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Predhovor

Tesi nas, ze vdm mozeme predstavit uz v poradi 5. zbornik z workshopu zameraného
na inteligentné a znalostne orientované technoldgie - WIKT 2010, ktory sa uskuto¢nil
11. — 12. novembera 2010 v Bratislave. Po 4 rokoch sa workshop opdt’ konal na
Ustave informatiky SAV v Bratislave, kde bol organizovany aj prvy zo série WIKT
workshopov.

Tento workshop sa snazi podporit’ vyskum, vyvoj a vymenu poznatkov v oblasti
inteligentnych a znalostne orientovanych technologii. Hlavnym ciel'om workshopu je
vytvorit podmienky pre stretnutic a vymenu informacii o beziacom vyskume,
diskusiu o aktualnych problémoch v predmetnej oblasti a moznych sposoboch ich
riesenia, ale aj vymenu skiisenosti s pouzitim relevantnych pokrocilych technologii
a softvérovych nastrojov, ako aj spdsobov ich vyuzitia a nasadenia pre rieSenie tloh
praxe.

Hlavné témy workshopu boli:

e znalostné technologie a ich aplikacie
modelovanie znalosti a ontoldgie
sémantické spracovanie informacnych zdrojov
spracovanie informaénych zdrojov v slovenskom jazyku
sémanticky a servisne orientované architektiry
znalostné bazy a organiza¢né paméte
usudzovanie a odvodzovanie

Na WIKT 2010 bolo podanych 31 prispevkov, z ktorych bolo 19 prijatych ako
riadne prispevky a 9 ako postery. Vsetky prispevky prebehli riadnym recenznym
konanim s kvalitnymi recenziami, ktoré maju snahu vylepsit' vysledné prispevky
a naslednu diskusiu o danej téme na workshope, pretoze cielom nie si len kvalitné
vedecké Clanky ale aj diskusia o zaujimavych témach, a teda su na workshope vitané
prispevky nasledovnych typov:
vyskumny prispevok
work-in-progress
vizionarsky prispevok
znalostné praktiky
ponaucenia a skiisenosti
aplikacny prispevok

Cheeli by sme podakovat vSetkym, ktori prispeli k uspesnému uskutocneniu
workshopu. Chceme podakovat’ programovému a organizacnému vyboru, a hlavne
vSetkym autorom, za ich prispevky a prezentacie na workshope.

Michal Laclavik, Ladislav Hluchy
Oktober 2010
Bratislava



Preface

We are pleased to introduce the 5th proceedings of the Workshop on Intelligent and
Knowledge-oriented Technologies - WIKT 2010, held on 11 — 12 November 2010 in
Bratislava. After 4 years, the workshop was again organized at the Institute of
Informatics of SAS, where the first WIKT workshop was originally held.

The main goal of this workshop is to facilitate personal meetings, discussions and
intensive exchange of information concerning the ongoing research, current research
problems and the ways of solving them, but also to exchange the experiences with the
relevant advanced technologies, software tools, and the ways of deploying them for
solving real world problems.

The topics of the workshop include:

e Knowledge modeling, ontologies
Semantic Web
Semantic processing of information resources
Processing of information resources in Slovak language
Semantic and service-oriented architectures
Knowledge bases and organizational memories
Reasoning and inference.

We have recieved 31 submissions for WIKT 2010. Programme Committee has
accepted 19 submissions for regular presentations and 9 submissions as posters. All
submissions were peer reviewed with the aim to provide valuable feedback for the
final papers as well as workshop discussions, since the goal of the workshop is not
only the excelent research papers, but also stimulating discussions and innovative
approaches. Therefore, the following types of submissions were encouraged:

e research papers
work in progress
visionary papers
best practice guidelines
lessons learned
industrial & applications papers

Many people have assisted in the success of this workshop. We would like to thank
all the members of the Programme and Organizing Committees for their work and
assistance for the workshop. We would also like to express our gratitude to all the
authors for contributing their research papers as well as their participation in the
workshop that made the event fruitful and successful.

Michal Laclavik, Ladislav Hluchy
October 2010
Bratislava, Slovakia
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Slovak National Corpus tools and resources

Radovan Garabik

L. Stir Institute of Linguistics
Slovak Academy of Sciences
Bratislava, Slovakia
garabik@kassiopeia. juls.savba.sk

Abstract. The article presents current state of affairs in several projects con-
ducted by the Slovak National Corpus department of the L. Stur Institute of Lin-
guistics, Slovak Academy of Sciences. We describe the Slovak National Corpus,
Corpus of Spoken Slovak, tools used for linguistics analysis and an ongoing effort
to create Slovak WordNet.

1 Slovak National Corpus

The Slovak National Corpus is a huge, representative corpus of modern written Slovak
(since the 1953 orthography reform). Currently, the whole corpus contains over 700
million tokens. There are several specialised subcorpora (fiction, professional texts,
journalistic texts, original Slovak fiction, balanced subcorpus, texts written until 1989).
The corpus is automatically lemmatised and morphologically annotated and is indexed
using the Manatee software [Ryc00]. To query the corpus, there are two possibilities
— first, the users can use multiplatform (Tcl/Tk) Bonito client to access the Manatee
server, using its own protocol. This approach provides the users with complete access to
all the advanced querying, sorting and statistical features of the server, however requires
installation of a specialized software. The other possibility is to use web based access,
where only basic features are present. In both cases, the search interface provides CQL
compatible query syntax.

However, in the last few years the ability of an average user to install arbitrary soft-
ware (and use anything that is not web-based) declined considerably, and new corpus
users often face an insurmountable obstacle in downloading, unpacking and running the
Bonito client. Because of this, we are considering transfer of the corpus to Manatee-2,
which provides complete web-based interface as a replacement of the Tcl/Tk client.

A separate corpus (although part of the whole Slovak National Corpus project) is a
manually morphologically annotated corpus, whose main purpose is to be a source of
train data for Slovak language tagger (and, to a lesser extent, for morphology annotation
tools).

The size of the Slovak National Corpus source archives is 46 GB, however, a sub-
stantial percentage of this are original scan images (when converted into raw XML text,
the size is about 6 GB uncompressed).
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Fig. 1. Screenshot of Bonito client

2 Corpus of Spoken Slovak

Corpus of Spoken Slovak is a project to record reasonable amount of sound samples
of contemporary Slovak, together with their manual phonemic transcription, automatic
lemmatisation and morphosyntactic analysis. At the time of writing, the corpus contains
about 160 hours of sound recordings, corresponding to 1.2 million tokens. Since the
transcription is done manually (no reasonably accurate transcription software exists),
the remaining task of morphosyntactic analysis is exactly the same as with the Slovak
National Corpus texts.

The archive is kept in FLAC format, and we convert the whole recordings into
Ogg/Vorbis and Ogg/Speex formats (for easier handling and transcription) and for the
final linking through the corpus web interface we split the files into small chunks
corresponding to dialogue turns. The source archive size is currently over 200 GB.

One of our primary goals was to make this corpus unencumbered by usual copyright
and privacy concerns that plague similar projects. We have to take care not only of copy-
right law, but also the law on protection of personal data [N405]. We do this by removing
any sensitive information (e.g. personal names) before including the recordings in the
archive, and by including only those recordings where we have explicite expression of
consent by all the relevant participants to include the recordings in our archive.

For transcription, we are using the transcriber software [BGWLO01], with a detailed
set of tags to annotate both internal speech features and external sound events influenc-
ing the recorded discourse.

Access to the corpus can be performed in two (almost independent) ways. One of
them uses standard Bonito client, in the same way as the preferred access to the main



Slovak National Corpus. Each token provides following attributes: pron, lemma, tag,
dcount. pron is the transcribed pronunciation, lemma and tag come from the standard
automatic morphosyntactic annotation, dcount is the possible number of lemma-tag
pairs.

The other way to access the corpus is to use specialized web interface, offering
addional visual representation of transcription and annotation, as well as links to sound
recordings themselves.

m [ John Bebyku . a poslal m ho spal a v leopoldove zomrel . “ m [ Luosem Bzbyku
ano . @ [ aj som to jeho pan”i na myjave ra:z povedav , @ ked” tam bola n"ejaka m
scha:dza . @ @ I lebo tam bol nejaka @ pan®i, n"eviemm* @ jako sa @ W menuvala . @
Bbyku-+02 L t:'_n mala prikaz’; ustrednéhe W alebo Ijn_k:é_ho vyboru ckresného , €i jakého L) )
ol polievat” m kyselinu @ mohylu . m m ! tak isli m a v@:* [IREM/n " "ed"el"u vypitral“i
t'imom Pudia: map m dopr u W azz éiech tam . W [ a tam plakala . m abyeh to
n'"wjak W nazval ., W jako stara Scéetka , no . W [ Ze W ona za to n"emo:ze . @ tak @ sme
asi za to mohli my ., no, W ¢o W sme boli v kriminali . * @ [ John Bzbyku .. a:* ona kde
byvala ? @ [ na myjave hyvala , alebo
Ze som M [ ra:z sa ma dva partizani @ pytali, M zmyjavy, B 8 8 B 2 2 E H N, aten
tvaj svoker . uz som M boll* o @ Zenaty . W n"emaji dvestopadesitpet™ku ? m W [ a éo
ja m reku viem éo ? @ [ naco by im to bolo ? m m m [ no n'ie . ale @ to im pa lebo .
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Fig. 2. Screenshot of Corpus of Spoken Slovak web interface

<Event desc="poz" type="noise" extent="instantaneous"/>
niekedy/n"e:kedy pridte/pricte tam

<Event desc="pi" type="pronounce" extent="instantaneous"/>
k nam a,

<Event desc="poz" type='"noise" extent="instantaneous"/>

v nedelu/n"ed"el"u, ked/ked" budi doma,

<Event desc="poz" type='"noise" extent="instantaneous"/>
="mm" type="noise" extent="instantaneous"/>

no, tak Ze dobre, aj ti

<Event desc ="

<Event desc="pi" type="pronounce" extent="instantaneous"/>
povieme.
<Sync time="755.906"/>

Table 1. Example of annotation of Corpus of Spoken Slovak trancriptions



3 Linguistic analysis

The foundation of all subsequent analysis is assignment of unique lemma and tag
combination to all the words in the analysed text (e.g. in our corpus). This is realised
as a two stage process, first stage is morphosyntactic analysis, i.e assignment of all the
possible lemma-tag pairs to a given token. Second stage is disambiguation — selection
of one (correct) lemma-tag pair for a given word. We collected semi-automatically
complete paradigms for 74 000 lemmata[Gar06] and stored manually verified and into
a wiki-based database[Gar08]. The database contains complete paradigms, with an
exception for third person plural of L-participle, where we keep only tag for general
gender (vSeobecny rod, tag ‘h’), since the forms of all the other genders are identical,
and the paradigm is then automatically expanded to cover all the existing genders with
corresponding tags. The morphological analysis then consists from looking up all the
possible tags and lemmata for a given word form, and from guessing possible lemmata
and tags for words not present in the database.

== Lema ==
mat

== Paradigma ==
VIe+: mat
VKesa+: mam
VKesb+: mad
VKesc+: ma
VKepa+: méme
VKepb+: mate
VKepc+: maji
VMesb+: maj
VMepa+: majme
VHepb+: majte
VHe+: majic
VLesam+: mal
VLesaf+: mala
VLesan+: malo
VLepah+: mali

== Homonymia ==

[[mat]]

KategdriaVerba

Table 2. Paradigm of the verb mat’

3.1 Guessing

Quite an important part of the analysis is assigning a lemma-tag pair to words that
are not present in the morphological database. While a reliable determining of lemma,
part of speech and morphological tag when given an unknown word is impossible, it
is nevertheless desirable to obtain at least some information about those words. E.g.
even if we guess lemma incorrectly, getting at least correct part of speech will help in
eventual subsequent syntactic annotation. Our guessing is based on suffix similarity —
first, during the training phase, we build an array of suffices of existing wordforms. We
use fixed length of 3 characters (determined empirically). During the guessing phase,



if the unknown word starts with a capital letter and is not situated at the beginning of
a sentence, it is assumed to be a noun or a adjective (most common parts of speech
for proper names), otherwise it could be also a verb, participle, adverb or a numeral.
Special provision is implemented for potential adjectives beginning with the prefix naj-
and verbs beginning with the prefix ne- (for superlatives and negated verbs).

3.2 Disambiguation

The second step is disambiguation, where each word is assigned a unique lemma and
a morphosyntactic tag out of the possibilities assigned in the first step. For disam-
biguation, we use morce, an averaged perceptron model originally used for the Czech
language tagging [SHRS09], re-trained on the Slovak manually annotated corpus.

<s>

Po po Eu6 04
chvili chvila SSfs6 02
ste byt VKepb+ 02
zistili zistit VLdpbh+ 07
R , Z 01
Ze Ze 0 02
to to PFns1 05
nejde nejst  VKesc- 01
. Z 01
</s>

Table 3. Example of an automatically morphosyntactically tagged sentence from the Slovak
National Corpus

4 WordNet

There is currently an ongoing effort in collaboration with Technical University of KoSice
in building a basic Slovak WordNet database. We plan to use the database as a skeleton
of a basic English-Slovak-German-Polish-Lithuanian dictionary’. The building process
consists of mapping automatically generated Slovak synsets to English synsets from
WordNet v.3.0. The synset generation has been described in [Gen09]; the synsets are
manually corrected before being added to the database. We use special annotation to
mark synsets that do not have clear English equivalent. Our goal is to build synsets
containing ten thousand most frequent words from the Slovak National Corpus (nouns,
adjectives, verbs and adverbs), together with a complete set of their hypernyms (i.e.
each Slovak synset will have a hypernym, unless mapped to those few English synsets
that do not have a hypernym).

! As part of the Slovak Online (Lifelong Learning Programme DG EAC/31/08) project.



POS synsets| %
noun 4669|51.6
verb? 1895(21.0
adjective| 2265(25.0
adverbs 214| 2.4

% Negated verbs are not in the database.

Table 4. POS Composition of Slovak Wordnet Database
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Abstrakt. Wikipédia je slobodna encyklopédia vytvorend masivnou
kolaboraciou dobrovolnikov z celého sveta. Kvoli jej rozsahu, bohatstvu
informécii a Struktire je mnohymi povazovand za hodnotny zdroj sémantickych
dat, pouzitelny v mnohych oblastiach informatiky. Wikipédia bola uspesne
pouzitd v oblasti spracovania prirodzeného jazyka, pre obohacovanie systémov
vyhl'addvania informacii ako aj pre budovanie ontologii. Vynimocna je aj
Struktara Wikipédie, kde je kazdy ¢lanok venovany jednej téme a ¢lanky st
husto previazané hyperlinkami. V tejto praci vyuzivame graf liniek Wikiédie,
kde kazdy vrchol reprezentuje jednu tému a hrany reprezentuji relacie medzi
témami, zodpovedajuce hyperlinkdm medzi jednotlivymi ¢lankami. Nasou
snahou je identifikdcia dolezitych relacii medzi zadanymi vstupnymi
konceptmi. Priamociary pristup, hl'adanie najkratSich ciest v grafe liniek, ¢asto
nevedie k dobrym vysledkom. Je to spdsobené velkym poctom ciest s
najkratSou dizkou z ktorych je viGdina sémanticky nie prili§ zaujimavych.
Pri¢inou sii matematické vlastnosti grafu liniek Wikipédie; tato siet’ vykazuje
vlastnosti malého sveta - mocninova distribicia stupfiov uzlov, mala
priemernd vzdialenost’ vrcholov grafu, maly priemer grafu a vysoky lokalny
zhlukovaci koeficient grafu. Nas§ pristup spociva v pouziti metédy Sirenia
aktivacie na grafe liniek Wikipédie. Sirenie aktivacie je algoritmus navrhnuty
pre asociativne prehladdvanie grafovej datovej Struktiry. Hlavnou vyzvou
zvoleného pristupu je spdsob vahovania hran grafu liniek, kde vaha linky ma
reflektovat’ sémantickl blizkost’ spojenych konceptov. Predstavime viacero
pristupov k vahovaniu hran zalozenych na topologickych vlastnostiach siete,
Ciastocnej sémantiky definovane taxonomiou kategérii Wikipédie a korelacie
poctu navstev stranok zodpovedajicich jednotlivym konceptom. Nasledne
predstavime aplikaciu WikiPop, vyuzivajucu vahovany graf liniek a algoritmus
Sirenia aktivacie na personalizovanu detekciu udalosti z Statistik navstevnosti
stranok Wikipédie. Graf liniek Wikipédie je vo svojej podstate sietou
konceptov, kde hrany predstavuji relaciu medzi nimi. V zaverecnej casti
prispevku sa budeme venovat’ moznosti konstrukcie siete konceptov zo zbierky
dokumentov, pomocou technik dolovania dat z textov.
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Abstrakt. Na webovych portaloch moézeme najst mnozstvo uZitoénych
informacii. Pracu ndm ulah¢ia odportGcania, ktoré berd do uvahy nasu
predchadzajicu Cinnost’ a ¢innost’ nam podobnych pouzivatel'ov. V prispevku
predstavujeme spdsoby, ako vyuzit' sledovanie spravania sa pouzivatelov pri
odporucani webovych stranok. Spravanie na jednotlivych strankach pouzivame
na urcovanie zaujmu o ne. V postupnostiach navstivenych stranok hladame
vzory, vd’aka ktorym vieme zistit viac o cieloch navstevnika. Niektoré
z navrhnutych myslienok overujeme prototypom adaptivneho systému, ktory
odporuca zaujimavé udalosti navstevnikom webového portalu nasej fakulty.

1 Uvod

Velké webové portaly dnes obsahuju mnozstvo informacii. Kazdy z navstevnikov
webového portadlu ma iné potreby a z tychto informacii ho zaujima iba vybrana cast.
Problémom pre portal je sprdvne identifikovat’ potrebu pouzivatel'a a zobrazit’ mu
informacie, o ktoré ma v danej chvili zaujem. O zaujmoch pouzivatela nam moze
viac prezradit’ jeho spravanie sa pri opakovanych navstevach webového portalu. Ak
v spravani identifikujeme opakujice sa vzory, médzeme podla nich zoskupit
podobnych pouzivatel'ov a vytvarat’ pre nich odportcania.

Navstevnici k informaciam na webe pristupuji rozliénymi sposobmi. Najbeznej$im
spdsobom je vyuzitie hypertextovych odkazov, ktory sa pouZziva v takmer polovici
vietkych pripadov [4]. Dal§im &asto pouzivanym spdsobom je vyuzitie tlatidla Spéit
vo webovom prehliadaci [6]. Podiel ostatnych pripadov (ruéné zadanie URL, vyber
odkazu z historie, vyber zo zoznamu obltbenych poloziek, atd’.) je zanedbatelny,
v jednotkach percent. Z tohto dévodu ma zmysel optimalizovat' najmi zobrazenie
odkazov na webovych strankach.

Zaujem o prezentované informacie mozeme zistit' porovnanim kld€ovych slov
s modelom pouzivatel'a [1]. Musime vSak predpokladat’, Ze vSetky zobrazené stranky
pouzivatela zaujali. Ked vieme, aké témy pouzivatela zaujimaji, mdézeme mu
odporucit’ webové stranky, ktoré obsahuji prislusné kl'acové slova. Klucové slova
mozeme tiez ziskat’ z anotacii odkazov, na ktoré pouzivatel’ klikol. Kliknutie na odkaz
vSak vo vSeobecnosti nemusi vyjadrovat’ pouzivatel'ov zaujem o stranku, na ktora
smeruje. Druhym sposobom zistenia zaujmu je sledovanie akcii.
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2 Analyza spravania pri navigacii

Névstevnici webového portadlu za sebou zanechdvaju digitalnu stopu v podobe
odkazov, ktoré pouzili pri navigacii medzi strankami webového sidla. Z kazdého
sedenia vieme ziskat’ vektor, ktorého zlozkami st jednotlivé stranky. Usporiadané su
podl'a poradia, v akom boli navstivené. Takto vytvorené postupnosti nam mozu
odhalit’ aktualny zaujem pouzivatel'a, ako aj jeho dlhodobé navyky pri navstevach
daného webového sidla. Uvedené informacie vieme vyuzit pri odporacani odkazov
a nasledne dokumentov, na ktoré vedu. Po analyze dokumentov vieme odporucat
konkrétne objekty (informacie), ktoré tieto dokumenty obsahuju.

Webovy portal si mdézeme predstavit ako orientovany graf. Jednotlivé stranky su
uzly grafu. Medzi strankami sa pohybujeme prostrednictvom hypertextovych
odkazov, ktoré tvoria orientované hrany grafu. Pri pouzivani portalu tak vznikaju
rozne cesty medzi jednotlivymi strankami. O cieli pouzivatel'a v rdmci konkrétneho
sedenia ndm mdze mnoho napovedat’ uz prva navstivena stranka. Na nej si pouzivatel’
vyberie niektory zodkazov, ¢im ur¢i cestu v grafe. Kazdy dalsi pouzity odkaz
konkretizuje zamer pouzivatela. V takomto pripade mu vo vhodnej chvili mézeme
odporucit’ dokument na konci cesty, ktory ostatni pouzivatelia povazovali za
zaujimavy. Znizime mu tym pocet odkazov, ktoré musi pouzit’.

Z dlhodobého hladiska nam analyza postupnosti navstivenych stranok moze
prezradit’ urCité zaradenie pouzivatela do jednej zcielovych skupin webového
portalu. Viacsie portaly Casto obsahuju informécie uréené réznorodym skupindm
pouzivatel'ov, ¢omu je prispdsobena aj navigacia. Prikladom moéze byt univerzitny
webovy portal, ktory obsahuje informacie pre pedagdgov, Studentov a verejnost.
Pouzivatel’ si ako prvé v menu vyberie, do ktorej z tychto skupin patri. Ked’ si pri
kazdej navsteve vyberie tu istd skupinu, mézeme tuto informaciu vyuzit' a nasledne
mu priamo odporucat’ sekcie s informaciami pre jeho skupinu.

V postupnostiach navstivenych stranok tiez mézeme hladat” opakujiice sa vzory.
Tie nam povedia viac o zvyklostiach pouzivatela pri praci s danym webovym
portalom. Niektori pouzivatelia viac vyuzivaju navigaciu poskytnut portalom
a pohybuju sa v kruhoch, ini ¢astejSie vyuzivaju moznost’ vratit' sa spat, ¢im ich
postupnosti pripominajt schody.

V postupnostiach navstivenych stranok identifikujeme tieto zakladné vzory [3]:

1. Cesta — postupnost’, v ktorej sa ziadna stranka neopakuje.

2. Kruh — postupnost’ za¢inajuca aj konciaca na tej istej stranke.

3. Slucka — postupnost’ prechadzajica uz raz navstivenou strankou.
4. Hrot — postupnost’, v ktorej sa vraciame spat’ po tej istej trase.

Pouzity vzor vypoveda o navykoch pouzivatel'a, ako aj o jeho aktualnych zameroch.
Napr. vaési vyskyt hrotov signalizuje, ze pouzivatel hlada konkrétnu informaciu.
Naproti tomu, vyskyt sluciek a kruhov napoveda, Ze pouZzivatel’ sa snazi objavit, ¢o sa
na portali nachadza. V pripade, ze u kazdého pouzivatela bude z dlhodobého hl'adiska
na konkrétnom portali prevazovat’ jeden zo vzorov, mézeme tito skutoCnost’ vyuzit’
na rozdelenie pouzivatelov do skupin. V ramci skupin mézeme nasledne odportacat’
zaujimavé dokumenty a prispdsobovat’ navigaciu [5].
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3 Spravanie na jednotlivych strankach

Na konkrétnych strdnkach webového portalu navstevnici vykonavaju rozlicné akcie.
Tieto vieme vyuzit' na zistenie pouzivatelovho zaujmu o prezentované informadcie.
Podla typu zaujmu sme identifikovali tri kategorie akcii. Prvymi dvomi typmi st
akcie vyjadrujuce ¢isto kladny (tla¢ stranky, pridanie do obl'ibenych poloziek,
skopirovanie textu do schranky) alebo zaporny (zatvorenie stranky po vel'mi kratkom
Case od zobrazenia, zastavenie nacitavania stranky) zaujem. Posledny typ predstavuju
akcie, ktoré mozu vyjadrovat’ oba druhy zaujmu v zévislosti od kontextu, v akom boli
vykonané (Cas straveny na stranke, miera pohybu mysou, miera rolovania stranky).

Akcie, ktorych vyznam zavisi od kontextu ich vykonania, porovnavame s akciami
vykonanymi na danej stranke ostatnymi pouzivatemi v minulosti. Podla toho
urcujeme, C¢i akcia vyjadruje kladny alebo zaporny zdujem. Ak napr. pouzivatel
stravil na stranke nadpriemerne vel’a Casu oproti ostatnym pouzivatelom, usudzujeme
z toho, Ze stranka pouzivatela zaujala. Takto uré¢ime zédujem o kazdu videnu stranku.

Zaujem mozeme vyjadrit' réznymi formami, napr. dvomi hodnotami (stranka
pouzivatela zaujala/nezaujala) alebo spojito (redlne ¢islo na zvolenej stupnici
odrazajice mieru zaujmu). Takto mézeme uréit’ zaujem nielen o samotny dokument
(webovu stranku), ale aj o objekty na vy$Sej vyznamovej urovni, ktoré ziskame
predspracovanim dokumentu. Ak napr. webova stranka informuje o nejakej krajine,
priradime zaujem pouzivatela priamo k danej krajine. Dokumenty (objekty), ktoré
zaujali viacero ludi, moézeme odporucat’ d’alSim pouzivatelom. Podla zaujmu
o zhliadnuté webové stranky mozeme urCit' aj zaujem o stranky, ktoré doposial
pouzivatel’ nevidel s vyuzitim kolaborativneho filtrovania.

Ako velmi uzitocné sa javi urCovanie zaujmu o zobrazenu stranku pre potreby
odporucania spojit’ so vzormi najdenymi v postupnostiach odkazov. Ako sme uz
uviedli, pouzivatel sa pri navigacii na portali vyda niektorou z ciest. Pre vSetky
stranky na tejto ceste vieme vypocitat’ predpokladant mieru jeho zaujmu a odporuéit’
mu tie najzaujimavejsie. Skratime mu tym cestu k cielovému dokumentu. Takto tiez
mdzeme odhalit’ dokument, ktory by pouzivatel’ mohol prehliadnut’.

4 Vyuzitie vzorov v spravani pri odporucani udalosti

Vyberané casti konceptu prezentovaného v statiach 2 a 3 sme overili na webovom
sidle naSej fakulty (www.fiit.stuba.sk). Mnozstvo stranok univerzitného portalu
obsahuje informacie o nadchadzajucej udalosti. Prave sledovanie udalosti je dolezité
pri navsteve takéhoto sidla. Tieto udalosti automaticky nachadzame a zostavujeme
z nich osobny kalendar kazdého navstevnika. Navrhli sme pre tento ucel metodu
uréovania zaujmu o zobrazenl stranku. Takto urCeny zaujem spdjame s udalostou,
o ktorej stranka informuje. Udalosti s najvysSim vypoc€itanym zaujmom umiestitujeme
do kalendara ako pripomienku. Dalej predpovedame zaujem o udalosti, o ktorych
pouzivatel' eSte nevie, apriddvame ich do kalendara ako odportcania. Kazdy
navstevnik ma svoj vlastny kalendar s udalostami (pozri obr. 1).

Na zaznamenanie spravania sa pouzivatelov a modifikaciu webovych stranok
pridanim kalendara pouzivame adaptivny proxy server [2]. Ten nam umoziuje
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pridavat’ odporucania do stranok l'ubovolného webového portalu. Takisto vieme
odlisit’ jednotlivych pouzivatelov pomocou jedine¢ného ID (nevieme vSak povedat
ni¢ o osobe pouzivatela, sukromie tak ostava zachované). Zaznamendvame tri akcie:
cas aktivne straveny na stranke (t.j. vtedy, ked pouzivatel hybal mysSou), pocet
rolovani stranky a vyskyt skopirovania textu do schranky.
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Obrazok 1. Osobny kalendar so zobrazenou odportic¢anou udalostou 10.5.2010.

Analyzovali sme tiez postupnosti navstivenych odkazov a hl'adali v nich opakujuce
sa vzory. Nasli sme vSetky typy vzorov, pricom sme navstevnikov rozdelili do skupin
podla prevazujiceho vzoru. V d’alsej praci sa chceme zamerat' na overenie, ¢i
pouzivatelia takto vytvorenych skupin budi mat’ spolo¢né zdujmy, a ¢i pre nich budi
zaujimavé rovnaké odporucania.
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projekt: Podpora dobudovania Centra excelentnosti pre Smart technologie, systémy a
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Abstrakt. V tomto prispevku opisujeme  moznosti, ako kombinovat
jednoduché metddy odporacania do hybridnych metéd v kontexte vyucbového
systému. Navrhujeme princip automatickej optimalizacie metddy vahovania.
Ukazujeme, ako je mozné vyuzit vahovanie ainé hybridné metédy na
overovanie a porovnavanie novych metéd odporucania.

KPicéové slova: hybridné odportcanie, vahovanie, optimalizacia

1 Odporucanie v adaptivnych vyucbovych systémoch

Adaptivne odporicanie obsahu je jednym zvelmi vhodnych spdsobov pre
zefektivnenie ucenia [2] [7] atym aj ulahlenie ziskavania vedomosti Studentovi.
Existuje viacero pristupov k adaptivnemu odporti¢aniu obsahu. Klasifikacia metod
odporucania podl'a [3] rozliSuje nasledujuce kategorie:

— kolaborativne metody — odporucaju obsah podla spétnej odozvy od ostatnych
pouzivatel'ov a hl'adaju podobnosti medzi pouzivatel'mi,

— metody zaloZené na obsahu — pouzivaju atribity obsahu (odporacanych
objektov) a model pouzivatela, ktory je vytvoreny na zéklade atributov tych
objektov, ktoré dany pouzivatel’ v minulosti videl a hodnotil,

— demografické metody — rozdel'uji pouzivatel'ov do skupin (stereotypov),

— metody zaloZené na uzitocnosti — na rozdiel od metdd zalozenych na obsahu
nevytvaraju dlhodoby model pouzivatel’a, ale uréuji jeho momentélne potreby
a vyhodnocuju uzitocnost’ odporacanych objektov vzhl'adom na tieto potreby,

— metody zalozemé na znalostiach — vyberaji vhodny obsah na zaklade
pouzivatel'ovych preferencii a sady pravidiel.

Vsetky druhy odportac¢acich metod dosahuji (ako vo vyucbovych systémoch, tak aj
v inych aplikaciach) pozitivne vysledky, aj ked’ na réznej tirovni.

Studenti — pouzivatelia vyuébovych systémov — sa okrem okamzitych preferencii
obsahu moézu lisit” aj Stylom ucenia, ktory im vyhovuje. Vyucbovy systém ALEA [4]
sa prisposobuje Studentom podl'a toho, ¢i preferujii uéenie od vSeobecného konceptu
ku konkrétnemu, alebo naopak. R6zne metédy odporii¢ania obsahu mézu vyhovovat
roznym $tylom ucenia. V [5] opisujeme metddu odporucania prikladov, ktora je
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uréena pre pripravu na test v obmedzenom case. Cielom je zabezpecit, aby Student
presiel za dany €as €o najviac potrebnych tém aspoil do takej miery, aby potom jeho
vysledky v teste boli (vzhI'adom na €as, ktory venoval uceniu) co najlepsie.

Iné vyucbové systémy, napriklad [7], ponukaju viacero alternativ toho istého
obsahu. Student ma moznost vybrat si napriklad medzi kratsim, naroénej$im
a dlh§im, ale jednoduch$im textom. Podobne, jeden koncept modze byt vysvetleny
textom, obrazkom, prikladom, alebo inymi typmi obsahu, a kazdy Student si mbze
vybrat ten typ, ktory mu najviac vyhovuje. Pritom preferencia Studenta nemusi platit’
globalne. Mdze sa ukazat, ze pre jedného Studenta st pri roznych témach vhodné
rozne pristupy. Je tu teda priestor pre adaptaciu, kde by vyucbovy systém napriklad na
zaklade zhlukovania Studentov automaticky vybral vhodny spdsob prezentacie.

Na kazdy z tychto pohl'adov méze byt vhodna ind metéda odporucania. Hybridné
metddy — kombindcie viacerych pristupov pri tvorbe odporucani — predstavuju
vhodny mechanizmus, ako rézne kritérid a aspekty odporucania skombinovat so
sucasnym zachovanim jednoduchosti modulov systému. Hybridné¢ metédy ponukaju
moznost’, ako vyuzit’ uzitocné vlastnosti zdkladnych metdd a zaroven vykompenzovat
ich nedostatky — napriklad problém nového objektu pri kolaborativnom odportcani,
alebo absencia hodnotenia kvality objektu pri odportcani na zaklade obsahu [1].
V tomto prispevku sa zameriame na moznosti kombinovania viacerych zakladnych
pristupov a ich vyuzitie vdoméne adaptivnych vyucbovych systémov.

2 Hybridné metédy odporucania

Medzi mnozstvo spdsobov hybridného odporti¢ania — kombinovania viacerych
odporucacich metod patria napriklad [3]:

— vdhovanie — vyslednym hodnotenim kazdého objektu je linearna kombinacia
¢iastkovych hodnoteni,

— prepinanie — automatické prepinanie medzi dvoma alebo viacerymi metddami,

— kaskadové odporucanie — jedna metdda odporucania je pouzitd na zjemnenie
vysledkov inej metody,

— zmieSané odporucanie — vysledky viacerych metdd su zobrazené sucasne,

— pridavanie atributov — vysledkom jednej metoédy su atributy obsahu, ktoré
vyuziva ind metdda odporacania.

V adaptivnom vyucbovom ramci ALEF [6], ktory v sucasnosti s vac$im
kolektivom vyvijame, sme navrhli a implementovali podporu kombinovania
odporac¢ani vahovanim s pevne nastavenymi vahami. Otvara sa moznost robit
adaptivnu optimalizaciu tychto vah a vytvorit’ tak vhodni kombinaciu odporucani
individualne pre kazdého Studenta. Pri optimalizacii sa moze vyhodnocovat’ napriklad
prirastok vedomosti za ¢asové okno, explicitna spitna odozva (vyhovujuce alebo
nevyhovujuce odporacania), alebo pouzivanie, resp. nepouzivanie odporacani
Studentom. Nastroje pre odporucanie, ktoré vstupuju do kombinovania metod, mozu
byt aj rozdielne nakonfigurovanymi inStanciami jedného nastroja — napriklad
odporuacanie len urcitych typov objektov alebo nastavenie konkrétneho $tylu uéenia.
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Podra takto ziskanych véh mozno Studentov zhlukovat’, pretoze vahy jednotlivych
odporucacich metod pre jedného Studenta st vlastne reprezentaciou jeho Stylu ucenia.
Zhluky sa nasledne mézu vyuzit' pre d’al§iu metddu prispésobovania, pripadne pre
urychlenie spominanej optimalizdcie vah odportcacich néstrojov pre novych
Studentov — ak zmeny vah pri optimalizacii smeruji k niektorému zhluku, mézeme
tieto zmeny zosilnit, pretoze predpokladame, ze novy Student bude podobny
Studentom v danom zhluku. Situdciu ilustruje obrazok 1.

A

[
|

Obr. 1. Priklad zhlukovania pouZzivatel'ov podla preferencii metdd odportacania. Na osiach
grafu st vahy odporucacich nastrojov vo vahovanom hybridnom odportc¢ani. Ak sa z nahodne;j
pociatocnej konfiguracie pouzivatel'ov (svetlé body uprostred) vahy optimalizaciou sustredia do
zhlukov 4 a B, potom novy pouzivatel’ N, zacinajtci takisto na ndhodnej konfiguracii, bude v
pripade posunu vah smerom k niektorému zo zhlukov urychleny ($ipky z bodu N).

V prostredi, kde naopak neocakavame rozdielne preferencie metdéd odportcania,
mozeme pouzit’ kolaborativnu optimalizaciu vdh odporucacich nastrojov, kde vsetci
pouzivatelia vytvaraju jedinu spolo¢nu konfiguraciu odporucania.

Vyucbovy ramec ALEF ponuka tiez moznost kaskadového odporticania, takisto
s pevnou sekvenciou odporucacich nastrojov. Podobne ako v predchadzajicom
pripade, vznikd moznost’ prispdsobovania sekvencie metdd podla dosahovanych
vysledkov. Moze ist len o jednoduché aktivovanie a deaktivovanie clankov
postupnosti odporucani, alebo v zlozitejSom pripade o zmenu poradia odportacacich
nastrojov, t.j. adaptivny vyber hlavnej a zjemnujtiicich metéd odporti¢ania. Rovnako
ako v pripade vah je mozné vyuzit zhluky Studentov s podobnou konfiguraciou
odporucania pre d’alSiu adaptaciu vyucbového systému.

3 Overovanie metod odporucania a zhodnotenie

Moznostou kombinovania réznych metéd odporucania v jednom systéme (nielen
vyuébovom) vznikd platforma pre overovanie a porovndvanie novych metod
odporucania. Najjednoduchsi spésob je nastavovanie vah odporucacich nastrojov
napevno pre kazda testovaciu skupinu pouzivatel'ov. Tymto spdsobom sme overovali
metddu [5], kde boli dve rézne konfiguracie rovnakej metédy odporucania a jedna
kontrolna skupina $tudentov s nahodnym odporucanim. Ukézali sme tak aj moznost
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jednoducho vytvarat’ kontrolné skupiny — nahodné odporucanie, pripadne pevna
referencnd sekvencia objektov, sa implementuje so stanovenym rozhranim ako
odporucaci nastroj a nastavia sa prislusné vahy pre kontrolnu skupinu pouzivatel'ov.

Iny spdsob porovnavania metdd odporacania, ktory je pouzitelny aj
v nekontrolovanom prostredi, kde nemame moznost’ vytvarat’ ekvivalentné skupiny
pouzivatelov na korektné porovnavanie, je pouzit kombinovanie odporacani
a optimalizaciu véh podla toho kritéria, ktoré potrebujeme vyhodnocovat. Podla
vyslednych optimalizovanych vah alebo ich priebehov v ¢ase mdzeme usudit’, ktoré
odporacacie nastroje boli preferované a za akych podmienok. Ak su vo vyslednom
kombinovanom odporucani Ciastkové odportcania viacerych metdd, mozeme tiez
sledovat,, ktoré odporacania pouzivatelia nasleduju, t.j. ktoré ich zaujmu.

Problémom optimalizacie véh je, Ze pre viac optimalizovanych parametrov trva
dlho (potrebuje velky pocet interakcii so spdtnou odozvou). V pripade vyucbového
systému bude mozné pouzit' a kombinovat’ len malo réznych metéd odportcania,
zv1ast pri optimalizécii bez identifikovanych zhlukov. Na druhu stranu, vacsi pocet
sucasne pracujucich odporucacich nastrojov je problematicky aj z dovodu velkého
zatazenia systému. V pripade kolaborativnej optimalizacie jedinej spolocnej
konfiguracie odportucacich nastrojov mame k dispozicii viac interakcii, ateda je
mozné pouzit’ aj viac odporucacich nastrojov (optimalizovat’ viac parametrov).

Pod’akovanie. Tento prispevok vznikol vdaka Ciastocnej podpore grantu KEGA
028-025STU-4/2010 a v ramci OP Vyskum a vyvoj pre projekt: Podpora dobudovania
Centra excelentnosti pre Smart technoldgie, systémy a sluzby II, ITMS:
26240120029, spolufinancovany zo zdrojov Eurdépskeho fondu regionalneho rozvoja.
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Abstrakt. Prispevok sa zameriava na oblast’ personalizovaného odportcania
sprav na internete, Specidlne na webe. Venujeme sa hlavnym problémom, ktoré
sa odporucacie systémy snazia rieSit. Nacrtdvame rieSenia, spolu s konkrétnymi
prikladmi. Na zaklade existujicich metdd odporicania navrhujeme vylepSenia.
Pontkame navrhy rieSeni a podmienky, ktoré by mali spifat. Tiez uvidzame
sposoby ako metédy odporicania v doméne online sprav overovat
a vyhodnocovat’. Vyhodnotenie je pritom orientované na metody, ktoré pracuju
s GitatePmi a samotnymi &lankami, ktoré st predmetom odporagania. Clanok tak

KPadové slova: odportcanie, personalizacia, ¢lanky, spravy, Citatelia

1 Uvod

Rozmach internetu, ktorému éelime v poslednych rokoch, prinasa viaceré problémy.
Pozorujeme enormny narast informacii v kazdej oblasti I'udskej ¢innosti. Vynimku
netvoria ani spravodajské portaly, poskytujuce v snahe prildkat ¢o najviac
pouzivatelov stovky novych ¢lankov denne. Priemerny pouzivatel' stravi citanim
online sprav denne priblizne 16 minat pri dvoch navstevach'. Vzhl'adom na mnozstvo
pridavanych ¢lankov tak pouzivatel’ nie je schopny pristupovat’ k takym clankom,
ktoré by si za inych okolnosti prezrel. V priebehu rokov sa postupne meni aj samotny
obsah online sprav. Nejedna sa uZz len o textové spravy, ale v Coraz viésSej miere
spravy obsahuji multimedialny obsah. Vyraznou ¢értou online sprav a sprav ako
takych je rychla degradacia ich informacnej hodnoty.

Metody pre odporucanie na webe su predmetom aktivneho vyskumu od polovice
90 rokov. Vzhl'adom na povahu najcastejSie odpori¢aného obsahu (text) su zakladné
myslienky prevzaté z oblasti vyhladavania informacii, dolovania v datach pripadne
umelej inteligencie. VSeobecne mdzeme tlohu odportcania charakterizovat’ ako:

Vc € C,s, = argmaxgesu(c,s)
kde C je mnozina vSetkych pouzivatel'ov, S vSetkych prvkov (sprav), ktoré sa moézu
odporucit’ a u je funkcia vyjadrujica uzito€nost’ spravy pre dan¢ho pouzivatela [1].
Trendy v metédach odporucania st v suasnosti najmd v kolaborativnych
modeloch [8, 9]. Tieto metéody vyuZivaji masu pouzivatelov. V prostredi

I Aimmonitor.sk



19

internetovych sprav ide o monitorovanie Citatela a Clankov, ktoré precital [4],
pripadne ohodnotil ako zaujimavé. Princip vychadza z podobnosti Ccitatelov
na zdklade Casti rovnakych precitanych c¢lankov. Vdaka povahe odporucani
zalozenych na monitorovani pouzivatel'ov vznikaji problémy s ochranou sukromia
Jednotlivca alebo zneuzZivanie znamych principov na manipulovanie odporucania.
Okrem vseobecného problému nového nezndmeho pouzivatela, nastava aj problém
s novou, neznamou polozkou — spolo¢ne oznaCované ako studeny Start. Nové, eSte
nezname Clanky nie su ¢itané a v rydzo kolaborativnych modeloch ich nemdzeme
odportéat’ inak ako nahodne. Dal§im beznym problémom su Sedé ovce, ateda
pouzivatelia, ktory nesympatizuju s vacsinou ale ani nie sii na opa¢nom pole oblasti
zaujmov. Odporucania pre tychto Ccitatelov nie je lahké generovat tak, ako
pre vacsinu.

Metddy odporucania zalozené na obsahu analyzuju jednotlivé polozky a vysledky
analyzy sa vyuziju na hl'adanie obsahového stvisu. Odportcania su tak orientované
na jednotlivca, bez vplyvu okolia [7]. S novymi moznostami prace s textom, obrazom
¢i zvukom sa tieto metody postupne znovu dostavaji do popredia [5]. Navrhli sme
dve metddy odporGiéania na zéklade obsahu atieto overovali na datach z portalu
SME.sk [7]. Pri vyhodnocovani metdd sa ukazali aj zname problémy. V pripade
Clankov a ich vyznamu je najcastejSi problém riedkost’ matice opisujucej prislusny
¢lanok, ¢o vSak vyznamne suvisi s reprezentaciou ¢lanku — navrhli sme Usporna
vektorovil reprezentaciu vyznamnych slov ¢lanku doplnenu o dalSie polozky ako
index Citatel'nosti ¢i kategorie ¢lanku. Spracovanie textu a odhalovanie sémantickej
podobnosti velmi ovplyviiuje jazyk agramatika [6]. Problémy vznikaju
pri synonymdch alebo polysémach. Dalsim problémom je nadmernd Specializéicia
odportcania, ktora nastava ak odporucania v Citatel'ovi vzbudzuju dojem opakovania
sa sprav. Tento stav mdze privodit' aj odporucanie samotné, ked’ navrhy clankov
postupne zuzuju priestor odporucani.

Kombinaciou obsahovych a kolaborativnych metéd vznikaja hybridy [1]. Ked'ze
tieto metddy ziskavaju vyhody oboch principov, mézeme sledovat’ trend ich pouZitia.
Popri ziskanych vyhodach a Ciastoéne vyrieSenych problémoch vsak ostavaju
problémy, ktoré st spoloénym menovatel'om vsetkych principov. Casto sa stretdvame
s pouzivatelmi negativne pristupujicich ku odporianiam. Od obav o stratu
sukromia, cez nedoéveru v metdodu odporicania, az po netransparentnost’ rieSenia tak
pouzivatel’ prejavuje nespokojnost’ [2].

2 Vizia odporicania online sprav

Okrem spomenutych problémov moézeme pocas pouzivania existujucich systémov
pozorovat’ aj d’alSie nedostatky. Zaujimavé je riesit’ problematiku zmeny zaujmov
Citatela. Ten sa meni nielen dlhodobo, ale ikratkodobo, dokonca periodicky
vzhl'adom na ¢as, ale aj miesto. Prikladom méze byt’ iny zaujem o ¢lanky rano v praci
ako po nedel'nom obede. Ak sa metdoda odportcania nie je schopna prispdsobovat’,
alebo dokonca, ak Casté zmeny zaujmov pouZzivatela negativne ovplyviuju kvalitu
odportcani, potom je nutné objavovat znalost’ vykreslujicu meniace sa navyky.
Naslednym vyuzitim pravidiel alebo pravdepodobnostnych modelov vieme zaclenit’
do personalizovaného odportcania i cas, pripadne priestor — lokalitu, v ktorej sa
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pouzivatel’ nachadza. Pritom informacia o ¢ase je zakladnym atributom, ktory vieme
pozorovat. A spominand lokalita sa v dneSnej a blizkej dobe mobilnych zariadeni
stava stale dostupnejSou. Na obrazku 1 mézeme pozorovat rozdielny zdujem Citatel'a
pocas tyzdia vytvoreny na zdklade analyzy zaznamov Citatelov dennika sme.sk.
Vybrali sme dve sekcie a priemerné ¢itanie poc¢as mesiaca.

komentare.sme.sk

M zena.sme.sk
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Obrazok 1. Porovnanie priemerného ¢itania dvoch sekcii na SME.sk pre vybraného citatel’a.

Zaujimavé je aj odporucanie pre konkrétneho pouzivatela rozsirené na problém
odportcania pre skupiny. Jednd sa o rozsirenie priestoru ,,preferencii* kedy sa okrem
zohl'adnenia aktivity konkrétneho pouzivatela, prihliada aj na jemu podobnych
pouzivatelov, resp. vSetkych clenov danej skupiny, ktorda moéze byt priamo
definovana, alebo ziskana prostrednictvom odhalovania intenzity vztahov v prostredi
socialnych sieti.

V pripade velkych spravodajskych portalov, moze byt odporicanie generované
pre konkrétneho pouzivatela neefektivne. Preto sme navrhli generovanie odporucani
pre ,,meta-pouzivatel'ov®, ktori reprezentuju SirSie zaujmové skupiny, ¢i uz pristupom
zalozenom na odporuc¢anom obsahu, pripadne hybridnom modeli.

3 Sposoby overenia metéd odporucania a zaver

Overenie navrhnutych metéd odporucania je netrivialna Gloha. V prvom rade je treba
charakterizovat’ ,,uspe$ni” odporacaciu metodu. Na jednej strane mézeme za GispeSnu
metdodu povazovat takd, kedy pouzivatelia precitaju viac sprav ako pred jej
zavedenim. Na strane druhej to moze byt metdda, vd’aka ktorej pouzivatel preéita
sprav menej, avSak prinesti mu vyssiu informac¢na hodnotu. Inym spésobom merania
kvality odporucacich metéd byva pomer precitanych ¢lankov ku poctu odporucenych.
Vsetky tieto pristupy sa vSak snazia detegovat’ pouzivatel'ov postoj k odporacanému
obsahu — ¢i bol pre neho zaujimavy auzitoény. To nas vedie k priamociaremu
rieSeniu, spytat’ sa pouzivatel'ov, ¢i st s danym odpori¢anim spokojni. Postoj Citatel’a
vSak moze byt vyrazne ovplyvneny chépanim a ocakdvanim pouzivatela. Je preto
dolezité zvolit’ spravny sposob prezentacie odpori¢aného obsahu.

Pri vyhodnocovani tuspe$nosti metdd je vSak nevyhnuté zohladnit’ graficku
reprezentaciu daného zdroja online sprav, kedy moze aktualne usporiadanie prvkov
na internetovej stranke vyrazne ovplyvnit spravanie pouzivatela (titulnd stranka,
poradie v zozname odporucanych sprav a pod.). Tento problém mdzeme pozorovat’
pri vyuziti syntetickych testov, kedy sa snazime predpovedat’ spravanie pouzivatel'a
bez redlneho zohladnenia aktudlnej grafickej reprezenticie spravodajského
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portalu [3]. Takyto experiment vyuZzije udaje zozbierané pocas redlneho vyuzivania
rieSenia. Pomocou testovacej a trénovacej mnoziny tak zistujeme uspeSnost’ metody.
Pri tomto teste treba zohladnit problém vyhodnocovania tspeSnosti predikcie
spravania Citatel’a a nie uspesnosti odporti€ania. Porovnania na testovacej mnozine tak
musia zohl'adiiovat’ nie konkrétne ¢lanky ale fakt, ¢i je sémantika ¢lankov pokryta.

Metody odporucania su aj po niekol’kych rokoch skimania aktualnou témou, kedy
sa snazia reagovat' na nové problémy a etablovat’ do viacerych domén. Sucasné
pristupy musia vyriesit nie len enormnym mnozstvom pouzivatelov, odporii¢aného
obsahu, ale musia pracovat’ s viacerymi typmi odporti¢aného obsahu. Nezanedbatel'né
su otazky tykajuce sa bezpecnosti a doveryhodnosti takychto systémov.

Data ziskané pouzivanim internetovych novin SME.sk sme pouzili na vytvorenie
viac alternativ odporucania [3,7,9]. Vytvorili sme obsahové a kolaborativne
odporucania, ktoré overovali hlavne synteticky. Pozorovania tychto odportcacich
metdd a ich nedostatkov sme vyuzili pre viziu odporucacieho systému buducnosti.

Pod’akovanie. Tato Tento prispevok vznikol vd'aka ¢iastocnej podpore grantu VEGA
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Abstrakt. Navigace nad priklady je moznd pomoci technik adaptace
a personalizace s vyuzitim ohodnoceni znalosti a vazeb v prostoru konceptt.
Pouziti ptikladt vede k piesnéjSimu mapovani vyukovych objektti na koncepty,
coz umoziuje piesnéjsi navigaci. Student je navigovan na piiklady, které rozsiti
jeho aktualni znalosti v aplikaéni doméné, nebo s ohledem na zvolené dil¢i cile.
Navigace vyuziva jazykové nezavislé ohodnoceni koncepti diky technologiim
WordNet ¢i Google Translate, a je pfipravena pro vicejazycny provoz (napf.
v ¢eSting,  anglictiné  atureCtiné s moznosti  libovolného  piepinani).
V mezinarodni spolupraci pfipravujeme experimentalni ovéfeni a vyhodnoceni
namétl prezentovanych v tomto textu.

Klicova slova: personalizace, adaptace, webovy systém, vyuka ptiklady,
koncept, navigace,

1 Uvod

Existuje mnoho moznosti jak studenta navigovat a jak mu predlozit vyukové objekty
(learning objects — LO). Pomoci technik adaptace a personalizace s vyuzitim
ohodnoceni znalosti a vazeb v prostoru konceptl (concept space — CS) lze navigovat
studenty v ramci kurzu, coz prezentujeme v [1]. Tento pfistup rozsifujeme o moznost
predlozit vzorovy piiklad se zdrojovymi texty — nabizime tak zpfesnéni moznosti
pruchodu kurzem. Pfipadova studie bude realizovana v nami vyvinutém systému
XAPOS [2]. Vramci systétmu XAPOS je s ptiklady zachazeno stejné, jako se
standardnimi vyukovymi objekty (webové stranky). Diky tomu miZeme vyuzit
systémovou vicejazynost a moznost personalizované a adaptivni navigace. Vyuziti
prikladii zpfesiiuje mapovani LO na koncepty, coz vyplyva z jejich struktury —
priklady obsahuji pojmy z prostoru konceptd piimo, napiiklad nazvy pouzitych
funkci. K mapovani Ize vyuzit i informaci strukturovany —text LO oznackovany tagy
dovoluje rozpoznat slova znazvu prikladu, kapitoly, nadpisu, popisu obrazku c¢i
zdrojového textu, ptipadné i z komentari ve zdrojovém kodu.
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2 Souvisejici prace

Moznostmi vyuky pomoci piikladi se zabyval naptiklad Brusilovsky, jeho systémy
WebEx, pozdéji pak NavEx [3] vyuzivaji pro navigaci mezi piiklady systém
prerekvizit a vystupnich konceptl (odpovidajici pozadovanym vstupnim a nau¢enym
vystupnim znalostem). Dal$imi moznostmi navigovat uzivatele nad obsahem jsou:

- vyuziti metod pro automatické odhady zajmu uzivatele podle dosud navstivenych
webovych stranek, viz [4], nebo - pomoci vytvafeni mapy témat (topic maps), jako
v [5]. Pii navigaci je také mozno vyuzit piistuptt vyhledavajici tzv. ,,long tail* témata,
ktera jsou v uzivatelové zajmu, ale zaroven nejsou ,,ptepopularizovana“ [6].

3 Adaptivni a personalizovany systém XAPOS

Systém XAPOS naviguje studenta nad LO reprezentujici obsah — studijni material,
ukazkovy ptiklad, pfipadné jiny multimedialni objekt, jejichz koncepty jsou popsany
v CS. Kazdy LO je provazan s jednim nebo vice koncepty z CS. Koncepty v CS
reprezentuji zakladni pojmy dané problémové domény. Po jejich nauceni se studenty
se stavaji znalostmi, o které¢ v kone¢ném dusledku jde. Vedle koncepti samotnych
patii do CS i vzdjemné vztahy mezi koncepty. Vztahy mohou byt strukturélni,
reprezentujici strukturu CS (typickym pifikladem je vztah subClassOf), nebo vztah
vyjadiujici zavislost mezi koncepty (napt. prerequisity, definedBy, requires).

Navigace studenta nad LO probiha v zavislosti na aktualnich znalostech studenta,
nebo s ohledem na zvolené cile. Zakladnim principem navigace v XAPOSu je, ze
existujici vztah v prostoru LO koresponduje s pfislusnym vztahem mezi koncepty
v CS. Spravné ohodnoceni vztahi v CS umoziiuje XAPOSu studenta navigovat
s ohledem na jeho aktualni znalosti a pozici v obsahu, ktery LO ptedstavuji.

K ohodnoceni vztahtt v CS vyuzivame upraveny PageRank algoritmus, ktery byl
navrzen pro hodnoceni vztahti mezi webovymi strankami a Google jej vyuziva pro
jejich vyhledavani. Pivodni PageRank rozsifujeme o zapocteni strukturalnich a
zavislostnich vztah. XAPOS studentovi nabizi vhodné LO usporadané dle jejich
ohodnoceni a dle aktudlnich znalosti studenta. Vedle toho miize student piejit na LO,
ktery je mnozinou svych koncepti nejvice podobny aktualné¢ zobrazenému LO.
XAPOS dovoluje i ptimy pfechod na libovolny LO obsazeny v kurzu.

Jazykova nezavislost XAPOSu pii navigaci nad obsahové shodnymi LO v riznych
pfirozenych jazycich je postavena nad hotovym kurzem s LO v jednotlivych jazycich.
Pojmy v konceptech v CS jsou vytvofeny ve zvoleném jazyce (anglicting, tedy
jednojazyén¢), vztahy mezi LO a koncepty v CS jsou stejné, bez ohledu na jazyk LO.
Navigace nad LO je potom transparentni vzhledem k jazyku zvolenému pro
prezentaci obsahu LO, vychazi jen z ohodnoceni vztaht v CS a ze znalosti studenta.
Volba jiného jazyka pro zobrazeni obsahu i navigaci jsou pak jen zalezitosti GUI.
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4 Priklady jsou specializovany obsah

XAPOS zpracovava LO obsahujici priklad se zdrojovymi texty stejné, jako kazdy jiny
LO. Pojmy z ptikladu se i diky tagim snadné&ji extrahuji, jejich umisténi v CS a
vzajemné vazby mezi koncepty spojmy jsou pak stejné, jako ubé&znych LO.
U priklada student zfejmé vyuzije nabidku XAPOSu odkazujici na ptiklady podobné.

4.1 Import novych prikladia do systému

V XAPOSu jsou LO oznackovany HTML tagy a jsou ulozeny jako soubory
v souborovém systému. Koncepty, jejich vztahy a pfidavné informace (jméno,
anotace, jazyk apod.) jsou ulozeny v databazi. Pii pfidavani novych LO do XAPOSu
se vkladané LO mapuji na koncepty v CS. Mapovani je v soucasnosti feSeno ruc¢né.
Vyviji se v§ak podsystém pro automatické ziskavani pojma z vkladanych HTML LO
za vyuziti technologii WordNet pfipadné¢ Google translate.

Zpracovani prikladd probiha semiautomaticky. Pfiklad s HTML znackami je do
systému zafazen automaticky, manualn¢ se vSak musi zapsat seznam konceptl, na
které je ptiklad v systému vazan. V této oblasti také vyvijime pln€¢ automaticky
systém, viz dale.

Na vstupu je priklad zapsan ve formé XML dle daného DTD — XHTML a nasich
tagli. LO pfikladu obsahuje zakladni informace -- nazev, anotace, zadani (popis) a
feSeni v daném programovacim jazyce. Jazyk textu mize byt atributem kazdého tagu.
Soucasti LO jsou i vstupni a vystupni data pro otestovani piikladu studentem.

4.2 Automatické zpracovani prikladi a prichod kurzem

Pro mapovani vzorovych ptikladii se zdrojovymi texty na koncepty je vyhodou, ze
pfimo obsahuji pojmy zCS — klicova slova, vybrané knihovni funkce, ndzvy
konstant..., a ktomu maji i pfesnou syntaxi. Pro mapovani je mozno vyuZzit i
dodatkové informace obsazené v nazvu, anotaci a komentar v ramci samotného kodu
prikladu. Automatické zpracovani piikladu je nyni v systému XAPOS ve fazi vyvoje.
Jakmile bude import zautomatizovan, praci autora piikladd bude pouze jejich
priprava. O samotné vloZeni, provazani a navigaci se postara XAPOS.

Pii vstupu do kurzu ma student nulové znalosti v problémové doméné. Jakmile
student za¢ne prochazet jednotlivé LO, zacind se mnozina jeho znalostni rozsifovat —
personalizovana navigace XAPOSu toho vyuziva, viz pfedchozi popis XAPOSu.

XAPOS muize obsahovat i zkuSebni testy, kterymi si student ovéti stupen zvladnuti
obsahu. Uspéch i netispéch v polozkéch testu aktualizuje mnoZinu znalosti studenta —
znalosti jsou pridavany i odebirany. Personalizovana navigace nabizi dalsi priichod
kurzem dle aktualni mnoziny znalosti, pfi zapomenuti ¢i chybé tak nabidne ptislusné
LO studentovi i opakované.
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5 Pripadova studie

XAPOS byl vyuzit pro experimentalni ovéfeni navigace modifikovanym PageRank
algoritmem. Pfedklddany obsah byla ¢ast kurzu programovani ve funkciondlnim
jazyce Lisp. Divodem je relativni neznalost jazyka Lisp mezi studenty — diky ni
mizeme predpokladat stejné vstupni znalosti mezi studenty. Jazykem pro tvorbu
konceptd a tvorbu vztahi mezi nimi je angli¢tina, LO kurzu se pfipravuji soub&zné
v angli¢ting, CeStiné a turectin€. Pfipravovany experiment bude zaméfen na feSeni
podobnosti obsahu LO pfi vyuce pomoci piikladu.

6 Zavér a budouci prace

V piispévku jsme popsali rozsifeni adaptivni a personalizované navigace nad LO
v systému XAPOS o vzorové ptiklady. Hlavnim pfinosem prace je doplnéni XAPOSu
o vyuziti znalosti struktury ptikladt (tagy) i o snadnéjsi extrakci pojmi pro tvorbu
konceptli a jejich vztaht. XAPOS pritom zlstava beze zmény personalizované
navigace dosud vyuZzivané jen pro LO bez zdrojovych textt.

V budoucnu planujeme rozvoj automatického zpracovani a zatazeni novych fesenych
i nefeSenych pfikladi. Zejména budeme feSit problém podobnosti piikladi se
zdrojovymi texty tak, abychom uzivateli nabidli spravny ptiklad z vice podobnych.
Dalsi oblasti rozvoje bude zpiesnéni zpracovani prichodu kurzem s vyuZitim
grafovych i statistickych nastroju a vizualizace vysledkl. V pfistim semestru také
uskutecnime prakticky experiment navigujici studenty, nad feSenymi prtiklady se
zdrojovymi texty.

Vyzkum byl ¢dstecné podporen projekty SGS21/PiF/2010 a FRVS CR 24/2010.
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Abstrakt Pred rokom sme na dielni WIKT 2009 predstavili prototyp
adaptivneho proxy servera, ktory umoznuje prostrednictvom série za-
suvnych modulov spracovavat a modifikovat obsah sprav posielanych
medzi pouzivatelovym prehliadacom a cielovym serverom. Vdaka tomu
je mozno sledovat a zachytavat aktivitu pouzivatela na celom webe a
na jej zéklade vykonavat také prisposobovanie, resp. personalizovanie
webu, aké sme doteraz poznali iba z izolovanych adaptivnych webovych
systémov. V tomto prispevku opisujeme aktualny stav projektu; suma-
rizujeme obdobie, pocas ktorého bol proxy server pouzivany na FIIT
STU; opisujeme experimenty, ktoré sme s vyuzitim tohto proxy servera
vykonali a zamyslame sa nad budiicim smerovanim projektu.

1 Adaptivny proxy server

V stcasnosti mé vacsina pokusov o personalizdciu, ¢i iné obohatenie webu [2] je-
den hlavny nedostatok: st velmi tizko Specializované na jeden konkrétny portdl, ¢i
sluzbu, ¢o zahfna aj proprietarne sposoby tvorby modelu pouzivatela. Konkrétne
metédy tym padom nemaju pristup k inym tdajom o pouzivatelovi, ako k tym,
ktoré pouzivatel poskytne v ramci sluzby, na ktorej je metéda nasadend a naopak,
neexistuje moznost personalizovat, ¢i inak prispésobovat ostatné portaly ¢i sluzby,
kde by to mohlo byt pre pouzivatela vyhodné.

Nosnou myslienkou adaptivneho proxy servera [1] je preklentt tito bariéru,
posunut metdédy modelovania pouzivatela a personalizicie zo servera smerom
ku klientovi a vytvorit tak platformu pre rozlicné metédy s cielom obohaco-
vat a personalizovat cely “divoky” web. Kym klasicky proxy server sluzi iba
ako preposiela¢ sprav medzi klientom a serverom, nas adaptivny proxy server
moze tieto spravy modifikovat. To umoznuje jednotlivym metédam zasahovat do
struktiary odpovede servera, upravovat HTML kéd posielany klientovi a tym celé
surfovanie personalizovat. Jednoduchym spdsobom sa tak pouzivatelovi mozu
ponuknut nové sluzby, resp. vylepsenia existujucich, poskytnit mu tak zname
rozhranie a fazit z jeho existujucich navykov.

Adaptivny proxy server je zaloZeny na existujiicom proxy serveri Rabbit!.
Ten sme rozsirili o systém zasuvnych modulov, ktoré umoznuju flexibilne od-

! Proxy server Rabbit, http://www.khelekore.org/rabbit/
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chytavat a modifikovat HTTP poziadavku klienta, ¢i odpoved servera. Zasuvné
moduly st rozdelené do dvoch kategdrii — sluzby a spracovavajice moduly. Sluzby
poskytuji vSeobecnu funkcionalitu nad spravami, od zdkladnych, ako napriklad
nacitanie, ¢i uprava tela spravy, az po pokrocilé, ako pristup k DOM modelu
odpovede, ¢i preusporiadanie alebo doplnenie vysledkov vo vyhladavaci. Spra-
covavajuce moduly kompoziciou vhodnych sluzieb tvoria telo samotnej metody.

Za ucelom tvorby modelu pouzivatela a neskorsej analyzy dat sme vytvo-
rili niekolko sluzieb a spracovavajticich modulov, ktoré zabezpecuju zapisanie
metadat o kazdej navsteve Tubovolnej stranky do databazy. Spolu s navstivenou
adresou, identifikdtorom pouzivatela a Casom navstevy zapisujeme aj klucové
slovd a pojmy extrahované z kazdej stranky [5]. Na extrakciu pojmov sme vytvo-
rili webovi sluzbu Metall?, ktord z poslaného HTML kédu extrahuje hlavni in-
formad¢nu ¢ast (napr. telo ¢lanku), tzn. odstrani nepotrebné ¢asti ako s menu,
hlavicky a péaticky, reklamy a pod., odstrani HTML znacky, ziskany cisty text
potom prelozi do angli¢tiny (sluzba google translate) a agregdciou vysledkov
roznych webovych sluzieb (OpenCalais, taghthe.net, Alchemy) a kniZznic pre
spracovanie textu (jkey-extractor) ziska ohodnoteny zoznam pojmov.

Pre potreby jednoznacného priradenia kazdého dopytu spravnemu pouzi-
vatelovi sme pouzivatelom priradili unikatny, ndhodne vygenerovany 32 miestny
retazec, ktory sa doplni do User-Agent hlavicky pouzivatelovho prehliadaca,
ktord sa posiela pri kazdej poziadavke a predstavuje teda vhodné miesto pre
umiestnenie identifikdtora. Na stranke projektu peweproxy.fiit.stuba.sk sme
pripravili ndstroj pre automatické nastavenie vSetkych nainstalovanych prehli-
adacov. Poskytujeme tiez informdcie pre pokrocilejsie nastavenie proxy servera
ako aj pristup k samotnym zéznamom, ktoré proxy server k danému identifika-
toru uchovéva (ITubovolny z nich mé pouzivatel moznost odstranit).

Proxy server bol do kratkej testovacej prevadzky uvedeny 25. marca 2010
a nasledne bol predstaveny studentom nasej fakulty. Ku dnu vyhodnocovania
(4. maja 2010) ho pouzivalo 40 pouzivatelov, ktor{ si cez proxy zobrazili takmer
650 tisic webovych stranok (z toho zhruba 111 tisic bolo unikédtnych).

2 Projekty na platforme proxy

Na platforme adaptivneho proxy sme vyvinuli a nasadili niekolko projektov.
Prvy z nich sa zaoberd zjednozna¢nenim vyhladdvania. Cielom tohto projektu [4]
je pomdct pouzivatelom pri formulacii a vyhladavani nejednoznacnych dopytov
dopliianim klt¢ovych slov, ktoré spresnia dopyt podla zdujmov pouzivatela. Ak
napr. pouzivatel vyhladava vyraz jaguar a zaujima sa o autd, jeho dopyt sa
preformuluje na jaguar car. Pre iného pouzivatela, ktory sa zaujima o zvierata
sa vSak tento dopyt preformuluje na jaguar animal.

V tomto projekte sme proxy platformu vyuzili na vytvorenie modelu pouzi-
vatela aj na integraciu do vyhladavaca. S pouzitim Standardnych zdznamov proxy
(pojmy a klucové slova kazdej navstivenej stranky) sme pre kazdého pouzi-
vatela vytvorili jeho bag-of-words model, zlozeny z charakteristickych pojmov

2 Metall, http://peweproxy.fiit.stuba.sk/metall/
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a klicovych slov ziskanych z nim prezeranych stranok. Nasledne sme prekryvom
tychto modelov vytvorili vahovant socidlnu siet (vaha hrany je uréend velkostou
prekryvu) a jednoduchym sirenim aktivicie sme ziskali komunity podobnych
pouzivatelov. Tieto komunity tvoria kontext pouzivatelovho vyhladavania: pri
vyhladavani sa doplnia také klicové slova, ktoré sa v metadatach pouzivatelov
z komunity vyskytuju casto spolu s vyhladédvanym vyrazom.

Vdaka proxy serveru sme mohli metédu overif priamo nad vyhladavacom
Google. Nami vytvorené moduly do proxy zachytavali kazdé vyhladavanie v tomto
vyhladavaci, dalsie moduly (sluzby) zabezpe¢ili doplnenie vyrazu o klticové slova
a s pouzitim Google API vyhladanie novej sady vysledkov. Nové vysledky sme
potom doplnili do HTML odpovede vyhladavaca, takze pre pouzivatela sa vysledky
zobrazovali iplne nerusivo, akoby ich vygeneroval samotny vyhladavac.

Cielom druhého z projektov [3], vyvinutych na platforme adaptivneho proxy
servera, je zjednodusenie navigacie po portdloch. Rézni, ale podobni pouzi-
vatelia maji na portali casto podobné informacné zaujmy; hladand informa-
cia vSak cCasto nie je dostupnd priamo z hlavnej stranky, ale je potrebné sa
k nej preklikat cez systém menu a odkazov. V tomto projekte sme zaviedli
zdielanie tsilia medzi navstevnikmi webového sidla — teda, ak jeden pouzi-
vatel takuto doleziti informéaciu nasiel, ostatni pouzivatelia, ktori ju tiez potre-
bujd, ju uz nemusia narocne hladat. Vhodnym prikladom takéhoto portalu je
sidlo nasej fakulty fiit.stuba.sk, na ktorom hladaju podobni pouzivatelia
podobné informécie v rovnakom case: napr. bakalari informécie o odovzda-
vani bakaldrskeho projektu. Aj v tomto pripade sme vyuzili proxy platformu
na ziskanie dat o pouzivateloch (clickstreams) a na integraciu personalizovaného
menu do zvoleného portdlu — v tomto pripade uz spominané sidlo FIIT. Na
zéklade podobnosti clickstreamov sme urcili podobnych pouzivatelov a na zak-
lade navstevnosti jednotlivych stranok portalu ich dolezitost. Ziskané informécie
sme pouzivatelom, s pouzitim proxy servera, prezentovali na portali vo forme
nerusivého rozsirenia samotného portalu — kalendar akcii (napriklad s terminmi
skisok, ¢ odovzddvaniami projektov) a osobné novinky s informéciami nevi-
azanymi na datum.

Oba projekty boli charakteristické tym, ze ndAm umoznili zaintegrovat nase
metody do existujicich sluzieb a portalov a overit ich tak v redlnom prostredi,
kde si pouzivatelia niekedy mozno ani nevsimli, Ze pracuji s obohatenymi verzi-
ami sluzieb. Bez pouzitia proxy servera by sme museli vytvarat nas vlastny
vyhladavac alebo portal, ktory by sme museli pouzivatelov “donutit” pouzivat.
Navyse, najmé v prvom projekte sme dobre vyuzili skuto¢nost, ze mame k dis-
pozicii kompletna aktivitu pouzivatela na webe, ¢o ndm umoznilo komplexnejsie
zachytit jeho zaujmy a pretransformovat ich do pomoci pri vyhladavani.

3 Budicnost projektu

Pri doterajsej prevadzke sa ako najvacsi problém ukazala neochota pouzivatelov
surfovat cez proxy. NajcastejSie uvadzany dovod je obava o stratu sikromia,
napriek tomu, ze celé riesenie ma otvorené zdrojové kdédy, je anonymizované a
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navyse zaznamy mozno aj zmazat. Predpokladame, Ze tento problém zmiern-
ime zlepSenim komunikacie, vytvorenim vhodnejsich nastrojov pre spravu pris-
tupovych zadznamov a najmé poniknutim uzitoénych sluzieb. Dalsim ¢asto uva-
dzanym dévodom nepouzivania je stabilita — pocas prevadzky sa vyskytli obcasné
vypadky sposobené softlockmi vo virtualizovanom jadre opera¢ného systému na
ktorom bol proxy server nasadeny. Tento problém sme adresovali presunom na
ind virtualizacni platformu a pracujeme aj na monitorovani jednotlivych sluzieb
proxy platformy. Je to velmi ddlezité, kedze kazdy vypadok znamend stratu
pouzivatelov, ktori okamzite nastavia svoj prehliadac¢, aby proxy nepouzival.

V sucasnosti tiez pracujeme na dalsej verzii proxy, kde sa zameriavame na
zjednodusenie API pouzivaného na tvorbu modulov, tak, aby bolo ich vytvaranie
¢o najjednoduchsie. Vylepsujeme tiez proces extrakcie metadat zo stranok, s cie-
lom zvysit ich kvalitu. Za tymto tcelom sme vytvorili uz spominani webovt
sluzbu Metall. Zamyslame sa aj nad variantom, kedy by sa proxy server, resp.
sluzby, ktoré vykonava presunul tiplne na stranu klienta v podobe rozsirenia we-
bového prehliadaca, ktoré by vyuzivalo istt formu paméte zdielanej s ostatnymi
instanciami u inych pouzivatelov, resp. s centralizovanymi sluzbami.

V budtcnosti planujeme spolupriacu s dals$imi univerzitami a instittciami,
tak, aby existovalo viacero distribuovanych instalacii proxy servera, so synchro-
nizovanou databdzou. Tym by sme dokazali rozsirit pouzivanost proxy servera
a rozsirit a diverzifikovat tym sadu zdznamov o aktivitdch na webe, ktord moze
sluzit ako zaklad pre zaujimavé analyzy spravania a odhalovanie novych stvis-
losti. Predbezne mame na tieto aktivity dobré ohlasy z univerzity Trinity College
of Dublin, na ktorej planujeme nasadit druhu instaldciu proxy platformy.

Podakovanie. Tento prispevok vznikol vdaka ¢iasto¢nej podpore grantov KEGA
345-032STU-4/2010, KEGA 028-0255TU-4/2010 a v rdmci OP Vyskum a vyvoj
pre projekt: Podpora dobudovania Centra excelentnosti pre Smart technolégie,
systémy a sluzby II, ITMS: 26240120029, spolufinancovany zo zdrojov Eurépskeho
fondu regionéalneho rozvoja.
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Abstrakt. KI'icovou sucastou webu (so sémantikou) st metadata tvoriace opis
webovych zdrojov a modely domén. Ich ziskavanie je vSak naroCnou a aj
nakladnou ¢innost'ou pokial’ to vykonava ¢Elovek. Stroje dnes vedia ziskat
sémantiku len velmi obmedzene. Ako alternativa (alebo doplnok) sa pontika
koncept hier s t¢elom — GWAP (,,Game with a Purpose®), ktorého zékladnou
filozofiou je vyuzitie Cinnosti I'udského mozgu pri hrani hier. Hra¢ pre
dosiahnutie vitazstva generuje znalosti v podobe hernej stratégie a taktiky. Pri
vhodnej formulacii pravidiel mozno tieto znalosti prebrat’ a pouzit’ pri rieSeni
realnych problémov. V prispevku uvadzame priklady hier s uplatnenim pre web
so sémantikou: ,,Google Image Labeller” a ,,Little Google Game* a diskutujeme
potencial hier s ticelom v tejto oblasti.

1 Uvod

Ziskavanie anotacii webovych dokumentov ¢i modelovanie domén je kld¢ovou
ulohou a zaroven Uzkym hrdlom praktického rozsirenia pokrocilych aplikacii na
webe, resp. webe so sémantikou. V sucasnosti dominuju tri hlavné skupiny pristupov
aich kombinacie: automatické (extrakcia charakteristickych pojmov dokumentov,
tvorba doménovych ontoldgii s vyuzitim spracovania prirodzeného jazyka),
kolaborativne (anotdcia dokumentov, tvorba folksonomii) a manualne (vyuzitie
Pudskych expertov pre modelovanie domén, anotacia dokumentov ich autormi).

Hoci automatické pristupy umoznuju postihnit’ vela dokumentov, nedostatocne
postihuju heterogenitu divokého webu, su nepresné pre nepostacujuce spracovanie
prirodzeného jazyka anedostatone spracovavaju  multimedidlny  obsah.
Kolaborativne pristupy sice stale vykazuji Siroky zaber azvladaji dobre aj
multimedidlny obsah, nedosahuju vSak dostatocnt Specifickost’ v zmysle anotacii
(znacky v portali Flickr') a sémantické Struktiry maju slabu uroven organizacie (napr.
folksondmia Delicious?). Problémom manualnych pristupov su rapidne rastiice
naklady pri spracuvani vécSich korpusov apodrobnom modelovani domén.
Nedostatky uvedenych pristupov brania efektivnemu rozvoju webu so sémantikou.

! http://flickr.com
2 http://del.icio.us
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Kedze na zéklade (implicitnych) vstupov od pouzivatelov mozno vytvorit' aj
rozsiahle bazy znalosti, vel'a vyskumného usilia sa v poslednych rokoch orientuje na
spdsoby motivovania pouzivatelov odovzdavat' svoje znalosti dobrovolne. Priklad
portalu Delicious ukazuje potencidl kolaborativneho generovania sémantiky ako
,,vedl'ajSieho produktu® ¢innosti, ktort pouzivatel’ vykonava dobrovolne.

2 Hry s ucelom

Jednym ztypov aplikacii, ktoré ludia pouzivaju dobrovolne aradi st hry. Pred
niekol’kymi rokmi sa v okruhu pocitacovej vedy prvy krat objavil koncept ,hry
s ucelom“(GWAP, z anglického ,,Game With A Purpose®). Ide o pocitacova hru, v
ktorej pouzivatelia generuju znalosti ako sucast’ ich hernych stratégii, ¢im prispievaju
k rieSeniu realnych problémov. Zaroven su vSak uspokojovani zabavou, ktort im hra
poskytuje. Potencial hier zavisi najmé od miery ich atraktivnosti [1].

Aby bolo mozné objavovanie znalosti, musia byt pravidla hry vopred navrhnuté
tak, aby implikovali pouzitie vitaznych stratégii totoznych s charakterom realneho
problému ktory hra riesi [1]. Zabavna stranka hry moze mat’ pritom celkom iny
charakter. Prikladom je uspe$na hra Google Image Labeller, v ktorej sa hra¢ snazi
zhodnlit' sa na pojme opisujicom dany obrdzok, so svojim anonymnym partnerom,
ktory hra hru v rovnakom Case. Zabavnym prvkom je v tomto pripade pocit nezndma
v druhom hracovi. Realnym prinosom hry je vSak kolaborativna anotacia obrazkov
pojmami ktoré hraci generujii pocas hry [3].

Kolaboracia je vhrach s ucelom castym prvkom, pricom rovnaké tulohy su
zvycajne kladené viacerym hra¢om pre rozpoznanie znalosti o ktorych panuje zhoda
a eliminaciu rozporov. Kolaboracia je pritom v synergii so sutazou — atraktivitu hry
(a teda aj jej potencidlny zaber) zvySuje superenie medzi jej ucastnikmi.

Princip hry sucelom sme realizovali v projekte Little Google Game’, ktorého
ucelom je vytvaranie folksondémie suvislosti pojmov, vyuzitenej pri vyhladavani
informacii na webe so sémantikou [4, 5].

Little Google Game je hra na formulovanie textovych vyhladavacich dopytov.
Ulohou hra¢ov je minimalizovat’ pocet vysledkov vratenych vyhladavagom. Dopyty
musia byt formulované v §pecidlnom tvare, napriklad: ,jaguar —animal —car —
company “. Pojem ,jaguar je dany hrou, ostatné vyrazy generuje hrac. Prefix
minusového znamienka je direktivou webovému vyhl'adavacu, vynechat' z pdvodnej
mnoziny vysledkov (ziskanej pomocou dopytu ,,jaguar) tie dokumenty, v ktorych sa
dané pojmy nachadzaju. Preto, aby bol hra¢ uspesny a redukoval pocet vysledkov ¢o
najviac, musi hl'adat’ negativne pojmy Casto sa vyskytujice v dokumentoch spolocne
so zadanym slovom ergo, pojmy s nim suvisiace [4].

Zabavnou strankou hry Little Google Game je jednak moment sebaprekondvania
pri vymyslani lep$ich pojmov a moment sttazivosti, v ktorom hracov porovnavame
a vytvarame ich rebriek na zéklade skore. ,,Uzitok“ z hry potom charakterizuje
dolovanie stvislosti pojmov, ktoré hraci sformulujt v dopytoch [4].

3 http://mirai.fiit.stuba.sk/LittleGoogleGame/LittleGoogleGameTestPage.html



34

Princip tvorby siete pojmov pomocou hry sme overili v experimentoch s priblizne
200 pouzivateI'mi, ktori odohrali viac ako 3000 hier. Spravnost’ prepojeni vo
vyslednej folksonémii sme overili prostrednictvom dotaznika s dosiahnutim
uspesnosti 91% (zucastnilo sa 20 respondentov, vSetci posudzovali rovnaké
prepojenia, 91% vzt'ahov v sieti bolo oznacenych za spravne) [4].

3 Otvorené problémy hier s icelom

Doposiall  chyba ucelend metodologia tvorby hier sucelom. Na zéklade
predchadzajicich prac zaoberajucich sa hrami s i€elom [2] a vlastnymi skiisenostami
s Little Google Game sme identifikovali tieto problémové okruhy, na ktoré by takato
metodologia mala odpovedat’ v rdmci procesu transformacie redlneho problému na
hru s Gcelom.

1. Definicia problému, ktory ma hra riesit’ (ifel). Pred vytvorenim hry musi
existovat’ formalny opis problému, resp. podmienky jeho rieSenia. Mame sice
k dispozicii formalizmy ako predikatova logika ¢ci OWL, vol'ny zapis problému ich
prostriedkami vSak moze 'ahko znemoznit’ transformaciu opisu na pravidla hry.
Potrebujeme preto Specializovany formalizmus spolu so suiborom odporucani (v
idealnom pripade obmedzeni) tvorby formalnych opisov problémov.

2. Klasifikacia problémov aich vhodnost’ rieSenia pomocou hry chyba.
Spominany Google Image Labeller ako aj d’alSie hry (Tag a Tune, PopVideo*) sa
pomerne Uzko orientuju na rozpoznavanie sémantiky (multimediadlneho) obsahu
webu. Moznych typov problémov je vSak viac a klasifikacia by mala predovsetkym
pomoct pri uréovani vhodnosti problému na rieSenie hrou. Hlavnymi
vychodiskami klasifikacie by mohol byt subor tazko rieSitelnych problémov
a objavovanie znalosti predovSetkym na webe apre web (napr. klasifikacia,
budovanie ontologii, anotacia dokumentov, spravanie agentov, expertné systémy),
a uspesné herné motivy modelujuce podobné situacie (napr. obchodné
a vystavbové stratégie, labyrinty, slovné tlohy vyuzivajice prirodzeny jazyk).

3. Vymedzenie herného priestoru, podmienok vitazstva a pravidiel hry.
V sucasnosti sa deje skor ad hoc a tvorca hry potrebuje zna¢nti davku kreativity
(napriek pokusom vytvorit' ,,recept™ tvorby hier s ucelom pre oblast’ anotacie webu
[1]). Pravidld hry nesmu len motivovat k rieSeniu problému, ale aj vytvarat
zébavné a zaujimavé situacie pre hracov a obmedzovat’ moznosti ich zneuZzivania,
¢i uz podvadzanim z hl'adiska fair-play alebo generovanim nefunkénych rieseni (v
pripade Little Google Game boli tieto dva druhy deformacie spojené snahou hracov
uvadzat’ v dopytoch tzv. stop slové, na zaklade ktorych neférovo ziskavali dobré
skore a tiez generovali nespravne prepojenia vo folksonomii) [1, 4]. V tomto smere
sa ukazuje ako perspektivne odhalovanie osved¢enych vzorov v pravidlach, ktoré
vyvazia aspekty ucelu hry, atraktivnosti a zamedzenia deformaciam.

4. ZvySovanie atraktivity hry. Opét uskutociované skor ad hoc. O zhrnutie
vhodnych praktik vtomto smere sa pokusil Ahn vo svojej praci [1], kde

4 Dostupné na http://www.gwap.com
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identifikoval typy motivacii hrat’ hru: socidlna interakcia, vyzva prekonat’ seba a
inych hracov. Taktiez spomina potrebu brat’ do uvahy krivku u€enia sa — teda
(zlepSujucu sa) uroveinl hra€ovych schopnosti. Tieto principy sa uplatiiujii v hernom
priemysle a tu vidime potencial v zamerani na ich vyCerpavajuce prevedenie do
Specifickej oblasti tvorby hier s ucelom v podobe stiboru vzorov a odporacani.

5. Zabraiiovanie deformaciam hry. K deformacidm dochadza pokial’ hraci objavia
v pravidlach ,.dieru”. Preto vidime ako vhodné vypracovat’ algoritmicky pristup
detekcie deformacného spravania sa hraCov hladanim vyhernych stratégii
nezodpovedajicim ucelu hry alebo redlne dosiahnutelnému skore.

4 Zaver a buduca praca

Nedostatky doterajSich pristupov k tvorbe metadat na webe mozno aspon ciastoc¢ne
riesit’ pomocou hier s u¢elom. Vyuzivajui sa pre rieSenie strojovo tazko riesitelnych
uloh, napr. anotacie multimedialneho obsahu ale ich potencial sa neobmedzuje len na
tento problém, co demonstrujeme prikladom vlastného projektu Little Google Game.

Vyvoj hier s i¢elom nie je jednoduchy a vyzaduje skibenie ¢asto protichodnych
potrieb. Dosial’ neexistuje spolahlivy ramec vyvoja tychto hier, ktoré su vytvarané ad
hoc. Nasou viziou je vytvorenie vSeobecného aj Specializovaného ramca rieSenie
problémov v kontexte webu (so sémantikou) anavrh metodologie tvorby hier
s u€elom, ktora bude zahtiat’ klasifikaciu redlnych problémov s mapovanim na vzory
osvedcenych pravidiel hier. Chceme posunut’ tvorbu hier z ti¢elom od ,,ndhodnych*
projektov k cielavedome;j Cinnosti zacinajucej vzdy definiciou problému.

Pod’akovanie. Tento prispevok vznikol vdaka cCiasto¢nej podpore grantov VEGA
VG1/0508/09, KEGA 028-025STU-4/2010 a v rameci OP Vyskum a vyvoj pre
projekt: Podpora dobudovania Centra excelentnosti pre Smart technologie, systémy a
sluzby II, ITMS: 26240120029, spolufinancovany zo zdrojov Eurdpskeho fondu
regionalneho rozvoja.
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Abstract. 'V poslednych rokoch sa internet stdva dal$im kandlom
na realizovanie marketingovych praktik, pricom mnozstvo spolo¢nosti si zatial
neuvedomuje prednosti tohto média. V tomto prispevku je na konkrétnom
priklade ukadzany prinos vhodnych webovych technoldgii a internetovej
reklamy pre malt firmu, vdaka ktorej moéze ziskat' konkuren¢nu vyhodu.
Vtomto pripade sa jednalo o vytvorenie webovej stranky, implementaciu
internetového obchodu a realizaciu internetovych reklam pre firmu Q-System.
Jednotlivé rieSenia st v zavere zhodnotené z pohladu prinosov a dalsieho
mozného vyuzitia pre dana firmu.

Keywords: internetovy marketing, e-shop, Google Adwords, Google Analytics

1 Uvod

Internetovy marketing (e-marketing, on-line marketing) predstavuje marketing
produktov a sluzieb na internete ako sthrn aktivit zameranych na oslovenie a ziskanie
zakaznika. Hlavné vyhody internetového marketingu st nizSie naklady, vysSia
presnost’, meratelnost’ efektivity a dosiahnutych vysledkov, moznost' jednoducho
viest' kampane zamerané na vybrané lokalne trhy alebo aj na globalny trh. Medzi
hlavné nevyhody internetového marketingu patria niz$ia penetracia internetu najmé v
pripade starSej generacie, nizSia doveryhodnost’ sprav na internete, nizka dovera pri
on-line nakupovani tovarov a sluzieb.
Internet marketing vyuziva najméa nasledovné nastroje:

Optimalizacia pre vyhl'adavace (SEO — Search Engine Optimization) — suhrn
technik ktoré zabezpeCia web stranke lepSiu poziciu vo vysledkoch
vyhladavania, ¢o znamena viac navstevnikov.

E-mail marketing — slizi na posilfiovanie lojality uz existujucich
navstevnikov. Do tejto kategdrie patri posielanie newsletterov (elektronicky
spravodaj) a reklamnych emailov.

Web copywriting — pisanie textu pre web stranky sposobom, ktory je
zaujimavy pre Citatel'a a takisto obsahuje vybrané klucové slova, ktoré
zabezpecia vysoké pozicie vo vysledkoch vyhlad4dvania. Je sucastou
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optimalizécie pre vyhl'adavace.

e Platena internetova reklama — napr. banerova reklama, PPC (Pay Per Click)
kampane. PPC reklama je Specificka tym, ze inzerent neplati za zobrazenie,
ale za jednotlivé kliknutia. NajbeznejSie formy PPC kampani st reklama
vo vyhladavani, kontextova reklama a reklama cielena na umiestnenie.

2 Navrh a implementacia elektronického obchodu

Spolo¢nost  Q-System  je  konzultano—poradensko-obchodna  spolo¢nost’
so zameranim na kvalitu a metrologiu. Bola zalozena vo februari 2007 so sidlom
v Kosiciach, ale posobi v ramci celého Slovenska. Z analyzy aktualnej ¢innosti tejto
spolo¢nosti vyplynula potreba realizacia internetovej propagacie v réznych formach,
napr. vytvorenie internetového obchodu, prostrednictvom ktorého by spolo¢nost
mohla predavat’ ponikané tovary a sluzby.

Implementacnej faze predchadzal vyber vhodného rieSenia spomedzi existujucich
open source systémov na zdklade stanovenych kritérii reprezentujiicich potreby
spolo¢nosti Q-System. Kritérid hodnotenia boli rozdelené do Styroch okruhov:

e  Technické (podporovany operaény systém, databazy a pod.)

e Podpora pouzivatelov (dokumenticia, on-line demo, komunita vyvojarov
a pouzivatel'ov)

e  Podporované platobné systémy (Paypal, platobné systémy pouzivané v SR)

e  Ostatné (podpora slovenciny, podpora viacerych mien a d’alSie)

m Q - System s.r.o. s

N

renavovanych znatse

I Co je tunoveho? I
Vitaige encotn 54 A7 a18D0 8| chtets apossie
: - 01, Digildine po
02 Mikzpmater

I B55.93EUR 1,128.95EUR

=

119.83EVUR

Obr. 1 Internetovy obchod spolo¢nosti Q-System

V case analyzy bolo na trhu dostupnych sedem open source eCommerce systémov:
Eclime, Freeway, Magento Community, OpenCart, osCommerce, osCss a Zen Cart.
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Z porovnania na zaklade stanovenych kritérii vyplynulo, Ze najvhodnej$im systémom
v pripade spolocnosti Q-System bude systém osCommerce. Jeho implementacia je
jednoducha a spiiia takmer vietky stanovené kritéria. Po implementacii a konfiguracii
systému boli doplnené do databazy produkty, ktoré spolocnost’ ponuka. Analyza
prinosov a vhodnosti vytvoreného rieSenia bola realizovana prostrednictvom nastroja
Google Analytics [1], ktorého kod bol pouzity pri finalizacii aplikacie (vzhlad
uvodnej stranky, mozno vidiet’ na Obr. 1).

3 Internetovy marketing

Internetovy marketing predstavuje d’al$i krok v propagacii firmy prostrednictvom
internetu, ktory vychadza z tradi¢nej webovej stranky alebo elektronického obchodu.
V pripade firmy Q-System bol doéraz kladeny najmd na platena reklamu
vo vyhl'adavacoch pomocou Google AdWords [2], pricom nebola zanedbana ani
optimalizacia web stranok pre vyhl'adavace.

Google AdWords predstavuje celosvetovo najpouzivanejsi reklamny systém, ktory
vo viacsine krajin dominuje domacemu trhu. V ¢ase, ked’ vznikli tivahy o prvej
kampani v Google AdWords, vyhlasila spolo¢nost Google druhy roénik
medzinarodnej on-line marketingovej sutaze. Tato sutaz je urcend pre 5-6 Clenné
timy $tudentov z celého sveta. Kazdy tim dostane 2008, ktoré moze pouzit’ na on-line
kampane lokalnej spolo¢nosti, ktora eSte predtym takymto spésobom neinzerovala.
Ked’ze spoloénost’ Q-System spliiala tiito podmienku, Gispesne ziskala 200$ na svoje
reklamné kampane zasluhou Studentského timu z KKUI, FEI TU v Kosiciach
zlozeného prevazne zo Studentov bakalarskeho a inzinierskeho $tudijného programu
Hospodarska informatika.

Tabul’ka 1 Prehl'ad AdWords kampani

Zobr Miera Priem.
Kliknut = azeni | Prekliku Cena za Priem.
Kampan Rozpocet ia a (MP) kliknutie Cena | pozicia
Car industry | 33,00 US$ 911934 | 0,47% 0,05 US$ 0,43 US$ 1,9
ISO 33,00 US$ 89 8482 | 1,05% 0,05 US$ 4,23 US$ 3,6
Metrology 33,00 US$ 25 11007 |2,48% 0,10 US$ 2,51 US$ 3,5
Skolenia 1,00 € 16 799 | 2,00% 0,16 € 2,52 € 1,3
e-Shop 1,00 € 125 4116 | 3,04% 0,14 € 17,93 € 43

V ramci sutaze “Google on-line challenge® [3] Studenti pripravili a pre spolo¢nost’
spustili tri kampane: Car industry, ISO a Metrology. Prehl'ad vSetkych kampani
uvadzam v Tabulka 1. VSetky tri boli zamerané na propagaciu webovej stranky s
cielom podporit’ tzv. ,,branding®, t.j. zvySenie povedomia o firme. Tento ukazovatel’
je naro¢né odmerat’, nakol'’ko nevieme, kol’ko l'udi zaregistrovalo zmienku o znacke
(firme). Uréitym ukazovatel'om moze byt pocet zobrazenych reklam vo vyhl'adavani
aich umiestnenie. Pouzivatel' totiz nemusel kliknit' na reklamu no registruje, Ze
existuje firma, ktora pontika nim vyhladavané sluzby. Vyhodou pre firmu je fakt, ze
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neplati za zobrazenia, ale za kliknutia.

Reklamy vSetkych troch kampani sa v sledovanom obdobi zobrazili spolu 17 137
krat, pricom najuspesnejsia bola kampan ISO s takmer 73% podielom, za iou kampan
Car industry stakmer 17% podielom a nakoniec kampani Metrology s vyse 10%
podielom. Vzhl'adom na priemerni poziciu sa najviac darilo inzeratom kampane Car
industry, kde sa reklamné texty zobrazovali priemerne na 1,8-om mieste. Uspech
kampane je vSak lepSie nemerat’ poctom zobrazeni reklamy, ale poctom navstevnikov,
ktorych reklama prinesie firme (a v pripade definovanych cielov aj tym, kolko
z navstevnikov konvertuje, t.j. realizuje pontkanu transakciu na web stranke danej
firmy).

Vykonnost kampane sledujeme pomocou miery prekliku, ¢o je vlastne podiel
kliknuti na reklamu k celkovému poctu jej zobrazeni. Z pohl'adu tohto ukazovatel’a sa
ako najuspesnejsia javi kampan Metrology s 4,66% mierou prekliknutia. Zaujimavym
ukazovatelom je pocet navstevnikov, ktori vyuzili kontaktny formular. V cCase
bezania kampane formular vyuzili Styria pouzivatelia, pricom dva dopyty boli
okamzite zrealizované naslednym predajom ziadaného tovaru.

Okrem webovych stranok spolo¢nost Q-System propagovala pomocou Google
Adwords aj internetovy obchod. Boli spustené dve reklamné zostavy v ramci jednej
kampane: prva s nazvom ,,VSeobecné promo e-shopu™ a druha z nazvom ,,Posuvné
meradla”. Pocas bezania prvej reklamnej zostavy sa nepredpokladal velky pocet
zakaznikov, nakol'ko v databaze este neboli doplnené vsetky produkty, ktoré ma firma
na predaj. Taktiez kli€ové slova a reklamné texty boli zvolené vSeobecnejsie, bez
spomenutia konkrétnych produktov. Cielom bolo hlavne dat do pozornosti novy
internetovy obchod, zvysit navstevnost, ziskat’ registrovanych pouzivatel'ov a najst
pripadné chyby v systéme.

GO‘- glc posuvne meradla Hladat' | Resbiens hlscenie
Hradat: @ web O stranky pisané po slovensky O stranky zo Slovenska A
Zobrazit prispdsobenia
Web [ Zobrazit moZnosti Vysledky 1 - 10 z priblizne 43 300 pre posuvne meradla. (0,35 sekind)

Posuvne Meradla ¢ Sponzorované odkazy ~ Sponzorované odkazy

wn.pristroje.sk Za akciové ceny, okamZite k odberu! Predaj, poZi¢oviia a servis. 3.4
? i e Meracia, requlaéna tech. &

Posuvné Meradla 7 Usetrime Vadej firme az 30% z ceny!
eshop.gsystem sk/f dl digitalne, Ggové, rugickové. Kalibracny certifikat v cenel Zadaite si dopyt. Rychlo. bezplatne
www.123dopyt sk

Meradla E-shop

uni-max sk/meradla  Kupte si kvalitné a presné meradla vBetkych velkosti a typov. E-shop. HBM - meracia technika <
WMéme vEetko! Od snimaov, cez

Posuvné meradla & alektmm@ aZ po meraci software

Dielenske vybavenie. Meradla, Posuvné meradla. ... Posuvné meradlo 160, Klasicks Wi e K

posuvné meradlo dodavané v plastovej kazete. ...

www_uni-max sk/posuvne-meradla/meradla/dielenske-vwybavenis/ - V.

Kvalitné posuvky &
Vyberajte z ponuky posuviek

Obr. 2 Popredné umiestnenie vytvorenej reklamy vo vyhl'adavaci Google

Néavstevnost sa vdaka realizovane] reklame rapidne zvysila — oproti
predchadzajicemu obdobiu o 150%, pri¢om najvy$si 56% podiel na tomto ndraste
mala prave popisana forma internetovej reklamy. Z celkovych 3734 zobrazeni kliklo
na reklamu 65 pouzivatelov, ¢o je len 1,74% miera prekliknutia. Priemernad cena
za kliknutie bola 0,15 €, ¢o je 00,5 € menej, ako bola firma Q-System ochotna
za preklik zaplatit. Najvykonnej$imi klucovymi slovami, ktoré priniesli novych
pouzivatelov na stranku boli ,meter, ,vahy“, ,meracie pristroje”, ,,meradlo*
a ,,vahy*.
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Druhé reklamna zostava bola zamerand na konkrétnu kategériu produktov a to
na posuvné meradld. Toto kratke Casové obdobie bolo rozdelené na dve etapy
z dévodu technickych problémov, ked bolo najlep§im rozhodnutim kampane
pozastavit’ a po vyrieSeni problémov opit’ spustit. Na Obr. 2 je uvedeny priklad
reklamy v ramci tejto kampane.

4 Zaver

Internetova propagacia je v dnes$nej dobe nezanedbatelnou sucastou kazdodennej
¢innosti firmy, kde existuje viacero nastrojov, ktoré je mozné vyuzit' pre zvySenie
informovanosti o firme ajej produktoch. Ddlezitym faktorom je ich prinos
a navratnost’ z pohl'adu firmy. V tomto pripade je nutné si stanovit’ ciele, ktoré by
malo navrhnuté rieSenie naplnit’.

V pripade firmy Q-System bol jednym z hlavnych cielov zvySenie navstevnosti
novych zékaznikov webovej stranky o 10%. Na zéklade uskuto¢nenych experimentov
bol preukédzany az k takmer 70%-ny narast navstev a takmer 42%-ny narast v pocte
zobrazenych stranok. Naopak klesol pomer zobrazenych stranok na navstevu o viac
ako 16%. Aj napriek tomu moézeme zhodnotit, Ze ciel' bol splneny. V pripade
internetového obchodu bolo stanovené kritérium ziskania minimdlne 10 novych
zékaznikov. Tento ciel’ sa vSak nepodarilo splnit’, zrejme aj vzhl'adom na uzky profil
pontkanych produktov spolo¢nosti a aktualnu situaciu v danej oblasti na trhu (ta je
na Slovensku zatial’ nerozvinutd, uplne na zaciatku). Poslednym stanovenym cielom
bola navratnost’ investicii. Tento ukazovatel nadobudol hodnotu 4,48%, ktora
dokumentuje, ze finan¢né prostriedky, ktoré investovala firma Q-System
do vytvorenia webovych aplikacii a realizacie marketingovych kampani na internete
sa jej vratili.

Blizsie informacie o realizovanych experimentoch a implementac¢nych ulohach je
mozné najst’ v [4].

Pod’akovanie. Tato praca bola vytvorena realizaciou projektu Rozvoj Centra
informaénych a komunikaénych technolégii pre znalostné systémy (kod ITMS
projektu: 26220120030) na zéklade podpory opera¢ného programu Vyskum a vyvoj
financovaného z Europskeho fondu regionalneho rozvoja.
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Abstrakt. Solr je nastroj, ktory sluzi na indexaciu a vyhl'adavanie v rozsiahlych
datovych zdrojoch. Tento prispevok popisuje postup nasadenia tohto nastroja na
aplikaciu s konkrétnymi datami v slovenskom jazyku. V prispevku popisujeme
zakladnl inStalaciu ramca Solr, pripravu dat, indexaciu ako aj priklady
vyhl'addvania. Tiez ukazeme jednoducht implementaciu klientskej aplikacie,
ktora vyuziva Solr REST rozhranie. V zdvere zhrnieme vyhody ako aj
obmedzenia pouzitia ndstroja Solr nad datami v slovenskom jazyku.

Kluacové slova: indexovanie, vyhl'adavanie, Solr, Lucene.

1 Uvod

Ciel'om tohto prispevku je zhodnotit’ moznosti a obmedzenia nastroja Solr [1] na
indexaciu rozsiahlych datovych zdrojov. Ako spOsob testovania a vyhodnotenia
tychto moznosti sme zvolili nasadenie nastroja nad rozsiahlymi realnymi datami. Ako
datovy zdroj pre indexaciu sme zvolili data o verejnych obstaravaniach (v.0.) v SR.
Tieto data st verejne dostupné na portali verejného obstaravania [2]. Tento prispevok
v skratke popisuje inStalaciu nastroja Solr a pripravu dat na indexaciu. Jednoduchy
priklad indexacie vzorovych dat sa nachadza na stranke projektu Solr a je aj sucastou
instalaéného balika nastroja. Co na strankach Solr ale chyba je jednoduchy uceleny
postup, ako nastroj jednoducho prispdsobit’ pre vlastné data. V tomto prispevku
predkladdme kratky postup, ktory v niekolkych krokoch predstavi instalaciu,
indexovanie, upravenie schémy, ako aj samotné pouzitie nastroja Solr nad
konkrétnymi datami. Pri popise uvadzame aj postrehy, ktoré mézu byt dolezité pri
rozhodnuti pouzit’ nastroj Solr pre nasadenie a to ¢i uz z hl'adiska bezpecnosti, alebo
spracovania textu v slovenskom jazyku. Tento prispevok ma za ciel’ zaroven byt aj
navodom na nasadenie nastroja Solr nad vlastnymi datovymi zdrojmi.

2 Ziklady Solr

Solr je nastroj, ktory umoznuje indexovat’ rozsiahle datové zdroje na zaklade
striktne typovych definicii atribitov. Solr rozsiruje vlastnosti full-textového
vyhl'adavanie nastroja Lucene [3]. Prave vlastnostou indexovat’ typové atributy je
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jednou z vlastnosti, ktorou sa Solr od Lucene odliSuje. VSeobecne je mozné prehlasit,
ze kym pristup k Lucene je vacSinou treba riesit’ na implementacnej Grovni (napr.
v Jave), tak Solr poskytuje vysSiu uroven pristupu, pri ktorej sa komunikuje so cez
rozhranie webovej sluzby. Aj pri pouzivani nastroja Solr je vSak vzdy v jadre
pouzivany Lucene vyhl'adavaci nastroj. Solr primarne indexuje data vo formate XML
v nasledovnej jednoduchej Struktare:
<add>
<doc>

<field name="1d”>1557</field>
<field name="atrl”>textl</field>

<field name="atrl”>84.2</field>
</doc>
</add>

Vsetky data, ktoré chceme indexovat anasledne prehladavat, je potrebné
konvertovat’ do takejto podoby. Element <doc> obsahuje jednotlivé atributy, ktoré
popisuju objekt alebo dokument. Solr indexuje len data, ktoré su vlozené do
elementov <field>, t. j. ako atribit neindexuje ziadne iné datové zdroje ako napr.
obsah nalinkovaného externého datového suboru. Okrem primarneho formatu XML
umoznuje Solr aj indexaciu dat ulozenych vo formate CSV, alebo z databazy.
Element <add> v priklade vysSie reprezentuje prikaz, ktory ziada Solr o pridanie
(alebo nahradenie) dat do indexu. V pripade velkého mnoZzstva inStancii dokumentov
je mozné do elementu <add> vlozit’ aj viac <doc> elementov. Atribut s nazvom ,,id*
ma Specidlne postavenie, pretoze jednoznacne identifikuje zdznam v indexe. Ak
priddme novy zaznam s atribitom ,,id“ zhodnym so zadznamom v indexe, bude
existujuci zaznam prepisany. Hlavne v pripade rozsiahlych distribuovanych
implementacii Solr sa odporuca ako atribut ,,id“ vygenerovat’ algoritmom (napr.
MDS5) hash retazec, ktory zabezpeci jednoznacnost’ hodnoty. Zaznamy nie si hned’
po pridani v dotazoch viditel'né. Pre ,,zviditeInenie* zdznamov je potrebné Solr poslat’
operaciu <commit>. DalSou uZitoénou opericiou je operacia <delete>, pouzitim
ktorej je mozné cielene vymazat’ pozadovany dokument z indexu, napr. nasledovna
operacia vymaze z indexu dokument s atribiitom id = 1557:

<delete><query>id:1557</query></delete>

Na komunikaciu so Solr sa pouzivaju dve rozhrania: jedno na aktualizaciu (update
URL), sktorym sa udrZzuje index adruhy na vyberové dotazy (select URL).
V predvolenej instalécii su tieto rozhrania nasledovné:

http://localhost:8983/solr/update
http://localhost:8983/solr/select

Tieto rozhrania st dostupné pomocou Curl [4], ktoré je implementované tak pre
prikazovy riadok, ako aj vo forme kniZnic pre programovacie jazyky Ruby, PHP, Java
alebo Python. Aktualiziciu indexu je mozné uskutocnit’ zaslanim HTTP POST
poziadavky na update URL. Naopak dotaz na vyhl'adanie v indexe sa pouziva http
GET poziadavka na select URL.
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3 Nasadenie nastroja Solr

Po rozbaleni inStalacného archivu je mozné hned zacat' Solr pouzivat, ale len
sdatami dodavanymi v inStalaénom archive. Zakladna inStaldcia pozostava
z rozbalenia archivu:

$ tar zxvf apache-solr-1.4.1.tgz
$ 1ln -s apache-solr-1.4.1 solr

Jedinou poziadavkou instalacie je Java 1.5 alebo vysSia verzia. Pre svoju pracu
potrebuje Solr servlet kontainer (napr. Tomcat, Jetty). Solr je Standardne dodavany
s predinStalovanym Jetty [5] kontajnerom. Pre vytvorenie a pouzivanie Solr
s vlastnymi datami m6zeme pouzit’ Strukturu adresara examples/. Najprv je potrebné
vytvorit’ vlastny adresar pre svoj projekt, v naSom pripade napr. adresar vestnik/:

$ cd solr; mkdir vestnik; cd vestnik
Do vytvoreného adresara je potrebné nakopirovat niekol’ko adresarov, ktoré su pre
fungovanie Solr spolu s dodavanym Jetty kontajnerom dolezité:
e etc — obsahuje konfiguracné stbory predinstalovaného Jetty kontainera
jetty.xml a webdefault.xml
e logs — obsahuje zaznamy o pristupoch Jetty servera
e solr —koreflovy adresar vytvorenej Solr inStancie
e webapps — obsahuje war sibor nastroja Solr

Domovskym adresdrom pre Solr je adresar solr/, ktory ma nasledovnu Struktru:

e Dbin—obsahuje spustitené voliteI'né komponenty pre Solr;

e conf — obsahuje konfiguraciu Solr, dolezité si najmé subor solrconfig.xml,
kde je mozné nastavit’ systémovu konfiguraciu a schema.xml, ktora popisuje
atributy pouzivaného datového modelu;

e data —je adresar uréeny pre fyzické ulozenie datovych suborov a indexov.

Solr pridava do modelu Lucene datova schému, ktora vopred presne typovo definuje
a popisuje jednotlivé atributy. Atriblty sa definuju v subore schema.xml. NajvysSou
urovitou schémy je element, ktorého atribtt ,,name* definuje ndzov schémy:

<schema name="vestnik” version="1.2">
Dalej je potrebné zoznam deklaracii typu <fieldtype> v ramci elementu <types>.
Niekol’ko preddefinovanych typov je v subore uz definovanych. Napr. Takto vyzera
deklaracia typu string:

<fieldType name="string" class="solr.StrField"

sortMissingLast="true" omitNorms="true"/>
Atribat name="string” deklaruje nazov typu, class="solr.StrField* urcuje triedu typu
zo zékladného Solr balika, sortMissingLast="true* znamend, ze polozky bez hodnoty
budu triedené az po polozkach s hodnotami a omitNorms="true* zakaze normalizaciu
hodnoty azrychlenie indexacie. Pre textové typy budeme zvdcSa potrebovat’
nakonfigurovat’ analyzu obsahu — t4 sa konfiguruje jednoducho pridanim elementu
<analyzer>:
<fieldType name="text ws" class="solr.TextField"
positionIncrementGap="100">

<analyzer>
<tokenizer class="solr.WhitespaceTokenizerFactory"/>
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</analyzer>
</fieldType>

Vo vyssie uvedenom koéde sa pouziva tokenizer, ktory rozdeli slova podl'a medzier
pre hladanie identickych vyskytov slov. Pre zlozitejSiu analyzu obsahu je mozné
pouzit niekolko tokenizerov a filtrov. Je tiez mozné analyzu obsahu zvlast
nakonfigurovat’ pre indexaciu ako aj pre vyhl'adavanie.

<fieldType name="textgen" class="solr.TextField"
positionIncrementGap="100">
<analyzer type="index">
<tokenizer class="solr.WhitespaceTokenizerFactory"/>
<filter class="solr.StopFilterFactory"
ignoreCase="true" words="stopwords.txt"
enablePositionIncrements="true"/>
<filter class="solr.WordDelimiterFilterFactory"
generateWordParts="1" generateNumberParts="1"
catenateWords="1" catenateNumbers="1" catenateAll="0"
splitOnCaseChange="0"/>
<filter class="solr.LowerCaseFilterFactory"/>
</analyzer>
<analyzer type="query">
<tokenizer class="solr.WhitespaceTokenizerFactory"/>
<filter class="solr.SynonymFilterFactory"
synonyms="synonyms.txt" ignoreCase="true"
expand="true"/>
<filter class="solr.StopFilterFactory"
ignoreCase="true" words="stopwords.txt"
enablePositionIncrements="true"/>
<filter class="solr.WordDelimiterFilterFactory"
generateWordParts="1" generateNumberParts="1"
catenateWords="0" catenateNumbers="0" catenateAll="0"
splitOnCaseChange="0"/>
<filter class="solr.LowerCaseFilterFactory"/>
</analyzer>
</fieldType>

Vo vyssie uvedenom kode je definované zret'azenie roznych pristupov na spracovanie
a analyzu texu a to tak pre indexaciu (analyzer type="index*) ako aj pre vyhl'adavanie
(analyzer type=“query*). Potom ako mame nadefinované vsetky potrebné typy, je
mozné definovat’ jednotlivé polozky a ich mapovanie na definované typy. Typicka
definicia polozky je nasledovna:

<field name="id" type="string" indexed="true"stored="true"/>
a definuje polozku s nazvom ,,id“, ktora je typu ,,string”. Atribat indexed="true”
urcuje, ze dani polozku bude Solr indexovat. Obdobne atribut stored="true*

znamena, ze Solr si ulozi obsah polozky (teda nielen data vygenerované indexaciou,
ale aj samotné povodné data).

4 Aplikacia

Ako vzorovy datovy zdroj pre indexaciu sme zvolili data o verejnych
obstaravaniach (v. 0.) v SR. Data sme ziskali zinternetu z prislusného portalu
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pomocou parametrizovaného dotazovania skriptov, ktoré tieto data generuju. Kedze
data boli vo formate HTML, pretransformovali sme ich do textovej podoby pomocou
prikazu lynx a nésledne prekonvertovali do jednotného kdédovania UTF-8 pomocou
prikazu iconv. Ked’ze data o v.o. maju zdkonom Specifikované casti so zdviznym
pomenovanim, bolo pomerne jednoduché tieto data rozdelit, analyzovat’ a nasledne
vytvorit' ich XML reprezentaciu vo formate pozadovanom nastrojom Solr (vid'.
Cast’ 2). Este pred generovanim XML reprezentacie dat sme si vytvorili definiciu
poloziek:
<field name="id" type="string" indexed="true" stored="true"/>
<field name="typ" type="textgen" indexed="true" stored="true"/>
<field name="obstaravatel" type="textgen" indexed="true"
stored="true"/>
<field name="zmluva" type="textgen" indexed="true" stored="true"/>
<field name="popis" type="textgen" indexed="true" stored="true"/>
<field name="ine" type="textgen" indexed="true" stored="true"/>
<field name="ponuk" type="textgen" indexed="true" stored="true"/>
<field name="datum" type="textgen" indexed="true" stored="true"/>
<field name="suma" type="textgen" indexed="true" stored="true"/>
<field name="dodavatel" type="textgen" indexed="true"
stored="true"/>

Po vytvoreni schémy a jej ulozeni do suboru solr/schema.xml sme spustili Solr server
prikazom:

$ java -jar start.jar

Nasledne bola spustend indexacia datovych XML suborov. Pre zrychlenie
spracovavanie suborov je vhodnejSie namiesto velkého mnozstva malych suborov
s jednou <doc> instanciou, vygenerovat’ jeden vel'ky subor, do ktorého sa zapiSe viac
<doc> inStancii. Idexacia bola spustend dodavanym skriptom post.sh:

@!/bin/sh

FILES=$*
URL=http://localhost:8983/solr/update

for £ in $FILES; do
echo Posting file $f to SURL
curl S$URL --data-binary @$f \
-H 'Content-type:text/xml; charset=utf-8'
echo
done

curl $URL --data-binary '<commit/>' \
-H 'Content-type:text/xml; charset=utf-8"'
echo

Pre pripojenie sa k Solr rozhraniam z prikazového riadku je potrebny nastroj curl.
Po spusteni sa najprv vprvom cykle zindexuji subory v aktualnom adresari
anakoniec sa posle prikaz <commit/>, ktory zviditeIni indexované data pre
vyhladavanie. Pre optimalizaciu vyhladdvania v indexoch poskytuje Solr grafické
webové rozhranie (Obr. 1). V tomto rozhrani je mozné sledovat’ zretazenie filtrov pri
analyze tak indexovania ako aj vyhladdvania. Dalimi uZitoénymi &astami Solr
Admin rozhrania je analyzator dopytov, schema browser, ktory umoziuje zobrazit
podrobnu Statistiku a polozkach, s najéastejSie indexovanymi terminmi alebo
Statistika Solr.



46

= = e
Solr Admin (vestnik) a2
147.213.65.177:8983 Sol r f
cwd=mst/local'apache-solr-1.4. 1/ vestnik SolrHome=solr/
Solr [scHEMA] [CONFIG] [ANALYSIS] [SCHEMA BROWSER]

[sTamsTics] [iNFo] [DisTRIBUTION] [PIve] [LOceNe]
App server: [7AVA PROFERTIES] [THREAD DUME]
Make a Query [FULL INTERFACE]
Quer}-‘ Sh’iﬂg: dodavatel:Prievidza

iSearch’

Assistance [DOCUMENTATION] [ISSUE TRACKER] [SEND EMIAIL]

[SOLR QUERY SYNTAX]

Current Time: Mon Sep 20 16:14:00 CEST 2010

Server Start At: Mon Sep 20 16:12:19 CEST 2010

Obr. 1. Pouzivatel’ské Admin rozhranie nastroja Solr.

Zaroven je mozné pripojit’ sa k webovym sluzbdm Solr aj cez programovacie
jazyky avytvorit' tak prepojenie na webové rozhranie. Priklad Casti webového
rozhrania na vyhl'adavanie je uvedeny na Obr. 3:

Vyhl'adavanie vo Vestniku verejného obstaravania SR

obstaravatel: Mitra Hladaj

Encoded query: obstaravatel?3ANitra
Naslo sa 7 zaznamov (23 msec).

id = 9ce33fd2e2dbb092ff51728a8c1cfa99

typ: Oznamenie o vysledku | Vestnik gislo 1/2003 - 2.1.2003 00066 - VBT Rokaovacie konanie bez zverejnenia
obstaravatel: Univerzita Konstantina Filozofa, Nitra ICO: 157 716 Trieda A, Hlinku 1, 949 74 Nitra tel. &.: 037/741 14
50, fax: 037/741 14 50

zmluva: Ciastkova kipna zmluva na zaklade platnej ramcovej zmluvy na dodavku vypotftovej techniky a prislusenstva.
popis: CS 8471 49 90, 8471 30 00, 8471 60 40, 8471 70 51, 8471 41 90. Dodavka wypoétovej techniky a
prislugenstva.

ine: a) rokovacie konanie bez zverejnenia, b) nepublikovalo sa, ¢) nepublikovalo sa, d) § 52 ods. 2 pism. a) z3k. ¢.
203/1999 Z. z. v zneni zdk. £&. 357/2001 Z. z.

ponuk: Jedna ponuka.

datum: Dfa 23. 12. 2002.

suma: 5 851 080,70 Sk s DPH.

dodavatel: Microcomp - Computersystém, 5. r. 0., Kupecka 9, 949 01 Nitra.

9: Bez subdodavok.

10: Neuvadza sa.

Obr. 2. Priklad vlastného rozhrania pre vyhPadavanie s nastrojom Solr.

Volanie webovej sluzby Solr z jazyka PHP, pouzité na aplikacii z Obr. 2 vyzera
nasledovne:

Surl = "http://localhost:8983/solr/";
$q = urlencode ($_REQUEST["search string"]);
echo "Encoded query: ".S$qg."<br/>\n";
Scode =
file get contents($url."select?qg=Sq&wt=php&start=$start");
eval ("\S$result = S$code;");
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4 Zaver

Solr je vykonny a uzitocny nastroj na indexaciu vel'kého mnozstva dat. Poskytuje
rozhrania na jednoduchii indexaciu ako aj vyhladavanie dat. Uroveti a sofistikovanost’
indexov zavisi od konfiguracie filtrov a inych nastrojov pre analyzu indexovanych
dat. V pripade, Ze neexistuje pozadovany filter, je mozné ho implementovat
a jednoducho do Solr zaintegrovat (podobne ako pri Lucene). Vyhodou Solr je
moznost jednoduchej indexacie velkého mnozstva dat. V pripade potreby Solr
poskytuje elasticitu, vd’aka ktorej je mozné Solr prevadzkovat' na niekol’kych
serveroch s roztrisenymi indexmi — takato konfiguracia vsak ma urcité obmedzenia.

Nevyhodou Solr je, Ze nepodporuje indexaciu dokumentov, tabuliek a dat v inom
formate ako v XML. V pripade ak je potrebné takéto data indexovat, je najprv
potrebna ich extrakcia akonverzia do XML formatu. Vysledny XML vystup
odporacame generovat v UTF-8 kddovani. Je mozné vSak indexovat' data z SQL
databaz a CSV suborov (jednoduché subory, ktorych polozky st oddelené
bodkociarkou alebo dvojbodkou). Vo vztahu k slovenskému jazyku Solr ,trpi“
rovnakym nedostatkom filtrov, resp. lematizatorov ako Lucene. Aj ked’ v ramci
Studentského projektu [6] bol vyvinuty slovensky stemmer, ktory dosahuje ucinnost’
okolo 90%, bolo by vhodné vytvorit' slovensky lematizator pre Lucene s vySSou
uspesnostou, ¢im by sa umoznila efektivnej$ia indexacia slovenskych textov aj
s nastrojom Solr. Dalsou oblast'ou, ktort je potreba pri nasadeni nastroja Solr riesit’ je
bezpecnost’ a pristup k rozhraniam, ked’ze samotny nastroj nedisponuje Ziadnymi
pouzivatel'skymi pravami alebo inou formou zabezpecenia.

Tato praca bola podporena z nasledovnych projektov RECLER ITMS: 26240220029,
SMART ITMS: 26240120005, SMART II ITMS: 26240120029.
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Abstrakt. V prezentovanom prispevku v kratkosti predstavime prostredie na
paralelné a distribuované spracovanie dat zalozené na architektire MapReduce
(Hadoop implementacia) a distribuované skladisko Hive umoziujuce
jednoduchsiu pracu nad architektatov MapReduce (implementacia Hadoop) bez
znalosti Javy. Projekt Hadoop bol inSpirovany ¢lankom spolo¢nosti Google,
ktora predstavili v roku 2004 vnutro svojho systému na spracovavanie odkazov
na webovych strankach. Projekt Hive bol nastartovany spolo¢nostou Facebook
na spracovanie velkych objemov dat pomocou SQL jazyka.

KPucové slova: distribuované spracovanie dat, architektira MapReduce, SQL,
datové skladisko

1 Uvod

Prispevok je rozdeleny do dvoch casti, v ktorych postupne opiSeme distribuované
skladisko Hive! a predvedieme praktické ukazky prace s tymto systémom. V ¢lanku
nebudeme opisovat’ architektiru MapReduce, citatel moze ndjst’ viacej informacii
v literatare [1] a [4].

2 Distribuované skladisko dat Hive

Projekt Hive bol nastartovany spolo¢nostou Facebook? (4 prispievatelia, vSetci z
Facebooku), z dovodu spracovania velkého mnoZstva tdajov v ramci socialnej siete
Facebook. Povodny proces spracovavania dat spolo¢nostou Facebook bol podla
nasledovny [3]:

e Data boli zbierané pomocou uloh zadanych v planovaci (boli to ulohy spustané
v noénych ¢asoch) a data boli zbierané do Oracle databazy.

! http://hadoop.apache.org/hive/
2 http://www.facebook.com/
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e ETL3 ulohy boli naimplementované v Pythone.
e Vroku 2006 to bolo denne niekol'ko 10 GB, v roku 2008 uz 200GB novych dat,
5TB (komprimovanych) v roku 2009.

Scribe server tier MySQL server tier

Data collection server Oracle Database

Obr. 1. Zbieranie pouzivatel'skych dat zo socialnej siete Facebook

V nasledujicom odseku je uvedené na na ¢o vsetko sa Hive da pouzit:

spracovanie logov,

dolovanie textovych informacii,

indexovanie dokumentov,

modelovanie spravania sa pouzivatelov (tuto vec ma rad mdj priatel, mozno ju
budes mat’ aj ty) a testovanie réznych hypotéz.

2.1 Hadoop ako distribuované datové skladisko

V tejto Casti si predstavime ako sa da Hadoop pouzit’ ako distribuované skladisko pre
data zo socialnej siete Facebook. Data zo Scribe a MySQL servera st nahravané do
HDFS a pouziju sa MapReduce ulohy na spracovanie tychto dat. Co v tomto navrhu
chyba:

e jazyk, ktorym by sa dalo jednoducho tieto ulohy pisat’ (bez potreby pisat
MapReduce programy),

o editor prikazového riadku, v ktorom by sa tieto tilohy mohli pisat’,

e schémy o jednotlivych tabulkach v databazach

3 http://en.wikipedia.org/wiki/Extract, transform, load
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Hive na vSetky tieto otdzky odpoveda (architekturu projektu Hive je mozné vidiet
na nasledujucom obrazku).

JOBC/ Web
‘ ol ‘ ‘ODBC‘ ‘ al
f b
Thrift
Server -
@ Metastore
Driver
(Compiler,
QOptimizer,
Executor
uer HIVE

Obr. 2. Architektira systému Hive

Poskytuje vlastny editor prikazového riadku (tzv. hive>), ktory je podobny
MySQL editoru, d’alej poskytuje jazyk, ktorym je mozné pisat’ dopyty (zarovei je tu
podpora aj pre JDBC klientov), ulozenie metadat o databazach a tabulkach.
Najvacsou vyhodou projektu Hive je moznost pisat’ SQL dopyty, pricom Hive prelozi
tieto dopyty do Map a Redcue uloh (st pouzité orientované acyklické grafy s velmi
jednoduchou optimalizaciou). Fyzicky je datové skladisko ulozené v HDFS
v jednoduchych (plain) siboroch oddelenych $pecialnym znakom alebo v $pecialnych
sekvenénych suboroch* v adresari: ,/home/hive/warehouse® a jednotlivé tabul’ky su
ulozené v podadresaroch. Takisto je mozné pouzit vlastné formaty, priCom treba
naimplementovat’ serializér a deserializér pre dany format.

3 Ukazka prace so systétmom Hive

V ukézke distribuovaného skladu dat pouzijeme diela zo  stranky
http://zlatyfond.sme.sk, pricom sme pouzili 2 diela od Pavla Orszagha-Hviezdoslava:
Hajnikova Zena® a Ezo Vlkolinsky® (museli byt pouzité pdf verzie, pretoze textové
obsahujii mnozstvo chyb a preklepov).

4 http://hadoop.apache.org/common/docs/current/api/org/apache/hadoop/io/SequenceFile.html
3 http://zlatyfond.sme.sk/dielo/18/Hviezdoslav_Hajnikova-zena/1
6 http://zlatyfond.sme.sk/dielo/146/Orszagh-Hviezdoslav_Ezo-Vlkolinsky/1
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V nasledujucich krokoch si predstavime, ¢o mdzeme s tymito dvomi dielami,

s Hadoop-om a datovym skladom Hive urobit. Budeme pouzivat MapReduce klaster
s implementaciou Hadoop instalovanou na UISAV. V Case pisania ¢lanku sme mali
k dispozicii 7 pracovnych uzlov (slaves) a 1 riadiaci server (master).

Predspracovanie dat ako napr.: konverzia pdf do textovej podoby, vyhodenie
diakritiky a konverzia velkych znakov na malé.
Nahratie dat do HDFS.

Shadoop fs -copyFromLocal ezo.txt /user/hadoop/ezo.txt

Shadoop fs -copyFromLocal zena.txt user/hadoop/zena.txt

Spocitanie slov (neberieme do tvahy slovencinu, teda ziaden stemmer ani
lematizator) v jednotlivych dielach.

Shadoop jar hadoop-0.19.l-examples.jar grep ezo.txt ezo freqg '\wt'

Shadoop jar hadoop-0.19.l-examples.jar grep zena.txt zena freqg '\wt'
Zmazeme logy, ktoré boli vytvorené Hadoop-om.

Shadoop fs -rmr ezo freq/ logs

Shadoop fs -rmr zena freq/ logs

Prejdeme do editora prikazového riadku systému Hive a vytvorime tabulky zena
aezo do ktorych presunieme (rLoaD DATA INPATH) data predspracované
Hadoopom. Ak by sme chceli povodné data ponechat v HDFS tak pouzijeme
prikaz: LoAaD DATA LocaL INPATH. Toto nacitanie dat do tabulky je velmi rychle
(0,118 sekundy v nasom pripade) pretoze, sa jedna len o presunutie dat v ramci
HDFS. V pripade ze, st data ulozené v relacnej databaze, mézeme pouzit’ d’alsi
z podprojektov  projektu Hadoop Sqoop’ (pévodne vyvijany spolocnostou
Cloudera®) na prevedenie relaénych dat do HDFS.

Shive

hive> CREATE TABLE zena (freq INT, word STRING) ROW FORMAT DELIMITED
FIELDS TERMINATED BY '\t' STORED AS TEXTFILE;

hive> CREATE TABLE ezo (freq INT, word STRING) ROW FORMAT DELIMITED
FIELDS TERMINATED BY '\t' STORED AS TEXTFILE;

hive> LOAD DATA INPATH "zena freq" INTO TABLE zena;

hive> LOAD DATA INPATH "ezo_ freq" INTO TABLE ezo;

Test, ze data boli v poriadku nacitané a takisto ukédzka SQL dopytu v prostredi
Hive. Tento SQL dopyt je rozdeleny na dve MapReduce tlohy, ktorych vykonanie
trva na klastri 44,633 sekundy.

hive> SELECT * FROM ezo SORT BY freq DESC LIMIT 10;

7 http://www.cloudera.com/downloads/sqoop/
8 http://www.cloudera.com/
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VSetky znaky malé | Aj velké znaky
Slovo Pocet Slovo Pocet
sa 656 sa 656
a 598 a 440
i 427 v 362
v 375 i 352
na 322 na 303
co 271 si 242
to 254 co 232
si 245 to 214
len 201 s 182
tak 195 len 172

o NajcastejSie sa vyskytujuce frekvencie slov v diele Hajnikova zena. Tento dopyt je

takisto rozdeleny na 2 tlohy a jeho vykonanie trva 45,718 sekundy.

hive> SELECT freq, COUNT (1) AS f2 FROM zena GROUP BY freq SORT BY f2

DESC;

VSetky znaky malé Aj velké znaky
Pocet Pocet Pocet Pocet
slov vyskytov slov | vyskytov
8727 1 9153 1
1805 2 1854 2

691 3 704 3
326 4 355 4
190 5 191 5
137 6 137 6
83 7 94 7
75 8 66 8
38 11 38 11
38 9 37 9
38 10 36 10

Orientovany acyklicky graf vykonavania ,,SQL*“ dopytu ziskame nasledovnym
prikazom

hive> EXPLAIN SELECT freg, COUNT (1) AS f2 FROM zena GROUP BY freg
SORT BY f2 DESC;

Dalsou vecou, ktorti Hive dokéaze je d’alsi ,,SQL* prikaz JOIN. Najprv vytvorime
spolo¢ntl tabulku a nasledne obidve spojime do jednej (samozrejme slova musia
byt rovnaké). Toto spojenie je jedna MapReduce tiloha, ktora trva 22,451 sekund.

hive> CREATE TABLE spojena (word STRING, ezo f INT, zena f INT);
hive> INSERT OVERWRITE TABLE spojena SELECT e.word, e.freq, z.freq
FROM ezo e JOIN zena z ON (e.word = z.word);

Posledna vec bude zistenie, ktoré slovo sa najCastejSie vyskytuje v obidvoch
dielach spolu, pricom vypiSeme aj jednotlivé frekvencie. Tento dopyt je takisto
rozdeleny na 2 lohy a jeho vykonanie trva 44,697 sekundy.
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hive> SELECT word, ezo_ f, zena f, (ezo f + zena f) AS s FROM spojena
SORT BY s DESC LIMIT 10;

VSetky znaky malé Aj velké znaky
Pocet Pocet Pocet Pocet Pocet Pocet
Slovo slov slov slov Slovo slov slov slov
Eio Zena spolu EZo Zena spolu
sa 656 970 1626 sa 656 970 1626
a 598 865 1463 a 440 742 1182
375 809 1184 v 362 786 1148
i 427 521 948 na 303 499 802
na 322 535 857 i 352 420 772
co 271 347 618 co 232 281 513
jak 118 432 550 Jjak 113 381 494
to 254 248 502 to 214 214 428
len 201 242 443 si 242 166 408
tak 195 238 434 4 158 249 407
4 Zaver

V prispevku sme predstavili datové skladisko postavené nad architekturou
MapReduce a ukazali ako sa relativne jednoducho a distribuovane da s datami v nich
ulozenymi pracovat. Okrem systému Hive existuju aj iné, ktoré poskytuju rovnaki
alebo podobnu funkcionalitu ako st napr.: Pig® (podprojekt projektu Hadoop vyvijany
hlavne spolo¢nostou Yahoo!'?), Sawzall'! od spolo¢nosti Google, JAQL!? od
spolo¢nosti IBM, Scope!® od spolo¢nosti Microsoft a YAML MapReduce od firmy
Greenplum',

Pod’akovanie: Tato praca je podporovana projektmi: RECLER ITMS: 26240220029,
SMART ITMS: 26240120005, SMART II ITMS: 26240120029.

[1] Dean, J., Ghemawat, S.: MapReduce: Simplified DataProcessing on Large Clusters,
http://1abs.google.com/papers/mapreduce.html (Pristup Sept. 2010)

[2] Ghemawat, S., Gobioff., H., Leung, S-T.. The Google File System
http://labs.google.com/papers/gfs.html (Pristup Sept. 2010)

[3] http://www.cloudera.com/wp-content/uploads/2010/01/6-IntroToHive.pdf (Pristup Sept.
2010)

[4] Seleng, M., Laclavik, M., Hluchy, L.: Pouzitiec MapReduce architektiry na spracovanie
velkych informaénych zdrojov. In WIKT 2008: 3rd Workshop on Intelligent and
Knowledge Oriented Technologies. Editor Pavol Névrat, Valentino Vrani¢. - Bratislava :
Nakladatel'stvo STU Bratislava, 2009, p. 27-34. ISBN 978-80-227-3027-3

% http://hadoop.apache.org/pig/

19 http://research.yahoo.com/node/90

1 http://research.google.com/archive/sawzall.html

12 http://www.almaden.ibm.com/cs/projects/jaql/

13 http://www.cs.uwaterloo.ca/~kmsalem/courses/CS848 W 10/presentations/Aluc-Scope.pdf
14 http://www.greenplum.com/technology/



Automatizované vytvaranie pouZzivatel’skych
formularov

Emil Gatial, Zoltan Balogh

Ustav informatiky, Slovenska akadémia vied,
Dubravska cesta 9, 845 07 Bratislava, Slovensko
{Emil.Gatial, Zoltan.Balogh} @savba.sk

Abstrakt. Vyvoj aplikdcie si mnohokrat vyzaduje pouzitie mnozstva kniznic,
nastrojov a Standardov, ktoré vkone¢nom dosledku formuju spravanie
aplikacie. Kazdd zaplikdcii vSak musi mat rozhranie pre komunikéciu
s externymi nastrojmi alebo pouzivatelom pre zaddvanie vstupnych dat
a ukladanie alebo zobrazovanie vystupnych dat. V skorych fazach
implementacie aplikacii sa ich autori vdcSinou zameriavaju na funkcnost
a stabilitu kodu ako na formu zadavania udajov, a preto mnozstvo aplikacii
pouziva prikazovy riadok na komunikaciu s aplikaciou. Tento prispevok ma
ciel’ naznadit’ ako by autori aplikacii mohli jednoduchym spésobom vytvarat
pouzivatel'ské  rozhrania pomocou XForms S§tandardu.  Vytvaranie
pouzivatel'skych rozhrani tymto sposobom si vyzaduje pouzitie XML Standardu
pre vstupno-vystupné data, ¢o moze byt limitujuce pre niektoré aplikacné
domény. V ivode tohto prispevku je nacrtnutd myslienka automatizovaného
vytvarania pouZivatelskych rozhrani. DalSia kapitola obsahuje prehlad
technologii tykajicich sa XForms S$tandardu. V predposlednej kapitole je
opisany spdsob automatizovaného vytvarania formularov a v zavere su zhrnuté
skusenosti ziskané pocas navrhu automatizacie vytvarania formularov.

KPucové slova: generovanie XML, XML Schema, XForms.

1 Uvod

Zakladnd myslienka vytvarania grafickych rozhrani v podobe formuldrov pre
komunikaciu s pouzivatel'om vychadza s pouzitia XML formatu pre vymenu tidajov,
¢i uz pre vstupno-vystupné operacie ale aj pre vnutornu reprezentaciu dat vo vyvijanej
aplikacii. Délezitou prednostou XML formatu je jeho Strukturovana podoba dat, ktora
naznacuje vlastnosti modelu dat ateda umoziiuje automaticky vygenerovat XML
schému. Aj ked sa zda, ze tento krok je len jednoduchym vygenerovanim formy,
automatizované generatory XML schémy v skuto¢nosti vedia vygenerovat’ struktiuru
XML dat a Giastoéne aj typové obmedzenie. Dalsie vlastnosti je nutné manuélne
editovat’ az po vygenerovani schémy. Najrozsirenej$imi formalnymi zapismi XML
schém sa stali XML Schema (XSD) [2], Document Type Definition (DTD) [3]
a RELAX NG [4]. Tieto schémy obsahuju popis typu XML dokumentu pomocou
obmedzeni na Struktiru a obsah dokumentov, ktoré si vyuzité pre automatizované
vytvorenie vizudlnych komponentov aich datovych obmedzeni. Kedze XForms
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Standard definuje rozhranie zalozené na HTTP protokole, je nutné aby vystupy
z formuléra boli validované a spracované pomocou servlet aplikdcie beziacej na
strane servera. Aj ked validaciu tdajov vyplnenych do formuléra je mozné realizovat’
priamo prostrednictvom Javascript jazyka vo webovom prehliadaci, duplicitna
validacia na strane servera je nutnad kvoli riziku zmanipulovania dat [S] prijimanych
servletom. Pokial’ aplikacia komunikujuca prostrednictvom XFroms formularov vie
prijimat’ data v XML formate, implementacia servletovej metddy sa obmedzi len na
validovanie prijatych tdajov. Exituje niekol’ko nastrojov ako automaticky generovat’
formuldre XForms z XML schémy. Zial' technika automatizovaného vytvarania
XForms formularov este nie je komplexne prepracovanad, a preto sa neda ocakavat, ze
vysledky budu spihat’ vietky poziadavky vyvojarov. Avsak pri vytvarani velkého
mnozstva komunikac¢nych rozhrani v XForms Standarde tato technika prinasa vyhody
v podobe rychlejSieho navrhu formularov a obmedzeniu chyb vznikajucich pri ich
manualnom vytvarani.

2 Prehlad technologie XForms

XForms je S$pecifikdicia XML formatu pre model spracovania XML dat ana
vytvaranie pouzivatel'ského rozhrania. XForms poskytuje platformovo nezavisly
spdsob vytvarania formularov. Tato Specifikacia oddeluje datovy model (definovany
v XML formate) od modelu prezentacie dat (najéastejSie v XHTML formate).

Priklad datového modelu, ktory definuje data pre inStanciu XML dokumentu vo vnutri parovej
znacky <instance>.

<model>
<instance>
<crisis>
<type/>
<level/>
</crisis>
</instance>
<submission id="forml" action=“crisis" method="get"/>
</model>

Priklad modelu prezentacie dat.

<input ref=“type">

<label>Crisis Type</label>

</input>

<input ref="level">
<label>Warnning Level</label>

</input>

<submit submission="forml">
<label>Submit New Crisis</label>

</submit>

Vysledny XForms dokument v XML formate je vytvoreny spojenim datového modelu
a modelu prezentacie dat vo vnutri parovej znacky <xforms>. XForms dokument je
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mozné zahrnut’ do XHTML formatu [6]. V sucasnej dobe neexistuje nativna podpora
XForms $tandardu v ziadnom webovom prehliadaci, avSak existuje viacero spdsobov
zobrazenia XForms formuldrov ¢i uz prostrednictvom zasuvnych modulov alebo
Javascript aplikécii pre webové prehliadace, Specialny softvér pre zobrazenie XForms
alebo transformovanie XForms do iného formatu podporujuceho beznymi webovymi
prehliada¢mi. Pre zobrazovanie XForms vo webovych prehliadacoch sa najcastejsie
pouziva Firefox Plugin alebo Ubiquity XForms (AJAX kniznica) a pre transformaciu
XForms na strane servera XSLT Forms, Oberon Forms alebo BetterForms.
Detailnejsi prehl'ad a porovnanie softwérovych platforiem umoziujicich zobrazenie
XForms sa nachadza v ¢lanku [7]. Po vyplneni formulara s data odoslané vo formate
XML na spracovanie servletovej aplikacii.

3  Automatizované vytvaranie XForms formulirov

Ocakavany prinos automatizovaného vytvdrania formuldrov je urychlenie vyvoja
jednoduchych webovych rozhrani zalozenych na XML dokumentoch. Jednoduchy
priklad vygenerovania XForms formulara je nacrtnuty na obrazku Fig. 1. Postup pri
vytvarani XForms formularov mozno zhrnit’ do nasledujucich 3 krokov:

1. Vytvorenie XML schém pre vystupné XML data. Existuje viacero generatorov,
ktoré mozno pouzit’ pre vytvorenie XML schém. NajcastejSic pouzivanymi s
trang [8], XMLbeans [9], oxygenxml [10] a stylus studio [11]. V tomto kroku by
mal vyvojar skontrolovat’ a upravit’ vysledni XML schému, tak aby vyhovovala
potrebam aplikacie (obmedzenia na typy a pripustné hodnoty).

2. Transformacia XML schémy na XForms format. Pre transformaciu v tomto kroku
neexituje vela vhodnych nastrojov. Jednym z vhodnych nastrojov na generovanie
a editovanie XForms formularov je Visual XForms Designer [12], ktory sa
instaluje ako zasuvny modul do vyvojového nastroja Eclipse. DalSou alternativou
je pouzit modul xml-schema-to-xforms vyvijany vramci projektu XRX [13].
Tento umoznuje vytvorenie XForms z XML Schémy pomocou XQuery skriptu. Aj
ked jeho vyhodou je uplne automatické vygenerovanie formulara, vyvojar by mal
skontrolovat’ vysledni podobu formulara a urobit’ pripadné korekcie.

3. Implementacia servletovej aplikacie, ktora je zodpovedna za zobrazovanie
formularov a spracovanie vysledkov. Pokial’ aplikacia vie prijimat’ tie isté typy
XML dat ako produkuje na vystupe, tak implementacia servlet aplikacie pozostava
len z validacie prijatych XML dat podl'a XML schémy vygenerovanej v bode 1.

Pri skimani moZnosti automatizovat tvorbu XForms formuldrov boli vybraté
dostupné volne Siritelné technologie. Pri pokuse automatizovat' Cinnosti bolo
identifikované, ze nie vSetky kroky sa daju splnit’ bez zésahu vyvojara. Ide najma
o overenie vygenerovanej XML schémy, ktord je pouzitd v kroku 3 a vytvorenie
prezentacnej vrstvy v kroku 2. Pouzitie nastroja Visual XForms Designer je
vhodny pre vytvaranie formularov pre aplikacie, ktoré maju nemennu Struktiru
datového modelu. Avsak aplikacie vyzadujice dynamicku zmenu Struktury datového
modelu by mali pouzit’ plne automatické vytvaranie formularov pomocou XRX.
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Input (PersonPrefixName)
<ContactDocument>
<Person

<PersonPrefixNane>String</PersonPrefixNane> nput (PersonGivenhiame)
<PersonGivenName>5tring</PersonGivenName> [[E] PersonPrefixName : string
<PersoniiddleN; String</Per i 0-1
¢ ! < Input (PersonhiiddieName)
<PersonFamilyNane>String</PersonFanilyName> [(E] PersonGivenName : string
<PersenSuffixNane>String</PersonSuffixNane> 0.1
Per ode>String</Per ode> p g . Input (PersonFamilyName:
<PersonBirthDate=1967-08-13< /PersonBirthDates> 5.1 [E] personMiddieName : string it hiame)
</Person> — y
</Contac tDocument> [E] person *ff —g.q: [[E] PersonfamilyName : string Input (PersonSuffixName)

01 [ E | PersonSuffixName : string
- Input (PersanGenderCode)

51! [E]] PersonGenderCode : string r—
0.1 [[E] PersonBirthDate : date Input (PersonBirthDate )
; L
XML XML Schema  —> XForms

Fig. 1. Priklad transformacie XML stboru na popis XML Schema a nasledné vytvorenie
XForms formuléra s pouzitim Visual XForms Designer.

4 Zaver

Aj ked existuje mnozstvo ndstrojov ametdod pre komunikdciu s pouzivatel'om
prostrednictvom webu, pri pokuse automaticky generovat’ pouzivatel'ské rozhrania
zalozené na transformacii XML, XML schémy a XForms formularov boli
identifikované nedostatky hlavne pri generovani vysledného formulara. Dostupna
metdda vytvarania formuldra pomocou nastroja Visual XForms Designer je omnoho
zdihavejsia ako pri automatickom generovani formulara pomocou XQuery skriptu,
avsak dava omnoho lepSie vysledky. Drobnym nedostatkom je aj to, Ze spominané
nastroje nevytvaraju validacny kod na strane klienta. Pre vytvaranie prototypovych
aplikacii je vhodné pouzit Visual XForms Designer zddvodu jednoduchsej
inicializécie a plnej vizualnej kontroly vyvojara.

Pod’akovanie. Tato praca bola podporena z nasledovnych projektov RECLER ITMS:
26240220029, SMART ITMS: 26240120005, SMART II ITMS: 26240120029.
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Abstract. V tomto prispevku popisujeme spdsob modelovania malej komunitnej
socidlnej siete z historickych dat a jej analyzu s cielom identifikacie vyznamnych
aktérov v sieti. V uvode ¢lanku struéne predstavujeme definiciu socialnej siete,
neskor popisujeme pouzité data a sposob, akym bola socidlna siet modelovana.
V zavere sa venujeme analyze siete, vyhodnoteniu vysledkov experimentov a
nacrtu d’alSieho smerovania vyskumu.

1 Uvod

V poslednej dobe sa pojem socidlna siet stdva vyznamnym fenoménom najméa
v oblasti webovych aplikacii. Vyvoj a analyza tychto sieti nabera na otackach k ¢omu
prispieva prave neustaly rozmach webovych aplikacii a intenzity ich vyuZzivania. Takto
vznikd azda nevycCerpatelny prisun novych — sietovych dat. Boli zalozené obrovské
socialne siete obsahujtice niekol’ko milionov aktérov, ale aj stredné a malé komunitné
siete zameriavajlice sa na Specifickt oblast’ [1]. Prave priklad komunitnej siete [2] bol
inSpiraciou pre zameranie vyskumu na tento typ sieti aich analyzu v ramci
doktorandského studia prvého z autorov tohto ¢lanku.

Na otdzku, ¢o vlastne socidlna siet je, existuje niekolko odpovedi. Jednou
z tradiénych™ odpovedi je definicia, ktora hovori, Ze socidlna siet' je mnozina uzlov
(alebo clenov siete), ktoré su vzajomne prepojene jednym alebo viacerymi typmi
vztahov [3]. Pritom plati Ze oboje, uzly aj hrany, maju atribaty (tzv. kompozicné data)
a objekty mézu byt zaradené do tried. Vzt'ahy medzi aktérmi (tzv. Strukturdlne data)
mozu byt orientované a nemusia byt vyluéne bindrne. Strukturalne a kompozi¢né data
tak spolo¢ne vytvaraju sietové data, o ktorych reprezentacii pojednavame v [1] a [4].

2 Modelovanie siete a jej analyza

V mnohych socidlnych sietach aj napriek moznosti ich reprezentacie
orientovanymi vazenymi grafmi je pouzita reprezentacia iba pomocou jednoduchych
binarnych grafov. To je Castokrat nepostacujlice, hlavne v problematike modelovania
vizieb v redlnych sietach, ktorou sa zaoberame v nasom pripade. Pre tento ucel je vSak
potrebné najprv popisat’ pouzité data.

2.1 Popis dat socialnej siete

Data boli ziskané v spolupraci s organizaciou venujucou sa praci s mladezou. Ta
organizuje vychovno—vzdeldvacie podujatia [2], na ktorych aktéri vytvaraji vzédjomné
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vizby, vid’. Obr. 1. Z celkového poctu aktérov je vécsia Cast’ (v priemere 66% - body
nalavo od deliacej Ciary) zaradend do skupin (8-12 €lennych, Obr. 1 — vyznacenie 1),
kde vykonavaju aktivity, atak vytvaraji vzajomné vizby. Skupiny st vzajomne
izolované s tym, ze jediné prepojene medzi nimi existuje prostrednictvom lidra(ov),
ktori sa zacastituju spolo¢nych stretnuti, Skoleni ¢i porad (Obr. 1 — vyznacenie 2).

Zvysna Cast’ aktérov (cca 34%) sa na baze dobrovolnosti podiela na organizécii
jednotlivych akcii, kde opédt” v mensich skupinach — pracovnych timoch (s réznym
poétom c¢lenov) vytvaraju aktéri vzajomné vazby (Obr. 1 — vyznacenie 3). Tu sa opat’
lidri pracovnych timov zucastiiuju spoloc¢nych stretnuti (podobne ako lidri skupin)
s tym, ze vo vacSine pripadov tieto stretnutia vedu samotni organizatori stretnuti resp.
stali ¢lenovia spominanej organizacie (Obr. 1 — vyznacenie 4).

KedZze ide o pravidelne sa opakujice podujatia, tak aj Cast’ aktérov jednotlivych
podujati sa opakuje; bolo napr. zistené, ze zo sledovanych 7 akcii sa priblizne 16%
aktérov zucastnilo aspoil 2x a cca 6% aktérov aspon 4x, pricom na kazdom podujati je
v priemere 47% novych aktérov'. S tymto suvisi aj fakt, Ze lidri skupin resp. lidri timov
su najcastejSie opakujucimi sa aktérmi s vel'mi silnymi vzajomnymi vézbami, ktori
tvoria ,,jadro* sledovane;j siete.

Obr. 1 Vizualizacia socialnej siete jedného podujatia

2.2 Modelovanie vzajomnych viizieb

Prvé pokusy o modelovanie vysSie uvedenych vztahov boli zalozené na pouziti
binarnych neorientovanych vzt'ahov. Po namodelovani vSetkych vizieb za sledované
podujatia (celkovo bolo sledovanych 7 podujati) sme ziskali vel'mi husto prepojent
siet’. Uzly v nej mali k sebe vel'mi blizko, ¢o sa pripodobniovalo vlastnosti nahodnych
grafov a ¢o nam aj potvrdila analyza distribucie stupriov vrcholov. Ta predstavovala
funkciu podobnt tej, akil maju ndhodné grafy [5].

Dalsie modelovanie sme preto zaloZili na vazenych vizbach s tym, Ze pre rozsah
hodndt vah sme uvazovali interval <0,1>, kde 1 prestavuje najsilnejSiu vézbu. Pri

! Tu je potrebné poznamenat, Ze tieto udaje su zavislé na poéte sledovanych akcii a asom
percentudlny podiel novych aktérov klesa a ich opakovanost’ rastie.
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vytvoreni vizby medzi dvomi aktérmi sme stanovili hodnotu jej vahy na 0.5. Kazda
d’alSia aktualizacia véhy predstavovala zvysenie/znizenie jej hodnoty podla toho, Ci
vybrani dvaja aktéri vytvorili/nevytvorili spolo¢nt vézbu na nasledujicom podujati.
Pre aktualizaciu vah sme zvolili funkcie, ktoré zarucili pri opdtovnom vytvoreni
/mevytvoreni vézby Coraz prudsi rast/klesanie véhy, vid’. Tabulka 1.

TabuPka 1. Funkcie aktualizicie vah vizieb medzi aktérmi

Aktudlna hodnota vahy: >=0.5 <0.5
ucast’ W =W, +W, (1 - wt) W =W+ 0.5(1 - wt)
neicast Wi =W, =W, (1 - Wt) Wi =W, — O'SWt

2.3 Analyza modelovanej siete

Analyzou modelovanej siete sme sa pokusali o odseparovanie takych aktérov siete,
ktori v redlnych tlohach predstavuju najvyznamnejSie osoby v organizécii podujati
a v spolupraci s inymi ¢lenmi.

Pri vizualizacii modelovanej siete s vazenymi vdzbami sme narazili na podobny
problém ako pri pouziti binarnych vézieb — siet’ bola opit velmi husta bez
akychkol'vek viditelnych Struktir. Preto sme stanovili minimalnu silu vizby medzi
dvoma aktérmi na hodnotu 0.6, atak uvazovali len hrany, ktoré spliali stanovenu
podmienku. Vizualizaciou siete (Obr. 2a) sme ziskali diagram, v ktorom boli jasne
vidite'né Struktary predstavujuce najsudrznejSie pracovné timy (na Obr. 2a oznacené
¢islom 1) ataktiez sa dali pozorovat vyznamné uzly (na Obr. 2a oznacené Cislom 2)
predstavujtice dolezitych aktérov.

Dalsia analyza, identifikicia ,najddlezitejsich” aktérov sieti pomocou mier
centralnosti uzlov, potvrdila vysledky vizudlnej analyzy. Na zaklade miery
medzilahlosti uzlov? bolo najdenych 10 aktérov s najvys$sou hodnotou. Ich porovnanim
s aktérmi, ktorych oznacila organizacia ako dolezitych, sme zistili, Ze 6 aktérov bolo
identifikovanych spravne, jeden aktér bol pre organizaciu znamy, ale nepovazovali ho
za vyznamného a zvy$ni traja aktéri boli pomerne neznami.

VysSie uvedend analyza priniesla pomerne dobré vysledky s tym, Ze okrem spravne
identifikovanych aktérov boli identifikovani aj pomerne neznami aktéri, o ktorych sa
nepredpokladalo, Ze by tvorili vyznamni ulohu v sieti. Nemozno vSak o nich
s urCitostou povedat, ze ich identifikdcia bola nespravna. Je mozné, Zze sa jedna
o takych aktérov, ktori neboli odhaleni samotnou organizaciou ale pre jej d’alSie
posobenie mézu zohravat’ doleziti ulohu.

4 Zaver

Modelovanie a analyza socidlnych sieti predstavuju v oblasti objavovania novych
znalosti d’al§i smer v skimani v ramci tejto discipliny. Ako bolo ukédzané, spravnym

2V angl. Betweeness Centrality; miera uréujiica ddleZitost’ uzla leZiaceho na ceste medzi dvoma
uzlami pri ich vzajomnom pdsobeni.



63

pristupom je mozné modelovat vzajomné vztahy aktérov aich analyzou odhalit’
pripadne lepSie pochopit’ niektoré zakonitosti vo vztahoch medzi nimi. V naSom
pripade bol postacujuci model siete svazenymi vézbami, no v mnohych inych
oblastiach tento model uz nemusi tak vyhovovat abude potrebne siahnut
po komplikovanejsich modeloch uvazujucich napr. orientaciu a typ vézby, paralelnost’
vézieb, pripadne existenciu vizieb len s ur¢itou pravdepodobnostou.

Podobnym smerom v analyze socialnych sieti je detekcia malych komunit (skupin)
aktérov, ktorych vzajomné prepojenie je vyraznejSie ako prepojenie na ostatnych
aktérov. Ide teda o urcenie vacsich a kompaktnych celkov v sieti [7].

Tento prispevok vznikol s podporou VEGA grantu MS SR &. 1/0042/10 ,, Metody
identifikdcie, anotovania, vyhladdvania, spristupfiovania a kompozicie sluzieb
s vyuzitim sémantickych metadat pre podporu vybranych typov procesov™ (50%)
a realizaciou projektu Rozvoj Centra informacnych a komunikacnych technoldgii pre
znalostné systémy (ITMS kod: 26220120030) (50%).
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Obr. 2 a) Diagram modelovanej siete po odstraneni hran s hodnotou mensou ako 0.6.
b) Diagram modelovane;j siete po odstraneni 10 uzlov s najvyssou hodnotou
medzil'ahlosti zo siete na obrazku a.
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Abstract. Email archives typically contain high volumes of data in semi-
structured form, and applications able to transform it to knowledge could
provide significant benefits to both individuals and corporations. This article
reports our work in progress, which builds on and further extends our light-
weight pattern- and gazetteer-based approach to email information extraction
and analysis. We describe and evaluate the effects of several graph
transformations on the spreading activation algorithm, the core of semantic
search in our prototype application.

Keywords: email, semantic search, spreading activation, graph transformation.

1 Spreading Activation in Semantic Search

In [1] and [2] we reported our experiments in reconstructing email social networks,
using an approach inspired by that of IBM Galaxy [3] in the Nepomuk® project. Our
primary goal was to identify the various kinds of objects present in the emails, and
their relationships, so as to infer subsequent process steps and offer semi-automatic
support for their execution. This is particularly relevant for small enterprises, which
often conduct their business fully or partly over email. Typical examples include
sending and receiving orders, invoices, shipped goods notifications, etc.

Our experiment on a set of 50 Spanish emails demonstrated the theoretical
precision of about 85% for our prototype based on spreading activation. The test task
consisted in assigning attributes (phone numbers) to primary entities (people), and the
evaluation methodology was derived from the TREC 2006 Enterprise Track
evaluation in [4]. In order to evaluate the prototype, we filtered out the errors
introduced by the preceding information extraction stage (IE). Since we considered
the prototype an “early” version, we took the phone as correctly assigned when its
owner came first or second in the ranked list of “potential owners” supplied by
spreading activation. We felt there would be ways to improve the ranking later, and
we envisaged graph transformations as the primary candidate for the job. In this
article we explore the graph transformations applied to the whole email graph
supplied by the Information Extractor, using the same evaluation approach as in [1].

In [5], spreading activation in a network is described as a sequence of iterations,
each consisting of a pulse generation and its spread over the network, that activates
potentially relevant nodes. There are various spreading activation models, as well as
different pulse computation techniques. We have developed a simple breadth-first

2 http://nepomuk.semanticdesktop.org/
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variant, which is applied to the multidimensional social network graph supplied by the
Information Extractor (IE), as illustrated in Fig. 1.
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Figure 1. Spreading activation in the extracted graph. It starts at one attribute instance
(phone number) indicated by the red arrow (center left) and flows towards primary entities
(personal names or email IDs) by a variety of ways. Since the activation gets attenuated each
time it passes through an edge, the shortest path will carry over the greatest increment. But the
longer paths are sometimes so numerous that their cumulative contribution ultimately prevails

A more detailed description of the algorithm is given in [1]. The underlying
assumption is that the attribute instances tend to cluster near their primary entities, so
we can determine their “owners” by light-weight approximate methods (such as
spreading activation) without resorting to natural language processing or other Al
techniques that require a lot of effort to set up and train.

2 Experiments with Graph Transformations

The scope of graph transformations is practically unlimited. We started with two
candidates that emerged during the implementation of our prototype. For instance, IE
identifies a lot of objects that might be irrelevant for our task. In the case of assigning
phone numbers to people, the presence of objects like times, dates, etc. in the graph is
hardly helpful. They might act as a “semantic noise,” diluting and diverting the
spreading activation in unprofitable ways. If we removed the irrelevant nodes from
the graph, we thought, the algorithm would finish sooner, and with superior results.

The second candidate emerged from our preliminary analysis of pairing errors,
which seemed to afflict chiefly the infrequent attribute values. This comes as no
surprise since the spreading activation is of statistical (or approximate) nature; that is
at least the way we are using it: the more often a given attribute value occurs in the
email archive, the more confidently we can assign it to the primary entity that tends to
appear in its vicinity. From this point of view, the precision of the algorithm should
increase (possibly at the expense of recall) if we remove the nodes of small degree
(along with their edges) from the graph.
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We evaluated these two candidates against our baseline (obtained by processing
the same email archive of 50 Spanish messages without applying any graph
transformation). The results are shown in Table 1 below. BS stands for the baseline,
T1 for the removal of irrelevant nodes, T2 for the removal of nodes with degree less
than two, T3 for the removal of nodes with degree less than three. Average degree
equals twice the number of edges divided by the number of nodes. Precision is the
ratio of the correctly paired phones to phones total. Recall of each transformation is
measured relative to baseline as the ratio of its phones total to baseline phones total.

Table 1. Evaluation of the effect of graph transformations T1-T3

Graph Number of | Number of | Average Phones | Correctly | Precision Recall
Transform Nodes Edges Degree Total paired [%] [%]
BS 3507 13139 7.49 22 19 86.36 100.00
T1 2987 10260 6.87 22 19 86.36 100.00
T2 3255 12887 7.92 22 19 86.36 100.00
T3 2147 10896 10.15 11 9 81.82 50.00

The results were a surprise since they went against our intuitions. The transformations
significantly changed the graph (as can be seen from the numbers of nodes and edges,
as well as average degree), yet their effect on the precision was nil or even negative.

To analyse what exactly was happening, we needed a more fine-grained measure
of the effect of these transformations. We defined a measure called “selectivity ratio”
(SR) to characterize each individual pairing task. For each phone number t; the
spreading activation algorithm returns a ranked list of candidate owners [c;j, Cp, Ciz...]
sorted by their accumulated activation value [a(cj;), a(cip), a(ciz)...] in descending
order. We restricted our attention to the set of the top three candidates
Cs(t) = Ciz = { ¢cit, €, Ci3} and to its subset C;; containing those candidates from C;;
who were the “real owners” of the phone. Our working definition of the “real owner”
is the person who can be reached on that phone. In this sense there are often several
“real owners”, e.g. all the people sharing the same office in a company.

We next defined the total accumulated activation value “ta” for a set C of
candidate owners as the sum of the accumulated activation values of its members:

ta(C) = z a(c)

ceC

We could then define the selectivity ratio (SR) for each phone t; as the total
accumulated activation of its real owners in C;, against that of all candidates in Cs:
ta(C,
SR(t,))= SR, = M
ta(Cy;)

Finally, assuming N phone numbers in the set T = {t;...ty} to be paired, we defined
the average selectivity (A4S) capturing the overall effect of each pairing method:

D SR,
AS — t;eT
N
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Table 2 shows the average selectivity for the transformations T1-T3, and their node
and edge reduction ratios against the baseline. The baseline AS for T3 differs from the
rest, since for T3 we had to exclude the phones removed from the graph.

Table 2. Average selectivity (AS) for the baseline and graph transformations T1-T3

Graph Number of | Number of | % Node % Edge Baseline Actual |Improvement
Transform Nodes Edges Reduction | Reduction | AS [%] AS [%] [%]
BS 3507 13139 0.00 0.00 56.41 56.41 0.00
Tl 2987 10260 -14.83 -21.91 56.41 55.91 -0.89
T2 3255 12887 -7.19 -1.92 56.41 57.21 1.42
T3 2147 10896 -38.78 -17.07 58.89 59.70 1.38

Table 2 confirms that in spite of significant node and edge reductions, the overall
effect of these graph transformations on the pairing task is minimal — less than 1.5% —
and in the case of T1 even negative. T3 now scores on the positive side, because
Table 2 only captures the effect on the phone numbers that remained in the graph.

We are currently trying to find out whether these results are statistically significant
and what transformations would be more effective. Our test email archive is rather
small, so to get statistically significant results we might repeat the experiment with a
larger archive, e.g. the Enron corpus. An alternative approach would be to enhance
the Information Extractor so that it returns graphs with richer structure, e.g. with new
edge types or edge attributes. The effect of graph transformations in such structures
might be more pronounced, especially if we also enhanced the underlying spreading
activation algorithm to exploit these new types of data.
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Abstrakt. Problém vyhladavania v email archivoch pocituju tak individualni
pouzivatelia ako aj organizacie. V ¢lanku opisujeme pristup k vyhl'adavaniu na
zaklade extrakcie informacii, vyuzitia socialnych sieti ukrytych v emailoch ako
aj pouzitia Sirenia aktivacie za ucelom hladania relevantnych relacii medzi
objektmi obsiahnutymi v emailoch.

KPicové slova: email, socialne siete, vyhl'adavanie informacii

1 Uvod

Email je stale najpouzivanejSou sluzbou internetu [1]. Podl'a najnovsich Statistik [2]
ludia pracujuci s informaciami (tzv. information workers) odosli a prijmu denne 110
emailovych sprav. Kym v minulosti pocet prijatych emailov rastol, za poslednych 5
rokov su tieto Statistiky stabilné [3]. Email je stdle popularnym a délezitym
nastrojom, pricom Statistiky z roku 2003 hovoria, Zze 80% uzivatelov preferuje
obchodnu komunikéciu cez email [4].

Informécie ulozené v emailoch predstavuju hodnotu alebo pritaz v zavislosti od
toho ako dobré su tieto informacie manazované. Email bol vymysleny za Gcelom
asynchronnej komunikacie, av§ak v sucasnosti sa pouziva na vel'a veci na ktoré nebol
vymysleny [5] [6], napriklad na upozornenia, informacie o transakcidch, spravu uloh,
spolupracu alebo archivaciu informécii. Tymto problémom emailovej komunikacie
ako aj prehladu sGi¢asného stavu vyskumu emailovej komunikacie sme sa venovali
v naSej predchadzajticej praci [7].

V tomto ¢lanku sa zameriavame prave na Glohu archivovania informacii, na ktora
sa email pouziva. Pri archivovani je potom dolezité vyhl'adat’ informacie uschované
v emailovych archivoch organizacie alebo jednotlivca.

2 Socialne siete a email

Emailové archivy obsahuju v sebe socidlnu siet’ komunikujicich adries, I'udi ako aj
organizacii, ¢i uz ide o archivy firemné alebo osobné. Analyza a spracovanie
emailovych archivov ndm umoziuje extrahovat’ a vyuzit’ tato socialnu siet’, ktora je
napojena na ludi, organizacie, geografické miesta (adresa), kontaktné informacie
(telefon, email, adresa), Cas alebo iné objekty. Takato socidlna siet ukryta
v emailovych archivoch predstavuje hodnotny ale dosial malo vyuzity zdroj pre
organizacie alebo komunitu.

Socialne siete arelevantné data vramci socidlnych portdlov ako Facebook su
vlastnené tretimi stranami, priCom socidlne siete obsiahnuté¢ v emailoch vlastni
jednotlivec alebo organizacia, kde data st vacSinou napojené na zaujimavé skryté
fakty, ktoré je mozné vyhladat’ alebo odvodit' ztychto archivoch. V osobnych
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archivoch sa snazi socidlne siete vyuzit Xobni’, ktory na zéklade socidlnej siete
manazuje kontakty a prilohy v emailoch. AvSak bolo by vhodné vyuzit’ socialne siete
na hl'adanie vzt'ahov aj medzi inymi objektmi obsiahnutymi v archivoch organizacii
alebo osobnych email archivoch.

Socialne siete v emailoch boli Ciastocne analyzované. Napriklad v [8] sa autori
zaoberali vztahom CVS aktivity a aktivity na Apache Web Server mailingliste, kde
zaroven rieSili aj problém identifikacie email aliasov jednotlivych uzivatelov.
Extrakcia socidlnej siete a kontaktov zemailov a webu aich kombinacia je
diskutovana v [9]. S extrakciou a transformaciou socialnych sieti z emailov sme
experimentovali aj my v naSej praci [10]. Zaujimavym problémom je aj vyuzitie
jediného volne dostupného firemného archivu emailov, Enron corpus, na analyzu
socidlnych sieti [11] a vztahov v nich obsiahnutych. V socialne siete obsiahnutych
v emailoch je mozné objavit’ Groven interakcie (v Case, pocet vymenenych sprav)
a vztahov (relacia k obsahu, sémantika). V naSej praci sa snazime vyuzit' Sirenie
aktivacie na grafe multi-dimenzionalnej socialnej siete podobne ako IBM Galaxy [12]
kde bol predstaveny koncept multi-dimensionalnej socidlnej siete na spracovanie
textov.

V ¢lanku opisujeme ako sa da tento pristup pouzit’ na vyhl'adavanie v emailoch.

3 Email Social Network Search

V nasej predchéadzajucej praci [13][14] sme vytvorili prototyp, ktory extrahuje multi-
dimenziondlne socialne siete z emailov. Najskor sa pomocou nastroja Ontea® najdu
objekty vo forme parov kI'i¢ — hodnota, ktoré sa pre jednu spravu organizuji do
stromov. Takyto strom je potom zaradeny do grafu (siete), kde par kl'i¢ - hodnota
reprezentuje vrchol grafu. Takyto graf je zobrazeny na obrazku ¢.1 vlavo hore. Na
tieto grafy aplikujeme $irenie aktivacie tak ako bolo opisané v [14]. Vysledkom je ze
pre vrchol grafu dostaneme najrelevantnejSie vrcholy (objekty) obsiahnuté v email
archivoch. Pri¢om tieto vrcholy nemusia byt priamo spojené s vrcholom z ktorého
vychadza aktivacia.

V [13] a [14] sme vytvorili, opisali a vyhodnotili EmailSocialNetworkExtractor
a algoritmus aktivacie ktory je vyuzity v prototype Email Social Network Search.
Uspesnost’ (aplnost’ aj pokrytie) algoritmu bola vyhodnotend medzi 60-77% [13] [14]
ateda podobnu uspeSnost by mal dosahovat aj opisany prototyp Email Social
Network Serach, avsak pri zlepSeni extrakcie by mohla byt’ aj vyssia.

Na obrazku 1, je zobrazené rozhranie vyhladavania, kde vstupom je par kl'u¢ —
hodnota reprezentujica objekt (napr. ¢loveka). Po vyhladani nam algoritmus Sirenia
aktivacie vrati relevantné objekty k tomuto objektu (Cloveku) ako napriklad telefonne
Cisla, organizacie, emailové adresy alebo mesta. (pozri obrazok 1 vpravo) Na obrazku
1 vlavo dole, mézeme vidiet' predefinovanie tohto vyhladdvania, kedy nas zaujima
iba informacia urcitého typu, teda obmedzime vyhl'adavanie kliknutim napriklad na
klac (typ) telefonneho Cisla, Co nam vrati relevantné telefénne Cisla, k ¢loveku.

2 http://www.xobni.com/
3 http://ontea.sourceforge.net/
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‘Address Name=>Enrico Morten Search
CityName -
mail Enrico (GivenName) 103097
GivenName enrico morten@softeco.it (Email) 15174
Name Softeco (Organisation:Name) 9508
Organisation:Name ] .
http/iwww. softeco ity
PostCode http-iiwww softeco.it/ (WebAddress) 9508
StreetName Via De Marini 1, 16149 Genova (Address) 3233
TelephoneNumber Vi Marini 1, > 1614 nov: (Address) 3233
IradeLineltem:Name Sysanna (GivenName) 2118
(WebAddress Susanna Delfino (Name) 2118
Genova (CityName) 1267
Address Name=>Enrico Morten Search 16149 (PostCode) 1267
CityName .
Email +39 010 6026 328 (TelephoneNumber) 405 | V12 De Marini (StreetName) 1267
GivenName +30 010 6026 350 (Teiephonehiumben) 405 marce. maseiii@sofieco.it (Emaii) 802
Name 1423 90 (TelephoneNumber) 50 Via De Marini 1, >>> 16149 Genova ( ) 861
Organisation:Name 14.43 29 (TelephoneNumber) 36 sdelfino@aitek.it (Email) 523
PostCode 16149 Gen
5 6149 Genova Address) 491
Streethame 019/2302577 (TelephoneNumber) 5 ( )
TelephoneNumber  +39 010 6026348 (TelephoneNumber) 0 39 010 6026 328 (TelephoneNumber) 405
Tradelineltem Name +30 010 6026 350 {TelephoneNumber) 408
'WebAddress Fax (TradeLineltem:Name) 322
‘ Marco (GivenName) 125

Obr.1. Vyhladavanie objektov v email archivoch. VIavo hore: Multi-dimenzionalna socialna
siet’ extrahovand z emailov pomocou nastrojov Ontea a EmailSocialNetworkExtractor; Vpravo:
relevantné vysledky roznych typov vratené k dopytu objektu ¢lovek. VIavo dole: obmedzenie
vysledkov na dopyt iba na telefonne Cisla.

Stcasna verzia prototypu je vytvorena ako GWT? aplikacia. Vyhladavanie musi zacat’
vzdy nejakym objektom reprezentovanym parom kI'a¢ — hodnota, a teda funguje skor
ako vyhladavanie pomocou navigicie a fazetového prehliadania, kde fazetou je kI'a¢
(typy objektov). Zaroven je prototyp rozsireny o fulltextové vyhladavanie, kde su
indexované objekty. Jednotlivé objekty je teda mozné vyhl'adat’ aj fulltextovo, priCom
pri kliknuti na vratené objekty pokracuje vyhl'adavanie navigaciou.

Délezitym planovanym rozSirenim je aj overenie spravnosti informacie.
Napriklad ked’ k ¢loveku alebo firme vyhladame telefonne Cislo, je dolezité aspon
Ciastocne overit’ €i je to naozaj Cislo Cloveka alebo firmy ktorému chceme zavolat'.
Modze sa totiz stat,, ze v archive sa ziadne Cislo na dant osobu nenachadza a systém
nam odporuci Cislo ¢loveka, ktora s danou osobou napriklad najviac komunikovala.
Tento problém chceme rie$it rozSirenim funkcionality o zobrazenie 3
najrelevantnejSich okoli textu, alebo emailovych sprav, kde bolo teleféonne Cislo alebo
iny objekt extrahovany.

4 Zaver

Pomocou vytvoreného prototypu je mozné vyhladavat’ suvislosti medzi objektmi,
ktoré su obsiahnuté v emailoch. Samozrejme tieto objekty musia byt najskor
objavené pomocou extrakcie informacii. Pravdepodobne by bolo vhodné doplnit’
rieSenie o manudlne znackovanie zaujimavych objektov. Takto by si uzivatel mohol
oznackovat’ dolezité informacie ako hesla, linky, projekty a podobne, ktoré by potom
boli dostupné pri vyhladavani. V budicnosti planujeme rozsirenie prototypu

* http://code.google.com/intl/sk-SK/webtoolkit/
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o pristup k relevantnym emailom kde sa informacie nasli, o umoznenie vyhl'adavania
priloh ako aj vyhodnotenie prototypu na osobnej a firemnej emailovej koreSpondencii.
Sucasny prototyp extrakcie socialnej siete tiez nie je dostatoéne robustny a je
potrebné riesit’ aj perzistenciu extrahovanej siete. Zaujimavym sa javi aj roz§irenie
grafu nie len na siet’ extrahovanu z emailov, ale aj s inych dat, ako st transakéné data,
alebo data extrahované z dokumentov organizacie.

Pod’'akovanie: Tato praca vznikla spodporou projektov RECLER ITMS:
26240220029, SMART ITMS: 26240120005 a SMART II ITMS: 26240120029.
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Abstrakt. Clanok uvadza implementaciu sémantickej siete vo forme
dynamického (spojitého) modulu systému ,Inteligentného vyhl'adavacieho
stroja s podporou sémantiky“. Tento modul nepracuje diskrétne, ale je
realizovany ako softvérovy dynamicky systém. Prispevok uvéddza za tymto
ucelom vytvoreny ,,framework™ vo forme meta - jazyka.

Krlacové slova: Sémanticky web, sémantickd siet, dynamicky systém,
odvadzanie znalosti

1 Uvod

Velka viaésina celosvetovo dostupnych informacii sa nachadza na webe. Pre ¢loveka
je niekedy tazké sa zorientovat’ v takom mnozstve zdrojov, preto je tu snaha uz par
rokov vytvorit aplikacie, ktoré obsah webu spracuju automaticky, ktoré dokazu
ziskavat’, organizovat’ a udrzovat’ znalosti v prostredi heterogénnych zdrojov [4]. To
predpokladad reprezentaciu znalosti v strojom Citatelnej podobe a schopnost’
odvadzania novych znalosti. Odvadzanie novych znalosti, teda ,,reasoning™ [1], sa
v naSej aplikacii realizuje pomocou sémantickych sieti. Aplikacia uprednostiiuje
spojité Sirenie informacii v sémanticke;j sieti.

2 Diskrétna verzus spojita sémanticka siet’

Spojitd sémanticka siet [2] bola aplikovand v jednom bloku systému
»Inteligentného vyhladavacieho stroja s podporou sémantiky [3]“ ato konkrétne v
Casti inferenného mechanizmu sémantickej siete. Tato cast’ systému je tvorena
prostrednictvom vnutorného ,,frameworku®, kde program nepracuje s premennymi
ako diskrétnymi udajmi, ale kde premenné st spojité informéacie. Tieto informacie sa
v ¢ase menia a zmeny sa nasledne prenasaja sietou. Takéto odvadzanie v sémantickej
sieti pomocou dynamického systému je naznafené v Obr. 1. Tento obrazok je
z domény realit. V nasom pripade sa sémanticka siet’ nechava ur¢itti dobu ,,zit*, aby
sa prejavilo odvodenie skrytych znalosti. Sémanticka siet’ je dynamickou siet'ou, ktora
je taktiez rekurentna, heterogénna, pricom niektoré uzly siete st aj programové
moduly (napriklad matematicky modul, v budtcnosti pribudni aj iné).
V nasledovnom je predstaveny rozdiel medzi programom pozerajucim sa na
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premenné ako diskrétne tidaje a programom ktory spracovava premenné ako spojitl

informaciu.

Fakty dokumentu - 50x2,5m?® zahrada

125m? zahrada

Otazka - cca. 100m? zahrady

" cca. 100m?® zahrada

zahrada

DO

Obr. 1. Odvadzanie v sémantickej sieti — dynamicky systém (zéhrada, ndjdend na stranke
realitnej kancelérie, velkd 2,5x50m’? ma cca. 100m>, lebo mé presne 125 m? a teda spadé pod
jednu zo schém: cca. 100 = 100-x alebo cca. 100 = 100+x )

2.1 Premenné ako diskrétne informacie

Pre ilustraciu uvazujme priklad suctu dvoch celych ¢isel x a'y.
Priklad kédu:

intx=2;
inty=3; /l'zje5
int z = xPlusY(x, y);

x=4; /l z je stale 5

private int xPlusY(int x, int y) {
return x+y;

}

Nech x ma hodnotu 2 a y ma hodnotu 3. Tieto hodnoty sa s¢itaja pomocou funkcie
xPlusY a vysledok funkcie sa ulozi do premennej z, ktora teraz obsahuje 5. Ak bude
kratko potom premenna x zmenena na 4, z bude stile 5, pretoZe na premenné sa
pozera diskrétne. V dobe scitania sa zoberu ich diskrétne hodnoty a scitaju sa.
Vysledkom je diskrétna hodnota, pricom informécia, ze z je nositelom sictu x a y uz
neexistuje. Bola aplikovana v diskrétnom ¢asovom okamihu a potom zanikla.
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2.2 Premenné ako spojité informacie

Vsetko v prirode je spojité. Aj stav ako taky nie je diskrétny, ale spojity a je
vysledkom pdsobenia rozlicnych faktorov. Ak sa niektory faktor zmeni, meni sa
kontinualne s tym aj okolie na ktoré tento faktor vplyva. Problém z €asti 2.1 mdze byt
pretransformovany na spojity nasledovne:

Priklad kodu:

IntDelta x = new IntDelta(2);
IntDelta y = new IntDelta(3);
IntDelta z = xPlusY(x, y);// zje 5
z.getValue()

x.setValue(4);// z je 7
z.getValue()

private IntDelta xPlusY (IntDelta x, IntDelta y) {
return IntDelta.plus(x, y);

}

Znovu je aplikovany rovnaky postup, avSak po zmene hodnoty x na 4, sa hodnota z
kontinualne meni na 7, pretoZe z teraz nepredstavuje reprezentaciu statickej hodnoty,
ale informaciu, Ze z je suctom x a y. Ak sa zmeni niektory z argumentov suctu, z sa
aktualizuje, priCom metdda getValue() vrati vzorku aktudlneho stavu.

2.3 Vzorkovanie novej hodnoty

KedZe sa jedna o pracu v spojitej oblasti, a poéita¢ je diskrétny stroj, nie je mozné sa
vyhnuat' potrebe vzorkovania. Tu zohrava rozhodujucu ulohu to, ¢i je systém zavisly
na ¢asovom slede udajov, alebo nie.

Casovo nezavislé operacie. Ak je systém nezavisly na Gasovom slede tGidajov, je
postacujice hodnotu aktualizovat’ v dobe pristupu. To moze mat’ priaznivy vykonovy
dopad v pripade Ze pocet zmien argumentov je vacsi ako pocet ¢itani vysledku.

Casovo zavislé operacie. Pri operaciach, ktorych vysledok zavisi od ¢asového
sledu argumentov, je potrebné pocitat’ vysledky priebezne. Aj v tomto pripade
existuji vynimky, kedy je vhodnejsi pragmaticky pristup. Niekedy je jednoducho
postacujice pouzitie asového okna nad argumentmi, priCom vysledok je priblizne
rovnako presny (napriklad 5 poslednych vzoriek). Pre iné pripady boli pouzité v
implementacii rozne stratégie, ktoré riadia sposob aktualizacie uzlov siete.

3 Implementacia

Prezentovana spojita sémanticka siet’ je realizovana prostrednictvom AOP principov,
pricom definované anotacie, ,,pointcuts a ,,advices* vytvarajt ,,framework®.

Medzi zakladné anotacie patria anotacie ,,@Load” a ,,@Value“. Prva definuje
vystupni hodnotu — aktudlne mdze byt pouzitd len na funkcii. Druha anotacia
definuje vstupné hodnoty. St to ,behové™ anotiacie. Moézu byt umiestnené na



77

argumentoch, ¢lenoch tried a pod. Spolu s d’al$imi atributmi sa prostrednictvom AOP
vytvori internd Struktira a ta je prostrednictvom tychto principov pridana v tvare meta
- hodnét priamo k objektu. AvSak samotny kdéd objektu sa tym nenarusa, ¢im je
zabezpecena transparentnost’ kodu a kod je dobre Citatelny.

Konkrétne implementacie ,,advices” st riadené atribitmi starajucimi sa o Zivot
siete, takZe programator sa nestard o internu implementaciu, je potreba len opisat
vysledni hodnotu - ¢asovo (ne)zavisli - ato, od akych hodnét zavisi. Samotna
propagacia zmien sietou (zahriujica graf ako aj jeho zmeny), prepocitavanie hodnot,
to vSetko riesi samotny ,,framework®, ktory je minimalne invazivny do existujuceho
kodu. K uvedenému prikladu z Casti 2: systém namiesto pocitania 2,5 x 50 vytvori v
sieti spoj 2,5 x 50, rovnako aj jeho okolie, a mnozstvo d’alSich spojeni, priCom tieto
spojenia siete st realizované prostrednictvom hore uvedeného spojitého systému. K
tejto sieti je aplikovany vyhladavaci dotaz. Tento dynamicky systém je zapuzdreny
do J2EE rieSenia, obsahujiiceho zbera¢ dokumentov, vrstvu predspracovania
dokumentov, vrstvu reprezenticie dokumentov sémantickou sietou, vrstvu
odvadzania novych znalosti, a vyhl'adavanie relevantnych dokumentov v danej sieti.

Zaver

Clanok poukazuje na moZnost’ programovania dynamického systému, v beznych
jazykoch, za pomoci aspektovo orientovaného programovania, pri zachovani
transparentnosti a jednoduchosti. Prezentovana implementacia prichadza s novou
myslienkou ato je vyuzitie sémantickych sieti ateda vypocétovej inteligencie pri
realizacii vizie sémantického webu a pri ul'ahéeni prehl'adavania Internetu. Originalita
tohto pristupu spociva v pouzivani fuzzy — kognitivnej mapy pre vyhladavanie
a odvadzanie. Do budiicnosti planujeme rozsirenie o transakcie, ked’ze pouzivané uzly
siete sa napajaju na iné zdroje, co bezpodmienecne mdze viest’ k chybam.

Tento prispevok vznikol s podporou VEGA grantu MS SR &. 1/0042/10 ,, Metody
identifikacie, anotovania, vyhladavania, spristupfiovania a kompozicie sluzieb s
vyuzitim sémantickych metadat pre podporu vybranych typov procesov* (50%) a
realizaciou projektu Rozvoj Centra informacnych a komunikacnych technoldgii pre
znalostné systémy (ITMS kod: 26220120030) (50%).
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Abstrakt. The article describes main functionalities of an Ontology Manager
software developed for the Hydra project. The Ontology Manager is a service
based set of tools used to semantically enhance a middleware for networked
embedded system of devices. The core services of the Ontology Manager are
based on Open RDF Sesame. User interface is developed as an Eclipse plugin.

Keywords: Model driven development, Service driven architecture, Semantic
devices.

1 Introduction

Application Ontology Manager is a set of tools designed to run in the application part
of the Hydra project Service driven architecture [1]. It is based on the Sesame - the
open source Java framework for storage and querying of RDF data. User interface
using Eclipse plugin architecture was developed together with the service. In this
article we describe core functionalities of the Ontology Manager. Integral part of the
ontology manager is a set of basic ontologies describing devices [2].

2  Model driven device editor

Most of sophisticated applications working with various devices would require
searching of devices satisfying several requirements. Semantic descriptions of the
device models created in the device enabling process represent only the basic
information necessary for the device functionality. This information can be further
extended using the ontology administration tools included in the Integrated
Development Environment (IDE), which serves as the ontology and annotation editor.
Based on the most frequent application functionality and internal requirements [3],
the ontology has been extended with models of hardware, events provided by device,
energy profiles, and quality of service properties or security properties. Device
ontology was also extended by properties used to annotate the extended information
to device models. Using extended semantic descriptions, the devices and services
have the full semantic support and are accessible through query interfaces and whole
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process of knowledge extension is guided by the ontology. Two ontologies supporting
the annotation process were created.

Static taxonomy model - the container for all information, which serves as the
taxonomies containing instances, which can be annotated to the devices, these static
instances, when annotated to device parts, can be further used as values in searches.

Annotation property model - to be able to decide, which behaviour of IDE should
be used in what context, the owl:DatatypeProperty and owl:ObjectProperty classes
was extended with the custom classes specifying the annotation or form properties
(Fig. 1). The properties extending owl:ObjectProperty are of two types:

e  FormProperty ensures that IDE will automatically generate the form including

all literal properties of the class assigned as the property range.

e For AnnotationProperty, the IDE generates the tree browser with the root class

assigned as the property range.

The owl:DatatypeProperty is extended by the class FormFieldProperty, which was
created in order to define some special literals, which can be edited.

® owl:DatatypeProperty

® owtObjectProperty |

[ ® FormFieidBroperty |

AnnotaticaProper

® MultiValueformFieldProperty

® SingleValueformiieldProparty |

ingleValueAnnatationFropert
MultiValueFormProgeny | AingeiaeAnnataanFopery

MultivalusAnnctationPropeny

SingleValueFormProperty

Fig. 1. The annotation property model.

FormFieldProperty enables to select, which properties can be edited. The
difference from FormProperty is, that FormProperty expect all literals to be editable.
FormFieldProperty allows specifying, which particular properties can be edited. All
properties may be single or multi value, so IDE will add or replace the newly added
property value.

3  Querying with expectations and requirements

Application developers need to query ontology for various devices or their services
actually presented in runtime e.g. to retrieve specified device or service properties,
which should be used for further computations in the application logics. For purposes
of model driven query building and query evaluation, the simple query language was
developed. Each query is composed of comma-separated clauses. Each clause
contains the slash-separated sequence of properties starting from device/service
instance and defines the target value — the last item in the sequence, which serves as
the filter for results. The target value of the clause may be of two types:

1. Property without defined value: serves as the existence filter — device has the
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property attached, does not matter, what is the value of the property.

2. Property with defined value: serves as the value filter — device has the
property set to concrete value. The value may be the value of literal property
or the instance from static taxonomy.

The requirements structure is similar; the only difference is that requirements must
not contain the property values definitions. The reason is, that requirements may only
specify what properties must be retrieved (not what should be the property value).
Queries are translated to SPARQL queries and executed. Then, each retrieved result is
queried for each requirement and the value of requirement is attached.

4 Semantic devices

Each physical device provides a set of specific services, which can be directly used by
the application developer. The concept of semantic devices brings the idea of
specifying the application specific behaviour achieved as the composition of several
devices organized into complex units. Semantic devices can include physical, but also
other semantic devices. Each semantic device is defined by a set of semantic services.
Each semantic service is composed by a set of requirements in terms of preconditions.
There are two kinds of preconditions. Static preconditions represent the list of
persistent identifiers of concrete devices, which will appear in the application and will
be used in semantic service execution in runtime. Dynamic preconditions used in the
runtime to generate the candidate devices matching the requirements specified by the
query. Developer has to define and implement semantic device services using the
DDK (Device Development Kit) tool. In this case, the preconditions defined for each
service are used to automatically generate the class of proxy implementation using the
configuration attached to the semantic models of used devices. At the runtime, each
time a new device joins the application, the semantic devices are rediscovered and the
required devices satisfying defined preconditions are automatically tied with the
semantic devices.

5 Application context awareness

We have developed ontologies containing the application model, which can be
instantiated in the IDE. User can select the required application type, create the
instance and create the application entities using the model driven application editor.
A device is attached to an application entity using the PID (Persistent ID) identifier,
as in application modelling phase it is required to know exactly which devices are in
relation with the particular application entity. Application entities are related to the
device PIDs using instances of specific class named rule:DevicePID having only one
string property rule:PID. This information represents, which devices are related to
application entities using PIDs. For querying purposes, when searching for required
devices, also inverse relation is needed. This information has to be inferred in the
runtime; therefore a resolver was developed responsible for generating this
information. We created an ontology defining the rule:generatesinverseProperty,



81

which can be attached to any owl:ObjectProperty instance. This property defines
which property has to be generated as the inverse property. It is expected, that
application property, such as:

Person ownsDevice DevicePID

Generate inverse properties, such as:

ownsDevice generatesInverseProperty ownedBy.

When new device gets the PID information, all relations to application entities are
identified and attached to the new device run-time instance. Then it is possible to ask
queries containing application context information:

device:hasHardware/hardware:hasDisplay,
application:locatedIn/application:name; "MyLivingRoom"*"xs
d:string

Application
il
L.
e o [ @ Person_]
- h T~ T
- 3 Location \ B~ ||
s ' - Y [ # Ferson_1
o Tt J \ Y | E personName = Peter
PR — = oy t )
37 o i P - |
| locationName = MyBedRoom | i Uvingoom ] \\ \.\
e \ Y
ftype, LY
taindiey ~ \ R

rule:DevicePID

Fig. 2. Example of application.
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Abstract. Model Driven Architecture (MDA) provides a set of metamodel
standards as MOF, UML, BPMN, SPEM and others. A metamodel makes
statements about what can be expressed in the valid models of a certain
modeling language. Unfortunately, the mentioned metamodels have semiformal
architecture, thus it is not possible to make and to verify created language
statements with formal techniques such as the consistency or satisfiability
verification. However, recently the combination of MDA and the Semantic
Web becomes the leading subject in this direction. Nevertheless, the works
mostly focus only on the UML-OWL relationships, since the possibilities of
these languages are very similar. In this paper, we aimed to present our
published work in this domain that is: a method of SPEM transformation into
the Semantic Web technical space; a method that allows generation and
verification of a project plan; and method of ontology oriented software
methods integration with the SPEM Ontology.

Keywords: SPEM, OWL, Software and Systems Process Engineering
Metamodel, Web Ontology Language, project plan verification, software
project enactment.

1 Introduction

The software engineering is application of a systematic, disciplined, quantifiable
approach to the development, operation, and maintenance of software [1]. Despite the
fact that at present there exist many software developments process frameworks and
the fact that relatively few projects are completely successful is an indicator of the
difficulty of the task [2]. One of the problems is that standard software development
process frameworks are usually used as a navigable websites that contain only
human-readable descriptions with supporting materials as documents templates etc.
Thus, these kinds of frameworks cannot be used to represent machine interpretable
content [3]. Moreover, these process frameworks are used in the technical spaces [4]
that have model based architecture, such as MDA or EMF [5]. These kinds of
technical spaces also limit knowledge based processing, owing to their weakly
defined semantics [6]. Moreover the difficulty of software development is greatly
enhanced when it is inevitable to cooperate with a supplier. The general issue is to
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manage a lot of differences such as different tasks, software work products,
guidelines, roles etc [1].

2 An Approach

The today’s key Semantic Web technology is OWL. It is intended to be used when
the information contained in documents needs to be processed by applications, as
opposed to situations where the content only needs to be presented to humans [7].
Thus if we transform a definition of a software method to the Semantic Web technical
space, we can use many knowledge oriented techniques to maintain them. However,
this idea is not new; it can be found in many other research works such as [8, 9, 10].

For the purpose of our method we had chosen SPEM, the MDA standard used to
define software and systems development processes and their components [11]. The
SPEM’s key concepts are the Method Content elements and the Method Content Use
elements (SPEM Process). The former elements are the core elements of every
software method definition such as Roles, Tasks, and Work product Definitions. The
latter elements are abstract generalizations for special Breakdown Elements that
reference one concrete Method Content Element and therefore they are the key
concepts for realizing the separation of processes from method content.

2.1 Moving SPEM into the Semantic Web

In order to enable use of SPEM in the Semantic Web technical space, we make use of
the fact that OWL, ODM and SPEM are serialized in XML format. The mapping
between OWL and ODM is expressed in ODM that contains OWL Meta-Model [12].
The OWL Metamodel is a MOF2 compliant metamodel that allows a user to specify
ontologies using the terminology and underlying model theoretic semantics of OWL
[13]. Thus a mapping between SPEM and OWL had to be created. Since we wanted
to use SPEM UML Profile for SPEM modeling rather than Ontology UML Profile,
we have created mapping between merged SPEM UML Profile to SPEM Metamodel
and OWL through ODM. The result of the transformation is the SPEM Ontology [14].

2.2 Project Plan Generation and Verification

Seeing that Method Content Use elements can be mapped to a project plan, we can
apply instantiation relation between Method Content Use elements and a project plan
elements and verify their consistency. We had stated that the Method Content Use
elements are classifiers specialized from the Method Content elements, whereas the
project plan elements are the individuals of a Method Content Use elements. In order
to execute OWL-DL reasoning for a project plan verification, we have created three
XSL transformations SPEMMethodContent20WL, SPEMProcess20WL  and
MPP20OWL [15]. The first and second transforms a Method Content and Process
model to an ontology that constitutes a knowledge base for project planning of a
subjected software engineering area (e.g. Software requirements). The third
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transformation transforms a project plan to the individuals of a SPEM process
ontology. When the result of the OWL DL verification is the inconsistency its source
should be removed. Note that when the last mentioned transformation is executed
with reversed order, i.e. OWL2MPP, a project plan can be generated.

2.3 Software process enactment with a supplier

The difficulty of software development is greatly enhanced when it is inevitable to
cooperate with a supplier. The general issue is to manage a lot of differences such as
different tasks, software work products, guidelines, roles and their responsibilities,
etc. Therefore an extensive analysis of these variations should be done before a
software process will start. According to this requirement we propose an approach
that supports integration of software methods [16]. The approach is based on
consistency verification between a set of different Method Plugins. The Method
Plugin allows extensibility and variability mechanisms for Method Content and
Process specification. First it is necessary to transform the both method plugins to the
ontologies. Since a Method Plugin is constituted with a Method Content and a Process
we can reuse our previously defined XSL transformations
SPEMMethodContent20OWL and SPEMProcess20OWL to create desired ontologies. A
method plugin 1, i.e. company’s method plugin is transformed to a SPEM method
content ontology 1 and a SPEM process ontology 1, whereas a method plugin 2, i.e.
supplier’s method plugin is transformed to a SPEM method content ontology 2 and a
SPEM process ontology 2. Second it is necessary to create mapping [17] between the
elements of these ontologies, because some of them are usually related.

3 Conclusion

When we compare our approach with a similar work we conclude that we created not
only wider method specification, but we have also presented its implementation.
However, we admit that our implementation is only partially automated, because our
transformation SPEM-Method-Content20OWL does not transform OCL Constraints
into SWRL rules, thus, they must be added manually. Moreover, it is fair to say that
our research in this topic must continue, in order to succeed in real commercial
projects. It is very difficult to imagine that for a purpose of project plan verification a
project manager will use a knowledge based framework directly, without appropriate
user interfaces. The other important deficiency of our approach that limits its use in
commercial project is that we do not support Method Content derivation from
standardized software processes such as RUP. All these mentioned deficiencies of our
solution are the objects of our future development.

Acknowledgement: This work was partially supported by the Science and
Technology Assistance Agency under the contract No. VG1/508/09.
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Abstrakt. Tento ¢lanok popisuje postup a pouzité pristupy skupiny Studentov (
s potrebnymi usmerneniami ucitela) pri rieSeni stanovenej ulohy v oblasti
dolovania znalosti z textov prostrednictvom vyuzitia vhodnych informacnych
technologii, ktoré v tomto pripade predstavuje JBowl kniznica a jej podporné
sluzby. Tato tGloha predstavuje paralelnu klasifikaciu slovenskych a anglickych
textov z roznych domén. Hlavnym cielom bolo umoznit’ Studentom prakticka
skusenost’ s jednotlivymi krokmi procesu dolovania znalosti z textov, vedl'ajsi
ciel' predstavovala moznost’ otestovat’ aplikdciu zaloZeni na kniznici JBowl
ajej potencial pre vyuzivanie vo vyucbe. JBowl kniznica predstavuje
prostriedky na spravu, indexdciu a manipulaciu s textovymi dokumentmi,
predovSetkym na komplexntl Statistickli analyzu textu vratane podpory
spracovania prirodzeného jazyka. Na zéklade dosiahnutych vysledkov je mozné
identifikovat’ rozdiely v pristupe k jednotlivym krokom a zarovein vhodnost’
vybranych algoritmov pre jednotlivé jazyky.

KPicové slova: korpus, dolovanie znalosti z textov, JBowl, klasifikacia

1 Uvod

Proces objavovania znalosti v mnozine textovych dokumentov vychadza z teodrie
samotného objavovania znalosti, ale je uzko orientovany na kolekcie textovych
dokumentov ako zdroje potencialne novych znalosti. V tomto pripade existuje
samozrejme viacero pohladov alebo definicii tohto pristupu, ale my sa budeme
pridrziavat’ tradicného chéapania, ktoré vychadza z definicie procesu objavovania
znalosti: interaktivny a iterativny proces ziskavania platnych, pre dant aplikaciu
uzito¢nych a doposial neznamych znalosti. Pritom pouzivané algoritmy ziskavaji
platné vzory roéznych typov, ktorych interpreticia a postdenie uZitocnosti je
ponechané na ¢loveka.[3] Cely proces sa sklada z niekol’kych zakladnych faz ako
napr. pochopenie aplikacnej domény, ziskanie relevantnej mnoziny dokumentov,
predspracovanie dat, dolovanie v textoch, vizualizacia a interpretacia vysledkov.
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Systém JBowl' (Java Bag-of-words Library) predstavuje softvérovu kniznicu
implementovanu v jazyku Java, ktord poskytuje objektovy model a rozhrania (API)
pre vytvaranie aplikacii ziskavania znalosti a dolovania v textoch. Kniznica JBowl
obsahuje prostriedky na spravu, indexaciu a manipuldciu s textovymi dokumentmi,
predovsetkym na komplexnu Statistickii analyzu textu vratane podpory spracovania
prirodzeného jazyka. Stcastou kniznice st implementdcie viacerych algoritmov
kontrolovaného a nekontrolovaného strojového ucenia s volitelnymi vstupnymi
parametrami a metdédami na vyhodnocovanie kvality modelov dolovania v textoch.

Vyvoj systému JBowl bol motivovany snahou navrhnit’ a implementovat’ uceleny,
dostatocne flexibilny a rozsiritelny systém, ktory by ponukal komplexné rieSenie pre
cely proces dolovania znalosti v textovych dokumentov. Pri jeho vzniku boli
analyzované aktualne existujuce volne $iritelné nastroje [1]. Okrem tychto nastrojov
existuji v stucasnosti aj velké komercné aplikacie ako IBM SPSS a SAS Text Miner,
ktoré planujeme v blizkej budicnosti pouzit pre dany typ ulohy a porovnat ich
uspesnost’ s uz realizovanymi experimentami.

2 Popis klasifika¢nej ulohy

Proces rieSenia ulohy ,Paralelnd klasifikdcia slovenskych a anglickych textov*
pozostaval z nasledujticich krokov, ktorych cielom bolo porovnat’ realizaciu takéhoto
procesu pre dva rozne jazyky (SJ a AJ):

Vytvorit’ paralelny korpus z textov na Wikipédii, ktory bude obsahovat’ dokumenty
v slovenéine a v angli¢tine (z roznych oblasti). Pre tento korpus boli vyhodnotené
parametre ako vyvazenost' a reprezentativnost’ korpusu, ktoré urcuju jeho vhodnost’
pre riesenie daného typu tlohy.

Na zéklade vyberu vhodnych dokumentov do korpusu bola vytvorena klasifikacna
schéma (ontoldgia) pokryvajuca domény, z ktorych dokumenty pochadzali.

Vytvoreny korpus bol rozdeleny na trénovaciu a testovaciu mnozinu, osobitne pre
slovenské a anglické texty.

Jednotlivé mnoziny boli vlozené do webovej aplikacie?, ktora sltizi ako uzivatel'ské
prostredie pre kniznicu JBowl.

Prostrednictvom tohto rozhrania boli vytvorené prislusné klasifikdtory na
trénovacej mnozine s roznymi nastaveniami parametrov pre indexaciu a vdhovanie.

Boli vykonané jednotlivé klasifikaéné experimenty na testovacej mnozine, a to
osobitne pre slovenské a pre anglické texty.

Dosiahnuté vysledky boli vyhodnotené vzhladom na pouzité postupy, ale aj
z pohladu potencidlneho vyuzivania tejto aplikacie vo vyucbe alebo na vyskumné
ucely.

! http://sourceforge.net/projects/jbowl/
2 http://cit.fei.tuke.sk:8080/textminingweb/
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2.1 Korpus a klasifikaéna schéma

Na vytvorenie zdrojového korpusu dokumentov bol pouzity postup manudlneho
stahovania relevantnych dokumentov na zaklade ich prislusnosti k stanovenej téme.
Tento postup vyzaduje viac Gsilia a ndmahy ako automatické st'ahovanie textov, ale
zarovenn pontika moznost' ziskat' priamo relevantné texty na zaklade preferencii
pouzivatel’a, nie¢o podobné ako evaluacia relevantnosti pri automatickom st'ahovani.
Dalsim dévodom pre vyber manualneho pristupu bol stanoveny rozsah korpusu (min.
300, max. 500), ktory nevyzadoval velky objem textovych dokumentov.

V pripade klasifika¢nej schémy ide o vytvorenie pojmovej Struktury, ktord umozni
kategorizovat’ jednotlivé textové dokumenty do vopred znamych kategorii, €ize Casti
skimanej domény. V tomto pripade bola vytvorena jednoducha klasifika¢na schéma
pozostavajuca z dvoch urovni, kde hlavné kategérie reprezentovali Humanitné vedy
(3 podkategorie), Pocitade (4), Prirodné vedy (8) a Sport (16). Kazda podkategoria
obsahovala 10 az 20 textov o velkosti 1-5 stran-

2.2 Trénovacia a testovacia mnoZina

Rozdelenie korpusu na trénovaciu a testovaciu mnozinu je potrebné pre vytvorenie
klasifikatora na trénovacej mnozine (naucenie) ajeho nasledne pouzitie na
kategorizaciu textovych dokumentov v testovacej mnozine (samotnd klasifikécia).
Hlavnym rozdielom je fakt, ze textové dokumenty v trénovacej mnozine maju
pridelenu kategoériu prostrednictvom vybraného parametra, ale textovym dokumentom
v testovacej mnozine je hodnota tohto parametra pridelovana prave klasifikatorom.
Najbeznejs$im pristupom pri rozdel'ovani korpusu je vyclenit’ vac¢si pocet textov na
trénovanie, minimalne 60% korpusu. V nasom pripade bolo pouzité rozdelenie
v pomere 80% ku 20% na testovanie. Textové dokumenty boli reprezentované
prostrednictvom beznych textovych formatov ako doc, pdf alebo plain text. Vlozeny
korpus pre oba jazyky obsahoval dve Casti (trénovaciu a testovaciu), kde trénovacia
mnozina predstavovala stromovu S$truktaru adresarov reprezentujucich navrhnutt
klasifikacntl schému, a jednotlivé adresare obsahovali prislusné textové dokumenty.

2.3 Klasifikatory

Webova aplikacia, ktora sluzi ako uzivatel'ské rozhranie pre pristup k JBowl sluzbam,
umoziuje viacero nastaveni, ako napr. vyber reprezentacie textovych dokumentov;
s tym suvisiacu termovu a dokumentovil frekvenciu; typ klasifikacného algoritmu,
atd’. Délezitym krokom v tejto faze je vyber vhodnych metrik na hodnotenie kvality
vytvorenych klasifikdtorov. Pouziva sa najmé presnost’ a navratnost, pripadne ich
kombinacia — metrika F, resp. ich mikro- alebo makro- spriemernené hodnoty.
Klasifikatory s rovnakymi nastaveniami parametrov boli aplikované na oba
korpusy, slovensky a anglicky. Celkovo bolo realizovanych sedem experimentov na
oboch korpusoch, kde treti v poradi dosiahol najlepsie vysledky s nasledovnymi
nastaveniami: normalizovana termova frekvencia; dokumentova frekvencia bez IDF,
bez normalizacie; aplikovany jednoduchy tokenizér, stop filter, a Porter Stemmer;
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algoritmus SVN (Support Vector Machine). Presnost vtomto pripade bola na
anglickom korpuse 96% ana slovenskom skoro 100%. V pripade névratnosti tento
klasifikator dosiahol hodnoty 66% pre texty v anglickom jazyku a 58% pre texty v
slovenskom jazyku.

3 Zaver

Dosiahnuté¢ vysledky boli predmetom diskusie vzhl'adom na zhodnotenie celého
pouzitétho postupu, ale aj otizku vhodnosti apotencidlu kniznice JBowl
prostrednictvom jej webovej aplikacie pre takyto typ ulohy. Pozitivne bola Studentmi
prijata moznost’ realizovat’ cely proces jednoduchymi krokmi v jednej aplikacii, ktora
vsak vyzaduje aspon minimalne teoretické znalosti danej problematiky. S tym suvisi
napr. nastavovanie jednotlivych parametrov, ich zmena s cielom dosiahnut’ lepSie
vysledky, alebo samotné vyhodnocovanie dosiahnutych vysledkov. V pripade negativ
bolo identifikovanych niekol’ko nedostatkov, ktorych odstranenie moéze priniest’
jednoduchsiu a tspesnejSiu pracu v budicnosti, ako napr. moznost’ distribuovaného
spuStania viacerych experimentov, moznost aplikovat viacero algoritmov
predspracovania resp. samotnej kategorizdcie, alebo detailnejSie informacie
o vyzname jednotlivych klasifikatorov aich parametroch. Tieto zistenia boli d’alej
pouzit¢ pre zlepSovanie samotného rozhrania, ¢o dokumentuje napr. névrh
a implementacia modulu s nazvom Task Execution Engine, ktory bude sltzit’ pre
paralelné spracovanie viacerych experimentov [2]. BlizSie informacie popisujuce
uskuto¢nené experimenty ale aj samotny JBowl systém je mozné najst’ v publikacii
s nazvom ,,Dolovanie znalosti z textov™ [3], ktord sluzi ako podporny vyukovy
material pre danu problematiku.

Pod’akovanie. Této praca bola vytvorena realizaciou projektu Centrum informacnych
a komunikacnych technologii pre znalostné systémy (kéd ITMS projektu:
26220120020) na zéklade podpory operaéného programu Vyskum a vyvoj
financovaného z Eur6pskeho fondu regionalneho rozvoja.
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Abstract. In this paper we will present data mining methods for short term
prediction of fog in local area (international airport in Dubai in our case). We
will describe data-preprocessing tasks, modeling using the decision trees, and
evaluation of models on testing data. Preliminary results are plausible but still
need some improvement.
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1 Introduction

Recently the interest in short-term weather warnings with higher localization
accuracy has been heightened, especially in connection with the influence of
significant and hazardous meteorological events in various areas (for example traffic,
agriculture, tourism and public safety).

Fog has significant impact on human activities (let us just mention air and road
traffic and shipping) and an improvement of fog prediction methods is of importance
to the human society as a whole. Currently used approach to the prediction of
visibility-reducing fog starts with a common 3D meteorological model executed for a
limited region; its outputs are converted using empirical formulae into visibility [1].

This approach by itself cannot achieve results of satisfactory quality and common
meteorological models often fail to handle inversion weather conditions, which
commonly produce fog. Therefore there are several experimental models in
development worldwide, which further process the results of common meteorological
model: 1D physical fog modeling methods, statistical post-processing of model
outputs [2],[3]. The result is then interpreted by a meteorologist, who takes into
account further factors — mainly his/her experience with meteorological situations and
local conditions, satellite imagery, real-time data from meteorological stations
suggesting that fog has started to form, or conditions are favorable for the occurrence
of one, conditions of the soil in the target locations, snow cover, recent fog
occurrences, etc.

In this paper, we will describe data mining approach for the local fog prediction.
We have implemented this approach and evaluated it on the meteorological data
located around the airports in United Arab Emirates (mainly Dubai). In the
subsequent chapter, we will describe input data and pre-processing tasks performed in
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order to prepare data for modeling. Third chapter describes prediction models and last
chapter provides description of the preliminary evaluation results.

2 Data understanding and pre-processing

Data understanding and pre-processing tasks are usually the most complex and
also most time consuming phase of knowledge discovery process (usually taking 60
to 70 percent of the overall time). For our application, data were processed by the
following tasks:

e Data extraction from the meteorological messages — the goal was to extract
data encoded in the text messages broadcasted from the meteorological
stations in METAR format. The format of the messages is fixed with standard
codes denoting the parts of the messages and data values. The output of this
task is the relational database with extracted data.

e Data extraction from the satellite/radar images — the goal was to extract
indicator variables, which encode fog and low cloud cover in the given area.
The output is the relational database with the extracted data.

e Data integration — Meteorological data from all sources (i.e. data extracted
from messages, satellite images, meteorological stations and physical model
predictions) are integrated into one relational database. Each record in the
integrated database has assigned valid from/to time interval and 3D
coordinates of measured area (i.e. ranges for longitude, latitude and altitude).

e Data interpolation — Since each data source had different data precision and/or
granularity, the goal of this task was to interpolate measured values and
compute additional data for the requested area and time with the specified data
granularity. The same approach was used for replacement of missing values.

e Data reduction — From a large data set we have selected a representative
sample, which is used in modeling. Reduction is usually necessary because of
technical restrictions inherent to some methods, but it can also lead to
simplification of the task at hand by removing irrelevant attributes and
records, thus even increasing the quality of the results.

Resulting dataset currently consists of records with real attributes of physical qualities
such a temperature, humidity, direction and speed of wind etc. and indicator attribute
for target variable, i.e. occurrence of fog for specific location (international airport in
Dubai for our case). Additionally, data were enhanced with some derived attributes
computed as a ratio of physical attributes or trend (i.e. increase/decrease of
temperature etc.). Geographically data covers the area of 10 airports in United Arab
Emirates mainly located around Dubai and north coastline with time span and
granularity of 10 years measured each one-hour.
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3 Modeling

Modeling is the core of the data mining process when selected data mining method
is applied to pre-processed data. Our models are simple predictors for time series,
where the prediction of outputs for time #+1, ..., ++K is based on the sequence of
historical data (i.e. time “window”) from time ..., -2, #-1, ¢. Prediction of outputs is
limited to future three hours (i.e. K = 3). We have specified our task as classification,
i.e. the predicted value is from a finite set of values (the simplest case is a binary
classification — e.g. there will be fog, or there won’t be fog), however apart from the
predicted value itself it was useful to have as one the predictor’s outputs also a
“prediction confidence” (e.g. saying “the estimation of the probability of a fog in two
hours is 0.8”). Even if our primary goal is to get a prediction of the best possible
quality, also the interpretation of the rules used for predicting can be interesting — a
secondary task is thus a descriptive data mining — the ability to comprehensibly
describe the processes leading to occurrence of fog.

Additionally, we have decomposed our task, i.e. short term prediction of fog on
international airport in Dubai to two sub-models; one detects spreading of fog from
surrounding areas (i.e. nearest airports) and one detects forming of new fog directly in
the target area.

There is a whole range of prediction methods — from statistical methods to artificial
intelligence methods, like linear or logistical regression models, Support Vector
Machine, neural nets, probabilistic models (for example the Bayesian networks),
decision/regression trees and lists, etc. We have tested various methods provided in
the SPSS Clementine environment [4]. Finally we have selected decision trees
models, which provide a good compromise between prediction accuracy and model
comprehension. In order to obtain optimal results, all parameters of algorithms were
tuned by testing using the cross-validation method.

4 Evaluation

All models were evaluated on testing data using the following measures:

e Recall=TP /(TP + FN)
e False alarm = FP / (TP + FP)
e  True skill score = recall — false alarm

where TP (FP) is number of true (false) positive and TN (FN) is number of true
(false) negative examples respectively. We have achieved recall 94% with 11% of
false alarm for spreading model (i.e. true skill score was around 83%) and 76% recall
with 33% false alarm error for fog forming model (true skill score 43%). The results
are plausible and comparable with the existing methods, but still need improvement.
It has to be noted that the quality of training data was low with high number of
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missing METAR records (in average 30% of records per airport, for some airports as
much as 90%). We have tried to integrate additional data source from Climatological
Database System (CLDB [5]) but still data quality has to be improved. Another
challenge principal for fog phenomenon is unbalanced number of positive and
negative records. In current training dataset there are only 0.2% of positive cases of
fog.

5 Conclusion

In this paper we have described data mining approach for prediction of the fog.
According to preliminary results, our models are comparable to the existing methods
based on the global physical model and empirical rules. We have implemented whole
chain of data pre-processing tasks which extract and integrate data from various
meteorological sources. In the future work we like to integrate more data and balance
positive examples in order to improve quality of training data. Also we like to test
more compound classifiers methods based on different problem decomposition.

Acknowledgments. The work presented in the paper is supported by the Slovak
Research and Development Agency under the contract No. VMSP-P-0048-09.
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Abstract. The paper deals with analyses of performed collaborative activities in
virtual user environment, focused on pattern discovering. All activities are
monitored and recorded into separate database within defined log format. This
log format provides sufficient historical data for various analytical purposes as
visualization through timeline or extraction of different statistics based on user
expectations or requirements. Historical overview of performed activities
through timeline displays series of various events in chronological order and
some subsets of them may be interesting or important for users. These subsets
can be represented in form of patterns and can be used to discover subsequent
pattern occurrences in historical data.
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1 Introduction

Collaborative activities realized within virtual user environment consist of various
elements that are in relations and represents possible inputs for analytical purposes. It
is important to evaluate past instances of performed activities in order to improve
their future realization through more effectively usage of resources, better group
composition, identification of critical points, discovering of best practices, etc.

Simple example of typical collaborative activity is creation of conference article in
collective of several persons. They need collaborative space to share their inputs and
contributions, to display their progress and to communicate and comment published
versions of the paper. The whole creation process consists of several phases (initial
draft, etc.) and each of these phases requires interaction between participants based on
their roles, knowledge and theoretical background. The virtual environment provides
functionalities to accomplish these expectations and requirements. The important
function is the ability to trace performed steps and visualize them through timeline in
order to provide historical overview in chronological order. The created timeline
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displays the whole progress and relations between related events, objects and users
and can be used for evaluation. Patterns are important part of evaluation process,
because they can identify critical points or best practices for future realization.

1.1 Related Work

Several similar analytical approaches can be identified in relevant domain, as
utilization of suitable data mining algorithm or various visualization forms, etc.

Semantic Spiral Timelines represents an interactive visual tool aimed at the
exploration and analysis of information stored in investigated collaborative learning
systems [21]. It provides an interesting way of presenting the events in form of spiral
timeline that contains sequences of color-coded events.

Interesting and similar approach to the proposed solution is described in [33]. This
approach covers constrain-based analytical approach for pattern discovering, i.e.
defining filters during the pre-processing phase that reduces the search space;
constraints during the mining phase (association rule mining, sequential pattern
analysis, clustering and classification) accelerate and control pattern discovering.

Hardless and Nulden proposed the Activity Visualization (AV) as technical
supporting functionality for understanding of learning processes in virtual
environment. AV uses information from the environment to visualize aspects of the
whole learning process, to give users the opportunity to view activities, progress, and
usage patterns from various perspectives [4], e.g. analysis of message lengths to
reveal usage patterns and relationships, message counts in relation to time, etc.

Process mining tool, called ProM!, developed in the Eindhoven University of
Technology, represents state of the art in the process analysis. ProM tools offers vast
number of analyses of the event logs themselves, or analyses where also the process
model is present. For the purposes of analyses, the ProM tool expects that it is
possible to divide activities from the event log into the separate sets, where each set
represents one instance of a process, called ‘case’. Given activity presents in the event
log must belong to exactly one process instance.

The OCAF framework [1] shares similar motivation to our approach. It also places
objects at the center of the collaborative activity. Those objects are studied as entities
with their own history and evolution procedures. Synergo, which builds on the OCAF
framework already supports the automatic association of some kind of events, e.g.
insertion, or modification event. The authors also list serious shortcomings of log
analysis (especially quantitative indicators may be misleading) so they recommend
mainly qualitative analysis of collaborative activities.

2 Timeline-based visualization

Timeline-based visualization provides features and methods to display the whole
evolution process (sequence of actions/activities) or its particular part with relevant
interactions and relations [6]. Input data can be filtered based on group selection,

!http://prom.win.tue.nl/research/wiki/
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particular time-frame or relevant part of virtual user environment. This approach
produces a complex view of performed activities and gives the possibility to focus on
potentially interesting facts. The proposed solution offers creation of basic timeline or
several different timelines for comparison; possibility to add external events
performed outside virtual system but relevant to examined activities; commenting;
patterns definition, etc.

2.1 Data

Historical data recorded for analytical purposes represents action/activities performed
in the virtual user environment. Each event is monitored and logged within designed
and implemented logging services on the middleware layer of the system. These
services provide two-side communication within presentation layer and log
repository. This repository is implemented within MySQL relational database in order
to provide scalable and responsive solution [5].

3 Patterns

Activities performed within the virtual user environment cannot be fully described by
some well defined, rigid process. It is in the very nature of the collaborative user
environment, that the complex activities performed in it are ill defined and not easily
formulated. Model of such activity must cover such cases and be able to dynamically
build, modify and customize the description of it. Moreover, it is not possible to
explicitly define an activity, where its instances are almost always unique in some
of its parts. To cope with this problem, we suggest generalizing activities into so
called patterns. These patterns will be able to formally and explicitly define some
parts of the examined activities. Having formal description of the pattern, pattern
discovery service could search the subsequent event logs for the next occurrences
of this pattern, greatly helping user in the identification and comprehension of what is
happening in the virtual environment.

These patterns usually (see Fig.2 — current pattern elements are highlighted) lead to
some critical moments in time, which can mean, for example, a significant progress,
discovery of new knowledge/approach, or on the other hand they may indicate non-
success of a particular process or its early finish. Such kind of patterns may also
conceptually represent interesting learning paths emerged within particular user
activities — either being positive (something like best practices), or negative (worst
practices).

Patterns are manually selected and customized subsets of actions from the
awareness repository. They are formalized as a sequence of activities, a list of pattern
elements. Each pattern element represents one generalized event which is essentially
a list of key-value pairs. User can specify the element based on any of the events
properties, including custom ones. In these key-value pairs, user specifies which parts
of the generalized event are important and which should be generalized. User can
specify the element based on any of the events properties.
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Choosen shared space: Tax Exercise
Choosen date range: from 2010-03-12 14:55:21 to 2010-00-29 15:16:08

Controls: slide w azoom on selected bands
Legend: biue - opening . fight red - modification, dark red - deletion
Highlights: red - current pattern, blue - selected search resule
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@ Created themes @ Leading Virtual Teams @ Created themes
@ Theme brainstorming @reamsg @ Instructions
@teamy @ Add ideas
@ Connections @ Created themes

@ Theme brainstorming
@teamng chat
@ eamg chat
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Fig. 2. Example of environment for pattern definition

3.1 Implementation

Pattern discovery service will find the matches of the given pattern within the
specified time range, and within the activities by specified group of users, if given.
The service returns list of matches, each represented as an array of events, comprising
the given pattern.

Current version of pattern discovery service is implemented in the emerging lisp
language called Clojure?. This dynamic programming language for JVM emphasizes
functional approach to the programming and usage of immutable data structures. In
Clojure, collections are generalized into the sequences, for which most of the
operations provides lazy evaluation. For each pattern element, pattern discovery
service construct an SQL query in order to find matching events in the log.

As the pattern is a sequence of such pattern elements, the resulting matches
produce a tree of matches, in which the results are in the leaf nodes with given depth.
A non-informed depth search is performed, collecting results on the way. The lazy
evaluation, easily achieved in Clojure, realizes only those parts of the result tree,
which are actually used. This subsequently lessens the number of queries sent to the
MySQL database, dramatically speeding up the whole matching process, if the user is
interested only in small number of results. Full source code can be found at [77].

2 http://clojure.blip.tv/file/982823/
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4 Conclusion

Patterns represent important way how to identify interesting sequences of user actions
during collaborative activities in virtual environment. These sequences may lead to
some critical moments or represent best practices in achievement of specified
objectives. In our case patterns are manually identified by users based on created
visualization through timeline. This visualization represents historical overview of
performed activities/actions based on recorded data. Current version for basic patterns
definition is implemented within KP-Lab System® and is being tested within
organized pilot courses as supporting feature for complex evaluation of user practices.
Current results from first testing phase are mainly oriented on usability of time-line
visualization. Patterns implementation is still ongoing. List of user experiences and
recommendations for this feature will be available in the fall 2010.

Future implementations of the pattern service plans to incorporate more flexible
definition of a pattern, including the support for specifying relationships between
individual elements and the ability to specify relevance for the individual elements,
which helps to find better partial matches for a given pattern.

Acknowledgments. This work is the result of the project implementation:
Development of the Center of Information and Communication Technologies for
Knowledge Systems (ITMS project code: 26220120030) (50%) and Center of
Information and Communication Technologies for Knowledge Systems (ITMS
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Abstract. Paper focuses on the integration of web information and subsequent
knowledge relationship discovery within the integrated data. It introduces
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1 Introduction

The Internet is a real phenomenon of these days. In spite of massive usage of the web,
it suffers from many problems. The main problems of web usage according to [1] are
the following: high recall connected with low precision, low or even zero recall,
search results being web pages and not searched information, and search results
dependent on a used vocabulary. Solutions of these problems need intelligent
approaches to information processing in semantically enriched web [4]. Information
processing in the frame of the semantic web requires also information integration [2].
Information integration is an “ingredient” of semantic search, which would be able to
recognize, that two pieces of information presented in various forms have the same
meaning. This paper focuses on information integration from RDF web documents.

2 Information Repository Model

The information repository model is a model of obtained data and information
representation. These data are distilled from RDF and XML sources. Data from each
source can be represented by a binary repository matrix illustrated in Fig. 1.
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capital city EU Vyseg

elements state currency Middle Europ:

Prague 100 000O0O0T“1O0 1 00 141 0 10
Brno 010000O0O0OTCO0TO01 100 1110 10
Kosice 00100O0GO0OTQO0OTO01 010 1M10 10
Bratislava 00O0100O0OQ0QH10 010 110 10
Poprad 00O0OT1TO0OGQOO1 010 1M110 10
Wiene 000O0O0OT1TO0OQT™1O0 010 1410 01
Budapest 00O0OO0O0OM1TO0T1TO o011 1M10 10
Paris 0 00O0O0O0OOT™1Mq10 010 140 1 0 1
yes 1001011110 222 1|2 -2 -2 -2
no 011010000 1-2-2-2-2-43-2-2-2111010
Czech rep. 00 10000 1O0O0TMT1TO0T1O0
Slovakia 00 01000O0OM1TO0TM1MT1TO0QT1TO0
Austria 0o 00100 O 10 1410 01
Hungary 00 00O0OT10 OOT1Y1MQ1O 10
France 00 00OOU1d 010 1401 01
CzZK 110000O0O0OOOOOCOOTTOO1M10 10
Euro 0011110100 000O0O0QTO0T1TO0 1]-2-24-2-2
Florint 000O0OO0OT1TO0OOO OOOOOQUOO™1M11H1 O 10
yes 1111111100 00O0O0O0O0O0O0 1-2-2 -2-2
yes 1111111000 00O0O0O0O0O0TO0TO0TO0OQT 1TEO0 -2-2
no 0 000O0O0OOTMO0O0O0CO0O0OOCOCOOOOOT1Mq O 1
yes 11111041000 0O0O0O0TO0TOOOTOQOTOI1TO0
no 0000010 1M00O0CO0COO0CCOCOOOOOCOQO01

Fig. 1. Binary repository matrix as a data model

This repository matrix contains all attributes’ values from the actual source. The
attribute — value pairs can be read from this matrix. For example, a town like Prague,
Brno Kosice, Vienna and so on, has the value “1” in some matrix cell if this town is
capital city, it is in EU, in middle Europe, and so on. If not, this cell has value “0”.

Information from an RDF source is downloaded in the first thick row of sub-
matrixes. Sub-matrixes located on the main diagonal are generated by the WKID
System. They represent some “meta” information about attributes and their values.
All sub-matrixes located outside the main diagonal represent deduced information
after processing. When the process of data importing is finished, some space of the
repository matrix remains empty. This empty space is used for information, which is
going to be obtained during the processing and so it is called an active part of the
matrix. These active (white) sub-matrixes are used for searching if-then rules using a
method on the first level of processing.
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3 Knowledge Relationship Discovery

The information repository model provides an opportunity to process data and to
discover information on different levels. At first, two basic principles have to be
distinguished: local and global point of view. On the local level, various methods for
knowledge extraction and discovery from one or more sources are applied. On the
global level, some conclusions from the local level are interpreted using several
techniques responsive to a user request. On the global level, higher level methods
could be used for processing more sources. The local methods of the knowledge
relationship discovery on various levels of processing are implemented in the WKID
system. There is if-then rules generation on the first level of processing. It is
implemented within “Model creation”. On the second level of processing, a method
“Exact comparison” is implemented and a method called “Dynamic comparison”
represents processing on the third level. The most elementary method is the First
Level Method for if-then rules generation, which is used during “Model creation”.
This method is able to process only one source. It is used to fill empty sub-matrixes
after importing data from an actual source. These sub-matrixes represent relations
between attributes related to the given position. This position (matrix cell) contains
information about two attributes, which are currently compared. The Second Level
Method, called “Exact comparison”, manipulates only with one information source
as well. The inputs of this method are results from the first level processing. This
method investigates dependence of two attributes by monitoring their behavior under
different starting conditions. This method is looking for the same behavior
represented by similar sub-matrixes, which were created within the first level
processing. A discovered couple with the same behavior detects a relation, for
example the relation between Middle Europe and Vysegrad deducted from sub-
matrixes in Fig. 1. The Third Level Method - “Dynamic comparison” uses specific
groups of data from the repository matrix. It distinguishes two categories: individuals
and groups. The groups are created in columns from adjacent values “1” in a sub-
matrix. In the process of comparison two cases can occur. First, there is no difference
in structure (values) of compared attributes and so there exist a relation between them.
Second, there are some differences in the structure of compared attributes. In this
case, the algorithm searches for individual value “1”, which can be connected to a
bigger group. This method is able also to extract information about dominance of one
attribute in the case when a bigger group is connected with a smaller one or with few
individuals.

4 Comparison to Similar Approaches

Similar approach was used in [3], where a transposed matrix was also generated for
querying the represented data. Our approach is different. No transposed matrix is used
and the binary repository matrix is modified. On the other hand, in our approach all
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information from an RDF source is downloaded in the first thick row of sub-
matrixes. This representation is used because of the possibility to create effective
query algorithms performing over this structure.

The paper [5] introduces a new approach for data mining by using a computer
representation form — binary 1 and 0 digits. One of the differences between our
approach and their approach is the view on matrix representation. In [5] a binary
matrix model is presented, however, rows represent entities and columns represent all
possible attribute values of entities. It shows relation object-context. We used binary
matrix model, where both rows and columns represent attribute-value. In this case we
try not to find context pattern of the entity, but data pattern of attribute in relation to
all other attributes in a source.

5 Conclusions

The current work obtains implementation of local level methods, which enable
knowledge relationship discovery. Particularly, model creation and if-then rules
generation, exact comparison and dynamic comparison are implemented in the WKID
system. These methods are designed to process one source and generate all possible
knowledge pieces from it. Deducted knowledge seems to be adequate to the real word
knowledge.
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Abstrakt. Planovanie vyrobného procesu patri uz dlhé roky k jednému zo
zékladnych problémov rozvrhovania. Medzi najmladsie techniky aplikované na
tato doménu patria algoritmy motivované biologiou, ¢i techniky, ktoré sa
opieraju o spravanie hmyzu alebo o samotnu evoliciu, no v neposlednej rade je
to oblast’ imunitnych systémov. Tato praca popisuje sposob, akym je mozno pre
ucely optimalizacie vyrobného procesu pouzit algoritmy motivované
imunitnym systémom. Konkrétne sa opiera o vyuzitie tedrie klonalnej selekcie,
ktora prebicha v tele cicavcov pri vystaveni imunitného systému cudzorodej
latke. Alternativou tejto tedrie v oblasti umelych imunitnych systémov je
algoritmus CLONALG, ktory vyuziva zékladné bazélne principy mechanizmu
imunitnej odozvy.

Kracové slova: Job shop scheduling, Artificial immune systems , CLONALG

1 Uvod

Tato praca sa opiera o oblast umelych imunitnych systémov. Konkrétne algoritmus
CLONALGT[1],[3], ktory je motivovany aktivaciou B buniek imunitného systému pri
vystaveni patogénnej latke. Dalej detailne popisuje jednotlivé Gasti algoritmu,
$pecificky upravené pre doménu optimalizacie realneho vyrobného procesu.

2 Vyrobny proces

Navrhované rieSenie je pripravované pre optimalizaciu realneho vyrobného
procesu. Jedna sa o vyrobnu linku plastovych folii a vrecuSok. Popisovany modul ma
byt alternativou k Standardnym optimalizacnym metéodam. Vyrobna linka je
schématicky zndzornena na obr. 1. Formalne mézeme vyrobny proces zakresleny
v obrazku 1 zapisat’ [4]

J= ‘]gran "]fol ’Jvrec ’

kde Jg., reprezentuje vyrobu regranulatu, Jy,, reprezentuje vyrobu LDPE folie a
Juec Teprezentuje vyrobu odpadovych vriec. Pre kazda tulohu su definované
nasledujuce operacie:
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Jgran H{Ogran} > fol %{Ogran ’Ovyf } ‘]vrec %{Ogran ’Ovyf ’Orol ’Obal} ’
ktoré sa mézu vykonavat’ na nasledujucej mnozine strojov:
Ogran%{Mgran} > 0vyf _>{Mex1 ’Mex2 ’Mex3 ’Mex4} > 0}”0[—>{MFOII’MF012} > Obal %{Mbal}
. Ulohou optimalizacie v tomto pripade je vytvorenie optimalneho rozvrhu pre
jednotlivé vyrobné linky tak, aby boli vSetky zédkazky vyrobené nacas, minimalizoval

sa prestoj na jednotlivych linkach, redukoval vznikajuci odpad pri vyfukovani resp.
rolovani a redukovala sa spotreba elektrickej energie.

Extruder 1
Extruder 2 Rolovanie 1
)
Medzisklad 1 Regranulacia Medzisklad 2 Medzisklad 3 Medzisklad 4
|
Extruder 3 Rolovanie 2
Extruder 4

Obr. 1. Blokova schéma vyrobného procesu.

3 CLONALG

Algoritmus CLONALG vo svojom principe patri do skupiny evoluénych pristupov.
Zakladnym rozdielom medzi S$tandardnou verziou evoluénych pristupov a
algoritmom CLONALG je absencia sexualnych operatorov. Jedinci “b bunky” su v
priestore rieSeni premiestiiované na zaklade progresivnej mutacie. To znamena, Ze
ak sa jedinec svojou afinitou blizi k hladanému rieSeniu, pravdepodobnost’ jeho
mutécie klesa, naopak jedinec vzdialeny od rieSenia ma vacsiu pravdepodobnost’
zmeny. Algoritmus CLONALGI2]:

1. vypocita sa vektor afinity vSetkych prvkov z mnoziny Ab

2. vyberie sa n prvkov z Ab s najvic3ou afinitou, z nich sa vytvori Aby,

3. Z Abyy, sa vytvori mnozina klonov C, pri¢om vicSia afinita = viac klonov

4. na mnozinu C je aplikovany operator mutacie. Plati, ze ¢im je vicsia

afinita, tym je mensia miera mutacie.
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vypocet afinity f* novych prvkov ziskanych po mutacii (dozrievani)
n buniek je vybranych pre vytvorenie novej populacie Ab

nahrada d prvkov s najnizSou afinitou z Ab

skok na 2 pokial’ nie splnené stop kritérium

% !

4 Navrh optimaliza¢ného systému

Pokial’ st za i€elom optimalizdcie pouzité evoliciou motivované algoritmy, je
kl'aové pre dosiahnutie pozadovanych vysledkov zvolit sprdvne mapovanie
problému na elementy algoritmu.

Podstatnym sa stdva najmid mapovanie problému na jedinca. Spdsob tohto
mapovania priamo vplyva na tvar prehladavaného priestoru rieSeni. V nasom
priblizeni jedinca reprezentuje matica, ktorej riadky symbolizuji vyrobu na
jednotlivych strojoch a stipce zakazky, ktoré sa maju na nich vykonat. Nech kazda
objedndvka je definovand mnoZinou parametrov: o = {s,h, f,mmi“/m}. Pricom s je

poZadovana Sirka, 4 je poZadovana hribka, /* je pozadovana farba,m .~ minimalne

pozadované mnozstvo vyrobené za deni. Nech teda existuje mnozina objednavok
0=(o1.00.03.04) » pOtom b-bunka (jedinec) je reprezentovana maticou a ma nasledovny tvar:

o o 0 0
03 o 4 01 02
% % 9
03 03 02 o 4

b—bunka=

Daliim podstatnym faktorom, ktory ovplyviiuje funkénost algoritmu, je spdsob
generovania novych b-buniek. Je dolezité, aby novo vzniknuti jedinci boli validni,
to urychli konvergenciu algoritmu. Jedinec sa stava nevalidnym aje vyradeny
v pripade, ak matica neobsahuje pre kazdi objednavku minimalne pozadované
mnozstvo na dany deil. Algoritmus generovania jedinca sa da zapisat’ nasledovne:

1. pre kazdy riadok matice, teda pre kazdy stroj vykonaj
a. nahodne vyber z mnoZiny objednavok O, ktora spifia podmienky
aktualneho stroja (hribka, Sirka) avloz na prislusné miesto
v matici, pricom doba spracovania je nahodne volena v intervale

i=<m >

min/ den ’
b. krok a. opakuj, pokial sucet objemu objednavok nepresiahne
dennu kapacitu stroja,
2. bod 1 opakuj pokial’ jedinec nie je validny,

t-je volitel'na konstanta.

Operator, ktory postiva jedinca po priestore rieSeni v algoritme CLONALG, je
progresivna mutacia. Cim vi¢§iu hodnotu afinity k hPadanému rieSeniu jedinec
prejavuje, tym nizSia je jeho pravdepodobnost’ muticie. Samotny proces mutacie
obsahuje dva mechanizmy:
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e presuvanie je proces, kedy sa objednavka z jedného stroja presunie na
iny stroj. Tento proces je obojsmerny.
e predlZovanie je proces, kedy sa Cas vykonavania objedndvky predlzi
o isty Casovy usek.
Presuvanie sa vykonava medzi nahodne vybranymi riadkami ada sa zapisat
nasledovne:
1. nahodne vyber stroj (riadok) M;, vo vybranom riadku nahodne zvol
objednavku,
2. vytvor zoznam vSetkych strojov, na ktorych je tato objednavka
vykonatelna,
3. zo zoznamu nahodne vyber stroj M, (pricom moze nastat’ pripad M,;=M>),
v riadku prislichajicemu stroju M, najdi objednavku vykonatelnu na
stroji M, ak neexistuje, n-krat opakuj krok 3,
4. ak krok 3 skoncil netispesne, m-krat chod’ na krok 1,
5. skontroluj, ¢i sucet objemu vyroby jednotlivych strojov zodpoveda
dennému limitu, ak nie chod’ na krok 1 maximalne /-krat.
Parametre [,m,n slizia ako ochrana algoritmu proti zacykleniu v pripade, ak
presuvanie nie je mozné.

PredlZovanie je realizované na nahodne vybranom riadku matice a spociva
v predizeni alebo skrateni néhodne vybranych objedndvok v danom riadku.
Algoritmus predlZovania je mozné zapisat’ nasledovne:

1. nahodne vyber riadok z matice,

2. néhodne vyber objednavku o,,

3. nahodné vyber navysenie alebo zniZenie objemu spracovania objednavky

o I/n pévodnej velkosti,
4. v danom riadku vyber ndhodne d’al$iu objednavku o, ;o %0, @ aplikuj na

fiu rovnakt zmenu v opacnom zmysle (znizenie/zvySenie objemu),
6. skontroluj, ¢i sucet objemu vyroby jednotlivych strojov zodpoveda
dennému limitu, ak nie, chod’ na krok 1 maximalne /-krat,
n- je volitelna konstanta, ktora uddva mieru prediZenia a moze byt tak isto
nahodné volena
Tvar prehl'adavaného priestoru velkou mierou ovplyviuje funkcia, ktora ohodnocuje
afinitu jedinca od hladaného rieSenia. Jedna sa o funkciu, ktora sa snazi zohl'adnit’
vsetky poziadavky optimalizacie. V nasom pripade sa jedna o spotrebu elektrickej
energie, o minimalizovanie zmien pri vyrobe (zmena hrubky, farby, $irky na jednom
stroji) a ¢o najefektivnejSie vyuzitie kapacit. Pre tuto komplexnu poziadavku bola
navrhnuta nasledovna funkcia:

Z, 4z, 4z +S -+
Sfm " “hm " “sm Sm™tom
5

afinita=7y,
M

Z;, - parameter vyjadruje poet zmien farby vytlatovaného materidlu za jeden
pracovny den Vyratava sa Ciastkovo pre kazdy stroj.

Zim - parameter vyjadruje pocet zmien hrubky vytla¢ovaného materidlu. Vyratava sa
Ciastkovo pre kazdy stroj
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Zn - parameter vyjadruje pocet zmien hribky vytlacovaného materidlu za jeden
pracovny den
s - symbolizuje spotrebu elektrickej energie s, <<0,1> kde jedna znamena ststavni

¢innost’ stroja pocas celej pracovnej doby. Tato hodnota je ratana relativne k celkovej
najvys$sej moznej spotrebe.
o - reprezentuje pomer Casu kedy stroj pracuje a kedy je nevyuzity o, e<0,1>

Takto navrhnutd funkcia sa pokts$a na jednej strane maximalizovat' dobu ¢innosti
stroja 0,, a na druhej strane minimalizovat’ spotrebu elektrickej energie.

Pod’akovanie. Praca vznikla za podpory projektov APVV 0168-09 "Optimalizacia
recykla¢nych vyrobnych liniek aplikovanim nekonvenénych metdd riadenia", VEGA
2/0197/10 "Moderné metdédy a techniky pre integrované inteligentné riadenie
vyrobnych systémov".

5 Zhodnotenie

Tato praca poskytuje ndvrh realizacie aplikovania principu klonalnej selekcie na
doménu optimalizacie vyrobnych procesov. Navrhnuté rieSenie umoziuje flexibilné
rozsirenie poctu pracovnych strojov bez nutnosti zmien v navrhovanom modeli.
Vyznam takéhoto rieSenia vzrastie pri naraste objednavok a poctu strojov, kedy
podstatne  vzrastie Casova narofnost klasickych metdd zaloZzenych na
deterministickom prehl’addvani. V budicnosti sa tito praca zamera na evaluaciu
navrhovaného rieSenia a na porovnanie s algoritmami pouzivajucimi aj sexualne
operacie (krizenie).

Referencie

1. Dasgupta, D.: Artificial Immune Systems and Their Applications, (Dasgupta D., ed.)
Springer-Verlag, Berlin 1999b

2. KASANICKY, Tomas. Agentovy systém na baze klonalnej selekcie. In Cybernetics and
Informatics 2010 : international conference SSKI. Editor Stefan Kozak, Alena Kozakova,
Danica Rosinova. - Bratislava : Vydavatelstvo STU, 2010, 6 p. ISBN 978-80-227-3241-3

3. Leandro N. de Castro and Fernando J. Von Zuben, Learning and Optimization Using the
Clonal Selection Principle IEEE Transactions on Evolutionary Computation, Special Issue
on Artificial Immune Systems, vol. 6, pp. 239- 251, 2002

4. Zelenka. J., Budinska. 1., Balogh. Z., Matejka. T.: Problematika rozvrhovania vo vyrobnom
procese s roznymi typmi vyrobnych linieck, AT&P journal 8/2010, dostupné na
www.atpjournal.sk (august 2010, id clanku: 109), ISSN 1336-233X



Dolovanie udajov v hydrometeorologickych aplikaciach

Martin Seleng, Peter Krammer, Ondrej Habala, Ladislav Hluchy

Ustav informatiky, Slovenskéd akadémia vied, Dubravska cesta 9,
845 07 Bratislava, Slovenska republika

{martin.seleng, peter.krammer, ondrej.habala,
ladislav.hluchy}@savba.sk

Abstrakt. V prispevku predstavujeme metddy, ktoré sa pouZzivaju na dolovanie
dat z hydrometeorologickych aplikacii v projekte 7. ramcového programu
ADMIRE. V aplikaciach pouzitych v tomto projekte pouzivame dolovanie dat
na predpoved’ teploty vody a prilivovej viny na hlavnych vodnych nédrziach na
Slovensku (na rozdiel od vSeobecne pouzivanych fyzikalnych modelov na
predikovanie javov, ktoré nie su bezne na Slovensku vyrieSené). Tato aplikacia
je jednou z celého setu pripadovych studii, ktoré formuju Flood Forecasting
Simulation Cascade - pilotni aplikaciu v projekte ADMIRE. V prispevku
prezentujeme premenné, ktoré pouzivame pri trénovani a dolovani udajov.
Taktiez v kratkosti prezentujeme aj problém integracie z roéznych datovych
zdrojov potrebnych pre nasledné dolovanie dat v tychto aplikaciach.

KPicéové slova: dolovanie udajov, hydrometeorologické aplikacie, linearna
regresia, neurénové siete, integracia idajov

1 Uvod

V predkladanom prispevku prezentujeme naS pristup k dolovaniu tdajov
v environmentalnych aplikdciach, konkrétne pri predpovedani zéplav v projekte
7. rdamcového programu ADMIRE. V jednotlivych castiach c¢lanku postupne
v kratkosti predstavime projekt ADMIRE a jeho pilotné aplikécie; popiSeme data,
proces integracie, predspracovania a dolovania. Zavere¢na cast’ obsahuje porovnanie
vytvorenych modelov.

2 Projekt ADMIRE

Projekt ADMIRE (Advanced Data Mining and Integration Research for Europe
[1]) je projekt 7.ramcového programu FEurdpskej utnie v Casti Informacné
a komunikacné technologie (IKT). Cielom projektu je priniest’ konzistentnu a hlavne
jednoducho pouzitelni technoldgiu na zjednoduSenie procesu ziskavania znalosti
a informacii. Hlavnou vyzvou projektu je obtiaznost’ ziskavania relevantnych a
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vyuzitelnych informdacii pri dolovani dat kombindciou rdéznych heterogénnych
a distribuovanych zdrojov udajov. Sti€astou projektu Admire je pilotnd aplikécia:
Predikcia zéplav a simulacnej kaskady, ktord bola medzi¢asom rozsirena za hranice
predikcie zaplav pre SirSie pouzitie v environmentalnych aplikaciach. V stcasnosti
pozostava z 3 scenarov: SVP, RADAR a ORAVA, ktorym sa prave v tomto prispevku
zaoberame. Jeho cielom je predikcia prilivovej viny a teploty vody. Aplikacia
ORAVA bola pripravend expertmi v oblasti hydrometeoroldgie, konkrétne Slov.
hydrometeorologickym  tstavom (SHMU), Slovenskym  vodohospodarskym
podnikom (SVP) a Hydrologickym institatom Slovenskej akadémie vied (HI SAV).
Zaroven poskytli aj rozsiahle distribuované zdroje dat. SVP poskytlo 10-rocné udaje
o prietokoch, teplote vody a pod. SHMU poskytlo zikladné meteorologické data za 9
rokov (zrazky, teplota vzduchu a sila vetra) vypocitané meteorologickymi modelmi
a ulozené v GRIB (Gridded Binary) suboroch.

2.1  Casopriestorova integracia udajov

V environmentalnych aplikaciach pouzitych v projekte ADMIRE musime riesit’ aj
Casopriestorovu integraciu dat. Pouzivame pri tom nasledujucu metodologiu:

o Ziskavanie dat — surové data st ziskavané z dostupnych (vacsinou heterogénnych)
datovych zdrojov a spracované do Standardnej reprezentacie - zaiznamov databazy.

e Priestorova transformacia — v pripade, Ze sety dat, ktoré st integrované, pouzivaju
rozne suradnicové systémy, musia byt tieto systémy zjednotené pred integraciou.

e VyrieSenie problému s chybajicimi udajmi — v ziskanych datach je vela
chybajucich udajov, napriklad chyby meracich pristrojov.

e Casova synchronizacia — ked’ sa integruju datové sety srdznou periodicitou
zdznamov (napr. hodinové verzus denné zaznamy), musi byt zostladena
frekvencia jednotlivych setov, napr. agregaciou zdznamov s vyssou frekvenciou.

e Priestorova synchronizacia — pri integracii dajov s ré6znou velkost'ou a roznymi
stredmi mriezky musi byt tato mriezka nejakym spdsobom zjednotena.

3 Dolovanie udajov v environmentalnych aplikaciach

V tejto kapitole ajej Castiach predstavime techniky a metody, ktoré sme pouzili
na upravu udajov a vyrieSenie problému s chybajicimi tdajmi, ako aj techniky
ametddy pouzité pri dolovani tudajov v dvoch vybratych aplikaciach. Pilotna
aplikacia ORAVA bola navrhnuta SHMU ajej tlohou je predpovedat vysku
prilivovej viny a teplotu vody pod Oravskou priehradou. Struktiru udajov, ktoré boli
pouzité pri procese dolovania, je mozné vidiet’ v tabulke 1.

3.1 Predpovedanie vysky hladiny a vySky prietoku v aplikacii ORAVA

Pre nas experiment sme si vybrali stanicu bezprostredne pod Oravskou priehradou.
Tabulka 2 predstavuje ukazku ziskanych udajov po Casovo-priestorovej integracii.
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Tabulka 1. Udaje pouzité v aplikacii ORAVA. Udaje v stipcoch R, A, B, S v &ase
T+1, T+2, ... st uréené meteo-modelom, Udaje v D+1, D+2 ... st dané predpisom
audaje X+1,X+2,....Y+1,Y+2,... su cielom dolovania dat.
Teplota  Zrazky Teplota Teplota Zrazky  Vypust Vyska Teplota

as vody vzduchu vzduchu hladiny vody
Orava Orava Orava Stanica Stanica Orava Stanica Stanica
T-2 E-2 R-2 A-2 B-2 S-2 D-2 X-2 Y-2
T-1 E-1 R-1 A-1 B-1 S-1 D-1 X-1 Y-1
T E R A B S D X Y
T+1 E R+1 A+l B+1 S+1 D+1 X+1 Y+1

Tabul’ka 2. Ukazka ,,surovych* tidajov po integracnej faze v aplikacii ORAVA

Teplota Zraiky Teplota Teplota Zrazky Vypust Vyska Teplota

vody vzduchu vzduchu hladiny vody
Orava Orava Orava Stanica Stanica Orava Stanica Stanica

-4 | 269.0278 -5.55E-20 30 28 0.7

1 -4 | 269.0476 -5.55E-20 30 28.62 0.7

-5 269.5059 -4.24E-20 30 28.62 0.7

-5 | 270.2394 -8.47E-20 30 28.62 0.8

-5 | 270.8507 -8.47E-20 30 28 0.8

Ziskané zaznamy obsahuju aj prazdne polozky, preto je nutné vykonat’ korekciu
tidajov. Konzultaciou s expertmi bolo zistené, Ze pokial’ sa v stipci ,,Zrazky Orava“
nenachddza ziadna hodnota, tak v dany Cas neprsalo. Takze chybajuce udaje mézeme
nahradit’ hodnotou ,,0“. Na tento ucel bol vramci projektu ADMIRE vyvinuty
procesny element/filter ReplaceMissingValues.

Dal§im problémom, je stipec “Zrazky Stanica”, v ktorom mézeme vidiet' velmi
nizke hodnoty. Hodnoty ako -1.0E-20 st vlastne iba Sumom, ktory méze byt
nahradeny hodnotou ,,0°“. Na tento ucel bol implementovany d’alsi filter ZeroEpsilon.
Jeho tlohou je nahradit’ vSetky hodnoty menSie ako dané epsilon hodnotou ,,0%.

Dalsim javom je, Ze stipce s hodnotou teploty pouzivaju rozne kalovanie (stupne
Celzia a stupne Kelvina). Z tohto dovodu je potrebny procesny element/filter
Kelvin2Celsius, ktory prevedie stupne Kelvina na stupne Celzia.

Poslednym problémom predspracovania dat su chybajiice hodnoty v stipci
,,Teplota vody Orava“. Meranie teploty vody vo vodnom zdroji Orava je vykonavané
raz denne, pri¢om ostatné vstupy su merané kazda hodinu. Po konzultécii s expertmi
bolo rozhodnuté, Ze toto meranie ani nie je potrebné vykonavat’ CastejSie, pretoze ide
o vel'kt masu vody, ktorej teplota sa vyrazne nemeni. Preto je vhodné chybajiice
hodnoty nahradit’ jednoduchou linedrnou interpolaciou medzi zndmymi hodnotami.
Na tento ucel bol implementovany LinearTrend filter. V tabulke 3 m6zeme vidiet’ ako
vyzeraju integrované data po uvedenych tpravach.
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Tabul’ka 3. Ukazka integrovanych a predspracovanych udajov v aplikacii ORAVA

Teplota Zrazky Teplota Teplota Zrazky | Vypust Vyska Teplota

vody vzduchu vzduchu hladiny vody

Orava Orava Orava Stanica Stanica Orava Stanica Stanica
1.0000 0.0 -4.0 -3.1222 0.0 30 28.00 0.7
1.0000 0.0 -4.0 -3.1024 0.0 30 28.62 0.7
0.9958 0.0 -5.0 -2.6441 0.0 30 28.62 0.7
0.9917 0.0 -5.0 -1.9106 0.0 30 28.62 0.8
0.9875 0.0 -5.0 -1.2993 0.0 30 28.00 0.8

V procese dolovania sme na predikciu teploty vyuzili model linedrnej regresie;
pri overovani sme vyuzili 10-ndsobnu krizovi validaciu. Predpis natrénovaného
modelu je na Obréazku 1:

Teplota_vodysanica= 0,6473.Teplota vodyoray, + 0,0239.Teplota_vzduchug,yy, -

-0,0359.Z187Kyorava - 0,0055.VYpUstoraa - 0,0418.Zrazkysanica +
+0,0117.Teplota_vzduchusnica - 0,0503.Vyska_hladinysmics + 2,4324

Obr. 1. Natrénovany model, linearna funkcia

Tabul’ka 4. Vybrané ¢iselné charakteristiky natrénovanych modelov

Vlastnost’ \ Model Linearna Neurénova
regresia siet’
Korela¢ny koeficient 0.9639 0.9821
Stredna absolitna chyba 1.1791 0.7748
Stredna kvadraticka chyba 1.4607 1.0386
Relativna absolitna chyba 23.8739 % 15.6884 %
Relativna kvadraticka chyba 26.609 % 18.9195 %

Dalsi vytvoreny model vyuziva techniku neurénovych sieti - viacvrstvova siet
perceptronov, bez skrytej vrstvy. Aktivacnou funkciou je sigmoid pre vstupni vrstvu
a linearna funkcia pre vystupnu vrstvu. Neuronova siet’ pozostiva z 5 neurénov,
obsahuje jediny vystup - predpovedanu teplotu. Vstupy neurénovej siete su rovnaké
veli¢iny ako vstupy linearneho modelu na Obr. 1. Z tabul’ky 4. mézeme vidiet, ze
model neurénovej siete dava jednoznacne lepsie vysledky vo vsetkych sledovanych
kritériach oproti linearnej regresii. Mozeme vidiet’, ze korelacny koeficient obidvoch
modelov je vysoky (takmer 1), a stredna absolutna chyba a stredna kvadratické chyba
su dostatocne nizke.
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Na zaklade uvedenych tvrdeni moézeme povedat’, Ze natrénované modely st pre naSu
aplikaciu naozaj vhodné. Trénovanie oboch modelov bolo realizované na 8760
zaznamoch, hodnotili sme 10-ndsobnou krizovou validaciou. V tabulke 5 mozeme
vidiet’ porovnanie predpovedanych a redlnych hodnét pre natrénované modely.

Tabulka 5. Porovnanie skuto¢nych hodnét
oproti predpovedanym hodnotam jednotlivych modelov

Linedrna regresia Neurénova siet’
Skutocné
Predpovedané Chyba Predpovedané Chyba
hodnoty
hodnoty hodnoty

11.6 13.071 1.471 12.446 0.846

15.2 14.335 -0.865 14.494 -0.706

6.4 7.614 1.214 5.766 -0.634

0.7 2.284 1.584 0.926 0.226

11.7 10.948 -0.752 10.266 -1.434

14.3 16.526 2.226 13.671 -0.629

4 Zaver

V prispevku sme ukazali nové pristupy predpovedania zaplavovych vin pomocou
metdd dolovania dat, namiesto pouzivania S$tandardnych pristupov ako su
meteorologické predpovede. V d’alSej praci sa budeme pokusat’ vyuzit' tieto metody
aj v ostatnych scendroch pilotnej aplikécie: Flood Forecasting Simulation Cascade.
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Abstract. The paper deals with text document retrieval from the given document
collection by using neural networks, namely cascade neural network model, linear and
nonlinear Hebbian neural networks and linear autoassociative neural network. With
using neural networks it is possible to reduce the dimension of the search space with
preserving the highest retrieval accuracy.

Keywords: Text document retrieval, Dimension reduction, Neural networks,
Retrieval parameters, Keywords

1 Introduction

Information retrieval is a wide research area mainly on the internet. One part of
information retrieval is the retrieval of the text documents what is the focus of this
paper. The aim of this paper is to deal with text document dimension reduction of
document space by analytical approaches and by neural networks. Documents are
represented by the vector space model, where each document is represented as
a vector of keywords. The query is represented by vector of keywords also. The
Hebbian neural networks and the autoassociative neural network for text document
space dimension reduction are used. From the analytical approaches the latent
semantic model is used for dimension reduction.

The precision, recall and the F-measure of the retrieval of the given models are
computed in [1, 3]. Where |RV| is number of relevant and retrieved documents, |R| is
number of relevant documents and |V| is number of retrieved documents in the
document collection. Text document retrieval system used in the work has three main
parts [4]. First part is the user query subsystem, second is the indexing subsystem and
third is the administrator or documents subsystem. Information retrieval system
accepts the user query, indexing subsystem creates from the query inner
representation, compares it with the document representation and most relevant
documents returns to the user as an answer.

2 Dimension reduction of the Text Document Space by Analytical
Approach

From the reason of high dimension of VSM matrix when the document collection is
large, it is suitable to reduce the dimension of the document space, that represents
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feature space. The first manner by which the documents are reduced to the much
smaller feature space is by singular value decomposition (SVD) [2, 9, 10, 11] of the
vector space model (VSM) matrix.

VSM matrix is by the SVD reduced to the three submatrices:

X=UxSxVT “)

where X is the VSM matrix, U is the matrix of left singular vectors, S is the diagonal
matrix of positive singular values, and V is the matrix of right singular vectors.

After dimension reduction to dimension r, where only first r left and right singular
vectors and only highest r singular values are retained and the other are replaced by

zero, the matrices are reduced to U, , S, and ¥, . When the document and query are
represented as

d=x,.,x, ®)
q=q4q, ©

their reduced representation is computed as

d, =dxU, xinv(S,) )
q, =qxU, xinv(S,) ®

3 Dimension Reduction of the Feature Space by Neural Networks

Due to the necessity of SVD to compute the representations of documents in the
reduced feature space from the whole matrix of the documents, it seems easier to
replace SVD by training the neural network, where weights of this network work only
with one column of VSM matrix (document) at a time.

In the next part, the linear Hebbian neural network [5, 6], nonlinear Hebbian neural
network [5, 6, 7], and autoassociative neural network for the text document space
dimension reduction are presented.

3.1 Linear Hebbian Neural Networks

The first manner of using the linear PCA is the linear Hebbian neural network with
Oja learning rule. It is a two-layer neural network, where the input layer has so many
neurons, how many keywords is in the VSM matrix, and the output layer has so many
neurons as is the number of dimensions in the reduced feature space.
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The learning algorithm is unsupervised. The document from the document collection
comes on the input, then the output is computed and on the base of input, weights and
output the weight change in the next time step is computed. Here are the formulas:

yi(t)zzwip(t)xip(t) ©)
1 1) =0y 0510 0 (), (O, ) a0

3.2 Nonlinear Hebbian Neural Networks

Nonlinear Hebbian neural network has the same topology as linear Hebbian neural
network, only in the output layer, there is nonlinear activation function, y = g(y),
where g(y) is nonlinear output function, in this paper we used for comparison tanh()
function. The learning rule is represented by the formula:

w, (1) =w, () +4( Ny, (), () - gy, (D)W, () an

3.3 Autoassociative Neural Network

Linear autoassociative neural network has three layers [3]. The input and output
layers have the same number of neurons, representing the vector of keywords. The
number of neurons in the hidden layer equals the dimension of the reduced feature
space. All layers in the linear autoassociative neural network have linear activation
function.

The same document represents both, input and expected output. The training
algorithm is unsupervised backpropagation. After the training the document is
brought on the input and the values of hidden neurons are computed, which represent
the document in the reduced feature space, given by the formula

c=x W (12)

where ¢ represents the reduced vector of keywords by the vector of middle-layer
neurons and W is the weight matrix between the input and middle layer.
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4 Experiments

B [
Figure 3. F-measure (F) depending on border relevance (br) of the part of REUTERS collection
by a, SVD, b, linear Hebbian neural network, c, nonlinear Hebbian neural network, d,

autoassociative neural network.

For the experiments the part of the collection REUTERS 21578 with 600 documents
and around 2000 keywords is used. With each method the dimension reduction to the
two dimensions is made and the comparison with the original VSM for different
queries is used for the computation of precision and recall. Then the precision and
recall are averaged and the outcomes are used for computing the F-measure.

The results are depicted on the four graphs below. Each graph represents the F-
measure obtained from one dimension reduction method. Each line on the graph
represents F-measure (y-axis) depending on the decreasing relevance border (x-axis).
Relevance border is high, if only a few of relevant documents is marked as retrieved.
As the relevance border decreases (values on the x-axis grow), more documents
become retrieved and the F-measure grows. On the figure 1b) F-measure from the
certain point of the relevance border starts to decrease. Author guesses, that it is due
to great influence of recall, which has property, that after certain point of retrieved
documents the more documents is retrieved (the relevance border decreases), the
smaller part of the documents create the relevant documents, so the recall decreases.
Green line represents F-measure by the reduction to dimension 10, black line to
dimension 7, red line to dimension 5, yellow line to dimension 3 and blue line to
dimension 2.
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5 Conclusions

From the graphs, we can see, that best results were obtained by the dimension
reduction to dimension ten and the worst results are obtained by the dimension
reduction to dimension two.

Each method has shown, that it can be used to dimension reduction of the text
document space. The suitability of these methods is shown also in the depicting the
reduced documents to the two-dimensional space as it is shown in [8] where the
clusters were formed.
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Abstract. This paper describes solutions for integration of a SW platform in the
OCOPOMO project, where ICT is used for the support of policy modelling by a
combination of narrative scenarios, agent-based modelling , and e-Participation
tools (all integrated via an e-Governance platform). The policy model for a
given domain is created iteratively using cooperation of several stakeholder
groups (decision makers, analysts, representatives of companies, civic society
organisations, etc. ). The paper provides basic information about the project,
high-level design of the SW platform architecture, overview of integration
technologies and a short discussion of their possible use.

1 Introduction

Current trends in e-Governance aim extend the paradigm of service provision towards
a participation of relevant stakeholders and the public in a collaborative policy
creation, while targeting challenges like efficient ICT support in foresights, managing
complexity in policy making within complex socio-economic environments,
developing appropriate policy models and IT solutions to support them. The design of
a software platform and methodology providing an environment for modelling
policies in a collaborative manner is in the focus of the EU FP7 R&D project
OCOPOMO. One of the main problems in the development of the software platform
is integration of particular components. This paper describes work in progress,
information regarding this issue — state-of-the-art analysis of integration methods and
discussion about their usage for the OCOPOMO platform. Next section provides
overall description of the project with general architecture of the software. Then,
current integration methods and technologies are presented as well as short discussion
of their reuse in OCOPOMO case.

2 OCOPOMO Project and General Architecture of ICT Toolbox

The approach of the OCOPOMO project (Open COllaboration for POlicy MOdelling,
http://www.ocopomo.eu, see also [2]) focuses on long-term planning for
governmental policy operators and decision makers. The project goal is to provide
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and implement ICT-based support for integration of scenario generation, formal
policy modelling and simulation experiments within one collaborative environment.
The consortium of the 3-year project, which started in January 2010, consists of 10
partners from 5 European countries (Germany, Italy, Poland, Slovakia, UK) is
coordinated by the University of Koblenz-Landau. The project results will be tested
on two pilot applications - in Italy and Slovakia.

The policy modelling approach adopted in OCOPOMO is a combination of agent-
based bottom-up and econometric top-down approaches. At the be beginning of the
iterative process involved stakeholders and analysts collaborate in the process of
scenario development. The generated narrative scenarios are then used as a basis for
two types of policy models, where experts produce a common macroeconomic agent-
based simulation model. The designed policy models are then visualised and
simulated. Validation and evaluation will produce revisions (alternative scenarios or
changed individual models) serving as input for the next iteration.

One of the innovations of the project is in enabling stakeholders’ collaboration
using an ICT toolbox for communication, seamless information exchange, storing,
searching and manipulation with the digital content. A high-level architecture of inner
components and interfaces of the proposed ICT toolbox is presented in Fig.1.
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Fig. 1. ICT toolbox supporting open collaboration in OCOPOMO.

The open collaboration in narrative scenario development is supported by an e-
Participation platform that encapsulates e-participation and collaboration features.
Included tools provide place for scenario development supported by discussions,
assessment and rating features of the policy description. The module of participation
platform comprises of a collaborative space of the shareholders’ community (content
management, personalised data, annotation and enhanced search, customised
scenarios, etc.). Tools for the policy modelling, visualisation and simulation will be
integrated and functionally interconnected with the scenario development.

3 Integration Methods and its usage for OCOPOMO

One of the most important tasks for development of the OCOPOMO platform is to
find an efficient and well functioning solution for integration of all the components.
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Integration is a difficult task in process of system development. In general, the
integration project should answer three basic issues [3]: 1) definition of integration
architecture; 2) selection of integration infrastructure and technologies; 3)
development and maintenance of integration documentation.

Two basic approaches to integration of several components are available - bottom-
up and top-down. In the first case communication of components is processed directly
between them and problems are fulfilled where necessary from the scratch, in second
case there is high-level integration architecture. The most important types of
integration are [3]: 1) data-level integration (moving data between applications); 2)
application integration (sharing functionality or logic achieved through the use of
application programming interfaces - APIs); 3) business process integration (existing
solutions are take part in distinctive steps with business methods combined using
business process modelling); 4) presentation integration (unified view of the
information system in one presentation layer hiding background applications).

The basic infrastructure layer is the communication layer, which provides
abstraction for communication details and transparency for accessing different remote
systems and unifies the view on them. Technologies used for integration are often
called middleware, a short overview of technologies can include:

e Database access technologies - simplest way for data-level integration, important
for accessing and unifying of database connections, technologies are basically of
two types - function-oriented and object-oriented access.

e Message-oriented middleware (MOM) - client/server infrastructure that enables
and increases interoperability, flexibility, and portability of applications. It
enables asynchronous communication between applications over distributed and
heterogeneous platforms, with APIs for functionality access.

e Remote procedure calls (RPC) - similar to MOM, but with synchronous
communication. Main idea is related to Distributed Computing Environment
(DCE). Implementations of RPC protocols come from ONC/RPC specification,
analogical systems are based on Java RMI, .NET Remoting, or XML-RPC.

e Object request brokers (ORB) - provide transparency on location, programming
language, protocol and operating system. Interfaces are used for communication
between objects, where communication is synchronous (usually) or
asynchronous, and based on the location services within network.

e Web services - provide technological foundation for achieving interoperability
between architecture elements based on the SOA, where basic aspects are XML
messaging system, self-description of services and discoverability.

e Application servers (APS) - software platforms able to handle most of the
interactions between clients and server tiers, provide a collection of already,
mentioned middleware services for deploying of business logic components.

e Enterprise service buses (ESB) - software infrastructure which acts as a mediator
connecting services implemented in different technologies. ESB products are
designed using JBI (open-source: Open ESB, Apache ServiceMix, etc.).

e BPM and workflows - business process can be modelled as a workflow,
modelling can be done on different levels of details. Most successful standards
are now BPMN for visual modelling and BPEL for execution.

e Content and presentation integration — portals and content repositories. There are
several portal solution based on the specification of JSR168/268 or WSRP, like
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Apache Pluto, Gateln, Liferay etc. Content Management Interoperability
Services (CMIS) is a specification for improving interoperability, where
Alfresco is probably the best solution.

In the OCOPOMO project we need to integrate different applications - toolbox for
e-participation, simulation tool, policy modelling toll, etc. The main questions
regarding the integration issues are: what approach will be used and which
technologies will be implemented. Both approaches (top-down and bottom-up) are
suitable for OCOPOMO, so it should be decided according to the technologies, which
are reusable for particular components within platform and its possibilities for
integration. Currently, we have several CMS-based systems with collaboration
features (like Alfresco, Drupal, Joomla, etc.), simulation tool Repast or Mason, rule
engine called DRAMS (developed within the OCOPOMO project). Scenario
generation tools will be implemented based on the e-participation features. Since
modelling and simulation tools will be integrated using standard API with basic data
integration and a later expansion of the software is not expected, bottom-up approach
for integration seems to be suitable solution. It means simple API/Data integration
(wrappers, XML-based data exchange) of portal-based CMS/collaborative tools
(Alfresco, best with CMIS-based API), Repast/Mason and DRAMS, and scenario
generation tools implemented within selected portal solution (Alfresco Share or some
other portal solution in Glassfish APS or JBOSS). The second option (if more
flexibility will be needed in the future) is to design a top-down architecture of
integration based on the web services combined individually for portal or through
ESB solution. More details about this work-in-progress paper and its possible
solutions will be discussed within the presentation at the workshop, where already
new information will be available.

4 Conclusions

In this paper we have presented collaborative policy modelling as applied in the FP7
ICT OCOPOMO project and short discussion related to integration of particular
simulation, modelling and e-participation tools in OCOPOMO software platform,
which will be designed and implemented within the project.
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1 Introduction

An airplane design is undoubtedly an extremely complex technical problem. The
complexity of the problem is hundred times over a complexity of e.g. T.V. and a car
design. Manufacturers have to consider many different customers’ requirements.
Practically it means that every piece of manufactured aircraft has specific and
different requirements. In an aircraft design the changes usually involve substitution,
not just omission of a simple part. Manufacturers try to adopt a certain level of
standardization to cope the complexity problem. However, an aircraft design process
is still exhausting and extremely complex process that involves many designers
working together on one aircraft design. Recently there exist numbers of collaborative
tools to support aircraft design. The designing process afford knowledge, both
formalized (standards, rules, etc.) and un-formalized (experiences). That is why many
collaborative design tools contain also some kind of knowledge management. The
problem is what kind of knowledge can be and how to formalize knowledge obtained
and required in the process of an aircraft design.

2 An aircraft design as a knowledge intensive process

The main stages of an aircraft design (AD) using modern computer information
technologies are shown in Fig.l1.1. The final result of an AD is the automated
execution of work documentation (WD) and the formation of programs for the
machine tools with programmed numerical control (PNC) and then transferring it to

the manufacture [1].
1 II III 1A%

‘,WD L
Basic | Basic | SAM 'I CEDM /
technical geometric I (DP (Work
data | data | ({TP; ! project)
(Technical (Master- [T ot '
Task) Geometry) | | | LPNC L

Fig.1.1. The main stages of an aircraft design.
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Space allocation mock-up (SAM) is the basic design stage, the bridge
between the technical task, master geometry and complete electronic definition of
model (CEDM). SAM includes the following stages: the draft project (DP) and the
technical project (TP). And first of all we will work with this stage. A SAM structure
tree of an airplane An-NNN is shown in Fig. 1.2. There is presented the structure of
the all aircraft systems and equipment, and power plant at this tree [2].

For example: NNN.01.0000.000.000a is a key of a main assembly, which
means, that it is the first modification of an An-NNN aircraft machine. And it
includes the all assemblies with constructive and power set, systems and equipment.

NNN.01.5600.000.000a is the assembly of a hydraulic system in an aircraft
which includes the assemblies of all hydraulic system parts. For example:
NNN.01.5610.000.000a is a hydraulic system in a fuselage, which includes the parts
with real 3D-models.

|NNN. 01.0000. 000. 000a
|NNN. 01.0000.010. 000a
|NNN. 01.0000.100.000a
NNN. 01.0001.000.000a
NNN. 01.2000.000.000a
NNN. 01.2300.000.000a
NNN. 01.3000.000.000a
NNN. 01.4000.000.000a
|NNN. O1.0000. 200. 000a
NNN. 01. 6100.000.000a
NNN. 01. 6400, 000, 000a
NNN. 01. 6500.000.000a
NNN. 01. 6600. 000, 000a
NNN. 01. 6700, 000, 000a
NNN. 01. 6900, 000. 000a
NNN. 01. 6099, 000. 000a
|NNN. O1.0000. 300. 000a
NNN. 01. 5000, 000, 000a
NNN. 01. 5600.000. 000a
NNN. 01. 5800.000.000a
NNN. 01.7000.000.000a
NNN. 01.7100.000.000a
NNN. 01.7200.000.000a
NNN. 01.7400.000.000a
NNN. 01.7500.000.000a
NNN. 01.7550.000.000a
NNN. 01.7600.000.000a
NNN. 01.7650.000.000a
NNN. 01.7700.000.000a
NNN. 01.7800.000.000a
NNN. 01.7900.000.000a
NNN. 01. 8005, 000, 000a
NNN. 01.9000.000.000a
NNN. 01.9600.000.000a

Fig.1.2. A SAM structure tree of the An-NNN airplane.

The main problem of a modern AD is handling large volumes of created 3D-
models, data exchange among designers and control for the new data from designers
to design environment. To solve this problem, the conception of an AD based on the
multi-agents has been developed and is presented at this paper.

3 Knowledge formalization in AD

There were several basic knowledge concepts determined in the aircraft design
process. A formal representation of knowledge for an aircraft design process was
made in ontology. The suggested AD ontology is shown in Fig. 2. It describes the
basic concepts and relations among the basic parts of AD process.
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Fig. 2. AD ontology.

An AD process includes the four basic parts. The subclasses of AD are:
documentation, equipment, geometrical model and file characteristics. The subclasses
of the basic concepts are depicted in the fig. 2.

A Documentation concept includes the basic document information before
this SAM stage and after this simulation. An Equipment concept shows the programs,
which are used at the AD process. A Model Characteristics concept describes the
basic characteristics of every real 3D model. Every txt-file with these model
characteristics is located with real 3D model file. A Geometrical Model concept
contains the 3D models according to the SAM stage.

4 A conception of a multi-agent-based aircraft design

The concept of an aircraft design based on multi-agents and ontology has been
developed and realized with a help of the JADE-environment, using information
about characteristics and geometry of 3D-models from CAD-program Catia v.5.
Because of the complexity of application development for the multi-agent
system and the PDM system as well as their technical characteristics, their integration
is difficult [3]. We have developed the simplified multi-agent system (MAS)
architecture for aircraft design, which is shown in Fig.3. A Changes Analysis Agent
receives new 3D-file from designers. It requests information about the state of the AD
process from an AD information Base, which is represented by ontology. Then it
receives an old file, analyzes the differences and sends the tasks to the Design
Changes Agent. The Design Changes Agent handles the files according related tasks.
The information with changed file is returned to the AD Information Base. The
Design Changes Agent stores information about these changes for different users.
For the example, the assembly of an aircraft hydraulic system (key:
NNN.01.5600.000.000a), which was simulated in Catia v.5, was chosen. The
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structure was checked in Protégé 3.4.4 and has been realized in JADE-environment
according to described scheme.

request of information

Design changes

Changes Analysis Aircraft Design
Agent Information Base

L

information about
file

tasks

Design Changes Agent

changed file

new information for different users

Fig.3. Simplified AD MAS architecture.

5 Conclusions

The advantages of a suggested multi-agent-based AD are: a high quality design of
CTO; quick response of AD to aircraft product change; an AD project punctuality;
reduction of material and labor costs; improvement of ergonomics of the engineer-
designers.
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Abstrakt. Prispevok je venovany vysvetleniu ¢asto zamietianych a nespravne
pouzivanych pojmov - podnikové inteligencia, podnikova analytika, proces
objavovania znalosti v databazach, pokrocila a prediktivna analytika. Popisuje
ich vzdjomné vézby a poukazuje na najzasadnejSie rozdiely. Cielom je tiez
poskytnut’ slovenské alternativy pre casto neprekladané anglické vyrazy.

KPicové slova: podnikova inteligencia, podnikova analytika, prediktivna
analytika, OLAP, proces objavovania znalosti, pokroc¢ila analyza dat

1 Uvod

V oblasti podnikovej inteligencie sa stretava viacero stran — dodavatelia softvéru,
dodavatelia sluzieb, manazment podnikov na réznych turovniach, l'udia technickych aj
netechnickych profesii, vyskumnici a akademici. V tomto babylone logicky vznikajt
nejasnosti v pomenovani novych pojmov vyplyvajiice znedostatocnej znalosti,
odlisnych zaujmov jednotlivych stran a v naSich pomeroch aj z dévodu chybajticich
ekvivalentov anglickych pojmov. Pochopenie rozdielov a uvedomenie si podobnosti
pomdze vSetkym strandm rozumiet’ si navzajom, adresne pomenovavat problémy
a spolo¢ne nachadzat’ vhodné rieSenia. Motivaciou k tomuto prispevku je praca na
prieskume vyuzivania pokrocilej analyzy dat (angl. advanced analytics) na Slovensku
anarazenie na zakladny problém, o vlastne tento pojem obsahuje aako ho
identifikovat’ v prostredi realnych podnikov.

2 Podnikovi inteligencia

Pojem systém podnikovej inteligencie (angl. ,business intelligence system”)
spomenul medzi prvymi (Luhn, 1958). Pojem podnik vnimal ako ,,stbor aktivit,
vykonavanych za akymkol'vek ucelom, nech to bude veda, technoldgia, obchod,
priemysel, pravo, vladnutie, obrana, atd’.” Pojem systém inteligencie vztahoval na
komunikaény prostriedok slaziaci pre riadenie podniku. A inteligenciu ako
»schopnost’ vnimat’ vzajomné vztahy prezentovanych faktov tak, aby to viedlo k
zelanému ciel'u®.

Dnes sa pojem podnikova inteligencia vztahuje na pocitacmi podporované techniky
pouzivané pre sledovanie, objavovanie a analyzu podnikovych dat. Tieto techniky
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umoznuju 'ud'om na vsetkych urovniach organizécie pristup k datam, interakciu s
datami a analyzu dat s cielom riadit’ podnikanie, zlepsit’ vykonnost, objavit’ nové
prilezitosti a fungovat’ efektivne (Howson, 2008).
Architektura systému podnikovej inteligencie (Kim, 1998) je uvedena na obrazku 1.
Zakladnymi komponentmi systému si:
- Datovy sklad (angl. datawarehouse) je uloziskom elektronickych dat, ktoré
zaroven spristupiiuje d’al$im komponentom.
- Blok dolovania v datach (angl. ,,data mining”) umoziiuje aplikovanie
algoritmov analyzy a objavovania dat, ktoré nad datami vytvaraju osobité
modely (Fayyad, 1996).
- OLAP server je nastrojom nad datovym skladom, umoziujucim rychle
analyzy nad multi-dimenzionalne modelovanymi datami (Codd, 1993).
- Aplikicie podnikovej inteligencie si podia Kima doménovo $pecifické
produkty, ktoré odtiefiuji pouzivatela od komplexnosti pouzivanych
technologii.

Aplikicie podnikovej
inteligencie

Nastroje pre Nastroje pre OLAP
objavovanie znalosti

Datovy sklad

Zikladné ddta Zikladné data Zikladné data

Obr. 1. Systém podnikovej inteligencie

Pojem podnikova inteligencia sa v praxi spaja s extrakciou a integraciou dat, tvorbou
reportov a nahliadanim na data prostrednictvom OLAP technoldgie. Jej hlavnym
prinosom je zber a sledovania délezitych atributov. Je to mozné prirovnat’ k monitoru
v lietadle, na ktorom vidno vSetky potrebné tidaje, no nie je mozné ovladat’ lietadlo
(Walker, 2009). Podnikova inteligencia nezahffia analyticki cCast' prace
s datami, ktora vyzaduje odli$né technologie, metddy a zruénosti pouzivatel'ov.

3 Podnikova analytika

Pod pojmom analytika sa rozumie ,,rozsiahle pouzitie dat, Statistickej a kvantitativnej
analyzy, vysvetl'ujucich a prediktivnych modelov, a na faktoch zalozeného riadenia s
cielom usmernovat’ proces rozhodovania“ (Davenport, 2007).

Pojem podnikova analytika (angl. business analytics) sa vztahuje na znalosti,
technologie, aplikacie a metddy pre kontinudlne skiimanie historickej vykonnosti
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podniku s cielom hlbsieho porozumenia a riadenia podnikového planovania (Beller,
Barnet, 2009). Podnikovéa analytika rozsiahlo vyuziva data a pokrocilé Statistické
metddy s cielom optimalizovat’ jednotlivé oblasti a procesy ¢innosti podniku.
Podnikova analytika sa podl'a Bellera a Barneta vyznacuje aj tymito vlastnostami:

- je orientovana smerom k ad-hoc analyzam pozorovani z minulosti

- zamerana na interaktivne a investigativne analyzy pouzivatel'mi

- pouzivana na ziskanie hlbSieho porozumenia a pochopenia

- skama nezname a objavuje nové vzory

- je zalozena na zakladnych datach a zviditel'fiuje neocakavané udalosti
Napriek tomu, ze zékladné analytické techniky s nezavislé na technologii, byvaji
aplikované na podnikové data. Kvalita vyslednych analyz preto tzko suvisi s kvalitou
spracovanych dat. Dosledkom tejto suvislosti je, Ze existencia systému podnikovej
inteligencie sa stava predpokladom pre nasadenie metdd podnikovej analytiky.

4 Proces objavovania znalosti v databazach

Vel'mi podobné ciele a aplikdcie ako podnikové analytika ma aj proces objavovania
znalosti v databazach (angl. knowledge discovery in databases - KDD) zobrazeny na
obrazku 2. Je definovany ako netrividlny proces identifikacie platnych, doposial
neznamych, potencidlne uzitoénych a skuto¢ne porozumitelnych znalosti z dat
(Fayyad, 1996). Objavené znalosti by mali byt s uréitym stupfiom spol'ahlivosti
platné aj na buducich datach a to je predpokladom pre ich vyuzitie v procese tvorby
ucelnych rozhodnuti (angl. decision making process).

(" Inberprethcia/ )

| N = -/.Dolwmdi.t_'\ I ! _‘H
- |-t
S

Predspra ovand d'at!
dita

Obr. 2. Proces objavovania znalosti v databazach

Hlavnym rozdielom tychto podobnych pojmov je, Ze kym KDD proces definovany
univerzalne na rieSenie rézneho typu uloh nie len v podnikovej oblasti, podnikova
analytika je zamerana S$pecialne na metddy a znalosti pre podporu rozhodovania v
podnikovej oblasti. Vyzaduje hlboku znalost domény a nevyzaduje nutne znalost’
informaénych systémov a databaz. Z toho mozno odvodit, ze podnikova analytika je
Specificky zameranou vetvou KDD procesu. Metody a znalosti zndme z KDD procesu
su teda platné aj v oblasti podnikovej analytiky.
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5 Prediktivna analytika

Pojem pokrocila analyza dat sa podnikovej oblasti vztahuje primarne na analyzu dat
ulozenych v databazach Statistickymi metédami a metdédami znamymi z procesu
objavovania znalosti. M6Ze sa vzt'ahovat na analyzu dat za akymkol'vek ucelom,
ziskanim nahladu, pochopenim stvislosti. Jednou z aplikacii je predikcia buducich
hodnét. Specialne pre tato aplikaciu sa pouZiva pojem prediktivna analytika (angl.
predictive analytics).

6 Zhrnutie

Spolo¢nosti investujice do podnikovej inteligencie neziskavaji automaticky aj
benefity podnikovej analytiky (Gnatovic, 2006). Systém podnikovej inteligencie,
ktorého zakladnou ambiciou je sledovanie kI'icovych dat podniku, je zakladnym
predpokladom pre nasadenie metdd podnikovej analytiky, ktorej hlavou ambiciou je
pochopenie suvislosti, riadenie a optimalizacia. Podnikova analytika vyuziva metody
popisané vo vSeobecnom procese objavovania znalosti z databaz, vratane Statistickych
metdd, OLAP analyzy a prediktivnej analytiky. Pouzivanie tychto metdd je mozné
nazvat’ pojmom pokrocild analyza dat.
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Abstrakt. Cielom ¢lanku je predstavit' rieSenie pre pokro€ilé vyhladavanie
ubytovania. Su¢asné moznosti vyhl'addvania ubytovania su vel'mi obmedzené.
Dostupné  vyhladavate na webovych strankach neumoziuju zadat’
pouzivatel'ovi jeho poziadavky, naopak on sa musi prispdsobit’ vyhl'adava¢om.
Ciel'om pouzivatela je najst’ najlacnejsie ubytovanie spifiajuce jeho poziadavky.
Problém takého vyhladdvania prameni v pomerne komplikovanych cennikoch,
kde na cenu ubytovania vplyvaji rozne zlavy pre vekové kategorie, pocet T'udi
v skupine, dizku pobytu, &i ¢as pobytu. V rieSeni tohto problému navrhujeme
jednotnu datovl reprezentaciu cennikov hotelov a algoritmus pre vyhl'adavanie
najlacnejSicho ubytovania pre skupinu I'udi s rovnakymi poziadavkami.

Kracové slova: top-k vyhl'adavanie, cena ubytovania

1 Uvod

Predstavme si, ze hladdme ubytovanie na dovolenku pre Stvorclennti rodinu.
Poziadavky na ubytovanie tvori ¢as pobytu, dizka pobytu a cena, ktori je rodina
ochotna zaplatit’ za noc pre jednu osobu. Samozrejmou poziadavkou je aj lokalita, ale
tymto sa zaoberat nebudeme. Uvazujeme z ponuky iba hotely alebo ubytovacie
zariadenia v pozadovanej lokalite. Vyhladavace dostupné na internete su navrhnuté
pre zadavanie lokality, maximalnej pripadne minimalnej ceny a ¢asu ubytovania.
Nezohladituju vekové zlozenie ¢lenov rodiny, ktoré ma vplyv na cenu a niekedy
nezohl'adnuju ani pocet l'udi hl'adajicich ubytovanie. Vysledky ndjdené takymito
vyhladdva¢mi musia byt analyzované d’alej clovekom, ¢i su relevantné, ¢i je mozné
ubytovat’ vSetkych l'udi a s akou vyslednou cenou.

Navrhujeme rieSenie, ktoré umozni zadat’ poziadavky na cenu, dizku pobytu, ¢as
pobytu (datum odkedy dokedy moéze presahovat dizku pobytu), podet Tudi a
$pecifické vlastnosti jednotlivych l'udi vplyvajtcich na cenu, pricom na uvod sme sa
zamerali na vek. Odpoved’ou na takto zostaveni otazku je zoznam ubytovacich
zariadeni splnajucich poziadavky (schopnych ubytovat’ cela skupinu Pudi) zoradeny
podl'a vyslednej ceny pre celt skupinu od najlacnejSieho rieSenia. Navyse jednotlivé
rieSenia st dostupné v danom poradi iterativnym sposobom, kedy v pripade velkej
mnoziny rieSeni je zobrazenych len niekolko najlepSich a dalie rieSenia su
dohl'adané az na poziadanie.
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2 Navrh vyhPadavania

Kazdy hotel mé svoj cennik v tvare nejakej tabulky, kde su ceny rozdelené podla
typu izieb, poctu I'udi na izbe, sezony a tato tabulka byva doplnend o pravidla
uréujuce zlavy. Prvl vec, ktoru treba pri predstavenom vyhladavani ubytovania
vyriesit, je jednotna reprezentacia cennikov jednotlivych hotelov. Nad navrhnutou
reprezentaciou nacrtneme vyhladavaci algoritmus spolu s popisom reprezentacie
otazky — poziadavky pre vyhladavanie.

2.1 Reprezentacia cenovych ponuk

Z kazdého cennika vytvorime mnozinu elementarnych cenovych ponuk urcujucich
cenu za noc pre jednu osobu pri danych podmienkach. Kazda taka cenova ponuka
bude mat tvar <<cena, ditka od, cas od, vek od, pocet od>, <cena, ditka do,
¢as_do, vek_do, pocet_do>> a bude vypovedat o cene pre jednu osobu na noc pri
dizke pobytu z intervalu [d/zka_od; ditka do] v Gase z intervalu [¢as_od; ¢as _do] vo
veku z intervalu [vek_od; vek do] a pre pocet I'udi z intervalu [pocet_od; pocet do],
pre ktory plati dana cena. Cenova ponuka okrem svojich vysSie uvedenych
parametrov obsahuje minimalne identifikator hotela, ktorému patri.

Takiito cenovii ponuku geometricky reprezentujeme obdiZnikom 5-rozmerného
priestoru. Cavym dolnym rohom obdinika bude bod so stradnicami <cena, dizka_od,
cas_od, vek_od, pocet_od> a pravym hornym rohom bod <cena, dlzka_do, ¢as_do,
vek_do, pocet do>. Obdiznik cenovej ponuky ja kartézskym suéinom piatich
intervalov, pri¢om prvy z nich je vzdy degenerovany, lebo ma tvar [cena; cena).

Mnozinu vsetkych cenovych ponik budeme mat’ ulozent v indexovacej Strukture
R*-strom [2] navrhnuti pre indexovanie n-rozmernych kvadrov. Nad R*-stromom
vieme vyuzit' 3 typy efektivneho vyhladavania [1, 3] ato range query (rozsahovy
dopyt), knn query (dopyt na k-najblizsich susedov) a tzv. sorted access (usporiadany
pristup).

Cenniky ubytovania dostupné na webe su pre automatizované zbieranie dat
nevhodné kvoli svojej roznorodosti a pravidlam urcujiicim cenu vyjadrenym textom.
Elementarne ponuky pozadovaného tvaru je nutné zatial’ ziskavat’ rucne, ale to plati aj
pri akejkol'vek inej jednotnej reprezentacii cennikov ubytovania.

2.2 Reprezentacia otazky

Pre vyhl'adavanie je potrebné zostavit’ otdzku reprezentujucu poziadavky pouzivatela.
Otazka bude mat’ rovnaky tvar ako cenova ponuka, napriklad otdzkou <<0, 5,
5.8.2010, 5, 4>, <40, 5, 15.8.2010, 35, 4>> hladame ubytovanie pre spominanu
Stvor¢lennu rodinu do 40 eur (za noc pre jednu osobu) na 5 dni s vekovym rozpétim
¢lenov 5 az 35 rokov. Sucastou otazky musi byt navySe vek kazdého ¢lena skupiny,
teda v nasom priklade to méze byt mnozina {5, 7, 34, 35}. Otazku (resp. jej Cast)
vieme rovnako reprezentovat’ kvadrom 5-rozmerného priestoru.

Pri vyhl'adavani ubytovania prichadzaju do Gvahy len tie cenové ponuky, ktorych
kvader ma prienik s kvadrom otazky. Ostatné cenové ponuky s uréitostou nespliaju
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niektortl z podmienok pouzivatela a preto nie s relevantné. Ak prienikom kvadra
cenovej ponuky a kvadra otazky je cely kvader otazky, tak to znamend, ze cenova
ponuka spiiia vietky poziadavky a prisluiny hotel vie poskytnut’ Zziadané ubytovanie
celej skupiny. Ak v prieniku je len cast’ kvadra otazky, tak dana ponuka nestaci na
ubytovanie celej skupiny na celi dobu v danom ¢ase. Dana ponuka sa vSak moéze
tykat’ niektorej vekovej kategorie (napr. deti, seniori) alebo len urcitého obdobia
(sezéna, mimo-sezdna, silvester). V niektorych pripadoch je preto potrebné pre
najvyhodnejsie ubytovanie skombinovat’ niekol’ko cenovych ponuk jedného hotela.
Ak ziadna ponuka nie je relevantnd ostava otazne ako vyhodnocovat blizkost
takych ponuk voci otazke v snahe poskytnut’ pouzivatel'ovi ¢o najblizsie rieSenie.

2.3 PrehlPadavanie ponuk v R*-strome

Riesenia chceme poskytovat’ iterativne v uréitom poradi, preto pouzijeme upravenu
verziu algoritmu sorted access [3]. Origindlnou verziou algoritmu sorted access
dokazeme ziskavat iterativnym sposobom prid cenovych ponuk od najlacnejsej po
najdrahsiu. Nas vSak zaujimaju len relevantné ponuky. Tuto poziadavku splnime
trivialnou Gpravou algoritmu sorted access tak, ze uzly stromu, ktorych kvader ma
prazdny prienik s kvadrom otazky nezahrnieme do dalSieho priebehu vypoctu
algoritmu.

Mame teda k dispozicii usporiadany prid relevantnych cenovych ponuk hotelov v
poradi od najlacnejSej. Iterativnym Citanim tohto pradu potrebujeme najst’
najlacnejsie ubytovanie celej skupiny. NavySe po néjdeni prvého rieSenia niekedy
potrebujeme vediet’ na poziadanie dohl'adat’ druhé najlepSie rieSenie, potom tretie atd’.

2.4 Tterativne hPadanie finalnych rieSeni

Pre zjednodusenie, nech rieSenim je dvojica <id_hotela, celkova_cena> a je upiné ak
vieme podla doteraz videnych cenovych pontk daného hotela ubytovat’ vSetkych l'udi
skupiny po vsetky dni pobytu. Predstavime iterativnu metddu daj dalsie riesenie(),
ktora vrati Gplné rieSenie s garanciou, ze neexistuje ziadne lepSie rieSenie, ktoré este
nebolo vratené. Medzi volaniami metody daj dalsie riesenie() si pamitame vsetky
doteraz ziskané Ciastkové rieSenia a vSetky doteraz ziskané uplné rieSenia, ktoré sme
nevratili na vystup. Uplné rieSenie je mozné vratit iba vtedy, ak uz Ziadne Ciastkové
rieSenie nemdze byt lepSie. Pre vyhodnotenie tejto podmienky pouzijeme hodnotu
best, ¢o je najnizSia cena, aki moéze nejaké Ciastkové rieSenie dosiahnut’. Hodnota
best je prepocitana zakazdym, ked precitame d’alSiu relevantnu cenovt ponuku z R*-
stromu. Ked’Ze cenové ponuky citame v poradi od najlacnejsej, hodnota nenajdeného
noclahu kazdého Cciastkového rieSenia nemoze byt lepSia ako cena poslednej
precitanej cenovej ponuky. Podla toho vieme vypocitat’ najlepSiu mozni cenu
Ciastkového rieSenia ako kombindciu cien najdenych noclahov aceny poslednej
precitanej ponuky. Navyse vieme, Zze kazdé tplné rieSenie uz neméze byt nahradené
lepSim uplnym rieSenim toho istého hotela. Nova hodnota best je minimum
z najlepsich moznych cien Ciastkovych rieSeni a je vzdy horSia (vysSSia) alebo
nanajvys$ rovnaka ako povodna hodnota best. Usporiadané Citanie cenovych ponuk
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z R*-stromu tieZ zaruci, ze doteraz nevidené hotely nemozu pontiknut’ lepsie rieSenie
ako hodnota best.

daj dalsie riesenie() {
while ((nemame Gplné riesenie) OR (best < najlepsie Gplné riesenie)) {

ponuka = R*-tree.daj dalsiu_ponuku(); //iterativne cez sorted access
if (ponuka = NULL) { //luz nie su d’al$ie relevantné cenové ponuky
if (nemame uplné riesenie) return NULL;
else break; // ukon¢ime cyklus while
}else {
If (nemame ciastkové rieSenie pre ponuka.id hotela) pridaj toto Ciastkové
rieSenie;
uprav Ciastkové rieSenie pre ponuka.id_hotela; //rieSenie sa mohlo stat’ tuplné
prepocitaj hodnotu best; // best sa postupne zhorsuje

odober z Gplnych rieSeni to najlepsie z nich a vrat’ na vystup;

}

3 Zaver

Nakol’ko testovanie na realnych datach eSte neprebehlo, od navrhnutého rieSenia si
sl'ubujeme dobru rychlost’ vyhl'adavania prave vd’aka vyuzitiu indexovania pomocou
R*-tree, ktory sa uz osved¢il pri podobnych ulohach tykajucich sa top-k
vyhl'adavania. Navyse pouzivatel’ uz nemusi komplikovane vypocitavat’ a porovnavat’
vysledné ceny pobytu rucne. Iterativny sposob hl'adania rieSeni poskytuje moznost
vyhladat’ najlepSich k rieSeni v optimalnom Case bez nutnosti poznat’ ¢islo & vopred.
V d’alSej praci sa zameriame na rozSirenie moznosti vyhladdvania o dalSie
atributy ubytovacich zariadeni ako su celkova kapacita hotela (pri potrebe ubytovania
vécsej skupiny l'udi dokdzeme efektivne eliminovat’ z vypoctu malé privaty), pocet
16zok na izbe, strava, ¢i vybavenie izieb a hotela. Umoznime tak multikriteridlne
vyhl'adévanie[4], kde cena nemusi byt’ jediny atribtit urCujuci najlepsSie ubytovanie.
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Abstrakt Predkladany prispevok ponika zdkladny pohlad na socidlnu
sief tvoreni organizdciami participujicimi na vedecko-vyskumnych pro-
jektoch financovanych Eurdpskou komisiou. Analyza je zaloZend na da-
tach o projektoch realizovanych v ramci programov FP5 - FP7. Udaje,
z ktorych bola dand socidlna siet vyextrahovand boli poskytnuté Eurdp-
skou komisiou z webovej stranky CORDIS zhromazdujicou historické
udaje o realizovanych vyskumnych aktivitiach. N&s prispevok ponuka pr-
votné vysledky o analyzovanej sieti a nacrtdva dalsi smer, ktorym sa
bude vyskum v budicnosti uberat.
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1 Uvod

Sktimanie socialnych sieti a dynamickych procesov, ktoré v nich prebiehaji moze
priniest nové poznatky o formovani a fungovani réznych spoloéenskych entit. Ak
hovorime o socidlnych sietach, nejde tu len o zndme internetové sluzby, kde je
mozné jednoduchym spésobom komunikovat a virtudlne sa stretdvat so svojimi
priatelmi. Ich aplikdcia mé daleko Sirsi dopad. Pomdaha odbornikom sledovat
$irenie inovacili medzi firmami, virolégom a epidemiolégom pontka moznosti
na vytvaranie modelov pre Sirenie virusovych ochoreni. Psycholégovia ju vedia
vyuzit na odhalovanie Sikanovania deti na gkolach.

Ako ukazuju Studie realizované na poli roznych vedeckych disciplin (vid. napr.
[1]), redlne siete maji vyrazne int topoldgiu, ktora sa pozorovatelne lisi od Stan-
dardnych modelov skimanych matematikmi zaoberajicimi sa tedriou grafov.
Ich vlastnosti st podstatne iné ako maji nadhodné grafy [3], alebo pravidelné
mriezkové grafy.

Vo svete sa vyskumom kolaborativnych socidlnych sieti vznikajicimi medzi
aktérmi (nech si uz pod aktérom predstavime vyskumnika alebo vyskumni or-
ganizdciu) zaoberalo viacero autorov. Newman sa v [4] venuje Strukttre ko-
laborativnej siete autorov navzajom spolupracujicich na priprave vyskumnych
prispevkov. Podobnou témou sa zaoberaju autori [2] pri podrobnej analyze struk-
tury siete eurépskych organizacii participujicich v rdmcovych programoch FP1
- FP4. Tito priniesli fakticky prva studiu kolaborativnej eurépskej vyskumnicke;j
siete.
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2 Popis dat

Déta, z ktorych bola vyextrahovand socidlna siet boli poskytnuté organizaciou
CORDIS [5] spravujticou v8etky tidaje o projektoch a organizédcidch participu-
jucich na projektoch spolufinancovanych Eurépskou komisiou. Poskytnuté data
obsahuju idaje o projektoch realizovnych v ramci programov FP5 - FP7, pricom
export udajov bol realizovany k 30. maju 2010. KedZe koniec siedmeho ramcov-
ého programu je planovany na rok 2013, kvoli aktualnosti bolo vhodné doplhat
udaje tak, ako postupne neustéle pribudaju. Pre tento ucel bol zrealizovany au-
tomaticky crawler, ktory automaticky sleduje lokalitu CORDIS-u a aktualizuje
udaje.

Databaza obsahuje celkovo 35263 projektov. Z piateho ramcového programu
sa v nej nachidza 17628 projektov, zo sSiesteho 10660 a zo siedmeho 6975. Z
udajov o projektoch boli vyextrahované identifikatory participujacich organiza-
cii, ktoré boli neskor pouzité pri vytvarani socidlnej siete. Sposob, akym si jed-
notlivé organizacie v databaze identifikované je nejednoznaény, z ¢oho vyplyva,
ze aj vysledky prezentované v tejto studii st skreslené. Znamena to moznost,
ze t4 ist4 organizdcia moéze byt v databaze uvedend pod réznymi identifiké-
tormi, a teda vo vyslednej sieti sa objavi reprezentovand dvoma alebo viacerymi
uzlami. Automatickému zjednoteniu réznych identifikdtorov jednej organizacie
brania dve veci. Tou prvou je fakt, Zze nedokdZeme odhadnut, kolko rovnakych
organizacii s roznymi identifikAtormi sa v skuto¢nosti v databaze nachidza. A
td druhd je to, Ze ani na zdklade ndzvu organizicie a jej adresy nie je mozné
organizaciu jednoznac¢ne identifikovat. Ide o situacie kedy je napr. v pripade
univerzit v jednom projekte uvedeny nazov fakulty spolu s menom univerzity
a s prislusnou adresou a v inom projekte zase len nazov univerzity. Ak by sme
chceli byt presni, tak na oboch projektoch participovali rieSitelia prave len danej
fakulty, ale z tdajov o druhom projekte to nie je mozné zistif. Na druhej strane
méme moznost znizit granularitu a identifkovat aktérov na zaklade vSeobecne-
jSieho mena. Tym ale stratime moznost, Ze v ddtach objavime zaujimavé vztahy
napr. na urovni komunit.

3 Socialna sief organizacii

Nasa socidlna siet bola vyextrahovana z databazy projektov a organizécii, ktoré
sa podielali na rieseni projektov. Formalne je naSa sief reprezentovana jednodu-
chym neorientovanym grafom, ktorého vrcholy predstavuju identifikatory jed-
notlivych organizacii. Hrana medzi dvoma vrcholmi existuje prave vtedy, ak
dané organizacie medzi sebou niekedy v histérii spolupracovali. V jednoduchom
grafe medzi dvoma réznymi vrcholmi neexistuji viacnasobné hrany. Teda, ak
dve organizacie spolupracovali na rieSeni viacerych projektov, bude tento vztah
obsiahnuty v jedinej hrane.

V dalSom texte uvddzame prehlad vysledkov zdkladnej analyzy socidlnej
siete vyskumnych organizécii. Zistené charakteristiky poslizia pri smerovani
dalsieho vyskumu ako aj pre porovnanie naSej siete s inymi redlnymi kom-
plexnymi sietami.
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V nepredspracovanej verzii siete (teda pri zékladnej analjze sme zatial nepo-
uzili ziadnu z metdd na zjednotenie identifikdtorov roznych organizicii) sa na-
chadza celkovo 135236 vrcholov a 1381977 hran. Uz zo samotného poc¢tu vrcholov
a hrén je vidno, Ze ide o sief obrovskych rozmerov. Pri takejto velkosti by iste
bolo uzito¢né vidiet vizualizaciu celkovej topoldgie avsak akékolvek snahy byt
v tomto smere tspesny stroskotali. Aj ked sa na webe daji néast rézne kvalitné
vizualizacie sieti s radovo stotisickami uzlov, ndm sa s dostupnymi open-source
nastrojmi pouzitymi na beznych sucasnych pocitac¢och nepodarilo uspiet. Kazdy
z pokusov skonc¢il na nedostatku pamétovych zdrojov.

Distribucia stupiiov vrcholov vykreslena na diagrame s osami v logaritmick-
ych mierkach jasne sleduje mocninny zdkon. Detaily je mozné vidiet na obrazku
1.

Siet obsahuje celkovo 4101 stvislych komponentov. Najvicsi stvisly kompo-
nent obsahuje 107331 vrcholov a 1238251 hran. Jeho krivka funkcie distriba-
cie stupniov vrcholov ma takmer totozny tvar ako distribiicia stupnov vrcholov
celkovej siete, preto ju uz v tomto prispevku neuvadzame. Druhy stvisly kom-
ponent v poradi mé len 157 vrcholov. Velkost ostatnych komponentov prudko
klesd (v sieti sa nachddzaji komponenty pozostavajice z dvojic alebo trojic
radovo v tisicoch). PredbeZne mézeme povedat, Ze tato situdcia nastala kvoli
nejednoznacnosti identifikacie organizicii.
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Obr. 1. Distribucia stupniov vrcholov v socialnej sieti eurépskych vyskumnych orga-
nizacii. Na horizontalnej osi sa nachadzaji hodnoty stupnov vrcholov nachadzajicich
sa v sieti. Na vertikalnej osi st1 uvedené pravdepodobnosti, s akymi sa jednotlivé vrcholy
v sieti vyskytujua.
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4 Praca v budicnosti a zaver

V prispevku sme predstavili ndhlad na $truktiru socidlnej siete eurépskych
vyskumnych organizacii. Uviedli sme zakladné Statistické informacie, ktoré blizsie
popisuju jej topoldgiu.

KedZe sa uz v minulosti niekolko autorov venovalo analjze na rovnakej domé-
ne, nasa praca ich nemd v tmysle reprodukovat. Namiesto toho planujeme do-
plnit ich vysledky o pozorovania na novsich datach (rdmcové programy FP5 -
FPT). Svoju pozornost chceme zamerat na niekolko oblasti: Prva sa tyka pred-
spracovania, v ktorom bude potrebné zjednozna¢nit identifikdciu rovnakych or-
ganizéci{ jednotnymi oznaceniami. Aj ked takmer urcite nebudeme vediet zarucit
uplné vyrieSenie tohto problému, verime, ze urcity posun v presnosti sa ndm po-
dari dosiahnut. V tomto kroku bude potrebné pouzit metédy dolovania z textov.
Druhou oblastou je predikcia rastu siete pocas toho ako st vyhlasované nové
vyzvy a schvalované nové projekty. Takéto modely by mohli byt nidpomocné
grantovym agenturam pri alokacii finanénych zdrojov. Tretim rozsirenim bude
identifikacia vedeckych komunit pésobiacich v urcitych oblastiach vyskumu. Za-
ujima nas predovsSetkym emergencia a prepojenie komunit na zaklade réznych
sémantickych anotacii ich ¢lenov.
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