkovito izraéuna dolZino poti iz vsakega stanja s € S do
Sg- Vendar pa se ob tem zastavi vpraSanje, zakaj sploh
dolocati optimalno globino preiskovanja, ¢e poznamo
optimalni premik. Prvi razlog je, da je optimalna globina



preiskovanja uporabna tudi v spreminjajoéem se okolju, v
kakrSnem optimalni premiki lahko hitro postanejo
neuporabni. Drugi pa se bo pokazal kasneje, ko bomo
predstavili razSiritev algoritma, ki omogoc¢a izracun
optimalne globine (in posledi¢no optimalnega premika) le
za nekatera stanja.

Povprec¢na dolZina poti z uporabo novega algoritma na
Sestih zemljevidih je 114,4, povpre¢no Stevilo preiskanih
stanj na premik pa 155,7. To je v primerjavi z
nespremenljivo globino 10 bistvena izboljSava: pri dolZini
poti za 67,4 %, pri preiskanih stanjih pa kar za 91,8 %.
Razlog za tolikSno zmanjSanje Stevila preiskanih stanj
vidimo, ¢e si ogledamo, kako pogosto je bila uporabljena
katera izmed globin. Rezultati so zbrani v tabeli 2.

dio* | Dele? stanj (%) dio* | DeleZ stanj (%)
1 73.0 6 1.8
2 8.0 7 1.7
3 47 8 1.9
4 3.3 9 1.9
5 2.4 10 2.3

Tabela 2. Delezi stanj, kjer je na$ algoritem dolocil
posamicne globine preiskovanja za
10-optimalne.

Slika 1 ilustrira delovanje naSega algoritma: na enem izmed
Sestih zemljevidov so z odtenki sivine ponazorjene
optimalne globine preiskovanja, ¢rna polja pa so
neprehodna.

Konéno stanje

Slika 1. Polja obarvana glede na 10-optimalno globino
preiskovanja: bela ... dio* = 1, najtemnej3a siva

... dyo* =10, ¢rna ... neprehodno.

5 ABSTRAKCIJA STANJ

Algoritem iz prejSnjega poglavja sicer dosega dobre
rezultate in tudi omogoca bistveno hitrejSe dolocanje

120

optimalnih globin preiskovanja kot metoda iz poglavja 3,
vendar je ¢asovno Se vedno zelo zahteven. A kot kaZe slika
1, so stanja s podobno optimalno globino preiskovanja
zdruZena v skupine, iz ¢esar je mo¢ sklepati, da bi lahko
brez prevelike izgube to¢nosti globino dologili za le po eno
stanje iz vsake skupine.

Nacin zdruZevanja stanj v skupine, ki smo ga izbrali, je
abstrakcija s klikami [4]. Ta metoda v prvem koraku
prostor razdeli na cetverice popolnoma povezanih stanj (to
pomeni, da je iz vsakega z enim premikom mogoce priti v
vsako drugo). Kjer zaradi topologije prostora ni mogoce
najti ¢etveric, se uporabijo manjSe skupine. Vsaka ¢etverica
ustreza enemu abstraktnemu stanju nivoja 1. Abstraktna
stanja nivoja 1 se na enak nacin zdruZijo v abstraktna stanja
nivoja 2 itd. Postopek kaZe slika 2, ki je povzeta po [4].
Stanja so predstavljena kot tocke, moZni premiki pa kot
povezave med njimi.

Slika 2. ZdruZevanje stanj v abstraktna stanja: na vrhu
konkretna stanja, na sredini abstraktna stanja
nivoja 1, na dnu pa abstraktna stanja nivoja 2.

Na$ algoritem za iskanje optimalne globine preiskovanja
lahko uporabi abstraktna stanja poljubnega nivoja. Iskanje
poti do sy namesto v vsakem konkretnem stanju s S zacne
v vsakem stanju s; € S;, pri ¢emer je S; mnoZzica stanj i-tega
abstraktnega nivoja (So = S). Za konkretno stanje, ki lezi
priblizno na sredini stanj pripadajocih abstraktnemu stanju
S, poisée dmax-optimalno globino preiskovanja in jo pripise
vsem konkretnim stanjem, ki pripadajo s;. Iskanje
dmax-optimalne globine nato ponovi Sele, ko agent pride v
konkretno stanje, ki pripada drugemu abstraktnemu stanju.
Zaradi tega se to iskanje izvede le tolikokrat, kolikor je na
zemljevidu abstraktnih stan;.

Tabela 3 kaze rezultate pri uporabi razliénih nivojev
abstrakcije na Sestih zemljevidih. Casi za izradun 10-
optimalnih globin preiskovanja za vse usmerjene pare
abstraktnih stanj so ekstrapolirani iz ¢asov izmerjenih za
vsa zacetna in eno konéno stanje.



Nivo | St. parov Cas (h) | Dolzina | St.stanj/

abs. abs. stanj poti premik
0 8,110’ 12.231 114,4 155,7
1 7,5-10° 788 130,0 158,7
2 9,7-10° 239 323,3 89,9
3 164.971 41 352,4 152,5
4 34.225 3,9 463,1 59,6
5 7.048 0,86 470,0 70,2
6 1.469 0,50 660,0 32,8
7 393 0,14 9445 25,6
8 100 0,019 1004,4 13,6
9 20 0,0056 1015,3 17,0

Tabela 3. Povprecno Stevilo usmerjenih parov stanj, ¢as za
izracun 10-optimalnih globin preiskovanja,
povprecna dolZina poti in povpreéno Stevilo
preiskanih stanj na premik pri uporabi razli¢nih
nivojev abstrakcije.

Iz tabele 3 je razvidno, da sta v naSem primeru uporabna
abstraktna nivoja 4 in 5. Da bi z nespremenljivo globino
preiskovanja dosegli v povprec¢ju krajSe poti, bi ta globina
morala biti vsaj 6 (razvidno iz tabele 1). V primerjavi z
nespremenljivo globino 6 pa se pri uporabi 10-optimalnih
globin preiscée le 10.0 % (abstraktni nivo 4) ali 8.5 %
(abstraktni nivo 5) stanj na potezo, kar pomeni sorazmeren
prihranek procesorskega ¢asa.

Slika kaZe 10-optimalne globine preiskovanja za zemljevid
s slike 1, le da so globine dolo¢ene na podlagi abstraktnih
stanj nivoja 5.

Konéno stanje

Slika 3. Polja obarvana glede na 10-optimalno globino
preiskovanja doloceno na podlagi abstraktnih
stanj nivoja 5: bela ... dig* = 1, najtemnej3a siva
... d1o* =10, ¢rna ... neprehodno.

6 ZAKLJUCEK

V tem prispevku smo opisali dve metodi za doloc¢anje
optimalnih globin preiskovanja za uporabo s preiskovalnim
algoritmom LRTA*. Druga dosega v povpre¢ju krajse poti,
pa tudi dolocanje globin je hitrejSe. Kljub temu je za iskanje
poti po zemljevidih iz komercialnih racunalniskih iger
prepoc¢asna. Uporabna pa postane, ¢e jo zdruzimo s tehniko
za zdruZzevanje stanj v abstraktna stanja. To nam omogoci,
da optimalno globino preiskovanja izracunamo za manjSe
Stevilo stanj, kar zmanjSa potrebni procesorski ¢as z nekaj
tiso¢ na nekaj ur. Povprecne dolzine poti najdenih z
uporabo tako izracunanih globin so primerljive z dolZzinami
poti najdenih z uporabo nespremenljive globine
preiskovanja, vendar je Stevilo preiskanih stanj na premik
okrog desetkrat manjse.

V prihodnje je predvsem potrebno naSo metodo preizkusiti
na bolj reprezentativnem vzorcu parov stanj, kajti do sedaj
je bile preizkusena le za eno kon¢no stanju na vsakem
zemljevidu. Poleg bi veljalo izboljsati nacin za izbiro
konkretnega stanja, na podlagi katerega se doloc¢i optimalna
globina preiskovanja za neko abstraktno stanje.

Literatura

[1] Bulitko, V. (2003). Lookahead pathologies and meta-
level control in real-time heuristic search. Proceedings
of 15th Euromicro Conference on Real-Time Systems,
Porto, Portugal, 13-16.

[2] Bulitko, V. and Lee, G. (2006). Learning in real-time
search: A unifying framework. Journal of Artificial
Intelligence Research, 25, 119-157.

[3] Bulitko, V., et al. (2003). Lookahead pathologies for
single agent search. Proceedings of International Joint
Conference on Artificial Intelligence (IJCAI),
Acapulco, Mexico, 1531-1533.

[4] Bulitko, V., Sturtevant, N., and Kazakevich, M.
(2005). Speeding up learning in real-time search via
automatic state abstraction. Proceedings of National
Conference on Atrtificial Intelligence (AAAI),
Pittsburgh, Pennsylvania.

[5] Dijkstra, E.W. (1959). A note on two problems in
connexion with graphs. Numerische Mathematik, 1,
269-271.

[6] Hart, P.E., Nilsson, N.J., and Raphael, B. (1968). A
formal basis for the heuristic determination of
minimum cost paths. IEEE Transactions on Systems
Science and Cybernetics, 4 (2), 100-107.

[7] Korf, R.E. (1990). Real-time heuristic search. Artificial
Intelligence, 42 (2, 3), 189-211.

[8] Lustrek, M. (2005). Pathology in Single-Agent Search.
Proceedings of Information Society, Ljubljana,
Slovenia, 345-348.

[9] Lustrek, M. and Bulitko, V. (2006). Lookahead
Pathology in Real-Time Path-Finding. Proceedings of
Learning for Search workshop at American
Association for Artificial Intelligence (AAAI), Boston,
USA, 108-114.



ODLOCITVENI MODEL ZA LICITIRANJE PRI IGRI TAROK ZA
STIRI IGRALCE

Domen Marin¢i¢, Matjaz Gams
Odsek za inteligentne sisteme
Institut “Jozef Stefan”

Jamova 39, 1000 Ljubljana, Slovenija
domen.marincic@igs.si, matjaz.gams@igs. si

Povzetek

V pri¢ujotem prispevku predstavljamo odloc¢itveni
model za licitiranje pri igranju taroka za Stiri igralce.
Model je bil narejen na osnovi Bayesovske mreze. Razvili
smo program za igranje taroka za Stiri igralce Tarok 7, ki
je sluzil kot testno okolje za ovrednotenje odloc¢itvenega
modela. Model smo nato s pomoc¢jo programa primer-
jali z licitiranji treh strokovnjakov. Rezultati primer-
jave nakazujejo visoko ujemanje odloc¢itev programa z
odlocitvami strokovnjakov.

1 Uvod

Licitacija je del nekaterih iger s kartami, kot so bridge,
poker, tarok in whist. Pred dejanskim igranjem kart
igralci licitirajo viSje in visje igre. Tisti, ki ponudi na-
jvec vredno igro, doloéi tip igre, ki jo bodo igralci nadalje
igrali. Ker licitacija zahteva predvidevanje konénega
izida vsake od moznih iger je na nek nac¢in bolj kom-
pleksna, kot igranje kart samo.

Med licitacijo igralci licitirajo eden za drugim; njihova
licitiranja so razdeljena v runde, v vsaki rundi igralec
licitira enkrat. Licitacija se zakljuci, ko vsi razen enega
odstopijo od nje.

V taroku za Stiri igralce zmagovalec licitacije lahko
igra proti vsem ostalim ali pa si izbere partnerja. Lic-
itatorjeva strategija je izbrati najprimernejso igro glede
na njegovo moc¢ in predvideno mo¢ ostalih igralcev. Vec
je vredna igra, mocnejSe karte mora imeti igralec, da
zmaga.

V splosnem obstajata dva pristopa, kako resiti prob-
leme pri licitiranju: pristop na podlagi znanja in pristop
s simulacijo.  Prednost pristopa z znanjem je, da
odloc¢itveni proces lahko to¢neje nadzorujemo, kot pri
pristopu s simulacijo. Poleg tega je prvi nacin hitrejsi;
v zelo kompleksnih igrah z nepopolno informacijo sim-
ulacija porabi veliko ¢asa. Po drugi strani pa je lazje
zgraditi sistem, ki deluje na podlagi simulacije, saj ni
potrebe po uporabi znanja in implementacije le-tega.

Pri nasem delu smo se odloc¢ili uporabiti pristop z
znanjem. Na podlagi Bayesovske mreze [3] smo razvili
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odlocitveni model za licitiranje in ga uporabili pri taroku
za Stiri igralce. Izdelali smo program Tarok 7 [6], ki za
igranje kart uporablja alfa-beta preiskovalni algoritem.

Bridz je verjetno najbolj poznana igra s kartami, ki
vkljucije licitacijo in GIB [2] eden najboljsih programov
za igranje te igre. GIB uporablja bazo strategij za lici-
tiranje, vendar je najpomembnejsi mehanizem za izbiro
odlo¢itev simulacija. Tudi Bridge Baron [7] je program
za igranje bridza, vendar se njegovi avtorji osredotocajo
predvsem na igranje kart in ne toliko na licitacijo.

Tudi poker je primer igre z licitacijo. Poki [1], pro-
gram za igranje pokra, deluje s pomocjo simulacije. Drug
program, opisan v [4], uporablja Bayesovske mreze za
predstavitev kart v roki licitatorja in obnasanje ostalih
igralcev. S pomocjo Bayesovske mreze program izracuna
verjetnost licitatorjeve zmage v igri.

Tarok za tri igralce je ravno tako igra z licitacijo.
Eden od programo v za igranje te igre je Silicijev tarokist
[5]. Program za odlocitve pri licitiranju uporablja simu-
lacijo.

V prispevku bomo najprej opisali strukturo
odloc¢itvenega modela. Nato bomo predstavili ovred-
notenje modela s testi. Na koncu bomo podali se
zakljucek in predloge za prihodnje delo.

2 Opis odlocitvenega modela za liciti-
ranje

Bayesovska mreza, ki predstavlja odlo¢itveni model
za licitiranje, je predstavljena na sliki 1. Vozlis¢a zgorn-
jega nivoja predstavljajo stanje igre v trenutku, ko mora
igralec licitirati. Vozlis¢a srednjega nivoja semanti¢no
integrirajo atribute zgornjih vozlis¢. Ta vozlis¢a niso nu-
jno potrebna, vendar naredijo model bolj pregleden in
tako lazje obvladljiv. Vsa ta vozlis¢a imajo simboli¢ne
vrednosti. Vsako vozlisce spodnjega nivoja predstavlja
eno od moznih licitiranj in s tem igro, ki jo bodo igralci
igrali nadalje, v primeru, da bo to ostalo najvisje lic-
itiranje. Naklju¢ne spremenljivke povezane s temi vo-
zlis¢i predstavljajo koncen rezultat igre in lahko zavza-
mejo sledece vrednosti: “visok poraz”, “nizek poraz”,
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“nizka zmaga” in “visoka zmaga”.

Za dolocitev optimalnega licitiranja najprej nas-
tavimo verjetnosti vrednosti vseh zgornjih vozlis¢ glede
na trenutno stanje igre. Vozlis¢e “Licitiranje igralca A”
ima v naSem primeru tri mozne vrednosti: “odstop od
licitacije”, “nizko licitiranje” in “visoko licitiranje”. Ce
je bilo zadnje licitatorjevo licitiranje “dve” to obrav-
navamo kot nizko licitranje in nastavimo verjetnost te
vrednosti na 1, ostali dve verjetnosti pa postaneta 0.
Podobno nastavimo vrednosti ostalih zgornjih vozlisc.

Verjetnosti vrednosti v ostalih vozliscih izra¢unamo s
pomocjo pravil sklepanja v Bayesovskih mrezah. Zaradi
posebne strukture Bayesovske mreze lahko uporabimo
prirejena pravila. Recimo da je v, vrednost vozlisca B.
Naj bo M = {My, Ms, ..., M};} mnozica k starsevskih vo-
zlisc vozlista B. Naj bo Vi, = {vyy,, ..., v}j } mnozica
n; vrednosti starSevskega vozlisca M;. P/(B Up)
izra¢unamo s pomocjo formule (1). Najprej izra¢unamo
verjetnosti v srednjih vozli§¢ih in nato rekurzivno Se ver-
jetnosti v spodnjih vozliscih.

Vrednostim spodnjih vozlis¢ nato priredimo steviléne
vrednosti -1, -1/3, +1/3 in +1. Rezultat pravil sklepanja
so verjetnosti vrednosti nakljuénih spremenljivk v spod-
njih vozlis¢ih. Nato izracunamo matemati¢no upanje za
vsako licitiranje. Licitator izbere licitiranje z najvecjim
matematicnim upanjem, v primeru, da je vsaj eno od
njih pozitivno. Sicer igralec odstopi od licitacije.

=) =
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P(vp|My = vyp ..., My, = vyp )P(My = vy ) ... P(My = vy, )

Slika 2: Stirje osnovni primeri situacij odlo¢anja pri lic-
itiranju
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Slika 3: Prilagajanje agresivnosti/tveganja pri licitiranju



3 Prilagajanje odloc¢itvenega procesa

Model vkljucuje tri pomembne faktorje odloc¢anja
pri licitiranju: (i) mo¢ igralcev (srednja vozlisca, ki
zdruzijo atribute licitatorjevih kart in pretekla licitiranja
ostalih igralcev), (ii) vrednost tipov iger pridruzenih
dolo¢enim licitiranjem, (iii) stopnja tveganja. Drugi in
tretji faktor sta vkljuCena v verjetnostne porazdelitve
nakljuénih spremenljivk.  Slika 2 s pomoc¢jo Stirih
primerov prikazuje, kako model obravnava faktorja (i)
in (ii).

Primeri prikazujejo razli¢cne situacije gleda na ocen-
jeno moc¢ licitatorja v primerjavi z ostalimi igralci in
vrednosti igre, ki jo licitator licitira. Vsaka od ver-
jetnostnih porazdelitev na sliki predstavlja diskretno
porazdelitev v spodnjih vozlis¢ih kot rezultat pravil
sklepanja. Predstavitev z zveznimi porazdelitvami nam
omogoca boljSo preglednost. Na horizontalni osi so
pricakovani koncni rezultati igre. Najvi§ja in najnizja
mozna vrednost sta oznaceni kot r,,aks in r,,in. Gos-
tota verjetnostnih porazdelitev, odvisna od pricakovanih
rezultatov, je prikazana na navpiéni osi kot p(r).
Matemati¢no upanje je oznaceno z p. Upostevati je
treba, da je to samo shematska predstavitev verjetnost-
nih porazdelitev.

Na sliki sta predstavljeni dve odlocitveni situaciji. V
levem stolpcu ima licitator nekoliko mocnejse karte v
primerjavi z ostalimi. V situacijah opisanih v desnem
stolpcu ima licitator bistveno moc¢nejse karte kot ostali.
V obeh situacijah licitator lahko izbere nizko licitiranje,
kjer so predvidene nizke absolutne vrednosti koncénih
rezultatov, visoko licitranje z visokimi absolutnimi vred-
nostmi predvidenih konénih rezultatov ter odstop od lic-
itacije.

Med odloc¢itvenim procesom najprej ugotovimo,
kaksno predvideno mo¢ ima licitator v primerjavi z ostal-
imi; vzemimo da je to nizka premo¢. Nato izratunamo p
za nizko licitiranje (a) ter za visoko licitiranje (b). Lici-
tator bo oc¢itno izbral licitiranje z vi§jim matematicnim
upanjem.

V teku vecih zaporednih iger, recimo na turnirju,
licitator pridobiva nove informacije o ostalih igralcih.
Smiselno je, da igralec to uposteva in prilagaja strategijo
licitiranja v smislu vec¢je ali manjse agresivnosti oziroma
tveganja. To lahko naredi s spremembo verjetnostnih
porazdelitev v tabelah pogojnih verjetnosti v spodnjih
vozlis¢ih. Primera na sliki 3 prikazujeta manj (a) in bolj
(b) agresivno licitiranje.

4 Ovrednotenje odlocitvenega modela

V testu za ovrednotenje modela smo primerjali liciti-
ranje programa Tarok 7 in treh strokovnjakov za igranje
taroka za $tiri igralce. V vlogi prvih treh igralcev je
nastopal samo program, v vlogi ¢etrtega igralca pa pro-
gram in eden od strokovnjakov. Na ta nacin smo pro-
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Strokovnjak A B C
Ujemanje  programa s | 92% 82% 80%
strokovnjaki
Odstotek licitiranj z razliko | 1% 2% 2%
ve¢ kot ena stopnja
Delez programovih | 35% 75% 72%
agresivnejsih licitiranj
(upostevajo¢ samo primere
neujemanja)

Tabela 1: Primerjava licitranja programa Tarok 7 s

strokovnjaki

gram in strokovnjaka postavili v enak polozaj in opazo-
vali njune odlocitve pri licitiranju.

Tabela 1 povzema rezultate testa. Licitiranje pro-
grama Tarok 7 primerjemo s tremi strokovnjaki: A, B in
C. Strokovnjak A je naredil 500 licitiranj, strokovnjaka
B in C pa vsak po 100. Odstotki v drugi vrsti prikazujejo
delez licitiranj, ko sta se program in strokovnjak razli¢no
odlocila. Vrednost 100% bi pomenila popolno ujemanje.
Tretja vrstica predstavlja delez primerov, ko sta bili lic-
itiranji razliéni za ve¢ kot eno stopnjo. Obravnavajoc
samo primere, ko sta program in strokovnjak licitirala
razli¢no, rezultati v ¢etrti vrsti kazejo v kaksnem delezu
primerov je program licitiral visje kot strokovnjak. Vred-
nost 100% bi pomenila, da je v primeru razliénih liciti-
ranj program vedno licitiral visje.

Licitranje programa Tarok 7 je bolj podobno
strokovnjaku A kot ostalim strokovnjakom. To je
bil pricakovan rezultat, saj je strokovnjak A avtor
odloc¢itvenega modela. Glede na rezultate v Cetrti vrsti
je strokovnjak licitiral nekoliko agresivneje kot program
Tarok 7, medtem ko sta bila ostala dva strokovnaka
manj agresivna. Rezultati v drugi vrsti nakazujejo, da
je bilo zelo malo primerov, ko so se odlo¢itve programa
in strokovnjakov moc¢no razlikovale.

5 Zakljucek

V prispevku smo opisal odlocitveni model za liciti-
ranje v igri tarok za Stiri igralce. Model temelji na
Bayesovski mrezi. S testi smo ugotovili precejsnje uje-
manje v primerjavi s strokovnjaki za igranje taroka.
Pomembno je tudi, da odloc¢itveni model redko izbere
odlocitve, ki se mo¢no razlikujejo od strokovnjakov.

Pokazali smo, da je model na relativho enostaven
na¢in mozno prilagajati spremembam v strategiji lici-
tranja, s tem ko spreminjamo verjetnostne porazdelitve
v tabelah pogojnih verjetnosti spodnjih vozlisé¢, ki pred-
stavljajo mozna licitiranja. Kot izhodis¢e za nadaljnje
delo bi bilo avtomatsko ucenje vrednosti v tabelah
pogojnih verjetnosti. Povratni odziv za dolo¢anje teh
vrednosti bi bili kon¢ni rezultati iger glede na razli¢ne
odlocitve med licitacijo.
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POVZETEK

Razvoj in raziskave so podvrZene Stevilnim spremembam,
ki se odrazajo v hitrem napredku in nastajanju novega
znanja ter naraScanju Stevila novih smeri razvoja. Te
spremembe se cedalje bolj odraZajo tudi v slovenskem
gospodarstvu, znanstveno-raziskovalnih organizacijah in
univerzah. Podjetja se Cedalje bolj zavedajo dejstva, da
lahko preZivijo in se razvijajo le, e so sposobna slediti
svetovnemu razvoju. Razvoj in konkurencnost pa ne
temeljita le na nastajajoCem znanju, temveC predvsem na
sposobnostih podjetij, da znanje izkoristijo, uporabijo in ga
¢im bolje trzijo. Za to pa so potrebni ljudje, ki hkrati
razumejo zakonitosti raziskovalno-razvojnega dela in
pridobivanja novih znanj ter poznajo pogoje njihovega
prenosa v prakso, s ¢imer se zagotavlja moZnost ustvarjanja
vi§je dodane vrednosti. V ¢lanku opisujemo konkreten
primer prenosa znanja in znanstvenih raziskav v prakso.

AMEBIS GOVOREC je programski paket, ki pretvarja
poljubno slovensko besedilo v govor. Programski paket je
bil razvit kot plod sodelovanja med Institutom “JoZef
Stefan” in podjetjem Amebis. Zasnovan je na trdnih in
premis$ljenih temeljih, brez hitropoteznih kompromisov.
Izdelali smo sintetizator, ki je pripravljen za svoj nadaljnji
razvoj v prihodnosti.

1 UVOD

Znanje, tehnoloske inovacije in izumi so temeljni vir za
ohranitev, utrditev in izboljSanje konkurencnih prednosti
nacionalnih gospodarstev. Vendar pa med kakovostnim
znanjem, znanstveno odli¢nostjo univerz in inStitutov ter
ekonomsko uspeSnostjo gospodarstva ni neposredne
povezave. Znanstveno raziskovanje je Sele prva od faz pri
nastanku tehnoloskih sprememb, ki ji sledijo Se raziskovalni
razvoj, aplikativne raziskave in komercializacija [1].
Globalizacija moc¢no vpliva tudi na raziskovalno -
razvojne dejavnosti. Brez sposobnosti za obvladovanje in
prenos globalnega znanja in tehnoloskega napredka, kot
glavnega vira povecanja produktivnosti dela, si danes ne
moremo predstavljati gradnje nacionalne konkurenc¢ne
sposobnosti in dvigovanja kakovosti Zivljenja [2]. Veliko
podrocij (kot npr. nanotehnologije, biotehnologija itd.) ni
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ve¢ mozno raziskovati le v okviru ene drZave. Z razvojem
novih  telekomunikacijskih  storitev  je = mednarodno
pridobivanje in izmenjava informacij med izobraZevalnimi
in raziskovalnimi organizacijami ter podjetji in uporabniki
izdelkov vse hitrejSa in enostavnej$a. S tem pridobivajo na
veljavi drZave s poceni delovno silo (npr. Indija in
Kitajska), ki postajajo vedno pomembnejSi tekmovalci v
svetovni inovacijski tekmi. Pojmi in pojavi, kot so nova
ekonomija, druzba, ki temelji na znanju in globalizacija, so
nastali predvsem zaradi velikih sprememb pri pretoku
informacij in znanja, zaradi katerih so se morale zakonitosti
ravnanja v gospodarstvu spremeniti [3].

V Sloveniji se zavedamo, kako pomembna je podpora
raziskovanju, znanosti in tehnologiji pri vzpostavljanju
mocnega gospodarstva [4]. Do teZzav prihaja, ker se
zastavljene usmeritve ne izvajajo. Podatki kaZejo, da
padamo na lestvicah mednarodne konkurencnosti, imamo
nizko stopnjo sodelovanja med znanostjo in gospodarstvom,
majhen deleZ inovativnih podjetij, izjemno majhno Stevilo
visoko tehnoloSkih podjetij in majhno Stevilo raziskovalcev
v gospodarstvu.

Glavne dileme, ki se pojavljajo v zadnjem CcCasu Vv
Sloveniji glede strategij prihodnjega razvoja, so povezane z
lizbonsko strategijo, kot so vloga znanja in znanosti, prenos
in uporaba znanja iz akademskih institucij v gospodarstvo,
izobraZzevalna politika, inovativnost ter konkuren¢nost
gospodarstva [3]. Velina vpletenih se strinja, da je potrebno
v Sloveniji korenito izboljSati kakovost znanstvenega in
razvojnega dela ter ucinkovitost prenosa izsledkov v
podjetja, niso pa si edini, kako doseci zastavljene cilje. Med
cilji so: ve¢ aplikacij domaclega in tujega znanja Vv
gospodarstvu, ve¢ patentov in njihovega izkoriS€anja ter
boljSe sodelovanje med znanstveno sfero in poslovnimi
subjekti.

Pomena sodelovanja med znanstveno sfero in
poslovnimi subjekti se zavedamo tudi na Institutu »JoZef
Stefan«. V ta namen je bila ustanovljena (skupaj s partnerji
iz gospodarstva) Mednarodna podiplomska Sola JoZefa
Stefana, organiziranih je bilo ve¢ (predstavitvenih) sreGanj z
gospodarstveniki itd. Rezultati vseh teh dejavnosti so Ze
vidni in opaZeni. Eden izmed rezultatov je tudi v tem ¢lanku
predstavljeni AMEBIS GOVOREC sintetizator govora.



2 PRIMERJAVA KAZALCEV USTVARJANJA
IN PRENOSA ZNANJA SLOVENLJE Z DRUGIMI
DRZAVAMI

Statisti¢ni podatki (Inovation Scoreboard 2005,
http://trendchart.cordis.lu) kaZejo, da Slovenija glede
inovacijskega potenciala bistveno ne zaostaja za drugimi
evropskimi drzavami, ZDA in Japonsko (Slika 1).
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Slika 1: Skupni inovacijski indeks po drZavah za leto 2005

Slovenija (SI) ima v primerjavi z EU25 drzavami (0,41)
sicer podpovpreCen inovacijski indeks (0,32), vendar je z
Estonijo (EE) prav na ¢elu novih ¢lanic (Slika 1). Zaostaja
pa pri nekaterih kljuénih kazalcih kot so naklonjenost okolja
inovativnosti, zasCiti znanja in industrijske lastnine,
podjetnistvu in povecevanju znanja.

Celotna vlaganja v raziskave in razvoj podane v delezu
BDP (bruto druzbenega proizvoda), so v Sloveniji Ze
priblizno primerljive s tistimi v EU, ¢eprav za skoraj trikrat
zaostajamo za tistimi drZavami, ki v raziskave in razvoj
vlagajo najvedji delez BDP (npr. Svedska in Finska).
Povprecna letna rast vlaganj v raziskave in razvoj v Sloveniji
(European Commission, Key Figures 2003-2004) glede na
BDP je bila v letih 1997-2001 le 2,5 % (Finska 5,2 %,
Estonija 8,8 %). Celotna vlaganja v raziskave in razvoj (ang.
Gross Domestic Expenditure on R&D, GERD) lahko
razdelimo na vsoto javnih vlaganj (ang. Public Expenditure
on R&D, PERD) in vlaganj s strani poslovnega sektorja
(ang. Business Enterprise Expenditure on R&D, BERD). Na
podrocju javnih vlaganj v raziskave in razvoj Slovenija le
rahlo zaostaja za drzavami EU, pri cemer je faktor
zaostajanja za najbolj§imi za priblizno dvakrat. Ceprav je
znesek poslovnih vlaganj v raziskave in razvoj po absolutni
vrednosti v Sloveniji vi§ji od javnega, je relativna
umescenost Slovenije pri deleZu poslovnih vlaganj za
odtenek slabSa kot pri javnih vlaganjih, pri ¢emer smo s
slabim odstotkom BDP za okoli 0,4 odstotne tocke slabsi kot
je povprecje drzav EU [3]. Sklenemo lahko, da je Slovenija
glede vlaganj v raziskave in razvoj le rahlo pod povprec¢jem
EU, ¢eprav Se dale¢ od 3 % BDP, na katere cilja lizbonska
strategija do leta 2010.
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Bolj zaskrbljujo¢i so statisti¢ni podatki o Stevilu
vloZenih evropskih (EPO) in podeljenih ameriSkih (USPO)
patentov. Slovenija ima v vsaki kategoriji le po nekaj
patentov na milijon prebivalcev, od tega je
visokotehnolos§kih zanemarljivo malo.

Na podroc¢ju znanstvenega objavljanja je Slovenija nad
povprecjem EU1S5 drZzav in le rahlo zaostaja za ZDA, kar je
razveseljiv podatek. RazoCara pa dejstvo, da je med
objavami zelo malo visoko citiranih. Ti podatki kaZejo na
dobro produktivnost objavljanja slovenskih znanstvenikov
in raziskovalcev, a tudi na slabo pomembnost in odmevnost
objavljenih del, ki je na repu drZav, ki so se primerjale [5].

Zelo nizek je tudi delez visokotehnoloSkega izvoza v
celotnem izvozu (le slabih 5 %), kar je Stirikrat niZje kot
povpecje drzav EU1S5 in Sestkrat manj kot v ZDA.

DeleZz prebivalcev s koncanim dodiplomskim in
podiplomskim izobraZevanjem je v Sloveniji z 18 %
podoben povprecju EU25 (21 %), vendar Se vedno dvakrat
slabsi od najboljsih (ZDA 38 % in Japonska 36 %).

Slovenija s 4,6 raziskovalca na 1.000 zaposlenih lovi
povprecje EU15, vendar je Se dale¢ za najboljSimi, ki imajo
do trikrat vecji razpoloZljiv kadrovski potencial. Ena od
pomembnih prihodnjih nalog drZzave je tako tudi
spodbujanje in promocija naravoslovnih in tehniSkih
poklicev. Delez raziskovalcev v poslovnem sektorju je v
Sloveniji le 33 %, glede na lizbonske cilje pa je Zeljeno
razmerje med raziskovalci v javnem sektorju in
gospodarstvu  1:3. Trenutno se raziskovalci namesto z
ve€jimi strateSkimi projekti bolj ukvarjajo z velikim
Stevilom manjSih projektov, ki ne vodijo do preboja na
posameznih podrocjih [3].

3 NAPOTKI ZA UCINKOVITO UPORABO ZNANJA

V tem poglavju povzemamo nekaj smernic, ki naj bi jih v

Sloveniji ¢im prej uveljavili v praksi, da bomo lahko

ucinkoviteje izrabljali moZnosti svojega znanja in sredstva,

ki jih za to namenjamo. Pri procesu povecevanja
ucinkovitosti izrabljanja znanja bodo morali svojo nalogo
opraviti vsi delezniki v procesu prenosa znanja, drZava,

znanost in podjetja [3]:

1. Povecanje obsega financiranja razvojno-
raziskovalne dejavnosti: drZzava mora povecane
izdatke za raziskave in razvoj ucinkovito porabiti, pri
¢emer to velja tudi za denar iz evropskih skladov.

2. Jasna opredelitev konkuren¢nih kriterijev
znanstvenega dela in njegove ucinkovitosti (znanost
je potrebno postaviti na trg): Kriteriji morajo biti za vse,
ki prejemajo javna sredstva za raziskovanje in razvoj,
enaki (sistemski) in morajo poudarjati vrednost dela, ki
spodbuja prenos znanja v gospodarstvo — vecji poudarek
na inovacijah, patentih in uspesnih aplikativnih in ciljnih
raziskovalnih projektih.

3. ZmanjSanje togosti in zaprtosti univerz: univerze se
zapirajo vase in preprecujejo prihod sveZega kadra (npr.
z izgovori o pomanjkanju pedagoSkih izkuSenj);
odprtost bi vodila do prehoda iz danaSnjega rivalskega



odnosa za proracunski denar do boljSega sodelovanja
med univerzami in inStituti.

4. Prenova evalvacijskih procesov: ti niso sistematski,
ampak veckrat potekajo po potrebi, v zadnjem trenutku
in v ozkem krogu koordinatorjev (niso opredeljene
glavne smeri, ki bi jih prednostno financirali; prihaja do
drobnjakarstva, ki vodi do velikega Stevila malih
raziskovalnih skupin brez kriticne mase); v prihodnje

morajo na veljavi pridobiti aplikativni projekti z
natan¢no opredeljenimi kriteriji uspesnosti.
5. Ustvarjanje spodbudnega okolja za razvoj

podjetnistva: administrativne in birokratske postopke
pri ustanavljanju podjetij je potrebno skrajSati na
najmanj$i moZni obseg (olaj$ati je potrebno ustanavljanje
spin—off podjetij, spremeniti nenaklonjeno dav¢no
politiko, povecati razpolozZljivost tveganega Kkapitala
itd.).

6. Povecanje Stevila mladih raziskovalcev v poslovnem
sektorju: na ta nacin bi zagotovili pretok znanja od
mentorja na univerzi ali inStitutu, na podiplomskega
Studenta, ki bi se ukvarjal z dejanskim problemom v
gospodarstvu (tkanje vezi med obema podro¢jema);
mladi raziskovalec tehni¢ne ali naravoslovne stroke, ki
ves Cas svojega podiplomskega Studija preZivi na javni
instituciji, ne zna napisati poslovnega nalrta, saj v
procesu podiplomskega izobraZzevanja ne more pridobiti
nobenega formalnega znanja s podrocij ekonomije in
podjetnistva.

7. Omogocanje raziskovalne dejavnosti tudi v malih in
srednjih podjetjih: v Stevilnih primerih nimajo denarja
za to dejavnost, poleg tega se sreCujejo s kompliciranimi
postopki in zahtevnimi kriteriji za pridobivanje sredstev,
ki jim lahko zadostijo le veliki.

4 SINTETIZATOR GOVORA AMEBIS GOVOREC

Amebis Govorec (http:/govorec.amebis.si/) je programski

paket, ki pretvarja poljubno slovensko besedilo v govor.

Besedilo analizira, pretvori simbole v besede, besedilo

naglasi, dolo¢i izgovarjavo in prebere. Programski paket je

bil razvit v sklopu sodelovanja med Institutom »JoZef

Stefan« in podjetjem Amebis, d.o.0. Uporaben je v razli¢nih

primerih, ko je govorno posredovanje sporocila primernejse

od vizualnega:

o Skupaj z bralniki zaslona ali knjig je uporaben kot
pomoc slepim in slabovidnim.

o Omogoca izdelavo reSitev, ki vkljuCujejo posredovanje
ne-slikovnih informacij na daljavo, kot na primer
telefonskih odzivnikov.

o Primeren je za vgradnjo v programe in avtomate v
proizvodnih procesih za podajanje glasovnih informacij
uporabnikom, ki zaradi narave svojega dela ne morejo
med delom brati zaslonov.

o Uporaben je kot dodatek v programih, ki komunicirajo z
govorom, a je besedisce preveliko ali pa vnaprej neznano
in ga razvijalci programov ne morejo posneti vnapre;j.
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Programski paket Amebis Govorec je na voljo kot modul
za vgradnjo v operacijske sisteme Microsoft Windows 98
ali novejSe. Uporabljajo ga lahko vsi programi, ki
uporabljajo vmesnik Microsoft SAPI 5 za govor (Adobe
Reader 7, AiSquared ZoomText 9, Freedom Scientific Jaws
4.5, itd.).

Poleg sintetizatorja je v programskem paketu priloZen
tudi enostaven programski vmesnik Amebis Govorec Mini
(http://govorec.amebis.si/vmesniki/). Program je namenjen
uporabi govornega vmesnika v vseh programih, ki
omogocajo delo z odloZi§¢em (moZnost Kopiraj Ctrl+C) ali
tehniko Povleci in spusti (angl. Drag & Drop). Seveda se
lahko uporablja tudi samostojno. Glavno okno programa
vsebuje naslednje elemente:

o orodno vrstico (Slika 2 zgoraj): vrstica z gumbi ter
drsnika za glasnost in hitrost izgovarjave,

polje za besedilo (Slika 2 levo),

animiran obraz (Slika 2 desno),

statusno vrstico (Slika 2 spodaj).

Slika 2: Uporabniski vmesnik Amebis Govorec Mini

S spletno razliico sintetizatorja govora Amebis Govorec
je mozZno preizkusiti kakovost govora trenutne verzije
sistema (dostopna je na naslovu http://govorec.amebis.si/
demo/).

Prav tako je na voljo tudi enomesecni brezplacni
programski paket, ki ga lahko uporabnik prenese in namesti
na svoj racunalnik (dostopen je na naslovu http://govorec.
amebis.si/prenos/).

Razvijalci programske opreme lahko v svoje programe
dodajo govor s samo nekaj vrsticami kode (navodila za
razvijalce so dostopna na naslovu ftp://ftp.amebis.si/Javno/
Govorec/Doc/Razvoj.doc).

5 KRATKA ZGODOVINA GOVORCA

Sistem Govorec je rezultat dolgoletnega dela in raziskav s
podroc¢ja jezikovnih in govornih tehnologij [6]. Pomeni



logi¢no nadaljevanje in nadgradnjo poprejSnjega dela,
opravljenega z razvojem Sistema za izgovarjavo izoliranih
slovenskih besed (1992. leta). Sistem je deloval na osnovi
uporabe pravil. Za vsak fonem je izracunal primeren cas
trajanja in osnovno frekvenco FO. Za tvorjenje govora je
uporabljal dva komercialna sintetizatorja (prvotno razvita za
angleski jezik): LSI Phonetic Synthesizer in Covox Speech
Thing. 1995. leta je bil ta sistem dopolnjen z modulom za
dolocevanje stavéne intonacije, formantna sintetizatorja pa
sta bila zamenjana s sintezo na osnovi zdruZevanja osnovnih
govornih enot (difonov), ob uporabi algoritma TD-PSOLA.
Nastal je sistem STTS, ki je deloval pod operacijskim
sistemom DOS [7]. Sledilo je izboljSevanje posameznih
modulov, ki so bili v celoti zasnovani in implementirani
povsem na novo [8, 9, 10]. Sistem je postal dostopen tudi
preko interneta. Leta 2000 je bil preprogramiran v skladu z
industrijskim standardom Microsoft Speech API 4.0, dobil je
tudi novo ime - Govorec ver. 1.0 [11, 12].

Sistem Govorec ver. 1.0 je bil najprej uporabljen v
zaposlovalnem agentu EMA, ki je posredoval informacije o
prostih delovnih mestih v Sloveniji [13, 14]. Uporabljajo ga
tudi €lani Zveze drusStev slepih in slabovidnih Slovenije, ki
jim je bil sistem predan v brezpla¢no uporabo. Sistem je bil
nagrajen s prvo nagrado Sklada za nagrajevanje inovacij na
podrocju usposabljanja, Zivljenja in dela invalidov. Med
drugim je bil predstavljen v Stevilnih revijah (Moj Mikro,
Monitor, Novice IJS itd.), v dnevnem casopisju (Delo,
Dnevnik itd.), na ve€ radijskih in televizijskih postajah (TV
Slovenija, POP TV, Radio Slovenija, razne lokalne radijske
postaje itd.). Uporabljen je bil v razvedrilno-informativni
oddaji Terminal na TV Slovenija ter v $e nekaterih drugih
oddajah na televiziji in radiu. Na njegovi osnovi so bili
razviti prototipi govornih vmesnikov Stevilnih podjetij.

Leta 2006 je bil Govorec ver. 1.1 uporabljen V
umetniskem projektu SaSe Sedlatka "Zicar, robot za
socialno ogroZene". Avtor umesS¢a delo v okvir SirSih
druZbenih sprememb, ki vnaSajo v splosno sliko druZbe
vedno vecji procent revs§€ine. Tako opozarja na razlicne
marginalizirane skupine kot so revni posamezniki in druZine,
begunci oziroma ostali prosilci za azil, ostareli, invalidi itd.
Robot Zicar lahko vstopa v beradem nedosegljiva okolja, kot
so nakupovalna sredi§¢a in na druZbene prireditve, kjer se
zbira in zadrZuje premoZnejSi del druZzbe, ki zmore vec
simpatij do marginaliziranih, ¢e le ti komunicirajo v varni
distanci s pomoc¢jo tehnoloskega vmesnika.

Med tem je podjetje Amebis prevzelo programsko kodo
Govorca in jo uporabilo za osnovo pri izdelavi povsem nove
verzije 2.0. Govorec je bil napisan v celoti na novo. Od
starega so ostale le ideje in govorna baza. Na vhodu je bil
dodan Amebisov stavéni analizator, uveden je bil slovar
izgovarjav, uporabljen zanesljivejsi zlogovalnik in dodano Se
mnogo drugih izboljSav. Govorec je bil pripravljen in
preizkuSen, da je stoodstotno zdruZljiv s standardom
Microsoft SAPI 5. Za bolj zanimivo ponudbo je poskrbljeno
$e z dodanim vmesnikom Mini, ki s pomoc¢jo animiranega
robotka v tehnologiji Direct3D bere poljubno besedilo, ki ga
uporabnik vpiSe ali postavi na odloZisce.
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6 SKLEP

Pri razvoju Govorca druge generacije smo imeli ves Cas
pred seboj vizijo izdelati sintetizator slovenskega govora na
trdnih  in premiSljenih temeljih, brez hitropoteznih
kompromisov. Novi temelji omogocajo tako enostavne
nadaljnje raziskave, kot njihov prenos v koncni izdelek.
Izdelali smo sintetizator, ki je pripravljen za svoj nadaljnji
razvoj v prihodnosti.
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ODKRIVANJE 1ZJEM NA PRIMERU INTELIGENTNEGA
SISTEMA ZA KONTROLO PRISTOPA
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POVZETEK

Prispevek obravnava sistem za kontrolo pri-
stopa, ki razli¢ne (biometri¢ne) senzorje povezuje
in nadgrajuje z uporabo inteligence. Ena izmed
nalog taksnega inteligentnega sistema je odkri-
vanje izjem, tj. nenavadnih primerov obnasSanja
uporabnikov. V prispevku so opisani razli¢ni al-
goritmi za odkrivanje izjem, ki izjeme definirajo
s pomocjo razdalj med primeri, na podlagi go-
stote ali pa z uporabo razlicnih klasifikatorjev.
Na podlagi posebnih lastnosti podatkov sistema
za kontrolo pristopa lahko ugotovimo, da so za
ta namen najbolj primerne metode, kot so pro-
jekcije na prostore z manj dimenzijami, izracun
lokalnega koeficienta izjemnosti in kombinacija
obeh metod. Opravljena analiza bo postala Se
bolj informativna, ko bomo omenjene metode
preizkusili na realnih podatkih o pristopih.

1 UVOD

Sistemi za kontrolo pristopa predstavljajo pomemben
del celovitega zagotavljanja varnosti ljudi in premozenja.
Pri kontroli pristopa lo¢ujemo doloc¢anje identitete (tako
imenovano identifikacijo) in preverjanje identitete (veri-
fikacijo) posameznikov. V zadnjem ¢asu se za obe nalogi
vedno pogosteje uporabljajo biometri¢ni senzorji. Med-
tem ko se za identifikacijo poleg prstnih odtisov Se ve-
dno pogosto uporabljajo brezkontaktne kartice ali ge-
sla oz. PIN kode, se za verifikacijo uporabnikov upora-
blja prepoznava biometricnih lastnosti ¢loveka, kot so
npr. Sarenica, prstni odtis, geometrija dlani in podobno.
Glavna prednost uporabe biometri¢nih metod je v tem,
da so biometri¢ne lastnosti cloveka edinstvene in tezko
ponaredljive. Poleg tega so “sestavni del” ¢loveka in jih
zato uporabnik ne more izgubiti oz. pozabiti.

Poleg uporabe razli¢nih (biometriénih) senzorjev, lah-
ko sistem za kontrolo pristopa nadgradimo z uporabo in-
teligence. Inteligentni sistem za kontrolo pristopa lahko
spremlja dve vrsti obnaSanja:
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— mikro obnaSanje pred posamezno tocko za nadzor
vstopa, in

— makro obnasanje, tj. gibanje med razli¢nimi tockami
za nadzor vstopa.

Spremljanje mikro obnasanja temelji na predpostavki,
da se uporabniki navadijo pristopati k preverjanju iden-
titete na dolocen nacin, ki se v krajSem casovnem ob-
dobju bistveno ne spreminja, je pa od uporabnika do
uporabnika razlicen. Odvisen je od njegovih navad in
motori¢nih lastnosti (npr. od mesta, kjer ponavadi nosi
identifikacijsko kartico, kateri prst je uporabil za prstni
odtis, ali je motori¢no bolj ali manj spreten). S spremlja-
njem mikro obnasanja in kombiniranjem izhodov ostalih
senzorjev, dobimo nov, “inteligentni virtualni senzor”,
ki lahko dodatno verificira uporabnika oz. nam pove, s
kaksno verjetnostjo je clovek pred senzorjem res tisti, za
katerega se izdaja.

Po drugi strani spremljanje makro obnasanja pomeni
opazovanje dnevne rutine uporabnikov. Pri tem se belezi
kdaj in na katerih tockah uporabnik obicajno vstopa.
Tako se sistem lahko nauci znacilnih vzorcev obnaSanja
za posamezne uporabnike in ugotovi, ko pride do izjem.
Na primer, sistem bi moral opaziti, ¢e se je namesto ka-
dilca, ki vsako uro odhaja kadit, infiltriral nekadilec ali
pa Ce kadilec zaradi zivénosti odhaja ven dvakrat pogo-
steje. Sistem spremlja tudi, kateri uporabniki prihajajo
skupaj in druge ¢asovne odvisnosti med njimi. Pravza-
prav se sistem lahko nauci ¢esarkoli, kar je opisljivo z
zajetimi podatki. Nauceno znanje uporablja sproti za
odkrivanje deviantnosti, hkrati pa so naucena pravila na
voljo nadzornikom in morebitnim analitikom za kasnejsi
rocni pregled.

S spremljanjem obnaSanja na obeh nivojih se inteli-
gentni sistem za kontrolo pristopa lahko naué¢i prepo-
znavati ustaljene vzorce obnaSanja za vsakega posame-
znega uporabnika in, kar je Se pomembnejse, odkrivati
izjeme, ki lahko predstavljajo poskus vstopa neavtorizi-
rane osebe.

Za odkrivanje izjem poznamo Stevilne algoritme, ki
se uspesno uporabljajo v ta namen in jih bomo pred-
stavili v naslednjem razdelku. V nadaljevanju se bomo



posvetili tudi posebnostim podatkov inteligentnega sis-
tema za kontrolo pristopa, ki postavljajo svoje zahteve
za predstavljene algoritme. Prispevek bomo zakljuéili s
pregledom nalog, ki nas za izvedbo takSnega sistema Se
cakajo.

2 ALGORITMI ZA ODKRIVANJE IZ-
JEM

Odkrivanje izjem (primerov z nenavadnimi lastnost-
mi) je zelo zanimivo podrocje strojnega ucenja, ki se upo-
rablja pri resevanju mnogih nalog, kot so med drugim od-
krivanje prevar [6], identificiranje vdorov v rac¢unalniska
omrezja [13, 8] in preciscevanje podatkov [14]. Z odkriva-
njem izjem so se najprej ukvarjali v statistiki [10, 3], kjer
pa so vec¢inoma obravnavali enodimenzionalne podatke
in podatke, za katere je vnaprej znana njihova distribu-
cija. Ker za naSe podatke opisani lastnosti ne veljata, v
prispevku ne bomo obravnavali statisticnih metod, am-
pak le metode, ki temeljijo na strojnem ucenju.

2.1 Definicija izjeme

Ko govorimo o odkrivanju izjem, moramo najprej de-
finirati, kaj izjema sploh je. Vecina avtorjev izjemo defi-
nira s pomo¢jo razdalje do njenih najblizjih sosedov. Ce
torej pregledamo lokalno okolico (navadno vzamemo k
najblizjih sosedov) nekega primera, je opazovani primer
izjema, Ce se vsi sosedi iz lokalne okolice nahajajo dalec¢
od njega. Prednost uporabe razdalje za dolo¢anje izjem
je v tem, da ni potrebno poznati distribucije primerov
in da lahko izjeme na ta nacin definiramo na vsakem
prostoru, na katerem je definirana razdalja.

Tri najpogostejse definicije izjem so naslednje:

1. Izjeme so tisti primeri, za katere obstaja manj kot
p drugih primerov, ki se nahajajo v razdalji manjsi
ali enaki d [12, 11].

2. Izjeme so tisti prvi n primeri, ki se nahajajo najdlje
od k-tega najblizjega seseda [16].

3. Izjeme so tisti prvi n primeri, katerih povprecna raz-
dalja do k najblizjih sosedov je najvecja [2, §].

Med temi definicijami obstajajo manjse razlike. Prva iz-
jem ne rangira in zahteva, da se dolo¢i mejna razdalja
d, kar lahko v¢asih povzroca tezave. Druga definicija ne
uposteva informacije o primerih, blizjih od k-tega naj-
blizjega primera. Tretja pa odpravlja pomanjkljivosti
prvih dveh definicij, a je zato izvajanje metod na njeni
podlagi ¢asovno bolj zahtevno.

Vsem definicijam na podlagi razdalje je skupno, da
znajo povedati le, da je primer izjemen, ne pa tudi koliko
se razlikuje od ostalih primerov. To je mogoce doseci, ¢e
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za definiranje izjem uporabimo gostoto [7, 15]. To po-
meni, da je primer definiran kot izjema glede na to, ko-
liksna je njegova lokalna gostota glede na lokalne gostote
njegovih sosedov.

Izjeme lahko poiséemo tudi na drugacen nacin. 7
uporabo strojnega ucenja se lahko na podatkih nauc¢imo
razli¢nih pravil, ki opisujejo te podatke. Izjeme lahko
potem dolocamo na podlagi klasifikatorjev tako, da je
izjema vsak primer, ki ga klasifikatorji razli¢cno klasifici-
rajo.

V nadaljevanju si bomo najprej ogledali stiri metode,
ki izjeme iSCejo s pomocjo razdalje, nato pa Se metodo,
ki temelji na gostoti.

2.2 Ugnezdene zanke

Najenostavnejsi algoritem za odkrivanje izjem je algo-
ritem ugnezdenih zank (angl. nested loops) [12, 11, 16].
V osnovni razlicici algoritem izracuna razdalje med vsa-
kim parom primerov in to uporabi za ugotavljanje izjem
po eni od zgornjih definicij. Algoritem ima kvadratno
¢asovno zahtevnost O(N?) glede na $tevilo vseh prime-
rov N. V primeru stevilnih podatkov je to prevelika
zahtevnost, zato so raziskovalci veliko napora namenili
razvoju algoritmov z manjSo ¢asovno zahtevnostjo.

2.3 Prostorske indeksne strukture

Izjeme lahko odkrivamo tudi s pomocjo prostorskih
indeksnih struktur, kot so KD-drevo [4], R-drevo [9] ali
X-drevo [5], s katerimi lahko poistemo najblizjega soseda
za obravnavani primer celo v ¢asu O(log N) [12, 11, 16].
Odkrivanje izjem tako zahteva cas O(N log N). Vendar
pa to drzi le za prostore z malo dimenzijami, saj drevesa
hitro odpovedo, ¢e je Stevilo dimenzij vecje od pet.

2.4 Particije prostora

Zahtevnost algoritma za odkrivanje izjem se lahko
zmanjsa, ¢e prostor razdelimo na predele in tako omo-
goc¢imo hitrejse iskanje najblizjih sosedov. Za vsak predel
si zapomnimo dolocene podatke, kot je npr. minimalni
mejni pravokotnik. Ko is¢emo najblizje sosede nekega
primera, primerjamo primer z mejnim pravokotnikom in
tako ugotovimo ali lahko najblizji sosed prihaja iz ti-
stega predela. Ce to ni mozno, potem noben primer iz
tistega predela ne more biti najblizji sosed opazovanega
primera. V [12] prostor razdelijo na hiperpravokotnike,
s ¢imer dosezejo ¢asovno zahtevnost, ki je linearna glede
na Stevilo primerov IV, a eksponentna glede na stevilo di-
menzij. Zato je primerna samo za iskanje po prostorih z
manj kot petimi dimenzijami. V [16, 8] prostor razdelijo
na particije s pomocjo gruc. Ta algoritem se je izka-
zal za boljSega od algoritmov z ugnezdenimi zankami ali
prostorskimi indeksnimi strukturami, a je bil preizkusen
samo na prostorih z malo dimenzijami.



2.5 Projekcije

Nekateri raziskovalci uporabljajo projekcije prostora,
s katerimi se skuSajo izogniti problemom, ki jih prinesejo
veédimenzionalni prostori. Ce namre¢ gledamo razda-
lje med primeri v ve¢dimenzionalnem prostoru, se lahko
zgodi, da ne ugotovimo izjem, ki se mo¢no razlikujejo v
eni dimenziji in malo v drugih, saj se navadno razlike
po posameznih dimenzijah sestevajo. Zato v [1] predla-
gajo, da se prostor projicira na manjdimenzionalne pro-
store. V [2] pa prostor veckrat projicirajo na interval
[0, 1] s Hilbertovimi krivuljami. Vsaka naslednja projek-
cija izboljsa oceno “izjemnosti” primera. Njihovi rezul-
tati kazejo, da algoritem dosega skoraj linearno ¢asovno
zahtevnost.

2.6 Lokalni koeficient izjemnosti

Lokalni koeficient izjemnosti (angl. local outlier fac-
tor, LOF) je za vsak primer definiran s pomocjo lokalne
gostote primera in lokalne gostote njegovih sosedov [7].
Stevilo sosedov, ki jih upostevamo v tem izracunu, je
parameter algoritma. Tako dobljeni koeficient vsakemu
primeru dolo¢i stevilo vecje ali enako 1, ki pove, koliksna
je izjemnost primera. Primeri, ki niso izjeme, imajo LOF
= 1. Vegji kot je LOF, vecja je izjemnost primera. Re-
zultati dobljeni z uporabo koeficienta izjemnosti so zelo
dobri — metoda pravilno doloci izjeme tudi v primerih, ko
so podatki razlicno distribuirani. Na taksnih podatkih
imajo navadno metode, ki temeljijo na razdalji, tezave.
V [15] so raziskovalci metodo razvili korak naprej tako,
da so edini parameter metode (Stevilo sosedov) dolocili
avtomatsko iz podatkov. Slabost uporabe lokalnega koe-
ficienta izjemnosti pa je ¢asovna zahtevnost metode, saj
je kvadratna glede na Stevilo primerov.

3 POSEBNOSTI PODATKOV SISTE-
MA ZA KONTROLO PRISTOPA

Stevilni primeri uporabe odkrivanja izjem, kot je npr.
prec¢iscevanje podatkov, iscejo izjeme izmed N primeri
Sele potem, ko so vsi primeri Ze znani. Pri sistemu za
kontrolo pristopa pa izjema lahko pomeni poskus neav-
toriziranega vstopa in zato zelimo, da se izjeme odkrivajo
sproti in kar se da hitro. Na ta nac¢in lahko sistem ukrepa
takoj — sprozi alarm ali opozorilo. Sprotno odkrivanje iz-
jem prina8a tudi prednosti: ker zelimo ugotoviti, ali je
dani (zadnji dobljeni) primer izjema, naenkrat obdelu-
jemo samo en primer. Casovna (in prostorska) zahtev-
nost taksnega postopka je zato manjsa.

Seveda ni vseeno, koliko se novi primer razlikuje od
preostalih. Vzemimo za primer uporabnika, ki navadno
prihaja v sluzbo vsak dan ob osmih. Izjemni prihod ob
devetih je manj pomemben kot izjemni prihod ob dvaj-
setih. Algoritem za odkrivanje izjem mora torej znati
razlikovati med izjemami razlicnih veli¢in, da se lahko
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sistem nanje ustrezno odziva. Prihod ob devetih bi tako
lahko sprozil manjse opozorilo, medtem kot bi prihod ob
dvajsetih lahko bil dovolj nenavaden, da bi sprozil alarm.

Ker so navade in obnaSanje pri pristopih vezane na
posameznega uporabnika, mora sistem iskati izjeme v
okviru podatkov za vsakega uporabnika posebej. To po-
meni, da ima metoda za na voljo malo primerov. Po
eni strani je to dobrodoslo, saj bo tako metoda za od-
krivanje izjem gotovo hitra, po drugi strani pa majhno
Stevilo primerov pomeni tezjo nalogo — toliko bolj, ¢e je
dimenzionalnost prostora velika. Poleg tega velja, da vsi
primeri niso enako pomembni. Ce npr. spremljamo po-
datke o makro obnasanju v obdobju ve¢ let, so starejsi
primeri manj pomembni od novejsih, saj se ¢lovek (in
s tem njegove navade) skozi Cas spreminja. Primere je
zato treba uteziti glede na njihovo aktualnost.

Dodatna lastnost podatkov sistema za kontrolo pri-
stopa je obstoj nominalnih oz. poimenskih znacilk. Ve-
¢ina metod za odkrivanje izjem (razen tistih, ki temeljijo
na klasifikatorjih) potrebuje definicijo razdalje za vsako
znacilko. Pri nominalnih znacilkah se navadno upora-
blja dvojiska razdalja: razdalja je enaka 1, ¢e sta nomi-
nalni znacilki razliéni, in 0 sicer. Vendar pa so dolocene
znacilke taksne, da bi dopuscale tudi drugacno definicijo
razdalje. Sistemi za kontrolo pristopa belezijo tipe do-
godkov, kot so npr. “prihod na delo”, “odhod na malico”,
“odhod z dela” in podobni. Namesto obic¢ajne, dvojiske
definicije, tu lahko razdalje dolo¢imo tako, da so si npr.
prihodi med sabo bolj podobni kot prihod in odhod.

Glede na predstavljene lastnosti podatkov sistema za
kontrolo pristopa lahko ugotovimo, da bi bile izmed algo-
ritmov, ki izjeme definirajo s pomocjo razdalje, za naSe
potrebe Se najbolj primerne projekcije. Le-te se namrec
ukvarjajo z vec¢dimenzionalnimi prostori in lahko odkri-
jejo tudi izjeme, ki se mo¢no razlikujejo samo v eni di-
menziji oz. znacilki. Poleg tega algoritem, ki uporablja
projekcije, odlikuje skoraj linearna ¢asovna zahtevnost.
Ker za obravnavani primer zelimo poznati tudi stopnjo
izjemnosti, velja poskusiti algoritem, ki izracuna lokalni
koeficient izjemnosti. Tudi kombinacija obeh algorit-
mov lahko prinese zelo dobre rezultate. Kot popolnoma
drugacen pristop bi bilo smiselno preizkusiti tudi kaksne
izjeme lahko dolo¢imo s pomocjo klasifikatorjev.

4 ZAKLJUCEK

V prispevku smo obravnavali sistem za kontrolo pri-
stopa, ki zdruzuje veé razlicnih biometri¢nih senzor-
jev in svoje delovanje nadgrajuje z uporabo inteligence.
Kljuéna prednost takSnega sistema je zmoznost odkri-
vanja odstopanj od ustaljenih vzorcev obnasanja upo-
rabnikov. Taksne izjeme lahko pomenijo nevarnost, kot
je npr. poskus vstopa neavtorizirane osebe ali pa ne-
obic¢ajno obnaSanje sicer pravega uporabnika, ki pa se
giblje drugace kot navadno zaradi poSkodbe ali vinjeno-
sti.



Razvoj inteligentnega sistema je v zacetni fazi in pred
nami so Se Stevilne naloge. Najprej moramo iz podat-
kov o pristopih izlus¢iti tiste znacilke, ki najbolje opisu-
jejo obnaganje uporabnika. Za nominalne znacilke mo-
ramo definirati razdalje, ki so lahko bodisi binarne bodisi
upostevajo znanje o znacilkah in so posledi¢no bolj infor-
mativne. Nato moramo opisane algoritme za odkrivanje
izjem preizkusiti na teh podatkih. Odkrivanje izjem je
oblika nenadzorovanega ucenja, pri katerem poseben iz-
ziv predstavlja tudi vrednotenje kakovosti algoritmov.

Ker se lahko sistem uspesno uci Sele potem, ko ze vse-
buje nekaj uporabnih podatkov, je treba predvideti delo-
vanje sistema tudi, ko teh podatkov se nima. To pomeni,
da mora biti v sistem vklju¢eno domensko predznanje v
obliki ontologij o znacilnem obnasanju posameznikov in
skupin. To znanje bo najpomembnejse pri prvih pri-
stopih uporabnikov oz. pri zagonu sistema, vendar se bo
uporabljalo tudi kasneje v povezavi z nau¢enim znanjem.
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ABSTRACT

Modern search engines aim at classifying web pages not
only according to topics, but also according to genres. This
paper presents the results of an attempt to train a genre
classifier. We present features extracted from a 20-genre
corpus used for training the genre classifiers and the results
of using different machine learning (ML) algorithms in the
process of learning. Success of the genre classifiers was
measured by accuracy, precision, recall and F-measure.
Accuracy did not turn out to be a good indicator of
classifier success. In the case of other measures the results
show that different algorithms should be used for training
purposes depending on whether the user wishes to obtain
high precision or high recall.

1. INTRODUCTION

A good question to start with is why we want to classify a
web page according to genre. For example, if we are
interested in elephants and search for the keyword
“elephant”, we can get as a result links to pages that
scientifically describe the life of elephants, but we can also
get links to web pages that describe movie with the title
“Elephant” or a newspaper article about saving the elephants
in Africa. However, if we can define that we want to search
only for journalistic materials about elephants, than we can
get more specific results in accordance with our interest.
Classification of web pages according to genres can make
our life easier, but what exactly is a genre?

In general, a genre could be described as a style of a
web page [4]. A web page is used to send a message to the
user. Message has a topic, for example life of the elephants,
but it also tries to communicate that topic in a specific way.
To a zoologist it will give a high number of objective facts
about elephants. To a user wishing to be entertained, it will
communicate the message about elephants in other ways,
e.g. by presenting pictures and video material about
elephants. In the light of the previous explanation, we chose
the definition of genres as “named socio-cultural
communication artifacts, linked to a society or a community,
bearing standardized traits, leaving space for the creativity
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of the text producer, and raising expectations in the text
receiver” [12].

The field of our interest is finding the set of web page
features that could be used for discriminating web pages
according to genre and to train the classifier that could be
used as a part of a search engine. Therefore, results of
searching could be presented to a user not only according to
topic, but also according to genre.

For training the classifier it is important to choose a
suitable ML algorithm. The selection of algorithms tested
was inspired by the literature about genres [1-6, 8, 11-13].
Weka [14] as an environment for conducting data mining
and ML experiments was used for the experiments.

In Section 2 is described the corpus on which the
experiments were conduced, in Section 3 the features
extracted from web pages, in Section 4 ML problem, in
Section 5 the results of the experiments and in Section 6
the conclusion.

2. 20-GENRE COLLECTION

20-Genre Collection was compiled at JoZef Stefan Institute
and consists of 1539 web pages divided into 20 genres. The
genre categories are: index, childrens’, journalistic, prose
fiction, fag, scientific, entertainment, official, blog, error
message, informative, poetry, personal, user input, gateway,
shopping, commercial/promotional, adult, community,
content delivery.

The web pages were collected from the Internet using
the most popular keywords like “Britney Spears”.
Keywords were chosen dependent of statistics provided by
Google Zeitgeist with an intention to build the classifier
that will not have a problem with recognizing the most
popular web pages.

The corpus was manually annotated by two
independent annotators. Their labels disagreed on about a
third of the pages in the data set, so a reassessment was
made for those documents. The intention was to collect an
approximately equal number of pages for each genre, but
this task proved to be very difficult.



Important characteristic of the corpus is that it is
multilabeled, what means that one page can belong to the
multiple categories.

3. FEATURES

Text is more that just a set of the words and can be
described by a set of various features [4]. In this case, we
do not have only texts that need to be described, because
web pages also have formatting and multimedia elements
and other special characteristics that can be used to
discriminate between different genres. All the features we
used are presented in Table 1 divided into three groups.

URL Features | ¢ URL Depth
e Document Type (html, script, doc,
output, mix)

e Appearance of “/~” in URL

e Top-level domain (com, org, edu,
net, gov, other)

e Appearance of the 35 most
commonly used words in URL
address in the corpus (e.g. index,
news, fag etc.)

HTML .
Features

Number of hyperlinks to the same

domain / Total number of tags

used in a document

e Number of hyperlinks to a
different domain / Total number of
tags used in a document

e  Total number of hyperlinks / Total
number of characters in a
document

e Number of tags / Total number of

tags used in a document for 73

different tags

Token/Lexical | ¢  Number of characters

Fetures e Number of words

e  Average number of characters per
word

e Number of content words / Total
number of content words used in a
document for 50 most commonly
used content words in a corpus
(e.g. new, dvd, post etc.)

e Number of function words / Total
number of function words used in
a document for 50 most commonly
used function words in a corpus
(e.g. a, he, inetc.)

e Number of punctuation symbols /
Total number of punctuation
symbols used in a document for 26
punctuation symbols (e.g. ., ;, -,

etc.)

Table 1. Features used for the description of web pages
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4. ML PROBLEM

The first problem that we encountered was how to handle a
multilabeled data set in the process of ML. The problem
arose because Weka does not support multilabeled learning.
The chosen solution was to separate ML process into 20
sub-processes, one for each genre category. Hence, we
prepared 20 data sets of the same data, i.e. values of the
features extracted from the web pages. The only element
that was changed in each data set was the class. The class is
binary, which means that the examples that belong to the
class are labeled with yes, and the examples that do not
belong to the class are labeled with no.

Some initial experiments were conduced using the
SVM algorithm [14], but we did not get satisfactory results.
The next idea was to search the literature about genres for
algorithms appropriate for training the classifier using our
set of features. At the end we chose the following set of
algorithms and variations of their parameters:

Bagging in combination with REPTree [14]

J48 algorithm — implementation of C4.5 [10] in Weka

J48 with reduced error pruning option

REPTTree algorithm

IBk — the k-nearest neighbor algorithm [9] with k

parameter equal 1

6. IBk - the k-nearest neighbor algorithm with k
parameter equal 2

7. 1Bk — the k-nearest neighbor algorithm with k
parameter equal 3

8. IBk - the k-nearest neighbor algorithm with k
parameter equal 4

9. JRip rule learner [14]

10. AdaBoostM1 algorithm [14]

apwbdE

Except for the mentioned changes in the parameters of
the algorithms, for all other parameters the default values
set in Weka were used. Experiments were run in Weka
Experimenter. The algorithms were compared to bagging
algorithm used in the combination with REPTree that is the
default Weka combination. Main reason for comparing
performance of other algorithms to a bagging algorithm lies
in our aspiration to explore the application of ensemble ML
methods. 10-fold cross-validation [7] was used and four
performance evaluation measures were observed, i.e.
accuracy, precision, recall and F-measure [4].

5. RESULTS

Table 2 presents the level of performance of a bagging
algorithm used in the combination with REPTree in terms
of four performance measures, and Table 3 the results of
the comparisons of algorithms performance.



Accuracy Precision Recall F-
Measure

Adult 97.73 0.77 0.73 0.74
Blog 96.49 0.84 0.37 0.51
Childrens” 96.17 0.97 0.46 0.59
Commercial 92.14 0.00 0.00 0.00
/promotion
al
Community 96.56 0.97 0.37 0.50
Content 92.33 0.90 0.17 0.28
delivery
Entertainm 95.32 0.37 0.09 0.15
ent
Error 96.95 0.85 0.53 0.64
message
Faq 99.22 0.97 0.86 0.91
Gateway 94 .87 0.00 0.00 0.00
Index 86.42 0.62 0.19 0.29
Informativ 84 .99 0.28 0.03 0.05
e
Journalist 90.58 0.76 0.34 0.47
ic
Official 96.56 0.10 0.03 0.05
Personal 93.63 0.64 0.18 0.27
Poetry 97.46 0.87 0.55 0.66
Prose 96.88 0.80 0.40 0.53
fiction
Scientific 96.62 0.80 0.42 0.53
Shopping 95.78 0.30 0.05 0.08
User input 95.97 0.75 0.43 0.54

Table 2. Performance of a bagging algorithm used in the
combination with REPTree.

Accuracy Precision Recall F-Measure
Bagging - - - -
(RepTree)
J48 0/12/8 1/11/8 4/16/0 3/17/0
J48 0/15/5 0/18/2 0/19/1 0/17/3
(Reduced
Error
Pruning)
REPTree 0/17/3 0/18/2 0/20/0 0/20/0
1Bk (k=1) 0/6/14 1/8/11 6/12/2 4/14/2
1Bk (k=2) 0/2/18 1/6/13 6/13/1 3/12/5
1Bk (k=3) 0/9/11 0/14/6 3/12/5 1/14/5
1Bk (k=4) 0/9/11 1/11/8 5/11/4 3/12/5
JRip 0/16/4 0/15/5 4/16/0 0/20/0
AdaBoost 0/18/2 0/18/2 0/18/2 0/18/2

Table 3. Comparisons of ML algorithms performance
relative to bagging algorithm — The numbers denote: on how
many genres was the algorithm better than bagging
algorithm / performed equally / performed worse.

Accuracy did not turn out to be a good indicator of the
classifier performance. In the cases of all genres and all
algorithms, accuracy was greater than 74%. This happened
because transforming the 20-class ML problem into 20
binary problems resulted in 20 unbalanced data sets with
many negative examples in comparison to the number of
positive examples. In this case we could very easily train the
classifier that will with high accuracy recognize negative
examples but could not recognize positive examples. This
was the motivation for searching other more appropriate
measures.

In information retrieval measures like precision and
recall are often used [4]. F-measure (see Eq. 1), which is
combination of these measures, is also common indicator.
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We were very interested in precision measure that shows us
how many positive examples classifier could recognize. In
comparison with the bagging algorithm in the cases of 19
genre categories other algorithms were not significantly
better. Four ML algorithms did outperform bagging
algorithm, but all in the case of the same category, i.e.
commercial/promotional. An interesting result is that for
commercial/promotional category algorithms that use
reduced error pruning had a precision of 0, and all other
algorithms had a low precision.

2x recall x precision
recall + precision

1)

In the case of recall measure the situation is highly
dependent on the genre category. KNN algorithm was
significantly better in the cases of index, journalistic,
informative and shopping category. Its performance could
be further improved by choosing appropriate value of k.
Hence, we need to be cautious because changing the k
value results in an increase of one measure and, at the same
time, a decrease of other measures. The selection of an
appropriate algorithm and parameters of the algorithm must
therefore depend on the situation, e.g. if we want to have as
a result a high precision classifier we choose one algorithm
and parameters, and if we want a high recall classifier
other.

An interesting result is that some of the genre
categories are sensitive to reduced error pruning. This is
manifested in recall equal or near zero when using ML
algorithms with reduced error pruning option, whereas
other algorithms showed higher level of performance (e.g.
in the case of genre category entertainment).

In terms of F-Measure J48 algorithm performed
significantly better than bagging algorithm in the case of
three genre categories and in all other categories performed
equally well. kNN algorithm also outperformed bagging
algorithm in some categories but also had significantly
lower results in other categories. Therefore, we can
conclude that J48 algorithm without the option of reduced
error pruning included could be better choice taking into
account F-measure than bagging algorithm. Reduced error
pruning also had a negative impact in this case.

It can be seen from the experiments that even by using
different ML algorithms, performance of the classifiers in
some genre categories could not be improved. Some
categories like faq are well recognized and some like
gateway are not. Apparently that problem lies in the set of
chosen features and not in the chosen ML algorithms.

6. CONCLUSION

This paper could be described as lessons learned. From the
experiments we learned that the set of features used is not
adequate for describing genre categories and that it needs to



be upgraded. Decision tree ML algorithms with reduced
error pruning did not show as the best solution.

Accuracy did not showed as good measure because of
the unbalanced data set with a high ration of negative to
positive examples. In the cases of precision, recall and F-
measure, which algorithm will be chosen is highly
dependent on the need for the classifier that will show high
precision, high recall or high values of F-measure.

In the case of a high precision classifier, the
recommendation is to use bagging algorithm in combination
with REPTree. A high recall classifier could be trained with
kNN algorithm. If we take F-measure into account, J48
without the reduced error pruning option is the best solution.
Therefore, we can finally conclude that the choice of the
most suitable algorithm is highly dependant on the
application.
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Predgovor

Vzgoja in izobrazevanje v informacijski druzbi

Razvoj informacijskih in komunikacijskin tehnologij poteka tako hitro, da Ze petnajst- in
Setnajstletni dijaki opisujejo, kako velikim spremembam so bili prica tekom svojega Zivljenja.
Hkrati poteka razvoj, ki se ga morda Se ne zavedajo, ki pa bo prav tako mo¢no zaznamoval
njihovo prihodnost. 1z dneva v dan nastaja novo znanje in dopolnjuje, vcasih pa tudi izpodriva
dosedanjega. Ze danes je v prednosti, kdor uspe temu procesu slediti ¢im hitreje in ¢im bolj
ucinkovito. V casu, ko se bodo zaposlovali naSi danadnji ucenci in dijaki, pa bo to postala
nujnost.

Za primer navedimo, da se bliografska baza MEDLINE, ki zajema medicinske ¢lanke iz ve¢ kot
4800 revij iz 70 drzav sveta, od leta 2002 naprej vsak delovni dan poveca za novih 1500 do 3500
¢lankov. Samo s klasi¢nimi metodami pregledovanja in branja je seveda popolnoma nemogoce
ugotoviti, kaj vse se skriva v tej zakladnici. In ta je le ena izmed mnogih, ki so ham z novimi
tehnologijami postale dosegljive kadarkoli in od koderkoli. Situacija je podobna na Stevilih
drugih podrocjih, kjer smo zasuti z nepregledno mnozico informacij, ki so nam dostopne preko
razlicnih medijev, Se zlasti preko interneta. Kako si ustvariti smiseln pregled nad njimi in kako iz
njih izlus¢iti zanimivo, novo in uporabno znanje?

Tudi pri odgovorih na ta vprasanja nam lahko pomaga racunalnik. Ze pred leti so se zacele
razvijati metode za odkrivanje znanja iz podatkov in so se v Stevilnih podrocjih uspesno
uveljavile v praksi. Njihova uporabnost se je bistveno povecala, odkar je mozno »rudariti« tudi
po tekstovnih podatkih in po svetovnem spletu. Raziskovalci pa se lotevajo tudi Zze podatkov v
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drugih oblikah, na primer slik. Na voljo so orodja, ki pomagajo pri gradnji ontologij, s tem pa
tudi pri razumevanju strukture in hitrejSemu pregledu nad izbranimi zbirkami tekstovnih
podatkov. Omogocajo tudi odkrivanje hipotez, na primer s primerjanjem velikega Stevila
dokumentov in iskanjem, kje se dokumenti iz razlicnih podrocij morda dopolnjujejo. Prav v
medicini so bile na tak nacin Ze odkrite nove hipoteze, ki so jih nato potrdili strokovnjaki.
Napredek informacijskih in komunikacijskih tehnologij z novimi metodami torej spreminja tudi
znanost na drugih podrogdjih. Nastaja tako imenovana e-znanost.

Ob Stevilnih novih moZnostih, ki jih omogoca tehnoloski razvoj, se moramo vprasati, kako smo
nanje pripravljeni in kako nanje pripravljemo naSe otroke, ki bodo Ziveli z njimi in s Stevilnim
drugimi, ki jih danes niti Se slutiti ne moremo. Poudarki izobrazevanja se bodo morali neizogibno
preseliti z ucenja dejstev, ki bodo v veliki meri kmalu zastarela, na ucenje za ucenje. Tukaj lahko
racunalnistvo ponudi ogromno, vendar pa bo samo racunalnisko opismenjevanje v ta namen
bistveno premalo. Potrebno se bo nauciti racunalnik ucinkovito uporabljati za iskanje,
uporabljanje, nenazadnje pa tudi za ustvarjanje novega znanja. Seveda bo znanje in tehnologije
znanja Se vedno potrebno postaviti na ¢vrste temelje matematike in drugih disciplin, hkrati pa ga
znati dopolnjevati z novimi metodami.

Ce govorimo o 3oli za prihodnost, ne moremo mimo dejstva, da ne narasca le znanje, pac pa tudi
kompleksnost problemov. Prepletenost in soodvisnost Stevilnih podrocij zahtevata poleg novih
tehnologij za obvladovanje informacij in znanja tudi vedno vec sodelovanja med ljudmi razli¢nih
strok, razli¢nih narodnosti, razlichih usmeritev in interesov. Resda imamo tudi nove tehnologije,
ki podpirajo skupinsko delo, komunikacijo na daljavo in podobno. A Se vedno to ne reSuje
problemov, c¢e ostajamo individualisti, zaverovani v svoj prav in vzgojeni za tekmovalnost
namesto za odprt dialog in spostovanje razlichih pogledov. Ni nakljucje, da evropska komisija
med smernicami za modernizacijo evropskih univerz priporoca tudi ve¢ skupinskega dela in
veScine komuniciranja. Zaceti pa je seveda treba Ze veliko pred univerzo, da bodo rezultati
taksni, kot si jih Zelimo.

Vladislav Rajkovi¢, Tanja Urbanci¢, Mojca Bernik
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RacéunalniSka zbirka za avtomatsko sestavo pisnega
preizkusa znanja kot uporaben pripomocek in
vzpodbuda uéiteljem kemije za uporabo IKT

Collection of Computer-Based Tasks for Automatic
Designing of Written Exams as the Useful Instrument for
Encourageing ICT Use among Chemistry Teachers

Andreja Ba¢nik
ZRSS

Povzetek:

Prispevek predstavlja namen izdelave in znacilnosti racunalniske zbirke nalog za avtomatsko
sestavo pisnega preizkusa znanja. Zbirka je bila zasnovana z namenom vzpodbujanja IKT
pismenosti pri uciteljih kemije ob neposredni aplikaciji na vedno aktualno podrocje preverjanja
in ocenjevanja znanja, posebej Se na kvalitetno pripravo pisnih preizkusov znanja iz kemije.

Kljuéne besede: racunalnidka zbirka nalog za avtomatsko sestavo pisnega preizkusa znanja,
kemija, IKT pismenost, preverjanje in ocenjevanje

Abstract

The article presents the purpose of designing and the basic characteristic of the ““collection of
computer-based tasks for automatic designing of written exams”. The collection was designed to
encourage ICT literacy among chemistry teachers in the very important field of knowledge
assessment. One of the aims was designing quality exam sheets for chemistry.

Key words: collection of computer-based tasks for automatic designing of written exams,
chemistry, ICT literacy, assessment of knowledge
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Spiralni razvoj programske opreme
kot stalen proces v e-zdravstvu

Software Spiral Development as
the Continuing e-Health Process
Zvone Balanti¢

Univerza v Mariboru, Fakulteta za organizacijske vede,
e-posta: zvone.balantic@fov.uni-mb.si

Povzetek

Ustvarjalni proces lahko pomaga oblikovati spiralni razvoj programske opreme, kjer poleg
urejenega razvoja ideje nastopa velika koncentracija prebliskov in intuicije. E-ucni modeli, ki
upostevajo dana dejstva sodobnega casa, vgrajujejo visoko stopnjo informacijske tehnologije
(IT). Tudi na tem podrocju lahko govorimo, da je zivljenjska doba e-izdelka vse krajsa in je
potrebna stalnih izboljSav. Proces e-izobraZevanja v medicini mora biti stalen, prilagojevan,
rastoc, ter vpet med najnovejSa teoreticna dognanja in prakticne izvedbe. Spiralni razvoj IT je
zelo dinamicen pri izobrazevanju v medicini

Z uporabo spiralnega modela smo strukturirali potek dela po naslednjih korakih: analiza,
specifikacija, oblikovanje, izvedba, testiranje, povezovanje in vzdrZzevanje.

Spiralni razvoj programske opreme je predstavljen na modelu e-izobrazevalnega paketa za
respiratorno fiziologijo.

Konstrukcija spiralnega modela omogoca jasnejso in bolj ucinkovito uporabo IT v medicini. V
koné¢ni fazi se IT razvije v zdravstveni portal za splodno javnost in v zdravstveni portal za
strokovno javnost.

Kljuéne besede: spiralni razvoj, programska oprema, multimedija, pljucha funkcija,
izobraZevanje, e-zdravje

Abstract

The creative process can help to create software spiral development, where beside the settled
development of an idea we have a large concentration of flashes of wit and intuition. E-teaching
models that take into consideration given facts of present time are building in a high level of
information technology (IT). It can be said that in this area as well the life expectancy of an e-
product is getting shorter and needs constant improvements. The e-health process has to be
constant, adjusted, growing and set in the newest theoretical happenings and practical
realizations. Software spiral development is very dynamical regarding the education in medicine.

With the spiral model our work can be structured very clearly through next steps: analysis,
specification, design, implementation, testing, integration and maintenance.

The software spiral development process was presented on the example of e-materials for the
respiratory physiology.

The construction of the spiral model makes IT in medicine clearer and more effective. In the final
phase the IT grows into the Health Life-Style Portal for general public and into Professional
Health Portal for professional and expert public.
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Key words: spiral development, software, multimedia, lung function, education, e-health
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Zakaj se odrasli odlo€ajo za e-Studij?

Why do adults decide for e-learning?

Polona Baloh
DOBA,
polona.baloh@doba.si

Povzetek

Prispevek preucuje e-Studij in model le tega, ki ga izvajamo v viSjeSolskih in visokoSolskem
programu na Dobi. Mnenja Studentov e — Studija in njihove motive za vkljucitev v Studij smo
povzeli po anketnih vpraSalnikih, ki jih Studentje izpolnijo pred vkljucitvijo in po koncanem e-
Studiju na Dobi.

V uvodu smo opredelili razvoj e-Studija v Sloveniji in razvoj te oblike Studija na Dobi. Opisali
smo model e-Studija na Dobi, Visji strokovni Soli in Visoki poslovni Soli Maribor ter razloge
Studentov za vkljucitev v e-Studij ter jih podkrepili z graficnimi prikazi. Povzeli smo uspe$nost
Dobinih Studentov e-Studija..

Kot najvecjo prednost so udelezenci navedli c¢asovno fleksibilnost Studija, saj jim je vSec, da
lahko sami izbirajo cas Studija in ga prilagajajo svojim sposobnostim in trenutnemu
razpoloZenju.

Rezultati se nanaSajo na Dobo, Visjo strokovno Solo in Visoko poslovno Solo Maribor, kot prvo
in najvecjo ustanovo, ki v Sloveniji v celoti izvaja e-Studij.

Kljuéne besede: e-Studij, motive, razvoj e-Studija, model e-Studija na Dobi
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Uéenje glasbe podprto z IKT tehnologijo

Learning Music with ICT Technology

Bogdana Borota
Univerza na Primorskem, Pedagoska fakulteta,
Bogdana.Borota@pef.upr.si

Andrej Brodnik
Univerza na Primorskem, Pedago3ka fakulteta,
Andrej.Brodnik@pef.upr.si

Povzetek

Sodobna IKT tehnologija nudi ucitelju moznost, da izboljSuje procese ucenja in poucevanja
(glasbe). Raziskave kazejo, da je uspeSno vkljucevanje tehnologije v procese ucenja in
poucevanja glasbe odvisno tudi od kompetentnosti ucitelja, postavljenih standardov znanj za
glasbo in tehnologijo ter nacrtovanih strategij oblikovanja, uvajanja, izvajanja in spremljanja.
Oblikovali smo fleksibilni programski paket z aplikativno navezavo na glasbo, ki omogoca
izvajanje nekaterih vidikov sodobnega poucevanja in ucenja kot so: (1) diferenciacija,
individualizacija ter enake moZnosti; (2) oblikovanje lastne strategije ucenja; (3) problemsko,
smiselno in konstruktivistichno ucenje; (4) moznost doseganja vi§jih ciljev na kognitivnem in
konativnem podrocju; (5) moZnost sodelovanja ucencev v virtualni skupnosti. Arhitektura, ki je
bila uporabljena je bila standardna odjemalec-streznik, kjer je ima streznik trojno vlogo: (1) nudi
samo programsko opremo, ki je bila narejena; (2) hrani nastavitve in individulane portfolje
ucencev; ter (3) sluZi kot medij za preposredovanje podatkov med ucenci, ki tvorijo virtualno
skupnost.

Kljuéne besede: IKT, glasha, osnovna Sola, strategije

Abstract

Currently ICT offers teacher many opportunities to improve processes of learning and teaching
(of music). The results of research indicate that the successful integration of technology depends
on teacher's competencies, on educational standards of music and technology, and on designed
strategies of modeling, implementing and following. We designed a flexible software application
for music teaching that permits use of some means of contemporary learning, such as: (1)
differencing particularly based on individualization; (2) design of self learning strategy; (3)
problem based and constructivist learning; (4) possibility of achieving of higher cognitive and
co-notational goals; (5) possibility of learners to participate in virtual community. The
architecture we used was a standard server based architecture, where the server has a triple
role: (1) provides the necessary software; (2) storing settings and learners’ portfolio; and (3)
provides a medium for the exchange of messages between the learners forming a virtual society.

Key words: ICT, music, primary school, strategies
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Projekt SITES modul 2 - kako ohraniti inovativne prakse

Project SITES Modul 2 — How to keep inovative practices

Barbara NeZa Bre¢ko
Pedagoski Institut, nacionalna koordinatorka projekta SITES 2006

Masa Repez
Pedagoski institut, PISA nacionalni center

Povzetek:

Velika kolicina novosti v informacijskih in komunikacijskih tehnologijah (IKT), Se posebej
uporaba Interneta in Svetovnega spleta (WWW), je povzrocila naraScajoce zanimanje za
informacijske tehnologije po vsem svetu. Razvoj uporabe IKT v Solah po svetu kaze na potrebno
vsebinsko podporo in nove utemeljene koncepte ucenja in poucevanja z uporabo IKT.
Raziskovalno delo pri nas in po svetu je odkrilo vpliv, ki ga imajo te nove tehnologije na
izboljSanje izobraZevanja in spreminjanje poteka dela v Solah.

Slovenija je sodelovala v mednarodnem projektu SITES M2, s katerim smo raziskovali inovativne
pedagoSke prakse, ki uporabljajo informacijsko tehnologijo.

V pricujocem prispevku pa analiziramo pogoje, ki so nujni za ohranitev in prenos inovacije.

Kljuéne besede: IKT, Sola, inovativne prakse

Abstract:

The quantity of innovations in information and communication technologies (ICT) and the use of
Internet and World Wide Web, has caused growing interest for information technologies over the
World. Growing use of ICT in schools worldwide shows the need for conceptual support and
new concepts of teaching and learning with the use of ICT. All over the world the research has
shown the influence that new technologies have on education and changing practices at school.

Slovenia participated in the international project SITES M2, the aim of which was to study
innovative pedagogical practices, which use information technologies.

In the article the conditions necessary for keeping the innovation are presented.
Key words: ICT, school, innovative practices
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Planiranje izobrazevanja in menedzment sprememb

Education Planning and Management of Changes

Metod Cernetig,
Fakulteta za organizacijske vede, Kranj
e-mail: metod.cernetic@fov.uni-mb.si

Olga Deéman Dobrnji¢,
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e-mail: olga.decman@gmail.com

Povzetek

Nacrtovanje izobraZevanja je bilo, kot locena dejavnost, pozno vpeljano na splo3no podrocje
ekonomskega in druzbenega nacrtovanja. Mocno se je povecalo s potrebo po ureditvi/soocenju s
populacijsko eksplozijo v poznih Stiridesetih prejSnjega stoletja in je bilo okrepljeno z rastjo
zavedanja ekonomske vrednosti izobrazevanja. Dandanes je povezanost med nacrtovanjem
izobraZzevanja in ekonomsko razvitostjo oz. med vsemi vidiki izobrazevanja in ekonomsko
razvitostjo deleZna vedno vecje pozornosti, ki vodi do naraScanja potreb po nacrtovanju razvoja.
Oblikovane so razne strategije z dolocenimi cilji, ki naj bi bili prevedeni v prihodnji cas.
Optimalne izobrazbene strukture "drzave" ali nacionalne makroekonomije za bodoci tehnoloski
razvoj danes Se ni mogoce napovedovati. Razlogov je vec: tehnolodki, ekonomski in socialni. Zato
je bil oblikovan tudi tako imenovan hevristichi pristop oziroma model planiranja kadrov (Rus,
1979, 247, Cerneti¢, 1999, 86). V tem modelu oziroma pristopu se vzpostavljajo tiri
predpostavke: druzbeni cilji, relevantne druzbene okoliS¢ine, kadrovski potencial in kadrovske
potrebe. Kvantitativno in kvalitativno proucevanje odnosa med temi variablami hevristi¢cnega
pristopa je dinamicen proces.

V prispevku bodo obravnavana naslednja vpraSanja: o metodah in scenarijih nacrtovanja
izobraZevanja, predvidevanja in napovedi razvoja izobrazevanja, raziskovalno in normativno
napovedovanje izobraZevanja, podrocja in dileme planiranja izobraZevanja ter cilji organizacije
in menedZment sprememb.

Vsa ta vpraSanja so Se kako aktualna z vkljucitvijo Slovenije v EU in v procese, ki v njej potekajo
Predvsem gre za deduktiven pristop pri dveh pomembnih druZzbenih dokumentih/resolucijah:
Nacionalni program razvoja visokega Solstva in Nacionalni program razvoja raziskovalne
dejavnosti. Pri enem in drugem uvajanju so bili poleg politike premalo vkljuceni drugi nosilci
sprememb.

Kljuéne besede: Planiranje, politika izobraZevanja, nacrtovanje, cilji, vzgoja in izobraZevanje,
menedZment sprememb.

Abstract

Planning of education as a separate activity was relatively lately introduced on universal area of
economic and social planning. The need for planning education has increased heavily with a
need for regulation of explosion of population in late forties in last century. It has been
reinforced with a growth of consciousness of value of economical value of education. Nowadays
the connection between planning of education and economical development is getting more and
more attention, which leads to increasing need for planning of development. Different strategies
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with fixed aims were developed. Optimal educational structures of a »state« or national
macroeconomic for future technological development can not be predict even today. Reason for
that are different: technological, economical in social. Therefore so-called hauristical approach
or model of human resource planning has been developed (Rus, 1979, 247, Cerneti¢, 1999, 86).
Four presumptions are established in this model: social goals, relative social circumstances,
human resource potential and needs. Quantitative and qualitative study of relationship between
those variables of heuretical approach is a dynamic approach. .

In this text the following questions will be address: of methods and scenarios of educational
planning, assumptions and predictions of planning of education, research and normative
prediction of educational planning, areas and dilemmas of planning of education and goals of
organizations and management of changes. .

All this questions are deeply connected with inclusion of Slovenia in EU and with all the
processes that are going on in EU. Above all this is a deductive approach to two important social
documents: National program of development of higher education and National program of
development of research activity.

Key words: Planning, policy of education, goals, education, management of changes.
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Policy and Development of Boarding School

Olga Deéman Dobrnji¢,
Zavod R S za Solstvo
e-mail: olga.decman@gmail.com

Metod Cernetig,
Fakulteta za organizacijske vede
e-mail: metod.cernetic@fov.uni-mb.si

Abstract

The first years of sovereignty of Slovenia the number of pupils residing in boarding schools has
decreased. The gap between the capacities and numbers of places taken has appeared as a result
of the planning in 80s which was based on the then expected influx of pupils from other regions
of former Yugoslavia and on the vision of economic development of individual areas which
however was not realized. The number of places taken in the boarding schools dropped
dramatically upon Slovenia becoming an independent country. The decrease was caused by
several factors simultaneously. The management of boarding schools in Slovenia can choose
between two extreme alternatives: abolishment of the boarding schools as such or finding a way
of their development by forming new models. This article discusses the mission of boarding
schools as organizations, the policy of their management and governance and provides data on
the tendency of the number of pupils residing in boarding schools and finally we also got the
answers what advantages bring information technology in the boarding schoos.,

Key words: boarding school, development, changes, vision, information technology,
management.
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Prizadevanja za izboljSanje raéunalniske pismenosti
brezposelnih

Efforts to Promote e-Literacy

Gabrijel Devetak
Fakulteta za organizacijske vede,
info@devetakgabrijel.com

Neva Maher
Fakulteta za management
nevamaher@yahoo.com

Povzetek

V strategiji razvoja Slovenije je poudarjeno, da mora Slovenija vzpostaviti drugacno razmerje
med ekonomsko ucinkovitostjo trga in socialno odgovornostjo partnerske drzave. Pri tem velja
posebej podcrtati razvitost gospodarskega sektorja na podrocju informacijsko komunikacijske
tehnologije, ki omogoca Sloveniji ucinkovitejSe izkoriScanje obstojecih potencialov, ki jih
ponujajo storitve informacijske druzbe pri modernizaciji javnega sektorja oziroma gospodarstva.

Med temeljnimi sposobnostmi slovenske druzbe, ki so kljuche za razvoj v sklopu strategije
razvoja Slovenije, so poudarki na visokih vlaganjih v izobraZevanje mlade generacije, ki
omogocajo osredotocenje na izboljSanje kakovosti izobrazbe oziroma znanja, prilagajanje
zahtevam konkurenchega gospodarstva ob uveljavljanju vseZivljenjskega ucenja v povezavi z
zaposlovanjem. Pri tem je specificnega pomena kakovost e-izobrazevanja, vrste in uporabnost
dolocenih e- znanj, predvsem v gospodarstvu.

V prispevku je prikazano kakSna so prizadevanja za izboljSanje racunalniSke pismenosti tudi
brezposelnih oseb, obravnavan je specifi¢ni primer in omenjena skandinavska izkusnja kot vir
navdiha, v smislu trojne spirale, ki temelji na sodelovanju med podjetji, univerzami in javnim
sektorjem.

Kljuéne besede: racunalniska pismenost, informacijsko komunikacijska tehnologija, strategija,
Phare 2003, marketing

Abstract

It is stressed in the Strategy of the development of the Republic Slovenia that there should be a
more efficient consistency to pose among the market efficiency and a social repsonsibility of a
modern state. It is to underline the development of infomation communication technology, ICT,
and its meaning for economy which enables Slovenia to use potentials efficiently.

Among basic there is to stress high investments in education and training to use ICT: ICT
enables good quality of edication and skills, but also it enables to activate all potentials that
withou ICT use would never be used. It is impotant that ICT also pormotes adaptability to be
competitive in globalisation processes; it is also very supportative to access of life-long-learning.
All exposed is of very specific meaning: it brings to values as employment, social inclusion,
cohesion and social cohesion. That is why it is very important a quality of e-education and
training, how to use e-skills in a funcial way to bring to competitivhessof all subjects and on all
levels.
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Efforts to improve e-literacy are great and they are on all levels — EU, the level of state, sectors,
projects and individuals. There are efforts to get resources to promote e-lerning and e-skills as
we are within the processes of Lisbon strategy and at the very beginning of the next financing
perspective 2007-2013.

Key words: e-literacy, infomation communication technology, ICT, strategy, human potentials,
partnership
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Univerza v Mariboru in Univerza na Primorskem, Pedago3ka fakulteta
dejan.dinevski@uni-mb.si

Janja Jakon¢i¢ Faganel
Gimnazija Poljane, Ljubljana
janja.faganel@guest.arnes.si

Matija Lokar
Univerza v Ljubljani, Fakulteta za matematiko in fiziko
matija.lokar@fmf.uni-lj.si

Bostjan Znidarsi¢
Gimnazija Poljane, Ljubljana
bostjan.znidarsic@guest.arnes.si

Povzetek

Model ustreznega ocenjevalnega sistema za doseganje kakovosti elektronskih ucnih gradiv, ki ga
razvija skupina za vzpostavitev ocenjevalnega sistema za e-gradiva pri Zavodu Republike
Slovenije za Solstvo, predstavlja pomemben prispevek k izboljSanju sodobnih ucnih in
izobraZevalnih procesov. V postopku ugotavljanja kakovosti elektronskih uchih gradiv zdruZzuje
Ze uveljavljene pojme standardizacije kakor tudi posebnosti gradiv ter ucnega procesa.
Predlagani model obsega definicijo tipov elektronskih ucnih gradiv, njihovo opisovanje ter
predlog ocenjevalnih kriterijev. V prispevku je podan predlog sistema zbiranja e-gradiv,
opredeljene pa so tudi faze njihovega vrednotenja. Tematika je zaokroZena z umestitvijo
opisanega modela ocenjevanja kakovosti e-ucnih gradiv v nacionalno strategijo e-izobrazevanja,
ki je v ¢asu objave tega ¢lanka v javni obravnavi.

Kljuéne besede: Kakovost, e-gradiva

Abstract

A model for the quality assessment system of electronic learning material is being developed by
the group of experts at the National Education Institute of the Republic of Slovenia. The
presented model is an important contribution to the improvement of the modern learning and
educational processes. The standardization concepts and the specifics of the learning material
are considered in the scope of the quality assessment procedure. The presented model defines the
electronic learning material classification, its description and the criteria for its assessment. The
steps for collection of e-learning material linked with the phases of assessment procedure are
proposed in the paper. In order to round up the topic the presented model is tied to the national
strategy of e-learning which is currently going trough the phase of public hearing.

Key words: Quality, learning objects
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Uvajanje medpredmetnega povezovanja s pomog€jo
uporabe IKT na srednji poklicni Soli

Introducing Interdisciplinary Linkage with the
Assistance of ICT at Vocational School

Polona Drenik Trop
polona.drenik-trop@guest.arnes.si

Bojan Vucko
bojan.vucko@guest.arnes.si

Povzetek

Medpredmetno povezovanje je eno izmed prvin sodobne kakovostne Sole in pomeni povezovanje
posameznih informacij in vsebin iz razli¢nih predmetov, predvsem z namenom podajanja celovite
in uporabne informacije o neki doloceni temi. V praksi se pojavlja problem drobljenja in
nepotrebnega podvajanja informacij, ki jih dijaki niso sposobni povezati, ker jih k temu niti
ustrezno ne napeljujemo niti jih k temu ne motiviramo. V ¢lanku je na konkretnem primeru
opisano medpredmetno povezovanje, vkljucno s pozitivnimi in negativnimi ugotovitvami ter
uporabo IKT.

Kljuéne besede: medpredmetno povezovanje, medpredmetno nacrtovanje, IKT, kakovost v Soli, e-
ucilnica, timsko delo

Abstract

Interdisciplinary linkage is one of the basic elements of a quality school and it is meant to link
individual information and topics from different subjects, especially to offer complete and useful
data on certain theme.

In everyday practice the problem of inability of linking given information is often with students
due to insufficient motivation. In the article the concrete example of interdisciplinary linkage is
described including the pros and cons in using the ICT.

Key words: interdisciplinary linkage, interdisciplinary planning, ICT, Quality at school, e-
classroom, teamwork
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Koncept slovenskega Solskega izobrazevalnega omrezja

Concept of Slovenian Educatonal Network

Andrej Flogie,
Renato Lukaé,
Robert Gajsek,
Marjan Kozjek

Povzetek:

Kvaliteta izobraZzevalnega sisteme ima daljnosezne posledice na vse ravni Zivljenja, zato je
Solstvo vitalnega pomena za napredek in blaginjo sleherne druzbe. Razvijajoce se druzbe
potrjujejo, da je vpliv IKT na vsakdanje Zivljenje zelo velik in da bo v bliznji prihodnosti pomen
IKT e vecji ter kljucnega pomena za razvoj in delovanje druzbe, saj smo prica tako temeljitim
spremembam, da lahko govorimo o informacijski revoluciji. V ¢lanku je predstavljen nov koncept
— predlog vsebinske in tehnicne organizacije slovenskega izobraZevalnega omrezja (SIO) po
treba izvesti koordiniran niz ukrepov, med katerimi so najpomembnejsi izgradnja Sirokopasovnih
povezav, vzpostavitev enotnega administrativno-pedagoSkega informacijskega sistema,
ustanovitev regionalnih izobrazevalnih centrov in nenazadnje tudi z vlaganja v c¢loveske vire —
usposabljanje za efektivno rabo IKT v pedagoSkem procesu.

Kljuéne besede: IKT, izobrazevanje, Solsko izobraZzevalno omrezje

Abstract:

The quality of the educational system has far-reaching effects on all levels of our life. Therefore,
education is vital for the progress and prosperity of every society. Well developed countries are
confirming huge impact of ICT on everyday life. Moreover, they are predicting even bigger
importance of ICT in the near future and essential role for the development and operation of the
society. We are nowadays witness to such a radical changes that we can make an assertion about
an informational revolution. In the present paper we are following successful European
education networks and introducing novel concept about content- and technical organisation of
the Slovenian education network (SIO). As soon as possible series of coordinated steps has to be
put into execution. Most important are: building of a broadband computer network,
establishment of a uniform administrative-pedagogical informational system, establishment of the
regional education centres and investment in the human resources, i.e. training for effective use
of ICT in the pedagogical process

Key words: ICT, educat, educational network
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Konceptualno uéenje in interaktivna uéna gradiva

Coceptual Learning and Interactive Learning Materials

Ivan GERLIC
Univerza v Mariboru, Pedagoska Fakulteta Maribor
ivan.gerlic@uni-mb.si

Povzetek

Pouk s pomocjo racunalnik (IKT) obsega njeno pomo¢ v vzgojno-izobraZzevalnem procesu povsod
tam, kjer je to mogoce in smiselno. Namen racunalnik oz. IKT kot ucnega pripomocka je iskanje
optimalnih elementov in pripomockov za pedagosko ucinkovitost ter za boljSe doseganje vzgojno-
izobraZevalnih smotrov. Pouk naravoslovno-matematicnih in tehniskih predmetov v osnovni Soli
v mnogih u¢nih situacijah zahteva prakticno delo in problemski pouk. V prispevku bomo prikazali
nekaj didakticnih nacinov za pripravo interaktivnih spletnih ucnih gradiv — listov (z uporabo
simulacij oz. javanskih programckov - apletov)

Kljuéne besede: izobraZevalni sistem, racunalnik v izobraZevanju, naravoslovje, informacijska in
komunikacijska tehnologija (IKT), izobrazevalna programska oprema, interaktivno ucenje,
simulacije, javanski programcki — apleti, fizleti, flashleti.

Abstract

Teaching and learning with computers (ICT) encompasses her help in educational process
everywhere there where is this perhaps and reasonable. Using ICT as educated accessory mean
search of optimal elements for teaching efficiency and for better achieving teaching objectives.
Learning process of science, mathematic and technical subjects in elementary school in many
situations demands practically and problem solved work. In article we will show some didactic
manners of preparing interactive web-oriented educated materials - papers (based on
simulations - java applets).

Key words: educational system, computers in education, science, information and
communication technology (ICT), educational software, interactive teaching, simulations,
applets, physlets, flashlets.
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Uvajanje novih storitev v vzgojno-izobrazevalne zavode

Introduce New Services to Slovene Schools

Janko Harej
TSC Nova Gorica
in
Zavod RS za Solstvo, OE Nova Gorica
janko.harej@guest.arnes.si

Povzetek

V zadnjih leti se vzgojno-izobrazevalni zavodi (v nadaljevanju VIZ) intenzivneje opremljajo z
racunalnisko opremo. Z boljSo opremljenostjo z racunalnisko strojno opremo nastopa ugoden
¢as za uvajanje novih storitev v Sole. Najprej je potrebno nove storitve opredeliti, dolociti nacin
in strosSke vpeljave le-teh v VIZ in skozi pilotne projekte odkriti nacine za povezovanje VIZ in
optimalno uporabo novih storitev. Nato lahko sledi obsezno uvajanje novih storitev.

Kljuéne besede: internet, upravljanje vsebin, gradiva, e-izobrazevanje, vzdrZevanje, tehnicna
podpora

Abstract

In the last few years several efforts have been made to provide ICT to schools. Now that schools
are better equipped with computer hardware, the time has come to introduce new services. New
project team has been founded on National Institute of Republic of Slovenia for education with
the following tasks: to select services to be introduced to schools, determine cost and proper
ways of connecting schools and teachers together to increase the use of ICT in classroom. Some
tasks will be accomplished through the pilot project, where three school centers will be equipped
with new technologies and guided to use it.

Key words: Internet, Content Management Systems, e-learning, e-content, technical support
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Mnenja Studentov o e-preverjanju znanja pred in po e-
testiranju

Students’ Opinion about Electronic Examinations before
and after E-Testing

Eva Jereb
Fakulteta za organizacijske vede, Univerza v Mariboru
Eva.jereb@fov.uni-mb.si

Igor Bernik
Fakulteta za organizacijske vede, Univerza v Mariboru
igor.bernik@fov.uni-mb.si

Povzetek

Prispevek obravnava eno kljucnih komponent elektronskega izobrazevanja, to je elektronsko
preverjanje znanja. Podaja mnenja Studentov o takem nacinu preverjanja znanja pred in po
elektronskem testiranju. Raziskava izpeljana v letih 2004 in 2005 je pokazala, da je vecina
Studentov pripravljenih na elektronsko preverjanje znanja. NavduSeni so predvsem nad takojsnjo
povratno informacijo in prilagodljivim ¢asom ter lokacijo izpitov. Skrbelo pa jih je pomanjkljivo
obvladanje sodobne informacijsko-komunikacijske tehnologije. Motivirani s pozitivnim odzivom
Studentov smo pristopili k izvajanju e-testov in ponovno preverili mnenja udelezencev. Vecina je
bila navduSena in si Zeli e-preverjanja znanja s Se vecjo gotovostjo. Kaze pa se tudi, da nekateri
Se vedno v enaki meri menijo, da je tako preverjanje sicer mogoce, vendar ne prinaSa nobene
prednosti v primerjavi s klasi¢nimi nacini.

Kljuéne besede: e-izobrazevanje, e-preverjanje znanja, mnenja Studentov, orodje za e-
preverjanje Perception

Abstract

This paper is about one of the essential matters in electronic learning: taking electronic exams. It
presents students’ opinion about electronic examinations before and after electronic testing. The
studies in the years 2004 and 2005 confirmed that the majority of participants were prepared to
take electronic exams. They were enthusiastic about the immediate feedback and time and place
flexibility. However they had some reservations about the technological issues. Motivated by the
positive students’ response we performed a pilot e-testing. After the testing we checked the
students’ opinion again. The majority was enthusiastic and even more certain in introducing e-
exams. Some of them think that this kind of taking exams is possible but they still do not see any
advantages in it.

Key words: e-learning, e-examination, students’ opinion, e-testing tool Perception
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Proces ustvarjanja e-u€nih vsebin

The Proces of Creating e-Learning Content
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Povzetek

Proces ustvarjanja e-ucne vsebine se pric¢ne z jasnim konceptom v obliki scenarija, ki se skozi
vecfazni postopek privede do koncnega produkta. Uporaba profesionalnih orodij pri ustvarjanju
vsebin je vcasih edina reSitev, dobrodosla pa so vsa nekomercialna orodja, ki izpolnjujejo naSe
zahteve po kakovosti. Transformacija vsebin pred objavo v virtualnem u¢nem okolju je v primeru,
¢e nimamo celotne tehnologije od enega samega ponudnika, vedno prisotna. Virtualno ucno
okolje je na profesionalni ravni zahteven pedagoski projekt za vsako izobrazevalno ustanovo.

Kljuéne besede: Virtualno ucno okolje, e-uche vsebine, Sistem za upravljanje ucnih vsebin,
Captivate, Reload Editor, Moodle, MeSano ucenje, SCORM.

Abstract

The creative process of e-learning concepts begins with a clear concept in the form of a script
which leads to a final production. Using professional tools in creating the contents is sometimes
the only solution and any non commercial tools is welcome if it complies with quality requests.
The need for transformation of contents in the virtual learning environment is always present.
Virtual learning environment is a highly demanding pedagogycal process for any educational
institution.

Key words: Virtual Learning Environments, e-learning content, Learning Management System,
Captivate, Reload Editor, Moodle, Blended learnig, SCORM.
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Poskus kot sredstvo vizualizacije
za aktivno in kvalitetno u€enje

Kampos Tjasa
kampos.tjaSa@guest.arnes.si

Povzetek:

Poskus v Soli ima mocan vizualizacijski ucinek, zato ne sme biti zgolj element motivacije pouka.
Biti mora podpora pri razumevanju kemijskih pojmov.

V raziskavi zelimo preveriti sposobnost zaznavanja in razumevanja sprememb, ki so jih ucenci
opazovali na multimedijskih posnetkih treh poskusov; prouciti Zelimo vpliv dodanih vizualnih
elementov (podnapisi in kemijske formule, enacba kemijske reakcije) v multimedijskih posnetkih
poskusov ter vpliv ucnega uspeha ucencev na sposobnost zaznave in pravilnost razlage.

Kljuéne besede: poskus, vizualna pismenost, zaznava, razlaga, ucni uspeh

Abstract

Experiment in the school has strong visual effect on the children, therefore it should not be use as
a motivational factor in the classroom but it should also support the understanding of the
chemical processes. The goal of the research is to check capability of acknowledement and
understanding of changes, which were obsereved by the pupils on the three different multimedia
footage of the chemical experiments; main goal is to determine the added value of added visual
elements (names and formulas of reagents, equation of the chemical reaction) in multimedia
footage of the chemical experiments and school success of the pupil on the capability of
perception and the proper understanding of it.

Key words: experiment, visual literacy, perception, explanation, school success
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Uporaba IP telefonije in videokonference pri pouku
multimedije v osnovni Soli

The Use of IP Telephony and Videoconference at
Multimedia Classes in Primary School
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Povzetek

V dlanku je prikazan prakticen primer uporabe brezplache IP telefonije s pomocjo programa
Skype in vidoekonference med ucenci Stirih slovenskih osnovnih Sol pri pouku racunalnistva, in
sicer pri izbirnem predmetu multimedija. Opisani so osnovni koraki uporabe IP telefonije ter tudi
prednosti in slabosti, ki jih prinasa. Program Skype in videokonferenca zaenkrat predstavljata
ucencem v osnovni Soli Se dokaj neznani orodji za istocasno komunikacijo med ucenci na
razlicnih lokacijah. Glede na to, da je pilotski projekt uporabe nove tehnologije izredno dobro
uspel, je na koncu opisan tudi nacrt za nadaljnje delo in uporabo obeh tehnologij pri izbirnem
predmetu multimedije.

Kljuéne besede: izbirni predmet multimedija, IP telefonija, Skype, videokonferenca

Abstract

The article is about the use of free IP telephony - programme Skype and videoconference -
among pupils of four Slovenian primary schools, particularly at multimedia classes. First there
are basic steps of usage IP telephony described, benefits and weaknesses follow. Programme
Skype and videoconference are still rather new tools for communication among pupils at the
same time at different places. Regarding a successful trying project at the end of the article there
is a plan for further work and the use of both technologies at Multimedia classes.

Key words: multimedia class, IP telephony, Skype, Videoconference
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Team Work using IKT
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Povzetek

Avtorji so samoiniciativno kot tim izvedli projekt medpredmetnega nacrtovanja in povezovanja
»Seminarska naloga, ki je del obveznih izbirnih vsebin dijakov 1. letnika programa turisticni
tehnik na Srednji gostinski in turisticni Soli Radovljica in pri tem so vsi aktivno uporabljali IKT
(informacijsko-komunikacijsko tehnologijo).

Kljuéne besede: IKT, medpredmetno povezovanje, informacijska pismenost, knjiZzni¢ha
informacijska znanja, srednja strokovna Sola.

Abstract

The authors have carried out on their own initiative the project of inter-subject planning and
linking »Seminar paper« as part of the 1st year tourism programme compulsory curriculum at
High school of catering and tourism in Radovljica, using ICT (information communication
technology).

Key words: ICT, inter-subject linking, information literacy, library information knowledge ,
secondary vocational school.
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Programiranje v parih v srednjih Solah

Programming in Pairs in High Schools
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Viljan Mahni¢
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Povzetek

Ekstremno programiranje je nov stil razvoja programske opreme, ki temelji na odli¢nih
aplikacijah programskih tehnik, medsebojne komunikacije in teamskega dela. S pomocjo le tega
dobimo rezultate, ki si jih nismo mogli niti zamisliti. Glavna praksa ekstremnega programiraja je
programiranje v parih. Pri programiranju v paru dva programerja drug ob drugem, za istim
racunalnikom hkrati analizirata, nacrtujeta in razvijata ter testirata programsko opremo.
Zagovorniki te prakse trdijo, da so programi, ki so nastali pri delu v paru, boljsi, z manj
napakami in lepSim vmesnikom. Menimo, da je programiranje v parihzelo uspeSna metoda tudi
za ucenje programiranja v sredni Soli. Zacetni kvalitativni in kvantitativni rezultati prikazujejo,
da je programiranje v parih pri ucenju programiranja povecalo znanje in zadovoljstvo dijakov.
Raziskali smo naravo programiranja v parih in preizkusili na kakSen nacin lahko s to prakso
izboljSamo poucevanje, zvecamo motivacijo in povecamo znanje dijakov pri poucevanju
programiranja v srednjih Solah.

Kljuéne besede: Agilne metodologije, ekstremno programiranje, programiranje v parih,
kvalitativni in kvantitativni rezultati

Abstract

Extreme programming (XP) is a new style of software development focusing on excellent
applications of programming tecniques, clear communication, and team work, which gives
unimaginable results. A major practice of Extreme programming is Pair Programming. There
are two programmers working side by side at the same computer, collaborating on the same
analysis, the same design, implementation and test. Proponents of pair programming argue that
programs produced by pairs are of higher quality, with less errors, better design than those
produced by one programmer. And they are made in the shortest time possible as well. We think
that pair programming model has also been found to be beneficial for students. Initial
quantitative and qualitative results demonstrate that the use of pair programming in the
computer science classroom enhances student learning and satisfaction. We explore the nature of
pair programming, then examine the ways such a practise may enhance teaching and learning in
computer science education.

Key words: agile methods, extreme programming, pair programming, quantitative and
qualitative results.
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Povzetek

S pomocjo reklamnih zgibank, posvetovanj s svetovalnimi delovkami na osnovnih in srednjih
Solah smo pripravili spisek kriterijev, ki vplivajo na izbor 3ole s podobnimi programi. Sole se
med seboj razlikujejo po pogojih dela, dodatni ponudbi, nadstandardnimi storitvami, kadru in
infrastrukturi. Namen naloge je bil preuciti kriterije, ki vplivajo na izbiro 3ole, strukturiranje le
teh, jim dolociti utezi in seveda preveriti model na dolocenih realnih variantah. Za variante smo
izbrali Sole na Gorenjskem, ki izobraZujejo po gimnazijskem programu. Za izgradnjo
odlocitvenega modela smo uporabili lupino vecéparametrnega odlocanja DEXi, za prikaz in
vrednotenje variant pa program Vredana. S pomoc¢jo modela smo na Soli pridobili pomembne
informacije o Zeljah, kriterijih in zmoZnostih osnovnoSolcev pri izbiri srednje Sole. Prav tako
lahko model sluZi kot pomoc svetovalnim delavkam na osnovnih Solah, ki usmerjajo ucence in jim
svetujejo pri izbiri srednje Sole.

Kljuéne besede: srednje Sole, odlocitev, vecparametrni odlocitveni model, parametri, atributi,
izbor, Dex-i, Vredana

Abstract

With the help of advertising folders, of consultations with advisory workers on basic and
secondary schools we have a list of criteria that influence the selection of school with similar
programmes. The important difference between individual schools shows in work conditions,
additional offer, extra services, the staff and infrastructure. The purpose of the assignment is to
look into criteria that influence the choice of school, the importance of individual criteria and of
course to check the model on certain realistic versions. We have chosen schools on Gorenjska,
the ones that prepare students for universities. We have chosen the multiparameter DEX-i shell
for the construction of decision model and Vredana programme for displaying and evaluating
versions. We gained important information concerning wishes, criteria and abilities of pupils at
ehrn choosing their school. The model can help to advisory workers on primary schools to help
and advise pupils which secondary school to choose.

Key words: secondary schools, decision, multiparameter decision model, parameters, attributes,
choice
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Ponovno uporabljiva gradiva — u€ni objekti

Reusable Materials - Learning Objects

Radovan Krajnc
Srednja ekonomska Sola Maribor,
radovan.krajnc@guest.arnes.si

Povzetek

Eden od izzivov informacijske druzbe je tudi prilagoditev izobraZevanja nenehnim spremembam
in potrebam po novih znanjih. Spletno podprto ucenje kljub vsem prednostim Se ni polno zazivelo.
Eden od razlogov je pomanjkanje ustreznih elektronskih gradiv. Ponovno uporabljiva gradiva
(ucni objekti) bi lahko bila reSitev saj nudijo moZnost enostavne in “"cenene" izmenjave e-gradiv
med ucitelji, razlicnimi predmeti, izobrazevanji, institucijami in celo kulturami. Zaradi zahteve
po ponovni uporabljivosti mora biti u¢ni objekt samostojno celota, ki se za razumevanje s strani
ucecega ne sme sklicevati na druge ucne objekte. U¢ni objekt mora biti brez konteksta in mora
voditi k doseganju vsaj enega ucnega cilja.

Kljuéne besede: e-ucenje, ponovno uporabljiva gradiva, ucni objekti

Abstract

One of the challenges of the informational society is the adaptation of education to the constant
transformations and the need for new types of knowledge. Despite its advantages, the web-based
(supported) learning has not fully come into practice. One reason for this is the lack of adequate
electronic materials. Reusable materials (learning objects) could be the solution since they offer
the possibility of simple and "inexpensive™ exchange of e-materials between teachers, different
subjects, institutions and even cultures. Due to the demands for reusable materials, learning
object should be an independent whole (unit) which must be understandable for the learner
without a reference to other learning objects. The learning object should be without any context
and should lead the way to achieve at least one of the learning aims.

Key words: e-learning, reusable materials, learning objects,
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spela.kuncic@guest.arnes.si

Povzetek

Namen clanka je predstaviti neomejene moznosti, ki jih ponuja elektronska oblika portfolija t.i.
ePortfolijo. Le-ta izhaja iz klasicne, »papirne« oblike predstavitvenega portfolija. Definiran je
kot zbirka multimedijskih vsebin, ki prikazujejo rast posameznika ali skupine skozi cas.
Praviloma je izdelan za predstavitev javnosti. Opisan je proces nastajanja »zgodbe o razredu«
ter prednosti in pomanjkljivosti pri njegovi izdelavi in uporabi. Predstavljeni primer iz prakse
prikazuje enega izmed nacinov vkljucevanja sodobnih vecpredstavnih tehnologij v ucni proces.
Njegov namen je vzdrZevanje in spodbujanje notranje uc¢ne motivacije ter kriticne refleksije s
strani vseh udeleZencev vseZivljenjskega uc¢nega procesa.

Kljuéne besede: predstavitveni portfolijo, ePortfolijo, izobrazevalne multimedijske vsebine

Abstract

The aim of the article is to present endless possibilities that electronic version of portfolio offers.
It originates from paper-based version of presentation portfolio. It is often referred as ePortfolio
which is defined as a collection of multimedia contents representing someone’s (person or group)
personal growth over time. The intention of its construction is usually public presentation. The
development process of building »a story of deep learning« according to its benefits and
weaknesses is shown. The presented example shows one of the ways of including multimedia
contents into teaching-learning process. Its purpose is to consolidate or raise intrinsic learning
motivation and critical reflection of the participants in lifelong learning process.

Key words: presentation portfolio, ePortfolio, educational multimedia contents
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Raztrgani zamet bolonjske reforme

The Lost Direction of the Bologna Renewal

Janez Mayer
Fakulteta za organizacijske vede Univerze v Mariboru
janez.mayer@fov.uni-mb.si

Povzetek:

Bolonjska prenova slovenskega visokega Solstva ne sledi smernicam EU. Univerze se odrekajo
avtonomiji in podlegajo diktatu politike (zmanjSevanje avtorskih pravic uciteljem, omejevanje
vpisa na druzboslovne fakultete), kriterij trajanja Studija ostaja nad kriterijem kakovosti, med
ucitelji ni konkurencnosti in Studentje se bolj kot za povecevanje kakovosti Studija zavzemajo za
Se vecje socialne ugodnosti. Visoko3olski strokovni Studij je ostal v slepi ulici in s tem je tudi
sploSna matura izgubila svojo selektivno vrednost. Poglavitni vzrok za vse to vidimo v odsotnosti
ustvarjalnega dialoga (in ne pogajanj) med vsemi partnerji v visokem Solstvu.

Kljuéne besede: visoko Solstvo, univerza, bolonjska prenova

Abstract:

The Bologna renewal of Slovenian university education does not follow the guidelines set by the
EU. Universities are increasingly losing their independent status undermined by the dictation of
politics (reduction of teachers' copyrights, gradual limiting of inscription to social studies).
Duration of study seems to be more important criterion than its quality. There is no competition
among teachers, and students seem to be far more interested in their social rights than in raising
the quality of study process. At this moment, Slovenian university education is stuck in the cul-de-
sac whereas graduation from a secondary school has lost its selective value. The main reason for
above mentioned problems could be the absence of creative dialogue (not negotiations) among
all partners participating in the university education system.

Key words: University education, Bologna reform

170


mailto:janez.mayer@fov.uni-mb.si

Terminalsko omrezje v Soli

Terminal Network in Primary School

Tomaz Miholié
tomaz.miholic@guest.arnes.si

Povzetek

Organizator informacijskih dejavnosti (OID) v osnovni Soli ponavadi izpolnjuje Sirok spekter
zadolZitev in nalog; med najbolj opaznimi je vsekakor zagotavljanje nemotenega delovanja
informacijske tehnologije, kar v praksi velikokrat pomeni vzdrzevanje racunalnikov. Z veliko
kolicino racunalnikov, ki jih potrebujejo tako ucenci kot ucitelji, se ¢as za njihovo vzdrZevanje
strmo povecuje, tako da za delo, ki je po mojem mnenju pomembnejSe — spremljanje in uvajanje
IKT novosti v ucni proces — zmanjkuje casa.

V prispevku je opisana moznost kako si je mogoce to nalogo olajSati s pomocjo centraliziranega
sistema terminalov in terminalskega streznika, hkrati pa zmanjSat stroSke potrebne za
racunalnisko opremo.

Kljuéne besede: Terminal, terminalski streznik, lahki odjemalec, ThinStation, Windows Server
2003

Abstract

With the growing number of personal computers used in primary schools in Slovenia managing
information and communication technology (ICT) usually becomes no more than managing
personal computers. In this paper we will demonstrate one of the possibilities to organize a
centralised system which can save our time and money.

By saving time in managing ICT we can spend more quality time for integrating modern concepts
of teaching in to our schools.

Key words: Terminal, terminal server, thin client, ThinStation, Windows Server 2003
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Posodobitev srednjeSolskega pouka geografije
z uvajanjem GIS

Bojan Moénik
Institut Jozef Stefan,
bojan.mocnik@ijs.si

JoZe Rugelj
Institut JoZef Stefan,
Pedagoska fakulteta, Univerza v Ljubljani
joze.rugelj@ijs.si

Povzetek

Projekt GISAS v evropskem programu Socrates-Minerva je strateski pilotski projekt na podrocju
aktivnega uvajanja informacijske tehnologije v pouk evropskih srednjih Sol. Cilji projekta so
poiskati metodologijo, ki bo ucinkovito vkljucevala IKT v pouk, hkrati pa v okviru pouka
geografije raziskati kvaliteto vodotokov v okolici sodelujocih evropskih Sol in s pomocjo sodobne
informacijsko-komunikacijske tehnologije izmenjati pridobljene rezultate in jih uporabiti za
analizo ter primerjave.

Med globalne cilje projekta sodi tudi vzpostavljanje povezav z univerzami in drugimi
inStitucijami, ki bi poskrbele za nadgradnjo usposabljanja uciteljev, ki bodo izvajalci pouka s
pomocjo novih tehnologij. Ob vzporednem izvajanju konkretne naloge, to je raziskave kvalitete
vodotokov v okolici sodelujocih 3ol, se spopadamo tudi z vsemi omejitvami, ki so se pojavile
zaradi heterogenosti sodelujocih partnerjev in omejitev, ki izhajajo iz njihovih okolij

Izvajalci projekta GISAS se v okviru triletnega projektnega cikla spopadamo z drugo fazo
projekta. Faza zasnove, priprave in zagotavljanja virov je za nami. V tej fazi smo se soocili s
tezavnim zagotavljanjem ¢im bolj poenotenih digitalnih zemljevidov, ki so osnova za delo z GIS.
V drug fazi, fazi realizacije, smo se spopadli z dvojno nalogo: z usposabljanjem uciteljev za
uporabo tehnologije GIS (programska in strojna oprema) ter hkrati z usposabljanjem uciteljev za
nov pristop k poucevanju, ki je problemsko usmerjen.

Kljuéne besede: projekt GISAS, geografski informacijski sistemi (GIS), informacijske tehnologije
v izobraZevanju, uvajanje GIS v pouk geografije

Abstract

The GISAS project from the European Socrates-Minerva program is a strategic pilot project in
the field of active introduction of information technology in the education process of European
secondary schools. Aims of the project are finding the methodology which could effectively
incorporate IT in the classroom. Concurrently with the above strategic aims, the GISAS project
executes real-life task exploring the quality of creeks, rivers and river basin environment in
nearby school surroundings. Among the most important strategic aims of the project is the study
of possible establishing closer cooperation between secondary schools, universities and other
education institutions which would provide advanced education process for teachers who will
execute the new sophisticated IT courses in secondary schools.

Carrying out the GISAS project theme of exploration the river water quality, we encountered
many limitations resulting from the partner heterogenic regional roots.
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The GISAS project consortium currently carries out the second of the three general project
phases. The first phase, the phase of project planning, preparation and providing working
sources is successfully concluded. In this phase one of the major problems was to provide all
partners a digital map of the school surroundings which are basics for the GIS technology.

Currently the project is in its second phase, called the realisation phase. The major topic of this
phase is a 2-layer teacher training for project involved teachers: advanced GIS education (new
software and hardware) and preparing them for a new problem oriented concept of the learning
process.

Key words: GISAS Project, Geographical Information Systems (GIS), Information Technology in
Education, Introduction of GIS in Schools
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Zasnova intranet portalov za potrebe osnovnih Sol

Design of Intranet Portals for Primary Schools

5 Bostjan Mohori¢
OS Davorina Jenka Cerklje na Gorenjskem,
Bostjan.Mohoricl@guest.arnes.si

Povzetek

V prispevku bi rad prikazal intranetni portal kot orodje, ki bi postalo nepogresljiv del sodobne
Sole. Uvodoma je napisanih nekaj tezav, ki nas spremljajo cez delovni dan, teden in Solsko leto.
Drugo poglavje nam pojasni pojem intraneta ter tehnicne zahteve za njegovo postavitev. V
cetrtem poglavju pa se dotaknem sploSne ideje in zasnove intraneta za potrebe Sole. Kratko so
opisane osnovne storitve, ki bi jih na portalu nasli zaposleni, starsi in ucenci. Na koncu pa sledi
primer portala, ki ga uporabljamo na nasi Soli. Sam portal se bo 3e v naprej razvijal in
dopolnjeval.

Kljuéne besede: intranet, Sola, portal.

Abstract

In this article, I would like to show intranet portal as a tool, which will become an indispensable
tool of modern school. Introduction shows us some problems that follows us everyday, everyweek
and every year. Second chapter explains us what intranet is and which are technical demands to
set up an intranet. In fourth chapter | mention some general idea how should an Intranet in
primary school look. In a very short idea is shown what on Intranet could be found by employed,
parents and students. At the end there is an example of Intranet portal, which we use in our
school. The portal will be developed step by step in the future.

Key words: intranet, school, portal.
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Uéenje in pouéevanje z raéunalnikom v prvem triletju
osnovne Sole

Learning and Teaching with ICT in the Primary Level of
Elementary School

lvana Mori
Zavod RS za Solstvo, OE Slovenj Gradec
ivana.mori@zrss.si

Mateja Kovse
Osnovna Sola Neznanih talcev, Dravograd
mateja.kovse@guest.arnes.si

Povzetek

Prirocnik in DVD Ucenje in poucevanje z racunalnikom v prvem triletju osnovne Sole kaZeta
uciteljem razrednega pouka na temelju dobre Solske prakse nove smeri na uspednih poteh do
znanja ob vkljucevanju informacijsko-komunikacijske tehnologije v pouk.

Se vedno je vse prevec uciteljev prepricanih, da se samo z vecjim naporom pri ucenju dosezejo
vecji ucinki. Dobri didakticni racunalniski programi pa niso samo za motivacijo, temvec¢ jih
lahko uporabijo z ustrezno organizacijo dela zlasti pri obravnavi novih uc¢nih vsebin.

Z dobro nacrtovanim delom so ucitelji in ucenci presegli uporabo racunalnika samo za pope-
stritev ucne ure in za igranje igric, ki imajo z ucenjem le malo skupnega. Racunalnik je postal
uc¢no orodje v rokah ucencev na poti do znanja tudi na umetnostnem podrocju.

Zakaj torej likovno ustvarjanje s pomocjo racunalnika? Odgovori so naslednji. Uporaba
racunalnika pri likovni vzgoji: povecuje interes za likovno ustvarjanje,omogoca kvalitetne
likovne izdelke z relativno enostavnimi racunalniskimi programi in daje moznost brisanja in
popravljanja likovnih kreacij.

Kljuéne besede: didakticha uporaba racunalnika, ucinki uporabe racunalnika pri likovni vzgoji,
razredna stopnja osnovne Sole
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Novi pristopi pri pou€evanju multimedije
v osnovnih Solah

New Approaches by Teaching Multimedia
in Primary Schools

Tomaz Murn
tomaz.murn@guest.arnes.si

Povzetek

Na OS Vizmarje Brod se Ze vrsto let ukvarjamo pri fakultativnem pouku racunalnistva s
projektnim delom na podrocju multimedije. Ucenci se s programom PowerPoint seznanijo Ze v
tretjem razredu devetletne Sole in nadaljujejo ucenje skozi razne projektne naloge do osmega
razreda devetletne 3ole, kjer se lahko vkljucijo v izbirni predmet multimedija. Ucenci izdelajo
filmsko predlogo - scenarij v urejevalniku besedil MS Word po katerem izdelajo PowerPoint
animacijo. Projekt poteka od decembra do konca maja in se zakljuci s filmsko predstavitvijo v
slogu podelitve Oskarjev za najboljsi film. Odziv ucencev in starSev je izjemen, saj so spoznali,
da je mogoce na enostaven in atraktiven nacin priti do konkretnega rezultata, kar je utrdilo
njihovo znanje, samozavest in Zeljo po novih izzivih.Ucitelj racunalnistva v vlogi »reziserja« pa
pridobi nov smisel in veselje do dela.

Kljuéne besede: racunalnistvo, multimadija, PowerPoint, animacije, film, festival

Abstract

For some years ViZmarje Brod Primary School has been involved in project work in the
multimedia field at computer science course. The students get familiar with the PowerPoint
program already in the 3rd class of the 9-year primary school through different projects up to the
8th class where they can choose elective subject - Multimedia. The students create a script for a
movie in MS Word from which PowerPoint animation is made. The project starts in December
and ends in the end of May with a film presentation in the Oscars’ style for the best film. The
response from both students and parents is exceptional, as they have realized that it is possible to
reach concrete results in a simple and attractive way, which has deepened their knowledge, self-
confidence and wish for new challenges. Moreover, the computer science teacher acting as
“director” has gained new sense and pleasure in work.

Key words: computer science, multimedia, PowerPoint, animations, movie, festival
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Perspektiva uvajanja e-izobrazevanja v programe
stalnega strokovnega izpopolnjevanja uciteljev

The Perspective of E-Education in Lifelong Learning of
School Teachers

Andreja Nekrep
Univerza v Mariboru, Pedagoska fakulteta
e-mail: andreja.nekrep@uni-mb.si

JozZica Slana
Univerza v Mariboru, Pedagoska fakulteta
e-mail: jozica.slana@uni-mb.si

Povzetek

Sodobna informacijsko-komunikacijska tehnologija je danes prisotna v vseh segmentih
izobraZevalnega sistema, v procesih poucevanja, ucenja, raziskovanja, kakor tudi v podpornem
sistemu organizacijske strukture institucije, sistemu njenega financiranja in upravljanja. V sklopu
celovite sistemske prenove programov nadaljnjega izobraZzevanja in usposabljanja kot oblike
vseZivljenjskega ucenja strokovnih delavcev v vzgoji in izobraZevanju smo z raziskavo Zeleli
oceniti moznosti in perspektivo uvajanja e-izobrazevalne oblike v programe izpopolnjevan;.
Izsledki raziskave kaZejo, da je najpomembnejSa prednost uvajanja e-izobrazevanja, kot jo
zaznavajo anketirane osebe, prilagodljivost dinamike, casa in kraja Studija 0z. moZnost
samostojnega organiziranja ¢asa in dela. Glede na sodoben nacin Zivljenja je njihova odlocitev
pricakovana, saj pomeni vecjo moznost za usklajevanje razli¢nih zivljenjskih vlog. Vpeljava e-
izobraZevalne oblike je povezana z izpolnjenostjo objektivnih (opremljenost izobraZevalnih
institucij z racunalniki, dostopnost do interneta, pogostnost uporabe interneta) in subjektivnih
(pripravljenost za sodelovanje, nameni uporabe interneta) pogojev, ki kaZe, da je opremljenost
slovenskih 3ol s sodobno informacijsko-komunikacijsko tehnologijo in urejenostjo dostopa do
interneta spodbudna, prav tako je zaznati motiviranost strokovnih delavcev v vzgoji in
izobraZevanju za sodelovanje v e-izobraZevalnih oblikah.

Kljuéne besede: vzgoja in izobrazevanje, sistem nadaljnjega izobraZzevanja strokovnih delavcev v
vzgoji in izobraZevanju (vseZivljenjsko ucenje), informacijsko-komunikacijska tehnologija,
racunalnisko opismenjevanje, e-izobrazevanje, profesionalni razvoj uciteljev

Abstract

The new information-communication technologies are nowadays ingrained in all domains of
education system. The new technologies are not only influencing the intellectual activities of the
university and other schools on primary and secondary educational level (learning, teaching and
research), but are also changing how the educational organisation is organised, financed and
governed. The basic purpose of this research is to assess the perspective of e-education
implementation in the system of pedagogical training and expert advanced study courses as a
form of life-long learning of school teachers. We have to admit that electronic media and internet
became a significant tool used also for educational purposes, especially for delivery of study
materials and communication between tutor and learner. The results of this research show that
the most important advantage of e-learning as emphasised by survey participants is the flexibility
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of place and time of study. The research also indicates that the basic objective (computer
equipment, internet access, frequency of internet usage) and subjective (purpose of internet
usage, willingness for making use of e-learning) conditions for e-learning implementation in
Slovenian schools are satisfied. To conclude, the teachers are mostly aware of the advantages of
distance life-long learning and would like to participate in such modern modes of education. We
have to notice that pure distance education is extreme that rarely exists, so what we have meant
here is the effective combination of traditional (classroom-based) and distance based education.

Key words: education, system of pedagogical training and expert advanced study courses (life-
long learning), information-communication technology, computer literacy, e-education,
professional development of teachers
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Priprava in uporaba e-gradiv Uéne vsebine pri
sodobnem pouku imajo tudi e-obliko

Learning Contents with Contemporary Class Also Have
an E-Form

Mirko Pesec
1. gimnazija Maribor,
mirko.pesec@guest.arnes.si

Povzetek

V prispevku so predstavljene metode dela, ki sem jih vpeljal pri pouku RacunalniStva in
informatike na Il. gimnaziji v Mariboru. Dolocene ugotovitve so morda specificne samo za
srednjo Solo gimnazijske smeri, v vecini pa so spoznanja skladna tudi z mnenji kolegov z drugih
Sol. Hitre tehnoloSke spremembe v svetu namrec narekujejo spremembo ucne tehnologije, zato
racunalnik postaja zelo pomemben uchi pripomocek v procesu izobraZevanja pri vseh ucnih
predmetih. Racunalnik je samo sredstvo, ki samo po sebi ne omogoca nicesar. Zato, da bomo
lahko racunalnik tudi izkoristili kot dobro ucno tehnologijo, morajo  uporabniki v
izobraZevalnem procesu (dijaki, profesorji in tudi starSi) osvojiti zadostno znanje o IKT in
izostriti sposobnost, kako se hitro in sproti prilagajati spremembam v razvoju strojne in
programske opreme, konceptualnim spremembam v informacijski druzbi itd. Predstavljene oblike
dela pri pouku informatike bodo koristno lahko uporabili tudi drugi ucitelji pri svojem delu.

Kljuéne besede: e-gradivo, e-izobraZevanje, informatika, srednja Sola, Il. gimnazija Maribor

Abstract

In my presentation | want to point out the methods | have introduced in my Computer Science
and Information Technology Class at Il.gimnazija Maribor. Some of my concepts might be
subject specific and do not apply to all secondary school programmes, yet most of my views
synchronize with the ideas of my colleagues from other schools. Swift technological advances the
world over call for a change in learning technology with the computer becoming the integral
learning equipment in the process of training and education within every subject domain. The
computer is, nonetheless, a means only which is of no practical use on its own. In order to
become a useful device in school, educators, students and parents need to acquire sufficient
knowledge of the use of information technology and learn to quickly adjust to the up-dates and
changes of hardware and software development, thus accepting the challenges of the
technological advances of information society. The presented forms and methods of classroom
teaching of Computer Scienece and Information Technology can easily be used by other teachers
in their classroom work.

Key words: e-material, e-education and training, information technology, secondary school,
Il.gimnazija Maribor
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Program metajezikovnega zavedanja pri opismenjevanju
in zgodnji pomog€i pri dislekti€nih tezavah z uporabo
raéunalnika

The Programme of Metalingual Awareness on Teaching
to Write and Early Help with Dyslectic Difficulties Based
on The Use of a Computer

Dina Pintari¢
Osnovna Sola Bistrica, Trzi¢, Slovenija
dina.pintaric@guest.arnes.si

Grega Janezi¢
Osnovna Sola Bistrica, TrZzi¢, Slovenija
Grega.Janezic@guest.arners.si

Neza Zelinka
Osnovna Sola Staneta Zagarja, Kranj, Slovenija
neza.zelinka@guest.arnes.si

Povzetek

Otroci z disleksijo so posamezniki, ki se kljub nekaterim skupnim znacilnostim bistveno
razlikujejo drug od drugega, zato jim moramo pomagati in poucevati tako, da upoStevamo
njihovo razlicnost.

V predSolskem in zgodnjem Solskem obdobju je teZje govoriti o disleksiji saj vecina otrok Se ne
bere in ne piSe, lahko pa se Ze kazejo doloceni znaki kot npr. pozabljivost, teZave v govorjenju,
zamenjava besed, ki podobno zvenijo, prisotnost disleksije v druzini.

Pomembno je, da bi bili vsi otroci, v procesu ucenja, deleZni programa vaj metajezikovnega
zavedanja, ki pomenijo temelj za dobro opismenjevanje in branje ter zmanjSevanje, lajSanje
zacetnih dislekticnih tezav.

V veliko pomo¢ in uporabnost so Stevilne specificne racunalniske igre, ki v veliki meri pokrivajo
posamezne faze metajezikovnega zavedanja. Delo z racunalnikom otroke zelo motivira in jih
skozi igro vodi do doseganja ciljev oz. do boljsih ucnih uspehov, uspeh pri reSevanju nalog je
vedji. Praksa kaze, da so otroci prijetno pocutijo v uchem okolju s pomocjo racunalnika in takSen
ucni stil nanje pozitivno deluje.

Kljuéne besede: disleksija, bralno napisovalne tezave, motnje v branju in pisanju, legestenija

Abstract

Children with dyslexia are individuals who essentially differ one from another despite some
common characteristics. Consequently we should help and teach them in a way to take their
differences into consideration.

180



In the pre school and early school period it is more difficult to talk about dyslexia because most
children cannot read and write yet. However, some signs like forgetfulness, speaking difficulties,
the exchange of similarly sounded words, the presence of dyslexia in the family, can already be
noticed.

It is important for all the children in the learning process to be part of the programme containing
exercises of metalingual awareness which are the basis of a good writing and reading procedure
as well as decrease and relief of beginning dyslectic difficulties.

Several specific computer programmes covering individual parts of metalingual awareness to a
great extent are very useful and helpful. Working on a computer motivates children a lot and
leads them through a game towards the goals or in other words, better learning results. In this
way they are more successful in doing exercises. The practice shows children feel comfortable in
the learning environment with a computer and these teaching styles have got a positive effect
upon them.

Key words: dyslexia, expressions like reading and writing difficulties, reading and writing
troubles, legastenie,...
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Spletna uéilnica pri pouku nemsé€ine: uporaba
klepetalnice

A Virtual Classroom for Learning German: Using the
Chatroom

SaSa Podgorsek
Filozofska fakulteta,
sasa.podgorsek@guest.arnes.si

Povzetek

V prispevku je opisan primer mednarodnega projektnega dela, pri katerem sta sodelovala dva
gimnazijska oddelka (gimnazija Frana Miklo$ica iz Ljutomera in gimnazija Pardubice s Ceske).
Sodelovanje je potekalo od novembra 2005 do marca 2006. Prispevek natancheje obravnava
tretjo fazo sodelovanja, v kateri sta partnerska razreda komunicirala v klepetalnici spletne
ucilnice, ustvarjene v okolju Moodle. Avtorica poda nekatera izhodi3ca, ki jih velja upoStevati pri
nacrtovanju vecmesecnega mednarodnega projektnega dela s ciljem, da bi dijaki (med drugim)
simultano komunicirali v spletni ucilnici.

Kljuéne besede: nems¢ina, didaktika nemscine, IKT, mednarodno sodelovanje, spletna ucilnica,
medkulturno ucenje, klepetalnica

Abstract

The paper present the case of an international school project linking two grammar school
classes, one from Slovenia and one from the Czech Republic. They cooperated between
November 2005 and March 2006. The paper presents in detail the third phase of the project, in
which the two classes engaged in a chat using an internet classroom in the Moodle e-learning
environment. On the basis of an evaluation of this experiment, the author provides some
guidelines to consider when planning similar international classroom-twinning projects
involving simultaneous internet communication between groups of students.

Key words: German, German Teaching Methodology, ICT, International Cooperation, Virtual
Classroom, Intercultural Learning, Chat
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Tezave pri prehodu na e-izobrazevanje

Problems Regarding Implementation of E-Learning

Saso Puppis
Gimnazija Moste

Povzetek

Kadar razmisSljamo o vpeljavi e-izobrazevanja v Solski sistem moramo biti posebej pozorni na
specifi¢nosti, ki jih zahteva posamezni nivo izobraZevanja. Znano je namrec, da se zahtevnost
glede uvedbe e-izobrazevanja spreminja od osnovnoSolskega do univerzitetnega nivoja. Na
nivoju osnovne Sole je e-izobraZevanje zgolj dopolnitev (popestritev) klasichim predavanjem,
medtem ko so lahko na univerzi vsa predavanja izpeljana na ta nacin. Med tema dvema nivojema
pa se nahaja srednjeSolski nivo, Kjer je kolicina uporabe e-izobraZevanja slabo definirana in je
njena vpeljava dosti bolj problematicna kot bi si lahko mislili.

V idealnem primeru bi se namrec¢ ucencevo osamosvajanje, v procesu izobrazevanja, priblizno
linearno povecevalo od osnovne Sole do univerze, kar bi omogocalo tudi postopno povecevanje e-
izobrazevalnih elementov v ucne vsebine. Toda to se v resnichem svetu izobrazevanja ne dogaja.
Zavedati se moramo, da prehodi med osnovno in srednjo Solo ter med srednjo Solo in univerzo
niso tako gladki kot bi si Zeleli.

Med tema dvema prehodnima stopnjama je namrec¢ kar prevelik razkorak med idealnim in
dejanskim potekom osamosvajanja izobraZzevanja, kar povzroca upad rezultatov pri mnogih
ucencih. Dodatne teZave pri prehodih iz enega na drug nivo, pa lahko povzroca tudi povecana
uporaba e-izobrazevalnih vsebin na naslednjem nivoju izobrazevaja. Ucenci imajo ze tako veliko
tezav zaradi povecane zahtevnosti v samostojnosti izobrazevanja na naslednjem nivoju, tako da
dodatna sprememba (kakorkoli pozitivna) lahko povzroci Se dodaten upad rezutatov.

Kljuéne besede: e-izobraZevanje, izobraZevanje, srednja Sola, informatizacija, tehnologija,
samostojnost, osamosvajanje

Abstract

When considering the implementation of e-learning into our system of education, attention must
be paid to the demands to be met at different levels.

It is a known fact that the difficulty of implementation varies from primary school to university.
In primary schools, e-learning is only a supplement to traditional lessons, while at university
tutorials can be made up entirely of e-learning elements. However, High School falls between
these two levels - the extent of e-learning is not adequately defined and its implementation is
much more problematic than one would expect.

Ideally, the progress of a student’s comprehension should grow linearly from primary school to
university. This would also allow for a gradual increase in the e-learning content of lessons.
However, the reality in education is quite different. It must be recognised that the transition
between primary and high school, and between high school and university is not as smooth as it
should be.

There exists a large gap in a student’s comprehension at these two stages of transition, which for
many students results in a reduced level of achievement. This happens because, before the
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transitional stage, students are not as competent in their independent learning skills as the next
stage would require.

A decrease in overall success rates is seen very early in the first year of these stages of transition
(the first year of high school and the first year at university).

This gap in a student’s comprehension at these transitional stages results in further difficulties
because of the increased use of e-learning in the stage that follows. Students have enough
problems developing their learning capabilities and further changes (however positive) can also
lead to a reduced level of achievement.

When considering implementation into the system of education, all three levels must be
coordinated in order to reduce the large disparities that cause so many problems.

Key words: e-learning, learning, high school, informatisation, technology, comprehension
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Kaj lahko pri€akujemo od tehnologij znanja pri vodenju
izobrazevalne institucije

Knowledge technologies in education: challenges and
expectations

Vladislav Rajkovi¢
Univerza v Mariboru, Fakulteta za organizacijske vede in
Institut Jozef Stefan
vladislav.rajkovic@fov.uni-mb.si

Povzetek:

V prispevku bodo predstavljene sodobne informacijske tehnologije z vidika upravljanja znanj.
Poseben poudarek bo na upravljanju odlocitvenih znanj in njihovem mestu ter vlogi v
managementu izobraZevalne institucije. V ta namen je bil razvit program DEXi, ki omogoca
razvoj in uporabo vecparametrskih hierarhi¢nih odlocitvenih modelov. Osnovni namen uporabe
tovrstnih modelov je sprejemanje boljSih odlocitev tako v pogledu ravnanja z ljudmi, kot tudi
izbiri poslovnih partnerjev, npr. pri nakupu opreme. S tem lahko prispevamo h kakovosti Sole.
Predstavljeni bodo rezultati projekta ocenjevanja uciteljev, kjer bodo posebej izpostavljene ocene
s strani ucencev in nacrtovanje uciteljeve kariere.

Kljuéne besede: izobrazevanje, management, IKT, tehnologije znanja

Abstract

The contribution deals with contemporary information and communication technology from the
viewpoint of knowledge management. Special emphasis will be on decision knowledge
management and its role in management of educational institutions. Programme DEXi for multi-
criteria decision-making modelling was developed. The aim of such modelling is to improve
decision-making in the field of human resource management or in other fields, for example in
selecting the most appropriate supplier. Better decisions can contribute to improved quality of
schools. The model of teacher evaluation will be presented. In the model students’ opinions play
a special role.

Key words: Education, Management, ICT, Knowledge technologies
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Pouéevanje odloéitvenih znanj v osnovni Soli

Teaching Decision-making Knowledge in Primary
School

Marjan Rodman
Osnovni Soli DuSana Muniha Most na Sogi
marjan.rodman@agquest.arnes.si

Vladislav Rajkovié¢
Univerza v Mariboru, Fakulteta za organizacijske vede
vladislav.rajkovic@fov.uni-mb.si

Povzetek

Odlocanje je proces, pri katerem izbiramo med ve¢ moZnostmi, in je ena izmed cloveskih
aktivnosti, ki nas najbolj zaznamuje. V vsakodnevnem Zivljenju predstavlja odlocanje bistvo
vsakega upravljanja in vodenja. To se kaZe na vseh nivojih, od posameznika preko poslovnih
sistemov in drzave do globalne druzbe. Kljub temu pa je v naSih kurikulih o procesu odlocanja
napisano zelo malo. Tezava je morda v tem, da je tezko ponuditi vsebinsko in pedagosko
primerne elemente. Prav tehnologije znanja pa pri pomoci za boljSe odlocanje ponujajo
konkretne reSitve in pripomocke.

Sprejemanje kompleksnih odlocitev je tezak proces. Zato smo se na Osnovni Soli Dusana Muniha
Most na Soci odlocili, da poskusimo s poucevanjem odlocitvenih znanj. Najprej smo izdelali
model za poucevanje odlocitvenih znanj v osnovni Soli. Potem smo izdelali uchi nacrt in predlog
casovne razporeditve ur ter pripravili gradiva kot pripomocke pri pouku. Nato smo v praksi
preverili primernost uvajanja le-tega. Na koncu smo z anketo izmerili uspesnost svojega dela.

Kljuéne besede: vzgoja in izobraZevanje, racunalnistvo, devetletka, veckriterijsko odlocanje,
ekspertni sistemi, DEXi

Abstract

Making decisions is a process within which we choose among different possibilities and is one of
human activities that marks us most. Making decisions represents the essence of direction and
leadership in everyday life. This can be noticed on all levels from an individual across business
systems and the state to the global society. Despite this fact we cannot find very much written
about the process of making decisions in our school curricula. Perhaps the problem is to offer
elements appropriate from the content and pedagogical point of view. The knowledge
technologies offer the concrete solutions and support to help making better decisions.

Making complex decisions is a hard process. At Dusan Munih Primary School Most ha Soci we
decided to try with teaching of skills how to make decisions. First we made a model for teaching
such skills at a primary school. Then we worked out a teaching plan and a suggestion for the
programme of lessons and prepared the material to be used in the classroom. After we had
checked the suitability of its introduction, we measured the efficiency of our work with a
guestionnaire.

Key words: education and instruction, computer science, nine-year primary school, multi-
parametric decision making, expert systems, DEXi
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Napovedovanje uénega neuspeha

Prediction of Academic Failure

Dejan Rudolf
Srednja zdravstvena Sola Ljubljana
dejan.rudolf@guest.arnes.si

Povzetek

Za ucinkovito preprecevanje Solskega neuspeha potrebujejo Solski svetovalci orodje za
napovedovanje ucnega uspeha. Za takSne napovedi uporabljajo Solski svetovalci v slovenskih
srednjih Solah predvsem rocno pridobljene podatke v povezavi s nekaterimi ugotovitvami in
znacilnostmi, ki jih odkrijejo v letih svojega dela. Predstavljena metoda bi lahko izboljSala
zanesljivost teh napovedi.

Kljuéne besede: napovedovanje uc¢nega uspeha, izobrazevalno svetovanje, odkrivanje znanja iz
podatkov, odlocitvena drevesa

Abstract

For efficient prevention of academic failure counselors need a tool for prediction of final
academic achievement. For such predictions counselors in Slovenian high schools use manually
created data bases, based on expert knowledge. It is possibile that application and method
proposed in this paper would increase the accuracy of predictions and quality of educational
counseling.

Key words: prediction of academic achievements, educational counselling, knowledge discovery
from data, decision trees
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Projekti in projektno vodenje v Soli

Projects and Project Management in Schools

Viljenka Savli,
OS Solkan
viljenka.savli@guest.arnes.si

Janko Harej
TSC Nova Gorica
janko.harej@guest.arnes.si

Milan Podbrséek,
TSC Nova Gorica
milan.podbrscek@guest.arnes.si

Povzetek

Prispevek prikazuje razlicne tipe projektov glede na trajanje, vsebino in financiranje, ki se
izvajajo v osnovni Soli, in nekaj primerov dobre prakse (Osnovna Sola Solkan). Predstavljena so
mozna orodja za podporo sodelovalnemu in projektnemu delu, ter prakticen primer uvajanja
takega sistema v TSC Nova Gorica.

Kljuéne besede: projektno in sodelovalno delo, mednarodni projekti, e-izobrazevanje, aplikacije
za spremljanje projektnega dela, spletne aplikacije, brezplacna orodja

Abstract

Our contribution presents different types of projects regarding duration, contents and funding
that are common in primary school and some practical examples of good practice (Solkan
Primary School). It is also focused on possible tools for assisting cooperative and project work
with presentation of introducing such a system at TSC Nova Gorica

Key words: project and cooperative work, international projects, e-education, applications for
project work, internet applications, open source tools
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Vzpodbujanje kreativnosti pri likovni vzgoji z uporabo
metode umetnega ustvarjanja

The Use of Artificial Creativity Method in the Area of
Visual Art Education

Bogdan Soban
bogdan@soban-art.com,
http://www.soban-art.com

Povzetek

Uporaba informacijske tehnologije se Siri tudi na tista podrocja, ki so bila izkljucno v domeni
¢loveka. Govori se o inteligentnih sistemih, ki bi bili sposobni miselnega oziroma ustvarjalnega
procesa. Tako se v sklop raziskav umetne inteligence umesca tudi umetno ustvarjanje, ki si z
generativno metodo utira pot na razlicha podrocja ustvarjanja. Generativno koncipirani
racunalniski programi, ki kopirajo evolucijske procese v naravi, lahko producirajo fantasticne in
v praksi uporabne resitve. V prispevku je opisana metoda in primer programa, ki bi jo bilo
mozno uporabiti za vzpodbujanje ustvarjalnosti pri likovni vzgoji. Predstavljeni ustvarjalni
pristop omogoca generiranje neskoncnega Stevila slik na izbrano tematiko, ki sluzijo po eni
strani za utrjevanje in preverjanje znanja osnovnih likovnih principov, po drugi strani pa se
lahko uporabijo kot izhodica slusateljem likovne vzgoje, da jih v nadaljevanju nadgrajujejo po
lastnih zamislih.

Kljuéne besede: Informacijska tehnologija, racunalnik, ustvarjanje, likovna vzgoja, program,
algoritem, slika, generative art, umetna inteligenca, umetnost, likovno delo, ustvarjalni proces,
izobraZevalni proces

Abstract

The use of information technology is spreading to the fields previously exclusively in the men’s
domain. The author writes about intelligent systems, capable of thinking and creating. Because of
these systems, research of artificial intelligence must also encompass artificial creativity, which
has been growing generatively in the various segments of the creative field. Generative designed
software that simulates natural evolutionary processes can generate fantastic and practical
solutions. The creative method and a demo program presented in this paper could be used in the
area of visual art education. Introducing described approach is possible to generate an immense
number of images based on selected themes, which can be used to test the art principle
knowledge of students. Images generated in an artificial way could be used also as the basic
ideas, which could be then upgraded by students into an artwork as the result of machine-human
collaboration.

Key words: Information technology, computer, creativity, art education, program, algorithm,
image, generative art, artificial intelligence, art, artwork, creative process, educational process
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Naravoslovni eksperiment: most med Solskim znanjem
in vsakdanjimi izkuSnjami

School Science Experiments: A Bridge between School
Knowledge and Everyday Experiences

_ Andrej Sorgo
Prva gimnazija Maribor; Zivilska Sola Maribor — viSja strokovna Sola
andrej.sorgo@guest.arnes.si

Sasa F. Kocijan¢i¢
Srednja gostinska in turisti¢na Sola Radovljica
sasa.kocijancic@guest.arnes.si

Povzetek

V slovenskih gimnazijah je naravoslovje porazdeljeno med tri predmete (biologija, fizika,
kemija), ki so vsebinsko in ¢asovno le slabo povezani med seboj, skupno pa jim je to, da niso v
nikakrsni povezavi z realnimi primeri iz Zivljenja. Ena od posledic takSnega pristopa je
nepovezano in po predmetih razdrobljeno znanje, ki ga dijaki ne znajo uporabiti v vsakdanjih
zivljenjskih situacijah. Povsem drugacno je stanje na srednjih strokovnih in poklicnih Solah, kjer
je veliko predmetov vezanih na prakso, naravoslovje pa se zdi kot nekaksen privesek h kurikulu.
Avtorja vsak na svoji Soli poskuSata premostiti ta dva problema z uvajanjem racunalnisko
podprtih eksperimentov v poucevanje biologije in fizike. Eksperimenti so zasnovani tako, da jih je
mogoce v prakti¢no enaki obliki uporabiti pri pouku dveh razli¢hih predmetov na dveh razli¢nih
Solah. Razlike so le v kontekstu, v katerem so obravnavani. Skupno vsem eksperimentom pa je, da
poskuSajo premostiti prepad med Solskim znanjem biologije in fizike ter izkusnjami, pridobljenimi
doma in v delovnem okolju.

Kljuéne besede: racunalnisko podprti eksperimenti, e-prolab, biologija, fizika, naravoslovije,
gimnazija, srednja strokovna Sola

Abstract

In Slovene grammar schools (gimnazija), Science is separated into three subjects: Biology,
Chemistry and Physics. Correlations between the subjects are weak or even non-existent. All
three subjects have only one thing in common: they are mostly academic, and barely connected
with everyday phenomena and experiences. A consequence of this approach is that the knowledge
of the students is patchy, and they are unable to use gained knowledge to explain the nature
around them. In vocational schools the situation is completely different. School subjects are
heavy interconnected with practice, but a scientific phenomenon is seen as an appendix to the
curriculum. The authors are trying to overcome this situation at their schools with the
introduction of computerized experiments into the teaching of Biology and Physics.
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Experiments are constructed in such a way, that they can be used with practically identical setups at
two different types of school, and within two different subjects. The difference is in the context and
purpose of the experiments. In such a way, the authors are trying to overcome a gap between school

science and the everyday experiences gained at homes or in the workplace.

Key words: computerized experiments, e-prolab, biology, physics, science, grammar school,
vocational school
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SLOMAMBO - enostavna pot do Solskega spletiSéa

SLOMAMBO - simple way to school web site

Sa$o Stanojev
Srednja trgovska Sola Kranj,
saso.stanojev@guest.arnes.si

Povzetek

Klju¢ do uspedne predstavitve na spletu je vsekakor vsebina. Sistemi za upravljanje z vsebinami so
namenjeni ustvarjanju, vzdrzevanju in upravljanju vsebin na spletnih straneh, brez potrebnega
predznanja programiranja. Pri tem uporabniku sistem ponuja razliche obrazce in “carovnike", s
pomocjo katerih lahko vna3a ali upravlja spletne strani, povezave, ¢lanke v razli¢nih formatih, avdio
in video vsebine in slike. Poleg tega mu nudi tudi uporabne funkcije kot so koledar, e-poslovanje,

klepetalnice, aktualne novice, spletne galerije in podobno.

Kljuéne besede: Dinamicha spletna stran, upravljanje vsebin, CMS, Slomambo

Abstract

The key to successful presentation on the Internet is definitely the contents. A CMS is a system used to
create, maintain and manage the content of a website, without knowing anything about programming,
design or HTML. Using simple form and wizards, user can manage the pages, links, text, audio, video
contents and images. Special modules can be added to the CMS to control website funcionality like
calendar, e-commerce, forum, news and image gallery.

Key words: Interactive web page, content management, CMS, Slomambo
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Spletni dnevniki v uénem procesu

Blogs in the Learning Process

Marija Subic
Tehniski Solski center Kranj

Povzetek

Namen clanka je predstaviti spletne dnevnike - bloge in predvsem njihovo uporabno vkljucevanje v
proces ucenja in poucevanja. Spletni dnevniki so enostavna, privlacna, interaktivna in ponavadi
brezplacna spletna aplikacija, ki se v ucnem procesu uporablja za razvijanje branja, pisanja in
neodvisnega ucenja. Obenem vzpodbujajo ustvarjalno in kriticno razmiSljanje, samostojno
raziskovanje, analiziranje, odgovorno predstavljanje in izmenjavanje informacij, komunikacijo in
sodelovanje. Spletni dnevniki so koristno izobrazevalno orodje za vsa predmetna podrocja in na vseh
nivojih izobraZevanja tako za ucenca kot za ucitelja.

Kljuéne besede: spletni dnevnik, spletno orodje, ucni proces, ucencev spletni dnevnik, uciteljev spletni
dnevnik, razredni spletni dnevnik, spretnosti branja in pisanja, ustvarjalnost, kriticho misljenje,
odgovornost, komunikacija, motivacija, IKT, uporabnikom prijazna tehnologija

Abstract

The article focuses on the presentation of »blogs« and mostly on the ways of their integrating into the
learning and teaching process. Blogs, being simple, attractive, interactive and usually free online
tools are used to promote reading, writing, as well as initiative and independent learning. They
stimulate creative and critical thinking, exploring, analysing, presenting and exchanging information
responsibly, communication and collaboration in all content areas and grade levels for students and
teachers alike.

Key words: blog, online tool, learning process, learner’s blog, teacher’s blog, class blog, reading and
writing skills, creativity, critical thinking, responsibility, communication, motivation, ICT, user-
friendly technology
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Odloéitveni model za izbor uéitelja — razrednika

Decision Model for Choosing Class Teacher

Zdenka Vrbinc
Gimnazija Kranj,
zdenka.vrbinc@guest.arnes.si

Povzetek

V pomo¢ vodstvu pri izbiri ucitelja-razrednika na srednji Soli, je bil s pomocjo lupine DEX izdelan
odlocitveni model za izbiro ucitelja-razrednika. Z uporabo sistema DEXi kot pomo¢ ravnateljem pri
izbiri najprimernejSega ucitelja za razrednika je omogocena veckriterijska ocena in transparentna
razlaga odlocitve. Taka razlaga je ucinkovita povratna informacija in s tem spodbuda za kvalitetno,
hitro in nepristransko odlocanje. Model in njegova prakticna uporaba sta prikazana na primeru
izbora Stirih kandidatov z razlichimi lastnostmi. Model je samo pomoc¢ pri odlocitvi, odlocitev pa mora
v konchi fazi sprejeti ¢lovek. V izogib moZnim konfliktom ob neustrezni izbiri kandidata, lahko skrbno
premiSljen model, v danih pogojih, omogoci optimalno izbiro. Model lahko ravnatelji prilagodijo
individualnim potrebam in potrebam zavoda. Ekspertni sistemi poleg svojega prvotnega namena kot
pomoc pri ocenjevanju prispevajo veliko k celovitemu, globalnemu, predvsem pa jasnejSemu pregledu
problema.

Kljuéne besede: Ucitelj-razrednik, srednja Sola, ravnatelj, DEXi, vecparametrski odlocitveni model,
odlocanje.

Abstract

With the intention of helping headmaster in secondary school was developed (by the help of expert
system shell DEX) a decision model for choosing class teacher.

This paper introduces the use of the system DEXi as headmasters’ aid at choosing the most suitable
teacher for class teacher. With this, it is possible a multi parameter evaluation and a transparent
explanation of the decision. Such explanation is an efficient feedback information which encourages a
qualitatively, quick and impartial decision. The model and its practical use are demonstrated in the
case of selecting four candidates with different characteristics. The model is only an aid at deciding, it
is a person who must make the decision in the final phase. The decision model may be adjusted to
headmaster’s or school’s individual needs.

Expert systems beside their basic use as the help with evaluation also help to improve the global and
clearer view on solving the problem.

Key words: Class teacher, secondary school, headmaster, DEXi, multi-attribute decision model,
decision support.
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Informacijska revolucija v izobrazevanju

Information Revolution in Education

Rado Wechtersbach
Zavod RS za Solstvo,
e-posta: rado.wechtersbach@zrss.si

Povzetek

Informacijska tehnologija revolucionarno spreminja nas vsakdan. Ni¢ ni vec tako, kot je bilo nekod, in
tudi izobrazevanje se spreminja in se mora spreminjati. Aktualno vprasanje, o katerem razpravljamo v
¢lanku, je, kakdno znanje in kak3ne spretnosti naj ucenci razvijajo z izobrazevanjem v mladosti ter na
kakSen nacin, da bodo kot odrasli lahko aktivno sodelovali in odlocali v druzbi, ki prihaja.

Kljuéne besede: izobrazevanje, informacijska tehnologija, informacijska pismenost

Abstract

The information technology revolutionary changes our everyday life. There is nothing as it was once
and also education is changing and should change. Actual question, we are discussing about in this
article, is what knowledge and skills are essential and should be developed during education in youth
to qualify pupils for active cooperation and having the authority to decide in the coming world future
society.

Key words: education, information technology, information literacy
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Prenova katalogov na SIO

The Modernization of Catalogues on SIO

Alenka Zabukovec
Srednja ekonomska Sola Ljubljana,
alenka.zabukovec@guest.arnes.si

Povzetek

Slovensko izobrazevalno omrezje je bilo izdelano leta 1995 z namenom ponuditi aktualne,
verodostojne in relevantne informacije na izobraZevalnem podrocju v Sloveniji. Ker sistem, na
katerem SIO deluje, dopusca vpise vsakogar in vsakrdne vrste, se je z leti nabralo v katalogih kar
veliko neprimernih vpisov. Skupina strokovnjakov s podrocja izobrazevanja je prenovila dva kataloga
na SIO: izobraZevalnih gradiv in spletnih naslovov. V prispevku je opisano konkretno delo skupine in
predstavljeno stanje na S1O pred in po prenovi.

Kljuéne besede: SIO, Slovensko izobraZzevalno omreZje, spletni katalog, e-gradiva, katalog e-gradiv.

Abstract

Slovene educational network (SIO) was set up in 1995 with the aim to provide fresh, accurate,
relevant information in the field of education in Slovenia. Since the system, which supports SIO,
allows limitless input of unchecked entries, it turned out that in the course of time a large number of
inadequate entries was added to the catalogue. Therefore, a group of experts in the field of education
has modernized two catalogues on SIO: educational materials and web addresses. The text gives a
reports on the group work and provides a description of the SIO before and after the modernization.

Key words: SIO, Slovene educational network, web catalogue, e-materials, a catalogue of e-materials
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Model informacijske reSitve za razrednike

A Model of Informational Solution for Class Teachers

Alenka Zabukovec
Srednja ekonomska Sola Ljubljana,
alenka.zabukovec@guest.arnes.si

Povzetek

V delo razrednika v srednji Soli je vkljuceno tudi izpolnjevanje vse ve¢ dokumentacije. Avtorica je
izdelala model, ki nudi informacijsko podporo temu delu njegovih obveznosti. Razredniku je ob
uporabi tega modela omogoceno hitrejSe, interaktivno in sistematicno pregledovanje bolj toc¢nih,
natancnih in zanesljivejSih podatkov, Sola pa s tem lahko pridobi tudi na kakovosti. V prispevku je
prikazana izdelava takega modela, od analiz prek gradnje podatkovnega skladiSca do prakticnih
primerov OLAP porocil za razrednike. Poleg tega je dodana evalvacija modela in prikazana mozna
pot uvedbe v Sole.

Kljuéne besede: OLAP, razrednik, srednja Sola, analiza podatkov, podatkovno skladisce,
informacijska podpora, model OLAP, MS Excel.

Abstract

A secondary school class teacher's job includes plenty of paperwork; therefore the author has
designed a model of an informational support. Using the model a class teacher will check data faster,
more systematically and interactively. What is more, data will be more accurate and reliable.
Consequently school will improve its quality. The text presents the process of designing the model,
from analysis to building a data warehouse as well as some practical examples of OLAP reports for
class teachers. What follows are an evaluation of the model and an example how to launch it in
schools.

Key words: OLAP, class teacher, secondary school, data analysis, data warehouse, informational
support, the OLAP model, MS Excel.
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Podpora odlo€anju pri izboru najboljsSih kandidatov za
€astnike v Soli za €éastnike

Decision Support Modelling a Procedure for Selecting the
Best Candidate for Officer

Anita Zaloznik
Slovenska vojska,
anita@rsklan.com

Povzetek

V nalogi je prikazan model za pomo¢ pri odlocanju. Pri izdelavi modela kriterijev za izbor najboljSega
kandidata na Soli za castnike, je kljucno vlogo igral izbor samih kriterijev ter njihova obteZitev in
vrednotenje. Poudarek je tudi na nacinu analize po tem modelu. Kot racunalniska podpora je bil
uporabljen racunalniski program DEXi, ki je predstavljen na podlagi vzorca zakljucene generacije.

Kljuéne besede: sistem za podporo odlocanju, vecparametrsko odlocanje, DEX.

Abstract

This paper presents a decision support model as a viable alternative to current ad-hoc grading
procedures used in School for officers. The key role in building a model is determining a list of
criteria to select the best candidate for officer. Scaling and valuation of criteria follows a thorough
analysis, and is — according to my experience — one of the more difficult steps. One of the recent
generations of candidates for officers is used as a benchmark and DEXi is used to automate and
simplify the process of decision support.

Key words: decision support systems, multi-attribute decision making, DEX.
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Bogastvo Evrope skozi projekte mednarodnega
sodelovanja

The Riches of Europe through the International Projects

Mateja Zepié¢
Gimnazija Kranj,
mateja.zepic@guest.arnes.si

Povzetek

Mednarodno sodelovanje je ena od dejavnosti, ki motivirajo dijake za ucinkovitejSe in uspesnejSe delo
v Soli. Vkljucevanje v projekte pomeni nove izkusnje za $olo, ucitelje, dijake in njihove starse. Od
ucitelja sicer zahteva dodatni napor in iznajdljivost, vendar pa s tem poveca motivacijo ucencev,
njihovo ustvarjalnost, komunikacijo, spoznajo pomen ucenja tujih jezikov, znajo spretno reSevati
konfliktne situacije ... V nadaljevanju bom predstavila primer praktichega vkljucevanja v projekte
mednarodnega sodelovanja na nasi 3oli.

Kljuéne besede: mednarodno sodelovanje, projektno delo, timsko delo, internet

Abstract

The international co-operation is one of the activities which motivate students for more efficient and
successful work at school. Their task in such projects means new experiences for school as well as for
teachers, students and their parents. On one hand it forces the teachers to include some extra effort
and inventiveness, but on the other hand it increases students’ motivation, their creativity,
communication, they learn the significance of learning foreign languages, they are able to solve
conflict situations. | will introduce the practical example of the activities with international co-
operation at our school.

Key words: international project, project work, team work, internet
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Nacionalna strategija e-izobrazevanja, 2006-2010,
E-izobrazevanje: pot v druzbo najuspesnejsSih

Slovenian National e-Learning Strategy, 2006-2010,
E-learning: Leading the Field

Rok Kokalj; UrSa Mekis; Simon Bergant; Robert Gustin;
Borut Campelj; Dejan Dinevski; Tanja Arh; Andrej Brodnik;
Janja Jakon¢i¢ Faganel; Ivan Gerli¢; Milan Ojstersek; Marko Papi¢

Povzetek

Glavni namen strategije e-izobraZevanja je do leta 2013 vzpostaviti enega najucinkovitejsih in v celoti
informacijsko podprtih nacionalnih sistemov izobraZevanja ter tako zagotoviti trajnostno gospodarsko
rast, blaginjo in kakovost vseh drzavljanov RS, hkrati pa postati sinonim za eno najuspesnejsih druzb
na svetu, temeljecih na znanju, stalnih inovacijah in hitrem razvoju. Glavna usmeritev je strateski
dokument i2010, ki je nastal na nivoju EU-ja in definira bistvene poudarke pri razvoju informacijske
druzbe.

Strategija e-izobrazevanja sledi tudi vsem petim razvojnim prioritetam Strategije razvoja Slovenije
(SRS). Se posebej je strategija e-izobraZevanja usmerjena v uresnicevanje druge razvojne prioritete
"lIzboljSanje kakovosti izobraZevanja in spodbujanje vseZivljenjskega ucenja.

Nacionalna strategija e-izobrazevanja opredeljuje vec strateskih podrocij, katerih ukrepi bodo
zagotovili hitrejSi razvoj e-izobraZzevanja v Sloveniji, povecan nivo znanja med prebivalstvom ter
posledicho boljSo konkurenc¢nost tako posameznikov kot celotne slovenske druZzbe.

Nacionalna strategija e-izobrazevanja obravnava vse druzbene cilje skupine izobrazevancev.
NajucinkovitejSi nacini za dostop do znanja glede na potrebe posameznika morajo biti omogoceni
vsem drZavljanom Republike Slovenije.

Za ucinkovito izvedbo ukrepov znotraj opredeljenih strateSkih podrocij in zadovoljevanje potreb po
znanju vseh druzbenih slojev se predlaga ustanovitev "Agencije za e-izobraZzevanje", ki bo zagotovila
uresnicevanje zastavljenih ciljev nacionalne strategije e-izobrazevanja.

Kljuéne besede: e-izobraZevanje, e-ucenje, strategija e-izobraZevanja, agencija za e-izobrazevanje,
strateSka podrocja, e-ucne vsebine, vsezivljenjsko ucenje, vzgoja in izobrazevanje, informacijsko
komunikacijska tehnologija, IKT, i2010, druzba znanja.

Abstract

The main purpose of the Slovenian national e-learning strategy is establishing one of the most
effective and information supported national systems of learning thus enable constant economic
growth, welfare and good life for all the citizens of Slovenia and at the same time become one of the
most successful societies in the world, based on knowledge, innovations and constant development.
Groundwork for Slovenian national e-learning strategy were strategic EU document i2010 and
Slovenian Development Strategy of which the strategy gives a special priority to its improving quality
of education and lifelong learning.

Slovenian National e-learning strategy defines different strategic fields, which will help assure faster
development of e-learning in Slovenia, higher level of knowledge among population and therefore
better competitive position of individuals and Slovenian society as a whole. The Strategy considers all
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social groups and claims that all Slovenian citizens must have the best access to the knowledge
according to their needs.

Key words: e-learning, e-learning strategy, agency for e-learning, strategic field, e-content, lifelong
learning, education, ICT, 12010, knowledge based society.
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Okroglo o maturi iz predmeta Informatika

Round-Table Discussion on the Matura Subject Informatics

Alenka Krapez
Gimnazija Vi¢,
alenka.krapez@guest.arnes.si
Rado Wechtersbach

Zavod RS za Solstvo,
rado.wechterzbach@zrss.si

Povzetek

Strokovni svet RS za splosno izobraZevanje je februarja 2004 razSiril nabor maturitetnih pedmetov z
izbirnim maturitetnim predmetom Informatika. Kandidati bodo tako na letoSnji maturi lahko prvi¢
med izbirne predmete uvrstili tudi ta predmet.Na okrogli mizi bomo tik pred zdajci pretresli
maturitetni koledar in priprave dijakov na maturitetni izpit.

Kljuéne besede: srednja Sola, Informatika, matura

Abstract

In February 2004, the Council of Experts of the Republic of Slovenia for General Education added
Informatics on the list of optional Matura subjects, thus making it possible for the students to choose
Informatics as one of their optional Matura subjects. The round-table discussion will aim at the
Matura calendar and the preparation of the students for the exam.

Key words: Secondary schools, Informatics, Matura, Baccalaureat
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RaéunalniSko opismenjevanje v osnovni Soli

Becoming computer literate in primary school

Rado Wechtersbach
Zavod RS za Solstvo,
rado.wechterzbach@zrss.si

Povzetek

Na Zavodu RS za 3olstvo potekajo priprave na prenovo osnovnoSolskega kurikula. Uéni nacrti
izbirnih predmetov bodo na vrsti nekoliko kasneje, sa je potrebno najprej postaviti njihovo umestitev v
predmetnik. Na okrogli mizi bomo pretresli nekaj zamisli racunalniSkega opuismenjevanje ucencev v
osnovni Soli in oblikovali staliS¢e za nadaljno obravnavo.

Kljuéne besede: osnovna Sola, racunalniska pismenost, ucni nacrt

Abstract

The National Institute of Education has started work on the development of primary school
curriculum. The syllabuses of optional subjects will be discussed a bit later, after these subjects have
already been placed into the curriculum. The aim of the round-table debate will be to discuss ideas
about how to make primary school pupils computer literate, as well as to take a stand on this issue,
which would serve as a basis for further discussion.

Key words: Primary schools, Computer literacy, Curriculum
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Izdelava interaktivnih nalog z uporabo razliénih
vizualizacijskih elementov

Creating Interactive Exercises with the Help of Various
Elements for Visualization

TjaSa Kampos,
Osnovna Sola Venclja Perka,
e-posta: tjasa.kampos@guest.arnes.si

Mojca Orel,
Gimnazija Moste,
e-posta: mojca.orel@guest.arnes.si

Bostjan Stih
Osnovna Sola Hudinja,
e-posta: bostjan.stih@gmail.com

Povzetek

V sodobni druzbi imamo s hitrim razvojem informacijske in komunikacijske tehnologije moZnost
uporabe novih metod poucevanja, ki omogocajo kvalitetnejSo vizualizacijo ravni zaznave pojmov in
procesov (npr. prikaz animacije/simulacije), hitrega in enostavnega dostopa do informacij s pomocjo
medmrezja ter razvoja interaktivnin multimedijskih ucnih gradiv. Pri tem je posameznikova vloga v
procesu izgradnje znanja aktivnejSa, saj proti zastavljenemu cilju napreduje po lastni poti in z lastno
hitrostjo.

V okviru delavnice se bodo udelezenci seznanili z nacini izdelave interaktivnih nalog za samostojno
ucenje in utrjevanje snovi, ki vkljucujejo razlicne vizualizacijske elemente. Spoznali bodo osnove
izdelave preprostih animacij z racunalniskim programom ChemSense.

Kvaliteta tovrstnih nalog se kaZe ravno v interaktivnosti, saj delo z njimi razbremeni ucitelja, hkrati pa
ucencem nudi takojSnjo povratno informacijo o njihovi uspeSnosti pri reSevanju. Delavnica je
primerna za ucitelje katerega koli predmetnega podrocja.

Kljuéne besede: interaktivne naloge, animacija, aktivno ucenje, vizualizacijski elementi

Abstract

The modern world with its fast developing information and communication technology enables the use
of new methods of learning, which promote higher quality visualization level in the perception of
concepts and processes (For example: through animations and simulations), fast and easy access to
information through internet, and the development of interactive multimedia learning material. This
makes individuals more active in the process of building up knowledge as they choose their own path
to the set goal and reach it in their own pace.

The participants of the workshop will get a first hand experience in creating interactive exercises for
individual learning and revising, with the help of various visualization elements. They will learn the
basis for creating simple animations with the computer programme ChemSense.

The quality of these exercises lies in the very interactivity; they make the teacher’s work easier and
give students immediate feedback and evaluation of their answers.
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Key words: interactive exercises, animation, active learning, elements of visualization
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Arnesova podpora domaéim in mednarodnim IKT
projektom v izobrazevalnih omrezjih

Arnes' Support To Local and International ICT Educational
Network Projects

Marko Bona¢, Gorazd Bozi¢, Tomi Dolenc, JoZe Hanc, Avgust Jauk,
Rok PapeZ, Peter Sterle, MatjaZ Straus, David Vrtin
tomi.dolenc@arnes.si

Povzetek

Arnes in sorodna izobraZevalna in raziskovalna omreZja v Evropi vzpostavljajo skupen prostor
komunikacijskih in informacijskih povezav ter storitev, ki temelji na enotnem in tehnolosko naprednem
omrezju GEANT2 ter na skupnih prizadevanjih 3tevilnih delovnih skupin in projektov. V vse vec
drzavah se v nacionalna in evropsko izobrazevalno ter raziskovalno omrezje vkljucujejo tudi Sole, v
Sloveniji Ze od leta 1994. Nekomercialni znacaj teh omreZij in njihovo tesno medsebojno sodelovanje
omogocajo boljSo  tehnolosko in strokovno podporo uporabe najnovejSih IK tehnologij za
intenzivnejSe sodelovanje ter bogatejSo izmenjavo vsebin med izobraZevalnimi organizacijami, pa tudi
s knjiZznicami, muzeji, raziskovalnimi organizacijami in drugimi, ki se vkljucujejo v ta skupni prostor.

Arnesovi sodelavci bodo pregledno predstavili tehnoloSko in organizacijsko podlago za podporo
storitvam v izobrazevalnih omreZjih, aktualne trende in vidnejSe mednarodne pobude oz. projekte, ki
se posvecajo predvsem potrebam izobraZevanja: pobuda VISIT za kakovostnejSe multimedijsko
sodelovanje in dostop do bogatejSih vsebin, varnost v Solskih omreZjih, izgradnja slovenske in
evropske infrastrukture za podporo mobilnosti ter vkljucevanje Sol v omrezje Eduroam,

Namen delavnice je med drugim Sirjenje mrezZe sodelovanja in pridobitev partnerjev za sodelovanje v
pilotnih projektih, zato bomo tudi prisluhnili potrebam tistih Sol in uciteljev, ki orjejo ledino pri
izvajanju domacih in mednarodnih projektov, temeljecih na IKT. Rezultati sodelovanja naj bi
pomagali usmerjati aktivnosti Arnesa v podporo tem dejavnostim.

Kljuéne besede: Arnes, izobraZevalno omreZje, storitve, GENT2, Eduroam

Abstract

Arnes and other educational and research networks around Europe are building a common space for
communication and information connections and services that is based on the unified, technically
advanced GEANT2 network and on joint efforts of numerous working groups and projects. In more
and more countries, schools are joining the national and European educational and research network,
in Slovenia this has been a continuous process since 1994. The non-commercial characteristics of
these networks and their close mutual cooperation enable better technical and professional support of
the latest IC technology in use. This also means a greater exchange of information between
educational organisations, libraries, museums, research facilities and others included in this common
space.

The Arnes employees will provide a transparent introduction of the technical and organisational base
for service support in the educational networks. They will also detail the current trends and some of
the more notable international initiatives or projects, dedicated to the needs of education: the VISIT
initiative for a better quality, efficient multimedia cooperation and access to more exhaustive content,
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school network security, establishment of the Slovene and European infrastructure for mobility
support and having schools join the Eduroam network.

The purpose of the workshop also is to widen the cooperation network and to gain partners for the
pilot projects. This is why we will consider the needs of those schools and teachers that are the first to
break fresh ground in carrying out local and international projects based on ICT. The results of this
cooperation should help guide Arnes' activities to support these projects.

Key words: Arnes, Educational network, Services, GENT2, Eduroam
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Predgovor / Preface
Izkopavanje znanja in podatkovna skladiSéa

Tehnologije, ki se ukvarjajo s podatki so v zadnjem desetletju (devetdeseta leta) mo¢no
napredovale. 1z prve faze, kjer je Slo predvsem zato kako podatke shraniti in kako do njih
uc¢inkovito dostopati, se je razvila industrija za izdelavo orodij za delo s podatkovnimi
bazami, prislo je do standardizacije procesov, povprasevalnih jezikov itd. Ko shranjevanje
podatkov ni bil ve¢ poseben problem se je pojavila potreba po bolj urejenih podatkovnih
bazah, ki bi sluzile ne le transakcijskem procesiranju ampak tudi bolj analitskim pogledom v
podatke — pojavilo se je skladiS¢enje podatkov (data warehousing), ki postaja vse bolj
standarden del informacijskih sistemov v podjetjih. Paradigma OLAP (On-Line-Analytical-
Processing) zahteva od uporabnika, da Se vedno sam postavlja sistemu vpraSanja in dobiva
nanje odgovore in na vizualen nacin preverja in iSc¢e izstopajoce situacije. Ker seveda to
vedno ni mogoce, se je pojavila potreba po avtomatski analizi teh podatkov 0z. z drugimi
besedami to, da tehnologija sama pove, kaj bi utegnilo biti zanimivo za ¢loveka — to prinasajo
tehnike izkopavanja znanja (data mining), ki iz podatkov, ki ze nekje obstajajo, skusajo
pridobiti novo znanje, ki uporabniku ponudi novo razumevanje svojih lastnih procesov.

Konferenca bo ponudila nekaj predstavitev, ki se bodo ukvarjala z modernejSimi pogledi na
delo s podatki — predvsem poslovno analitske poglede: pristope, orodja, probleme in reSitve.

Data Mining and Data Warehouses (SiKDD 2006)

Data handling technologies have significantly progressed in the last ten years. The first phases
mainly dealing with storing and efficiently accessing the data, resulted in the development of
industry delivering tools for handling large databases, standardization of related processes,
queering languages, etc. When the data storage was not a primary problem any more the need
for improving the database organization resulted in the databases supporting not only
transactions but also analytical views of the data. At this point data warehousing with OLAP
(On-Line-Analytical-Processing) entered as a usual part of a company information system.
The OLAP paradigme stil requires from the user to set well defined questions which is not
always easy and possible. This led to the development of Data Mining offering automatic data
analysis trying to obtain some new information from the existing data and enabling the user
some new insights in the data. The conference covers a broad area including Statistical Data
Analysis, Data/Text and Web Mining, Semantic Web, Link Detection and Link Analysis,
Data Warehouses.

Urednika / Editors and Program Chairs

e Marko Grobelnik
e Dunja Mladeni¢

211



212



HIERARCHICAL TEXT CATEGORIZATION
USING CODING MATRICES

Janez Brank, Dunja Mladeni¢, Marko Grobelnik
Department of Knowledge Technologies, Jozef Stefan Institute
Jamova 39, 1000 Ljubljana, Slovenia
Tel: +386 1 477 3778; fax: +386 1 477 3315

e-mail: {janez.brank,dunja.mladenic,marko.grobelnik}@ijs.si

ABSTRACT

We discuss the task of ontology population as a machine
learning problem with a large hierarchy of classes. Since
many machine learning methods are designed primarily
for two-class problems, it is desirable to transform the
multiclass classification problem into several two-class
problems. Coding matrices are a unifying formalism for
describing such transformations. We present an approach
for constructing coding matrices in a greedy way, with a
focus on achieving good performance with a tractable
number of two-class classification models.

1 INTRODUCTION

In modern information systems, information about the problem
domain is often organized in an ontology, i.e. a shared
conceptualization of the domain of interest, expressed in
machine-processable form. An ontology typically consists of
concepts, instances of these concepts, and relations (between
concepts and/or between instances). Ontologies can often be
quite large, and constructing them can be an expensive and
time-consuming task. One part of this process that can be
automated relatively well on a large scale is the population of
an ontology, i.e. the assignment of instances to concepts. Given
a hierarchy of concepts and a set of instances, the task of
ontology population is to identify, for each instance, which
concept or concepts of the ontology this instance belongs to.
We approach this as a problem of machine learning, assuming
that some training data is already available (a set of instances
for which the correct assignment to concepts is known). Unlike
in typical machine learning settings where the number of
classes is moderate, in the case of ontology population the
number of concepts can be fairly large (several thousands and
even hundreds of thousands), and the approach must take this
into account.

2 RELATED WORK
We look at the ontology population task as a large-scale
classification problem, with a large number of hierarchically
organized classes (corresponding to concepts of the ontology)
and instances. Additionally, the instances are likely to be
represented by a large number of attributes. In many topic
ontologies, the instances are textual documents, in which each
word is treated as an attribute for the purpose of representing
the instance for the machine learning algorithms. Therefore, our
approach to machine learning for ontology population will
draw largely upon techniques from the area of text
categorization [1].

Support vector machines or SVM [2, 3] is one state-of-
the-art method that is commonly used for text categorization. It
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is particularly suitable for dealing with text classification
problems, as it can handle a large number of attributes [4]
and avoiding overfitting. Experiments have shown that
SVM can lead to good and accurate models in many
problem domains, including text categorization as one of
the state-of-the-art methods.

Multi-class categorization. One of the disadvantages
of the SVM is that, in its original formulation, it is targeted
as binary (i.e. two-class) classification problems only.
Various approaches have been considered for extending the
SVM into the domain of multi-class problems, often at a
considerable additional cost of the training. For example,
[5] proposed an extension of the original optimization
problem in which k models are sought simultaneously,
where k is the number of classes. This approach does not
scale well to problems with a many classes.

Most of the other approaches are based on translating
the original k-class classification problem into several two-
class problems. These approaches are usually not SVM-
specific but could use any learning algorithm to train the
models for the individual problems. When classifying a
new instance, it is shown to the models for these two-class
problems and the predictions of these models are then
combined into an assignment of the instance to one of the k
classes of the original multiclass problem.

The individual two-class problems can be defined in
various ways. A typical example is “one vs. rest”, in which
there is one two-class problem for each of the k classes of
the original problem; in the two-class problem correspon-
ding to class i, instances from class i are treated as positive
and those from other classes are treated as negative. Thus
each model tries to predict whether a given instance
belongs to that particular class or not. An alternative is the
“one vs. one” approach, in which there is one two-class
problem for each pair of classes. Thus for a pair of classes
(i, J), where 1 <i < j <k, the corresponding problem treats
members of class i as positive, those of class j as negative,
and the rest of the training instances is not used at all for
this particular two-class problem. The individual problems
are simpler than in the one-vs-rest approach, but the
number of models is much larger, k(k — 1)/2 rather than just
k. For a large number of classes, this approach is infeasible.
We can speed up at the classification by avoiding having
each instance classified by all the models e.g., [6].

Coding matrices provide a conceptual unification of
one-vs.-one, one-vs.-rest and other approaches translating
the original k-class problem into several two-class



problems. Consider a k-class problem that has been translated
into m two-class problems. The corresponding coding matrix M
has k rows and m columns; the entry M indicates how the
instances from class ¢ are used in the j-th two-class problem.
Thus Mg = 1 if instances from class ¢ are treated as positive in
the j-th two-class problem, Mg = -1 if they are treated as
negative, and M; = 0 if they are not used in the definition of the
j-th two-class problem.

Thus, each column of the matrix corresponds to one of the
two-class problems into which the original k-class problem has
been translated. After training, each column now also
corresponds to a binary classification model. Ideally, the model
for the j-th problem should, when shown an instance from class
c, predict +1 if Mg = 1 and -1 if Mg = 1. (If M = 0, we
cannot form any concrete expectations about the predictions of
model j on instances from class ¢ because no such instances
were used in training that model.) Thus we can say that class ¢
has been coded into the row of binary predictions M® = (M,
M, . . ., M¢n); coding matrix.

Once a row of actual predictions of the m binary models on
some new instances are avilable, e.g. y = (Y1, Yo, ..., Ym), the
final assignment of this instance to one of the m classes is
obtained by comparing the row of predictions y to each row M°®
of the matrix. The ¢ for which the similarity between y and M®
is maximized is then selected as the final prediction of our
multiclass model. If the sign of y; expresses the prediction of
the j-th model, and the absolute value of y; expresses its
confidence in the prediction, a formula for comparing the
similarity can be a simple dot product of the form -, y; Mg

For example, coding matrices corresponding to the one-vs.-
one and one-vs.-rest approaches:

1 -1 -1-1-1 11 1 1 0 0 0O O 0 O
-11 -1 -1 -1 -1 0 0 0 1 1 1 0 0 O
-1 -1 1 -1 -1 0 -10 0 -10 01 1 0
-1 -1-11 -1 0o 0 -10 0 -10 -10 1
-1 -1-1-11 0o 0 0 -10 0 -10 -1-1

Various desirable properties of the coding matrix can be
considered. For example, the rows should not be too similar to
one another; if two rows are very similar, then even a small
number of incorrect predictions may cause the row of
predictions y to become more similar to the wrong row of the
coding matrix. Similarly, the columns should not be too similar
either, because this means that the corresponding models are
effectively solving very similar two-class classification
problems; their errors are therefore also likely to be more
correlated. In this case many errors may be made
simultaneously, which hampers decoding.

Another desirable characteristic of the matrix is sparsity, i.e.
the proportion of entries that are set to 0. If a column is sparse,
this means that training the corresponding binary classification
model involves fewer training examples (and is therefore
faster), and the resulting model is likely to be more accurate.
However, if the matrix is very sparse, this also means that the
rows are very sparse and it is therefore more difficult to ensure
that the rows are different enough from each other. Sparsity
also reduces the memory requirements if only the nonzero
elements of the matrix are stored. Various families of coding
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matrices have been considered in the literature [8, 9, 10]. In
addition to the one-vs.-one and one-vs.-rest matrices, these
include:

Matrices based on error-correcting output codes [7].
These codes are used e.g. in information theory to provide
error-correcting bits during the transmission of data. They
have mathematical guarantees on minimal row separation,
i.e. ensuring that there is a certain minimum Hamming
distance between any two rows. Their downside is that the
resulting matrix is usually quite dense, i.e. all its entries are
nonzero, and that m is typically > k. This may make it
unfeasible to store the matrix for a large number of classes.

Random coding matrices. In this approach, entries of
the matrix are randomly set to +1 or —1. Depending on
whether we want a sparse matrix or not, some (or most)
entries can be kept at 0. The performance of this family of
coding matrices has been found by several authors to be as
good as that of more carefully designed matrices (e.g. based
on one-vs.-one, one-vs.-all, or error-correcting codes).

Matrices of theoretical interest. The smallest matrix
that can theoretically distinguish k classes requires [log, k1
columns. However, the corresponding binary classification
problems would be extremely difficult, leading to poor
performance of the ensemble as a whole. On the other
extreme, a matrix can have at most (3“—2'+1)/2
different columns if we require that each column has at
least one +1 and at least one -1 entry, and that no column is
equal to or a negation of any other. However, such a matrix
is intractably large for any but extremely small values of k.

3 CODING MATRICES FOR LARGE HIERARCHIES
The techniques for the construction of coding matrices
presented in the previous section have several drawbacks
when applied to problems with a large number of categories
and when furthermore these categories are organized into a
hierarchy. Most of these methods require at least O(K)
models to deal with a k-class classification problem, which
could be problematic if the number of classes k is large and
the individual models are relatively expensive to train (as is
the case for the SVM). Thus, it would be desirable to have
a method that focuses on constructing a matrix with a
sublinear number of models. Another drawback is that the
methods described so far are not aware of the hierarchical
relationships between the classes. This will be addressed by
our approach, which we present in this section.

3.1. Constraints - hierarchical organization of classes

The structure of the matrix must take the hierarchical
organization of the original k classes into account. In
particular, if class c¢ is the ancestor of class c' in the
hierarchy, and a particular model j uses one of them as
positive and the other one as negative (e.g. M¢; = 1, M¢j = -
1), this would imply that the instances from class ¢' must be
simultaneously negative and (since any instance of c¢' is also
an instance of c) positive. Thus, it follows that whenever ¢
is an ancestor of c', the condition Mg M¢; > 0 should hold
for all columns j of the coding matrix. This constraint is



relatively straightforward to incorporate in the random matrix
generation algorithm.

Algorithm A: To construct the j-th column of the matrix:
1 setMg=O0forallc=1,...,k
2 setAnc; = {}, Ancy = {};
3 while there are sufficiently few nonzero entries in the jth column,
and not all pairs of classes (c, ¢') have been tried:
4 select two random classes, ¢ and c', such that neither is
an ancestor of the other, and such that the pair (c, ') has
not yet been considered in some previous iteration of this loop;
5 if M¢j 0 then Ac = {M}
else if ¢ € Anc, then A, = {1}
else if ¢ € Anc_; then A, = {-1}
else A ={-1, 1};
initialize Ac based on Mc; analogously to step 5;
A={(a,a):acA,a e€A,aa <0}
if A={}, go back to step 3;
let (a, a') be a random element of A;
set Mg = a for all ¢ that are descendants of ¢ (incl. ¢c" = c¢);
set Mg+ = a for all ¢’ that are descendants of ¢' (incl. ¢" =c');
10 include c and all its ancestors in Anc,,
include c¢' and all its ancestors in Ancy;
11 end while;

© o0 ~N»

In the sets Anc; and Anc_;, we keep track of the ancestors of
classes that have already been used as either positive or
negative in the current binary problem. Membership of a class ¢
in either of these two sets limits our choice of acceptable
nonzero values for M, represented by the set A; that we
compute in step 5. If the sets A. and A, indicate that ¢ and ¢’
cannot be given opposite labels, we try some other random pair
of classes c and c'.

3.2. Greedy construction of the coding matrix

In this section we propose an approach for greedy construction
of the coding matrix one column at a time. The families of
coding matrices described in section 2 are all based on either
constructing the whole matrix at once (e.g. one-vs.-one, one-
vs.-rest, error-correcting codes), or constructing it one column
at a time but with each column independent of the others (e.g.
random coding matrices, where the only thing that connects
different columns can be some general constraint e.g. regarding
the density of the matrix).

It may be desirable to construct the matrix gradually, one
column at a time (or at least a few columns at a time), while
taking into account the part of the matrix that has already been
constructed. In particular, if our goal is to maintain or improve
the classification performance of the matrix as a whole (i.e. of
the ensemble of binary classifiers implied by the matrix) while
avoiding the need for an intractably large number of models, it
makes sense to try constructing each new column of the matrix
in such a way that the model for the binary problem defined by
this new column will contribute as much as possible to the
performance of the current ensemble of binary models.
Therefore, we propose the following greedy approach for
constructing the coding matrix:

Algorithm B: greedy construction of the coding matrix.

1 begin by initializing the first few columns of the matrix randomly,
as described by Algorithm A in the previous section;

2 for each subsequent column j:

3 setMg=0forallc=1,...,k;
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4 set Anc, = {3, Ancs = {};

5 evaluate the current assembly of models, corresponding to
columns 1,2, ..., j- 1 of the matrix, on a validation set
6 let E = (E.¢) be the confusion matrix, i.e. E is the number of

instances that belong to class ¢ but were incorrectly
predicted as belonging to class c';
7 while there are sufficiently few nonzero entries in the jth column,
and not all pairs of classes (c, c') have been tried:

8 take next pair of classes (c, c') in decreasing order of E¢e + Ecc;
9 for this pair (c, c'), perform steps 5-10 of Algorithm A;
10 end while;

This algorithm uses the confusion matrix to identify
difficult parts of the learning problem, and constructs the
next column of the matrix so that its model will focus on
those problematic parts, hopefully correcting the mistakes
made by the previous models. The measure used to
determine which classes to focus on is simply the number
of confusions. The principle is similar to the one known in
boosting, but boosting works on the level of individual
instances, modifying the training set but keeping the
number of classes intact. By contrast, the approach presen-
ted here could be thought of as boosting on the level of
classes.

If the original classification problem has k classes, the
confusion matrix is in principle a k x k matrix, but it’s very
sparse as each instance from the validation set can
contribute only a limited number of confusions. Storing the
matrix in memory becomes tractable if only the nonzero
entries are stored explicitly. When computing the confusion
matrix, the hierarchical structure of classes must also be
taken into account. Thus an instance that belongs to (or is
predicted as belonging to) a class c also belongs to (or is
predicted as belonging to) any ancestor of that class.
Currently, we use the following approach to compute the
confusion matrix:

1 setE, =0forall cfrom1tokandallc' from1tok;
2 for each instance x from the validation set:

3 let ¢ be the correct class label of x,
and A be the set of all ancestors of c;

4 let ¢' be the label predicted for x by the current ensemble, and
let A; be the set of all ancestors of ¢';

5 foreachc; e Ac— Acand each ¢, € Ax — A,

6 increment E,¢, by 1;

A problem with Algorithm B as described above is that the
confusion matrix may not change much when a single new
model is added to the ensemble. Therefore the next few
models will be constructed similar to the current one, and
will make similar prediction mistakes, causing poor
performance of the ensemble as a whole. To avoid this
problem, our current approach is to use a tabu list — a list of
pairs of classes that have been used in the construction of
the last few models and should therefore be ignored
(skipped in step 8 of Algorithm B) when constructing the
next model.

4 EXPERIMENTAL EVALUATION

In this section we present some steps towards an
experimental evaluation of our proposed approach. We use
a subset of the dmoz ontology, consisting of the Top/Sci-



ence category, seven of its subcategories, and 72 of its
subsubcategories. From each of the resulting 80 categories, we
included 100 documents for training and an additional 100
documents for testing.

The following chart explores the effect of two parameters
used in the construction of a random coding matrix: the number
of columns in the matrix and the average number of nonzero
elements in each row of the matrix (and thus the density or
sparsity of the matrix). The several line series on the chart
correspond to different levels of matrix sparsity (i.e. 0.1
represents matrices with approx. 10% nonzero entries, etc.). All
performance are averages over ten random matrices.

0.5

Density of
the coding
matrix

Mecroaveraged F1 on the test set

o 50 100 150 200 250 300 350

Number of randomly generated columns in the coding matrix

This experiment indicates that excessively sparse matrices
should be avoided (the two lowest lines in the graph),
especially if they consist of a large number of models, because
decoding can be problematic under these conditions and the
performance of the ensemble as a whole can degrade. Note that
the macro-averaged F; measure that was used to evaluate these
ensembles is somewhat problematic in this setting since it
completely disregards the hierarchical relationship between the
classes.

The following experiment illustrates the benefits of the
greedy matrix construction algorithm over the purely random
approach. Starting with 50 random columns, then generating up
to 50 additional columns using our greedy approach. For
comparison, we show the performance of a purely random
matrix with 100 columns. As this example shows, extending
the initial ensemble of 50 random columns by just 20 additional
greedily-constructed columns led to the same performance as
adding 50 additional random columns. Note that the use of tabu
lists proved crucial in this case, as without it there were too
many similar models and performance actually decreased.

05

Macroaveraged F1 on the test set

50 55 60 65 70 75 80 85 90 o5 100
Number of models

~---100 random models

50 random and 0...50 greedy models (with tabu list)
—+— 50 random and 0...50 greedy models (no tabu list)
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5 CONCLUSIONS AND FUTURE WORK

As the experiments in sec. 4 show, the current approach is
an improvement over random coding matrices in the sense
that it requires fewer models are required to achieve
comparable or better performance. At the same time, it is
not significantly more expensive than the approach based
on random matrices; the main additional cost is more evalu-
ation of the ensemble (after each addition of a new
column).

For future work, there are many changes and refine-
ments that may be considered. The current approach is a
greedy technique for exploring the space of possible coding
matrices. The greedy constraints could be relaxed, or other
optimization techniques could be used instead, such as local
optimization or even genetic algorithms. However, this may
make the training process too time-consuming, especially
for large hierarchies of classes. Another direction for
further work is a more thorough experimental evaluation of
the proposed approach and a comparison with other
approaches, especially other families of coding matrices,
with a focus on large topic ontologies. It would also be
interesting to extend the approach proposed here and make
it able to deal with changing ontologies (i.e. addition or
removal of concepts, etc.).
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ABSTRACT

In this paper we present a new version of OntoGen
system for semi-automatic data-driven ontology
construction. The system is based on a novel ontology
learning framework which formalizes and extends the
role of machine learning and text mining algorithms
used in the previous version. List of new features
includes extended number of supported ontology
formats (RDFS and OWL), supervised methods for
concept discovery (based on Active Learning), adding of
new instances to ontology and improved user interface
(based on comments from the users).

1 INTRODUCTION

In [Fortuna05a] we introduce a semi-automatic, data-driven

system for constructing topic ontologies called OntoGen.

The phrases “semi-automatic” and “data-driven” stand for:

e Semi-Automatic — The system is an interactive tool
that aids the user during the ontology construction
process. The system suggests concepts, relations and
their names, automatically assigns instances to concepts
and provides a good overview of the ontology to the
user trough concept browsing and visualization. At the
same time the user can fully adjust all the properties of
the ontology by manually adding or deleting concepts,
relations and reassigning instances.

e Data-Driven — Most of the aid provided by the system
(concept, relation suggestion, etc.) is based on some
underlying data provided by the user at the beginning of
the ontology construction. The data reflects the domain
for which the user is building an ontology. Instance and
instance co-occurrences are extracted from the data
together with their profiles. Representation of profiles
will be discussed later.

The system is used in the EU project SEKT as well as in

several other smaller projects. We got very informative

feedback from the users which we took very seriously
when developing the new version.

Besides improvements based on the users feedback, we also

continued research in the direction of improving and

generalizing the system. The new functionality included in
the system is based on machine learning and text mining
methods such as simultaneous ontologies [4], active
learning [10], automatic ontology population [6], text
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corpora visualization [5] and semi-automatic ontology
construction [3].

The rest of this report is organized as follows. In the next
section we give a short overview of the previous version of
the system and analysis of the users feedback. We also
give a short description of methods from previous
deliverables which are included in the new version of the
system. Section 3 describes a theoretical framework on
which the new version of the system is based while
Section 4 demonstrates its implementation. We conclude
this report with future work directions and final
conclusions.

2 RELATED WORK

Here we give a short description of the previous version of
the system together with a list of most notable user
comments about it. Following that are descriptions of the
machine learning methods which we integrated into the
new version presented in this paper.

2.1 OntoGen v1.0

In [3] we introduced a system called OntoGen for semi-
automatic construction of topic ontologies. Topic ontology
consists of a set of topics (or concepts) and a set of
relations between the topics which best describe the data.
The OntoGen system helps the user by discovering
possible concepts and basic relations between them within
the data.

For the representation of documents we use the well
established bag-of-words document representation, where
each document is encoded as a vector of term frequencies
and the similarity of a pair of documents is calculated by
the number and the weights of the words that these two
documents share.

The central parts of OntoGen are the methods for
discovering concepts from a collection of documents.
OntoGen uses Latent Semantic Indexing (LSI) [2] and k-
means clustering [7]. LSI is a method for linear
dimensionality reduction by learning an optimal sub-basis
for approximating documents’ bag-of-words vectors. The
sub-basis vectors are treated as topics. k-means clustering
is used to discover topics by clustering the documents’
bag-of-words vectors into k clusters where each cluster is
treated as a topic.



The user interaction with the system is via a graphical user
interface (GUI). When the user selects a topic, the system
automatically suggests its potential subtopics. This is done
by LSI or k-means algorithms only on the documents from
the selected topic. The number of suggested topics is
supervised by the user. User then selects the subtopics s/he
finds reasonable and the system adds them to the ontology
as subtopics of the selected topic.

The system also has two methods for extracting the main
keywords which help the user to understand and name the
topics: keyword extraction using centroid vectors
(descriptive keywords) and keyword extraction using
Support Vector Machine (SVM) [8] (distinctive keywords).

2.2 Active Learning

Active learning is a generic term describing a special
interactive kind of learning process. In contrast to the usual
(passive) learning where the student is presented with a
static set of examples that are then used to construct a
model, the active learning paradigm means that the student
can ‘ask’ the ‘oracle’ (eg., a domain expert, the user, ...)
for a label of an example (see Figure 1). Here we use the
SVM based method originally proposed in [10].

Figure 1: Passive vs. Active Learning.

2.3 Simultaneous Ontologies

The topic suggestion methods presented above heavily rely
on the weights associated with the words — the higher the
weight of a specific word the more probable that two
documents are similar if they share this word. The weights
of the words are commonly calculated by the so called
TFIDF weighting [9].

In [4] we argue that this provides just one of the possible
views on the data and propose an alternative word
weighting that also takes into account the domain
knowledge which provides the user’s view on the
documents. We integrated this method into data loading
functions of the system.

2.4 Text Corpora Visualization

In [5] we presented a system for visualizing larger
collection of documents. This system is now loosely
integrated into OntoGen system to aid the user at
comprehending and understanding the topics covered by
the instances inside a specific concept. This is done by
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visualization of the instances using the Document Atlas
tool [5].

Document Atlas is a tool for creating, showing and
exploring visualizations of text corpora. The documents
are presented as points on a map and the density is shown
as a texture in the background. Most common keywords
are shown for each area of the map. When the user moves
the mouse around the map a set of the most common
keywords is shown for the area around the mouse (the area
is marked with a transparent circle). The user can also
zoom-in to see specific areas in more details.

2.5 Ontology Population

In order to support addition of new instances to the
ontology (ontology population) we use the approach
proposed in [6], but instead of using k-nearest neighbors
classifier in each of the concepts we use the concept’s
SVM linear model for classification of new instances into
the existing ontology. The system shows to the user all the
concepts that the instance belongs to together with the
level of certainty for instance belonging to the concept (see
Figure 5). Note that a new instance can be classified into
more then one leaf concept.

3 USERS FEEDBACK

The topic ontology construction system was used in
several projects, most notable being SEKT Case Studies
Decision Support for Legal Professionals and BT Digital
Library. We gathered the feedback from the users and
used it as a guide when deciding what features to develop
in the new version of the system.

Here we give a list of the main suggestions from the users,
together with the related changes in the new version of
OntoGen:

e Concept learning:

0 “More details about the suggested concepts” — the
new version has extended keyword list describing
suggested concepts

0 “‘Generate suggestions only when explicitly asked” —
now the user must click a button to generate a
suggestion list

o “I know what sub-concept to add but the system does
not suggest it” — now the user can generate concept
suggestions by providing a query (for this task we
used active learning)

e Concept management

0o “How can | move a sub-concept?” — this was
already possible in the previous version by adding
and removing relations; this is greatly simplified in
the new version

0 “‘System suggests a sub-concept which is not related
to the selected concept™ — we added option to prune
the suggested sub-concept which also removes
related documents from the selected concept

¢ Ontology management



0 “Can | add new documents to the existing OntoGen
ontology (e.g., to support online learning of digital
library knowledge spaces)?”” — we added support for
including new documents to the already built ontology

4 SYSTEM IMPLEMENTATION
4.1 Overview

The main window (Figure 2) is divided into three main
areas. The largest part of the windows is dedicated to
ontology visualization and document management part (the
right side of the window). On the upper left side is the
concept tree showing all the concepts from ontology and on
the bottom left side is the area where the user can check
details and manage properties of the selected concept and
get suggestions for its sub-concepts.

Figure 2: The main window of the system.

OntoGen supports several input formats for text instances
and support for proprietary Text Garden format Bag-Of-
Words. If the instances already have assigned some
preliminary labels in the input data, then OntoGen
automatically asks if it should apply SVM word weighting
method [4]. Otherwise the TFIDF word weighting is used
by default. Ontologies created in OntoGen can be saved as
Proton Topic Ontology (also available in the previous
version), RDF Schema or OWL ontology. OntoGen is also
integrated into OntoStudio as a plug-in. The user can use it
for creating initial version of ontology which he can then
further refine inside OntoStudio.

4.2 Concept Suggestion

One of the main parts of the system is concept learning.
There are two different approaches implemented for
concept learning, supervised and unsupervised. In the
unsupervised approach the system provides suggestions for
possible sub-concepts of the selected concept and this was
already implemented in the previous version of the system.
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Sometimes the system identifies a sub-concept for which
the user thinks that should not be part of the concept. The
user can decide to prune the suggested sub-concept from
the selected concept which effectively removes suggested
sub-concept’s instances from the selected concept. The
prune feature is new.

A new feature in OntoGen is a supervised method for
adding concepts. In the supervised approach the user has
an initial idea of what a sub-concept should be about and
enters it into the system as a query. Implementation is
based on active learning method described in Section 2.2.
The querying and active learning is only applied to the
instances from the selected concept.

.

Concept guery
Enter the query:

wireless network provider|

[ Query ][ Cancel ]

Figure 3: The main window of the system.

Concept query

Initializing the training process

Does this document belong to the concept?

MNovatel Wireless, Inc. is a provider of
wireless broadband access solutions for the
worldwide mobile communications market.
The Company's range of products includes
wireless data modems and software for
laptop personal computers (PCs), embedded
wireless modules for original equipment

v]

Figure 4: The main window of the system.

The user can start this method by clicking “Query” button.
The system then launches a dialog that takes the query
from the user (Figure 3). After the user enters a query the
active learning system starts asking questions and labeling
the instances (Figure 4). On each step the system asks if a
particular instance belongs to the concept and the user can
select Yes or No.

Questions are selected so that the most information about
the desired concept is retrieved from the user. After some
initial labeled sample is collected from the user the system
displays some additional information about the concept. It
displays the current size (number of documents positively
classified into the concept) and most important keywords



for the concept (using SVM keyword extraction). The user
can continue answering the questions or finish by clicking
on the Finish button. The more questions that the user
answers the more correct assignment of instances in the
final concept are. After the concept is constructed it is
added to the ontology as a sub-concept of the selected
concept.

Unsupervised vs. Supervised: There is a fundamental
difference between the unsupervised and supervised
methods. The main advantage of unsupervised methods is
that it requires very little input from the user. The
unsupervised methods provide well balanced suggestions
for sub-concepts based on the instances and are also good
for exploring the data. The supervised method on the other
hand requires more input. The user has to first figure out
what should the sub-concept be, he has to describe the sub-
concept trough a query and go trough the sequence of
questions to clarify the query. This is intended for the cases
where the user has a clear idea of the sub-concept he wants
to add to the ontology but the unsupervised methods do not
discover it.

4.2 New Instance Importing

The new version of OntoGen also enables the user to add
new instances to an existing ontology. Ontology population
described in Section 2.5 is used for this.

Figure 5: Classification of new instances into the ontology.

First the user loads new instances into the system. In the
next step the system trains SVM classifiers on the instances
already arranged into ontology and uses them to classify the
new instances.

In the next step the OntoGen presents to the user a list of all
the newly imported instances and their classification results
(Figure 5). User can check and correct classifications for
each of the instances by first selecting the instance from the
list and then checking the appropriate concepts in the
concept tree. Preview of the selected instance is also
displayed to aid the user. The instances are automatically
added to the ontology after the user clicks Finish.
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4 CONCLUSIONS

In this paper we presented integration of various machine
learning and text mining algorithms in a novel software
tool for semi-automatic data-driven ontology construction.
The system builds on top of our previous form
[Fortuna05a] and includes new features based on users
feedback and other research results from machine learning
and text mining field.

As part of the future work we are planning to fully
integrate relation learning into the system and to perform
evaluation of the system based on ontology evaluation
methods presented in [1].

OntoGen system is available as a free download from
http://ontogen.ijs.si/.
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ABSTRACT

This work investigates the differences in automatically
constructed ontologies from titles, abstracts and bodies
of texts, respectively. Articles about autism from
database PubMed Central served as our testbed. In the
comparison of autism onthologies, built with OntoGen,
we focuse on vocabulary level of results of automatic
concepts construction. A graphical presentation of
comparison results is also proposed. The experiments
show high similarity between ontologies built on
abstracts and ontologies built on texts in the case of a
subfield with specific terminology while in other cases,
the role of whole texts was more important.

1 INTRODUCTION

Ontologies have the capability to share a common
understanding of domains, and therefore to support a
research with ability to reason over and to analyze the
information at issue (Joshi, Undercoffer, 2004). Every
ontology should efficiently communicate the intended
meaning of analyzed context (Gruber, 1993). In the recent
years, many tools that help constructing ontologies from
texts in a given problem domain were developed and
successfully used in practice (Brank et al, 2005). Among
them, OntoGen (Fortuna et al, 2006) achieved a remarkable
attention in the text-mining community.

Our comparison of ontologies, built with the tool OntoGen,
was made on 214 articles from database PubMed Central
that treat problems of autism. When dealing with complex
phenomena, one good strategy is to decompose it to more
manageable parts (Zupan et al., 1997). The document
corpora can be usually divided by hierarchical structure of a
document into logical sections such as title, abstract and
main body (Hollingsworth, 2005). For these reasons we
compared the different ontologies built with OntoGen on
titles, abstracts and texts (main bodies) of PubMed articles,
also to find out the most objective definitions of autism
concepts. In addition, upon finding autism as a multilevel,
complex phenomena, our goal was also to review the
autism literature and to identify the most frequent topics
researched in this domain.

Autism belongs to a group of pervasive developmental
disorders, that are characterised by early delay and abnormal
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development of cognitive, communication and social
interaction skills of a person. In the fourth edition of
Diagnostic and Statistical Manual of Mental Disorders,
revised, the category of pervasive developmental disorders
refers to a group of symptoms of neurological development,
connected with early brain mechanisms, that in large extent
condition the social abilities already in the childhood
(American Psychiatric Association, 2000). Heterogeneity of
this developmental disturbance and its different degrees of
affecting children has led to contemporary naming of
autism with term: Autism spectrum disorders, to which
suits the abbreviation ASD. Among data on autism there is
often used the term Asperger syndrome together with the
term autism. There are few content similarities between
Asperger syndrome and autism, where no mental
retardation is present (Klin, Volkmar, 1995). Both disorders
are diagnostically placed within the group of autism
spectrum disorders (American Psychiatric Association,
2000).

In this article we investigate the impact of how the
inclusion and exclusion of various parts of scientific
articles from the autism domain affect the constructed
ontologies. More specifically, we study the differences in
automatically constructed ontologies from titles, abstracts
and bodies of texts respectively. First, we describe the
origin and preparation of input texts. Then, we present the
process of ontology construction with OntoGen. Next, we
compare the obtained ontologies on vocabulary level and
analyze the observed similarities and differences.

2 TARGET DATASET

For the purpose of mining the data on autism, we chose to
analyze the professional literature that is publicly
accessible on the World Wide Web in the data base of
biomedical publications, PubMed. In the PubMed data
base there we found 10.821 documents (till August 21,
2006) that contain derived forms of autis*, the expression
root for autism. Between them there were 354 articles for
which also their entire text has been published in the
PubMed Central data base. Other relevant publications
were either restricted to abstracts of documents or their
entire texts were published in sources outside PubMed.
From the listed 354 articles we further restricted the target



set of articles on documents to those that have been
published in the last ten years. As a result, we got 214
articles from 1997 forward, which we decomposed to titles,
abstracts and texts for the analysis purpose.

3 ONTOLOGIES CONSTRUCTION BY ONTOGEN
ON DOCUMENTS FROM PUBMED CENTRAL

OntoGen is a tool that enables interactive construction of
ontologies about certain domain. The input for the tool is a
collection of text documents. The user can create concepts,
organize them into topic ontology and also assign
documents to concepts. With the use of machine learning
techniques OntoGen supports individual phases of ontology
construction by suggesting concepts and their names, by
defining relations between them, and by automatic
assignment of documents to the concepts (Fortuna, 2005).
From the 214 documents, which had also their whole text
published in the PubMed Central data base since 1997, the
next 3 input text files were made: the file of 214 titles, the
file of 214 abstracts, and the file of 214 texts (without their
titles and abstracts). Each text file was entered into
OntoGen, that from the entry data forms a model of most
frequent terms and relations between them by K-means
clustering technique. K-means algorithm tries to find such
groups of documents that share similar words (Fortuna et
al., 2006). The ontologies were built with two values for
parameter k (for K-means algorithm in OntoGen): first,
with parameter k=8, as automatically suggested by
OntoGen, and second, with parameter k=5 that turned out
to be a balanced tradeoff between the complexity and
comprehensibility in this domain. In this way we got 8 and
5 topics respectively on the first level of domain ontology
on entered titles, on abstracts and on entire texts of 214
autism documents. The concepts names (Keywords) and
numbers of related documents (No. Docs) are presented by
parts of OntoGen's screenshots in figures 1-6.

d | Keywords Mo, Docs
0 froot 214 |
1 preference, aszeszment, effects H
2 renforcement, children_autizm, early 27
3 genes, suscephibility, specific 32
4 functioning, sendrome, analysiz 26
5 autizm, teach, child 24
B wvaccination, schedules, activated 24
¥ zocial, evidence, chromosome 17
8 dizorders, linkage, caze 32

Figure 1: Concepts of autism ontology with 8 subgroups of
214 titles from the PubMed Central data base.
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Id | Kepwords Mo, Docs
I!I_I
1 zensomy, sounds, auditory

2 stereatypy, behavioral, problems_behawioral 25

3 reinforcers, preferred, stimulus Ly

4 teach, guestion, procedure 18

5  gene, linkage, regional &0

B parent, mmr, vaccine 16

¥ language, age, children 28

g waccine, mmr, mm_vaccine 17

Figure 2: Concepts of autism ontology with 8 subgroups of
214 abstracts from the PubMed Central data base.

Id| Kewmords Mo. Docs

I!l_l

1 executive, v, cortical

2 stereatypies, reinforcement, problems_behavior 2?
3 reinforcement, segsion, aggression 38
4 prompted, scrpt, teaching 21
5 linkage, family, gene Ll
B ht, zecretin, legs 2
¥ chemical, infant, zleep 14
g waccine, mmr, mmi_vaccine 25

Figure 3: Concepts of autism ontology with 8 subgroups of
214 texts from the PubMed Central data base.

Id | Kepwords Mo, Docs

I!I_I

autizm, children_autizm, children

23 gundrome, detection, social 1EI
24 dizorderz, gpectum, neurodevelopmental 39
28 genetic, chromosome, linkage a0
26 reinforcement, effects, behavior 39

Figure 4: Concepts of autism ontology with 5 subgroups of
214 titles from the PubMed Central data base.

ld | Eeywords Mo Daocs

I!-_I
reinfarcers, behavioral, problems_behavioral 439

23 language, foxp2, children Az

24 reinforcers, vaccine, aggression 45

25 linkage, gene, regional L

26 wirnuz, infection, tim5alpha 12

Figure 5: Concepts of autism ontology with 5 subgroups of
214 abstracts from the PubMed Central data base.

ld | Keywords Mao. Docs
I!-_I
reinforcerment, seszion, tial 72
23 reinfarcement, sleep, infant KT
24 waccine, mmr, mmi_vaccine 24
25 linkage, family, gene 71
28 infection, pml, patients 10

Figure 6: Concepts of autism ontology with 5 subgroups of
214 texts from the PubMed Central data base.

The distribution of documents among 8 subgroups of titles
ontology (Fig. 1) is quite uniform. Differently from that, the



ontologies of 8 abstracts subgroups (Fig. 2), and 8 texts
subgroups (Fig. 3), both show one major subgroup of
documents that treat genetics, and another important group
that describe reinforcers or stimulus for autists. Documents
distributions in ontologies of 5 subgroups are a little
different. There are two major groups of titles (Fig. 4) and
texts (Fig. 6). The biggest group of titles describe autism in
general, whereas the largest texts group writes about
reinforcement trials. The second major group in both cases
(titles and texts) deals with genetics. Abstracts distributions
(Fig. 5), on the contrary show two most important groups
that both treat genetics in some way. The first one has clear
genetic keywords. The second group includes, beside others,
the keyword foxp2, which is a gene important for the
development of speech.

4 COMPARISON OF AUTISM ONTOLOGIES ON
VOCABULARY LEVEL

Ontologies are complex structures, where there is often
more reasonable to focus the attention on the evaluation of
separate levels of ontology, rather than on the direct
evaluation of whole ontology (Brank et al., 2005). In our
comparison of autism ontologies, built with OntoGen, we
focused on vocabulary level of results of automatic
concepts construction about autism domain. We observed
distribution of documents within individual ontology
groups on the first level of each ontology model (first level
subgroups of autism domain), considering terminology that
was chosen by OntoGen for presentation of concepts. In
addition, with the support of OntoGen, we tried to evaluate
also the content compliance of titles and summaries to
belonging entire texts of related documents.

Count of Docho.

gene linkage regional
language,age childran

parent mmrwacine,

=enzory, sounds auditory

reinforcers prefermed stimulus

teach,question procedure

o
£
2
g
E
E
E
E
3
£
5
1=
g

stereatypy, behavioral problems_behaviora

Figure 7:

executive ny cortical

chemical infant, sleep
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waccing mmrmmr_vaceineg

stereotypies, reinforcement problems_behawior
reinforcement  session, agaression

prompted, serpt teaching

linkage . family gene

ht secretin legs

Clustering algorithms, such as K-means, are useful tools
for data mining; however when we have to cluster
datasets, it is not always clear, which is the most suitable
number of clusters (parameter k) to use (Hamerly, Elkan,
2003). OntoGen automatically proposes 8 clusters, beside
this the user should try with different k-s in order to find
out the best result for the investigated domain.

4.1 Comparison of ontologies, analysed by parameter
k=8 in K-means clustering

The evaluation of different results, next to changing the
parameter k when analysing the phenomenon of autism as it
is described in 214 documents from PubMed Central data
base, showed differences between conceptual design of
titles, abstracts and related texts. Our graphic display in
figure 7 is result of comparison of ontologies above
abstracts and texts, that were analysed by parameter k=8 in
K-means clustering performed by OntoGen. From the
comparison between ontology of 8 texts groups versus 8
abstracts groups, the major similarity is shown between the
group of genetic documents, which include the same 40
articles from the observed dataset. An important similarity
is seen also between the group of texts and the group of
articles, that talk about reinforcement. Without the specific
similarity with groups of abstracts remains only the
smallest group of texts, with keywords: ht, secretin, legs.
From the keywords of this group and by the contextual
knowledge of the autism phenomenon we deduce, that in
this case, the group is related to documents which present
the concepts, that are rarely mentioned in autism context.

Kewmords_ Texts 8

O chemical,infantsleep

™ executive, nv, cortical

B htzecretin,legs

| linkage family.gene

O prompted,seriptteaching

O reinforcement,session, aggression

O stereotypies,reinforcement,problems_behavio

W waccine, MMrLMMmI_vaccing

Comparison between the distribution of abstracts and texts in ontologies with 8 subgroups.



Compared to analysis of texts and abstracts matching, there
is significantly lower similarity between texts and titles or
between abstracts and titles of relative articles. Articles
about genetics are the only rather important group of
documents that have some more similar vocabulary both in
texts versus titles, as well as in abstracts versus titles
comparison. This is due to the genetic terminology, and to
the genetic context itself, which is very specific, if compared
to other researching fields of autism.

4.2 Comparison of ontologies, generated with parameter
k=5

After having analysed the autism domain by parameter k=8,
we analysed autism, as it is presented by 214 documents
from PubMed Central data base, by k=5 and many other
different parametres as well. Among the groups of
documents which belong to the certain of 5 subgroups of
texts and at the same time to its relative subgroup of
abstracts, the largest similarity is between the group of
genetic texts and abstracts, which cover the same 51
documents. Relatively large similarity is seen also between
the texts and the abstracts groups that deal with virus
infections. Less similarity is between the group of texts and
corresponding abstracts subgroup about MMR vaccine.
Even less specific is similarity between abstracts and texts
from groups: reinforcement, session, trial and
reinforcement, sleep, infant. In this case we can notice one
of the keywords used twice, as a part of definition of two
separate concepts in texts ontology (the term reinforcement),
like in abstracts ontology (the term reinforcers).

The comparison of ontologies with 5 groups of texts and 5
groups of titles shows the biggest similarity between the
groups of texts and titles on genetics, as well as between the
group of texts: reinforcement, session, trial and a group of
titles, to which belong keywords: autism, children_autism,
children. Besides the already mentioned genetics articles,
there are no specific similarities between the ontology of
abstracts and the ontology of titles.

5 CONCLUSIONS AND FUTURE WORK

When trying to identify some useful knowledge from huge
volumes of digital data, rather then reading and manually
analysing all available data, which is a time consuming task,
we can guide our attention only on the most relevant
information above domain of interest. Such information can
be identified by ontologies construction, that we found as a
very fast and effective way of exploration of large datasets.
Ontologies actually helped us to review and understand the
complex and heterogeneous specter of scientific articles
about autism.

Comparison of ontologies is, such as ontology itself,
complex and requires thorough examination of possible
causes for revealed distributions of documents inside certain
ontology. Our graphic presentation of compared ontologies
clearly exposes the main clusters of autism articles, which
are shown as the highest columns in the graph. Thus it
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provides a powerful way to visualize the biggest similarities
in observed ontologies, where we can see that the largest
collection of autism documents always deal with genetics.
The only exception comes from the comparison of
ontologies of 5 texts groups and 5 titles groups, that beside
genetics, gives importance also to the keyword autism
(autism, children_autism, children). Here rises the
question, whether the distribution of documents within
ontologies, woud be the same, if we delete from the input
files those expressions, that mark the domain itself, as is in
our case the term autism and its derivatives. In our opinion,
this entry data preprocessing step could significantly
change distributions of documents between groups of
ontology and would contribute to the clearer identification
of ontology concepts.
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ABSTRACT

In this paper we deal with the problem of addition of
new documents in collection when documents are
represented in lower dimensional space by concept
indexing. Concept indexing is a method of feature
construction that is relying on concept decomposition of
term-document matrix. This problem is especially
interesting for application on World Wide Web.
Proposed methods are tested for the task of information
retrieval.

Vectors on which the projection is done in the process of
dimension reduction are constructed on the basis of
representations of all documents in the collection, and
computation of the new representations in the space of
reduced dimension demands recomputation of concept
decomposition. The solution to this problem is the
development of methods which will give approximate
representation of newly added documents in the space of
reduced dimension.

1 INTRODUCTION

In this paper we deal with the problem of addition of new
documents in collection when documents are represented in
lower dimensional space by concept indexing. This problem
is especially interesting for application on World Wide
Web. Proposed methods are tested for the task of
information retrieval [1].

Methods for dimension reduction in the vector space model
based on extraction of new parameters for representation of
documents (feature construction) tend to overcome the
problem of synonyms and polysemies which are two major
obstacles in information retrieval. Our investigation is based
on the method of feature construction called concept
indexing which was introduced 2001 by Dhillon and Modha
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[6]. This method is relying on the concept decomposition
of the term-document matrix.

Representation of new document in the vector space model
is trivial. The problem appears when we want to add new
documents in the space of reduced dimension. Namely,
vectors on which the projection is done in the process of
dimension reduction are constructed on the base of
representations of all documents in the collection, and
computation of the new representations in the space of
reduced dimension demands recomputation of the concept
decomposition. The solution to this problem is the
development of methods which will give approximate
representation of newly added documents in the space of
reduced dimension.

Methods for addition of representations of new documents
in the space of reduced dimension are already developed
for LSI method [3,8]. The method of LSI was introduced in
1990 [4] and improved in 1995 [3]. Since then LSI is a
benchmark in the field of dimension reduction. Kolda and
O'Leary [7] developed a method for addition of
representations of new documents for LSI method that uses
semi-discrete decomposition.

2 DIMENSIONALITY REDUCTION BY THE
CONCEPT DECOMPOSITION

Let the m x n matrix A = [a;] be the term-document matrix.
Then a;; is the weight of the i-th term in the j-th document.
A query has the same form as a document; it is a vector
whose i-th component is the weight of the i-th term in the
query. A common measure of similarity between the query
and the document is the cosine of the angle between them.
In order to rank documents according to their relevance to
the query, we compute s = q" A, where q is the vector of the
query, while the j-th entry in s represents the score in
relevance to the j-th document.



Techniques of feature construction enable mapping
documents representations, which are similar in their
content, or contain many index terms in common, to the new
representations in the space of reduced dimension, which are
closer than their representations in original vector space.
That enables retrieving of documents which are relevant for
the query, but do not contain index terms contained in the
vector representation of query.

In this section we will describe the algorithm for
computation of concept decomposition by the fuzzy k-means
algorithm [5].

2.1 Fuzzy k-means algorithm

The fuzzy k-means algorithm (FKM) [9] generalizes the
hard k-means algorithm. The goal of the k-means algorithm
is to cluster n objects (here documents) in k clusters and find
k mean vectors or centroids for clusters. Here we will call
these mean vectors concept vectors, because that is what
they present. As opposed to the hard k-means algorithm,
which allows a document to belong only to one cluster,
FKM allows a document to partially belong to multiple
clusters. FKM seeks a minimum of a heuristic global cost

kK n

Iz =2, 2 pilla;—cf
i=1 j=1

aj, J=1...,n are vectors of documents, ¢;,i =1,...,K

function where

are concept vectors, £z, is the fuzzy membership degree of

document ga; in the cluster whose concept is ¢; and bisa
weight exponent of the fuzzy membership.

2.2 Concept decomposition

Our target is to approximate each document vector by a
linear combination of concept vectors. The concept matrix is
an m x k matrix whose j-th column is the concept vector c;,
that is Cy= [ClaCZa---Ck]- If we assume linear
independence of the concept vectors, then it follows that the
concept matrix has rank k. Now we define the concept
decomposition Py of the term-document matrix A as the
least-squares approximation of A on the column space of the
concept matrix Cy. Concept decomposition is an m x n
matrix P, = C,Z Where Z”is the solution of the least-
squares problem, that is

z=(cic)’ciA. @

Z" is a matrix of the type kxn and its columns are
representations of documents in the concept space.
Similarly, representation of query g in the reduced

dimension space is given by (CI Ck)_1 Ctq  and
similarity between document and the query is given by the
cosine of the angle between them.

Concept indexing is a technique of indexing text documents
by using concept decomposition.
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3 ADDITION OF NEW DOCUMENT
REPRESENTATIONS IN THE CONCEPT SPACE

In this section novel algorithms for addition text documents
representations in the concept space are proposed. The
goal is to add new documents in a collection represented in
the reduced dimension space, and this goal is achieved with
and without an extension of the list of the index terms.

Let us introduce matrix notation that will be used in the
section. Matrix

A {Al Az}
A A
will be an extended term-document matrix, where A, a is

matrix of starting documents in the space of starting terms,
A, isa matrix of starting documents in the space of added

2

terms, A, is a matrix of added documents in the space of

starting terms and A, is a matrix of added documents in

the space of added terms. Further, let m; be number of

starting terms, m, number of added terms, n; number of

starting documents and n, number of added documents.

Here we will introduce two methods of approximate

addition of new documents in the concept space:

(@) projection of new documents on existing concept
vectors (Method CI_A),

(b) projection of new documents on existing concept
vectors extended in dimensions of newly added terms
(Method CI_B).

Assume that documents of a starting matrix A; are

clustered by fuzzy k-means algorithm and centroids of

clusters are computed. Let C; be the concept matrix the

columns of which are concept vectors and let C, be a

matrix consisting of extensions of concept vectors in

dimensions of added terms. Extensions of concept vectors
are calculated analogously as concept vectors by using

respective columns of matrix Az instead of columns of A,.

Let extensions of concept vectors form extension of the

C
concept matrix denoted by C,. Then C ={Cl} is the
2

concept matrix the columns of which are concept vectors
extended in dimensions of newly added terms.
Representations of documents in the concept space of
extended term-document matrix will be given by
expression



T -1 T
C.l [C]) [C] A A
T L AT T L A~T
~ [(Cl Cl) C/ A +(C1 Cl) C,A
cic,)'cia+(clc) el Al
=[4)+6) : (6)+()])
This expression can easily be shown if approximation
(ClTCl +C2TlC2)z C,/C, is assumed. Such an
approximation is justified by the fact that extensions of
concept vectors are sparser than concept vectors formed
from starting documents, because the coordinates of
extended concept vectors are weights of added terms which

were not included in list of the index terms before addition
of new documents. It was established, by experiment, that

HC;CZHZ << HC1TC1H2- The number of operations is

©)

significantly reduced by this approximation, because inverse

(ClT C, )_1 is already computed during the computation of

starting documents projection.

This approximation is not necessary for the application of
Method CI_A, because this method does not use extensions
of concept vectors. Representations of starting documents
are given by expression (4), while representations of added
documents are given by expression (5) in the last row of
expression (3).

By the Method CI_B added documents are projected on the
space of extended concept vectors. Vector representations of
starting documents are already known, and they are given
by the (4) in the last row of expression (3), while
representations of added documents are computed by the
formula

(c/c,)'cl A +alcic,)'clA,, @©

where coefficient o >1 has a role of stressing the
importance of added terms and documents.

4 EXPERIMENT

Experiments are conducted on MEDLINE collection of
documents. The collection contains 1033 documents
(abstracts of medical scientific papers) and 35 queries. The
documents of collection are split randomly into two parts:
starting documents and added documents. The ratio of
starting and added documents is varied: first added
documents form 10% of the whole collection, then 20% of
the whole collection, and so on. Starting list of index terms
is formed on the basis of starting collection of documents. In
the list are included all words contained in at least two
documents of starting collection, which are not on the list of
stop words. Further, the list of index terms is formed for the
whole collection of documents in an analogous way. The
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obtained list of index terms for the whole collection
contains 5940 index terms.

We have used measure of mean average precision (MAP)
for evaluation of the experimental results. Concept
decomposition is conducted under starting collection of
documents and added documents are represented in the
concept space by using one of the described methods for
approximate addition of documents. After that, an
evaluation of information retrieval performance is
conducted under the whole collection of documents.
Dimension of the space of reduced dimension is fixed to
k=75.

In the second row of Table 1, there is MAP of information
retrieval in the case that procedure of concept
decomposition is conducted under whole collection of
documents (percentage of added documents is 0%). This
value presents MAP in the case of recomputation of
concept decomposition when new documents are added in
the collection. All other values of MAP in the cases when
the collection is divided into collection of starting and
added documents in the different ratios, could be compared
to this value.

The second column of Table 1 presents number of added
documents, while the third column presents number of
added terms. Let us note that number of added terms grows
linearly, and that the collection with only 20% of starting
documents is indexed with a much smaller set of index
terms then the whole collection. The fourth row presents
MAP of information retrieval for approximate addition of
new documents by Method CI_A (without addition of new
index terms). The rest columns of Table 1 present MAP of
information retrieval for approximate addition of new
documents by Method CI_B (with addition of new index
terms) for different values of parameter a.

From the results we can conclude that an addition of new
index terms does not improve results of MAP significantly.
The results obtained by Method CI_B, a=2.0 are not
significantly better in comparison to results obtained by
Method CI_A according to pared t-test (¢=0.05).

5 CONCLUSIONS

Values of MAP for approximate methods are acceptable in
comparison to repeated computation on concept
decomposition when the number of added documents is the
same or smaller than the number of starting documents.
There is a drop of MAP when the number of added
documents exceeds the number of starting documents.
Results of MAP are not significantly improved by the
methods that use extended list of index terms obtained as a
result of addition of documents. It is interesting to notice
that this statement is valid even in the cases when the list of
index terms is significantly enlarged, which is when larger
proportion of documents is added. This results show a great
redundancy present in the textual documents.



MAP MAP MAP
Percentage of Number of Number MAP Method Method Method
added added of added | Method ClIB CIB ClL_B
documents documents terms CI_A a=1.0 a=1.5 a=2.0
0 0 0 54.99 54.99 54.99 54.99
10 104 456 51.98 52.20 52.33 52.37
20 208 753 54.96 55.10 55.09 55.23
30 311 1264 51.90 51.78 51.97 52.03
40 414 1673 50.84 50.60 51.09 51.64
50 517 2089 48.64 47.99 48.29 48.64
60 620 2696 44.26 44.08 45.04 45.49
70 723 3282 43.59 41.86 42.32 42.70
80 826 4024 39.87 40.56 42.56 43.74

Table 1. MAP of information retrieval for methods of approximate representation of added documents by projection on
existing concept vectors (Method CI_A) and extended concept vectors (Method CI_B). The best results for every split of the
collection are achieved by using Method CI_B, a=2.0 (shown bolded).
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ABSTRACT

This paper presents an overview of many possible types
of graph visualization, and also detailed descriptions of
the most popular algorithms. Its primal goal is, to help a
user, with some relational data on his hands and a need
to visualizing it, with the choice of what to use, and
what is out there that can be used. However, it can be
also viewed as historical overview of graph drawing
algorithms, and its evolution.

1 INTRODUCTION

Once, information was a commodity. However, with the
development of internet, large amounts of data became
publicly available. The problem shifted, from obtaining the
information, to extracting the useful one. With, statistical
analysis, and even more so, with data mining, we are able
to extract the needed information. However, since the
tabular view, output of most data mining techniques, is
hardly human readable, a need for a visualization arises.
Since a picture is worth a thousand words, graph, a way to
draw any relational data became a good and very popular
way for presenting harvested information.

Quite a few good algorithms for graph drawing were
created; some just for certain type of graphs while other for
any.

2 OF GRAPHS

Definitions in graph theory vary in the literature. For our
needs a loose definition of graph G is a triple (V, E, A)

- setof vertices V

- setof edges E

- function A, that maps every end of edge to a vertex

A loop is an edge, which at both ends maps to the same
vertex. A multi-edge means two vertices are connected by
more than one edge (Figure 1). A graph without loops and
multi-edges is simple. If edges are directed, we get directed

graph (digraph).

229

Figure 1: Graph with one loop and one multi-edge.

3 GRAPH SIZES

There is no commonly accepted nomenclature for graph

sizes. Usually size is defined with the number of vertices,

which is not necessarily the best solution. Computers are
faster every day, so this numbers varies with time.

Perhaps a better approach is to define the size of a graph

with the computational complexity.

We partition graphs to small, medium, large and huge.

- On small graphs one can run more or less any
algorithm. This graphs today (2006) are of the order
n*10 (up to 150 nodes).

- Medium graphs can be drawn with polynomial
algorithms, of low degree. These graphs are also small
enough, so they can be drawn on regular screen.
Number of nodes n*100.

- Big graphs can no longer be drawn indirectly (we run
out of pixels on the computer screen). However, they
have to be small enough, to be stored in the memory.
Even bigger graphs are called huge.

We also distinguish between differently sparse graphs. [5]

- Sparse: [E| <= V]
- Normal: |V|< |[E|<=3 V|
- Dense: |E| >3 |V|

This nomenclature considers trees as sparse, hyper-cubes,
polyhedra and such as normal graphs.

4 GRAPH EMBBEDING

The quality of graph visualization is of course a subjective
judgment. It depends on the graph, and the information we
want to extract from it. There are only few studies on how



people read information from graphs [7], most criterions

are chosen intuitively.

The prime directive: the user should be able to obtain

information from graph, that interest him, as easy as

possible.

Some criterions for a good graph representation:

- Vertices should be equally distributed on the screen.

- Small number of edge crossings.

- The length of edges should be uniform.

- The symmetries in the graph structure should be
visualized.

- Graf should be bound inside a frame.

These criteria usually well define our demands. However,

there are exceptions.

- Planar drawings give better results if edges are of
different length (Figure 3, 4)

- For large graphs, clusters of nodes must be used; one
of the visualizations is, placing all the nodes in the
cluster at one point.

- For very dense graphs, it makes sense to merge edges
similar to train tracks. This way it is possible, to obtain
a planar drawing of otherwise nonplanar graph. (Figure
2).
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Figure 2: Full graph on 96 nodes in delta-confluent
drawing.

5 ALGORITHMS

For visualizing graphs many types of algorithms exist. Most
common for simple undirected graphs are algorithms that
use an analogy from physics. This sort of algorithms will get
the most attention in this paper. However, if the graph has
some other characteristic, we can employ some other
technique.
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5.1 Algorithms for graphs with additional properties
51.1

Graphs can be drawn in orthogonal stile. Usually this
method is used for digraphs, as we obtain diagrams. Every
edge can bend, but every part is always either horizontal or
vertical. This is way edge crossings are always orthogonal.
Readability of graph benefits from this.

Orthogonal style

5.1.2 Sugiyama style

A good way of graph drawing is layered layout. If we have
acyclic digraph (DAG), it is possible to layer the graph, on
the base of topological numbering. Thus we obtain a
flowchart, with all the edges directed in one direction. For
example, if there exists an edge from vertex A to B, A is
above (or left of) B. The beauty of this approach is that
any undirected graph can be converted into DAG. A good
algorithm was proposed by Sugiyama [11]. Look also in
[8]. The algorithm decomposes into three phases.

1. Distribution of nodes to layers O(|V| + |E|)

2. Crossing minimization. (NP-hard, but with good

heuristics)
3. Coordinate assignment O(|E|)

5.1.3

Planar graph is a graph, which can be embedded into a
plane (or sphere). In other words, there exists an
embedding without edge crossings. There is more than one
interesting algorithm which achieves this [12]. Any
nonplanar graph can be converted to planar, drawn by
these algorithms and than previously deleted edges, can be
reinserted.

Planar embedding

5.2 Drawing on Physical Analogies, historical overview

Here follows overview of algorithms on physical
analogies. To every state (drawing) of the graph, we assign
an energy value. Smaller energy stands for a better
drawing. In this way, search for a good visualization is
converted into search of a global minimum of some
function. Algorithms vary, in both energy function, and
search algorithm.

5.2.1

The most intuitive approach to graph drawing comes from
a simple physical model. Every vertex is considered a steel
ring. Edges between vertices are springs between them.
We start with random placing and let the model to be
governed by forces. Algorithm stops after a fixed number
of iterations. This is a weakness, as different graphs,
converge with different speeds.

There are two differences with physical laws. Spring force
does not follow Hook law. Secondly forces in algorithm
change velocity not acceleration. This difference is

Spring embedder — Eades [4]



important, as stationary stable state is preferred to a moving
one.

Visually the algorithm takes care of two things. Firstly, the
edge lengths are uniform, and secondly symmetries in
graph structure are visualized. This is a nice surprise, as the
algorithm does not aim toward symmetries explicitly.

5.2.2 Kamada and Kawai (KK) [9]

Kamada and Kawai have improved the spring embedder.
Algorithm is otherwise similar, except we treat every two
vertices as if they were connected by a spring of some
length. Spring length is obtained from theoretical length
between the vertices, which is the shortest path between
them.

Another improvement was that one iteration moves only
one vertex. Time complexity in theory remains the same;
however, the convergence improves considerably.

5.2.3  Davidson and Harel (DH) [3]

Any energy function can be minimized with simulated
annealing (SA). Energy function for the system is chosen,
lower energy meaning better result. Move to a worse state
is permitted with tolerance to current temperature. With SA
the global minima is usually not found; however, the result
is usually sufficiently close. One criterion for this algorithm
to work is that walleyes of minima are as wide as deep.
Davidson and Harel chose neighborhoods of a state to be
any state that is the same as initial with one vertex moved
inside a ball of radius r. For better efficiency they chose to
decrease r with lower temperature (usually in SA
neighborhoods remain the same). For energy function they
took a sum of desired properties: repulsion among vertices,
frame action on vertices and attraction of edges. At the last
stage of fine tuning of SA, when move into bad direction is
no longer accepted, they added two more summands. The
first one penalized edge crossings, the second one penalizes
nodes being to close to edges.

The algorithm is very time consuming, due to SA. In some
cases it can produce better results in contrast to others, as
more planar drawing can be explicitly asked for. (Figure 3)

Figure 3: Same graph drawn with FR and DH
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5.2.4  Fruchterman and Reingold (FR) [6]

Fruchterman and Reingold only demanded 2 criteria for a
good graph drawing.

1. Connected nodes should be close.

2. No two different vertices should be to close.
In every iteration we calculate all the attracting forces from
connected vertices, and the repulsing forces from all the
nodes. Since there is no scalar penalty for edge crossings,
the result is a vector, which points out not just how much
out of place the vertex is (vector size) but also into which
way it should move. The size of actual move is confined to
current temperature, which is linearly decreased in every
iteration.
This very simple algorithm provides excellent results. Its
main advantage is its speed and robustness. Even today,
after years of its creation, it is still one of the most popular
algorithms for graph drawing.
Due to the fact, we do not penalize edge crossings; the
final result often looks as projection of polyhedra into a
plane (Figure 4). This can be considered as a feature.

@]

\ !

Figure 4: Graph drawn with FR and the usual plane
embedding

5.2.5 Graph Embedder (GEM) [5]

GEM algorithm improves calculation time of FR. Main
improvements are local temperature for every vertex,
which provides a way to suppress rotation and oscillations
around the optima, and increases a move into the right
direction. Secondly gravitation towards barycenter is
introduced, which helps disconnected graphs stick
together, and also boosts the convergence. Thirdly
algorithm is able to stop prematurely if average local
temperature is low enough (drawing good enough).

The results are similar to FR algorithm, while the
calculation time is better. However, the algorithm is not as
robust as FR as some graphs exit algorithm too quickly.

5.2.6

LinLog model was introduced and well accepted at GD03
and GDO5 conferences. Three different energy functions
are at work; however they can be joined into one model.

One is similar to FR; the other two are created in a way
that already tries to cluster graphs. The first of later two is
called Vertex-Repulsion LinLog. The results can be seen

LinLog vertex and edges repulsion [10]



in Figure 5. The third energy function, Edge-Repulsion
LinLog, is crafted especially for graphs with vertices with a
considerable difference of the degree. Nodes with high
degree are pushed further apart. This is very useful for
social networks, which usually have high degree variance.
Apart from different energy function, a Barnes and Hut’s
algorithm is used for vertex repulsion calculation. Time
complexity is reduced from the usual O(VP) to
O(Vllog(IV1)).

Figure 5: Pseudo-random graph with intra-cluster edge
probability 0.16 and inter-cluster edge probability 0.01; left
LinLog right FR

5.2.7  Multi-Scale algorithm [13]

If even faster algorithm is required, we can use algorithm
that comes from intuition that graph should look nice on all
scales. First a decreasing sequence of radiuses ro, ry... Iy, is
chosen. Than for every radius r; a locality preserving k-
clustering with respect to r; takes place. Value k is chosen
appropriately to the current radius. All the vertices of the
cluster are placed to cluster barycenter, and the locale
beautification of the clusters takes place.

The algorithm is extremely fast; however, it has problems
with graphs of degenerate diameter.

5.2.8  High-Dimensional Embedding [14]

This even faster algorithm runs in linear time! The idea
behind it: a good graph drawing in a space of high
dimension is easily drawn. Usually 50 dimensions suffice.
The second phase is projecting the graph to the usual two
or three dimensional space. Algorithm is lightning fast and
works perfect on some of the usual graphs i.e. mash, while
on more everyday - real life graphs, sometime maps to
many points onto a single point. However, placing tens of
thousands of nodes in couple of seconds is nice to have.

6 CONCLUSION

What algorithm to choose is up to the user and his needs.
Fruchterman-Reingold algorithm is very robust and fast
enough to draw most everyday graphs interactively. If we
need interactive speed for large graphs, other methods must
be used. On the other hand, with larger graphs, the
placement is usually not as important as visualization of
certain attributes we want to highlight. If graph has some
additional data, we can usually harness it.
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There are also many “off the shelf” applications under
public licenses that provide graph drawing. They are
usually written in java and freely available online. The
algorithms used, are as of rule the ones presented here, with
possible minor improvements.
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ABSTRACT

This paper is an overview of some of the basic concepts
in the theory of social network analysis. We start with
defining social networks and basic structures such as
walks and components. We introduce different
measures of centrality, prestige, and a measure of
modularity used in detecting community structure. We
conclude with an overview of different approaches to
finding communities in networks.

1 INTRODUCTION

A social network is a set of people or groups each of

which has connections of some kind to some or all of the
others. In the language of social network analysis, the
people or groups are called “‘actors’” and the connections
‘““ties’”. Both actors and ties can be defined in different
ways depending on the questions of interest. An actor
might be a single person, a team, or a company. A tie might
be a friendship between two people, a collaboration or
common member between two teams, or a business
relationship between companies.  The realationships
between actors can be symmetric (for example:
communicates with) or directional (for example: lent
money to). The corresponding mathematical models are
un-drirected graph and directed graph.

2 COLLABORATION NETWORKS

A common type of social networks are the affiation
networks. An affiliation network is a network of actors
connected by common membership in groups of some sort,
such as clubs, teams, or organizations. They are suitable for
statistical analysis since membership to a group can usually
be determined precisely. They can get very large, since they
can be extracted automatically. interviews or questionnaires
unnecessary. A network of movie actors, for example, and
the movies in which they appear has been compiled using
the resources of the Internet Movie Database , and contains
the names of nearly half a million actors.
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A good example of an affiliation network is the scientific
collaboration network in which the link between two
scientists is established by their coauthorship of one or
meny articles. If a paper has k coauthors we get a k-clique.
groups of coauthors of a single paper.

This network is in some ways more truly a social network
than many affiliation networks; it is probably fair to say
that most pairs of people who have written a paper
together are genuinely acquainted with one another, in a
way that movie actors who appeared together in a movie
may not be.

3 WALKS, TRAILS, PATHS

A walk is a sequence of actors and relations that begins
and ends with actors. A closed walk is one where the
beginning and end point of the walk are the same actor.
Process of the monetary exchange is an example where a
dollar bill travels from one person to another with no
limitations.

A trail between two actors is any walk that includes a
given relation no more than once (the same other actors,
however, can be part of a trail multiple times. The length
of a trail is the number of relations in it. An example of a
trail is the gossip process, where story is moving through
an informal network. It never travels between the same
pair of actors, but can reach the same actor multiple times.

A path is a walk in which each other actor and each other
relation in the graph may be used at most one time. The
single exception to this is a closed path, which beginsand
ends with the same actor. Length of a path is the number
of it’s links. Two paths are independent if they share no
nodes (except beginning and the end). They are line
independent if they share no lines. An example of a path is
the viral infection which activates effective immunological
response (every actor is infected at most once).



A chain is a walk in a directed graph, that ignores is not
restricted by direction of edges.

4 COMPONENTS

A subset of vertices in a network is called a strongly
connected component if (taking directions of lines into
account) from every vertex of the subset we can reach
every other vertex belonging to the same subset. Between
any two vertices from the same connected component there
always exists a walk. We say that they are strongly
connected.

If direction of lines is not important (where we consider the
network to be undirected), such a subset is called a weakly
connected component. Between any two vertices from the
same weakly connected component there always exists a
chain. We say that the two vertices are weakly connected.

5 COMMON MEASURES

Distance

Geodesic distance between two nodes is the length of the
shortest path between them. Diameter of a network is the
maximum of all possible distances in that network.

Centrality

The centrality of a node in a network is a measure of the
structural importance of the node. A person's centrality in a
social network affects the opportunities and constraints that
they face. There are three important aspects of centrality:
degree, closeness, and betweenness.

e Degree - Degree centrality is the number of nodes
that a given node is connected to. In general, the
greater a person's degree, the more potential
influence they have on the network, and vice-
versa.

e Closeness - Closeness centrality is defined as the
total graph-theoretic distance to all other nodes in
the network. When a node has a low closeness
score (i.e., is highly central), it tends to receive
anything flowing through the network very
quickly.

e Betweenness - A node highly is central, if it lies
on several shortest paths among other pairs of
nodes. More precisely, if g is the number of
geodesic paths from i to j and gi is the number of
paths from i to j that pass through k, then giq/g;j is
the proportion of geodesic paths from i to j that
pass through k. The sum ¢, =>0i4/g;; for all i
pairs is betweenness centrality of node k.

Prestige measures
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Prestige measures are usually computed for directed
networks only, since for this measures the direction is
important property of the relation. (Example: Persons, who
are chosen as friends by many others have a special
position - prestige in the group.) Prestige becomes salient
especially if positive choices are not reciprocated, for
instance if people tend to express positive sentiments
towards prestigious persons but receive negative
sentiments in return. In these cases, social prestige is
connected to social power and the privilege not to
reciprocate choices.

e Input degree - According to meaning of relation
they represent support or influence.Degree is a
very restricted measure of prestige because it
takes into account direct choices only.

e Influence domain - The influence domain of a
vertex in a directed network is the number or
proportion of all other vertices which are
connected by a path to this vertex. It is an
extension of prestige to indirect choices. This
measure is usefull for networks that are not
strongly connected (in which case input closeness
centrality is used) .

e Mean distance - Computing the mean distance
of a vertex from vertices in it’s influence domain
gives a numeric index, so that direct choices
contribute more to prestige than indirect.
(Problem: vertices with small influence domains
can have low average distance, but are not very
influential)

e Proximity prestige - We compute proximity
prestige (PP) of selected vertex by dividing the
influence domain of a vertex (expressed as a
proportion) by the average distance from all
vertices in the influence domain. A larger
influence domain and a smaller distance yield a
higher proximity prestige score.

e Hubs and authorities — A measure of prestige
commonly used for web graphs (directed network
of homepages). In directed networks we can
usually identify two types of important vertices:
hubs and authorities. Each home page describes
something (is an authority) and because of that
other pages point to it. But on the other hand each
page points to some other pages (is a hub). Vertex
is a good hub, if it points to many good
authorities, and is a good authority, if it is pointed
to by many good hubs. For each vertex v we
compute weights 0 < x,, ¥y < 1, which tell us the
strength of authority and hub of a given vertex.
Weights are computed according to network by
solving the eigenvector problem of matrices AAT



(hubs) and AAT (authorities), where A is the
adjacency matrix.

Reach

Given an integer k, reach of node v is defined as humber of
nodes with the length of the shortest path to v less or equal
to k. Some studies have shown that key paths in most social
networks are one or two (rarely three) steps long.

Network Centralization

Network centralization is the variance of computed node
centralities. Network, where a low number of nodes have
much higher centrality than other nodes is highly
centralized. A very centralized network is dominated by
one or a few very central nodes. If these nodes are removed
or damaged, the network quickly fragments into
unconnected sub-networks. A highly central node can
become a single point of failure. A network centralized
around a well connected hub can fail abruptly if that hub is
disabled or removed. Hubs are nodes with high degree and
betweenness centrality.

Clustering coefficient

The clustering coefficient is a measure of the likelihood
that two associates of a node are associates themselves. A
higher clustering coefficient indicates a greater
‘cliquishness’.  Given a node v, it is calculated as the
proportion between all triangles that contain v and all
connected triplets (with v in the middle) in the network.
Network clustering coefficient is defined as the arithmetic
mean of clustering coefficients of every node.

Network cohesion

Refers to the degree to which actors are connected directly
to each other by cohesive bonds. Groups are identified as
‘cliques’ if every actor is directly tied to every other actor,
or ‘social circles’ if there is less stringency of direct
contact. Structural cohesion level k corresponds to the
mathematical term k-connectivity. A graph is k-connected if
there exists a set of k vertices whose removal renders G
disconnected, and which can not be achieved with a smaller
set.

Modularity

Modularity is a property of a network and a specific
proposed division of that network into communities. It
measures when the division is a good one, in the sense that
there are many edges within communities and only a few
between them. For a division with g groups, we definea g
- g matrix e whose component eij is the fraction of edges in
the original network that connect vertices in group i to
those in group j. Then the modularity is defined to be

Q=) ex—Y egew =Tre— | ?|.

gk
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where ||x|| is the sum of all the elements of x. A value of Q
= 0 indicates that the community structure is no stronger
than would be expected by random chance and values
other than zero represent deviations from randomness.

6 COMMUNITY STRUCTURE

Many networks are inhomogeneous, consisting not of an
undifferentiated mass of vertices, but of distinct groups.
Within these groups there are many edges between
vertices, but between groups there are fewer edges,
producing a structure like that sketched in Fig. 1. Such
groups are called communities. Communities in a web
graph for instance might correspond to sets of web sites
dealing with related topics, while communities in a
biochemical network or an electronic circuit might
correspond to functional units of some kind.

Figure 1: Small network with strong community structure.
The network breaks into three communities.

7 ALGORITHMS FOR DETECTING COMMUNITY
STRUCTURE

7.1 DIVISIVE METHOD BASED ALGORITHMS

Girvan Newman algorithm [3]

Algorithm progressively removes edges with highest edge
betweenness from the original graph. If a network contains
communities or groups that are only loosely connected by
a few inter-group edges, then all shortest paths between
different communities must go along one of these few
edges. Thus, the edges connecting communities will have



high edge betweenness. By removing these edges, we
separate groups from one another and so reveal the
underlying community structure of the graph. After
removing an edge the algorithm recalculates betweenness
centralities for every node which can be done in O(n?) on
sparse networks (See Brandes [8]).

The algorithm of Radicchi et al. [4]

Algorithm removes edges that belong to a relatively low
number of loops, for they are likely to be edges between
communities.

7.2 AGGLOMERATIVE HIERARCHICAL
CLUSTERING METHOD BASED ALGORITHMS

Modularity optimization algorithm [2]

Starting with a state in which each vertex is the sole
member of one of n communities, we repeatedly join
communities together in pairs, choosing at each step the
join that results in the greatest increase (or smallest
decrease) in modularity. This method can be applied to very
large networks.

Single linkage methods

The idea behind this technique is to develop a measure of
similarity between pairs of vertices, based on the network
structure one is given. Many different such similarity
measures are possible. Once one has such a measure then,
starting with an empty network of n vertices and no edges,
one adds edges between pairs of vertices in order of
decreasing similarity, starting with the pair with strongest
similarity. Structural equivalence is an example of a
similarity measure. Two vertices are said to be structurally
equivalent if they have the same set of neighbors.

7.3 OTHER METHODS

Spectral bisection algorithm [5]

A method based on the eigendecomposition of the
Laplacian matrix (identity matrix minus adjacency matrix).
Eigenvector, corresponding to the second lowest
eigenvalue, determines a partition of nodes into two
communities.

8 CONCLUSION

We have reviewed some of the basic indices for social
network analysis and illustrated how we can apply some of
them in more complex algorithms (GN algorithm, for
example).
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Abstract

When representing textual documents by feature
vectors for the purposes of further processing (e.g.
for categorization, clustering, or visualization), one
possible representation is based on “loose phrases”
(also known as “proximity features”). This is a gen-
eralization of n-grams: a loose phrase is considered
to appear in a document if all the words from the
phrase occur sufficiently close to each other. We
describe a kernel that corresponds to the dot prod-
uct of documents under a loose phrase representa-
tion. This kernel can be plugged into any kernel
method to deal with documents in the loose phrase
representation instead of the bag of words repre-
sentation.

1 Introduction

When processing textual documents using data
mining techniques (such as categorization, cluster-
ing, or visualization), each document must typi-
cally be represented by a feature vector. In this
vector, each component indicates the number of oc-
currences of the feature in the document. (Various
weighting and normalization schemes can be ap-
plied on top of that, such as the well-known TF-IDF
weighting.) The features can be defined in various
ways; the most common approach is to define one
feature for each term that occurs anywhere in our
corpus of documents. The corresponding compo-
nent of the vector is simply the number of occur-
rences of the term in the document. This represen-
tation is known as the “bag of words” or the “vector
space model”.

However, several other kinds of features have also

been proposed, for example n-grams, which are se-
quences of n adjacent words. An n-gram is said to
have occurred in the document if all of its words
occur one immediately after another in the cor-
rect order. n-grams have been shown to improve
performance vis-a-vis the bag of words model for
some text categorization tasks [5]. The motivation
for using n-grams is that an n-gram, since it con-
sists of several adjacent words, may correspond to
a phrase, which can be more informative than if
each of its individual words is considered in isola-
tion of the others. As an alternative to m-grams,
phrases defined on linguistic principles (e.g.fioun
phrases, adjective phrases, etc.; or subjects, ob-
jects, predicates, etc.) can be used if a suitable
natural-language parser is available.

One possible criticism of n-grams is that they can
be too rigid since they insist that the words must
appear in a particular order and with no words in-
tervening in between. This rigidity can be said to
be at odds with linguistic reality. The occurrence
conditions can be relaxed in various ways, for ex-
ample by removing the requirement that the words
of the phrase must occur in a particular order (thus
the phrase is treated as a bag of words rather than
a sequence of words), and by allowing the words
of the phrase to be interspersed by other words
that are not part of the phrase. These relaxed re-
quirements lead to “loose phrases”, sometimes also
known as “proximity features” since the only re-
maining condition is that the words of the phrase
must occur sufficiently close to one another.

A downside of both n-gram representation is the
large number of possible features; the resulting vec-
tors can be huge and are only tractable because
they are also very sparse. Care must be taken
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to generate these vectors in an efficient manner
[5]. The problem of such a representation is ex-
acerbated if it leads to mon-sparse vectors in the
same (and very high-dimensional) vector space,
which can easily happen during classification or
clustering. If loose phrases are used instead of n-
grams, the problem becomes even worse because
the relaxed occurrence requirements mean that a
lot more phrases now occur in a document than
was the case under the stricter occurrence require-
ments of the traditional n-grams.

Thus, n-gram and loose phrase representations
are good candidates to benefit from kernelization.
Let X be the space of our documents and F' be the
vector space of our document representations (e.g.
based on n-grams or loose phrases), in which a doc-
ument z € X is represented by the vector ¢(x) € F.
A kernel is a function K(z,%) = (¢(x),d(2))F,
where (-,-)F is an inner product on F (e.g. the
usual dot product of vectors). Many data mining
methods, such as support vector machines [4], do
not require us to be able to do anything more with
the data except compute a kernel over it. They are
collectively known as “kernel methods” [1]. This en-
ables us to avoid the unwieldy explicit representa-
tions of very high-dimensional vectors ¢(x) as long
as we can compute a suitable kernel K (x, %) with-
out constructing ¢(z) and ¢(z) explicitly.

For the n-gram representation, a suitable kernel
(the “string kernel”) has been described by Lodhi et
al. in [3]. Kernels for various other discrete struc-
tures besides strings have also been considered [2].
In this paper we present a kernel that corresponds
to the loose phrase representation.

2 Definitions

Consider a document d = d ...d,, where d; is the
7’th word. A number of windows are defined over
the document, W (d) = {wy,...,w,}. For each win-
dow wy, € W(d) we have a set of indices, I, C 1..n,
and a set of distinguished indices J, C Iy such
that the set {J, : wy € W(d)} is a partition of
1.n. We will also impose the requirement that J
must be disjoint with U,~ I, ; this requirement will
be helpful later when dealing with occurrences of
phrases on a window-by-window basis while making
sure that no occurrence is counted more than once.
We will discuss some concrete examples of window

families, and the corresponding distinguished index
sets, at the end of the next section.

Given a phrase t = bag(ty, ..., tm), we define its
occurrences thus:

occursq(t,I) <t = bag(d; :i € 1)
AJweW(d):ICI,.

Then the frequency of t in d is
¢da(t) = |{I C 1..n: occursqy(t, I)}.

A document can now be represented by a vector
d(d) := (¢a(t))ter, where T is the set of all phrases
of length at most M. We would like to compute

the kernel K(d,d) = (¢(d), ¢(d)) as efficiently as
possible.

3 The Loose Phrase String
Kernel

Each occurrence I of ¢ in d must be wholly located
in some window; but it may actually be wholly lo-
cated in several different windows. In any case, we
can find the first window such that not only is I
contained in that window but it but also contains
one of the distinguished indices of that window.
This can be used to partition the occurrences of
tin d.

wy) == {I : occursq(t, I)A

Occeyl(t,
k=argmin{k € l.r : I C I, ANINJ, #0}}.

Each group of occurrences can be counted sepa-
rately,

da(t, wr) = | Oceq(t, wy)].
Clearly, ¢q(t) = > 1_; da(t,wy). Thus we get
= ZteT ¢d(t)¢d(t)

=2ter 22:1 Z£=1~¢d(t~a wi) gt W)
= 22:1 Z%:l K(dv d, k, k)

if we define

K(d,d)

K(d7 d7 k7 ]%) = ZtGT ¢d(t’ wk)(b(i(t’ ’Lbff)
It turns out that

I € Oceq(t,wg) < t=bag(d; :i€l)
ANTCIT, N INJy #0.
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Proof: (=) The fact that I € Occq(t,wy) im-
plies that k is the smallest x such that I C I
and I N J, # 0, which means that I C I and
INJy # 0. Additionally, I € Occy(t,w;,) implies
occursy(t, I), which implies ¢ = bag(d; : i € I).
(<) From t = bag(d; : i € I) and I C I, it follows
that occursy(t,I). To show that I € Occq(t, wy), it
remains to prove that k is the smallest x such that
I C1I,and INJ, # 0. Clearly these two state-
ments are true for k = k. Suppose that they were
true for some k < k; but for such a k, we know
that J,. NI, = 0; so I, being non-disjoint with J,,
contains some element from J,;, which (because J,
is disjoint with Ix) cannot belong to Ix; but this
contradicts our assumption that I C I. O

Thus, we see that to compute K(d, J,k,ff), we
need look only at those phrases that occur entirely
in the window wj of d and contain some distin-
guished index from wy. A similar condition can be
stated regarding the occurrence of these phrases in
d.

We will define the following bags:

A = bag(di NS Ik)7 .Z?k = bag(céi 11 € ;{k),

fl,; = bag(d; : i € I~,~€), Ri = bag(d; =i € Jp).

For a phrase t to contribute towards ¢4 (¢, wy), it
must be a sub-bag of A; and non-disjoint with Ry
(and analogously regarding the other document).

Let U = {di,...,dy,dy,...,ds} be the set of all
words appearing in the two documents. Let us or-
der the set U in an arbitrary manner, writing it as
U = {u,...,us}. Now any bag B constructed over
U can be thought of as a function B : 1.5 — Z{,
where B(s) is the number of times that the word
us is an element of B.

This notation can be further generalized to count
the number of times that a bag B is a sub-bag of
B: B(B) =I5, (5).

For a phrase ¢, we will be interested in ¢4(t, wg),
which is the number of times that ¢ is a sub-bag
of Ay but excluding occurrences located wholly in
A — Ry. Thus we see that ¢q(t,wi) = Ag(t) —
Fy(t), where F, = Ay — Rj. This means that

K(d.d, k. k) =) (Ax(t) = Fe(6) (Ap(1) = F(1)),
teT

which can clearly be split into four sums
> ier B(t)B(t), where B is either Ay or Fp and
B is either fl,; or 1:",;

The remaining problem is how to compute, given

two bags B and B, the sum
S () ()

S
K(B,B):=> BM)B(t)=> ][]

teT

Remember that T contains all phrases of at most
M words. (Even if we set M = oo to avoid any
explicit constraint on the word length, this will
be equivalent to using M = min{|B|,|B|} since
no phrase longer than that could possibly occur in
both B and B.) T can be partitioned into several
sets based on the number of occurrences of the first
word: T = UM T, where T, = {t € T : t(1) = c}.

K(B7 B) = ZCIVLO ZteTC Hf:l (?((ss))) (?((ss))) -

= ZCZ:O %ETC gi”) (") Hsz:2 (Z(S)) (g((f)))
1 1 E s
= Eczo ( g ))( g )) ZteTc Hszz (t((;)))(t((s)))'
In the last expression, the inner sum
Ser, T (35 () = )

does not make any use of the word u; whatso-
ever. If we remove all occurrences of u; from all
the phrases of T,., we obtain the set of all phrases
containing at most M — ¢ words and using only
{ug,...,ug} as the base set, rather than the en-
tire U = {u1,ug,...,us}. We will denote this set
of phrases by T™~%2. The original T is actually
TM:1 in this new notation. In general, we will use
T™% to refer to the set of all bags of at most m
elements constructed over the set {us,...,ug}. We
thus see that (f) remains unchanged if we sum over
t € TM=¢2 rather than over ¢ € T,. This leaves
us with a problem very similar to the original one.
Defining

Km’s(Bv B) = ZteT"hs B(t)B(t)»
we see that
K™(B,B) = I, (P9) (PP Km-est1(B, B).

This recursive formula is useful for s < S, while
the case for s = S + 1 is actually trivial: by
then we are constructing bags over an empty set,
therefore only an empty bag can be constructed,
and it occurs exactly once in both B and B.
Thus we have K™*(B,B) = 0 for m < 0 and
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K™5t1(B, B) = 1 for m > 0. In this way we can
compute K(B,B) = KM(B,B) using dynamic
programming in O(M?2S) time. (But keep in mind
that there is no need to use M > min{|B|, |B|}.)

Note that we could also generalize our kernel by
assigning length-dependent weights to the phrases.
The difference

Km’l(B,B) — Km’l(B7B) _ Km_l’l(B,B)
is actually the sum of B(t)B(t) computed over all
phrases t with ezactly m words (rather than at most
m words). If we want the kernel to act as if all the
frequencies ¢4(t) (and ¢ (t)) for phrases t of exactly
m words have been multiplied by some constant
weight w,,, we can compute this kernel thus:

Ku(B,B) = Yo Lo Wi K™ (B, B).
(Alternatively, K™ could be obtained using the
same recurrence as K"°, except that the trivial
case K™5*1 would be set to 1 only for m = 0,
while for m > 1 it would be set to 0.)

Now that we know how to compute K (B, B), we
can use this algorithm in the previously derived ex-
pressions for K (d, c:l:,k:,l;) and finally K (d,d). We
can compute K (d,d) in O(M?Sr7) time, where M
need only be as large as the length of the longest
window in the two documents d and d. As for S, it
can in fact also be defined separately for each pair
of windows, so that it needs only contain as many
words as the combined length of the two windows.
Some examples of practical interest include:

e Classical sliding windows of length [, i.e. r = n,
I, = {k,k+1,... ., min{k+1-1,n}}, Jp = {k}.
In this case we can use M <[, S =, yielding
O(M?In?). In practice one would typically not
be interested in very small phrases, limiting M
to e.g. 5 or less. Thus the time complexity is
practically O(In?).

e Ignoring proximity altogether. In this case we
have one window of length n: » = 1, | = n,
I, = J; = 1l..n, and thus the time complex-
ity is O(M?n?). For quite long documents it
would actually be more reasonable to assume
S < n, because not all words will be different;
S = O(y/n) would be a typical observation in
practice.

e Nonoverlapping windows of average length [
(e.g. one sentence per window), with Jy = I,
for all k. In this case we have O(M?1(n/1)?) =
O(M?n?/1).

e Sliding windows on the sentence level: each
window consists of p contiguous sentences,
each sentence being [ words long on average.
Words from the first sentence of the window
are distinguished indices for that window. In
this case we have r = n/l windows, each be-
ing Ip words long, for a time complexity of
O(M?*pn?/1).

4 Conclusions and future work

In this paper we presented a kernel that computes
the dot product of two documents under the loose-
phrase representation. The kernel is a natural gen-
eralization of the string kernels that have been pre-
viously described in the literature. In future work,
we intend to use this kernel in text classification
tasks to compare the performance of the loose-
phrase representation with that of the traditional
bag-of-words model.
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ABSTRACT

This paper is an overview of practical machine learning
and data mining solutions used in the IST World portal
(http://www.ist-world.org/). IST World portal is a
customized data mining application for mining research
related information. Machine learning and data mining
methods are used to tackle the problem of data
integration and data analysis. This includes automatic
classification, unsupervised clustering, multi
dimensional scaling, graph centrality measures and
graph drawing algorithms.

1 INTRODUCTION

In this paper we overview the data integration and analysis
functionality of IST World portal (http://www.ist-
world.org/) [1]; which is a web application built on top of
several machine learning and data mining algorithms.

The portal integrates information about research and
technology development actors such as organizations and
experts on a local, national and European level. The
functionality of the portal [2] aims at providing the user
with  assistance on discovering competence and
collaboration knowledge on researchers and research
organizations. It also shows the context of their co-
operation in the joint projects and publications.

To meet the described functionalities the portal is setup in
the form of a data mining application specifically
customized to discovering knowledge about research
projects, research papers, research organizations and
researchers [3] (In the rest of the paper we shall name all
of these as entities). The typical scenario of usage of the
application consists of two steps: (1) complex search and
navigation step to retrieve relevant information from the
data repository, (2) automated analytical and visualization
step to present the results. So first, in a selection step the
entities (organizations, experts, publications, projects) or
subsets of the entities that represent the target of interest are
to be specified by the user by making use of available
search and navigation functionalities. Second, in an
analysis step one of the analytical methods is applied upon
the retrieved set of entities and the results are presented by
a visualization technique.
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In order to implement the described knowledge

discovery functionality, data mining and machine learning
approach proves necessary. We use it (1) to integrate the
data imported from various data sources, (2) to perform an
off-line time demanding data analysis and (3) to provide
the efficient on-line analytic tools. The majority of the
used machine learning algorithms can be classified in to
the fields of either text mining or graph mining.
Section 2 of this paper describes the data integration
process and the machine learning and data mining
techniques which are used. Section 3 describes the offline
time demanding analysis of the data providing information
on the entities in the global context of all the data in the
repository. Section 4 describes the on-line analytical tools
which are used to discover knowledge on individual
entities in the context of a selected set of entities.

2 DATA INTEGRATION

Multiple data sources of the IST World portal cause the
problem of data integration. The data in the IST World
portal repository is imported from different types of public
data sources like national research databases, global
research paper databases or other sources like web crawls
[4]. Therefore the evident problem is identifying and
linking of the records from different data sources that
describe the same entity. The following content of this
section describes the integration approach we think is best
suited for the needs of the portal. This integration
approach will be implemented in the near future.
This problem of finding and resolving duplicate records is
also known as Record Linkage problem or Object
Identification problem [5]. This is a well known problem
and many solutions have already been suggested [5]. We
plan to use the following standard approach to solve the
problem: (1) we will produce a list of the candidate pairs
of records for merging. This is a standard step of Record
Linkage process also called blocking [5]. There exist many
different solutions for it. (2) We will decide on a given
candidate pair whether to merge it or not. This step of the
Record Linkage process is called matching [5] and many
solutions for it exist as well.

In the context of IST World portal we will seek
for the solution that best fits in the context of the data to be
integrated. The integration problem in IST World portal is



a consequence of different data sources describing the same
entity, which results in two or more database records about
the one entity. The two records from the two data sources
should therefore be combined into one record of the entity.
What is important that the task at hand is about merging
databases with mostly correctly typed names and therefore
the biggest problem at hand is the blocking of the entities.
Both of the Record Linkage steps in the context of the IST
World portal are supported by the use of machine learning
and data mining techniques customized to the context of
IST World as described bellow.

2.1 Blocking

It is our belief that since the data to be integrated in the IST
World Portal originates from well maintained databases,
that the blocking part of the linking process is the heavier
part of the problem. Therefore we try to exploit the full text
indexing and full text querying of the records stored inside
relational database in a novel way to identifying merge
candidate pairs quickly and efficiently. The full text
querying allows us to search for records that have
approximately the same name. Thus we will produce a
merge candidate record based on the full text indexing
similarity of the names of entities. The full text indexing
allows us to match records with the same words or same
inflection of the words regardless of their order. However it
does not allow us to match any records that may have been
mistyped and therefore do not share exactly the same
words. This technique is thus most suitable for records with
the correct spelling. As said, most of the data in the IST
World repository originates from well maintained
databases. This makes the problem of merging of two
entities with correctly spelled names much more frequent
than problem of merging of records with spelling errors in
their names. This later problem is mostly the problem of
merging the data entered into the database by hand. This
kind of data however only represents very small part of the
data to be integrated and is therefore not the primary goal
of the integration process. We will therefore use a full text
query to the database for each of M entities in the database
and produce a short list of length N, N << M of possible
matches according to the query results. This will produce a
merge list of size <= N*M. Which is a very good result in
comparison to the full block merge list M*M.

2.2 Matching

For deciding on the given merge candidate we will try to

implement several scoring algorithms and then use the semi

supervised approach to create a merging decision function

based on scores of the given merge candidate pair. We will

use the following two merge candidate scoring algorithms:

e String edit distance algorithm for scoring how close
two entity names are in terms of an edit distance [6].

e Cosine distance ranking of the fields associated with
the two candidate entities [7].
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Once the scores on the merge candidate pair are acquired a
semi-supervised learning of the decision function will be
implemented similar to [8]. Small set of training data will
be acquired either from the users of the IST World portal
or by the hand evaluation of the data.

3 OFF-LINE DATA ANALYSIS

The off-line part of the data analysis is performed to
compute time and space demanding statistics and
competence keywords of the entities in either the global
context of all the data held in data repository or in the
context of a single entity. This part of data analysis is
therefore performed in advance in the data preparation
phase.

The offline data analysis includes (1) supervised
learning for automatic classification of the entities (2)
graph mining for collaboration graph analysis and (3)
multi dimensional scaling for global competence diagram
computation. Please note that not all of the here mentioned
analysis functionalities have been implemented yet.

3.1 Automatic Classification

We have decided to classify all the entities in the data
repository into hierarchical classification scheme called
Open Directory Project (DMOZ1).

DMOZ is the largest, most comprehensive human-
edited directory of the Web. It is constructed and
maintained by a vast, global community of more than 70
000 volunteer editors that actively classify the internet
pages into hierarchical categories.

For the automatic classification we used the automatic
classifier into DMOZ provided by the TextGarden library
[9]. This classifier accepts as input textual description of
an entity and outputs the list of most suitable categories for
the input text.

For the purposes of the IST World we ran the classifier
on all the entities in our database and assigned each entity
the one most suitable category according to the constraint
list of the allowed and disallowed categories. All together
more than 200 000 entities were automatically classified
into the science branch of the DMOZ classification
hierarchy.

3.2 Entity Importance

We will try to capture the collaborative competence of
researchers and research organizations in the context of all
the data in the repository which constitutes a big
collaboration graph. Scalable graph mining methods will
be used to estimate different entity centrality measures
[10]. A centrality measure gives an estimate of importance
of a node in a social network. There exist many different
centrality measures which capture different notions of
node importance. We will compute the following centrality
measures:

! The DMOZ page can be found at http://dmoz.org



o Node Degree. Node Degree measures the number of
neighbours in the social network. It therefore captures
the importance of an entity with regards to the process
of communication that goes on in a social network.

e Betweenes. Betweenes measures the frequency with
which a node in a social network falls between pairs of
other nodes on the shortest paths connecting them. The
measure suggests that an entity is important if it is
strategically located on the communication paths
linking pairs of others.

e Closeness. Closeness measures how close on average a
node is to all other nodes in a connected graph. It
therefore captures the notion of ease of communication
with other nodes.

The centrality measures of the entities will provide different
interpretations of the importance of the observed entity.
Concern with communication activity will be answered best
with a degree-based measure. Interest in control of
communication requires a measure based upon betweeness.
Finally, a concern on either independence or efficiency
leads to the choice of a measures based on closeness.
Several standard algorithms exist for calculation of these
measures [10]. We will try to exploit the SQL query
language for its computation inside the relational database
engine.

3.3 Global Competence Diagram

Competence Diagram [2] is a visualization technique of
drawing the entity nodes in a two dimensional plane
according to the similarity of their textual description [12].
The Multi Dimensional Scaling of all the entities in the IST
World repository will be performed to project the entities
from a hyper dimensional space of their textual description
onto a two dimensional plane together with the most
important keywords and relations between them.

The computed two dimensional coordinates of most
important keywords together with the computed two
dimensional coordinates of every entity represent the
Competence Diagram which can be visualized on a screen.
The competence of every entity is described by the position
of the entity on the screen and by the relation of the entity
to the displayed keywords.

The computation of a global competence diagram
is time and space demanding [12]. It will be performed
using the TextGarden’s singular value decomposition and
multi dimensional scaling functionalities as described in
part in the Fortuna et al. [12] paper. The functionality is
extended by adding the keywords coordinates and
relationships. This is achieved by adding artificial
documents to the analyzed document collection. The
artificial documents are composed according to the singular
vectors computed in the process of singular value
decomposition. Another problem is scalability of the
computation which has to work for more than 100 000
entities. This is resolved using only the acquired artificial
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documents in the multi dimensional scaling step and then
computing the coordinates of the rest of the entities
according to their cosine distance to the projected artificial
documents. This work on extending existing Document
Atlas functionality [12] will be described more thoroughly
in the future papers.

4 ON-LINE DATA ANALYSIS

The on-line part of the data analysis is performed to
analyze the entities in the context of other entities
currently in the scope of the data selection step as
described in section 1. The analysis in the context of the
subset of other entities allows more informative results.
E.g. the keywords of an organization’s role in a project can
be computed according to other participants of the project.
Another example is displaying of Collaboration sub Graph
of only the authors of the certain paper. As this part of the
data analysis depends on the data selected in the selection
step, it can therefore not be performed in advance in the
data preparation phase and must be done in real time as the
user is on line and analyzing the data.

The online data analysis includes (1) Unsupervised
learning to calculate the Context dependant Competence
Diagram, (2) Unsupervised learning to calculate the
clustering of the entities and their time dependant display,
(3) Graph drawing algorithm for a nice display of
Collaboration Diagrams.

4.1 Context Dependant Competence Diagram

The context dependant competence diagram which we
present to our users is a visualization technique similar to
the global competence diagram described in section 3.3.
The difference from the global competence diagram is in
the selection of the entities to be visualized. The context
dependant competence diagram calculates the keywords
and the two dimensional coordinates based on the
currently selected set entities. This causes the keywords to
show the distinction in competence between the visualized
entities. This is different form the global competence
diagram which would take into an account the textual
description of all the entities held in the repository to
visualize the selected ones. It would therefore produce
descriptive competence analysis. As the competence
diagram computation is time demanding only a small
subset of less than hundred entities can be analyzed this
way in a timely fashion.

The context dependant competence diagram is
already implemented. It is built on top of the Document
Atlas [12] solution of the TextGarden library [11] as
mentioned in the section 3.3.

4.2 Clustering and Time graph Visualization

The IST World application will use an unsupervised
machine learning technique called hierarchical clustering
to produce hierarchical groups of selected set of entities
which have similar textual description. The intensity of the



groups’ activity over time as read from the relational
database will then is used to produce an interactive
visualization called time graph [13]. This diagram will
enable the user an interactive insight into how intensely
different research topics were addressed during the past
years.

4.3 Graph Drawing

The IST World web data mining application allows the user
to visualize the collaboration graph of the selected set of
entities. In order for the user to gain an insight into the
collaboration patterns of the selected entities the graph has
to be nicely visualized. We use the TextGarden’s graph
visualization utility [14] to perform graph visualization
optimization in real time. The algorithm presents the
drawing problem as an optimization problem, which is then
solved wusing the gradient descent algorithm. The
collaboration diagram is computed using a single SQL
query to the relational database engine.

5 CONCLUSIONS

We are developing a data mining application that will allow
its users to gain insight into competence and collaboration
details of the individual researcher, research organizations,
research projects and publications. In this paper we gave an
overview of the different machine learning and data mining
approaches for solving some of the problems of
implementation of the system. As the data in the IST World
repository has to be integrated, full text querying, string
matching and semi supervised learning methods will be used
to tackle the problem of blocking and matching. All the
context independent data analysis is performed in advance.
This includes automatic classification into DMOZ
hierarchical classification scheme, graph mining to estimate
different measures of importance of entities and global
competence diagram for evaluating the competence of the
entities in the scope of all the entities. The context
dependant data analysis must be performed online. This
includes context dependant competence diagram, clustering
of the selected set of entities and graph drawing
optimization algorithm. Not all of the approaches described
in this paper have been implemented yet.
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ABSTRACT

This paper describes an effort of using knowledge
technologies to gain insights into research activity, by
exploiting publicly available information on research
publications. The specificity of this paper is extending
the existing IST World database with information on
Serbian research publications. We describe the process
of information extraction applied in order to fill in the
database, based on publication references obtained
from the textual repository maintained by the
Secretariat for Science of the Serbian Province of
Vojvodina. An example shows how we can gain insights
into the collaboration and competence of authors.

1 INTRODUCTION

Information on research papers is available in different
formats, for instance, a list of authors and the paper title.
Electronic forms and large amount of such information
naturally leads to development of different methods for
enabling analysis of the data. In this paper we deal
knowledge technologies for  analyzing  research
publications.

The IST World portal [2] consists of innovative
functionalities that help to promote RTD competencies and
facilitate and foster the involvement of different research
entities in joint RTD activities. It is based on the original
idea of Project Intelligence [5]. The portal contains
information about RTD actors on the local, national and
European level (harvested from existing databases and with
Web mining techniques), such as persons, research groups,
organizations, projects, and their experience and expertise.

Vojvodina, the northern province of Serbia, is home
to many educational and research institutions, most of
which operate under the umbrella of the University of Novi
Sad, and cover practically every field of science. In 2004,
the Provincial Secretariat for Science and Technological
Development of Vojvodina started gathering data from
researchers employed at institutions within its jurisdiction.
Every researcher was asked to fill in a form, provided as an
MS Word document, with complete citations of all his/her
authored publications, among other data. The gathered
information is available in unmodified form on the Web
site of the Secretariat: http://apv-nauka.ns.ac.yu.
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We show how to obtain a collaboration graph based on
this data, expressing coauthorship of papers. Competencies
of the authors and organizations are analyzed using
competence map based knowledge technologies [4]. The
rest of the paper is organized as follows. In Section 2, we
describe the data and the extraction process. Section 3
summarizes the functionalities of the IST World portal,
while Section 4 illustrates collaboration and competence
analysis of extracted data. The last Section concludes, and
gives guidelines for possible future work.

2 INCORPORATING PUBLICATION DATA

The process of incorporating publication data consists of
data preprocessing and importing into an existing
database. This section provides the data description and
details on the information extraction process.

2.1 Serbian Data Description

At the time of writing, the collection of documents (with
the last update made on July 6, 2006) includes 2,278
researchers from 60 institutions, making the task of
manually extracting bibliographical data infeasible for us.
We resorted to programming an extractor in Java which, at
this time, is able to automatically isolate every researcher’s
name, affiliation, and list of citations, and save the data in
form of [3] compliant XML files, to enable quick import
of the data into the existing IST World relational database.
Furthermore, the extractor compares citations between
different authors, detecting coauthorships between
researchers who are included in the collection.

The form to be filled by every Serbian researcher
consists of a sequence of tables starting with basic data
(name, year of birth etc.), continuing with the tables
corresponding to publication types as prescribed by the
Serbian Ministry of Science and Environmental Protection.
Publication types are labeled by a code of the form Rxx,
where xx is a two-digit number. The codes of interest have
the first digit in {1,2,5,6,7}, which corresponds to
published papers and book chapters, and excludes
technical solutions (3) and patents (4). A sample entry is
shown in Table 1. We observed that within the tables, the
citations were usually entered enclosed in isolated
paragraphs or numbered lists.



Spisak rezultata R52 - Rad u ¢asopisu medunarodnog znacaja.

Medunarodne ¢asopise i druge navode rangirati (koeficijent R) prema Science Citation *Index-u (Journal
Citation Report) odnosno prema kategorizaciji radova, verifikovanih od strane odbora Ministarstva.

Broj 10

of Science, University of Novi Sad, Novi Sad).

1. Badonski, M., lvanovi¢, M., and Budimac, Z., Software Specification using LASS. In Proc. of ASIAN ‘97 (Kathmandu, Nepal), Shyamasundar, R. K.
and Ueda, K, eds., Lecture Notes in Computer Science vol. 1345, Springer Verlag, Berlin, 1997, pp. 375-376.
2. Budimac, Z. MaSulovi¢, D., Linda as an Abstract Data Type for Concurrent Programming, Novi Sad J. Math 28 (1998) 2, 173-186 (Publisher: Faculty

Table 1: Example entry in the form. R52 corresponds to papers published in international journals of category 2.

2.2 Information Extraction and Import

The present version of the extractor (2.0.2) is able to isolate
a total of 101,672 bibliographic units, written in at least
five different languages, from current data, and detect
24,262 binary coauthorships, making the total number of
citations in the database 77,410. (A paper appearing in n
researchers’ forms can have a maximum n-1 detected
coauthorships.) The researchers’ names and affiliations are
extracted from the HTML page on the Web site of the
Secretariat in a straightforward fashion, which left the
biggest challenge in processing the citation data from MS
Word documents.

Parsing. Since the only reliable option for accessing the
content of MS Word documents from computer programs
at this time is to use the Visual Basic for Applications
(VBA) macro language, we found it more convenient to use
VBA only to bulk convert all documents to HTML format,
and do all actual extraction from HTML. The HTMLParser
open source library is used to process the generated HTML
files, and isolate the DOM trees of <TABLE> tags
corresponding to tables containing the citations of interest,
as described in Section 2.1. Further extraction of citations is
done using the following scheme: since it was observed that
isolated paragraphs and numbered lists in Word documents
correspond to <P> and list tags in generated HTML, the
citations were “read out” from fixed positions in the DOM
trees of <TABLE> tags, taking into account only the two
above possibilities.

Somewhat surprisingly, this simple scheme turned out
to be rather effective at retrieving strings containing valid
citations, although we are unable to give precise figures for
precision and recall of detection. After observing the
isolated citations, we removed from the collection the 59
forms which were obviously not parsed correctly within
this scheme (the citations were either divided up into
several, or lumped together). We also removed 62 forms
which were filled in using the Cyrillic alphabet, since we
elected to leave the conversion of Cyrillic letters for a later
date. From the remaining forms, the parser could not
correctly process 444 tables (out of a total of 39,688),
which roughly corresponds to 17 whole forms. All this
amounts to 138 unprocessed forms, putting the upper
bound on recall to around 94%. Considering that the
average number of detected citations per researcher is
44.63, common sense suggests that true recall should not be
an order of magnitude smaller. At the same time, directly
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observing the recognized citations led us to a conclusion
that precision is not worse than about 97%. We consider
these estimates of precision and recall to be completely
satisfactory for such a simple extraction scheme.

Coauthorship Detection. In order to calculate the
similarity of two citations, with the intention to determine
a coauthorship relation, the extractor uses an optimized
version of the algorithm given in [7]. The algorithm
calculates the similarity between two strings by computing
the ratio between the number of shared 2-grams (letter
pairs) and the number of all 2-grams in both strings,
disregarding  whitespace, punctuation marks and
capitalization. The described ratio is multiplied by two to
keep the resulting measure between 0 and 1. The reason
for using 2-grams instead of, for instance, whole words,
lies in the observed “dirtiness” of manually entered
citation data: typographical errors, different or missing
information, various citation conventions used (resulting in
different ordering of citation information) etc. After
parsing a researcher’s form and extracting a list of
citations, every citation is compared to all citations already
in the database which contain the researcher’s last name
(actually, its first word), retrieved using a maintained
index. If the best match of a given citation does not exceed
a predetermined similarity threshold (currently set at 0.63
after examining several test cases), the citation is entered
as a new one into the database. Otherwise, a coauthorship
relation is established, and the entry for the currently
processed citation of the researcher is set to refer to the
citation already in the database.

As with citation recognition, it is difficult to evaluate
the detected coauthorships. Nevertheless, on a sample of
the extracted data for colleagues from the Faculty of
Science at the University of Novi Sad, we detected no
wrongly assigned citation coauthorships, estimating
precision close to 100%. As for recall, we can only state
that the detected 24,262 coauthorships seems a reasonable
number, considering that authors whose forms are not
included in the collection are not taken into account, and
that the figure exceeds our initial intuitive expectations.

3 THE IST WORLD PORTAL

IST World [1,2] system allows integration of different data
sources into a common database. It currently includes data
on research publication and RTD projects from several
European countries using different languages. In this paper




we describe the process of extending the database on an
example of incorporating data on Serbian research
publications. The IST World portal enables the following
functionalities:

Data integration — the main goal is to integrate multiple
data sources with similar but different structure into one
data structure existing on several levels.

Central data structure — the central data base is organized
in a big social network (graph structure) which is organized
on several levels: countries, organizations, departments and
individuals.

Cross Language Technologies — the data collected in the
project is multilingual meaning it is possible to compare the
documents written in different languages and be able to
identify (despite different languages) the similarity of their
contents.

Text mining — enables different analysis of textual data
including multi dimensional scaling and latent semantic
analysis.

Link analysis — enables community identification and
analysis of temporal networks.

Visualization — enables fast graph drawing techniques
developed recently at JSI and some text visualization
techniques developed in collaboration with Microsoft
Research and at SEKT project.

4 SERBIAN RTD ANALYSIS ILUSTRATION

Once the data is imported we can perform any of the
analysis supported by the IST World portal. This section
describes an example collaboration and competence
analysis of Serbian researchers and organizations.

Collaboration. Figure la depicts the collaboration
diagram of organizations, where weighed arcs represent the
number of publications mutually coauthored by their
affiliates. The diagram is configured to show only the
strongest 10% of the arcs, allowing us to get an overview of
the most important connections between organizations (at
the research level). By far the strongest bond (512
publications) is between the Faculty of Agriculture
(Poljoprivredni fakultet) and the Institute of Field and
Vegetable Crops (Institut za ratarstvo i povrtarstvo), which
is in tune with Vojvodina being a highly agricultural region
with a long tradition of research in this area. The Faculty of
Agriculture also has strong ties with the Veterinary Institute
(naturally), and also with the Faculty of Science (Prirodno-
matematicki fakultet), a possible result of many graduates
of the latter being employed by the Faculty of Agriculture,
according to the authors® experience. The Faculty of
Science, on the other hand, also collaborates strongly with
the Faculty of Technical Sciences (Fakultet tehnickih
nauka) via its Department of Physics and the Department of
Mathematics and Informatics; with the Faculty of
Technology (Tehnolo3ki fakultet) through its Department of
Chemistry; and with the Faculty of Medicine through the
Departments of Biology and Chemistry. The most
surprising link on the diagram, between Faculties of
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Medicine and Philosophy, upon closer inspection turned
out to be due to an error in the original data: the faculties
employ two different researchers with the same first and
last name (Slobodan Pavlovi¢), and in the collection they
were mistakenly represented by identical forms, resulting
in the extractor perfectly matching all 148 publications.

Figure 1b shows the collaboration diagram of
researchers, where weighed arcs denote the number of
coauthored publications. The graph is configured to
include only the top 1% of arcs, revealing the cream of the
Vojvodinian scientific community. The subgraph of five
mutually cooperating researchers is the group of
cardiologists and cardio surgeons gathered around
Ninoslav Radovanovi¢, the recently retired chief of the
Institute of Cardiovascular Diseases in Sremska Kamenica
(all researchers are also affiliated with the Faculty of
Medicine). The most prominent cooperations also include
Ratko Nikoli¢ — Timofej Furman from the Faculty of
Agriculture, Spasenija Milanovi¢ — Marijana Cari¢ and
Jasna Gvozdenovi¢ — Vera Lazi¢ from the Faculty of
Technology, and the already mentioned Slobodan Pavlovi¢
— Slobodan Pavlovi¢, who are actually the same person.

Competence. The competence diagram consisting of
researchers form the Faculty of Science is shown in
Figure 2. The intention of the diagram is to cluster
researchers around colored regions representing
competencies, which are labeled by terms extracted from
the titles of publications. Unfortunately, the current
version of the extractor does not attempt to extract titles
from the citation data, and thus whole citations are used
instead of titles for producing competence labels.
Nevertheless, the introduction of such noise words did lead
to an interesting effect: researchers are now being placed
around names of their prominent colleagues (Matavulj,
Skrinjar, Budimac, Dalmacija...), who now represent
another way of labeling competence.

5 CONCLUSIONS AND FUTURE WORK

It is important to note that, with the current state of the
extracted data, no collaboration or competence analysis
can be considered “the whole truth,” since we are unable
to give firm guarantees on the recall of extraction. Despite
this, the general relationships that are observed between
organizations and researchers do generally comply with
our general picture of Serbian research, suggesting that
precision of extraction is adequate.

Currently, the extractor processes only whole citations,
with no attempts to isolate the author list, title, journal or
conference name, publication date and similar information.
Although the task is difficult, when considering the variety
of used citation conventions and languages, it may be
worthwhile to attempt in future work, because it would
allow expressing many other relations beside coauthorship,
for instance: being in the same conference/journal issue,
same conference stream/journal, or similar conf./ journals
[6]. It would also permit the generation of competence



maps which are cleansed of noise words appearing in the
whole citations. Performing a more comprehensive study in
order to tune the similarity threshold and improve precision
and recall of citation matching is another, more immediate
area for exploration, as well as improving citation
recognition by implementing more parsing schemes and
Cyrillic letter conversion.

Besides illustrating how knowledge technologies can
help gain interesting and useful insights into the
relationships between people and organizations, we have
also seen that they can help locate and eliminate errors in
original data. Such cooperation of extraction and analysis
will be beneficial to both phases in the process of further
extending the IST-World database.
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ABSTRACT

The motivation for this study was to learn to
predict forest fires in Slovenia using different data
mining techniques. We used predictive models
based on data from a GIS (geographical
information system), the weather prediction
model - Aladin and MODIS satellite data. We
examined three different datasets: one only for the
Kras region, one for whole Primorska region and
one for continental Slovenia. On these datasets we
applied logistic regression and decision trees, as
well as random forests, bagging and boosting of
decision trees, in order to obtain predictive models
of fire outbrakes. Best results in terms of
predictive accuracy were obtained by bagging
decision trees.

1 INTRODUCTION

Forest fires cause significant material damage in the
natural environment. A large number of fires is
caused by humans, although other factors like
drought, wind, topography, plants etc., also have an
important indirect influence on fire appearance and
its spreading. The fire threat in Slovenia is increasing
because of the processes of abandonment of farmland
and spontaneous afforestation (increasing the fire
fuel) and the increase of recreation in the natural
environment.

Fire prevention is the first step in reducing the
damage caused by fire and estimation of fire
movement is very important for successful fire
prevention, organization of prevention measures and
optimal storage of firefighting resources. An
important tool for fire movement estimation is
modeling of the relations between the fire threat and
the influence factors. Because these factors are more
or less geograpicaly determined, these types of
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models are usually developed within GIS
(Geographical Information System). GIS is a
computer system capable of capturing, storing,
analyzing, and displaying geographically referenced
information; that is, data identified according to their
location.

There are already two systems operating in Slovenia
used for fire threat assesement in the natural
environment. One is operated by the Forest Institute
of Slovenia and the other by Slovenian environment
agency. The main problem of these systems is that
they are outdated and unreliable and tend to spatialy
and temporaly over-generalize the results. It is
possible to improve the models by enhancing the
layers of the input data for the influence factors (GIS
part), by increasing the thematic and spatial details,
as well as including a database of past fires. The
performance of these systems could be improved
with employement of better data modeling techniques
based on advanced machine learning methods.

The intention of this study is to improve the existing
models by including additional data from GIS,
ALADIN (Aire Limitée Adaptation dynamique
Développement InterNational), MODIS (Moderate-
resolution Imaging Spectroradiometer) and the data
on the forest stand height and canopy cover [12] . In
addition, we extended the validity of the models to
the whole territory of Slovenia.

The rest of the paper is structured as follows. In
section 2 we explain the data used in this study.
Section 3 describes the data mining techniques used
to build the predictive models of fire outbreaks. In
section 4 we explain the experimental setup and in
section 5 we present and discuss the results. Section 6
gives the conclusions and future work.

2 DESCRIPTION OF THE DATA



In this study we apply data mining techniques and
compare their performance (accuracy, precision,
recall) to three datasets that contain data from
different regions of Slovenia: Kras region in western
Slovenia, whole Primorska region, and the
continental Slovenia. The task is to predict the fire
outbrakes.

The descriptive data is divided into 3 groups:

e GIS data (geographic data, part of the land with
forest, field, urban part, distance from roads,
highways, railways, cities etc.)

e Multi-temporal MODIS data: daily records for
average temperature for specific quadrant and
average net primary production. The data covers
one year period.

e Meteorological ALADIN data (temperature,
humidity, sum energy, evaporation, speed,
direction and course of the wind, transpiration
etc.)

The spatial measure used was 1x1 km? quadrant, and
every spatial and time attribute was adjusted to this
resolution.
The GIS data contains time independent attributes for
every quadrant. The attributes describe the following
GIS properties: ID for every quadrant in Slovenia,
median of altitude above sea level, median of the
grade of relief in gradients referred to DMR100
(Digital Relief Model), modus of exposition of the
relief referred to DMR100, distance of roads,
distance of cities, distance of railways (if the values
are above 15.000 m, 15.000 m is assumed), share of
specific land usage in a quadrant (e.g. fields, gardens,
forests, buildings and others).

From NASA archives (MODIS satellite) we obtained

public data of land temperature and net primary

production of plants for the period of 5 years (2000 -

2004) with spatial resolution of 1 km and time

resolution of 8 days. Multi-temporal satellite MODIS

data, implicitly give information about the response
of the vegetation in periods of drought and the types
of fire fuels. The data is daily dependant. The

MODIS attributes describe the following properties:

average temperature in Kelvin for a specific quadrant

for the day x of the year (we have 46 values and

temperatures for every 8 days. x takes the values of 1,

9, 17, 25, ..., 361), average net primary production

for a specific quadrant for the day x of the year.

The ALADIN data contains meteorological

predictions of the weather. They are issued daily

from the Environmental Agency of the Republic of

Slovenia. The data includes weather predictions for

every 3 hours (00.00-21-00 UTC) of 10 weather
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attributes.  The  attributes are:  atmospheric
precipitation, sun radiation energy, velocity and
direction and gust of wind, evapotranspiration,
transpiration, evaporation, relative humidity and
temperature. For the three hours of weather data we
decided to study the time interval from 12.30 to
15.30. This particular time interval was selected
because of the great danger of fire at these hours, as
shown from the Aladin data, given in UTC time
(winter/summer season is not a factor). An average
daily prediction is added to help in removing the
noisy data. All of the 10 parameters were averaged
for 1, 2, 4 and 14 days.

For the Kras region we also used 3D vegetation data
from LIDAR and LANDSAT images. This data
contains attributes that describe the height and
structure of vegetation in the Kras region. The values
of the attributes were calculated from the LANDSAT
and were calibrated with LIDAR. All the data are
aggregated to 1 km quadrants and have a resolution
of 25 x 25 m. The LANDSAT based data describe
the following forest properties: average tree canopy
height, forest canopy cover, maximum height of the
vegetation above the ground, height above the
ground that reaches some percentage (99%, 95%,
75%, 50%) of forest biomass. For every attribute we
obtain 4 statistic measures — minimum, maximum,
average and standard deviation on 1km quadrant.

For building predictive models of forest fires we need
positive and negative examples of fire occurrences.
Positive examples of fires are locations in the past,
where we have noticed the fire occurrence along with
the date and hour. Negative examples are represented
by an equal number of points with random time
stamps and randomly located within the areas at least
15 km away from any positive example detected in
timestamp + 3 days [11]. This algorithm gives
precedence to the area that had smaller probability of
fire occurrence in a defined period. Locations of the
positive and negative examples of fire occurrence
were spatially and temporally linked to the
descriptive data. The data for locations of fire
occurrences (positive examples) were obtained from
the Administration for Civil Protection and Disaster
Relief of Slovenia and the Forestry Institute.

3 DATA ANALYSIS METHODOLOGY

The data were analyzed with several different data
mining algorithms for classification implemented in
WEKA data mining system [4].We used: logistic



regression, random forests, decision trees (J48),
bagging and boosting ensemble methods.

Logistic regression is part of a category of statistical
models called generalized linear models [6]. Logistic
regression allows prediction of a discrete outcome,
such as group membership, from a set of variables
that may be continuous, discrete, dichotomous, or a
mix of any of these. Generally, the dependent or
response variable is dichotomous, such as
presence/absence or success/failure. There are two
main uses of logistic regression. The first is the
prediction of group membership. Since logistic
regression calculates the probability or success over
the probability of failure, the results of the analysis
are in the form of an odds ratio. Logistic regression
also provides knowledge of the relationships and
strengths among the variables.

Random forest [10] is an ensemble of unpruned
classification or regression trees, induced from
bootstrap samples of the training data, using random
feature selection in the tree induction process.
Prediction is made by aggregating (majority vote for
classification or averaging for regression) the
predictions of the ensemble. Random forest generally
exhibits a substantial performance improvement over
the single tree classifier.

J48 algorithm [4] is an implementation of the C4.5
decision tree learner [5]. The algorithm for induction
of decision trees uses the greedy search technique to
induce decision trees for classification. There are
many parameters which can be tuned in order to
obtain better models with respect to the accuracy (or
other parameters which can be used as measure for
the quality of the model). These parameters allow
greater control of the user in the process of learning
the models.

Often multiple versions of a classifier give better
results than the individual base classifier, because of
combining the advantages of the individual classifiers
in the final (aggregated) classifier. The simplest way
to do the “aggregation” in the case of classification is
to take a vote (perhaps a weighted vote); in the case
of numeric prediction, to calculate the average
(perhaps a weighted average).

Bagging predictors [7] is a method for generating
multiple versions of a predictor (making bootstrap
replicates of the learning set and using these as new
learning set) and using them to get an aggregated
predictor. In bagging all models receive equal
weight. Bagging produces very accurate probability
estimates from decision trees and other powerful, yet
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unstable, classifiers. However, a disadvantage is that
bagged classifiers are hard to interpret.

Boosting is based on the observation that finding
many rough rules of thumb can be a lot easier than
finding a single, highly accurate prediction rule [8].
The boosting algorithm calls this “weak” or “base”
learning algorithm repeatedly, each time feeding it a
different subset of the training examples (or, to be
more precise, a different distribution or weighting
over the training examples). A widely used method
for boosting is AdaBoost [9]. AdaBoost calls a given
weak or base learning algorithm repeatedly in a series
of rounds. The algorithm maintains a distribution or
set of weights over the training set. Initially, all
weights are set equally, but on each round, the
weights of incorrectly classified examples are
increased so that the base learner is forced to focus
on the hard examples in the training set. At the end
predictions of all weak rules are combined into a
single prediction with weighted voting.

4 EXPERIMENTAL SETUP

As it was described in Section 2 the purpose of this
study is to learn predictive models of forest fires
outbreaks. The experiments are performed on three
datasets for different regions of Slovenia: Kras,
Primorska and continental Slovenia. The Kras dataset
contains 159 attributes and has 1439 examples. The
Primorska dataset has 129 attributes and 2442
examples. The third dataset for continental Slovenia
has 129 attributes and 8476 examples. For all
datasets the target attribute is nominal and predicts
the possibility of fire occurrence (0-no, 1- yes). For
conducing the experiments we used WEKA [4] data
mining system. Several algorithms were used in the
experiments: logistic regression, random forests, J48
(WEKA'’s implementation of decision trees), bagging
and boosting of trees.

All of the methods were used with the default
parameters. Ensemble methods were run in 10
iterations. The validation of the models was done
using 10 fold cross — validation.

5 RESULTS AND DISCUSION

In this section, we present the results we obtained
from the experiments. In Tables 1-3 we present the
performances of the experiments in terms of
precision, recall, accuracy and kappa statistics for
each of the datasets respectively. Precision and recall
in this case are calculated for the class 1 (fire



occurrence=yes). Kappa statistics is used to evaluate
the agreement between predicted and observed
nominal values in one dataset, while correcting for
agreement that occurs by chance.

Algorithm Precisio | Recall | Accuracy | Kappa
n

Logistic reg. 0.696 0.563 0.772 0.461

Random F. 0.751 0.585 0.797 0.517

J48 0.639 0.652 0.761 0.465

Bagging 0.754 0.652 0.812 0.560

Boosting 0.725 0.658 0.790 0.520

Table 1 Performances of DM algorithms on Kras

data
Algorithm Precision | Recall | Accuracy | Kappa
Logistic reg. 0.826 0.849 0.834 0.668
Random F. 0.820 0.903 0.852 0.703
J48 0.810 0.810 0.809 0.618
Bagging 0.850 0.878 0.860 0.721
Boosting 0.839 0.867 0.856 0.712

Table 2 Performances of DM algorithms on
Primorska data

Algorithm Precision | Recall | Accuracy | Kappa
Logistic reg. 0.831 0.855 0.840 0.679
Random F. 0.823 0.877 0.843 0.703
J48 0.809 0.819 0.812 0.624
Bagging 0.846 0.856 0.849 0.698
Boosting 0.842 0.855 0.844 0.688

Table 3 Performances of DM algorithms on
continental Slovenia data

From the results we can conclude that Bagging of decision
trees shows the best results in terms of predictive
accuracy, precision and kappa statistics compared to the
other algorithms.

5 CONCLUSION AND FUTURE WORK

In this work we built predictive models of forest
fires. The models were based on GIS, MODIS and
Aladin data. The experimental results showed that
bagging of decision trees gives the best results in
terms of accuracy for all three datasets. In further
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work we would like to use some feature selection
algorithms and try to extract the relevant features and
try to further improve the accuracy of the models.
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Abstract

This paper work is focused on the comparison of
different data mining techniques and their performances
by building predictive models of forest stand properties
from satellite images. We used the WEKA data mining
environment to implement our numeric prediction
experiments, applying linear regression, model
(regression) trees, and bagging. The best results (with
regard to correlation) we obtained by bagging model
trees for considered target attributes.

1 Introduction

The main idea for this study is to supply more
consistent and more accurate supporting information to the
forest monitoring system, in order to predict the
accumulated forest biomass. The Slovenian Forestry Service
operates such a monitoring system [2], which periodically
provides a wide range of forestry related information using
an extensive network of permanent field sample plots
throughout Slovenia. This system is tested and it is proven to
be reliable, but it is also very labor-intensive and costly.
Furthermore, some of the forest stand attributes, such as
canopy cover, can only be roughly estimated by visual
observation. Other items, such as forest stand height, can be
monitored only seldom due to technical difficulties of field
measurements.

The work in this paper is focused on the comparison of
different data mining techniques and their performances by
building predictive models of forest stand properties from
satellite images. These predictive models were formed on
multi-temporal Landsat data, calibrated with remotely
sensed data, acquired by very high resolution airborne laser
scanning (ALS), also termed LIDAR (Light Detection and
Ranging).

LIDAR is one of many laser remote sensing techniques
[3] that is used in forestry for estimation of different
parameters. Because of its immediate generation of 3D data,
high spatial resolution (in the order of a few centimeters)
and accuracy, ALS data is becoming popular for detailed
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measurements of forest stand height and estimating other
forest stand parameters [1]. By model-based extrapolation
from a lidar-scanned spatial sample to a wide area coverage
conventional optical remote sensing products such as those
from the Landsat Enhanced Thematic Mapper Plus
(Landsat ETM+) sensor can play an important role in
bringing lidar into main-stream forestry practice.

Landsat Thematic Mapper (TM) is a multispectral
scanning radiometer that was carried on board Landsats 4
and 5. The Landsat Enhanced Thematic Mapper (ETM) was
introduced with Landsat 7. ETM data cover the visible,
near-infrared, shortwave, and thermal infrared spectral
bands of the electromagnetic spectrum.

The description of the data together with the main
target attributes used in our prediction analyses are
presented in Section 2. Overview of the data mining
algorithms we used in the analyses for generating predictive
models is given in Section 3. In Section 4 we give the
experimental setup. In Section 5 we present and discuss the
experimental results and in Section 6 we present the
conclusions and give pointers to future work.

2 Data description

The study area encompassed 72226 hectares of the
Kras region in western Slovenia. It is covered by a highly
fragmented landscape of forests, shrubs and pastures. The
forests contain mostly oak (Quercus pubescens) and pine
(Pinus nigra) of various ages and stand compositions. Multi
spectral Landsat ETM+ data were acquired on August 3rd
2001, May 18th 2002, November 10th 2002, and March
18th 2003, thus capturing the main phenological stages of
forest vegetation in the area. The Landsat imagery was first
geometrically corrected by orthorectification. Each of the 4
Landsat images was then segmented at two levels of spatial
detail. The average image segment sizes were 4 ha for the
fine segmentation and 20 ha for the coarse segmentation.
Based on the data within each image segment 4 statistics
(minimum reflectance, maximum reflectance, average
reflectance, standard deviation of reflectance) were
computed for each date, for each segmentation level, and



for each of the Landsat image channels (2, 3, 4, 5, 7) and
this way 160 explanatory variables were derived for forest
modeling. As the borders of individual segments were not
identical between dates and segmentation levels, all 160
variables values were attributed back to individual image
pixels.

The 11 target variables describing the forest were
computed at the level of 25 m by 25 m squares from the
LIDAR data set, corresponding to Landsat pixels. For the
purposes of our analyses we used only two target variables -
canopy cover and forest stand height. Therefore, we will
mention and describe them briefly in the rest of this section.

The forest stand height (FSH) for each square (or
Landsat pixel) was computed by averaging the heights of the
LIDAR-based normalized digital surface model (nDSM)
within the 25 m square. A nDSM is a high resolution raster
map showing the relative height of vegetation above the bare
ground.

The canopy cover (CC) within this study is defined as
the percentage of bare ground within a 25 m square (or a
Landsat pixel), covered by a vertical projection of the
overlying vegetation, higher than 1 m.

3 Data mining methodology

According to our motivation for this study, our aim was
to see how other/different data mining techniques would
apply to the given dataset in order to improve the results
gained from previous analyses [7] with the same data.

This time the analyses were made only in the WEKA
environment, concentrating on the learning schemes and
their performances that would best fit to our problem.
Because of the numeric nature of the data, we used linear
regression, model and regression trees, and bagging.

3.1 Linear Regression

When we are dealing with numeric prediction problem,
as is the case in this study, linear regression is the most
natural technique to consider. The idea is simple: to
represent the class (target attribute) x as linear function of
the attributes a;,...,ax with predetermined weights wy, ..., Wy

X=Wo+tWias+Woay+ ...+ W =
=WpaptWiagtWeax+ ...+ Wiay |

if we assumed ap= 1.
The method of linear regression is basically the

appropriate choice of the weight coefficients, w; j=0,..k,

from the given training data. Corresponding ones should

minimize the sum

n . .

Z(X(I)_y(l)) ,

i-1
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j=0
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of the squares of the differences between the actual x W and
the predicted y(')values of the class of the i-th instance over

whole training set. [6]

Linear regression is simple and basic numeric
predictive scheme, which fits very good in many statistical
analyses for decades. Because of the linear representation
of the class value, is obviously that even this model is very
simple, it has the disadvantage of suffering from linearity.
Not every dataset can follow linear dependency. In that case
the best-fitting line that can be found in order of least mean-
squared difference will represent the class.

3.2 Regression and model trees

Regression and model trees [4] both derive from the
basic divide-and-conquer method for decision tree
construction. Once the basic tree has been build,
consideration is given to backward tree pruning from each
leaf as with ordinary decision trees [6]. Exception from the
ordinary decision trees is the value stored at each terminal
node (leaf). If the leaf is represented with single predicted
numeric value-average value of the class value of the
instances that reach the leaf, we have described regression
trees. If we combine regression trees with the simple linear
regression method (subsection 3.1), we get a more
sophisticated representation of regression trees called model
trees. These trees include linear regression model for class
value prediction of the instances that reach the particular
leaf. Model trees are smaller, more comprehensible and
perform better prediction accuracy compared with
regression trees.

3.3 Bagging

Combining multiple models outputs, in order to make
decisions more reliable, is very logical approach in data
mining methodology that has been used very widely.
Several machine learning techniques, among them bagging,
apply this approach by learning an ensemble of models and
using them in combination. Despite the disadvantage of
being difficult to analyze, often their improvements in the
predictive performances compared to single model ones, is
one of the key-reasons for their successful employment
both in numeric prediction and classification tasks.

Bagging (stands for “bootstrap aggregating”) is
complex learning method that combines two concepts:
bootstrapping [9] and aggregating presented by Breiman
[5]. Bootstrapping is a sampling procedure based on
random selection with replacement. When applied to the
original training set X = (X4, X5, ..., X;) with n instances,
it alters it by deleting some instances and replicating others

in order to create a new one X°=(X?, X5 ..., X2) with

the same size. Bagging then learns predictive models over
these artificially derived training sets and uses them to
generate an aggregated predictor. Aggregating actually
means combining of classifiers. The aggregation averages



over the models outcome when predicting a numeric target
attribute and does plurality vote when predicting a class [5].

The bootstrap procedure is obviously a significant factor
that contributes in bagging performances, because in this
way can be avoided the possible outliers (instances that
misrepresent the real data distribution) in the original
training set. Therefore, bagging is helpful for building better
classifiers on training sets with outliers. In bagging,
bootstrapping and aggregating techniques are implemented
in the following way:

1. Repeatforb=1, .., B

a) Take a bootstrap replicate X" of the training dataset
X.
b) Construct a base classifier C°(x) on X".

2. Combine base classifiers C°(x), b = 1, ..., B, by the
simple majority vote (or by averaging their outcomes) to a
final prediction.

Considering Breiman’s analyses, bagging could give
substantial accuracy improvements when applied on
unstable prediction methods as classification and regression
trees are.

4 Experimental setup

As described before, we learn to make predictions about
the forest stand properties by using Landsat images. The
prediction task consists of building predictive models by
using data mining algorithms and validating the models by
using standard validation techniques.

The WEKA [6] workbench includes a wide collection
of machine learning algorithms and provides an environment
that enables WEKA users to test and compare different
learning techniques over their performances. Due to our
main idea, we used the WEKA data mining environment to
implement our numeric prediction experiments for
comparison of the learning algorithms described in previous
section.

All experiments we made were on the dataset described
in detail in Section 2. The dataset consisted of 160
descriptive attributes and 11 target attributes of which two
(forest stand height (FSH) and canopy cover (CC)) were
used for the prediction task. All descriptive and target
attributes were numeric. The dataset has 64000 examples of
which 60607 describe the