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Predhovor

Tvoriva dielia venovand inteligentnym a znalostne orientovanym technologiam
(Workshop on Intelligent and Knowledge Oriented Technologies) sa konala treti raz.
Zda sa, ze neformalne stretavanie vyskumnikov zaujimajucich sa o tato problematiku
ma nejaky zmysel. Dnes, ked nie je nudza o najroznejSie vedecké podujatia na naj-
roznejsie témy, samozrejme vratane tém, patriacich do tejto problematiky, musi kazdy
takyto projekt viac ako kedykol'vek predtym hl'adat” d6évody, pre ktoré by sa ho vy-
skumnici zucastnili.

Nastastie, prvym a najhlavnej$im dévodom je prirodzena potreba vyskumnikov po-
rozpravat’ svoje problémy a vysledky niekomu, kto im porozumie a pripadne zareagu-
je. Vymena skuisenosti alebo konfrontacia nazorov su pre pokrok vo vyskume vel'mi
uzitocné. Hlavnou ambiciou tvorivej dielne WIKT je umoznit’ takéto stretavanie sa
vyskumnikov. Oblast’ inteligentnych a znalostne orientovanych technologii je dosta-
tocne atraktivna oblast’ vyskumu, ktora pritahuje viaceré pracoviska aj jednotlivych
vyskumnikov, aby v nej uskuto¢niovali vyskum v slovenskom alebo $irSie slovensko-
Ceskom priestore. Na druhej strane, je pravdepodobne dobré, Ze existuju aj ,,skrom-
nejsie” vedecké podujatia, povedzme na regionalnej Grovni, ktoré poskytuji potrebné
zazemie alebo podhubie, infrastrukturu vedeckej komunikacie pre vysledky in statu
nascendi, z ktorych sa dufajme vypracuju — aj vd’aka takymto prilezitostiam — silné
vedecké vysledky na Spickovej medzinarodnej tirovni.

Hlavné témy tejto pracovnej dielne su:

— znalostné technolodgie a ich aplikacie

— modelovanie znalosti a ontologie

— sémantické spracovanie informa¢nych zdrojov (dokumenty, elektronicka komuni-
kacia, databazy, znalostné procesy)

— spracovanie informaénych zdrojov v slovenskom jazyku

— sémanticky a servisne orientované architektary

— znalostné bazy a organiza¢né pamaite

— usudzovanie a odvodzovanie

Vitané boli prispevky v tvare rozSireného abstraktu v slovenskom, ¢eskom alebo
anglickom jazyku nasledujucich typov:

— vyskumny prispevok

— work-in-progress

— vizionarsky prispevok
— znalostné praktiky

— ponaucenia a sklisenosti
— aplikaény prispevok



WIKT zacal v Bratislave, pokracoval v KoSiciach a teraz je spét’ na zapade Sloven-
ska. Vynara sa schéma zapado-vychodnej hojdacky. Popri akejsi vnutroslovenskej
politickej korektnosti ma svoje hlbsie opodstatnenie. Tak v KoSiciach, ako aj v Brati-
slave sa koncentruju viaceré pracoviska, ktoré robia vyskum a dosahuji respektova-
tel'né vysledky v oblasti tejto tvorivej dielne. Preto je len prirodzené, ak sa tieto tvori-
vé dielne budi konat’ striedavo na réznych miestach. Stcasne je vel'mi dobre, Ze sa na
dielni zG&astiiuju aj mimoslovenski Gi¢astnici. Vyskumnici z Moravy ¢&i Ciech prinasa-
ju svoje cenné skusenosti, ktoré st obohatenim tejto dielne.

Vzajomnd vymena skuisenosti je prvotnym dovodom, av§ak WIKT sa snazi od za-
giatku o to, aby prispevky spifiali rozumne néroéné poziadavky na kvalitu. Preto nie
kazdy prispevok pontknuty na WIKT, prejde GspeSne vyberovym sitom posudzova-
nia. Na tato tvoriva dieliiu bolo pontknutych 25 prispevkov. Kazdy z nich posudzo-
vali dvaja posudzovatelia v zasade z programového vyboru dielne. Vysledkom posu-
dzovania bolo rozhodnutie o prijati 23 prispevkov. I ked podiel prijatych prispevkov
je velmi vysoky, predsa len si treba v§imnut, ze vSetky prijaté prispevky presli re-
cenznym konanim a prijatie nebolo v Ziadnom pripade automatické.

Za vel'mi doélezita Crtu tejto dielne povazujeme, Ze vita ucast’ Studentov vsetkych
troch stupiiov, ktorych projekty sa tykaju jej tém.

Dakujeme vietkym ¢lenom programového vyboru za ochotné posudenie mnozstva
prispevkov. Bez ochotného programového vyboru sa seridzne vedecké podujatie neda
zorganizovat'.

Dakujeme vsetkym &lenom organizaéného vyboru. Podarilo sa im vytvorit’ velmi
prijemné a inSpirativne prostredie pre tuto dielitu. Smolenicky zamok je na dielne ako
stvoreny — v kombinacii so Sikovnymi a odusevnenymi organizatormi.

januar 2009 Pavol Navrat Valentino Vrani¢
predseda programového vyboru  predseda organizaéného vyboru



Preface

The Workshop on Intelligent and Knowledge Oriented Technologies took place for
the third time. It seems that informal meeting of researchers interested in this problem
area makes some sense. Today when there is a variety of different scientific undertak-
ings on different topics — including the topics that belong to this problem area, of
course — each such project must more than ever look for the reasons for researchers to
participate in it.

Fortunately, the first and main reason is the natural need of researchers to tell about
their problems and results to someone who would understand them and possibly react.
Sharing experiences or opinion confrontation are very useful for the advancement in
research. The main ambition of WIKT is to enable such meeting of researchers. The
area of intelligent and knowledge oriented technologies is sufficiently appealing area
of research that attracts several institutions and individual researchers to realize their
research in it in Slovak or wider Slovak-Czech area. On the other side, it is probably
good that there are also “more modest” scientific undertakings —say at the regional
level — that provide the necessary groundings, mycelium, or infrastructure of scientific
communication for the results in statu nascendi from which we hope — thanks to such
opportunities as well — strong scientific results at an international level will develop.

Main topics of this workshop are:

— knowledge technologies and their applications

— knowledge and ontology modeling

— semantic processing of information resources (documents, electronic communica-
tion, databases, knowledge processes)

— processing of information resource in Slovak language

— semantic and service oriented architectures

— knowledge bases and organizational memories

— reasoning and inference

Papers in the form of extended abstract in Slovak, Czech, or English language of the
following types were welcome:

— research paper

— work-in-progress

— visionary paper

— knowledge practices

— lessons and experiences
— application paper

WIKT has started in Bratislava, proceeded in KoSice, and it is again at the west of
Slovakia. A scheme of west-east seesaw emerges. Along with some intra-Slovak
political correctness, there is also a deeper justification. As in KoSice, so in Bratislava



several institutions that perform research and achieve respectable results in the area of
this workshop are focused. So it is just natural if these workshops are to be organized
interchangeably at different places. At the same time, it is very good if the workshop
is attended by non-Slovak participants. Researches from Morava or Bohemia bring
their valuable experience that enriches this workshop.

Experience interchange is the primary reason, but from the beginning WIKT aims
to have the papers fulfill reasonably demanding quality criteria. This is why not each
paper offered to WIKT passes successfully through the selection sieve of reviewing.
To this workshop 25 papers have been offered. Each one was reviewed by two re-
viewers mostly from the program committee of the workshop. The reviewing resulted
in a decision to accept 23 papers. Even though the acceptance ratio is high, it has to be
noted that all accepted papers have passed through the review process and acceptance
had by no means been automatic.

We consider as a very important feature of this workshop that it welcomes the par-
ticipation of students from all three levels whose projects are related to its topics.

We thank all members of the program committee for their willingness to review
a number of papers. Without a willing program committee no serious scientific under-
taking could take place.

We thank all members of the organizing committee. They managed to create a very
pleasant and inspiring environment for this workshop. Smolenice Castle seems as if it
had been created for workshops — in combination with clever and dedicated organiz-
ers.

January 2009 Pavol Navrat Valentino Vranié
Program Committee Chair Organizing Committee Chair
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Integrované prehliadanie webu
a webu so sémantikou
pomocou prehliadaca novej generacie

Michal Tvarozek, Maria Bielikova

Ustav informatiky a softvérového inZinierstva
Fakulta informatiky a informaénych technologii
Slovenska technicka univerzita
Ilkovicova 3, 842 16 Bratislava
{tvarozek,bielik}@fiit.stuba.sk

Abstrakt Sucasné webové prehliadace neumoziuju pouzivatelom jed-
notnym spoésobom pristupovat k heterogénnym informéaciam na webe a
webe so sémantikou, priCom podpora pokroéilych uloh, napr. prieskum-
ného vyhladavanie je zna¢ne obmedzena. V prispevku navrhujeme riese-
nie v podobe webového prehliadada novej generacie, ktory pouzivatelom
transparentne umoziuje pristupovat k webu, webu so sémantikou a pre-
pojenym datam pomocou personalizovaného fazetového prehliadania.

1 Potreba integrovaného prehliadania informéacii na webe

Sucasny web obsahuje vela heterogénnych zdrojov informécii v podobe webo-
vych stranok, obrazkov, audio a video nahravok, ktoré sa zvycajne urcené pre
priamu “konzumaciu” pouzivatelmi. Dalsf zdroj informécii na webe predstavuja
informécie a metadata opisané pomocou prostriedkov webu so sémantikou, ktoré
mozu byt pripojené k oby¢ajnym strankam, dostupné v podobe tzv. “prepojenych
dat” (angl. Linked data) pomocou definovaného rozhrania alebo uloZzené v roz-
nych ontologickych tloziskach dostupnych na webe pomocou standardizovanych
dopytovacich jazykov. Tieto informécie s v8ak primarne ur¢ené na spracovanie
strojmi a neobsahuju preddefinovany sposob ich vizualizacie pre Iudi.

Suvisiacim problémom je prakticka nedostupnost informécii nachadzajicich
sa v hlbokom webe (a teda databazach) koncovym pouZivatelom. Studia spoloé-
nosti BrightPlanet [1] z roku 2001 odhadla pokrytie povrchového webu (19 TB)
vyhladavacimi strojmi na cca. 16-17%, ¢o predstavovalo len cca. 0,03% vSetkych
dostupnych informacii po zohladneni hlbokého webu (7500 TB).

Dolezity je tiez priebezny posun poziadaviek a ocakavani pouZivatelov od
“jednoduchého” zodpovedania dopytov k tzv. prieskumnému vyhladavaniu (angl.
exploratory search), ktoré kladie doéraz na (interaktivne) pochopenie informacii,
skimanie, analyzu a ucenie [2]. Prave tato oblast je eSte zna¢ne neprebada-
na, kedze existujuce pristupy zdaleka nevyuZivaju moznosti stéasnych zaria-
deni (napr. ¢oraz vicsie monitory), personalizacie (zohladnenie individuélnych
preferencii pouZzivatelov), ¢i interaktivnej grafickej vizualizacie informacii (napr.
grafmi alebo zhlukmi).

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 1-4, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inzinierstva, 2009.
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2 Integrovany webovy fazetovy sémanticky prehliadac¢

Ako jedno z rieSeni na¢rtnutych problémov sme navrhli a v podobe softvéro-
vého prototypu realizovali vybrané ¢asti konceptu integrovaného webového pre-
hliadaca novej generédcie. Na§ prehliada¢ pouzivatel om umoziuje konzistentnym
sposobom prehliadat obsah “klasického” webu i webu so sémantikou, pri¢om
tiez poskytuje moZnost integrovaného vyhladévania a prehliadania informaéné-
ho priestoru pomocou personalizovaného fazetového prehliadaca.

Navrhnuty prehliada¢ interne pracuje v troch rezimoch podla typu, resp.
zdroja spractvanych informécii. Z pohladu koncového pouZzivatela je vSak po-
uzitie jednotlivych rezimov plne transparentné — prehliada¢ meni rezim préce
automaticky na zéklade spracivanych dat a dostupnosti prislusnych metadat.

2.1 Prehliadac¢ “klasického’” webu

Rezim prehliadac “klasického” webu vychadza zo sucasnych webovych prehlia-
dacov — pouzivatelom poskytuje typické ovladacie prvky (Obréazok 1), ktoré
rozsiruje o podporu personalizacie a adaptécie, a o principy socidlneho webu
zohladnenim interaktivity, kolaboracie a vztahov medzi pouZzivatelmi [3].

g v googlecom

Web Obrazky Skupiny Blogy Kataldg Gmail viac v iGoogle | Prihlasit’ sa

Google

Slovensko

| Ao
N:
i

[ Hladat v Google ][ Skiisim 3tastie ]

Hiadat: ® web ( stranky pisans po slovensky ) stranky zo Slovenska

Obrazok 1. Rozhranie navrhnutého prehliadaca v rezime pre “klasicky” web. Sucas-
tou rozhrania sa typické ovladacie prvky sucasnych prehliadacov — “spat”, “dopredu”,
zalozky a pole na zadanie URL adresy stranky, resp. kli¢ovych slov pre vyhladavanie.

2.2 Prehliada¢ webu so sémantikou

V rezime prehliadania webu so sémantikou navrhnuty prehliada¢ vyuZiva do-
stupné metadata a umoziuje pouZivatelom pomocou fazetového prehliadania
informacfného priestoru vyhladat relevantné informacie. Prehliada¢ do tohto re-
zimu prejde automaticky, ked adresa zodpoveda ontologickému tlozisku, ktoré
obsahuje informéacie v ontologickej reprezentacii podla standardu RDFS/OWL,
pri¢om nasa implementécia vyuziva dopytovanie pomocou jazyka SPARQL.
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V pripade “novoobjaveného” uloZiska prebehne najprv inicializacia pouZiva-
tel'ského rozhrania — analyza metadat v uloZisku a vygenerovanie zodpovedaju-
cich faziet, ktoré pouzivatel moze nasledne pouzit na navigaciu v informéaciach
dostupnych v tlozisku. Samotné rozhranie fazetového prehliada¢a predstavuje
rozsirenie rozhrania z rezimu prehliadania “klasického” webu o prvky fazetové-
ho prehliadaca — zobrazenie faziet, vyhladavania faziet a ohranideni, zobrazenie
aktualneho dopytu a vysledkov vyhladavania (Obréazok 2).

Na&s prehliada¢ rozsiruje fazetové prehliadace o personalizidciu na zaklade
implicitnej spitnej vizby [4] a nové pristupy ku kolaboréacii, viacparadigmovému
vyhladavaniu a vizualizacii informécii pomocou grafov a zhlukov [5].

v e [@ Next Generation Semantic (Web) Browser

ate m http://abc-xyz.fiit.stuba.sk/job-offers

\Acquisition date

Factic: Jab Offers | Google | Wikipedia | DBpedia | <news

Benefit @ A
[Blf- insurance]
Medical (3)
Mobile phone (0}
Life insurance (2)
Car (1)

P ion classification - Professionals

Wpe > Thing > Generic offer > Job offer

offer—job-inst-5004_franz_01040

Optical examination (0)
Generic (2)

Optional 401k (1)
Stock options (0}
Relocation covered (4)
Paid time off (1)
Dental (1)
Accomodation (0)

Comprehensive package (1)

|

management level (x

Types:

Job offer
offer-job-inst-5004_franz_01039
Types:

Job offer
offer-job-inst:5004_franz_01038
Types:

Job offer

offer—job-inst-5004_franz_01037

team leader (2) Tvpes:
worker (2) Job offer
medium manager (0)

Obrazok 2. Rozhranie prehliadac¢a pre web so sémantikou obsahuje vygenerované faze-
ty (vlavo), zobrazenie aktualneho dopytu a navigaéné nastroje z webového prehliadaca
(hore), a doménovo nezavislé zobrazenie vysledkov vyhladavania (v strede).

2.3 Prehliada¢ prepojenych dat

Ak pouzivatel namiesto URL adresy, resp. adresy ontologického tloZiska za-
d4 identifikator zdroja z prepojenych dat (URI), alebo ak su k beZnej webovej
stranke pripojené dodato¢né metadata, prehliada¢ zmeni rezim na prehliadanie
prepojengch ddt (Obrazok 3). V tomto reZime prehliada¢ na pozadi stahuje in-
formécie o vybranych zdrojoch z ontologickych tlozisk, resp. adries uréenych na
zéklade dereferencovania ich URI pomocou pristupov pre prepojené data.

Pohl'ad na vlastnosti (atributy) zvoleného zdroja je ekvivalentny zobrazeniu
detailov o zvolenom vysledku vyhladavania v rezime prehliadania webu so sé-
mantikou. Zobrazenie vlastnosti riesime bud v podobe textovej tabulky, alebo
v podobe grafu zdrojov a ich vlastnosti s podporou horizontalnej inkrementalnej
navigacie v informa¢nom priestore [5] (Obrazok 3).
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Obrazok 3. Rozhranie navrhnutého prehliadac¢a v rezime pre prepojené data, resp.
detaily instancii informa¢ného priestoru. Vlastnosti zvolenej inStancie st zobrazené
v podobe grafu (vlavo), resp. doménovo 3pecifickej vizualizicie napr. zobrazenia savi-
siacich informécii o zvolenej publikacii z “klasického” webu (vpravo).

3 Zhrnutie

Navrhnuté koncepcia integrovaného webového prehliadaca novej generécie pred-
stavuje posun v prehliadani webového obsahu, pretoze umoziuje pouzivatelom
plne transparentne prehliadat obsah suc¢asného webu, webu so sémantikou, resp.
databaz hlbokého webu, a prepojenych dat cez jednotné pouzivatelské rozhranie.

Navrh koncepcie prehliadac¢a vychadza z adaptivneho fazetového prehliadaca
ontologii vyvinutého v ramci projektu NAZOU (nazou.fiit.stuba.sk). Vhod-
nost a pouzitelnost navrhnutého rieSenia overujeme realizaciou prototypu pre-
hliada¢a pomocou klientskych webovych technologii a vyhodnotenim jeho pilot-
ného pouzitia vo viacerych aplika¢nych doménach.

Pod’akovanie. Téato prica bola ¢iastocne podporend Kultarnou a eduka¢nou
grantovou agenttrou MS SR, grant No. KEGA 3/5187/07 a projektom VEGA
grant No. VG1/0508/09.
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Abstrakt Personalizované systémy trpia tzv. “cold-start” problémom,
ked v pripade nového pouzivatela systém nemé dostatok informécii na
zéklade ktorych by dokézal Gcinne prisposobovat prezentovany obsah
a/alebo navigiciu. Jednym zo slubngch zdrojov informécii o novych po-
uzivateloch sa zdaju byt socidlne siete. Tie vsak neposkytuji priame
informacie o individuélnych charakteristikadch pouzivatela. V tomto pris-
pevku predstavujeme pouzitie réznych typov vztahov medzi pouzivatelmi
pre inicializiciu modelu pouzivatela: odhad charakteristik.

1 Uvod

Socialne spravanie [udi je fenomén, ktory sa okrem reélneho zivota prejavuje aj v
nasej praci s informac¢nymi systémami na webe, ak tieto systémy takéto spravanie
podporuji [1]. Hovori sa o druhom webe (Web 2.0), resp. o socidlnom webe. Mo-
dely komunit vo webovych systémoch potlacaji a niekde aj nahradzaja tradicni
tlohu modelu pouzivatela. Objavuja sa systémy realizujtice prispdsobovanie na
zéklade komunit, ktoré maja vlastné, v ¢ase meniace sa charakteristiky [2].
Tradi¢né prisposobovanie na baze modelu pouzivatela vSak ma svoje neza-
stupitelné miesto pri efektivnej praci s informaciami. Personalizicia na zékla-
de charakteristik jednotlivca lahko prekoné personalizaciu na zéklade komunit,
v pripade, ze model pouzivatela obsahuje dobré odhady charakteristik pouziva-
tela. Verime, Ze tieto dva pristupy je mozné spojit a dosiahniat tak vo vysledku
este lepsi efekt. Sticasny web obsahuje nesmierne mnozstvo dét, ktoré priamo ale-
bo nepriamo prepajaja jednotlivcov do komunit. Priame prepojenia poskytuja
rozhrania (API) popularnych socidlnych aplikacii ako je napr. Facebook! aLinke-
dIn?. Nepriame prepojenia dokazeme ziskat napr. analjzou domovskych stranok
pouzivatelov a ich prepojeni na iné sidla [3]. Socidlna sief dokazeme extraho-
vat aj z verejne dostupnych datovych tlozisk (napr. tripartitny graf autorov,
publikécii a konferencii poskytovany v rdmci ontolégie SwetoDBLP? poskytuje

! Facebook, http://www.facebook.com/
2 LinkedIn, http://www.linkedin.com
3 SwetoDBLP ontology: http://1sdis.cs.uga.edu/projects/semdis/swetodblp/

P. Névrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 5-8, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inzinierstva, 2009.
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informaciu o vztahu spoluautorstvo, ale spaja aj ludi, ktori sa ztcastnili rov-
nakej konferencie). Ddlezité je, Ze objavené prepojenia s typované (¢ize vieme
zadefinovat ich vyznam) a mézu mat dalsie atriblty (napr. vztah kolega moze
mat atributy, ktoré upresnia casovy interval vztahu, pripadne institiiciu, v ktorej
obidvaja kolegovia spolu posobili). V tomto prispevku prezentujeme koncepciu,
ktord kombinuje komunitny a individudlny pristup k modelovaniu pouzivatela
a vyuziva komunity na inicializaciu modelu pouzivatela a prekonanie zndmeho
“cold-start” problému adaptivnych systémov.

2 Modelovanie pouzivatela s vyuzitim socidlnych vztahov

Véacsina pristupov k prispdsobovaniu zalozenych na komunitach uvazuje iba s jed-
nym typom vztahu patri-do medzi jedincom a prislusnou komunitou. Nami
poniikany pristup inicializicie modelu pouzivatela vyuziva rozne vztahy medzi
jednotlivcami danej komunity, teda skutoénti sociadlnu siet. Navyse, vac¢sina st-
Casnych systémov vyuziva socidlne aspekty spravania sa v systéme prezentuju-
com informacie iba vo forme anotéacie obsahu, aby pouzivatel videl “navigacné
stopy” komunity [4]. Model pouzivatela sa tym, na rozdiel od nasho pristupu,
priamo nemeni.

Hlavna myslienka nasho pristupu inicializacie modelu pouzivatela je zobra-
zené na obr. 1. Sirime poziadavku na hodnotu charakteristiky pouZivatela do
pouzivatelovej socialnej siete tvorenej urc¢itym vztahom a kombinujeme odpo-
vede do prvotného odhadu charakteristiky, ktory sa uklada do modelu. Takato
poziadavka sa vysle pre kazdy zndmy typ vztahu a pre kazdi modelovant cha-
rakteristku (napr. preferencie jednotlivych doménovych konceptov). Pocas spra-
covania kazdy uzol siete cakéa na odpoved od vSetkych uzlov, ktoré s poziadavkou
oslovil (uzol C z obrazka 1 presiril v kroku 2 poziadavku na uzly D a E, prijal
odpoved od uzla D v kroku 3, ale ¢aka aj na odpoved uzla E, ktora prichddza
v kroku 5). Aby sa zabréanilo slu¢kam, kazd§ uzol méze participovat v spracovani
jednej poziadavky iba raz. To je dévod, preco si uzly E a H z obrazka navzajom
poziadavku odmietnu (v obrézku zobrazené ako X)

Pri prijati odpovede ma uzol nasledujice moznosti:

— ak sa prijatd hodnota charakteristiky zhoduje s jeho vlastnou, preposiela
tato hodnotu s vyssou doverou;

— ak sa prijata hodnota vyhodnoti ako podobné k jeho vlastnej, preposiela sa
hodnota, ktora reprezentuje spolocné vlastnosti prijatej a vlastnej hodnoty
(typicky spolo¢ny nad-koncept, napr. v doméne publikécii by sa zdujem o té-
my z Int. Semantic Web Conference a European Semantic Web Conference
odvodil zaujem o témy nad-konceptu: Semantic Web Conference);

— ak je prijata hodnota prilis vzdialena vlastnej hodnote, preposiela iba svoju
hodnotu, s nizsou déverou.

Porovnavanie charakteristik vyuziva sposob opisu charakteristik pomocou
metadat z prislusnych doménovjch ontolégii, ako bolo ukézané v [5]. To ndm
umoznuje zapojit do procesu rozene pristupy porovnavania ontologickych kon-
ceptov a instancii, ako napr. [6].



Vyuzitie socialnych sieti pri inicializacii modelu pouzivatela 7
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Obrazok 1. Inicializdcia modelu nového pouzivatela (Ciernym) charakteristikami
skombinovanymi od ostatnych pouzivatelov (bielym) spojenych uréitym typom vzta-
hu. Niektoré uzly (A,B) odpovedaji priamo, niektoré (F,C,E) poziadavku preposielaji
dalej a zdroju odpovedajit az potom, ¢o dostant a spracuji odpovede od dalsich uzlov
v ich sociélnej sieti. Kazdy uzol odpovedé na poziadavku iba raz (uzly H a E si z tohto

2

ddévodu navzéjom vymenia odmietavii odpoved)

3 Trénovanie atribtitov modelu Sirenia

Kombinacia charakteristik viacerych pouzivatelov prepojenych soc. vztahmi je
ovplyvnené niekolkymi parametrami: (i)§iritelnostou charakteristiky cez uréité
typy vztahov (napr. vztah spoluator je vhodny pre Sirenie charakteristiky vy-
jadrujacej zaujem o témy suvisiace s konferenciami o webe so sémantikou, zatial
¢o vztah spoluziak by ndm v tomto pripade nedal ziadne zmysluplné infor-
mécie), (ii)hibkou Sirenia (do akej hibky sa od nového pouzivatela bude &irit
poziadavka), (iii)tranzitivitou vztahov a (iv)ohodnotenim prispievajiceho uzla v
ramci siete, ziskané zo Standardngch met6d analyzy soc. sieti (zistime dolezitost,
populérnost a pod. jednotlivych uzlov, ktoré maju vplyv na jeho vahu pri $iren).

Tieto parametre moézeme urcit metédou pokus — omyl, mdézeme vyuzit zna-
losti doménovych expertov, fokusnjch skupin a pod. Vac¢sinu parametrov sa vSak
dokazeme naucit z dat, ktoré uz mame k dispozicii — z modelov tjch pouziva-
telov, ktori systém uz dlhSie pouzivaji (a uz prekonali “cold-start” problém).
Sposobov ako ziskavat model pouzivatela je mnoho, jeden priklad zalozeny na
analyzovani spravania pouzivatelov sme ukéazali v [7].

Vaha vztah — charakteristika. Pre vySSie opisany model inicializAcie mode-
lu pouzivatela sme navrhli spésob trénovania vah, ktoré vyjadruja nakolko je
charakteristika siritelné cez urcité typy vztahov. Vychéddzame z predpokladu, ze
ak vela pouzivatelov spojenych urcitym typom vztahu zdiela hodnotu charak-
teristiky, mozeme tento vztah vyuzit pre odhad tejto charakteristiky pri novom
pouzivatelovi. Trénovanie je teda zalozené na koncepte podobnosti vypocitanej
porovnévanim metadat jednotlivych charakteristik pouzivatelov [6].
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Podstatou je vipocet (Ciastkovej) podobnosti charakteristiky istého typu me-
dzi vSetkymi dvojicami spojenymi vztahom urcitého typu. Vysledna vaha je po-
tom ziskand ako celkovd podobnost (suma ciastkovych podobnosti) podelena
poc¢tom dvojic. Ak sa tento postup zopakuje pre vSetky zndme typy charakteris-
tik a zndme typy vzfahov, dostaneme vysledn maticu vah.

Tranzitivita a hibka Sirenia. Vypocet hibky Sirenia pre dvojicu (typ charak-
teristiky, typ vztahu) je podobny ako v pripade vvyssie opisaného v§poctu véh.
Namiesto dvojic sa postupne vyberaja n — tice (trojice, Stvorice atd.) a skiuma
sa celkova podobnost ich charakteristik. Cielom je najst také maximalne n, pri
ktorom sa podobnost udrzi nad stanovenou hranicou. Ak je n vicsie ako dva,
vztah moze byt pre dany typ charakteristiky povazovany za tranzitivny.

4 Zaver

Opisali sme novy pristup k rieSeniu cold-start problému pomocou vztahov medzi
jednotlivymi pouzivatelmi systému. Model nového pouzivatela méze byt inicia-
lizovany s pouzitim charakteristik ostatnjch pouzivatelov, znalosti o vztahoch
a ich vyzname. Zdielanie individudlnych modelov redlnych pouzivatelov pristup
odlisuje od inych, ktoré pouzivaju bud staticky definované alebo dynamicky vy-
vijajuce sa profily komunit. N&S pristup umoznuje pouzitie Standardnych tech-
nik pre dal$iu pracu s modelom pouzivatela, ktory, po inicializacii, obsahuje iba
hruby odhad charakteristik a pocas pouzivatelovej prace so systémom je dalej
spresfiovany aby lepsie odrazal konkrétneho jednotlivca s jeho potrebami.

Podakovanie. Tdto praca bola ciastoéne podporend agentirou KEGA, grant 3/5187/07
a Vedeckou grantovou agentirou VEGA, grant VG1/0508/09.
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Abstract. Navigating students to desired information in the informa-
tion space is task of many web-based systems. Our solution of navigation
and recommendation is based on interconnection of existing concepts
space which represents structure of the domain with a space of exist-
ing learning objects. For every student we recommend suitable learning
objects according the students model and rating of the learning object.
Traditional approach which is using prerequisities and gains is replaced
with metrics which are calculated from positions of associated concepts
in the concepts space. The currently developed web-based system where
we test an automatized course preparation based on our proposed ap-
proach is discussed.

1 Introduction

The student should be directly navigated to desired information, which is seeking
or wants to learn. We base our navigation scheme on existing concepts space of
the domain, where relationships between knowledge is captured. Interconnection
of the concepts space with a space of existing learning objects is accomplished
by the use of the keywords of the domain.

The basic idea was presented in [3,4]. Based on feedbacks we revised and
extended our ideas to provide automation of processing of learning objects and
metrics which summarizes learning object rating (complexity) based on content
of the learning object and positions of associated concepts in the concepts space
and their dependent concepts and their positions. Our problem domains are the
domain of Programming in C++ and Electronical publishing. The courses we
decided to reuse (result from the run were presented in [2]) were sequential with
hyperlinks from previous to next chapter and integrated table of contents. The
division is no longer desired and the sequential navigation of the course was
stripped down leaving thus a space of separate learning objects.

2 Concepts space based recommendation

Our concepts space based recommendation uses an algorithm which recommends
learning objects, which the algorithm evaluates as “simple” to learn for particular

P. Ndvrat and V. Vranié (/EdsA): WIKT 2008, pp. 9-12, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inzinierstva, 2009.
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student in a particular time. Learning objects are evaluated according their
added attributes and actual students model. Every learning object (which can
be defined and explained in paragraph, page or set of pages) is represented by
the learning material of the domain. The structure of the domain is captured in
the concepts space, where relationships between concepts are stored.

The algorithm for processing the space of learning objects and recommenda-
tion can be divided into to parts — pre-run computing where the space of learning
objects is processed and every learning object is enhanced with attributes and
recommendation where actual navigation between the learning objects for every
student is evaluated on the fly.

2.1 Pre-run computing

In this phase every learning object from the space of learning objects is enhanced
with attributes: concepts set, depth, summarized depth, average depth, median
depth, average summarized depth and median summarized depth.

1. For every concept the following attributes are computed — depth of the con-
cept in the concepts space and summarized depth which is computed as sum
of depths of concepts which current concept depends. If concept has not yet
defined keywords of the domain, then they are also specified.

2. For every learning object:

— keywords of the domain are searched in the learning text and exam-
ples associated with the text, for better processing we are testing use of
Wordnet (http://wordnet.princeton.edu/) relational dictionary and we
are currently searching for an alternative for czech language;

— according the found keywords corresponding concepts are added into
concepts set;

— the attributes are computed — depth is defined as sum of depths of the
concepts in the concepts set, summarized depth is defined as sum of
summarized depths of the concepts in the concepts set, average depth as
average of depths of the concepts in the concepts set and likewise median
depth, average summarized depth and median summarized depth.

Learning objects can be ordered by different metrics such as — size of concepts
set; depth and summarized depth of learning object; size of the concepts set
together with median depth. This pre-run computing phase represents extensive
computation for every learning object and concept. All the results are stored
into persistent storage for later use in the recommendation process.

As optional information which can be used in interconnection of concepts
space with space of learning objects similarity of concepts can be used. In the
article [1] authors presents methods for similarity evaluation.

2.2 Recommendation

Information which learning objects student already visited is stored in student’s
personal profile. When the student learns a new learning object all the concepts
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form the concepts set are added to his achieved knowledge set, which is used
for recommendation. For every visited learning object there is also a timestamp
stored. It can be later used for purposes of path reconstruction.

Presentation of course menu is based on the preferences and concepts stored
in students achieved knowledge set. The navigation and menu updating is de-
scribed by Figure 1 — used numbers corresponds with the description in list:

1. user picks up Menu

recommended 2. the page(s)
menu item > behind
the menu
are shown
User AT s
4. menu is updat/

User model
achieved (/ 3. user's
knowledge achieved knowledge
set is updated

Fig. 1. Course recommendation.

1. Student chooses a learning object from recommended learning objects in the
menu, which is presented to him.

2. According the chosen menu item the student is presented with learning ma-
terial of the particular learning object.

3. When student finishes the learning material(s) from shown learning object,
the system can test the students knowledge — this step is optional. The
system then updates student’s achieved knowledge set with the concepts
from the concepts set of the learning object.

4. Student’s menu is updated according his actual achieved knowledge set, con-
cepts set of unvisited learning objects and recalculated attributes. The actual
construction of the menu for the student is following: For every not visited
learning object a complement from concepts set and achieved knowledge set
is created. From the result all attributes of the learning object are recal-
culated in the same way as was described previously. Learning objects for
the menu are ordered according the chosen metrics. The number of shown
learning objects in the menu is restricted by value of a threshold attribute.
Navigation continues with the step 1.

2.3 Delivering the course

Currently we are developing a web-based delivery system, which is able to
use such enhanced space of learning objects and provide described navigation
scheme. Some of the key features of the system are:
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Threshold attributes — currently the system defines one threshold attribute
— number of entries, which defines the amount of menu entries, which should
be presented to the student. Valid entries for this attribute are numerical value,
which directly represent the number of shown entries in menu or a constant
representing value all entries — the system then show all actually available entries.

The attribute can be defined on system level as default value. If a new course
is created the default value is copied into the course settings. The teacher of the
course can change this attribute thus overriding the default value. If a student
is enrolled into the course, the course value is copied into his profile. Optional
force attribute can be specified by the teacher, which then disables the changes
of value by the student.

Testing knowledge — is a key variable in the feedback from the student.
The student is bound to take some tests during the course to prove his gained
knowledge. We would like to use the result of the test in the process of adaptation
and to update achieved knowledge set.

3 Future work and conclusions

In this paper we presented the idea of concepts space based course recommenda-
tion scheme. Ongoing research and current development of a web-based system
was discussed.

Our future work in this area will focus on extending the definition with
situations where the course is enhanced with additional learning objects or on the
other hand some are removed. Our immediate goal is to finish the implementation
of the web-based delivery system and provide our students with the course as
soon as possible. The results from the run of such delivered course we would like
to compare with result from previous years (presented in [2]), where the course
was distributed to students as sequential.

Acknowledgement: This work was partially made with connection to the project
Kontakt MEB0S0S7S.
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Abstrakt. Clanok zachytiva aktudlny stav rozpracovania &iastkovej ulohy
Kolaborécia v projekte SEMCO-WS. Venuje sa podpore zdiel'ania informacii,
znalosti a sktisenosti jednotlivych pouzivatel'ov. Stru¢ne v iom predstavujeme
sémantické rozSirenie nastroja na komunikaciu pouzivatelov. V zavere su
namety na d’al$ie moznosti podpory kolaboracie pouZzivatel'ov.

Krlucové slova: kolaboracia, chat, ontologia, sémantické spracovanie
dokumentov

1 Uvod

Prispevok sa venuje analyze moznosti podpory kolaboracie pouzivatel'ov pri rieseni
komplexnych problémov. Délezitym aspektom je moznost zdielania informacii,
znalosti a sktisenosti jednotlivych pouzivatel'ov.

Jednou z ciest zabezpecenia spomenutej funkcionality je hl'adanie moznosti ¢o
najefektivnejsieho rozsirenia bezne zauzivanych komunikaénych nastrojov o moznost’
spracovania a nasledného spristupnenia informacii zachytenych v komunikacii.
Dalsou moznostou je poskytnutie doplnkovych informécii, ktoré mézu vyrazne
urychlit' najdenie optimalneho rieSenia v danej situacii. Tieto vylepSenia chceme
realizovat’ pomocou sémantického spracovania komunikécie, ktord prebicha medzi
pouzivate'mi v rdmci chatu.

Uvedenej problematike sa venujeme v ramci vyskumného projektu SEMCO-WS
(Sémanticka kompozicia webovych a gridovych sluzieb), kde sa sustredujeme na
vytvorenie nastrojov na kolaboraciu pouzivatelov. Vyskum sa zameriava najmi na
moznosti efektivnej komunikacie skupiny pouzivatelov systému a na metody na
zachytavanie a zdielanie skusenosti pouzivatel'ov, ktoré chceme nasledne ponuknut
pouzivatel'om, aby sme ¢o najefektivnejsie podporili ich pracu.

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 13-16, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.
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2  Kolaboracia

Kolaboracia je proces, kde dvaja alebo viac l'udi pracuje na dosiahnuti spolo¢ného
ciela, vyuzivajuc pritom zdielanie znalosti. Vychadzajuc z takto definovanej
kolaboracie, hl'addme spdsob, ako ju podporit’ tak, aby v o najvacsej miere urychlila
a zefektivnila dosiahnutie daného ciel’a [1]. Aplika¢na oblast’, v ktorej pracujeme, je
oblast’ krizového manaZmentu. Tato oblast, ako je zname, vyzaduje obzvlast’ dobre
zohrat(i timovi pracu. Clenovia timu st pozorne vyberani a &asto pracuju s utajenymi
informaciami. Ich komunikacia je neverejnd a moze obsahovat' informadcie, ktoré
mdzu byt v buducnosti pri podobnych situacidch napomocné. Ak by sa podarilo
nejakym spdsobom komunikaciu timu vhodne ulozit' a v pripade potreby on-line
spristupnit’, mohlo by to znamenat’ efektivny posun v podpore kolaboracie.

V sucasnosti existuje mnozstvo nastrojov, ktoré podporuju priamu alebo nepriamu
komunikaciu pouzivatelov, spravu a rozdelovanie tloh, ¢iiné kolaborativne
¢innosti [2]. Analyzou nasej $pecifickej ulohy sme dospeli k zaveru, Ze najvacsim
prinosom by bola podpora kolektivneho hl'adania rieSenia problému. Tuto sme sa
rozhodli realizovat’ prostrednictvom priamej komunikacie pouzivatel'ov s moznost'ou
roz$irenia o odkazy na iné zdroje znalosti.

Samotné pouzitie nastroja na elektronickli komunikaciu — chat — je vSak len
zakladnou poziadavkou — aby sme mohli zachytit' prebiehajicu komunikéciu. Na
efektivnejSiu  podporu hladania rieSenia problémov zo zvolenej domény eSte
potrebujeme vhodnu formu automatického porozumenia komunikovaného textu. Od
tohto porozumenia sa o¢akava rychla reakcia na pisany text. To znamena, ze do
nickol’kych sekund je treba vyfiltrovat pisany text, najst jeho vyznamové
ohodnotenie a ziskat' zodpovedajucu informaciu na podporu rozhodovania. Dlhsie
¢asy moézu znamenat neaktualnost reakcie systému, lebo komunikacia sa uz
presunula d’alej. Viaceré realizacie predspracovania a ohodnocovania textu vsak tieto
poziadavky len tazko spinaju [3, 4]. Rozhodli sme sa preto vyuzit’ postup, ktory bude
vo vsetkych fdzach vychadzat' z doménovej ontologie.

3 Komunika¢ny nastroj

Nasim prvym cielom bolo vytvorit komunikaény nastroj, ktory poskytuje Standardné
moznosti zdiel'ania informacii — ako napr. bezne pouZivany chat. Rozhodli sme sa
vytvorit’ z existujucich komponentov [5] vlastni implementaciu nastroja, aby sme ho
mohli prispdsobit’ Specifickym poziadavkam a aby sme do neho mohli dorabat’
potrebnu funkcionalitu. Nasledne bolo naSou snahou rozsirit' tento nastroj tak, aby
poskytol moznosti spristupnenia informacii zaznamenanych v ramci jednotlivych
komunikacnych celkov ako aj poskytnutie dalSich relevantnych informacii
k diskutovanym témam.

Nas pristup sme zalozili na sémantickom spracovani, ked’ze prave v tejto oblasti
vidime moznosti hl'adania novych rieSeni v oblasti spracovania a spristupnenia
informacii. V projekte SEMCO-WS, ktoré¢ho zameranie je podstatne SirSie a riesi
problémy sémantickej kompozicie webovych a gridovych sluzieb, sa vytvaraju
ontoldgie, ktoré budu sluzit’ pre potreby tejto kompozicie. Aj z tohoto aspektu sa
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ponika moznost vyuzit existujicu ontoldogiu z domény krizového manazmentu
a pokusit’ sa namapovat’ zaznamenany text na pojmy z nej, resp. urcit prisluSnost
pojmov z textu k vyznacnym konceptom z ontoldgie. Tym sa otvaraji moZnosti
spolahlivejSiecho urcenia témy komunikacie a zvySi sa moznost poskytnutia
relevantnych dokumentov.

4  Sémanticky rozSireny chat

Ulohou navrhnutého néstroja je pocas online diskusie pouzivatelov zaznamenavat
obsah jednotlivych prispevkov a rozélenit’ ich podl'a zadaného kritéria na jednotlivé
diskusné jednotky. Rozdelenie na takéto jednotky mozno realizovat’ viacerymi
sposobmi — napr. zohladnit' ¢asové hl'adisko (kazdy prispevok oddeleny urcitou
nastavenou prestavkou bude povazovany za novu jednotku). Diskusné jednotky buda
d’alej oddelovat’ texty, kde sa nendjde prislusnost k doménovej ontologii —
pouzivatelia diskutuju o nie¢om, o sa netyka znamej oblasti krizového manazmentu.

Vsetky ukoncené diskusné jednotky sa archivuju spolu sich automatickym
ohodnotenim vyznamu a pripadnym ohodnotenim relevantnosti od pouzivatelov.
Aktualna diskusna jednotka sa priebezne vyhodnocuje a hl'ada sa jej vyznam. Pretoze
sa typicky jedna o kratke texty, ktoré moézu rychlo menit vyznam, ohodnotenie
vyznamu prebicha na dvoch trovniach — ziskanie kontextu diskusie a ziskanie
vyznamu poslednej vety alebo prispevku do diskusie. Systém nasledne dokaze
vyhladat’ suvisiace dokumenty so zhodnym alebo podobnym vyznamom a zobrazit’
pouzivatel'ovi ich zoznam.

V dalSom rozSireni pristupu sa vyuziji informacie z predoslych diskusii
a koreSpondujucich prehliadanych dokumentov pouzivatelmi v danom case pre
vybrané kategorie. Pomdéze mu to pri kvalitnejSom urovani relevantnosti
prehliadanych dokumentov, ¢o moze blizSie Specifikovat’ dokumenty, ktoré boli
napomocné pri rieSeni urcitej situacie. Nastroj teda zahffia automatické sémantické
ohodnotenie prave prebichajicej diskusie a vyber archivovanej diskusie s podobnym
ohodnotenim. Pouzivate] ma zarovein moznost oznacit, nakol’ko mu poskytnuta
informacia pomohla pri hladani rieSenia jeho problému. Informacie, ktoré sa
sémanticky podobné, ale maju nizky prinos, budi mat’ vyrazne znizenu preferenciu
zobrazenia.

Samotné sémantické ohodnocovanie bude zalozené na vyhl'adani slov z diskusie
v ontologii a vytvorenie vektora priradeni k existujucim ontologickym konceptom
aich vztahom [6]. Miera podobnosti medzi tymito vektormi uruje zakladnu prioritu
zobrazovania najdenej informacie.

S Zaver a namety pre d’alSiu pracu

Vyhody nasho rieSenia oproti znamym existujiicim rieSeniam su hlavne v efektivnosti
rieSenia, lebo spracovavame len relevantni komunikaciu a systém sa neodklana od
definovanej témy. Pouzivatel sa prostrednictvom poskytovanej informacie moéze
,»,ZUCastnit™ na relevantnej diskusii, ktord prebehla v jeho nepritomnosti. Nevyhodou
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nasho pristupu je nutnost’ Gpravy ontologie, ak chceme podchytit komunikaciu aj
v inej problémovej oblasti.

V ¢lanku sme predstavili navrh na sémantické obohatenie komunikacie
pouzivatel'ov, ktord prebieha pomocou standardnych nastrojov komunikécie ako napr.
chat. KedZe navrh metédy vyberu relevantnych informacii zo zachytenej
komunikacie ako aj nastroj, ktory uvedentt metddu bude implementovat’, st v $tadiu
rozpracovania, v ¢lanku este neprezentujeme konkrétne vysledky. Zamerali sme sa
skor na myslienky vedice knavrhu metédy a opis navrhu funkcionality
implementovaného nastroja.

Dalsou moznostou rozsirenia funkcionality navrhnutého nastroja ja zabudovanie
metéd a technik, ktoré nielen umoziuju hladkd komunikdciu a pristup ku
zaznamenanym diskusidm, ale snazia sa aktivne podporit proces vyrieSenia
diskutovaného problému. Prikladom mdéze byt Delfskd metdéda [7]. Mozno ju
charakterizovat’ ako metddu na Strukturovanie procesu skupinovej komunikacie tak,
aby sa tento proces zefektivnil a naSlo sa rieSenie komplexného problému. Na
dosiahnutie tejto ,,$truktirovanej komunikacie™ je potrebné zabezpedit: spatnu vizbu
na individualne prispevky, posudenie skupinového nazoru, moznost revidovat’ nazory
jednotlivcov a urcity stupenn anonymity. Uvedenej problematike sa planujeme
venovat' v nasej d’alSej praci.

Podakovanie: Praca na projekte bola podporend grantovou agenturou APVV (projekt
0391 06 SEMCO-WS).
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Abstrakt. Sucasné systémy pre e-vzdeldvanie stale viac pouzivaju domyselné
mechanizmy prispdsobovania, ktoré pracuju so znalostami o prislusnej
doméne. Opisanie doménovej oblasti tak, aby sme mali dostatok metadat pre
personalizaciu, je vSak pre tvorcu obsahu namahava a ¢asovo naro¢na ¢innost’.
Problematické je najmé ziskavanie vztahov medzi jednotlivymi znalostami,
ktoré sa prezentujii Studentovi aktoré si pre prispoésobovanie nevyhnutné.
V tomto prispevku prezentujeme metddu pre zistovanie vzajomnej podobnosti
vyucbovych konceptov, na zaklade ktorej je mozné automaticky identifikovat’
vztahy medzi konceptmi v doménovom modeli vyucbovej aplikacie.

1 Prisposobovanie v kontexte e-vzdelavania

Personalizécia, jedna z ¢ft sucasného trendu oznaovaného aj ako druhy web alebo
Web 2.0, zohrava obzvlast’ doélezitd rolu pri vzdelavani. Predkladanie $tudijného
materialu $ittho na mieru, pouzivatel'sky-Specifickd navigicia v informa¢nom
priestore, to st len niektoré z vyhod adaptivnych vyucbovych systémov, ktoré
umoziuju Studovat’ doslednejsie a efektivnejSie.

Pri prispésobovani sa vyuziva model pouzivatel'a, ktory sa najCastejSie realizuje
prekryvne: kopiruje doménovy model, priCom nesie informacie o Studentovych
znalostiach jednotlivych konceptov [1]. Koncepty doménového modelu si navzajom
prepojené vedomostné elementy, fragmenty informacného priestoru, ktoré z pohladu
cielov vyucby predstavuju pre Studenta urcitu pridanti hodnotu. Pouzijuc metaforu,
doménovy model je kognitivna mapa kurzu, ktord Stidiom prenasame do nasho
vlastného kognitivneho systému. V procese tvorby kurzu takéto mapy zvycajne nie st
explicitne dostupné. Pre potrebu prispdsobovania ich treba vytvorit. To je vSak
pre autora kurzu netrividlna uloha. Pocet konceptov sa v priemernom kurze rata
v desiatkach, pocet relacii az v stovkach ¢o prakticky znemoziiuje manualnu tvorbu
doménového modelu.

Problémom je aj samotnd forma vyucbovych materidlov, ktoré st najcastejSie
v textovej podobe. Cast’ vypovednej hodnoty stracaju uz v momente svojho vzniku,
kedy st ,,zakodované* do — z pohladu strojov — prudu znakov. Autor kapitoly ¢i
lekcie ani prinajlepSej voli do textu nezapiSe vSetko to, ¢o chce odkazat' svojim
Studentom. A len malokedy explicitne vzajomne previaze stvisiace kapitoly, resp.
vyucbové materialy, ktoré st dostupné.

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 17-20, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.
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Opisany problém sa da sformulovat ako potreba ,rekonstrukcie” znalosti
obsiahnutych v texte do podoby citatel'nej strojom. Ciel'om je automatické vytvorenie
doménového modelu reprezentujuceho metadata kurzu len z dostupnych vyucbovych
materidlov. Na zéklade metadat sa usudzuje pre realizaciu prispdsobovania (obr. 1).

metadata

m
lo4 o

Obr. 1. Pohl'ad na doménovy model adaptivneho kurzu. Kurz je zostaveny z objektov vyucby
(lol, 102, ...), nad ktorymi sa nachadza metamodel domény — priestor konceptov (c/, c2, ...)
pripominajuci ontologiu. Notacia relacii medzi konceptmi vyjadruje ich odlisnt sémantiku.

2 Vychodiska pre rekonstrukciu znalosti

Zdroje pre rekonstrukciu znalosti o doméne si obmedzené na vyucbové materialy,
ktoré sa prezentujii v procese vyucby. Vsetky informacie, ktoré mame v ¢ase tvorby
kurzu k dispozicii sa tykaji obsahu objektov vyucby (ten mézeme rozdelit’ na textovy
obsah a formu) a hierarchickych vztahov medzi objektmi vyucby.

Vychodiskom pre spracovanie textového obsahu si v tomto pripade metody
a techniky dolovania v texte (angl. text mining). V praxi sa vyuzivaju kategorizacné,
klasifikacné a zhlukovacie algoritmy [2, 3] a algoritmy spracovania prirodzené¢ho
jazyka. Nezanedbate'nu sémantiku, ktord méze byt vyuzita pre ziskanie metadat,
maju vizualne prvky ako nadpisy, odseky, fonty a pod. Spracovanie tychto atributov
zavisi spravidla od reprezenticie objektov vyucby [4]. Hierarchické vztahy medzi
objektmi vyucby zahinaju explicitné clenenie textu na kapitoly/podkapitoly
a vzajomné odkazy v texte. Tieto informacie mozu pomoct’ k Strukturalizacii metadat.

Vsetky uvedené aspekty vyuzivame pri automatizovanom generovani metadat
kurzu, ¢im vytvarame cast doménového modelu [5]. Nosnou castou generovania
a zaroven taziskom nasho vyskumu je odhalovanie vzajomnej podobnosti konceptov.

3 Odhalovanie vzajomnej podobnosti konceptov

Odhalovanie vzajomnej podobnosti konceptov je jednym z krokov metddy
automatizovaného generovania metadat kurzu [5]. Prichddza na rad po analyze
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a spracovani obsahu objektov vyucby, kedy sa vygeneruji kl'icové slova, ktoré maju
»potencial“ stat’ sa konceptmi. Vo faze finalizdcie doménového modelu o tom
rozhodne samotny pouzivatel’, ktory vyhodnoti spravnost’ automatického generovania.

Doménovy model na zaciatku odhalovania podobnosti konceptov obsahuje
ohodnotené vizby medzi objektmi vyucby (ucebnymi textami) a kI'a¢ovymi slovami,
ktoré predstavuju kandidaty na koncepty (situdcia je podobna ako na obr. 1, ale
metadata nie st vzajomne prepojené). Vaha vizby, ktorG zistime analyzou textu,
vyjadruje mieru prislusnosti konceptu k danému objektu vyucby. Na zéklade tychto
vézieb a vézieb medzi jednotlivymi objektmi vyucby hladame vztahy medzi
konceptmi. Pre kazdy koncept zostrojime zoznam susedov, z ktorého vyberieme
k najpodobnejsich a vytvorime relacie v doménovom modeli. Volba premennej & je
jedno znajdolezitejSich miest celej metdody a sama osebe je predmetom SirSieho
vyskumu. Zatial' najsl'ubnejSie vysledky priniesla metéda vypoctu vyuzivana
v kategoriza¢nych algoritmoch [2].

Pre vypocet podobnosti konceptov sme navrhli niekolko variantov, ktoré sa
odlisuji pohl'adom na aktualny stav doménového modelu:

— vektorovy pristup,
— Sirenie aktivacie,
— analyza zalozena na algoritme PageRank.

Pri vektorovom pristupe vytvarame vnitornt reprezentaciu konceptov ako vahovu
sumu vektorov objektov vyucby, ku ktorym prislichaji. Podobnost’ medzi konceptmi
je vyjadrena kosinusovou vzdialenostou. Tento variant sa spoliecha na dokladna
lexikalnu analyzu zdrojovych textov a presnii vnatornu reprezentaciu objektov
vyucby. Jeho tspesnost’ je najviac spéta s Gispe$nostou metdd a technik spracovania
prirodzeného jazyka. Stretdvame sa tu s problémami homonymie, polysémie, a pod.

V pripade vyuzitia Sirenia aktivacie hladime na doménovy model ako
na kontextovll siet. Mame dva typy uzlov: objekty vyucby a koncepty. Informécie,
ktoré¢ su implicitne pritomné pre objekty vyucby (tu su nam najviac napomocné
hierarchické vzt'ahy medzi nimi), sa snazime ,,namapovat* do priestoru konceptov.
Kazdy koncept postupne aktivujeme pociatocnou energiou, ktort presirime do celého
grafu cez relacie prislusnosti. V ostatnych konceptoch sa postupne naakumuluje
energia, ktord vyjadruje podobnost’ voci aktivaénému konceptu.

Tretim variantom je analyza zalozena na algoritme PageRank. Ten stavia
na analdgii s webom. Z aktualneho stavu doménového modelu zostrojime docasny
graf, ktory obsahuje iba koncepty. Vahy a orientacia docasnych relacii (ktoré vznikli
prepojenim objektov vyucby incidujicich s rovnakym objektom vyucby) chapeme
ako pocet odkazov veducich na jednotlivé stranky na webe. Pre kazdy koncept potom
aplikujeme rozSireny algoritmus PageRank [6], ktorého vysledkom je implicitné
ohodnotenie prestize kazdého konceptu. Pomocou pomeru prestizi vyjadrime
vzéajomnu podobnost’ konceptov.

4 Experiment a zhodnotenie

Uvedenu koncepciu odhalovania podobnosti konceptov premietnuta do troch
variantov sme otestovali na kurze funkciondlneho programovania, ktory sa prednasa
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na FIIT STU v Bratislave. Vygenerované relacie sme porovnavali s referencnymi
vytvorenymi manualne pre potreby experimentu. Uspesnost generovania sme
vyhodnocovali pouzitim miernej modifikacie zndmych metrik uplnost’ (angl. recall)
a presnost’ (angl. precision). Vysledky su zobrazené v tabulke 1.

TabuPka 1. Vysledky experimentu.

Variant Uplnost’ (P) Presnost’ (R*) Metrika F (F*)
Vektorovy pristup 0.509 0.793 0.620
Sirenie aktivacie 0.443 0.784 0.566
PageRank-analyza 0:569 0.741 0.652

Je tazké zhodnotit’, ¢i mozno vysledky povazovat' za tspech alebo nie. V oblasti
vyucbovych systémov ich nevieme porovnat, pretoZe nam nie si zname prace
s podobnym zameranim, a pre uroven spracovania textu si vysledky prili§ $pecifické.
Isté je, ze experiment poukazal na moznosti viacerych vylepsSeni. Na§ vyskum sa bude
v najbliz§ej dobe sustredovat’ najmid na analyzu moznosti pouzitia zhlukovacich
algoritmov, ktoré moézu pomdct usporiadat’ zostrojeny priestor vedomosti,
anaoverenie v spojitosti s vyuzitim takto vytvoreného doménového modelu
pri vyucbe pomocou adaptivneho systému pre vzdelavanie [7].

Pod'akovanie. Této praca bola ¢iastocne podporena Kulturnou a edukacnou grantovou
agentiurou MS SR, grant ¢. KEGA 3/5187/07.
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Abstrakt. Rozvoj webovych technolégii, ktory umoznil beznym pouzivatel'om
internetu podielat’ sa na tvorbe jeho obsahu prostrednictvom blogov, wiki
portalov alebo profilov v ramci socidlnych sieti, mal za nasledok zahltenie
webového priestoru neprebernym mnozstvom informacii. Do popredia sa preto
dostava otazka vyhladavania a spristupiiovania informacii v tomto priestore.
V ¢lanku je prezentovand myslienka spristupiiovania informécii s ohladom na
sémanticky vyznam socialnych vdzieb pouzivatela.

1 Uvod

Este nedavno boli bezne dostupné stranky na internete implementované ako
jednoduché statické prezentacie. Obsah portalov bol vyhradne v rukéch ich tvorcov.
Situacia sa zmenila s prichodom webu s privlastkom Web 2.0. Ten umoznil aj
beznym pouzivatel'om editovat’ obsah webovych portalov a tak vznikli projekty, ktoré
nazyvame socidlne média: Wikipédia, blogy, socialne siete, diskusné fora, videa.
Rychly narast objemu publikovaného obsahu ma za nasledok zahltenie pouzivatela,
ktory sa v velkom mnozstve informacii straca. Nevyhnutnostou sa tak stavaja
pokrocilé metody vyhladavania a spristupniovania informacii na webe, napr. pouzitie
sémantického webu a sémantického anotovania.

Snaha o spristupnenie velkého mnozstva informacii je podnetom pre vytvorenie
znalostného priestoru, ktory by aktivne podporoval pracu aucenie sa v prostredi
webu. V tomto smere moézeme spomenut pristupy, ktoré moézu byt pouzité na
podporuru vyhladavania na webe: sémanticky web, filtrovanie aktivit pouzivatela
alebo aktivne sémantické Struktirovanie webu [1].

2 Inteligentné vyhl’adavanie v prostredi internetového dennika

Nasim cielom je navrhnat’ systém, ktory umozni pouzivatelom vyuzivat’ internetové
noviny obohatené o funkcionalitu znalostného priestoru. Bezne dostupné internetové
noviny vSak pouzivatel'ovi poskytuju len funkcionalitu primarnej Grovne (sufrovanie
po stranke, ¢itanie ¢lankov, prispievanie do diskusii, publikovanie ¢lankov na blogu)

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 21-24, ISBN 978-80-227-3027-3.
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a tak internetovy dennik nie je moZné povazovat na znalostny priestor. Clanky st na
pridavané priebezne a manudlne triedené do jednotlivych kategorii.

V pripade, Ze by sa pouzivatel’ pohyboval v prostredi znalostného priestoru, systém
by mu automaticky spristupnil ¢lanky reflektujice jeho zdujem. Odporucanie ¢lankov
by zéaviselo od socialnej komunity, do ktorej patri a sufrovacich vzorov, ktoré v danej
komunite prevladaju. Domnievame sa totiz, ze l'udia s podobnymi zaujmami maja
podobné vyhl'adavania informacii na webe.

3 Aktivity pouZivatela na webe doplnené o sémanticky kontext

Na zéklade analyzy logu z webového vieme popisat’ spdsob, ako sa pouzivatelia na
portali pohybovali. Dokazeme uréit’ chronologiu navstevovania jednotlivych ¢lankov,
teda vistom zmysle sme od pouzivatelov ziskali informaciu o naviznosti
jednotlivych ¢lankov, tém a slov.

Pri manudlnom a semi-automatickom sémantickom anotovani sa vo velkej miere
spolichame na Cinnost pouzivatela, ktory jednotlivé webové stranky anotuje. Na
druhej strane pri automatickom sledovani aktivity pouzivatela, pocita¢ sam sleduje
pracu pouzivatel’a bez toho, aby to pouzivatel’ zaregistroval.

Nami navrhované priebezné automatické anotovanie spaja sledovanie pohybu
pouzivatela na webe so sémantikou stranok alebo prispevkov, ktoré si prezrel. Kazda
stranku vieme sémanticky urlitym spOsobom reprezentovat — napr. vyberom
niekol’kych klIucovych slov. Na zdklade sledovania pohybu pouzivatela medzi
¢lankami ziskame sémantické vztahy medzi kl'i¢ovymi slovami, ktoré sa v ¢lankoch
vyskytuji. Tymto spoésobom sa stdva bezny pouzivatel spolutvorcom sémantickej
anotacie.

Ako priklad pouzitia aktivneho sémantického anotovania je mozné uviest
internetové noviny. Clanky v internetovych novinach su priddvané denne, su lenené
do rubrik a najéitanejsie ¢lanky patria vaéSinou medzi odporacané. Tento sposob
odporacania je zaloZzeny na Statistikach Citanosti jednotlivych ¢lankov. V Ziadnom
pripade vSak neberie do uvahy SirSie suvislosti — sémanticky vyznam c¢lankov,
sémantickd podobnost’ medzi po sebe navstivenymi clankami, Cas straveny
pouzivatel'om na jednotlivych strankach a podobne.

4  Socialna siet’ blogera doplnena o sémanticky kontext

Na druhej strane mame pouzivatel'ov blogu — blogerov. Blogeri tvoria socialnu siet,
lebo sa navzajom sa seba odkazuji. Aktivny bloger nam poskytuje vela informacii
o flom samom — osobny profil, publikované ¢lanky, prispevky v diskusiach a odkazy
na svojich oblubenych blogerov [2]. Z tychto informacii je mozné extrahovat
sémanticky profil blogera.

Nasou snahou vytvorit' znalostny priestor, ktory bude reagovat na potreby
blogerov. Nasim cielom je vytvorit' prepojenie medzi profilom blogera a ¢lankami,
ktoré spadaju do jeho zaujmu. Za vyznamnu Cast’ profilu blogera pokladame jeho
odkazy na ostatnych blogerov, teda siet’ jeho socidlnych kontaktov. V pripade, ze
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vygenerujeme blogerom vhodné internetové odkazy, zvySime pridani hodnotu
socidlnej siete medzi blogermi atiez postavime zaklady znalostného priestoru
v prostredi internetového dennika.

5 Analyza surfovacich vzorov a socialnej siete

Nasa predstava znalostného priestoru pozostdva z dvoch zakladnych casti: analyza
webového logu servera a analyza profilov ¢lenov socidlnej siete. Z logu ziskame
vztahy medzi c¢lankami na zdklade analyzy sekvencii pouzivania, z profilov
pouzivatel'ov ziskame vztahy medzi ¢lankami na zdklade analyzy socialnych vézieb
pouzivatel'ov.

Kazdy webovy server ma logovy subor, vktorom je zaznamena aktivita
pouzivatelov daného webu: identifikacia pouzivatela, Cas pristupu, navstivena
stranka. Na zéklade tychto udajov dokdZzeme odmerat cas, ktory stravil na
jednotlivych strankach, vieme pouzivatel'ovi priradit’ obsah, ktory si na portali
pozeral. Obratene tiez vieme urCit’ strdnky, ktoré maji rovnakého Citatela. Tym
padom ziskame prepojenia medzi strankami, ktoré budii dané pouzivatelom.
Analyzou spravania viacerych pouZzivatelov, dokdzeme popisat’ vyznamné Ccasté
surfovacie vzory v ramci portalu. Za vyznamny vzor budeme povazovat taky, ktory
sa vel'mi Casto vyskytuje u konktrétneho pouzivatela. V celej vzorke ¢asty byt vsak
nemusi.

Analyzou webového logu ziskame niekol’ko roéznych sekvencnych vzorov. Tieto
vzory nebudi obsahovat’ iba sekvenciu navstivenych odkazov, ale aj dalsie
informacie ako napriklad: dizka &lanku, releventnost zdroja, komplexnost’ ¢lanku
a d’alSie meta-informacie. Sekvencny vzor bude mat’ teda pomerne vysoku vypovednu
hodnotu.

Okrem odhalenia relevantnych vzorov, chceme tiez uréit relevantnych
pouzivatel'ov — autority. Spravanie autorit mézeme tieZ pouzit’ ako vzor pri d’alSom
spracovani. Za autoritu mézeme povazovat pouzivatela, ktory tyka velky pocet
¢lankov tykajucich sa jednej témy (sémanticky podobné) , nasledne prispieva do
diskusii a jeho diskusné prispevky ¢asto pozitivne komentované. Okrem toho autoritu
mozeme objavit’ aj v socidlnej sieti — napr. bloger, na ktorého sa mnohi odkazuju.
Vyznamného blogera mozeme povazovat’ za autoritu a pri vizualizécii socidlnej siete
sa javi ako centralny uzol. Tato Cast’ bola aj experimentalne overena. Napriklad
v testovacej vzorke sme objavili dva zaujimavé centralne uzly — blogeri Cerven
a Hermana. Obaja su ¢asto odkazovani. Obaja blogeri sa venuji duchovnej tématike,
ich tvorba je sémantiky podobna, a je to podlozené aj tym, ze niektori pouzivatelia sa
odkazuji na Cervena a zaroven aj na Hermanu.

6 Vytvorenie a nastavanie modelu

Nasim cielom je odhalit’ prepojenie medzi pouzivanim webu a socialnymi vazbami
pouzivatel'ov. Toto prepojenie vytvorime na zaklade sémantickej podobnosti ¢lankov
— na jednej strane ide o podobnost’ vyplyvajicu zo sekvencénych vzorov, na druhej
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strane ide o podobnost’ vyplyvajicu zo socialnej siete pouzivatela. Budeme
reprezentovat’ dve skutocnosti: sekvenéné vzory a profily pouzivatel'ov.

V prvom rade potrebujeme vhodne reprezentovat’ jednotlivé sufrovacie vzory.
Predpokladané parametre pre model sekvenéného vzoru:

—  Dizka vzoru (poget stranok)
—  Frekvencia vyskytu vzoru
—  Vyskyt konceptov

Predpokladané parametre pre reprezentaciu pouZzivatela:

—  Doménova oblast’ pouzivatel'a (bloggera)

—  Pocet publikovanych ¢lankov

—  Témy c¢lankov — koncepty

—  Velkost komunity bloggera a pocet jeho socialnych vézieb

—  Komplexnost' vyjadrovania (priemerna dizka slov, odborné vyrazy)

7 Zaver

Za podstatu nasej metdody sme si zvolili kombindciu dvoch pristupov — analyza
aktivity pouzivatela pri pohybe medzi ¢lankami a socialna siet’ blogera. Chceme
overit, ¢i existuje vztah medzi pouzivanim webu a socialnou sietou. Predpokladame,
ze pouzivanie webu spaja sémanticky podobné ¢lanky. Predpokladame tiez, ze aj
socialna siet’ dava dokopy sémanticky podobné ¢lanky. Ak sa nas predpoklad potvrdi,
segmentujeme populaciu do malych skupin a v ramei skupiny pouzijeme odportacanie
na zéklade preferencii ostatnych ¢lenov v skupine a zarovei na zaklade sekvencnych
VZOrov pouzivania.
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Abstrakt. V prispevku opisujeme architektiru MapReduce vhodmi na
spracovanie velkych informacénych zdrojov. Zaroven opisujeme dostupnu open
source implementaciu tejto architektiry — Hadoop. Hadoop je javovskou
implementaciou frameworku MapReduce navrhnutého a vyvinutého
spolo¢nostou Google na spracovanie a generovanie velkych objemov dat.
Vyhoda MapReduce spociva v jednoduchom pouziti a sprave distribuovaného
systému, kde vyvojar aplikacie nemusi dokonale poznat’ ari¢hitektiiru systému.
Sta¢i ak naprogramuje Map a Reduce metddy ktoré si mdze odladit’ aj na
svojom PC.

Krucové slova: MapReduce, Hadoop, HBase, distribuované spracovanie dat,
distribuovany suborovy systém, BigTable, HDFS

1  Uvod

Ak chceme v dnesnej dobe spracovavat’ velké mnozstva dat, ktoré dnes poskytuje
internet, potrebujeme na to mnozstvo pocitaCov a spdsob ako paralelne a rychlo
spracovavat’ tieto informacie. Je preto potrebné spravne navrhnat’ architektiru celého
systému, a to hlavne:

— sposob distribuovania dat,

— mnozstvo a spdsob replikacie dat,

— sposob (framework) paralelného spracovania,

— mnozstvo a typ uzlov, na ktorych bude spracovanie prebiehat,

— jednoducho skalovatelny systém, ktory by bol efektivny a spol'ahlivy.

Na paralelné a distribuované spracovanie dat existuje mnoZstvo pristupov cez pouZitia
super pocitatov ako aj architektirach zalozenych na bezne dostupnych PC ako
clustrové pocitanie zalozené na PVM [12], MPI [13], Condor [14] alebo integracia
distribuovanych datovych a vypoctovych zdrojov v prostredi Gridu [15]. V prostredi
paralelného a distribuovaného pocitania sa vSak v poslednej dobe presadzuje
architektura MapReduce [1]. Tato architektura vysla z komeréného prostredia, kde je
potrebné spracovavat’ rozsiahle informacné zdroje — Google, a je denne overovana
Vv praxi.
Existuju tri vol'ne dostupné implementacie MapReduce architektary:
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— Hadoop [8], vyvinuty spolo¢nostou Apache Foundation spolu s projektami Lucene
a Nutch. Spolo¢nost’ Yahoo! ma momentalne Hadoop spusteny na 10 000 jadrach
[10] v produkénom prostredi [11].

— Phoenix [9], vyvinuty na Stanfordskej Univerzite, implementovany v C++.

— Disco [17], vyvinuty spolo¢nostou Nokia, implementovany vo funkciondlnom
jazyku Erlang.

V prispevku predstavime dva projekty spolo¢nosti Apache Software Foundation':
Hadoop? a HBase?®. Hadoop je projekt, ktory bol pévodne vyvinuty ako infrastruktura
pre d’alsi projekt spolo¢nosti Apache Nutch?, ktory stahuje a indexuje stranky z webu.
Obidva tieto projekty su sucastou projektu Lucene’. Hadoop je javovskou
implementaciou frameworku MapReduce [1] navrhnutého a vyvinutého spolo¢nost'ou
Google na spracovanie a generovanie velkych objemov dat azahfiia tiez
implementaciu GFS (Google Files System) [3] nazyvanti HDFS (Hadoop Distributed
File System) [2]. HBase je podprojekt projektu Hadoop. Frameworku Hadoop
poskytuje podobnu funkcionalitu ako BigTable [4] distribuovanému stborovému
syst¢ému GFS. V mnohych veciach je podobny klasickym databazovym systémom.
V prispevku zaroven predstavime architektiru uvedenych systémov, distribuovany
suborovy systém a demons$trujeme jednoduchu aplikaciu ajej portovanie do
frameworku MapReduce.

2  Architektura

Prvym, kto takuto relativne jednoduchu a hlavne funkénu architektiru navrhol, bola
spolo¢nost’ Google. Prostredie, v ktorom sa v spolo¢nosti Google vykonavaju vsetky
operacie s datami, sa d& opisat’ v nasledujucich piatich bodoch (platnych v cCase
zverejnenia ¢lanku [1]):

1. Jednotlivé pracovné stanice (uzly) maju Standardne dvojjadrové x86 procesory,
beZi na nich operacny systém Linux a maji 2-4GB pamiéte (vo vacSine pripadov
ide o bezné pracovné stanice, a nie servery s vysokym vykonom).

2. Pouziva sa bezné sietové pripojenie s rychlostou 100Mb/s, resp. 1Gb/s na trovni
pracovnej stanice.

3. Kluster pozostdva zo stoviek az tisicok pracovnych stanic (z toho doévodu su
vypadky pracovnych stanic bezné).

4. Pouzivané disky st vo vicsine pripadov lacné, s IDE rozhranim, priamo pripojené
k pracovnym staniciam. Pouzivaji distribuovany suborovy systém GFS [3].
Systém S$tandardne pouziva replikaciu, aby zabezpecil dostupnost’ a spolahlivost’
systému postavené¢ho nad nespol’ahlivym hardvérom.

5. Pouzivatel’ posiela do systému procesy, ktoré planovac rozdeli na vol'né pracovné
stanice a spusti [1].

! http://www.apache.org/

2 http://hadoop.apache.org/

3 http://hadoop.apache.org/hbase/
4 http://lucene.apache.org/nutch/
3 http://lucene.apache.org/
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Obr. 1. MapReduce architektira®.

Zakladna idea je teda distribuovat’ data na jednotlivé nody v ramci distribuovaného
file systému (pozri d’alSiu Cast) anad tymito datami zabezpecit spustenie Map
metddy. Vysledky Map metddy st vstupom pre metéodu Reduce ktora spracuje vystup
Map metdd do pozadovaného vysledku.

2.1 Distribuovany stiborovy systém

Na to, aby sme mohli spustat’ procesy v paralelnom prostredi, potrebujeme mat aj
distribuovany stiborovy systém, nad ktorym budeme tieto procesy spustat’.

Na nasledujicom obrazku sa nachadza architektira atok informacii
v distribuovanom stborovom systéme GFS.

selicaion (file name, chunk index) | GFS master = /foo/bar
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2 d:
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Control messages
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(chunk handle, byte range)
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Linux file system Linux file system
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Obr. 2. Architektira, datovy a riadiaci tok informacii v GFS [3].

Tato centralizovana architektura pri velkych objemoch dat vyzera v pripade
jedného mastera vel'mi zizena. AvSak v GFS klient nepristupuje pri Citani a zapise
informacii uloZenych na pracovnych staniciach cez GFS mastra, ale pri prvom
pristupe dostane priamo meno GFS chunkservera, ku ktorému ma pristipit, toto meno
si zapamata na ur¢iti dobu a d’alej komunikuje priamo s chunkserverom.

Podobne aj Hadoop vyuziva 5 vysSSie spominanych bodov ako Google a zalozil
svoju distribuovant suborovi architektiru HDFS na principoch GFS (master/slave).
Na nasledujicom obrazku je zobrazena architekttira systému HDFS.

¢ http://hadoop.apache.org/core/
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HDFS kluster pozostava z jedného uzla NameNode zodpovedného za manazovanie
pristupu k suborom a adresdrom aza vSetky blokové operacie, ako je otvaranie,
zatvaranie a premenovanie suborov a adresarov. Uzly DataNode st zodpovedné za
Citanie a zapisovanie suborov a adresarov pre potreby suborovych klientov. Aj
v pripade HDFS neprechédzaju cez uzol NameNode ziadne pouZzivatel'ské data okrem
metadat systému HDFS.

HDFS Architecture
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Block ops
Re]ad Datanodes N Datanodes
mm . = Replication L @D
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Obr. 3. Architektura, datovy a riadiaci tok informéacii v HDFS [2].

Najvacsou vyzvou v distribuovanych stborovych systémoch je replikovanie
blokov dat. Na nasledujucom obrazku je ukazany systém replikovania v siborovom
systéme HDFS (podobne je to aj v GFS).
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Obr. 4. Spdsob replikovania blokov v HDFS klusteri [2].

2.2 Framework MapReduce

Aby sme mohli vyuzit' distribuovany systém opisany v Casti 2.1, potrebujeme mat’
framework, ktory bude zodpovedny za manaZzovanie procesov (rozdelovanie,
spustanie, atd’.). V tejto Casti si opiSeme framework MapReduce [1] navrhnuty
spolo¢nostou Google, ktory umoziiuje spustat paralelené procesy bez znalosti
paraleleného programovania. Programovaci model prostredia MapReduce je opisany
nizsie.

Na vstupe vypoCtu je mnozina parov kluc/hodnota. Vyvojar musi
naimplementovat’ dve funkcie: Map a Reduce. Funkcia Map dostane na vstupe par
klu¢/hodnota a vyprodukuje preit docasny par kl'ic¢/hodnota. Prostredie MapReduce
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zoskupi docasné hodnoty priradené tomu istému klai¢u K a posunie ich do funkcie
Reduce. Funkcia Reduce ma na vstupe docasny kl'u¢ K a mnozinu hodnét k nemu
priradenych. Tieto hodnoty spoji dokopy, pricom je predpoklad, ze mnozina hodnot
po ukonceni funkcie Reduce bude menSia. DoCasné hodnoty st poskytované do
funkcie Reduce ako iterator. To umoznuje zvladnut' zoznam hodnét, ktoré su prilis
velké na nacitanie do pamiite.

Na nasledujucom obrazku je opisany spOsob spustenia procesu v prostredi
MapReduce od spolo¢nosti Google.

(1) fork . tllfc\;k €1) fork

2)
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o ok (6) write output
split (5) remote read file O
split 2 ) read (4) local write
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Input Map Intermediate files Reduce Output

files phase (on local disks) phase files

Obr. 5. Spustenie a vykonanie procesu v prostredi MapReduce (Google) [1].

Vypoctovy kluster MapReduce (v implementacii Hadoop) pozostava zjedného
uzla JobTracker (v mensSich klusteroch sa pouziva na tom istom uzle ako uzol
NameNode) zodpovedného za manazovanie spustanych procesov. Uzly TaskTracker
(uzly TaskTracker a DataNode musia byt totozné) st zodpovedné za priame
vykonavanie zverenych tuloh.

V nasledujucich krokoch si popiSeme spustenie procesu v prostredi Hadoop:

1. Na uzle JobTracker sa spusti pozadovany proces, ktory ma naimplementované
funkcie Map a Reduce.

2. JobTracker preskima volné uzly (musi na nich bezat TaskTracker) apodla
potreby (v zavislosti od velkosti vstupnych dat) prideli potrebné mnozstvo
vypoctovych uzlov (TaskTracker v zavislosti od poctu jadier zvladne pocitat’ 2 az 4
ulohy naraz). St¢asne je spustena aj iloha Reduce (v zavislosti od mnozstva dat
a uzlov sa mdze spustit’ aj viac uloh Reduce).

3. Po dokonceni niektorej z Map uloh sa jej vysledky prekopiruji na niektory
z uzlov, kde bezi uloha Reduce. Vysledky sa utriedia a ¢aka sa na ukoncenie
vsetkych tloh Map.

4. Po dokonceni vsetkych uloh Map sa spustia ulohy Reduce apo ich ukonceni
dostaneme utriedeny zoznam parov klI'a¢/hodnota.
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V prostredi MapReduce (v implementacii Hadoop) st aj d’alSie funkcie, ktoré méze
vyvojar naimplementovat’. Su to funkcie:

— Combiner — spusti funkciu Reduce hned po tlohe Map na danom uzle (pomaha
znizit’ mnoZzstvo prenesenych dat cez internet),

— Partitioner — pouzivatel prostredia MapReduce moze Specifikovat’ pocet tloh
Reduce spustenych vjednej tulohe, pricom funkcia Partitioner je
zodpovedna za rozdelenie docasnych kli¢ov K na jednotlivé tlohy Reduce.
Niekedy st napriklad vysledné klI'ice typu URL a vtedy je dobré mat vysledky
z jednej URL v jednom subore (spracované jednou ulohou Reduce),

— Reporter - je funkcia, ktora oznamuje stav procesu a uloh.

2.3 Distribuovana databaza

KedZe vdcsina procesov spustanych vo frameworku MapReduce pracuje s datami
z internetu (stahovanie stranok, logy serverov, a pod.), je ziaduce ukladat’ data do
podobnych Struktir, aké nam dnes poskytuju relacné databazy. Spolo¢nost Google
navrhla a implementovala vlastnu databazu v mnohom podobnu relacnym databazam
anazvala ju BigTable [4]. BigTable je distribuovany ukladaci priestor, ktory sliizi na
ukladanie Struktirovanych dat velkého rozsahu (v rozsahu petabajtov) na tisicky
komoditnych pocitacov. Podobne ako Hadoop je implementiciou frameworku
MapReduce a HDFS je implementaciou GFS, aj HBase je implementaciou BigTable.
HBase pouziva datovy model podobny tomu, ktory pouziva BigTable. Aplikacie
ukladaju data do tabuliek. Datovy riadok ma triediaci klI'a¢ (je mozné podl'a neho
triedit’ zoznamy pérov kI'a¢/hodnota) a Fubovolny pocet stipcov. Jednotlivé tabulky
su vacsinou velmi riedke, takze riadky v jednej tabulke mézu mat’ rézne pocty
stipcov. Kazdy stipec ma meno v tvare: , <family>:<label>*.

Ak sa na tabulku uloZent v systéme HBase pozrieme z konceptualneho pohladu,
ide o kolekciu riadkov, ktoré su vyhladavané podla klacov jednotlivych riadkov
(volitelne aj podla ¢asovej znacky), a kde stipce nemusia obsahovat’ Ziadnu hodnotu
pre urcité riadky (tabulka je riedka). V nasledujucej tabulke je ukazka tabulky
uloZenej v systéme HBase.

Tabulka 1. Ukéazka tabul’ky ulozenej v systéme HBase — konceptualny pohl'ad [16].

Row Key | Time Stamp Column "contents:” Column "anchor:" Column "mime:"
"com.cnn.www" 9 "anchor:cnnsi.com”|  "CNN"
8 "anchor:my.look.ca” "CMNN.com”
t6 "<html=_." "text/html"
5 "<html=..."
13 "<html=..."

Treba si uvedomit, ze v pripade fyzického ulozenia v HDFS systéme prazdne
miesta nie s ulozené, pretoze HBase (BigTable) su fyzicky uloZzené po stlpcoch, ako
to ukazuje nasledujuca tabul’ka.
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Tabul’ka 2. Ukézka tabulky ulozenej v systéme HBase — fyzické ulozenie v HDFS [16].

Row Key Time Stamp Column “contents:”

"com.cnn.www" t6 "<html=_ " RowKey  Time Stamp Column "anchor"
t5 "<html=_.." "com.cnn.www" 9 "anchor.cnnsi.com”  "CNN" RowKey  Time Stamp Column "mime:"
3 "<html>.." 8 “"anchormy.lock.ca" "CNN.com" “com cnn.www" 6 "text/html”

3  Prakticka ukazka

V tejto Casti si ukdZeme a detailnejSie rozoberieme jednoduchy program na zistovanie
vyskytu slov v dokumente (WordCount’). Nizsie je uvedeny listing (funkcii Map
a Reduce) tohto programu v Jave?.

Funkcia Map:

public void map (LongWritable key, Text value, OutputCollector<Text,
IntWritable> output, Reporter reporter) throws IOException {
Text word = new Text();
String line = value.toString() .toLowerCase();
StringTokenizer tokenizer = new StringTokenizer (line);
while (tokenizer.hasMoreTokens()) {
word.set (tokenizer.nextToken ()) ;
output.collect (word, one);
}
}

Funkcia Reduce:

public void reduce (Text key, Iterator<IntWritable> values,
OutputCollector<Text, IntWritable> output, Reporter reporter) throws
IOException {

int sum = 0;

while (values.hasNext ())

sum += values.next () .get();

output.collect (key, new IntWritable (sum));

}

Funkcia Map dostane cast’ siboru (riadok) obsahujuceho text, ktorému priradi token
a pre kazdy token (docasny kl'i¢) priradi hodnotu ,,one®. Funkcia Reduce nasledne
dostane docasné pary klIi¢/hodnota. Pre docasny kIG¢ iteruje cez vsetky jeho
hodnoty, pricom ich pocet sumuje. Ked’ prebehne cez vsetky hodnoty, sumu zapise

ako vyslednu hodnotu pre kl'i¢, ktory vlastne tvori token (slovo).

4 Zaver

V prispevku sme predstavili framework MapReduce pre vyvoj a spuastanie
paralelnych procesov bez znalosti paralelného programovania. Predstaveny program
WordCount bol len jednym z mnohych, pre ktoré je tato architektura vlastne

7 Originélny zdrojovy kod je prebraty z:
http://hadoop.apache.org/core/docs/current/mapred_tutorial.html
8 http://java.sun.com/
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vytvorenda, ale aj on ukéazal moZnosti arychlost pri spracovavani petabajtov
informacii.

Podakovanie. Téato praca je vyvijand apodporovana projektmi Commius FP7-
213876, SECRICOM SEC-2007-4.2-04, SEMCO-WS APVV-0391-06, AIIA APV V-
0216-07, VEGA 2/7098/27.
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Abstrakt. Tento ¢lanok sa zaobera integraciou vystupov z réznych modulov,
ktoré automatizovane spracovavaju a extrahuju informacie z emailovych sprav
tak, aby vysledna emailova sprava bola obohatend o relevantné informacie.
V emailovej sprave su tieto informacie priloZzené k textu originalnej spravy
v textovom alebo HTML formate. V pripade aktivnych komponentov su
prilozené hypertextové odkazy na interaktivne webové rozhranie. Hlavna tloha
navrhovaného pristupu je poskytnit’ konfigurovatelné a intuitivne
pouzivatel'ské rozhranie zobrazujuce vystupy zo vSetkych modulov
extrahujucich informacie z emailovych spradv. V uvode je rozobrana
problematika integracie vystupov z modulov. Dalej jednotlivé podkapitoly
rozoberajui navrh architektiry a technologicé moznosti implementacie. Zaver je
venovany dal§im planom pri navrhu a implementacii. Tato praca vznikla
v ramci projektu COMMIUS.

1 Uvod

Tento clanok sa zaoberd integraciou vystupov z réznych modulov, ktoré
automatizovane spracovavaju a extrahuju informacie z emailovych sprav tak, aby
vysledna emailova sprava bola obohatend o relevantné informacie. V emailovej
sprave su tieto informacie priloZené k textu originalnej spravy a v pripade aktivnych
komponentov sa tu nachadzaju hypertextové odkazy na webové rozhranie.

V sutcasnosti je mnoho webovych emailovych klientov zalozenych na AJAX!
metodologii ako napriklad Google Mail?, Zimbra3, 6Zap*, Foldera® and BlueTie®.
Tieto webové aplikdcie su urené na beznii emailovii komunikiciu spojenu
s manazmentom emailovych sprav a dokumentov. Spominané webové aplikacie
vyuzivaji moznosti webového prehliadaca komunikovat® asynchréonne na pozadi
webovej aplikacie. Pre tcely jednoduchsieho a transparentnejSicho vyvoja takych

1 Zékladné informacie o metodologii AJAX, http://en.wikipedia.org/wiki/AJAX

2 Gmail, http://mail.google.com

3 Zimbra, http://www.zimbra.com/products/collaboration.html

4 6Zap, http://www.6zap.com/product/

3 Foldera, http://www.techcrunch.com/2006/02/20/foldera-never-organize-your-inbox-again/
¢ BlueTie ,http://www.bluetie.com/

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 35-39, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.
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aplikacii bol vyvinuty nastroj GWT’ [2], ktory umoziuje prekompilovat’ aplikaciu
vytvorenu a odladenu v Java jazyku do JavaScript jazyka umoziujuceho bezat’
rovnako dobre na webovych prehliadacoch.

Hlavna uloha nami navrhovaného pristupu je poskytnut konfigurovatelné
a intuitivne pouzivatel'ské rozhranie zobrazujuce vystupy zo vSetkych modulov
extrahujucich informéacie z emailovych sprav. To znamena, ze pouzivatel bude moct’
automatizovat’ ¢innosti, ktoré budi aktivované na zaklade novej emailovej spravy
pomocou zasuvnych modulov.

Architektura systému COMMIUS? je nacrtnutd na obrazku 1, kde nova emailova
sprava prechadza réznymi modulmi zlozenymi s komponentov:

— Spracovanie a extrakcia informacii (systémova turoven)
— Sémantické spracovanie (sémanticka Groveii)
— Prepojenie existujucich systémov (procesnd trovei)

Jednotlivé komponenty st navzajom poprepdjané do logického bloku zvaného modul
tak, aby vystup z neho prezentoval relevantné informacie ziskané na zaklade textu
emailu. V ramci takéhoto systému moéze subezne pracovat’ viacero modulov, ktorych
vystupy maji byt integrované do prilohy emailovej spravy a navySe maju byt
pristupné aj pomocou interaktivneho webového rozhrania. Webové rozhranie ma
zaroven sluzit’ aj na konfigurovanie modulov.

Mail Server g

<

1 INpO
Z INpow i«
uINpow i«

Spracovadnie a extrakcia informacii

ické spracovani

Prepojeriie existujucich systémov

=

¢ Upraveny

dLINS Ze2 nyjiqesadossyul aid eingynsesu|

E-mail klient

—

Prehliada¢ T

Obr. 1. Architektira systému na spracovanie emailovych sprav.

Prichadzajuca emailova sprava je najskor spracovana jednotlivymi modulmi, ktoré
z nej vyextrahuju relevantné informacie. Tieto informacie st rozlozené a ulozené do
docasnej paméte, kde su ulozené a pripravené na zobrazenie. Jeden typ zobrazenia je

7 Google Web Toolkit, http://code.google.com/webtoolkit/
8 COMMIUS projekt, http://www.commius.eu/
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staticky text, ktory je pripojeny k originalnej emailovej sprave. Tento popis moze
obsahovat' aj odkaz na webové rozhranie, ktoré dokdze informacie zobrazit' aj
pomocou dynamickych komponentov.

COMMIUS systém pocita s dvomi scenarmi pouzitia:

— Serverové rieSenie. Na spracovanie emailovych sprav je pouzity centralny
emailovy server, ktory spravuje vSetku emailovii komunikaciu pre kazdy emailovy
ucet. Tu je nutné zabezpeCit doveryhodnost abezpeCnost algoritmov
extrahujucich informacie.

— Lokalne rieSenie. Na spracovanie emailovych sprav je pouzita inStalacia, ktora je
oddelenda od emailového serveru aspravy su spracovavané lokalne. V tomto
scenari nie je nutné rieSit doveryhodnost ani bezpecnost algoritmov
(za predpokladu, ze pocitac je zabezpeceny voci utokom a virom). Nevyhodou
vSak je to, ze webové rozhranie je pristupné len z lokalneho pocitaca.

2 Architektura spracovania sprav

Doterajsi navrh architektiry bol zamerany na zobrazenie jednoduchych sprav
obohatenych o informacie, ktoré boli najdené pri analyze emailovej spravy modulom
ACoMa [1]. Sucasny navrh architektairy MPP° komponentu je postaveny na
nasledujtcich komponentoch:

— Spracovanie sprav. Tento komponent spracuva spravy v réoznych formatoch (xml,
eml, atd’.) a extrahuje informacie a meta-informacie pouzité pri zobrazeni.

— Manazér sedeni. Integruje Udaje na zaklade vytvoreného sedenia a poskytuje
docasnu pamét’.

— Spracovanie emailovych sprav. Na zaklade konfiguracie systému sa k originalnej
emailovej sprave pripoja vystupy z modulov v textovom alebo HTML formate.
Takto modifikovany email sa posle prijimatel'ovi emailu.

— Spracovanie webového rozhrania. Tento komponent ma za Glohu vytvorit’ webova
stranku, kde budu informacie integrované do interaktivneho rozhrania. Tento
komponent vygeneruje pociatocnu strdnku pomocou Javascript komponentov.

— Datové sluzby. Tento komponent len registruje sluzby v ramci aplika¢ného portalu
(sluzba v tomto kontexte predstavuje servlet prijimajici akcie ajemu
zodpovedajuca implementacia dynamickych komponentov v jazyku Javascript).

— Pouzivatel'ské nastavenia a konfigurdcia modulov. Umoziuje modifikovat
a ukladat’ nastavenia modulov ako aj nastavenia pouZivatel'ského rozhrania.

3  Technologicka platforma

Z dovodu overenia navrhnutej metédy bola implementovand demonstracna verzia
MPP komponentu. Pri jej realizacii bol kladeny déraz na overenie architektiry
a pouzitel'nosti vybratych implementacnych technologii a nastrojov.

 Message Post-Processing komponent je zodpovedny za spracovanie a integraciu vystupov
z COMMIUS modulov.
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Obr. 2. Blokova schéma MPP komponentu.

KedZe sa jedna hlavne o prezentdciu vystupov, pri realizacii bol zvoleny néstroj
GWT [2], ktory umoznuje vyvoj aladenie webovych aplikacii zalozenych
metodologii AJAX vjazyku Java anasledné prekompilovanie kodu do jazyka
Javascript beziaci na webovych prehliadacoch. GWT nastroj bol rozsireny
o sofistikovanejSiec komponenty ExtGWT!?. Bol zvoleny aplika¢ny server Jetty'!,
ktory slizi ako kontajner pre webové aplikacie a navysSe je velmi dobre pouzitelny
pre lokalne rieSenie.

Komponenty vytvarajuce pouzivatel'ské rozhranie su spustané v ramci Jetty
aplikacného serveru, kde komponent na spravu sedeni je implementovany ako servlet,
ktorym sa inicializuje generovanie pouzivatel'ského rozhrania a komponent na datové
sluzby je registrovany ako GWT sluzby. Oba komponenty pouZzivaju ten isty
kontajner sedeni.

4 MPP komponent

Komponent integruje informacie extrahované z emailovej spravy. Implementovana
verzia zatial' implementuje len grafické rozhranie. Textova ¢ast’ emailovej spravy je
obohatena tak, ze klicové slova ku ktorym boli najdené relevantné poznamky st
zvyraznené¢ symbolom, ktory reprezentuje vyznam poznamky. Tieto nasledne
umoznia vyvolanie akcie. Pouzivatel'ské rozhranie zaroven umoznuje upravu
konfigura¢nych suborov a spustanie nastroja ACoMa.

V st¢asnosti boli prace na MPP komponente zamerané na overenie pouzitel'nosti
komponentov GWT a ExtGWT. Plany na d’alSiu implementéciu zahfiaju definovanie
spolo¢ného formatu vystupnych sprav z modulov, ktory bude zaloZzeny na XML
formate a Specifikovat’ spdsob komunikacie medzi modulmi a MPP komponentom
a overit’ navrhnuté rieSenie na jednoduchom priklade.

19 Domovska stranka ExtGWT, http://extjs.com/products/gxt/
11 Jetty aplikaény server, http://www.mortbay.org/jetty/
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5 Zaver

Sice komponent na spracovanie vystupov je len vo faze navrhu a implementacie
demonstracnej aplikacie, tento komponent preSiel overovanim technologickej
platformy GWT a navrhu zasuvnych modulov vizudlnych aplikécii pre jednotlivé
moduly. Tento ¢lanok sa snazi opisat’ doterajSie vysledky pri navrhu a implementacii
webovej aplikacie zaloZzenej na AJAX metodologii urCenej na spracovanie
emailovych sprav.
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Abstract. Segmentation of client portfolio is a powerful customer intelligence
tool for better understanding of companies’ client base. There are many
different approaches for creation of segmentation. But what segmentation is
really good and how to develop it? It is important to keep in mind not only
mathematical aspects of segmentation, but primary business context and adjust
used methodology and whole creation process to satisfy the business user’s
needs. In this article there are discussed practical issues what appeared in retail
portfolio segmentation project for international bank in Slovakia.

Keywords: segmentation, marketing, retail, CRISP DM, k-means

1 Introduction

Banks usually use several segmentations of their client portfolio. The most usual are
segmentations by financial data (e.g. balance up to 1 mil., up to 5 mil., more than
5 mil.), by market segment (private individuals, VSE/SME, corporate, municipality),
by risk rating. These basic segmentations are useful for a majority of bank’s internal
departments despite of fact that each department has different view over client
portfolio, uses segmentations for different purposes and has different key performance
indicators (KPI) for evaluation of own success.

Particular departments are motivated and trying to better know clients relevant for
them, because they already realized it is way for better KPI values. One of approaches
for achieving a goal is to use tailored portfolio segmentation, identify important
segments and focus on them. Literature cites several algorithms and approaches
suitable for solving the segmentation problem. From experience the successful
segmentation solution may require more that just adoption of right algorithm. Even
more important parts are deep domain knowledge, ability to listen to business user
needs, data manipulation and knowledge extraction skills.

2 Methodology

CRISP DM methodology is an industry standard for development of data-mining
models. It is sufficiently general methodology covering development of predictive,

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 4044, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.
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descriptive or segmentation models [1]. Authors [2, 3, 4] suggest also different
methodologies using whose may lead to comparable results. CRISP DM consists of
six basic phases:

. Business understanding
. Data understanding

. Data preparation

. Modeling

. Evaluation

. Deployment

AN N AW =

These phases are closely related and it is essential to fulfill all requirements from
a phase before passing to following one.

Deployment

Fig. 1. CRISP DM

2.1 Business understanding

In methodology this initial phase focuses on understanding the project objectives and
requirements from a business perspective, then on converting this knowledge into
a data mining problem definition, and finally on a preliminary plan designed to
achieve the objectives [1].

Marketing department needs segmentation for better understanding of their client

portfolio and wants to use gathered knowledge for improvement of own marketing
activities whose include targeting of direct mail campaigns, selection and monitoring
of strategic segments, product development, service levels management.
It is hard to convert these broadly specified business requirements into definition of
single data-mining problem. There is no target variable, no explicit function to
validate quality of model. Success heavily depends on ability of analyst to find out
right segmentation rules and persuade business users to adopt them and use in daily
work. What other, primary technical, parameters should that segmentation have?

1. Reasonable number of well described and sustainable segments

2. Be based on data available in data-warehouse so clients could be scored
periodically

3. Segments stabile over time (not changing too quickly)
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2.2 Data understanding

There are always two basic kinds of data to be considered for segmentation project:

— “Hard” data — data periodically loaded from primary systems into data-warehouse
what are provided by ETL process. Advantage of choosing these data is that
because they are periodically updated, clients can be also periodically scored using
segmentation rules based on these data. And even at no additional costs.
Disadvantage of this data is limited information value about portfolio and so a lot
of knowledge stays hidden. Segmentation project requires several monthly
snapshots to evaluate stability of segmentation rules.

— “Soft” data — data about client’s life style, personal preferences, life situation,
relationship with competitors, etc. These data are not commonly stored and
updated in data-warehouse. They are gathered using surveys on the sample of
portfolio. So these data are expensive and may be biased. Not all segments respond
to surveys equally, not all clients answer questions responsible and then gathered
results have to be taken with some reserve.

2.3 Data preparation

Hard data driven segmentation requires client level data mart with periodical client
profile snapshots. Initial segmentation requires a snapshot with complete behavioral
client profile. Behavioral client profile consist of client accounts data, balances, client
behavior — how he uses products, delinquencies, seniority, and some geographic and
demographics attributes are included too. It is also possible to use different trends and
summary multi month variables and gain better segmentation rules over time stability.
Generally data mart could contain few hundred attributes.

Another part is the data transformations. Algorithms for segmentation require data
in right form. Distance based algorithms work the best with data standardized to
interval <0,1> or if data are categorical then common transformation is a binary
encoding.

Standardization of numeric attributes slightly complicates evaluation of
segmentation model, because description of segments has to use real values, evident
for domain experts.

2.4 Modeling

There is long list of segmentation algorithms to choose from. Including distance based
algorithms, probability based, hierarchical or Kohonen networks. For example let’s
try to use k-means distance based algorithm. There are a lot of questions to consider
even before the first iteration.

There is no one simple and correct answer for these questions and every decision
has huge impact on performance of the algorithm and on the final results. Creation of
segmentation on large portfolio with lot of attributes and different parameters leads to
random searching in nearly infinite state space.
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To deliver segmentation in time and in requested quality we propose following
approach. First gather and summarize business user’s expectation during interview
with them. It is commonly expected to find some well known segments in data. The
first task is to find these popular segments. Then to explore the rest of portfolio and
identify, name and describe all other important segments.

Using this approach segmentation is born on the paper first. Design should include
number of segments, basic description of each segment and initial rules for segments
definition. Design should meet business user’s expectation, be extract of expert’s
experience, and possibly include some frontier ideas.

Second step is to check, if design suits with the data. This is iteration process and
request some time — distributions of segments has to be computed, then some
segments definition need to be revised, some segments are usually not found and
some new will appear. Whole segmentation is set of if — then — else rules what can be
expressed in SQL or nearly every other computer language. Analyst has great control
over these rules. Has to check how his manual changes in rules reflect into
distributions of segments. If closer detail is needed, hierarchical segmentation with
more sub-segments can be created.

Inactive Investors |
; . Apply k-means
Mortgages | Young Senior o finrzips);b-segments

Modern / g

""" Consumers /
Conservative =
Students & youth QE
Expert rules
Unexplored space to find parent segments

Fig. 2. Segmentation of retail portfolio.

There is a place for application of standard segmentation algorithms. When parent
segment is already defined, there are fewer options for definition of sub-segments:
smaller data width and height, and usually small number of sub-segments to be found.
K-means algorithm has proved to be very useful here. It provides proposals for sub-
segments definitions and automatically finds the splitting points for numerical values.
These points are hard to find manually and k-means find them easily in a short time.

2.5 Evaluation

Segmentation model is evaluated with set of reports. These reports have to be
periodically updated so customer could watch the segmentation changes over time.
Set of reports includes:

— Segment distribution in current month
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Summary and average client profile over segments (balances, products penetration,
debt, delinquencies, client activity, transaction, etc.)

Segment saturation

Segment trends over past 2 years

Transitions matrixes with highlighted common paths between segments

Most of issues with stability of segmentation have same solution — use correct basic
data for segmentation rules. It is not important to transform data into the best possible
form. It is better to return back to data preparation stage and reload correct data from
data-warehouse.

2.6 Deployment

Deployment is divided into two parts: technical and business.

Technical part of deployment consists of automation of periodical scoring process
into data-warehouse. Segmentation rules are written into SQL procedures and provide
actual information about segment for every client every month. Information about
segment also appears in reporting system of department and is provided to CRM
system to points-of-sales (POS).

Business part is a job for business users. In case of marketing segmentation it is
marketing analysts who prepares special campaigns for individual segments, chooses
strategic segments, make actions which increase their size in portfolio and
periodically reports own progress. Another important user is product design
department what creates customized products for important segments.

3 Conclusion

Experts say that the best segmentation is one what suits the business needs the bests.
In real world it is hard to describe these needs in metrics and math, so standard
approach may lead to success in very hard and long way. Abilities to listen, to
understand problem details from both business and data side, and to deliver a complex
solution, not just mathematics or statistics output are very important for the final
success. Usually simpler, logical, understandable and sustainable solution is what
business users want and will use daily.
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Abstrakt Relacna klasifikicia obohacuje atribitovo-viazané zatriedo-
vanie o informécie plyntce zo vztahov medzi objektami. Tato praca sa
venuje rela¢nym klasifikatorom, ktoré vyuzivaju Sirenie informécii pomo-
cou viacerych typov vztahov medzi réznorodymi objektmi v grafoch. Na
zéklade analyzy kvality Sirenych informacii je navrhnuty a experimental-
ne overeny mechanizmus na obmedzenie vymeny nevhodnych informécii,
ktory sa aplikuje ked nie je splneny predpoklad homofilie susednych ob-
jektov, ¢o prispieva ku zvySeniu presnosti klasifikacie.

1 Uvod

Klasifikacia, jedna z tradi¢nych technik dolovania v datach, vyuziva atribuaty
(tiez vlastnosti, érty) zatriedovanych instancii (objektov) ako vstupné paramet-
re, na zaklade ktorych sa klasifikdtor naudi rozliSovat dany vzor. Tento pristup
pouzivajua zname metddy ako rozhodovacie stromy, ¢i SVM (Support Vector Ma-
chines) [1] a hovorime o atributovo-viazanom pristupe.

Odlisny pristup ku klasifikdcii predstavuje relaény pohlad (2], kedy su pre
klasifikator tstredné vztahy medzi ingtanciami (pricom sa v8ak nevylu¢uje ani
vyuZitie znalosti z vlastnych atribatov). Relaéna klasifikacia je vyhodna a do-
sahuje nadstandardné vysledky v oblastiach, kde st objekty medzi sebou vy-
razne prepojené vztahmi, vytvarajucimi grafovi Struktaru. Prikladom je oblast
klasifikacie vedeckych ¢lankov, kde ¢lanok mé atributy ako nazov a abstrakt,
prepojenia na iné ¢lanky (cez referencie), prepojenia na osoby (autorov), ¢i kl'i-
¢ové slova. Obr. 1 zobrazuje tuto doménu, pricom klasifika¢nou tlohou je napr.
rozhodnit, ktoré ¢lanky spadaji do triedy Hardvér.

Iterativna vymena informacii v grafe
Novsie a pokrocilejsie relacné klasifikitory vyuzivaju mechanizmus spolo¢ného
odvodzovania (collective inference), ktory umoziuje iterativne Sirenie informacii

v grafe objektov [3]. V8eobecn4 schéma je takato:

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 45-48, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inzinierstva, 2009.
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Obrazok 1. Graf z domény vedeckych ¢lankov.

relacia:
referencuje

1. kaZzdému objektu sa na zéklade jeho vlastnych atributov nastavi prislusnost
ku triedam (d'alej sa nazgva stav) pomocou niektorého atributovo-viazaného
klasifikatora.

2. Kazdy objekt z testovacej mnoziny si postupne v iteraénych krokoch obno-
vuje svoj stav na zdklade stavov susednych objektov (susednost = priame
prepojenie relaciou medzi objektami).

3. Mechanizmus aktualizacie stavu objektu je Specificky pre zvolenu klasifikaé-
nt metodu, zvycajne sa zohladiuje vlastny stav z predoslého kroku a stavy
susednych objektov maja roznu vah podla toho, ¢ su z trénovacej alebo
testovacej mnoziny.

4. Sposob aktualizacie stavu je navrhnuty tak, aby stavy objektov konvergovali.
Po ustéleni stavov v grafe sa kazdému klasifikovanému objektu priradeni
ta trieda, ktora ziskala najvyssie ohodnotenie (t.j. mala najvyssiu hodnotu
v stavovom vektore).

Princip spolo¢ného odvodzovania do velkej miery pripomina stavové automaty,
s tym rozdielom, Ze susedstvo zvy¢ajne nie je pravidelné a stav je vektor realnych
Cisel.

Obmedzovanie vymeny informacii

Vseobecny postup popisany v predoslej ¢asti vychédza z tzv. predpokladu ho-
mofilie:

Susedné, resp. blizke objekty v grafe prisluchaju k rovnakej triede s vac-
sou pravdepodobnostou ako objekty, ktoré su si v grafe vzdialené.

Uvedeny predpoklad viak mnoho datovych mnozin splita len v slabej miere
a v pripade, Ze nie je vopred znamy charakter vstupnych dat, klasifikdtor nie
je dostatofne robustny a nie je zaruené, Ze vysledok zatriedovania bude na
oCakavanej drovni. Tento nedostatok sa da oSetrit zavedenim moderovania (ob-
medzovania) vymeny informécii v grafe tak, aby k vymene informécii dochadzalo
len ked je podmienka homofilie splnené v zvolenej intenzite.
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V sti¢asnosti ndm Zziaden znamy rela¢ny klasifikitor nema podporu pre mo-
derované Sirenie informécii — stavy sa medzi objektmi vymienaja nech je ich
obsah akykol'vek. Nami navrhnuty sposob vyuZiva predpoklad, Ze objekty ktoré
vyraznejsie prisltuchaju k urcitej triede (teda ich stavovy vektor preferuje jednu
triedu) prinaSaju zmysluplnejsie informacie nez ostatné objekty. Ohodnotenie
stavu je mozné pomocou entropie nasledovnym sposobom:

z
H(n) = - ZP(CJ”) log p(ci|n) (1)

i=1
kde n je aktualny objekt, z je pocet tried klasifikacie a ¢; st prislusnosti ku
jednotlivych triedam. Napr. objekt so stavovym vektorom [¢; = 0.5, c2 = 0.5] je
ohodnoteny ako nevhodny na zdielanie svojho stavu, kedZe neposkytuje ziadnu
dodatoc¢nu informéciu o tom, ku ktorej triede patri a naopak, objekt so stavom
napr. [¢; = 0.8,¢co = 0.2] je zrejme vhodné vyuzit pri $ireni informacii v gra-
fe, kedZe jeho prislusnost ku triede c¢; je vyrazné. Volba prahu, oddelujaceho
uZitoéné a ostatné stavy, zavisi od konkrétnych dat — v dalgej ¢asti uvadzame
experimentalne zistenie najvhodnejSej hranice v datovej vzorke vedeckych pub-

likAcii.

2 Experimentalne overenie

V experimente sme klasifikovali vedecké ¢lanky z datovej mnoziny MAPEKUS!
s vyuzitym vybranych tried klasifikicie ACM?2. Klasifikovany graf ma rovnaku
struktiru ako priklad na Obr. 1, pocet objektov je vyse 20 000. Ako rela¢ny kla-
sifikdtor sme zvolili IRC (Iterative Reinforcement Classifier) [4]. Postupne sme
menili parameter moderacie a sledovali rast/pokles metriky presnost (accura-
cy) v porovnani s atributovo-viazanym klasifikitorom Naive Bayes. Vysledky
st na Obr. 2. Z uvedenych vysledkov vyplyva, Ze bez obmedzenia Sirenia mo-
ze relacny klasifikdtor dokonca znizit presnost klasifikacie. S rastticim stupiiom
moderacie sa vSak presnost klasifikdcie zvySuje, pricom néarast presnosti je az
9.6%. Pri najvysSej moZnej miere obmedzenia, kedy sa grafom &iria len vektory
s najnizSou moznou entropiou (napr. [¢; = 1.0,¢3 = 0.0]), v8ak uz dochadza
k miernemu poklesu vykonnosti klasifikitora, kedZze grafom sa §iria vyhradne
stavy trénovacich objektov.

3 Zhodnotenie a d’alsia praca

Pre kazdy klasifikator plati, Ze vyber konkrétnej metody klasifikacie dat by mal
zavisiet od povahy tychto dat, kedZe neexistuje najlepsi vSeobecny klasifika-
tor [5]. Rela¢nu klasifikdciu je vhodné pouzit v doménach, kde st silno pritomné
vztahy medzi inStanciami. V tejto préaci sme zaviedli a experimentalne overili

! http://mapekus.fiit.stuba.sk/
2 The Association for Computing Machinery: http://www.acm.org/class/
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Obrazok 2. Vplyv sily obmedzenia vymeny informacii na kvalitu klasifikacie.

moderaciu $irenia informécii v klasifikovanom grafe objektov, ktora prispieva
k zvySeniu robustnosti a presnosti klasifikdcie. Tento pristup je pouZzitelny pre
vSetky relacné grafovo-viazané klasifikitory so spoloé¢nym odvodzovanim a zaro-
ven zachovéva ich konvergentnost a neovplyviiuje rychlost klasifikicie. V dalsej
préaci sa chceme venovat vedlajsim pozitivnym tcinkom rela¢nej klasifikicie, kto-
rym je odvodenie informacii aj pre objekty, ktoré su v grafe pritomné, ale nie
st priamo klasifikované (napr. autori publikacii). Tymto spésobom je moZné
prispiet napr. k vytvoreniu presnejsicho modelu pouzivatela.

Tdto prdca bola ¢iastocne podporend zo zdrojov VEGA VG1/0508/09 a SEMCO
APVV-0391-06.
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Abstract. The automatic composition and execution of workflows composed of
web and grid services is nowadays a challenging task that is hardly achievable.
One of the popular solutions is to utilize semantic annotations to the services
and apply them during the composition phase. However, most of the efforts end
up with a semi-automatic solution that needs human participation. Our
approach briefly described in the paper is based on utilization not only the
semantic annotations of services, but also the produced results in previous
executions of workflows and their meta-information in form of QoS
parameters. This information helps us to minimize the human participation that
is left only from the reasons of utilization of domain experts directly and better
workflow control during the execution phase'.

Keywords: workflow composition, semantic services, web service, grid service

1 Introduction

The problem of automatic composition of a workflow of computing tasks is very
attractive especially in software engineering applied to scientific research, where
complicated simulations and parameter studies often require tens of single steps in
order to obtain the solution desired by the scientist ([1, 2, 3]). However, most of the
many works on this topic have concerned themselves only with the composition of
a workflow of computer processes — represented by grid jobs, calls to web service
interfaces, or other tasks — solving the “how”, and have omitted the “what” of this
problem, in this case “what” being the data, on which these processes operate. This
has been left to the user.

The work described here is part of the SEMCO-WS system that is trying to expand
and refine several components of K-Wf Grid [3] (adding also other features, not
present in K-Wf Grid). In this paper we focus on construction and execution of
workflows composed from web and grid services.

1 The work described in this paper is supported by the SEMCO-WS APVV 0391 06 project
and project Nr. 1/3135/06 of the Slovak Grant Agency.

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 49-52, ISBN 978-80-227-3027-3.
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2 Workflow Composition and Execution Module Architecture

In K-Wf Grid system Grid Workflow Execution Service (GWES) coordinates the
workflow creation and delegate parts of the composition and refinement process to
the external system components Workflow Composition Tool (WCT) and Automatic
Application Builder (AAB). The basis of the Grid workflow execution is the Grid
Workflow Description Language (GWorkflowDL) which uses the semantic of High
Level Petri Nets to describe the logic, data and state of distributed workflows. The
WCT is able to semi-automatically build abstract workflows which deliver specific
user-requested data using available grid and web services which have been described
by means of ontologies. The AAB maps abstract workflows onto web service
candidates taking into account user policies and technical constraints. The GWES is
also responsible for the workflow execution — it analyses the workflow description
and gathers all activated transitions which trigger a workflow refinement or the
invocation of an activity. The GWES delegates the selection of resources to an
external Scheduler that uses monitoring information provided by the Performance
Monitoring and Analysis Services [4].

In SEMCO-WS system we use a modified architecture, whereby the basic
components are:

— Abstract Workflow Composition Tool (AWCT),
— Executable Workflow Composition Tool (EWCT) and
— Workflow Execution Engine (WEE).

As far as we preserve the Petri net model for the workflow description, workflow
composition and execution module operates on a representation consisting from
transitions and places. Transitions correspond to activities, which consumes input data
in form of data tokens from input places and produce output data in form of tokens
placed into output places. The Abstract Workflow Composition Tool is responsible
for workflow construction and uses backtracking from the final activity to the initial
activities of the workflow. It also includes backtracking from the final token to the
initial tokens of the workflow. We can abstract tokens and activities as data providers,
with the difference that tokens provide data and require no inputs, and activities also
provide data, but require input data — other tokens.

Extended process of workflow refinement that changes an abstract workflow into
the executable one is offered by the Executable Workflow Composition Tool.
Workflow refinement architecture consists of two components: Workflow refiner and
Transition refiner. These are implemented in three implementations which uses each
other for specific tasks.

At first Service candidates refiner tries to find appropriate services for the
transition. Transition is translated into OWL-S profile by Transition translator. This
profile is then passed to the OwlsProfileMatcher. Returned services are then pushed
into the transition as the list of service candidates.

Next Precondition/Effect workflow refiner removes candidates which does not
fulfill preconditions and effects described in OWL-S process of the web service of the
candidate. Preconditions and effects are usually described in ontology language (such
as SWRL), so reasoning can be performed.
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QoSRefinement is used to determine the best service among service candidates
which were left after previous refinements. QoS refinement orders service candidates
according to some static (e.g. precision/recall of the classification model, computer
performance, service reliability) or dynamic (e.g. document statistics) indicators and
chooses the best one.

Service matching is closely tight to the ontology repository. It uses it's searching
capabilities by SPARQL query language and reasoning over the search result. Service
matching is done in two steps: Parameter type matching and Parameter type
reasoning. In Parameter type matching step the Input/Output profile matcher
component is used. It creates SPARQL query where each inputs' and outs' parameter
type is taken into account.

Parameter type step reasoning exists due to difficulty to create SPARQL query
which will reason parameter type based on class inheritance as OWL-S Parameter
class's parameterType range is defined as AnyURI. Input/Output reasoning matcher
creates SPARQL which will get all OWL-S services in the repository. Services which
were got in the first step (I/O profile matcher) are removed from the reasoning. Others
are tested by reasoning input/output to be subclass of the wanted service profile's
input/output.

At the end matching services from the first and second step are merged into one
collection and returned.

Workflow Execution Engine is the place where workflow is running in.
Environment works on Petri-net principle of passing tokens. Whenever one transition
has got tokens from all inputs, Workflow environment executes this transition by
Transition executor. Transition executor manages passing of the tokens from input
places towards output places (PassTokensExecutor). When executors finds out that
the current transition is web service call, rather than just passing tokens transition, it
also executes the transition by Web service transition executor. Instead of WEE also
the Grid Workflow Execution Service from the K-Wf Grid project could be used
directly.

3  Use-case text mining workflow

In this workflow text mining services are linked together. There are 2 branches — train
documents and test documents branch (see Fig. 1). Each branch starts with parsing
document collection into appropriate format. These parsed documents are then
subjected to tokening and token filtering. Tokens are then indexed. The same index
must be used for both branches. Therefore indexer in the train branch must wait for
the indexer in the test branch. After indexation, document-term matrix is created. At
first sequence of numbers produced by indexing service are transformed into
document-term matrix with term frequency. This matrix is then passed to the TF-IDF
weighting service. Finally classification model is built (e.g. perceptron) in the train
branch and used in test branch for document classifications which are the results of
the workflow.
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Fig. 1. Text mining workflow scheme.

We used our components to create executable workflow from the abstract
workflow which contains only places annotated with assumed OWL classes and
transitions, connecting these places into workflow. Workflow was then refined. There
were some catches in deciding which service must be used. For instance Tokenizer
and Token filter have the same combination of input/output (documents in this case).
Semantically they differ only in preconditions and effects. Token filter expects that
input documents are already tokenized. Tokenizer produces tokenized documents.
These things are expressed as precondition/effects in OWL-S profiles of Token filter
and Tokenizer.

4 Conclusions

Our approach briefly described in this paper is based on utilization not only the
semantic annotations of services, but also the produced results in previous executions
of workflows and their meta-information in form of QoS parameters. This
information helps us to minimize the human participation that is left only from the
reasons of utilization of domain experts directly and better workflow control during
the execution phase.

References

1. Bubak, M., Gubala, T., Kapalka, M., Malawski, M., Rycerz, K.: Grid Service Registry for
Workflow Composition Framework. ICCS 2004. LNCS vol. 3038, pp. 34-41. Springer
(2004)

2. VDS - The GriPhyN Virtual Data System.
http://www.ci.uchicago.edu/wiki/bin/view/VDS/VDSWeb/WebMain

3. Knowledge-based Workflow System for Grid Applications (K-Wf Grid). EU 6th FP Project,
2004-2007. http://www.kwfgrid.eu

4. Nowakowski, P., Hoheisel, A.: Report on Implementation and Testing of Basic System
Components. Public Deliverable, K-Wft Grid project (2007)



Architecture of a System Supporting Business Alliances

Karol Furdik', Marian Mach?, Tomas Sabol®

'InterSoft, a.s., Florianska 19
040 01 Kosice, Slovakia
karol.furdik@intersoft.sk

2 Technical University of Kogice
Faculty of Electrical Engineering and Informatics
Letna 9, 042 00 Kosice, Slovakia
marian.mach @tuke.sk

3 Technical University of Kogice
Faculty of Economics
Letna 9, 042 01 Kosice, Slovakia
tomas.sabol@tuke.sk

Abstract. The paper describes the architecture of a system supporting ad-hoc
creation of short-term networked enterprises and business alliances, as it was
designed within the SPIKE EU FP7 project. The approach combines the
business process modelling with Semantic Web services. Overview of the main
system components and data elements is presented, together with a brief
functional description.

Keywords: Business alliances, networked enterprises, semantic modeling,
identity management, service-oriented architecture.

1 Introduction

Standardization of the Semantic Web services and especially its connection with
business process modeling frameworks gives an opportunity to develop solutions
supporting the interoperability between the organizations cooperating in a business
world [2], [3]. The Secure Process-oriented Integrative Service Infrastructure for
Networked Enterprises (SPIKE, www.spike-project.eu) international EU IST project
No. FP7-ICT-217098 addresses this issue, aiming at design and implementation of
a system for enterprises of all sizes to be used for realizing competitive advantage via
forming business alliances. The project started in January 2008 and will last 3 years.
Consortium consists of eight partners from five European countries. The project is
coordinated by University of Regensburg, Germany.

Goals of the SPIKE project can be summarized on organizational as well as
scientific and technological levels. The organizational objective is to allow secure fast
set-up and management of networked enterprises, whereas the main technical
objective is to develop generic solutions for inter-enterprise interoperability and
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collaboration through reference scenarios and guidelines for their use. The envisioned
SPIKE system should bring flexibility to the project-based collaboration between
networked enterprises and will allow to gain business opportunities with previously
inaccessible customers and partnering organizations.

2 Functionality, Scope and Context of the System

Following the methodology of Rozanski and Wood for system architecture design [4],
we have identified the viewpoints, perspectives, and stakeholders of the SPIKE
system. Then, based on the description of required functionality provided by the user
partners of the project [1], we have specified the system scope and context. The scope
of the SPIKE system, which roughly corresponds with the functional viewpoint, is
determined by the envisioned functionality of the system as whole. The SPIKE
system should provide a technical support for the collaboration of business entities in
the form of a temporary business alliance involving technical set-up of the alliance,
running, and final closing-down of the alliance. The following three different
forms/levels of the collaboration are expected to be supported by the SPIKE system.

— Collaborative processes. The collaboration among alliance partners has the form of
a set of complex collaboration patterns, which can be modeled as a (business)
process enabling to produce an artefact (physical and/or intangible). This process is
composed from different steps/activities, which represent contributions of the
alliance partners to the collaborative output, where each step represents an activity
(task) of one of the partners. These activities form a workflow, including definition
of conditioning, relationships between, and an ordering of the activities.

— Sharing services. The alliance partners can offer their services to other partners in
the scope of a given business process. The offered services can be retrieved,
negotiated, contracted, and finally used by some of the alliance partners according
to the conditions specified by the service contract.

— Identity federation. In this case, the SPIKE system serves as a mediator to enable
alliance partners to get access to and to utilize resources of other partners. It allows
individuals (employees of an alliance partner) to get access to a network of
a collaborative partner using the same account and password as they use in their
home company.

These three forms of collaboration can be used independently one from another, but
can also be combined together. For example, it will be possible to offer a service,
which is not atomic but can be composed from several steps (performed by one or
more partners). These steps can be glued together in the form of a collaborative
process — this way, the collaborative effort of some alliance partners can be offered to
the other partners as a service to be shared. On the other hand, a collaborative process
can be regarded as a (non-atomic, i.e. composed) service.

The system context is given by the external entities, actors that communicate with
the system. The context diagram, presented on Fig. 1, provides the highest level view
as a specification of the system's boundaries and its adjacent external entities. The
roles of actors (both human and software agents) were identified, together with the
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objects and data entities affected in the communication process. More detailed
specification of the interaction of actors with the system was included into the

concurrency and operational viewpoints, as well as into the usability perspective of
the architecture design.

Electronic Electronic External

service requester service user External service data source

Administrator / / \ Activity executor

SerCE_DFOCeSS Service provider Service requester Service user
designer

00\|

Fig. 1. System context diagram, external actors communicating with the SPIKE system.

3  System architecture, Data View

In the context of the information viewpoint, three main component groups were
identified for the SPIKE solution, namely a) core of the SPIKE system, b) client
applications, and c) external services. These components, as depicted on Fig. 2, are

supposed to communicate via standardized API or Web Service interface provided
and maintained by the system core.
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Data Storage J" J" Y
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Fig. 2. Basic components of the SPIKE solution.
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The SPIKE core component group consists of inner functional modules — managers
that covering the business logic of the system. These modules will provide the
temporary (real-time) instances of the data elements for business processes and their
elements, inner representation of annotated services and other resources used in the
workflow, security and identity management, retrieval, communication, and reporting
capabilities. The in-memory data are composed, mediated and exchanged via the
enterprise service bus module and are provided for client applications. The Data
Storage Repositories module is used for persistent storage of physical information
resources, system configuration data, and semantic metadata. Basic data repositories
are assumed to be the ontologies, relational databases, file systems, and indexing
space to store the content and properties of the resources used within a business
process and to provide them to the functional modules.

Client applications component group covers the administration tools for
maintenance and configuration of a single SPIKE installation, as well as the client-
side tools that will be developed for particular application cases [1].

External services and resources component group represents the services located
and hosted on the premises of users — alliance partners. These services are
semantically annotated and registered in the SPIKE data repository. After that, the
annotated external services can be included as resource elements into a workflow and
used (consumed) within a business process, mediated by the components responsible
for business logic — Inner functional modules.

| [ s | Datafor Client

applications
is_provided v PP

Process i
Settings
Permissions, is_ciefined By
gy roles, access Vi ) R
ti ghts Workflow consdsts_af

FESWICE uses dafines

Resource spacifies Metadata

Data for User
management

sprecifies

Ontology

| Document || Service || Report || Message || Template || Raw Data |
Internal External Email Motification Motification
Service Service Message Message Template

Fig. 3. Structure of basic information resources and data elements.

The structure of basic information resources and corresponding data elements is
depicted on the Fig. 3. The Process, Workflow, and Task elements are basic logical
data components and building blocks for specification of the collaborative business
processes. The Task elements, being representations of workflow actions, are further
specified by the inputs, transformations, and outputs, represented by the sub-types of
the Resource data element. This element is a generic parent concept that defines
a common set of properties inherited by the child data elements, particular resource



Architecture of a System Supporting Business Alliances 57

types as Document, Service, Report, etc. Properties of the resources are provided as
semantic metadata, defined in the ontology schema. This solution enables to combine
the standardized business process modeling with semantic descriptions according to
the Semantic Web principles and as such, it should be flexible enough and capable to
create a platform for collaboration and interoperability of business processes.

3 Conclusions and Future Work

In the paper we have briefly described some basic notions and principles of the
architecture for the system supporting networked enterprises, as it was accomplished
within the SPIKE project. Currently (October 2008), the architecture design is almost
finished; we have already started the specification of functional components and
semantic mark-up platform. First release of the implemented system should be ready
in September 2009. After that, the system will be tested on two pilot applications in
Finland (application case: documentation management) and in Austria (two
application cases: business alliances and identity federation).
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Abstract. There are some different approaches for textual document analysis.
Most of them are based on statistical analysis. Statistical based approaches are
very useful and important but the main problem is that they are using term
reduction methods which cause losing of information in represented textual
document. Our goal is to improve classification methods to decrease of amount
of lost information. We can divide document to smaller parts which will be
represented individually and in the process of statistical analysis individual
block will represent information covered by that block instead of whole
document representation in traditional approach. This paper presents basic idea
of implementation of that approach to JBowl framework.

1 Motivation

Text classification problem is still actual area for the research. That field is fed by
data from many CMS systems which have to annotate uploaded documents and it is
helpful to recommend users some annotation categories. There are lots of others fields
where classification can be helpful. Basic motivation point was how to minimize of
losing of information without increasing of processing complexity. Next sections will
show you how to use distributional information for better text classification and
design of implementation of these functionalities to JBowl library which supporting
text mining and retrieval tasks.

2 Background

In text classification, we are given a descriptiond € X of a document, where X is
the document space; and a fixed set of classes C = {cl,cz,...,c j}. Using a learning

method or learning algorithm, we then wish to learn a classifier or classification
function 7 that maps documents to classes [1]:

y=X->C
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The basic schema for solving classification problem of textual document is shown
in the Fig.1. That schema shows few steps how to achieve assigning of the class to
processed document. Document is typically unstructured (or semi-structured) textual
content.

Step of preprocessing is the most important and language dependent block which
prepare text for representation block. There could be full linguistic analysis
(morphology analysis, syntactic analysis, semantic analysis, etc.) which can be
described as lossless information preprocessing step or there could be used losing
information preprocessing methods (stemming, stop words, etc.). Problem of time
complexity and vocabulary dependent preprocessing algorithms cause that those text
classification algorithms using just losing information preprocessing methods. After
document preprocessing step we are going to represent document for classification
algorithm. There are different types of representations: term document matrix, n-
grams, LSI, etc.

Last step is used for classification. There are lots of Machine Learning techniques
as SVM (the top classifier for text documents [1]), KNN, Decision Trees, etc.

Preprocessing Representation Classifier

Fig. 1. Basic schema of statistical approach to text classification.

Document

Traditional approach to text classification put all information to one bag but every
document is divided to sections which are focused to different topics. This should be
additional information for classifier and we miss it. Therefore it could be improving
factor for better classification using distributional information about terms. Some
techniques how to improve text classification by adding distributional term
information to text representation are presented in different articles (Distributional
features for text classification [2], Local word bag model [4, 5], Local Relevancy
Weighed LSI [3]).

3 JBowl Library for Support of Text Mining and Retrieval

The JBowl Java library [7] was taken as an implementation platform for the improved
representation methods for text classification. This open source software package was
developed to support information retrieval and text mining tasks. The library is built
on the modular framework architecture, which is highly extensible and supports SOA
principles. Since it offers the required functionality for pre-processing, indexing and
further exploration of text collections, it was chosen as a good candidate for
implementing the classification tasks [8].
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Jbowl has the same architecture as the standard Java Data Mining API (JSR 73
specification [9]). This architecture has three base components (application
programming interface, text mining engine, mining object repository) that may be
implemented as one executable or in a distributed environment.

Jbowl provides a set of common Java classes and interfaces that enable integration
of various classification methods. The design of JBOWL distinguishes classification
algorithms (i.e. SVM, linear perceptron, etc.) and classification models (i.e. linear
classifier, rule based classifier).

4  Design and Implementation

JBowl framework was selected as implementation platform for modified
representation method for text classification. We have added segmentation module
(see Fig.2.) to analysis package for the sake of splitting document to continuous
blocks. There could be different implementations of automatic text segmentation (see
[10]). These parts of the document are individually classified. The final class/classes
is/are chosen by classifier whose inputs are classes of document segments.

JBOWL 0.9

documents

l XML l l Lucene index l l Thesaurus l

analysis

l Tokenization l l Sentence chunking l

[mmmmmmmmmmmy

l Statistics ll TFIDF ll Term selection

models

categorization

clustering

utils

l Collections I l Matrixes I l BLAS I

....... not implemented or partially
implemented

Fig. 2. JBowl library — platform for implementation of the method.

Sparsity is the major problem in the statistical text representation methods. That
problem grows up in case of splitting document to smaller segments. We would like
to solve problem of sparsity by using Gaussian function for weighting of term
occurrence in part of the documents. It means that we will represent whole document
when we would like to represent just specific segment of it but term which occurs in
that segment will have higher value of weight.
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5 Conclusion

There are lots of different approaches how to increase quality of results of
classification task. It can be based on improving of a classification algorithm or based
on a lot of other improving techniques but the most important point is to increase of
quality of representation of textual documents. We could decrease of losing of
information consisted in textual document by adding term distributional information
to representation. We have decided to implement these methods as a part of the JBowl
framework.

Locally informed algorithms still lose lot of information from textual document but
it is compromise between losing information and computing complexity. The best
approach for lossless representation and then categorization is using chain of natural
language processing (NLP) techniques where the result of preprocessing is fully
semantic representation of textual document. That approach is dependent on language
of the documents because all preprocessing blocks are built on language specific
characteristics. Therefore locally informed methods should be compromise between
NLP methods and methods which use statistical approach over whole document.
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Abstract. This paper describes design aspects for extension of our original
software system developed in Java for support of information retrieval and text
mining with specialized execution engine for different type of tasks. Some of
our experiences and specific requirements of the real applications lead us to
idea give the system possibility to run the tasks in distributive/parallel way. The
result of the idea is task-based execution engine, which represents middleware-
like transparent layer (mostly for programmers who want to re-use functionality
of our package) for running of different tasks in multi-thread or distributive
environment.

1 Introduction

Our research and education goals in the area of text mining and information retrieval
with the emphasis of advanced knowledge technologies for the semantic web resulted
in design and implementation of library for support of text-mining and information
retrieval called JBOWL (Java Bag-Of-Words Library). More information about
original library can be found in [1].

Some of our experiences and specific requirements of the real applications lead us
to idea give the system possibility to run the tasks in multi-thread way. One example
is our need to prepare education portal for text-mining for students on lectures of
knowledge discovery from texts in domain of knowledge management. In our project
(project Poznat’ [2]) one of the goals is to provide portal for the students (lectures),
where many users could run several text-mining tasks with different collections and
evaluate the results. This type of application then logically needs to run tasks on
machine in multi-thread or distributive way. The result of this idea for extension is
task-based execution engine, which represents middleware-like layer for running of
different tasks in multi-thread/distributed environment.

2 Conceptual Architecture of JBOWL

JBOWL has the same architecture like standard Java Data Mining API (JSR 73
specification). Also new specification is in preparing phase, but it is not finished yet,
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so we would stick to JSR73 (with extensions if some new concepts seem to be
interesting for our purposes). This architecture has three base components that may be
implemented as one executable or in a distributed environment.

— Application Programming Interface (API) — The API is set of user-visible classes
and interfaces that allow access to services provided by the text mining engine
(TME). An application developer using JBOWL requires knowledge only of the
API library, not of the other supporting components.

— Text Mining Engine (TME) — A TME provides the infrastructure that offers a set of
text mining services to its API clients. TME can be implemented as a local library
or as a server of client-server architecture.

— Mining Object Repository (MOR) — The TME uses a mining object repository
which serves to persisting of text mining objects.

JBOWL provides set of common java classes and interfaces (API) that enable
integration of various pre-processing, classification and clustering methods. The
design of the library in case of model-building algorithms (classification and
clustering models) distinguishes between algorithms (i.e. SVM, linear perceptron,
etc.) and models (i.e. linear classifier, rule based classifier, SOM, etc.). Models are
built using algorithms and then created models could be used in applying or
evaluation on data inputs. More specific task is transformation of input data —
processing of input sets of documents. According to this we have Data Processing
Tasks (input datasets are pre-processed using these tasks), Build Model Tasks
(responsible for building of appropriate model using chosen algorithm, several text-
mining approaches have been already implemented in our package), and Apply Model
Tasks (models created by algorithms are applied to new data inputs in order to
classify/process new documents). Conceptually, also evaluation of models and their
processing (with some evaluation metrics) can be seen in this set of tasks (although in
implementation they will be differently modelled).

TME manages execution of common text mining tasks. It can be done as usage of
local library or as running tasks in server-client architecture. Our main point is to
extend JBOWL with its own layer for running of tasks in multi-thread and potentially
distributive manner, where application developers are able to run tasks easily and
they probably do not need to know, where the tasks are really executed, they expect
results and place where they can find them.

Mining Object Repository (MOR) is used as a persistent storage for the processed
text content and all artefacts generated during the text-mining process. Persistent
objects include annotations of analyzed texts, data and evaluation statistics, indexed
instances, text mining models and task settings. The implementation of the MOR is
based on the Java Content Repository (JCR) specifications, which provide seamless
integration with the existing content repositories.

In order to simplify integration of JBOWL and JCR, MOR contains Mining Object
Manager component, which maps Java objects to JCR nodes for serialization/de-
serialization. The mapping mechanism is generic and can be used to map arbitrary
Java objects to JCR in the similar way, how the object-relational mapping
frameworks (like Hibernate) are used to map Java objects to relational database.
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3  Design and Implementation of Execution Engine

API of the Execution Engine is divided to client part and server part to simplify
implementation of remote task execution. The main interfaces are (Fig.1):

<<Interface>> <<Interface>> <<Interface>>
ConnectionFactory Connection ExecutionHandler
+getConnection() : Connection ~ F----2 +getFactory() : TaskFactory F = = = l+getStartTime() : Calendar
+getC : Co i : Connection +getRepositorySession() : DataSession +getTaskldentifier() : String

T +executeTask(task : Task) : ExecutionHandler
' +terminateTask(handler : ExecutionHandler)
I

' +getExecutionStatus(handler : ExecutionHandler) : ExecutionStatus
\V +getExecutionHandlers() : Set<ExecutionHandler> [T 77~ ExecutionStatus
1

<<Interface>> +isOpen() : boolean

ConnectionSpec +close()
+getURI() : URI T
+setURI(uri : URI) } <<yse>>
+getUserName() : String \Vi
+setUserName(name : String) <<Interface>>
+getPassword() : String | TaskHandler<T extends Task> |
+setPassword(password : String) +execute(task : T) : ExecutionStatus

T
'

v

<<Interface>> <<Interface>> <<Interface>>
Task MiningObject EvaluationMetrics

+getldentifier() : String

{ [ |

<<Interface>> <<Interface>> <<Interface>> <<Interface>>
DataTransformationTask BuildTask ApplyTask EvaluateTask
+getinputData() : String +getBuildData() : String +getApplyData() : String +getEvaluationData() : String
+setinputData(input : String) +setBuildData(data : String) +setApplyData(data : String) +setEvaluationData(data : String)
+getTransformation() : Transformation +getAlgorithm() : String +getModelName() : String +getModelName() : String
+setTr ion = T i ithm : String) +setModelName(model : String) +setModelName() : String
+getOutputDestination() : String +getBuildSettings() : BuildSettings +getOutputDestination() : String +getEvaluationMetrics() : String
+setOutputDestination(output : String) i : +setOutputD : String) + : String)
ge ) : String
+setModelName(model : String)

Fig. 1. UML design of Execution Engine interfaces.

Connection

To start working with Text Mining Engine (TME), client has to obtain Connection
object which represent one text-mining session. Connection can be obtained in
various ways, for example it can be created directly without user authentication or
registered on the client environment using the JNDI. Client can specify details for
connection specification like URI of the executed engine in the case that there are
more TME instances, user name and password. Connection interface will allow client
user to obtain factory class to create new mining objects (i.e. data, tasks, build and
task settings etc.), obtain MOR session to save or load mining objects stored in the
Mining Object Repository, and execute, inspect and terminate text-mining tasks.

Task and TaskHandler

API for tasks is divided to interfaces for task specification (7ask interface) and for
task execution (TaskHandler interface). Task objects are part of the client API and
follow JavaBeans patterns, which allow simple encoding of the objects in the remote
protocols. Task objects specify all parameters required for the specific task, like
references to the input data, path where to store output data or models and all
associated settings (build settings for algorithms, settings for data processing and
settings for evaluation metrics). Each type of the Task object has associated
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TaskHandler object responsible to execute this task. According to parameters
specified in the Task object, TaskHandler object will create new parallel execution
process and perform all operations defined for the task, e.g. Build Model Tasks task
handler will load training data, create new instance of the algorithm specified as the
task parameter, and pass training data and build settings to the algorithm to produce
new text mining model. Model is then stored in the MOR on the path specified as the
task parameter.

Execution Handler and Execution Status

When the Execution Engine creates thread for new task and execute task handler, the
client invocation of the Execution Engine is immediately finished and task is
executed on the background. Execution Engine will return to the client Execution
handler, which identify running task and can be used to inspect execution status of
the task process or to terminate task.

4 Conclusions

In this paper we have introduced task-based execution engine extension of JBOWL
for support of multi-thread/distributed running of text-mining tasks. Important
features of the extension is usage of Java Content Repository in Mining Object
Repository as basic space for persisting of mining objects like documents and created
models. This allows text mining engine layer (Execution Engine) to work with
objects in more flexible way and then run (conceptually organized and encapsulated)
tasks more easily. Implementation of our Execution Engine as internal and logical
component of JBOWL provides support for wide types of applications.
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Abstrakt. Sémantickd anotacia textov sa snazi o identifikiciu a vytvaranie
metadat o objektoch na ktoré sa text odkazuje. Primarnym cielom sémantickej
anotacie je anotovanie alebo znackovanie dokumentov na webe. Sémantické
metadata je vSak mozné vyuzit' aj vo vnutro firemnych aplikdciach. V ¢lanku
popisujeme sémantickll anotadciu pomocou architektiry Ontea, kde je mozné
ziskat’ metadata z ro6znych datovych zdrojov v podnikoch a inych organizaciach
ako st databazy, web aplikacie alebo informacné systémy v organizaciach.
Clanok tiez opisuje experiment s anotaciou podnikovej emailovej komunikécie.

KPacové slova: sémanticka anotacia, extrakcia informadcii, metadata, email

1 Uvod

Tvorba sémantickych metadat je nutnou podmienkou pre vyuzitie technologii
sémantického webu. Prehl'ad vtejto oblasti je mozné ndjst v clanku
z WIKT 2007 [1]. Na UISAV bola v minulosti vytvorend metdéda na automaticka
sémantick( anotaciu Ontea [2,3], ktora je aj nad’alej rozvijana'. Architektira systému
Ontea je navrhnutd tak aby vnej bolo mozné vyuzit' azapojit' rdzne algoritmy
a datové zdroje na transformaciu extrahovanych dat. Vysledkom anotacnej metddy
Ontea je vzdy dvojica klI'ac-hodnota, kde tato dvojica moze reprezentovat’:

— Typ Objektu — Instancia objektu
— Instancia objektu — Vlastnost’ objektu

Takéto dvojice mézu byt potom transformované réznymi algoritmami na zistovanie
relevancie, lematizacie alebo transformécie na instancie v ontoldgii RDF/OWL.
Priklad takejto transformacie moze byt nasledovny:

— Text: Slovensko je v Europe=>

— Extrakcia pomocou vzoru ,,(v|pri) +([A-Z][a-z]+)”: Location — Eurépe =>

— Transformacia pomocou lematizacie: Location — Europa =>

— Transformacia pomocou hladania alebo vytvarania objektov v ramci
ontologického modelu za pouzitia odvodzovania (pozri obr. 1): Continent — Europe

* This work is supported by projects AIIA APVV-0216-07, Commius FP7-213876, SEMCO-
WS APVV-0391-06, VEGA 2/7098/27.
! http://ontea.sourceforge.net/

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 69-73, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.
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Obr. 1. Priklad jednoduchej ontologie geografickych lokalit s inStanciami.

2 Adaptacia architektiry Ontea pre podnikové aplikacie

Tak ako v jednoduchom priklade uvedenom v kapitole 1, je mozné vytvorit’ aj iny typ
transformécii, ktoré transformuju extrahovany par kl'ac-hodnotu na iny par. V ramci
projektu Commius? [4], na podporu medzi podnikovej interoperability st vytvarané
tzv. Systémové konektory (SC — System Connectors), ktoré umoznuju jednoduchy
pristup k datam z web aplikacii, databaz a Excel dokumentov. Pomocou takychto SC
v kombinécii s automatickou anoticiou je mozné napiiiat ontologicky model
aplikacie (tzv. Automatic Instance Population).

Systémové konektory su komponenty, ktoré sprostredkavaji pristup k existujucim
podnikovym systémom a verejnym elektronickym informacnym zdrojom. Cielom je
ziskat' dodatocné parametre pre vstupy definované softvérovymi komponentmi
vyuzivajiice SC. Konektory boli navrhnuté primarne pre obohacovanie vystupov
anotanych nastrojov a systémov pre ziskavanie informdacii datami z externych
systémov. Napriklad, v pripade, Ze textova anotacnd metoda identifikuje v texte (e-
mail, objednavka tovaru) meno osoby, SC mdzu byt pouzité pre pristup k databaze
obchodnych kontaktov spolocnosti pre ziskanie mena a identifikatora spolo¢nosti,
v ktorej je ndjdena osoba zamestnand. Dalsi konektor méze byt pouzity pre ziskanie
dodatocnych informacii o spolocnosti z elektronického obchodného registra,
nasledujuci konektor sa moze dopytovat’ na uctovny systém pre ziskanie informacii
o n poslednych transakciach s partnerskou spolocnostou. Dodatoéné informacie zo
systémovych konektorov si nasledne spracované anotanym nastrojom a su
prezentované uzivatel'ovi.

SC je $pecifikovany typom zdroja, ku ktorému sprostredkovava pripojenie (napr.
relacna databaza, dokument tabulkového procesora, webova aplikacia), identifikator
konkrétneho zdroja a metadata popisujuce vstupy a vystupy konektora. Metadata
vstupov - vystupov su n-tica parametrov (ndzov a datovy typ). SC vyzaduje ako vstup
n-ticu zodpovedajucu metadatam vstupov, alebo mnozinu parov kl'a¢-hodnota, ktoré
mdézu byt namapované na vstupné metaddta. Vystup SC je mnozina n-tic
zodpovedajucich popisu metadat vystupov.

Systémové konektory je mozné zdruzovat’ do meta-konektorov (obrazok 2), ktoré
transformujii pary kli¢-hodnota na novy par podla nastavenia meta-konentora.
Funkcionalitu si moézeme ukazat na priklad transformacie podobnom ako
v nasledujiicom experimente v kapitole 3.

2 http://www.commius.eu/
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Obr. 2. Schéma Systém konektorov a ich prepojenia do meta-konnektora.

Napriklad pri komunikacii s potencialnymi firemnymi zdkaznikmi by sme chceli
zistit’ zakladné informacie o firme odosielatel’a:

— Z textu emailu pomocou vzoru pre doménu zistime internetové domény ([ -a-zA-
Z0-91+\.sk), napr.: domain:SK — toyota.sk

— Pomocou stranky slovenského registratora SK-NIC transformujeme par na: 7CO —
31585973

— Pomocou SC pre web aplikaciu a stranky obchodného registra transformujeme par
na: company:Name — TOYOTA MOTOR SLOVAKIA s.r.o. alebo pripadne d’alSie
udaje o objekte firmy ako adresa, telefonne ¢islo, a pod.

— Tieto udaje mézu byt nasledne pouzité na najdenie alebo vytvorenie inStancie
v ontologickom modeli aplikacie pripadne doplnenie d’al§ich vlastnosti objektu
k ontologickému modelu.

Na tomto priklade sme si ukazali ako mézu informacie dostupné na webe alebo
v ramci organizdcie obohatit’ sémanticki anotaciu ako aj prispiet’ k identifikacii
a lepSej sémantike objektov reprezentovanych a odkazovanych v texte anotovanych
emailovych dokumentov.

V tomto ¢lanku ako aj v naSom vyskume sa zameriavame hlavne na anotéciu
emailovej komunikacie. Podl'a najnovsich prehladov, l'udia vo firmach pracujtci
z informaciami denne odosli a prijmu 133 emailov [8]. Email je najpouzivanejSou
sluzbou internetu. Email sa v sucasnosti nepouziva len na komunikaciu ale aj na
dalsie funkcie [5,6] ako upozornenia, archivovanie, manazovanie tloh, na podporu
spoluprace alebo podporu medzi podnikovej interoperability. Okrem toho vela
sucasnych Web 2.0 systémov pouziva emailovi komunikaciu [7] pocita¢ — ¢lovek na
zasielanie upozorneni, objednavok, faktar, registracii, a pod.

3 Experiment

Experiment bol uskutoéneny na podnikovych datach poskytnutych firmou
zaoberajiicou sa poskytovanim internetovych sluzieb hlavne webhostingom. Data
obsahovali sadu 8579 emailov a databazu zékaznikov a sluzieb. Firma poskytla
Struktiru databazy a priklady na zéklade akych objektov méze byt identifikovany
zakaznik. Na zaklade tychto informadcii bol vytvoreny program ktory spracovaval
emaily vo formate mbox (http://www.qmail.org/man/man5/mbox.html) a vystupom
boli data potrebné na vytvorenie $tatistiky ako v tabul'ke 1. Potom bol tento program
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spusteny v ramci firmy na citlivych firemnych datach a vystupy boli poskytnuté pre
tvorbu tabul’ky 1.

Ciel'om experimentu bolo identifikovat’ zdkaznika z emailovej spravy. Zakaznik sa
identifikoval na zéklade nasledovnych Styroch typov objektov:

Adresa odosielatel’a

— Meno firmy

Telefonne ¢islo

Internetova doména ktora reprezentuje sluzbu poskytovanu zakaznikovi

Pre tieto objekty boli definované vzory pomocou regularnych vyrazov pre nastroj
Ontea. Nasledne tieto vysledky boli transformované pomocou Systém konektorov pre
databazy aich integracie do SC Meta-konektora. Vysledkom bola identifikacia
zakaznika z databazy zakaznikov.

Kombinaciu podnikovych datovych zdrojov (databdz, informaénych systémov
alebo web aplikacii) mozno dosiahnut’ identifikaciu dolezitych objektov v e-mailovej
komunikacii alebo v archivoch dokumentov ako sii produkty, sluzby, dodavatelia
alebo odberatelia. Tieto objekty je mozné vyuzit na tvorbu lepSicho vyhladdvania,
kategorizovania alebo tvorbu poradenskych aplikacii, ako napr. Acoma [9].

Tabul’ka 1. Experiment identifikdcie zakaznika z e-mailovej komunikacie.

Vsetkych najdeni % Spravnych % Jeden zakaznik %

Doména 4658  77% 4658 81% 3142 79%
Odosielatel’ 516 9% 516 9% 356 9%
Firma 767  13% 507 9% 413 10%
Telefon 88 1% 88 2% 54 1%
Spolu 6029 5769 3965
Emailov Najdeny zakaznik Spravnych Prave jeden

8579 4608  54% 4348 51% 3965 46%

Z experimentu na realnych datach je vidiet, ze zakaznik bol identifikovany v 50%
e-mailovych sprav. Nespravne bol zakaznik identifikovany v 3% pripadoch ato
v pripade identifikacie podl'a mena firmy, kde boli v texte nespravne identifikované
mena firiem pomocou druhého slova z nazvu firmy ako Slovakia, Slovensko, Systems
alebo Consulting. V pripade identifikacie podla odosielatel’a, telefonu alebo domény
bol zékaznik identifikovany vzdy spravne. Z tabulky je vidiet Ze v niektorych
emailoch boli identifikovani viaceri zékaznici, jednalo sa o emaily ktoré sa tykali
viacerych zakaznikov z dovodu komunikacie z dodavatel'mi, pripadne sa jednalo
o zékaznikov, kde doslo k roznym zmenam. Posledny stipec ukazuje pripad ked’ bol
identifikovany prave jeden zakaznik pomocou jedného z objektov extrakcie. Vidime
ze aj ked vicsina zékaznikov bola identifikovand pomocou internetovej domény —
teda sluzby, ktoru si zdkaznik objednaval. Nezanedbatelna Cast’ (20%) identifikacii sa
udiala pomocou inych objektov ako telefon, odosiclatel’ alebo meno firmy.

Vyuzitie tohto konkrétneho experimentu je mozné napriklad pri pouziti
poradenského systému Acoma [9], ktory by pri identifikacii zakaznika
z prichadzajlicej spravy hned poskytol zamestnancovi informacie o zékaznikovi ako
aj linky a kroky ktoré je potrebné urobit’ na vyrieSenie ulohy ktort email reprezentuje.
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4  Zhrnutie a d’alSia praca

V ¢lanku sme v kratkosti opisali ako je mozné vyuzit’ pri sémantickej anotacii iné
datové zdroje ako text anotovaného dokumentu a ontologicky model. Takéto postupy
sémantickej anotacie st zvlast vhodné v podnikovych aplikdciach, ¢o sme
demonstrovali na jednoduchom priklade ako aj experimentdlne overovali na
podnikovych datach.

V d’alSej praci by sme sa chceli venovat’ vyuzitiu takto ziskanych sémantickych
metadat v prostredi spracovania podnikovej emailovej komunikécie. Emailova
komunikécia obsahuje kontext ulohy ktorti treba rieSit. Pomocou sémantickej
anotacie apouzitia dat z externych systémov vieme lepsSie formalizovane opisat
kontext emailu. Na zéklade tohto kontextu vieme uzivatel'ovi poskytnut’ rady a akcie
(pomocou systému Acoma [9]), ktoré mdze vykonat na splnenie tlohy obsiahnutej
v emailovej sprave.

V ramci emailovej komunikacie je tieZ mozno extrahovat graf socidlnej siete
s prepojenim na objekty ako ulohy, projekty, zakaznici, sluzby produkty a iné biznis
objekty. Obohateny sémanticky graf je mozné ziskat' iba s pouzitim externych
datovych zdrojov v organizacii tak ako je opisané v tomto ¢lanku. Graf mdze potom
sluzit’ na lepsSie vyhl'adavanie a manazment emailovej komunikacie.
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Abstrakt. S rozvojom metod a technik na spracovanie prirodzeného jazyka a to
v pisanej aj hovorenej forme, viaceré komercné firmy pontkajii medidlny
monitoring na sledovanie ohlasov v tlaéenych a inych médiach. Tieto sluzby su
vyuzivané ako velkymi firmami a organizaciami, tak aj politickymi stranami
asubjektami verejnej a Statnej spravy, roznymi odvetviami hospodarstva
a podobne. Monitorovanie medialnych ohlasov je vSak len prvym krokom
v spracovani ziskanych udajov. Omnoho délezitejsim faktorom je urcenie
charakteru prispevku, ¢i ide o pozitivnu, resp. negativau reakciu. Takéto
vyhodnotenie je mozné vyuzit v riadeni firiem, pri vypracovavani politik,
biznisovych planov, na ovplyviiovanie verejnej mienky a pod.. Vyskum v tejto
oblasti na Ustave informatiky SAV bol iniciovany pripravou navrhu projektu
7RP a nadvdzuje na skusenosti v oblasti spracovania textovych dokumentov
v projekte NAZOU. Vyskum v oblasti analyzy sentimentu je interdisciplinarny
vyskum, ktory okrem informatickych technologii, predovSetkym z oblasti
spracovania textu, zahfila aj vyskum jazykovedny a Ciastoéne aj psycho-
sociologicky. Jedine dokonalou sthrou vsetkych zloziek méze vyskum v tejto
oblasti priniest’ uzitoéné vysledky.

KPicéové slova: spracovanie prirodzeného jazyka, strojové ucenie, analyza
sentimentu

1 Uvod

Metdda nazyvana v anglickej literature “sentiment analysis” sa pouziva na
vyhodnotenie nazoru autora textu k predmetu ¢lanku. V roku 2004 publikovali Bo
Pang a Lillian Lee pouzitie tejto metody na analyzu recenzii filmov a urCenie ¢i ide
o kladnu alebo zapornu recenziu. Neskor sa tato metoda zacala vyuzivat’ na analyzu
nazorov zékaznikov na produkty. Moznosti tejto metédy su vSak omnoho
rozsiahlejSie. Aplikacnd oblast’ pripravovaného projektu zahffia oficidlne aj
neoficialne spravy na internete. Dvaja z najvacsSich poskytovatelov priestoru pre
publikovanie sprav, Yahoo a Google, uverejituju denne okolo 100 000 sprav (zdroj
http://news.yahoo.com.,http://news.google.com). ~ Spracovanie velkého mnoZstva

* Prispevok vznikol za podpory projektov VEGA 2/7101/27, SEMCO-WS APVV 0391-06.

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 74-77, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.
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textovych sprav metédami analyzy sentimentu a porovnanie vysledkov analyzy textov
z tzv.oficidlnych zdrojov a osobnych neoficialnych zdrojov prezentovanych napriklad
prostrednictvom blogov, diskusnych skupin a pod., umozni predikovat’ vyvoj nalad
spolocnosti ale napr. aj stanovit’ miery na urCenie slobody prejavu v tlacenych
médiach. Praca bude sustredend vylucne na spracovanie pisanych textovych zdrojov
na internete.

2 Koncept emocii v pisanom texte

Systémy vyuzivajice metddu analyzy sentimentu sa snazia urCit’ pocity a nazory
vyjadrené v texte formou prirodzeného jazyka. Sticasné systémy sa zameriavaju na
spracovanie textov z ur€itej konkrétnej domény. Kompletna analyza textu sa musi
robit’ s ohl'adom na spracovavani doménu. Po prvykrat bola metéda automatickej
analyzy sentimentu popisana v roku 2004 v dielach [6, 5]. Aplika¢na doména na ktort
bola pouzitd metdoda popisovana boli recenzie filmov. Pomocou metdédy analyzy
sentimentu boli kategorizované recenzie na kladné a zaporné.

Na vyhodnotenie sentimentu textového dokumentu je potrebné urcit’ miery. Podl'a
uznavaného diela Osgooda z roku 1957 [10] (citované v [2]), v ktorom skumal
vyznam slov a ich mapovanie do sémantickho priestoru, rozoznavame tri emocné
rozmery pisaného textu: (1) hodnotenie - pozitivne alebo negativne, (2) wucinok,
potencia - silny alebo slaby a (3) intenzita — sila vyjadrenej emocie. Druhy rozmer —
potencia - obsahuje tri d’alSie podrozmery: vzdialenost — vyjaruje vztah autora
k téme, Specifickost — jasna, vagna formulacie, urcitost — autor si je isty, autor
pochybuje. Pomocou tychto troch rozmerov bol Osgoodom definovany sémanticky
priestor. Rovnako sa vSak tieto rozmery daju pouZzit' na organizovanie lingvistickych
kategorii vyjadrujucich pocity a nasledne na automaticku detekciu pocitov a analyzu
sentimentu daného textu. Metody klasifikacie zalozené na analyze sentimentu pracuju
so slovami a vyrazmi, ktoré nie si priamym vyjadrenim pocitov, ale oznauju
hodnotenie, ocenenie a Gsudok o danej téme. Sentiment dan¢ho textu je mozné
vyjadrit’ aj pouzivanim inych lingvistickych prostriedkov, ako je ironia, sarkazmus,
obrazna re¢ a podobne. Specifickym prostriedkom na vyjadrenie pocitov v textoch
pouzivanych na internete je pouzivanie grafik — tzv. emotikonov (smajlikov).
Predpokladom tspeSnej analyzy sentimentu je vytvorenie preddefinovanych
slovnikov, kde slova, resp skupiny slov st zoskupené podla psycho-socialnych
kritérii, ktoré sa pouziju na meranie polarity textov.

3  Metody analyzy sentimentu

Analyza sentimentu v textovych spravach vyuziva dva zakladné pristupy
k spracovaniu prirodzeného jazyka: (1) symbolické metody a (2) metody strojového
ucenia.

Symbolické metody zalozené na lexike spracovavaju text ako subor slov bez
akéhokol'vek vztahu medzi slovami. Medzi tieto techniky patri pouzivanie
WebSearch a WordNet. Pri tejto metode je potrebné urcit' sentiment jednotlivych
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slov a sentiment celého dokumentu sa ziskava pomocou vhodnej agregaénej funkcie.
Symbolické metody zaloZzené na vetach kombinuju lexikograficky pristup
s gramatikou. Lexika je dolezita pre urCenie vyznamu jednotlivych slov a gramatika
umozituje odhalit’ novy, resp presnej$i vyznam jednotlivych slov podla vetnej
gramatickej konstrukcie.

Experimenty urobené Pang a Lee ukazali (prevzaté z [2]), ze je velmi tazké

vytvorit’ slovnik, resp. znalostni bazu, ktora (takmer) kompletne pokryje cielovl
doménu. Presnost’ tychto technik sa pohybuje od 65,8 do 84 %. Experimenty boli
robené pomocou WebSearch v doméne filmovych recenzii a recenzii na automobily.
Dalgie experimenty boli robené na porovnanie manualne a automaticky vytvoreného
slovnika, ktory sa pouziva na strojovi klasifikdciu dokumentov. Jednoducha
automatickd metdda (pocitanie frekvencie slov v kladnych a zapornych textoch)
priniesla o nieco lepSie vysledky ako manualne vytvorenie slovnika. Prekvapujico
boli indexované aj niektoré neutralne slova (napr. slovo still ako pozitivne slovo,
pretoze sa vyskytovalo vo vetach “Still, though, it was worth seeing.”)
Metody strojového ucenia boli testované Boyiom a kol. [2]. Na zaklade zverejnenych
vysledkov testov ([2, 1]) sa pre dals$i vyskum v ramci pripravovaného projektu
navrhuje pouzitie metody dolovania textov. Metoda “suffix arrays” (polia pripon),
popisana v [11], spita poziadavky na vykonnost a pouzitelnost  ramci
predpokladanej domény. Vysledky publikované v [1], ktoré sa tykaju vytvarania
a pouzitia kompresovanych poli pripon ([4, 8, 9]) ukazuju, ze pouzitie poli pripon je
efektivnejSie ako pouzivanie stromov pripon ([3]). Callison a kol. [7] pouzivaja
metodu poli pripon aj na ukladanie, rychle objavovanie a pocitanie informacii,
potrebné pre Statistické strojové prekladanie.

4 Vyzvy na vyskum v oblasti analyzy sentimentu

Medzi velké vyzvy vo vyskume metdd analyzy sentimentu patri spracovanie textov

z r6znych domén a vo viacerych jazykoch. V idealnom pripade by i$lo o vytvorenie

systému na analyzu sentimentu podporujticeho vietkych 23 oficialnych jazykov EU.
Vzhl'adom na poziadavku spracovania vel'mi velkého poctu dat, vyskum a vyvoj

systtmu na analyzu sentimentu zahifia aj Specifické poziadavky na paralelné

spracovanie dat a vyladenie testovacicho prostredia, ktoré je odlisné od tradicnych

vysoko-vykonnych paralelnych vypoctovych systémov. Otazky, ktoré je potrebné

riesit’ v ramei vyskumu:

1. Efektivne vyhladavanie a spracovanie, paralelné spracovanie a paralelny
vstup/vystup pre vel'mi vel’ké mnozstvo textovych sprav.

2. Vyskum alternativnych spdsobov rozdel'ovania a replikovania textu

3. Integracia distribuovanych heterogénnych komponentov vo vysoko interaktivnom
prostredi s podporou vykondvanie na lokalnych klastroch (pre experimentovanie)
ana rozsiahlych gridoch (na zabezpecenie pristupu k distribuovanym zdrojom
textovych dokumentov a na vykonavanie velkého poctu vypoctovych uloh pre
analyzu sentimentu, strojovy preklad a predikciu ndzorov).
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Pripravovany projekt ma za ciel’ rozsirit' sucasné moznosti analyzy sentimentu na
Siroko pouzitelna a multilingvalnu verziu. Zapojenim psycho-sociologického
vyskumu sa planuje otestovat nové moznosti analyzy sentimentu v ramci
zverejiiovanych sprav a to najmd porovnavanim tzv. oficidlnych zdrojov ako su
tlacené média zverejnené na internete s neoficialnymi zdrojmi — napriklad blogmi,
diskusnymi skupinami a pod. Daldi modul pripravovaného projektu mé za ciel’ na
zaklade analyzy sentimentu a porovnavania oficidlnych a neoficidlnych sprav
predpovedat’ vyvoj spolocenskej situacie v blizkej buducnosti. Interdisciplinarnost’
a medzinarodna spolupraca su dolezité faktory pre uspesnost’ pripravovaného
projektu.
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Abstract. This paper covers an idea of estabilishing semantic annota-
tion of web services in text mining application domain. The main aim is
to leverage the advances in the Semantic Web to establish an automated
framework for mining the textual data. Semantic description of text min-
ing service should be a key-enabling technology for such frameworks by
providing methods for automated discovery, composition and execution
of the complex text mining processes. This paper provides an overview
of estabilished semantic description of a set of text mining web services.
This semantic description is then used in process of workflow execution,
where we provide the two different approaches — corresponding mapping
of OWL-S processes to Petri-net based workflow and BPEL.

1 Introduction

In the presented paper we introduce a semantic model intended to describe text
mining web services, whereby the semantic information about the functional
models and data can be utilized to construct the resulting executable workflow.
When text mining tasks are represented as a web services, such approach opens
ways to a plenty of various possibilities for building the text mining scenarios that
can be represented as a workflows. The paper presents two various approaches to
workflow execution, the first one based on Petri-Nets and BPEL. BPEL is very
well supported by the software vendors as the choice for the execution of the web
services, but on the other hand, it is not designed for addressing the challenges
of the semantic web. Our approach is based on models of the semantics of the
system, that are expressed in OWL-S and the execution is conducted in BPEL
standard.

2 Adding Semantics to Text-mining Services

‘We have designed and developed a tool for generating the OWL-S description for
stateful and stateless services from the corresponding web service descriptions
(WSDLs). Such tool is inevitable in the text-mining area hosting a vast number
of services, which have to be semantically described in order to enable automated

P. Ndvrat and V. Vranié (/EdsA): WIKT 2008, pp. 78-82, ISBN 978-80-227-3027-3.
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discovery, composition and invocation. In the initial stage of the SEMCO-WS
project we have successfully used the tool to create semantic descriptions of the
text-mining services. The architecture of the so called Java Axis Semantic An-
notation (JAX-SA) tool. The main components of the architecture are JAX-SA
engine, translator and GOMOWL-S API. GOMOWL-S API is an extension of
the Mindswap’s OWL-S API; it defines additional vocabulary, converters and ex-
tensions needed by the WSRF (e.g. SimpleEffect, DataObjectInput, etc.). The
translation procedure is quite complex and covers the areas already described
in previous sections. The translation starts with a configuration and an URL of
the WSDL document. The translator parses the WSDL document extracting the
operations, port-types, inputs, outputs as well as resource properties. A combi-
nation of the WSDL4J [1], Axis WSDL [2] and Globus Toolkit WSDL utilities
[5] are used in the process. The translator then generates for each WSDL oper-
ation a skeleton of the OWL-S document. Then it creates the inputs, outputs,
preconditions and effects and maps the elements to the ontological concepts de-
fined in the configuration. If needed, it will create an ontology, which models the
resource properties of the given services. The GOMOWL-S API can be used to
extend the OWL-S by the domain dependent constructs, e.g. FloodForecasting-
WSREFProfile, DataObjectInput, SimpleEffect, etc. The outcome of the process
is OWL-S document describing the web service operations, which are then be
composed into the workflow [3]. Additionally a GridSphere portlet was devel-
oped to provide a graphical user interface for the tool [4]. It supports browsing
of the concepts for any given ontology, associating the concepts with the WSDL
elements and generation of the OWL-S documents. An automated annotation
procedure based on the case-based reasoning is also integrated.

Different types of semantics can be used to represent the capabilities, require-
ments, effects and execution of Web services. We proposed conceptual model
intended to describe web services in context of text mining application. In gen-
eral, our model describes data and models as well, which correspond to inputs
required by services and to the outputs produced by the various mining algo-
rithms implemented as the Web services. Data package contains various concepts
used to describe both physical data set and logical data passed as the input to
the mining algorithms. Physical data refers to data physically stored in some
data storage like formatted file, relational database table, XML file or OLAP
cube. In the model we also consider the statistics sub-package, which is intended
to constrain various limitations of the particular algorithm implementation. The
statistics it self can be specified as the output of the services (i.e. it is possible
to find services which can compute/estimate statistics used for constraining se-
lection of the services in the next phase of the mining process). Also, supported
text mining functions including various supervised models for predictive mining,
clustering, association rules as well as attribute selection models for descriptive
mining are included. In our case, Web service in general represents particular
task in the text mining application. The whole life cycle of presented application
consists of several steps (document indexation, preprocessing) in order to achieve
the goal (building of the classifcation model). From different perspective, such
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processes can be viewed as a complex workflows and involving the semantics can
bring the benefits in areas of workflows construction.

3 Automated execution based on BPEL

Important task in this part is to develop the specific tool that will be able to
perform the transformation of OWL-S descriptions into the BPEL specifications,
as these two languages provide complimentary capabilities. BPEL is very well
supported by the software vendors as the choice for the execution of the web ser-
vices. BPEL is not designed for addressing the challenges of the semantic web.
Some studies about attempting to adapt BPEL4WS for the Semantic Web Ser-
vices are already available [8],[9], but our aim is to present an different approach
by performing transformation from OWL-S to BPEL, so models of the semantics
are expressed in OWL-S the execution is conducted in BPEL standard. BPEL
makes use of the activity for process modeling. Basically, BPEL supports two
types of activities : Basic and Structured. Basic activities (e.g. reply, receive)
can be grouped together into structured ones in order to define BPEL workflow.
Then the OWL-S atomic processes can be grounded using the WSDL. Using
this we can obtain building blocks to create BPEL process models. The linking
between building blocks of the workflow is represented by the plan produced
during the workflow construction. Fully automated workflow construction is not
actually implemented yet. Concrete workflow with all concrete services involved
with concrete methods with particular parameters can be passed to the workflow
engine and executed.

4 Automated execution based on Petri-nets

Petri nets are directed bipartite graph, which include two types of nodes, concrete
transitions and places. Moreover they includes edges, which connect transitions
with places. An edge from place p toward transitions t is marking as incoming
edge of t, and the place p is marking as input place. Likewise are define output
edge and places. Each place may containt several individual tokens that represent
data items in a nets. The maximum number of tokens for one place represent its
capacity. The transition is activate, if all tokens for its input places are availalbe,
and for all output place hold, that they have not reachced their capacity. Then
the activate transition may process input tokens and produce a new tokens for
all output places. The number and values of tokens are given by current state of
the workflow. Following markings are obtained by firing transitions. Each edge
in the Petri Net can be adjuct an expression edge. For input edge are used as
expression edges variable names, those values carries given tokens by this edge. In
addition, each transition may have some boolean condition functions. Therefore,
the transition can be activated only in case, if all conditions are fulfilled.

A common classification of Petri Nets distinguishes three levels of Petri Nets:

1. Level 1: Petri Nets are characterized by places, which may contain only
boolean value. A places are marked by unstructured tokens. Example of
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level 1 nets are Condition/Event systems, Elementary Net systems and State
Machine

2. Level 2: A places in the Petri Nets may represent integer value, i.e. a places
are marked by several unstructured tokens. Example of level 2 nets are
Place/Transition nets and ordinary Petri nets

3. Level 3: A places in the Petri Nets may represent high-level values, i.e.
a places marked by a sets of structured tokens. For example Colored Petri
Nets (CPNs) and High-Level Petri Nets (HLPNs).

GWorkflowDL is a description language developed as a XML-based language
for representation Grid workflows. It is based on High-Level Petri Nets. This
language consist of two main part:

1. a generic part, that are used to define the structure of the workflow and this
part reflecting data and control flow in the aplpication

2. a platform-specific part, which define how have to be processed a concrete
worklow in dependence on a specific Grid computing platform

The root element, which is called workflow, includes three types of elements. The
element description is optional and its content describes workflow in a human-
readable form. Further it includes several elements of places and transition, which
define the Petri Nets of the workflow. The places place have a attribute ID,
futher they may include a element description and some elements token, which
contain data for given place. The transitions transition may include element
description. Further they must include minimal one element inputPlace, which
attribute placelD refers to specific place in the Petri Nets. Likewise they must
include minimal one element outputPlace with attribute placeID. The elements
transition next include element operation, which carries information about op-
eration on processing input tokens and to generate output tokens for the output
places. Simple workflow from the text-mining domain, which describes a tok-
enization of some documents can be represented as a Petri Net and includes
two places, concrete parsedDocuments and tokenizedDocuments, and one tran-
sition, which is called tokenizeDocuments. The place parsedDocuments carries
the parsed documents, which serve as input token into transition tokenizeDocu-
ments. Given transition includes an information about service, which from intput
parsed documents makes a tokenized documents, and these next assigns to the
place tokenizedDocuments.

5 Conclusion

This paper presented an overview of proposed approach to semantic annotation
and execution of web services in text mining domain. Our aim was to present
the idea of semantic description in OWL-S and to present the corresponding
mappings to Petri-nets and BPEL in order to execute the workflows. This paper
contains mostly the mivation and idea behind the approach, various implemen-
tation aspects will be introduced in the future.
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Abstract. In this article we propose the second prototype of a groupware
system within the SAKE project. SAKE (Semantic Agile Knowledge-based E-
government) is a STREP Project sponsored by the European Union starting in
March 2006. The overall objective of SAKE is to specify, develop and deploy
a holistic framework and supporting tools for an agile knowledge-based e-
government that will be sufficiently flexible to adapt to changing and diverse
environments and needs. We give a brief overview of details regarding the
global architecture of second prototype particularly of our component and
provided features.

1 SAKE Project — Introduction and Conceptual Architecture

Existing approaches for knowledge management in e-government focus mainly
on the efficient management of a particular, isolated knowledge resource and on
supporting only message-based communication between public administrators.
Project SAKE (Semantic Agile Knowledge-based E-government) is a STREP Project
sponsored by the European Union starting in March 2006. The overall objective of
SAKE is to specify, develop and deploy a holistic framework and supporting tools for
an agile knowledge-based e-government that will be sufficiently flexible to adapt to
changing and diverse environments and needs [1].

In this article we will concentrate on architecture of the whole system and the
second prototype of our groupware component (GWS). Based on the analysis of the
problems addressed in e-government domain and needs for applying semantic
technologies, we have identified these main SAKE’s technological components
(Figure 1) [2]:

— Semantic-based attention (change) management — ensures a high precision of
information delivered to a public administrator by formal and explicit modelling
of preferences of a public administrator regarding provided information.

— Semantic-based content management system — enables efficient provision of
knowledge in the context of a public administrative process.

— Semantic-based Groupware system (GWS) — supports more efficient knowledge
sharing by developing methods and tools for effective interaction between public
administrators and for enabling building community of practice, as well as
methods and tools for pushing of knowledge and for searching for experts.

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 85-88, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.



86

3

Peter Butka, Gabriel Lukac

SAKE will also develop a conceptual framework for a semantics-enabled agile
knowledge-based e-government that will comprise an analysis of the knowledge
infrastructure and knowledge sources in e-government. Several ontologies have
been developed in order to effectively share information sources, business process
details, people resources information, etc.

Workflow Management System (WfMS) — responsible for context awareness and
working with business process — based on Jboss BPM.

SAKE
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Fig. 1. Architecture of the SAKE system.

Second prototype of GWS in SAKE -Implementation

The structure of our groupware system can be described in a sense of four basic
layers with several components in particular layers:

Back-end Persistence Layer — this is the back-end storage necessary for supporting
GWS actual work and functionalities in storing different types of data. As
a persistent middleware layer the Hibernate framework is used.

Back-end Business Logic Layer — the logic behind provided functionalities of the
groupware component is covered by this layer, mainly management of a shared
workspace and user access control to resources.

Tool Functionalities Back-end Layer — this is the layer responsible for back-end
support of different tool functionalities which are provided to the users. Different
types of communication are provided in this layer like discussion forums, e-mail or
other tools for communication as well as the shared calendar or file sharing,
provided by corresponding modules.

Interfaces Layer — this layer is mainly responsible for integration with other SAKE
components. It covers connections to services provided by other components as
well as services which are provided by GWS for other parts of the whole
integrated system.
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Implementation of the Groupware System (GWS) in SAKE is based on the open
source solution named Coefficient. This system has been selected after a detailed
analysis as the best candidate. One of the problems of the selection process was that
we have not found any other proper solution supporting all of required functionalities.
The most notable example is the shared calendar, which is now implemented with the
usage of an external open-source server solution; concretely it is based on the Jakarta
Slide WebDAV server with iCal4j Java library supporting the iCal standard.
A slightly complicated situation is solved by a creation of the ‘GWS Adaptor’ which
should be an abstraction layer for a combination of systems e.g. Coefficient, calendar
server, mail server and so on. Through an adaptor the GWS component is able to
communicate with one or more systems realizing required functionalities defined by
the adaptor interface. One of the benefits is that SAKE GWS system features (and
whole SAKE, because CMS is using the same adaptor mechanism) could be provided
also to an environment with existing groupware system. This will help in adopting it
in different public administration sites.

4 Second prototype of GWS in SAKE — Features

According to usage of GWS in context of SAKE we have identified several aspects
for which semantics and text-mining methods are interesting (within scope of internal
public administration processes which are mainly reflected in SAKE). All of them are
implemented and fully integrated with other subsystems.

The role of GWS in SAKE can be (more practically) viewed in:

— Management of shared workspace of users in specific process context — forums,
shared calendar, mail, etc.

— Providing GWS-related services to other components

— Providing support for GWS-related activities in the workflow

— Providing semantically-enhanced features in order to achieve re-use of knowledge

— Capture the users behavior

Several of these aspects are interconnected directly through the usage of sematic
technologies, e¢.g. capture of user's behaviour in a semantic way leads to
a semantically enhanced feature known as semantic log. Then semantically enhanced
features within GWS are:

1. Full support/usage of semantic context within GWS. It is one of the basic
assumptions for semantic-based support in the whole integrated SAKE system.
Context is defined according to current user and actual state of the current process
instance. This context is then important for preparing of information which is
shown to the user and logging of context-specific information into the integrated
system (see next feature)

2. Semantic log of user’s activities within GWS. All activities of users within GWS
are semantically logged into ontologies.

3. Annotation of discussion messages. Contributions of users in discussion forums (it
means discussion messages) are annotated in two different ways:
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a) A set of keywords is attached as metadata to every contribution

b) Relevance feedback by users to discussion messages. This means that every
user can add a feedback to a message representing user’s own opinion of
message’s relevance to the current problem. It is based on a simple scaled
annotation from negative to positive feedback and information is then used in
other features like extraction of potential experts.

Metadata search. In order to achieve benefits from information provision to user

metadata search for every subcomponent (functionality) is provided. It means that

search is realized as a combination of metadata searches for different information

resources like documents, discussion forums, threads, and messages, calendar

events, and so on.

. Extraction of potential experts by ranking of users according to previous

discussions. Our new method for discussion forums analysis (introduced in [4]) is
used for extraction of potential experts. Using the combination of user’s feedback
and filtering of threads (according to annotation of messages in threads) method
provides ‘argumentation’-like support solution which leads to feedback-based
topic-sensitive ranking of discussion forums users. This information can be used
by someone who wants to invite new members to process (e.g. expert) to help to
distinguish between several users (and helps in building of Communities of
Practice).

Conclusion

this article second prototype of the GWS in SAKE project has been described. We

have also presented simple overview of the architecture and some implementation
details regarding second prototype of GWS in the project, as well as basic
semantically-enhanced features of the system.

The work presented in the paper is supported by the EC within the FP6 IST 027128
project “SAKE — Semantic-enabled Agile Knowledge-based E-government”.
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Abstract. Tento prispevok popisuje pristup ku integracii sluzieb poskytovanych
institiciami verejnej spravy v tradicnej alebo elektronickej podobe z pohladu
obcana alebo podnikatel'ského subjektu, ktory je pouzity v projekte Access-
eGov. Jednoduché (atomické) sluzby su integrované na sémantickej urovni
(s vyuzitim sémantického popisu existujicich sluzieb) do scenarov. Realizacia
tychto scenarov vedie k rieSeniu problému, ktorému celi pouzivatel' (obcan
alebo podnikatel'sky subjekt) v danej zivotnej situacii (napr. ako ziskat’
stavebné povolenie a pod.). Vdaka tomu je pouzivatelovi poskytnutd
hodnotnejsia sluzba pozostdvajuca zo scendra sluzieb a nie iba jednoducha
sluzba. Druhou vyhodou je, Zze sluzby v scenari su personalizované (t.j. st
prispdsobené podl'a dat o pouzivatel'ovi a/alebo jeho situdcii). V pripade, ze st
niektoré sluzby v scenari pristupné elektronicky mozu byt spustené on-line.
Prvy prototyp Access-eGov systému bol testovany na troch pilotnych
aplikaciach v troch EU krajinach.

1 Uvod

V e-Governmente je v sucasnosti jednou z kldcovych vyziev sémanticka
interoperabilita sluzieb. Tento termin oznacuje technicki sposobilost’ kooperacie
poskytovanych sluzieb. Interoperabilita je explicitne adresovana ako jedna zo Styroch
hlavnych vyziev v stratégii EU 12010 [1]. Nevyhnutnym predpokladom pre
interoperabilitu sluzieb je integracia relevantnych sluzieb.

Jednym z najsl'ubnejsich pristupov k integracii a ku interoperabilite je nasadenie
sémantickych technologii [2]. Hlavnou vyhodou tohto pristupu je jeho spdsobilost
formalne popisat’ vyznam a kontext vladnych sluzieb a to oboch typov, tak tradi¢nych
(tzv. ,face-to face“ mnazyvanych tiez ,papierové”) ako aj -elektronickych
(poskytovanych ako elektronické formulare alebo webové sluzby). Pritom nie je
nevyhnutné modifikovat’ samotnti sluzbu.

Projekt Access-eGov (www.access-egov.org) je vyskumno-vyvojovy (V/V) projekt
financovany Eurdépskou Komisiou v ramci 6.ramcového programu EU (6RP),
program ,,Technoldgie Informacnej Spolo¢nosti® (IST). Zamerom projektu je vyvoj
nastrojov a metodologie umoziujucich sémantickil integraciu a interoperabilitu
sluzieb verejnej spravy (VS) v praktickych aplikaciach.

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 89-92, ISBN 978-80-227-3027-3.
© FIIT STU Bratislava, Ustav informatiky a softvérového inZinierstva, 2009.
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2 Metodoldgie a nastroje v Access-eGov

Hlavnym cielom projektu Access-eGov je poskytnit obCanom a podnikatel'skym
subjektom v ich Zzivotnych situaciach a podnikatel'skych udalostiach, platformu
s pristupom ku vladnym sluzbam (tak tradi¢nym ako aj elektronickym) v integrovane;j
podobe. Access-eGov vychadza s konceptu ,,zivotnych situacii. Pristup na baze
zivotnych situacii (life event approach) je povazovany za efektivhu a tiez Casto
pouzivanu metddu v na pouZzivatel'a orientovanych rieSeniach pre e-Government [3].
Zivotnu situdciu mozno definovat’ ako situaciu v Zivote oblana (podnikatel'ska
udalost’ — v Zivotnom cykle organizacie), ktora vyzaduje pouzitie vladnych sluZieb.
Zivotna situdcia je zvycajne komplexna a modze byt dekomponovand na mnoho
vzajomne zavislych podcielov. Dosiahnutie tychto podciel'ov vedie k rieSeniu danej
situacie. Takyto podciel’ mdze byt dosiahnuty s nejakou mnozinu vladnych sluzieb.

Ako konceptudlna zakladina bola pre projekt zvolena technolégia WSMO
(http://www.wsmo.org). Pre modelovanie sluzieb verejnej spravy zaloZenom na
pristupe zivotnych situacii vznikla potreba rozsirit' existujici WSMO konceptualny
model. Preto boli pridané dva nové elementy. Prvym je koncept ,,Zivotnd situdcia®,
ktory predstavuje formalny model administrativneho procesu (procesny model)
vyjadrenom orchestra¢nou konstrukciou. Druhym konceptom je ,,Sluzba®“. Tento
koncept predstavuje generalizaciu konceptu ,,Web sluzba“ z WSMO. Jeho rozsirenie
umoziuje popisat’ tak tradi¢né ako aj elektronické sluzby verejnej spravy.

WSMO specifikacia pre popis procesnych modelov pozostava z choreografického
a orchestra¢ného rozhrania WSMO cielov zalozenom na abstraktnych stavovych
automatoch. Bolo zistené, Ze takéto WSMO choreografické a orchestraéné rozhrania
nie je vhodné pre prezentovanie procesu a pre aktualizovanie stavu procesu
pouzivatelom. Preto bol v Access-eGov vytvoreny novy navrh rozhrania, ktory je
zaloZeny na paradigme workflow-u. Ten bude rozsirovat’ WSMO S$pecifikaciu.

Cely proces vytvarania ontologii v projekte, ktory bol zalozeny na pouzivatelovi
riadenom pristupe je popisany detailne v [2]. Tento proces ma 7 krokov. Vytvorené
ontoldgie su plne lokalizovatel'né (t.j. existuje podpora popisov v réznych jazykoch).

Z pohladu Access-eGov systému, ontologie mézu byt povazované za rozhrania
medzi technickou infraStruktirou a pilotnymi aplikaciami. Poskytuji totiz
Specifikaciu Struktiry dat pouzivanych v systéme pre systémové komponenty
zodpovedné za objavovanie, kompoziciu, mediaciu a spustanie sluzieb [4] (v [4] sa
nachadza aj bliz§i popis architektiry systému).

Ontologie tiez poskytuju zakladiiu pre sémanticktl anotaciu sluzieb verejnej spravy.
Pricom sémanticka anotacia moze byt definovana ako formalny popis poskytovanych
sluzieb pomocou elementov ontologie. V projekte bol pre potreby anotacie vladnych
sluzieb vyvinuty Specialny nastroj pre tito ¢innost’ — Anota¢ny nastroj [5].

2.1 Anotaény nastroj

Anotacny nastroj bol implementovany ako Standardna webova aplikacia s pouZzitim
rozsireného WSMO objektového modelu a JSF technoldgie. Néstroj poskytuje sadu
formularov pre Specifikaciu vlastnosti sluzieb. Pre ulahcenie udrzby pracovnych
sekvencii pri anotovani sluzieb verejnej spravy bol implementovanych mechanizmus
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preddefinovanych Sablon. Anotacny nastroj zahffia aj jednoduchy manazment roli
pouzivatel'ov a viacjazy¢nu podporu tak na datovej tirovni (samotné anotacie) ako aj
na urovni pouZzivatel'skych rozhrani. NavySe Anotacny nastroj umoziluje spéjat’
jednotlivé policka vo formularoch s informdciami na existujicich webovych
strankach verejnej spravy. Toto rieSenie dava moznost anotovat’ externé webové
stranky a sémanticky integrovat’ ich obsah do eGovernment aplikacie.

2.2 Klient osobného asistenta

Pre pouzivatelov zo strany obcanov bol vyvinuty ,klient osobného asistenta“
(Personal Assistant Client - PAC). Tento klient umoziiuje browsovanie, objavovanie
a spustania sluzieb VS relevantnych k Specifickej Zivotnej situacii pouzivatela.
Podobne ako Anota¢ny nastroj aj PAC bol implementovany ako webova aplikacia
s vyuzitim JSF technoldgie. Usporiadanie, $truktira a poradie ,,tabov* v rozhrani su
dynamicky generované podl'a definovanej ontoldgie zivotnej situacie a podla anotacii
sluzieb a d’alej prispdsobené podl'a odpovedi pouZzivatel'a. Po vybere Zivotnej situacie
pouzivatelom sa zobrazi zodpovedajica navigacna Struktira pozostavajlica
z podcielov a sluzieb v podobe textu, hyperliniek a policok pre vlozenie prislusnej
hodnoty alebo rozhranie pre spustenie webovej sluzby. Pouzivatel ma moznost’
prechadzat’ podciele a vlozit’ odpovede na otazky sliZiace na prispdsobenie scenara
jeho Specifickej situdcii v ramci vybranej zivotnej udalosti. Potom systém
automaticky odvodi podciel’ a naviguje pouzivatel'a k d’al§im podcielom a sluzbam
odvodenym z konceptualneho modelu. Systém moéze priamo spustit’ elektronicka
sluzbu (ak taka existuje) poskytovanu cez Standardizované webové rozhranie. Vd'aka
PAC pouzivatel’ ziska vSetky dostupné informacie o Zivotnej situacii prispdsobenej
jeho $pecifickému pripadu a ma tiez moznost’ spustit’ akcie pozadované jednotlivymi
sluzbami potrebné na vyrieSenie zivotnej situacie.

3  Evaluacia pilotnych aplikacii

Prvy prototyp Access-eGov platformy bol testovany na troch pilotnych aplikaciach
v troch EU krajinach. Evaluacii boli podrobené oba vyvinuté nastroje — AT aj PAC.

AT sluzil pocas testovania takmer bez technickych problémov. Podla spitnej
vazby bol nastroj relativne I'ahko pouziteny, dokonca bol tspe$ne pouzivany aj
netrénovanymi anotatormi (pracovnikmi VS). Iba malo anotatorov nepovazovalo
proces anotacie sluzieb pomocou tohto nastroja za l'ahky. Ako dovod bola uvadzana
,heintuitivnost™ pouzivatel'ského rozhrania AT a chybajice informacie pozadované
pri anotacii. Vacsina tychto problémov bola odstranena uz pocas skuisok.

PAC bol evaluovany s vyuzitim on-line dotaznika. Ugastnici testovali kvalitu
poskytovanych informacii, rychlost, Struktiuru a rozvrhnutie webovskej stranky ako aj
navigaciu a ,,pouzitelnost* (usability) systému vo vSeobecnosti. Podla vysledkov
nemal PAC uspokojivé pouzivatel'ské rozhrania. Problematicka bola Struktiira, dizajn
a navigacia. Uvitana by bola navigacia ,,krok za krokom*,

Spitna vizba od pouzivatelov neindikovala Ziadne problémy s ontologiami.
Korektnost’ ontologii poukazuje na to, Ze pouzitd metodologia bola vhodna.
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Na zéklade vyhodnotenia prvého testovania pilotnych aplikacii sa v sucasnosti
(september 2008) koncia prace na druhej, vylepSenej verzii systému Access-eGov.
Systém bude nasledne otestovany v druhej sérii testov koncom roku 2008. Projekt
Access-eGov skonci vo februdri 2009, ked’ by mala byt k dispozicii findlna verzia
systému Access-eGov, pouzitelnd pre integraciu lubovolnych sluzieb VS (ale
v principe aj v inych aplika¢nych oblastiach).

4 Zaver

V prispevku bol prezentovany pristup pouzity v projekte Acces-eGov pre sémantick(l
integraciu vladnych sluzieb. Zakladiiu umoznujicu spojenie Access-eGov technickej
infrastruktary a pilotnych aplikacii tvoria ontologie. Vyvinuta metodologia umoznila
uspesné vytvorenie tychto ontologii. Boli vyvinuté webové aplikacie tvoriace grafické
rozhrania pre pouzivatel'ov tak zo strany obcanov (PAC) ako aj zo strany pracovnikov
VS (AT). Tieto boli podrobené testovaniu na pilotnych aplikdciach v troch EU
krajinach v ramci prvej sérii testov. Tieto testy ukdzali, ze AT je vyhovujucou
aplikdciou na anotovanie vladdnych sluzieb. Vysledky testov PAC poukazali na
niektoré nedostatky. V stcasnosti su uz vysledky testov zapracované do druhej verzie
systému Access-eGov, ktora bude ¢oskoro testovana v druhej sérii testov.
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Abstract. This article describes an application for disease determination by
selecting or entering its symptoms in a simple way. The most important
biomedical information free source online, NCBI website, provides too high
complexity to be used by biologists or physicians. Together with NCBI web
service, both offer inconsistent or insufficiently categorized data, with many
typographical errors. These are projected into long-lasting incorrect results, still
not revised. There is a strong need for existence of a system able to
elementarily allow users to state their simple queries to stored data, and to
display retrieved data in a desired view. A combination of present curated and
collaborative approach proposed in this article will significantly improve NCBI
datasets.

Keywords: disease, defect, syndrome, congenital, hereditary, OMIM, clinical,
synopsis, decision, determination, curated, collaboration.

1 Introduction

There are many free online biomedical information sources of various diseases and
their details. Since 2004, U.S. National Institutes of Health started to provide all
articles funded by NIH free of charge on their website [1]. Articles saved to PubMed
database are available, as well as individual facts extracted from them, which are
transcribed to other databases. Those are available in form of information with simple
relations among them. For example, if an article describes new inventions or a new
discovery regarding a hereditary disease and a list of related clinical synopses
(symptoms), those are transcribed and saved to OMIM database, a database of
congenital syndromes, defects and diseases. A user can find a reference to cited
publication to most of this information.

Even though the editors from NCBI add new articles and their details to the
databases on daily basis, there are still many publications to transcribe, and not only
the newest ones. There is an evident need for a collaborative extension of the existing

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 93-96, ISBN 978-80-227-3027-3.
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information. Proposed system described in this article allows also addition of
non-curated (scientifically fully not confirmed) information, by community of
physicians, and researchers from fields of biology, genetics and medicine. The system
created by NIH, which offers information on hereditary diseases, contains tremendous
amount of useful information. Unfortunately, it is exposed to user in confusing
manner, even from a computer scientist’s point of view.

2 Searching NCBI for diseases

Physicians, biologists, geneticists, and often common people need to find a disease by
observed symptoms, or more diseases, a physician didn’t take into consideration.
Let’s have an example: We want to find all known alternative syndromes or defects,
where some clinical synopses are know. This is rather important ability, which
asystem with such data as OMIM should possess. However, the NCBI web
application or web service provides only very restricted searching service in clinical
synopses. This is the question we state:

Find a list of diseases those are likely to cause following observed symptoms: cleft
palate, mental retardation, and hearing loss.

We could have used a full text search on OMIM website, and the search string would
be:

"cleft palate"[cs] "hearing loss"[cs]
"mental retardation"[cs]

with [cs] meaning the attribute of search: Clinical synopsis. By submitting this search,
we get 35 results. But the scientists demand all possible results, and we missed two
syndromes. In one of them, result 117650, the clinical synopsis is “Cleft soft palate”.
In 122470, it’s “Cleft lip/palate”. It would be even worse if we entered “palate cleft”
instead. The reason is simple: multiple words put in quotation marks are found, case-
insensitive, only in case of exact form as they are quoted. Another option is to
separate all words:

cleft[cs] palate[cs] hearing[cs] loss[cs] mental[cs]
retardation[cs]

For the NCBI system, it means to find all records with these words located anywhere
in clinical synopses. This is not the way we could retrieve relevant results, as the
words can be combined through all synopses categories in any way. Changed words
could mix up each meaning, for example when searching for “Asymmetric breast,
Absent fingernails, Short stature” as present in record number 305600.

Another way to retrieve desired results is to use Entrez Utilities. We can run three
searches on OMIM database for connected search strings (originally in quotation
marks), then programmatically compare these three results, and select the records
present in all of three search results. This still doesn’t resolve the mixing problem:
one of results when searching for “Missing toes” can be a result e.g. with clinical
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synopses “Missing fingernails” and “Widely spaced first and second toes”, even if it
shouldn’t be.

Yet, apart from this, the cleft lip/palate result is missing when searching for
“palate”. Full text search in NCBI application treats a slash as a connector of words
into one.

3 Resolution

System we are working on uses own search engine, which doesn’t exclude slash-
separated words and it can handle multiple clinical synopsis descriptions, enabling it
to provide more exact filtering while considering individual descriptions. Unlike the
original NCBI system, our database stores the synopsis descriptions in a tree
topology, named and generated by original clinical synopsis keys in OMIM database.
Thus, the application allows a user to narrow the search results by selecting displayed
categories in a tree view, with a note consisting of sum of records in each category.

Data in the developed database are kept and provided unchanged with a respect to
NIH authorship. Compared to NCBI system, only search methods and user-friendly
interface are improved. The origin of data guarantees verity of information, but also
a collaborative space is going to be created, where all users will be registered as
members of various research centers. A user can decide whether to add or not another
user and/or user to trusted zone and whether to display or not these non-curated
information.
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Abstrakt. Tato praca popisuje jeden z moznych pristupov ako v prostredi grid-
u monitorovat’ beh sluzieb. Monitorované sluzby st vysledkom kompozicie
anasledného spustenia toku sluzieb. Ziskané tdaje si neskor pouzité pre
skvalitnenie procesu kompozicie arozhodovania. Pristup je zalozeny na
technologii Java JMX.

KPicové slova: monitoring, work-flow, Java JMX

1 Uvod

Automatickd a semi-automatickd kompozicia toku sluzieb sa stava v sicasnosti stale
CastejSou témou mnohych prac. Patri medzi zakladné potreby vyplyvajice
z prostredia webovych sluzieb. Kompozicia webovych sluzieb je naro¢ny proces
z hladiska samotného rozhodovania a planovania. Z hl'adiska spravneho naplanovania
a vyskladania toku sluzieb je potrebné, aby kazda sluzba bola dosledne popisana. Za
predpokladu, Ze tato podmienka je splnena, mozeme uvazovat’ o posudzovani kvality
jednotlivych sluzieb, ¢o dopomoéze skvalitnit' proces rozhodovania. Pod pojmom
kvalita sluzby je myslena ich vykonnost’ a ¢asto aj schopnost’ vykonat’ tlohu, ktora je
deklarovana v popise v konecnom Case. Pre ziskanie tychto parametrickych opisov
jednotlivych sluzieb je nutné pri ich behu monitorovat’ priebeh ich funk¢nosti. Tato
praca popisuje jeden z moznych pristupov ako v prostredi grid-u monitorovat’ beh
sluzieb, ktoré st vysledkom kompozicie a nasledného spustenia toku sluzieb, zo
zamerom neskorSieho skvalitnenia procesov kompozicie a rozhodovania. Tomuto
problému bolo venované viacero projektov a publikacii (FP6: EGEE[3], DEISA[2],
KWFGrid[7]).

2 QoS ontologia

Pri automatickej kompozicii pracovnych tokov je potrebné vybrat’ sluzbu, ktora je
schopna poskytnut’ pozadované vystupy a dosiahnut’ dany ciel. Okrem funkénych
vlastnosti sluzby, ktoré uréuji za akych podmienok sluzba dokaze poskytnut
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pozadované vystupy, ako sekundarne kritérium vyberu sluzby je mozné pouzit’ rozne
indikatory kvality. Samotny proces automatického vyberu sluzby pri planovani
potom prebieha v dvoch krokoch:

— porovnanie funkénych vlastnosti sluzby, tj. ¢i su logicky splnené vSetky
podmienky pre to, aby dana sluzba poskytla pozadované vystupy a

— porovnanie indikatorov kvality, na zaklade ktorého sa dodato¢ne odfiltruju
a preusporiadaju kandidati z predchadzajticeho kroku.

Po tychto krokoch je mozné automaticky a jednoznaéne vybrat potrebnu sluzbu.
Porovnavanie si vSak vyzaduje, aby oba typy vlastnosti, tj. funkéné vlastnosti
a indikatory kvality boli vhodne konceptualizované tak, aby sa umoznilo ich
automatické porovnavanie a odvodzovanie. Ako konceptualny model indikatorov
kvality sme navrhli ontologiu, ktora je uvedena na obrazku 1. Dalie delenie metrik je
podl’a entity, ktoré popisuju:

— ActivityMetric, popisuje atomicku aktivitu pri volani sluzby (aktivita zodpoveda
volaniu metody pri danych vstupnych datach na konkrétnom uzle v gridovom
prostredi)

— ServiceMetric, popisuje agregované indikatory pre celi sluzbu ziskané
agregovanim metrik aktivit a normovanim podla metrik zdrojov. Umoziuje
porovnavanie sluzieb podla QoS.

— ResourceMetric, popisuje zdroje pouzité pri volani sluzby (zodpovedaju kontextu
pri spustani aktivit), delia sa na metriky pre popis vypoctového uzla (NodeMetric)
a na metriky pre popis vstupov/vystupov sluzby (tj. funkénych parametrov pri
volani sluzby).

3 Architektura pre monitorovanie grid-ového prostredia

Navrhovany spdsob sa opiera o nepriame posudzovanie kvality spustenych sluzieb.
Pomocou sledovania zatazenia vypoctového zdroja, v ktorom sa vykonava dana
sluzba, je posudzovana jej kvalita. Pre spustanie toku sluzieb je vyuzivané prostredie
GWES (Grid Workflow Execution Service)[4]. GWES na zaklade svojho vstupu,
ktory tvori popis toku sluzieb, sptsta jednotlivé sluzby v danej navédznosti
a postupnosti. Vstup je definovany pomocou GWorkflowDL[5] (Grid Workflow
Description Language). Jedna sa o XML schému, ktora pozostdva z popisu aktivit,
jednotlivych spustanych sluzieb a ich parametrov. Za predpokladu, Zze jednotlivé
webové sluzby st napisané v jazyku Java tak ako aj GWES, moézeme proces
monitorovania z(zit’ na sledovanie stavu JVM (Java Virtual Machine). Pre tento ucel
existuje v jazyku Java technologia IMX[6] (Java Management Extension). Podobny
pristup bol pouzity aj v praci [1].Tato technoldgia je zaloZena na tzv. Mbeanoch, tj.
Entitach, ktoré spristupniuju namerané metriky vzdialenym klientom. Jediné o je
nutné dodrzat’ pre spravnu funkcnost’ v heterogénnom prostredi, je nastavit JVM tak,
aby podporoval JMX aj s moznostou vzdialeného pristupu. Cely manazment
registracie Mbeanov a monitorovania prostredia je potom mozné riadit' z klientskej
aplikacie.
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Monitorovanie je rozdelené na monitorovanie jednotlivych aktivit, ktoré su
spuStané v prostredi GWES a na monitorovanie zdrojov, ktoré vykonavaji volané
sluzby. Na sledovanie aktivit bol do prostredia GWES integrovany modul, ktory
spristupiiuje jednak informacie o behu jednotlivych sluzieb z pohladu prostredia
GWES, a jednak agreguje monitorované informacie ziskané z jednotlivych
vypoctovych zdrojov, ktoré boli pouzité pri vykondvani sluzieb zaradenych do
pracovného toku. Medzi monitorované udaje v prostredi GWES patri:

— detailné informacie o vyuziti pamite JVM pocas vykonavania poziadavky na danu
sluzbu

— detailné informacie o procesoch v JVM, ktoré umoziluje nepriame meranie
zat'aZenia procesora/procesorov na danom vypoctovom zdroji

Stucastou systému monitorovania je klientska aplikacia, ktorej ulohou je ukladanie
monitorovanych udajov pre d’alSie spracovavanie. Tato aplikacia vyuziva Standardné
vzdialené pripojenie JMX v prostredi GWES, pomocou ktorého zozbiera informacie
o behu jednotlivych aktivit pracovného toku a o vypoctovych zdrojoch vyuzivanych
pri jeho vykonavani. Tieto udaje st potom ulozené v Standardnej relaénej databaze,
odkial’ si po agregovani pouZité na odvodenie jednotlivych instancii metrik.

Schematické znazornenie celej funkcionality implementovaného rieSenia je
zakreslené na obrazku 2.

| Semice |

ConversionFomrmula |

Unit l

‘ Function |

Complexhetric |

hetric
Atomichetric |
| Semicehetric
| ActivityMetric
| ResourceMetric
NodeMetric |

FunctionalProperty Metric |

Obr. 1. QoS ontolégia.
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4  Zhodnotenie

Navrhovana architektira umoznuje nepriame sledovanie spustanych aktivit ako aj
sledovanie programu GWES. Na zakladne ziskanych atribitov je mozné zdokonalit’
procesy rozhodovania a kompozicie pri navrhu pracovného toku sluzieb.

Podakovanie. Vyskum prezentovany v tomto clanku bol ciastocne financovany
SEMCO-WS APVV-0391-06.
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Obr. 2. Architektiira navrhnutého systému.
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Abstract. Service composition in systems developed under service-oriented
paradigm presents issues at the business as well as at the technical (system)
level. Although business-level concerns will probably have to be solved by
human participants for the foreseeable future, system-level ones possibly could
be handled automatically. This paper presents an early research-in-progress
report in this area: a problem statement, related work, and some ideas on future
research.

Keywords: service-oriented computing, service composition, microflow,
enterprise service bus.

1 Introduction

Service-oriented computing is a modern paradigm for creating distributed
applications, especially in case of integrating existing (legacy) systems.

Services, as basic parts of such applications, can be connected in many ways.
Typically, one (composite) service calls other (simpler) ones. Other means of service
communication can be, for example, an event-based one when a service sends event
messages to one or more other services, potentially not known in advance.

When creating a composite service from simpler ones many issues have to be
solved. Some of these are concerned with the business logic of the composition,
e.g. when creating a service to process an order (in a reselling company) we need to
call “order validation” service first, then “check customer credit”, and, depending on
the result, to continue with order processing or return an error message to the client.
Currently this business logic is, and very probably will continue to be, designed by
human users, preferably by business analysts in cooperation with business owners.

Another kind of issues to be solved when creating a composite service can be
characterized as technical, or system-level, ones: these are concerned with differences
in transport protocols, application programming interfaces (APIs), message format
and syntax, security requirements, reliability and performance properties, logging and
auditing requirements, etc. Resolution of these issues is driven by requirements and
capabilities of participating services, by technical infrastructure available, and by
business requirements (partially embodied in business logic as described above).
Although very powerful tools in this area have appeared recently, e.g. those grouped

P. Navrat and V. Vrani¢ (Eds.): WIKT 2008, pp. 101-104, ISBN 978-80-227-3027-3.
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under umbrella term “Enterprise Service Bus” [2, 8], technical issues are currently
being dealt with by people, mostly IT specialists.

Our proposition, stemming out from [6]!, is that system-level issues can be
partially or wholly resolved automatically, based on business requirements and
service composition at a business level.

1.1  An Example

Let us illustrate the idea on the following simple scenario: a composite service C
wants to make use of services 4 and B, but:

1. C makes requests and receives responses using HTTP while 4 is accessible through
Java Message Service (JMS) and B is accessible through SOAP over HTTP (an
example of transport protocol difference);

2. C expects to get data in the form of XML while 4 sends its response as “comma-
separated values” formatted text (an example of message format difference);

3. B and C protect their communication using standard SSL (Secure Socket Layer)
technology, while A utilizes per-message encryption as a feature of JMS provider
(an example of security requirements difference);

4. C requires that 4 and B are contacted with exactly-once message delivery seman-
tics (a reliability property);

5. C sends its request in accordance with enterprise’s canonical data model, while
A expects to receive the data according to its own data model, differing e.g. in the
naming of data elements, coding of values — like M/F vs. 1/2 for gender, etc.
(examples of message syntax differences).

1.2 Problem Statement

We can state the following research problems:

1. How to specify technical (system level) properties of services provided and
services requested in a way that is expressive enough yet practical to use?

2. How to match between these properties? l.e., to what extent is it possible to
generate, automatically or semi-automatically, a code (e.g. in Java or in
configuration language of a specific tool, for example Enterprise Service Bus) that
will do the required mediation?

3. What level of adaptivity can be achieved? l.e., what kind of changes can the
system cope with automatically?

2  Related Work

Enterprise Service Bus (ESB) [2, 8] provides a powerful infrastructure for service
composition at the technical (or microflow, see [4]) layer. Technical differences,
e.g. those described in section 1.1, are dealt with using so called mediation services.

! Please see “Business-driven automated compositions Grand Challenge”.
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Unfortunately, all implementations we know of as yet require the integration architect
to define all the mediation services statically (even though authors of [8] mention
some automatic matchmaking capabilities as a feature of an ESB).

2.1 Specification of Properties of Services Provided and Services Required

There are relevant Web Services (WS-*) standards in this area:

1. Web Services Description Language (WSDL, [1]) is used to describe abstract
functional aspects of a service (e.g. content of input and output messages) along
with some of technical aspects (e.g. transport protocol binding).

2. Web Services Policy Framework (WS-Policy, [9]) provides a general tool for
describing capabilities and requirements of the services. Subsequent specifications
would define domain-specific policy assertion languages e.g. in the area of security
or reliable messaging.

Although these standards are specified primarily for XML Web Services, they can be
easily extended to use with services implemented by other technologies as well.

These standards, mainly the first one, are broadly used to describe services
provided. Their use for description of services required is not very common yet.

Schmidt et al. [8] describe a conceptual model of meta-data repository for an
Enterprise Service Bus that would meet most (perhaps all) of the above mentioned
requirements. Service requestors as well as service providers would publish relevant
information as part of required and supported service interfaces, respectively, in the
form of policy declarations.

There are also a couple of UML profiles designed for specifying functional and
non-functional properties of services, e.g. [10].

2.2 Automatic Matching

Lee et al. [5] propose a service orchestration system that is able to function in the
heterogeneous environment consisting of web services as well as legacy enterprise
applications using technologies like Java RMI, EJB and CORBA. They have created
a toolkit that automatically maps between these (and possibly other) technologies.
This is an example of resolution of transport protocol and API differences.

Similarly, Gong et al. [3] have created a system for dynamic access to
heterogeneous data resources, with mapping between generic access API and
resource-specific API defined in the form of ontology. Again, this can be seen
primarily as a resolution of a transport protocol and API differences.

Wada et al. [10] provide a mapping from models created using their UML profile
into specific technologies, namely MuleESB — an open-source ESB implementation.
(This is not a fully automatic matchmaking, as the designer has to specify the
mapping, although at rather abstract level.)

The (semi-)automatic resolution of message syntax differences is a well researched
problem; see for example [7]. We do not expect to contribute directly to this area, but
appropriately use existing results (and tools) instead.
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3

Some Ideas on Future Research

After finding suitable formalism to describe system-level properties of services
provided and requested we plan to concentrate on the problem of their automatic or
semiautomatic matching. We expect to define a set of primitive mediation elements
(or possibly more sets, each specific to one target platform, e.g. ESB implementation),
and describe their semantics. Then we would try to develop algorithms for resolving
mismatches in service interfaces by a sequence of mediation elements.
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Abstrakt. V prispevku popisujeme problematiku bezpecného vykonavania
procesov v neddveryhodnom distribuovanom vypoctovom prostredi. Nastoleny
problém sa navrhuje riesit prostrednictvom mobilného kédu, ktory by bol
vykonavany v déveryhodnom  hardvérovom  module  pripojitelnom
k 'ubovolnému  vypoltovému zdroju, ktory explicitne povazujeme
za nedoveryhodny. Mobilny kéd navrhujeme riesit’ prostrednictvom mobilnych
webovych  sluzieb  zaloZzenych na  navrhovych  vzoroch  z oblasti
multiagentovych systémov. Prispevok je pisany v kontexte aplika¢nej oblasti,
v ktorej takato potreba vznikla, a to bezpecného vykonavania procesov pre
riadenie krizovych situacii. Uvadzame aj navrh architektry pre nedéveryhodné
distribuované prostredie pre ktoré bezpecné vykonavanie procesov rieSime.
Struéne sa zaoberame aj rozdielmi nasho pristupu od existujucich pristupov
podobného zamerania.

KPuacové slova: mobilny kod, agenti, webové sluzby, trusted platform module

1 Uvod

V sti¢asnosti stale existuju oblasti bezpe¢nosti dat a vypoctov, ktoré nie st dostatoéne
rieSené. Tieto problémy suvisia hlavne s distribuovanym charakterom vykonavania
vypoCtov a spracovania dat. V oblasti bezpeCnosti st rieSené viaceré ulohy
dostatocne, napr. bezpecné prenosové kanaly alebo autentifikdcia a autorizacia
prostrednictvom asymetrickych Sifier. Pri tych problémoch, ktoré eSte dostatoCne
rieSené nie su, je potrebné rieSit’ viacero vzajomne zavislych bezpecnostnych uloh,
ktoré sa daju rozdelit na dve hlavné triedy: zabezpecenie utajenia (Privacy)
a zabezpecenie dovery (Trust). Obidve tieto bezpeCnostné triedy sa zaoberaju
bezpecnost'ou jednak dat a jednak kdodu, a to tak na strane klienta (iniciatora), ako aj
na strane servera (vykonavatela). V kontexte tohto prispevku sa venujeme
zabezpeceniu utajenia a dovery tak dat, ako aj vypoCtu na strane vykonavatela —
servera, ktora je podrobnejSie rozpisana v Casti 2.

Komunikécia, bezpecnost a dostupnost informacii je klucovym faktorom
pririeSeni a riadeni krizovych situdcii. Zabezpecenie komunikacie predstavuje
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technologicky problém, ktory je potrebné riesit’ vel'mi komplexne. Je potrebné riesit’
jednak prepojenie viacerych komunika¢nych kandlov a jednak ochranu
pred ndhodnym alebo cielenym zneuzitim informécii a komunikac¢nych tokov.
V prispevku je prezentovana architektira distribuovaného systému pre bezpecné
vykonavanie mobilného kédu na baze agentov v nedoveryhodnom vypoctovom
prostredi prostrednictvom doveryhodnej bezpeénostnej hardvérovej platformy prave
pre aplikacnu oblast’ riadenia krizovych situacii.

2 Bezpecné vykonavanie kédu v nedéveryhodnom prostredi

Tabulka 1 sumarizuje zakladné vyzvy spojené s nedoveryhodnym prostredim na
strane servera a vykonavanim kodu v iom:

Tabul’ka 1. Bezpecnostné vyzvy zabezpecenia dovery autajenia dat a kodu
v nedéveryhodnom prostredi na strane vykonavatel'a — servera.

Data Programovy kod
Trust  ZabezpeCit, ze server bude Zabezpecit, Ze server spusti ten programovy
(T) pracovat’ prave stymi datami, kod, ktory mu klient posle. Sem patri
ktoré mu klient posle. aj ochrana pred modifikaciou a poskodenim

vykonavaného kodu.
Privacy Zabezpecit, ze data poslané Zabezpelit, ze server nebude schopny

@ serveru na spracovanie nebude vykonavany kod zneuzit' (interpretovat),
vediet server identifikovat resp. znova pouzit’ na ten isty ucel, na ktory
a interpretovat’. ho pouzil klient. Mozné ochrany: podpisany
kod, kryptovanie, vykonavanie po castiach
a pod.

Vo vseobecnosti je zlozitejSia prave situacia pre zabezpecenie T a P na strane servera.
Jednym zo sposobov ako vytvorit znedbéveryhodného prostredia doveryhodné
na strane vykonavatela je pouzitie externého zariadenia, tzv. doveryhodného
bezpetného modulu, ktory dokdze na seba prevziat kl'iCové ulohy suvisiace
s bezpecnostou, doverou a utajenim tak vypoctov, ako aj spracovavanych dat.

Jednym z existujiicich pristupov je pouzitie tzv. Trusted platform module
(TPM)[1]. TPM je hardvérové rieSenie — Cip, v ktorom su ulozené bezpecnostné
prvky zariadenia, na ktoré je pripojené (PC, server alebo mobilné komunikacné
zariadenie), priCom toto zariadenie je pripojené na siet. Bezpecnostné prvky zahfiiaja
hesla, certifikaty a kryptovacie klIi¢e. TPM sa tiez pouziva na autentifikaciu
a atestaciu danej platformy, ¢o je nutna podmienka bezpe¢ného pocitania vo vsetkych
prostrediach. Sirokému aplikovaniu TPM, ako bezpegnostného prvku sietového
poditania brania viaceré S$pecifické poziadavky na zachovanie stkromia. TPM
nekontroluje softvér, ktory bezi na kontrolovanych platformach. V TPM moze byt
ulozené konfiguraéné parametre, ale aké politiky budi pouzité na tieto parametre
musi oSetrit’ samostatna aplikécia.

Existuje teda priestor na rozSirenie a zlepSenie modulu TPM, ato vytvorenim
vypoctového modulu, ktory by dokazal na seba prevziat aj vypoctovo narocnejSie
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operacie. Navrhované rieSenie pomocou bezpecnostného ¢ipu by malo rieSit
bezpecnost’ v ramci konkrétnej siete pripojenych zariadeni. V ramci DS by boli
okrem bezpecnostnych prvkov uchovavané aj bezpecnostné politiky. Vyhodou
navrhovaného rieSenia je aj pripojitelnost’ na zabezpecovany hardvér pomocou
zvoleného rozhrania (napr. USB). Navrhované zariadenie by malo byt v sulade
so Standardmi, ktoré vydava Trusted Computing Group (TCG) [2]. Zakladnymi
pozadovanymi  funkciami takéhoto bezpeéného modulu su: generovanie
asymetrickych klucov, ktoré sa nedaji nijak scudzit' ani zmenit, autentifikdcia
a autorizacia na oboch stranach — klienta aj servera (paralelnd autentifikacia),
Sifrovanie a desifrovanie dat, ukladanie dat, zabezpecenie bezpecného vykondvania
kodu napr. formou virtualizacie, priame vykonavanie zadanych funkcii a tvorba
a udrziavanie bezpecnostnych politik.

Takyto modul by mal byt tiez schopny dynamicky spustat rdzne
kody, a to spdsobom bezpeénym, doveryhodnym a v pozadovanej miere utajenia.
Na tento ucel planujeme pouzit' poznatky z technologie mobilnych agentov. Samotna
implementacia vSak bude zaloZena na technologii webovych sluzieb, pricom mobilita
je v tomto kontexte pre nas najdolezitejSia vlastnost. Vyuzivanie mobilnych agentov
ma oproti klasickym agentom niekol’ko vyhod. Medzi najvdcsie vyhody patria:
schopnost’ vykonavat’ sa na serveri, kde s ulozené data — redukuje prenos velkych
objemov dat po sieti, asynchronne vykonavanie na viacerych heterogénnych
serveroch zapojenych do siete, adaptabilita — prispdsobenie sa stavu a prostrediu
vykonavacieho servera, tolerancia voci chybam vsieti — moézu sa vykondvat
bez aktivneho spojenia servera a klienta, alebo flexibilita — vykonanie zmeny v ramci
jedného agenta nevyzaduje zmeny na vykonavacom serveri.

3  Architektura

V tejto Casti predstavujeme architektiru systému, ktory by mohol z kombinacie
vykonavania mobilného kdédu na izolovanom bezpe¢nom hardvérovom module (typu
rozsireného TPM) pripojeného k nedéveryhodnym vypoc¢tovym zdrojom jednoznaéne
profitovat. Cela architektira je zalozenda na mobilnych webovych sluzbach
spustanych na bezpecnom =zariadeni s vlastnostami multiagentového spravania
(autonémnost’, proaktivita a pod.). Takato architektira (Obr. 1) vo vSeobecnosti
pozostava zo siete pospajanych doveryhodnych (Trusted Server) aj neddveryhodnych
serverov (Untrusted Server). TS zabezpecuju registre sluzieb, uzlov, pouzivatel'ov
a bezpe€nostnych modulov a ich verejnych kl'ucov, ako aj bazu agentov (mobilny
kéd webovych sluzieb) a vieobecné systémové bezpecnostné politiky. Kazdy agent
ma priradené vlastnosti a schopnosti, ktoré st pri vykonavani konkrétnych procesov
vyuzivané podla potreby. Vykonavanie procesu sme zasadili do scenara manazmentu
krizovej situacie, kde je potrebné ziskavat' informacie z viacerych nedéveryhodnych
zdrojov. Cely proces zaéina $pecifikaciou typu problému formou dialogu. Dalej sa
systém (prostrednictvom zvoleného agenta) bude snazit formou dialdogu
vyspecifikovat, aky najzavaznej$i problém dana krizovd situdcia vytvorila. Po
identifikovani druhu krizovej situacie a oblasti sa spustia akcie podla generického
planu pre kazdd krizovu situaciu.
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Obr. 1. Architektura distribuovaného systému pre bezpecné vykonavanie mobilného kodu
na baze agentov v neddéveryhodnom vypoctovom prostredi prostrednictvom déveryhodnej
bezpecnostnej hardvérovej platformy (DS).

Systém bude teda vediet vygenerovat’ (autonémne alebo formou dialdgu) mozné
generické plany rieSenia vzniknutych problémov. V d’alSom kroku bude prebiehat
$pecifikacia kontextu pre vygenerovanie konkrétnych poziadaviek. Na zaklade
poziadaviek sa vyhladaji servery, ktoré su relevantné pre vzniknuta situaciu a ktoré
su registrované v centralnej databaze. Z databazy agentov sa vyberu také, ktoré su
schopné zo zistenych serverov doveryhodne ,,vytiahnut* pozadované informacie
o dostupnych kapacitach a zaslat’ ich spdt do centra na spracovanie. Systém
na zéklade potvrdenych disponibilnych kapacit (personalnych, materidlnych, atd’.)
zostavi konkrétny plan rieSenia krizovej situacie a problémov stiou spojenych.
Poslednym krokom je spustenie pripraveného krizového planu pre danu situaciu.

4 Zaver

V tomto prispevku sme sa venovali rdznym aspektom zabezpecenia utajenia a dovery
tak dat, ako aj vypoltu na strane vykonavatela — servera. TPM je hardvérova
platforma — ¢ip, ktory umoziuje riesit’ niektoré z bezpecnostnych vyziev spracovania
dat a vykonavania kodu v nedoveryhodnom prostredi. TPM viak nespiiia niektoré
dolezité poziadavky potrebné pre bezpecnostny prvok sietového pocitania. Uvedené
poziadavky su zaroven poziadavkami na rozsireny modul typu TPM, ktory by bol
schopny spracovavat naro¢nejsie operacie, ako aj bezpeénym spésobom vykonavat
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mobilny kod. Nakoniec uvadzame architektiru distribuovaného systému pre bezpecné
vykonavanie mobilného kodu na béaze agentov v neddveryhodnom vypoctovom
prostredi prostrednictvom ddéveryhodnej bezpecnostnej hardvérovej platformy.
Prezentované vysledky st predovSetkym sucastou prebichajucej prace (work in
progress) na IP projekte 7. RP EU Secricom.

Tato praca bola podporena z nasledovnych projektov SECRICOM SEC-2007-4.2-04,
SEMCO-WS APVV-0391-06, VEGA No. 2/6103/6, VEGA 2/7098/27, AITIA APVV-
0216-07, Commius FP7-213876.
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