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PREDHOVOR

Publikacia, ktora sa vam dostala do rik, je uz druhou v poradi, ktoré sme v relativne
kratkom case dokazali pripravit’ v Edicii vyskumnych textov informatiky a informac-
nych technolégii na témy z oblasti programovych a informaénych systémov. Obe Sti-
die vybranych tém softvérového inZinierstva sa venuju sa dvom taziskovym okruhom.
Prvym okruhom su pokro¢ilé metédy navrhovania programovych systémov. Druhym
okruhom st pokrocilé metody ziskavania, vyhladavania, reprezentacie a prezentacie
informacii. VolI'ba oboch okruhov tém nebola ndhodna. Vsetky témy su aktualnymi
témami sucasného vyskumu v oblasti programovych a informac¢nych systémov. Ako
také su predmetom zaujmu a Studia vyskumnych Studentov, t.j. najméd Studentov
doktorandského $tudia. Oni st nielen prvymi &itatelmi Stidif, vybrani doktorandi su aj
autormi jednotlivych Casti v oboch publikaciach.

Prvé Stidie vybranych tém softvérového inZinierstva sa v ramci uvedenych okruhov
zaoberali dvomi taziskovymi témami. Prvou témou bola analyza navrhovych vzorov,
ktoré predstavuju jednu z klacovych oblasti vyvijajucej sa discipliny softvérového
inzinierstva. Druha c¢ast' obsahovala pdt stadii z vybranych tém programovych
a informaénych systémov, ktoré diskutuju a analyzuju otvorené vedecké problémy
v predmetne;j oblasti aj v spojitosti so spracovanim informa4cii na internete.

Obdobny postup ako pri prvych Stididch sme zvolili aj pri tomto zvizku. Vznikol na
zaklade seminarov Studentov doktorandského studia Studijného programu programové
systémy v odbore softvérové inzinierstvo. Seminare podporil projekt Eurdpskych
Strukturdlnych fondov, ktorého hlavnym cielom je podpora vzdeldvania prostrednic-
tvom motivaénych nastrojov pre doktorandov a zvySovanim kvality vzdelavania
v tretom stupni vysokoskolského S$tudia v oblasti informatiky a informacnych
technolégii.

Informatika a informacné technolégie si kIiCovym prvkom budovania modernej
spolocnosti ,,zaloZenej na vedomostiach”, ako je dnes mddne vraviet. Mladi talento-
vani absolventi druhého stupnia vysokosSkolského stidia v oblasti informatiky alebo
pribuznych oblastiach maji v sicasnosti vel'’ké moznosti uplatnenia sa v praxi. Infor-
macnd spolo¢nost’ vSak potrebuje aj Specializovanych odbornikov a vedeckych
pracovnikov s ukoncenym tretim stupniom vysokoskolského studia v Studijnych odbo-
roch skupiny informatickych vied, informaénych a komunika¢nych technolégii tak, aby
bolo mozné budovat ekonomiku zalozenii na najnovsich vedeckych poznatkoch.
V SirSom kontexte ide o rozvoj spolocnosti (ak chcete, zalozenej na vedomostiach),
nielen ekonomiky, schopnej vyrovnavat’ sa so zlozitymi vyzvami, ktoré pred fiou stoja.
S tym stvisi potreba profesionalov v oblasti uchovavania, spracuvania a prezentacie
informdcii v bohatej palete reprezentacii ako zakladného prvku informacnej spoloc-
nosti.

S rozvojom informatiky a informaénych technologii a s posunom spolo¢nosti
k informacnej spolocnosti, resp. spolocnosti zalozenej na vedomostiach, vznika potreba
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vychovavat’ odbornikov v Specializovanych oblastiach. Seminare, ktoré sa uskutoc¢iuju
na Fakulte informatiky a informac¢nych technologii Slovenskej technickej univerzity
v Bratislave v ramci doktorandského stidia a podporené projektom, sa zameriavaji na
rozne oblasti programovych a informac¢nych systémov. Zatial ¢o v prvom zvézku
Studii sme podchytili seminar venovany navrhovym vzorom, v tomto zvizku sme
spracovali témy semindra, venovaného webovej inteligencii. Je to ve'mi nova oblast,
mozno bliz§ia viac informacnym systémom, avSak v kazdom pripade potencidlne
vel'mi uzito¢na pre kazdého Studenta softvérového inZinierstva..

Nasou ambiciou bolo spristupnit’ zaujemcom o softvérové inzinierstvo vybrané témy a
tym zdielat’ vysledky semindrov a tvorivého pristupu Studentov k jednotlivym témam
v ramci diskusii. Vyskumné texty v tejto publikacii su vhodné aj pre Studentov d’alSich
Studijnych programov v odboroch ako napr. informatika, aplikovana informatika, infor-
macné systémy, ¢i umeld inteligencia a to v Studijnych programoch uskutoctiovanych
na Slovenskej technickej univerzite v Bratislave a aj na inych univerzitach.

Publikacia pozostiva z dvoch dielov. V prvom (Diel 1: Webova inteligencia) sa
sustredujeme na analyzu roznych aspektov toho, o sa zaCalo nazyvat webova
inteligencia. Druhy (Diel 2: Vybrané témy programovych a informacnych systémov)
obsahuje Styri Stadie, ktoré diskutuji a analyzuju vybrané otvorené vedecké problémy
z dynamicky sa rozvijajicej oblasti programovych systémov so Specidlnym doérazom
na programové informacné systémy aj v spojitosti s internetom.

Diel 1: Webova inteligencia

Co je to webova inteligencia? Ide onovy pojem. Jeho obsah sa vytvara prave
prebichajucim vyskumom. Vyskum sa dotyka sa Sirokého spektra otazok, suvisiacich
s vyvojom d’alSej generacie webu. Je to novy smer vo vyskume a vyvoji, v ktorom sa
skuma, ak rolu alebo praktické dosledky moze zohrat' umeld inteligencia a pokro¢ilé
informacné technoldgie vo vyvoji systémov, sluzieb a prostredi opierajucich sa o web.
Takto to aspon vidia Ning Zhong, Jiming Liu a Yiyu Yao, ktori sa podujali zostavit
vobec prvu (viacautorski) vedeckil monografiu na tito tému, ktora vydal v roku 2003
Springer. Knizka sa snazi poskytnut’ podrobny uvod a systematicky prehl'ad tejto novej
oblasti vyskumu. Ponuka stidie sucasného stavu vyskumu jednotlivych problémov.
Zaobera sa tiez niektorymi aplikacnymi aspektami.

Prave toto boli hlavné dovody, pre ktoré sme sa rozhodli zamerat’ doktorandsky semi-
nar na jar 2006 na webovl inteligenciu v takom chapani, v akom ho prezentuje uve-
dena knizka. Vybrané kapitoly sa stali zdkladom pre referaty, ktoré boli tvodmi pre
seminarne diskusie. Semindr v ramci doktorandského S$tudia viedol Pavol Néavrat.
Doktorandi, ktori referaty predniesli, dopracovali ich textovii podobu potom
do vysledného tvaru, ktory mame moznost’ ¢itat’ v tomto zvazku.

Kazda kapitola je tak vysledkom tvorivej ¢innosti, ku ktorej prispeli viaceri. Samotny
text kazdej z nich pisal ten-ktory doktorand a jeho autorsky prinos treba co
najvyraznejSie zdoraznit' a ocenit. Na seminaroch prebiehala diskusia, na ktorej sa
zucastiiovala celd skupina doktorandov a ktord v tom-ktorom pripade ovplyvnila
definitivne znenie opisu. Napriek tomu povazujeme za korektné, aby sme oznacili ako
jedinych autorov jednotlivych opisov doktorandov, ktori im dali pisomnt podobu.

Nas vyber tém z webovej inteligencie, ktory sme zaradili do seminara (a teda aj
do tejto knizky), mozno roz¢lenit’ do piatich okruhov (kapitol tejto publikacie): webové
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agenty (2 témy), dolovanie v datach na webe (4 témy), vyhladavanie informaécii
na webe a manazment znalosti (4 témy), infrastruktura pre webové inteligentné
systémy (2 témy) a inteligencia socialnych sieti (2 témy).
Autori sa podiel’ali na jednotlivych kapitolach takto:
= Webové agenty:
o Agentové sluzby v DAML-S: Martin Kiselkov
o Navrh scendrov pre socialne agenty: Cubomir Majtas
» Dolovanie v ddtach na webe:
o Vyhladéavanie informécii porovnavanim webovych stranok: Miroslav Vnuk
o Zistovanie nepriamych asocidcii z dat o pouzivani webu: Anna Bou Ezzedine
o Znalostna indukcia obalovacov uréenych na ziskavanie informacii z webu:
Lubomir Majtas
o Dolovanie webovych zaznamov: Jan Maté
»  Vyhladavanie informdcii na webe a manazment znalosti:
o Osobné a zamerané webové paviky: Martin Kiselkov
o Reprezentacia, zdiel'anie a ziskavanie znalosti na webe: Miroslav Vnuk
o Manazment znalosti na webe so sémantikou: Martin Sechny
o Ontolégia — objavovanie taxonomickych relacii z webu: Anna Bou Ezzedine
v [nfrastruktura pre webové inteligentné systémy:
o Algoritmické aspekty webovych inteligentnych systémov: Ivan Policky
o Predpriprava webovych dokumentov na Internete: Jan Maté
= [nteligencia socidlnych sieti:

o Socialne (spoloc¢enské) siete — od webu k manazmentu znalosti:
Martin Sechny

o Algoritmus usporiadania na ur¢enie miery dobrej povesti alebo relevancie
zalozeny na topologii grafu: Ivan Policky

Diel 2: Vybrané témy programovych a informaénych systémov

Do druhej Casti zarad'ujeme Styri Studie, ktoré sa venuji vybranym otvorenym vedec-
kym problémom, tykajicim sa programovych a informac¢nych systémov. Ide o oblasti,
v ktorych prebieha vel'mi intenzivny vyvoj. Programové systémy sa stavaji systémami,
posobiacimi v Coraz réznorodejSom prostredi, vratane internetu. Stavaju sa sucastou
¢oraz komplexnejsich systémov — na jednej strane rozsiahlych informacnych systémov,
na druhej strane systémov, spolu urcenych technickou platformou, ktorou uz davno nie
je len pocita¢ v klasickom slova zmysle, ale aj najroznejSie vnorené systémy,
(tele)komunikacné systémy a pod.

Informaéné systémy sa stdvaju univerzalnym modelom spdsobov vyhladavania,
ziskavania, spristupnovania, uchovavania, odovzdavania, spolo¢ného pouzivania,
prezentovania informécii. I ked’ sa v zdsade d4 na ne nazerat’ odhliadnuc od toho, ¢i st
operacie a procesy podporené pocitacom alebo nie, Coraz viac sa zvacSuje prakticky
vyznam informac¢nych systémov, ktoré su realizované pomocou programovych systé-
mov (a tie samozrejme pomocou pocitacovych systémov alebo inych technickych
systémov, zahimajucich pocitace). Je to najmd preto, Ze softvérovo podporené infor-
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macné systémy maju vd’aka moznostiam, ktoré poskytuje naprogramovany pocitac,
vyhody, ktoré sa ruénym spracovanim nedaju dosiahnut’. Toto je sucasne aj argumen-
tom pre uzke prepojenie vyskumu v oboch oblastiach — ako softvérového inzinierstva,
tak aj informacnych systémov.

Stadie su vysledkom prace doktorandov v ramci ich doktorandského $tadia. Mozno
nezaSkodi pripomenut, Ze doktorandské stidium sa kona pod vedenim skolitela.
Na kazdej studii ma preto podiel aj prislusny Skolitel. Napriek tomu vSak povazujeme
za korektné, aby sme oznacili ako jedinych autorov jednotlivych studii doktorandov,
ktori im dali pisomnu podobu a ktori ich predlozili a uspe$ne obhdjili ako pisomnu cast’
svojej dizertacnej skusky.

Autori sa podiel’ali na jednotlivych kapitolach takto:

» Modelovanie pouzivatela v aplikacidch opierajucich sa o web: Anton Andrejko
(Skolitel’ prof. Méria Bielikova)

= Paralelnd a distribuovand simulacia systémov s diskrétnymi udalost’ami:
Viliam Sol¢any (Skolitel’: prof. Jifi Safaiik)

= Struktﬁry komunit v sietach: Gyorgy Frivolt (Skolitel’ prof. Maria Bielikova)

»  Znovupouzitie navrhovych vzorov na urovni zdrojového kodu: Jaroslav Jakubik
(Skolitel’ prof. Pavol Navrat)

Dufame, ze tato knizka posluzi zdujemcom o poznanie programovych a informac¢nych
systémov. Umoziuje spolo¢ne vyuzit' vysledky Stidia v tejto oblasti. TeSime sa na
pripadné odozvy alebo pripomienky.

November 2006,
Bratislava Maria Bielikova a Pavol Navrat
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DIEL I:
WEBOVA INTELIGENCIA






Vychodiskova literatura

V tejto Casti prezentujeme Studie vytvorené na zaklade vybranych Casti publikacie

ZHONG, N. - LIU, J. —= YAO, Y. (Eds.) (2003) Web Intelligence. 1st edition.
Springer, pp. 440. ISBN-10: 3-540-44384-3

Konkrétne sa venujeme tymto témam:
=  webové agenty,
= dolovanie v datach na webe,
= vyhladavanie informacii na webe a manazment znalosti,
= infraStruktira pre webové inteligentné systémy,
= inteligencia socialnych sieti.

Pri ich rozpracovani sme pouzili aj d’alSie zdroje, ktoré sa nachadzaju v samostatne;j
Casti na konci tohto dielu.






1 WEBOVE AGENTY

Agenty su relativne autonomne systémy, ktorych ucelom je na zdklade akcii splnit
urcité ciele vo vybranom prostredi. Webové agenty, ako nazov ich nazov preduréuje,
su agenty pracujuce v prostredi webu, ¢i uz na internete alebo v ramci réznych
intranetov. Ide o komplexné softvérové systémy urCené na vykonavanie mnohych tuloh,
od smerovania, vyhladavania, kategorizovania, filtrovania az po prezentovanie
informacii. Jednoduchym prikladom webového agenta je prehliada¢ webovych stranok.
Od pouzivatel’a ziska adresu zdroja informdcii, ku ktorému sa pripoji, ziska z neho tieto
informdcie a prezentuje ich pouzivatel'ovi. Inym prikladom mézu byt agenty réznych
vyhladavacich portalov, ktoré cyklicky prechadzaju webové stranky celého internetu
aich obsah indexuju do databaz. Nasledne, ked pouzivatel zadd klucové slova
do vyhladavaca, ten len vycita informécie z databazy, bez toho aby redlne prehl’adaval
web.

Nasledujuca Cast’ ukazuje dve rdzne aplikacie agentov. Prva sa tyka aplikacie agentov
v prostredi webu so sémantikou, druhd opisuje socidlne agenty, ktorych tlohou je riesit
interakciu pouZzivatel’a s pocitacom.

11  Agentové sluzby v DAML-S

World Wide Web, ktory bol navrhnuty ako jednoduchy komunikaény systém pre
vymenu hypertextovych stranok, sa stal v poslednom ¢ase velmi tspeSnym systémom
a Coraz viac sa pouziva nielen pre zobrazovanie statickych informacii, ale aj ako
pouzivatel'ské rozhranie pre pristup k webovym informaénym sluzbam. Tieto sluzby
pokryvaju Siroké spektrum oblasti od elektronického obchodu, cez vyhladavacie
a encyklopedické systémy az po pocitacové hry. Ich spolocnou charakteristikou okrem
toho, Ze su pristupné cez web, je ich ndroné automatizované spracovanie '
Komunikacia a interakcia s nimi je navrhnuta pre l'udi, nie pre pocitace.

Jeden zo smerov utoku na tento velky problém je web so sémantikou (Antoniou & van
Harmelen, 2004), ktory sa snazi o zmenu webu tak, aby bol pristupny pomocou technik
umelej inteligencie. DAML-S (Ankolekar et al., 2002) je ontolégiou opisanou v jazyku
DAMLAOIL?, navrhnutou pre opis webovych sluzieb. Clanok (Bryson et al., 2003)
obsahuje prehlad aktualneho stavu prdic na DAML-S a softvérového inZinierstva
zalozeného na agentoch. Poskytuje zaklady tvorby inteligentnych agentov, priCom sa

! Niektoré webové sluzby, ako napr. vymena sitborov pomocou sluzby Rapidshare, postova sluzba
Gmail, si zamerne navrhnuté tak, aby sa stazilo ich automatizované vyuzivanie. Web stranky
tychto sluzieb zobrazuju okrem uzitoénych informacii aj platenti reklamu a pokial’ by sa dali tieto
sluzby pouzivat’ automatizovane, bez toho, aby si pouzivatel’ musel pozriet’ reklamu, tak by
prevadzkovatelia takychto sluzieb stratili jednu z moznosti financovania.

2 The DARPA Agent Markup Language, http://www.daml.org/



zameriava na modularne, reaktivne pristupy navrhu agenta, lebo tieto st vhodné pre
vysoko distribuovant, zloZiti povahu webovej inteligencie. Taktiez obsahuje navrh na
roz§irenie DAML-S. Motivéacia, preco pouzit formalizmus DAML-S procesnej
ontoldgie je ta, ze umoznuje, aby agent, ktory uvazuje o svojom docasnom rozsireni
pomocou webovej sluzby mohol pouzit’ odvodzovanie a kontrolu dékazov.

1.1.1  Zakladné pojmy
Zakladné pojmy, ktoré ¢lanok (Bryson et al., 2003) pouziva, su:
=  Webova sluzba — program alebo zariadenie, ktor¢ je pristupné cez web.

»  Zlozena sluzba — sluzba, ktord kombinuje preddefinované Cciastkové sluzby
sposobom vyhodnym pre pouzivatel'a. Pomocou hierarchie sluzieb, ako napr.
v DAML-S, nie je potrebné presne Specifikovat’ ¢iastkové sluzby, aby mohli byt’
skombinované, staci iba Specifikovat’ pozadované vlastnosti.

= Agent — relativne autonomny systém s mnozinami:
o cielov — podmienky, ktoré sa snazi agent splnit’,
o zamerov — ciele a podciele, ktoré agent v sti¢asnosti vykonava,

o presvedceni — znalosti agenta o svete (ktoré su nutne ohrani¢ené a pravdepo-
dobne nepresné),

o spravani — akcie, ktoré je agent schopny vykonat’.

Vo vSeobecnosti sa na agenty pozerda ako na pouzivatelov sluzieb, ale v ¢lanku sa
zdoraziuje, Ze sa na vysledky sluzieb da pozerat’ aj ako na akcie, ktoré moze pouzit
agent pre dosiahnutie svojich ciel'ov.

1.1.2 Sluzby webu so sémantikou

Web so sémantikou sa nemusi obmedzovat iba na jednoduché objavovanie
a dotazovanie informacii, ma aj velky potencial v automatizacii sluzieb. DAML-S bol
navrhnuty pre Siroké spektrum interakcii a jeho hlavné zameranie je na webové stranky,
ktoré¢ idu d’alej v moZnostiach webu, ako iba poskytovanie statickych informacii.

DAML-S v sucasnosti opisuje sluzby v troch konceptudlnych oblastiach: profil,
procesny model a zéklady. Rozoberieme ich dokladnejsie:

= Profil — opisuje, €o sluzba robi. Charakterizuje sluzbu pre ucely vyhladavania
a vyberania, t.j. poskytuje informacie, aby agent mohol posudit, ¢i mu sluzba
vyhovuje. Ked'Ze na zapis profilu sa pouziva deskripcna logika z DAML+OIL,
profily st rozdelené do klasifikacnych schém. Pre vsetky triedy sluzieb modze
profil opisovat’ vstupy, vystupy, Startovacie podmienky a doésledky. Konkrétne
triedy profilov mé6zu obsahovat’ d’al$ie charakteristiky.

= Procesny model — opisuje, ako sluzba funguje. V flom st zahrnuté informacie
o vstupoch sluzby (spolu s priznakmi o tom, ¢i su povinné alebo nepovinng),
vystupoch sluzby (moznou sucastou je aj opis podmienok, za ktorych sa mézu
roézne vystupy vyskytnut'), Startovacie podmienky (ktoré musia byt’ splnené, aby
sa sluzba dala pouzit’) a dosledky (ktoré vzniknu v dosledku pouZitia sluzby). Pre
zlozité sluzby procesny model opisuje, ako sa daju rozlozit’ na jednoduchsie
procesy a aky je medzi nimi tok riadenia.



Zaklady — opisuji, ako sa sluzba pouziva, tj. definuje, ako modze agent
pristupovat’ ku sluzbe. Vaésinou je tu definovany prenosovy protokol (napr. RPC,
HTTP-FORM, CORBA, vzdialené¢ volania), parametre protokolu (napr. ¢isla
portov) a kédovanie datovych elementov pri prenose.

1.1.3 DAML-S procesy

Procesny model DAML-S navrhli pre Sirokt $kalu sluzieb a ¢erpa pritom z vyskumu
planovacich jazykov (McDermott et al., 1998), prace na programovacich jazykoch a
distribuovanych systémoch.

Vstupy, vystupy, Startovacie podmienky a dosledky st najdolezitejSou charakteristikou
procesu. Vstupy a vystupy si pomenované a typované pomocou DAMLAOIL tried
alebo primitivnych datovych typov z XML Schema Standardu. DAML-S obsahuje tri
typy procesov: atomické, jednoduché a zlozené.

Atomické procesy su najmensie opisované jednotky, su analogické volaniu
procedur v programovacich jazykoch. Atomické procesy su, z pohl'adu pouziva-
tel’a sluzby, vykonavané v jednom kroku.

Jednoduché procesy st ponimané podobne ako atomické procesy, maji
jednokrokové vykonavanie. Na rozdiel od atomickych procesov ale nie st priamo
vykonatel'né a nie su pre ne definované zaklady. PouZivaji sa na vytvorenie
abstraktného pohl'adu na atomické procesy alebo zlozené procesy.

Zlozené procesy su poskladané z podprocesov, ktoré mozu byt atomické,
jednoduché alebo zlozené. Na ich spajanie sa pouzivaju riadiace konstrukcie, su
opisané v tabul'ke 1-1.

Tabulka 1-1. Riadiace konStrukcie v DAML-S.

Konstrukcia Vyznam

Sequence Vykonaj sekven¢ne postupnost’ procesov
Concurrent Vykonaj mnozinu procesov sibezne
Split Vykonaj prvky mnoziny procesov
Choice Rozhodni sa medzi alternativami

If-Then-Else

Ak je splnena definovanad podmienka,
tak vykonaj ,,Then®, inak ,,Else*

Repeat-Until

Cyklicky vykonaj mnozinu procesov,
az kym sa nesplni podmienka

Repeat-While

Cyklicky vykonaj mnozinu procesov,
ak plati podmienka

Unordered

Vykonaj vsetky procesy z mnoziny
v 'ubovol'nom poradi




1.1.4 Agenty a programovanie pre web so sémantikou

Clanok (Bryson et al., 2003) sa taktieZ venuje vyvoju softvéru pre web so sémantikou.
Poukazuje na to, Ze agentovo orientovany pristup k softvérovému inzinierstvu je
moznym rieSenim problémov vyvoja webu so sémantikou. Dalej opisuje dve zakladné
otazky, ktoré treba vyrieSit pre komplexnych vyvoj agentov: otdzka modularity
a otazka vyberu akecii.

Uvahy autorov vychadzaja zo softvérovej metodologie nazyvanej ,,navrh orientovany
na spravanie® (angl. Behavior Oriented Design — BOD) (Bryson & Stein, 2001). BOD
je jednym zo v sucasnosti prevazujucich pristupov k navrhu agentov: je hybridom
medzi modularnymi systémami zalozenymi na spravani a reaktivnom planovani. BOD
agenty sa skladaji prevazne z viacerych modulov, ktoré priamo ovladaja celé
spravanie agenta (akcie, vnimanie, ucenie). BOD na rozdiel od inych architektur kladie
doraz na silu a autonomnost’ modulov a oslabuje vyznam planov pre rozhodovanie
medzi modulmi.

Modularita

Modularita je dolezita technika pri zjednoduSovani softvéru. Zlozity program moze byt
rozdeleny na mnozinu relativne jednoduchych modulov, ktoré mézu byt vyvijané
a testované nezavisle na sebe. Pri rozklade ale vznikaju tieto otazky:

=  Kolko modulov by malo existovat’?
= Co bude v jednotlivych moduloch?

Nastastie sa na tieto otazky daju aplikovat’ rieSenia vyvinuté v rdmci objektovo-
orientovaného navrhu (angl. object-oriented design). Objektovo-orientovany navrh
odporuca, aby sa program rozdelil podla toho, ako sa musi manipulovat’ s pre-
menlivym stavom. Stav je srdcom objektu, zatial’ ¢o jeho metddy su akciami nad tymto
stavom.

Jednou z myslienok BOD je to, ze podobné uvazovanie sa da aplikovat’ aj na umelé
agenty. Hlavnym kritériom pre posudzovanie modulu spravania st jeho akcie a tieto
akcie musia byt podporované vnimanim a pamétou. Vnimanie kombinuje vstupy
agenta s jeho znalost'ami a presvedéeniami.

Vyber akeii

Hlavnd vyhoda modularnej inteligencie je relativna jednoduchost’ jej jednotiek.
Nevyhodou rozdelenia inteligencie do modulov je to, ze rozlicné moduly moézu
vykonavat’ protichodné akcie, napriklad moéze vzniknut' konflikt pri pouzivani
obmedzenych prostriedkov.

Prvotné modularne systémy umelej inteligencie odmietali systém centralneho rieSenia
konfliktov, lebo toto rieSenie bolo povazované za nedostatocné a znovu vytvaralo
problém, ktory sa modularizacia snazila rieSit’ (Maes, 1990). Namiesto toho sa
ocakavalo od modulov spravania, aby samé dokdzali posudit podmienky svojej
pouzitenosti. Na nestastie tento pristup viedol ku kombinatorickym problémom
v komplexnych agentoch, kde mohli byt viaceré spravania vykonané v podobnych
kontextoch a to si vyzadovalo, aby kazdé spravanie modelovalo aj iné spravania.
Neskor sa ukdzalo, Ze rozhodovanie medzi modulmi je menej zlozité ako monolitické
smery inteligencie.

V stcasnosti prevazujuci sposob, ako rozhodovat’ v modularnych systémoch zaloze-
nych na spravani, je pomocou hierarchickych reaktivnych planov. Reaktivne plano-



vanie vybera akcie vzdy podla aktivneho kontextu na rozdiel od konstruktivneho
planovania, ktoré zahiia proces prehl'addvania. Hierarchické reaktivne plany st jedno-
duché robustné plany, kde kazdy element mdze byt sdm d’al§im reaktivnym planom.

BOD obsahuje Specifikdciu pre paralelne zacinajuce zasobnikovo usporiadané
hierarchické plany reaktivne plany (angl. parallel-rooted, ordered slip-stack hierachical
(POSH) reactive plans) (Bryson & Stein, 2001). Clanok sa zameriava na dva relativne
vSeobecné druhy reaktivny planov, jednoduché postupnosti a zakladné reaktivne plany
(angl. basic reactive plan — BRP).

Zakladné reaktivne plany

Tieto plany boli pouZité vo viacerych architektirach (Fikes et al., 1993, Nillson, 1994)
a su charakteristické pre reaktivne planovanie.

BRP krok je trojica (m, p, o), kde m je priorita, p je spistac a a je akcia. BRP je mala
mnozina (vicSinou 3-7 prvkova) krokov planu {(m;, p;, a;)*} zviazana s dosiahnutim
prislusného ciel'a. Spustac p; je je konjunkciou boolovskych primitiv, ktoré urcuju
vykonatel'nost’ prislusného kroku. Kazda priorita m; je prvkom linedrne usporiadanej
mnoziny. Kazdé akcia a; je moze byt inym BRP alebo primitivnhou akciou.

Poradie vykonédvania planovanych krokov sa urCuje dvoma spOsobmi: prioritou
a spustacmi. Ked sa moéze vykonat viac ako jeden krok, tak sa vykona krok
s najvyssou prioritou. Pokial’ sa mézu vykonat’ viaceré kroky s rovnakou prioritou, tak
sa vykona l'ubovolny jeden z nich. Normalne sa vykondvania pre kroky s rovnakou
prioritou navzajom vylucuju. Pokial’ sa nedd vykonat’ ziadny krok tak sa BRP skon¢i.
Ciel'ovy krok ma vacsinou najvyssou prioritu, v tomto pripade jeho spustac kontroluje,
¢i bol BRP tispesny a jeho akcia ukoncuje BRP.

Tabulka 1-2. Zdkladny reaktivny plan pre simulovaného hraca.

Krok Priorita Spusta¢ — Akcia

F 4 lopta v branke — gol

E 3 mam loptu & som pri branke — striel’aj

D ’ mém l.optu & spoluhrac vo vyhodnej polohe —
prihraj

C 1 mam loptu — bez dopredu

B 1 nemam loptu & som blizko lopty — zober loptu

A 0 true — cakaj

Napriklad zakladny reaktivny plan pre hraca v simulovanom pocitaCovom futbale
Robocup by mohol vyzerat’ tak, ako v tabulke 1-2. Ked sa hra¢ za¢ne vykonavat’ a
lopta je uz v branke, tak nema zmysel vykonavat’ ziadne akcie, lebo bol gol. Preto je
krok F cielovy. V opa¢nom pripade, pokial’ ma hra¢ loptu, tak moze alebo striel’at’ na
branku E alebo prihrat’ spoluhracovi D, alebo bezat’ s loptou C, priority zodpovedaju
tomu, Ze je najvyhodnejsie priamo vystrelit' na branku (pokial’ sa to da). Pokial sa to
neda, tak prihrat’ spoluhracovi (pokial’ je vo vyhodnejSej polohe), alebo ist d’alej
s loptou (ale to unavuje hrada viac ako strelba na branku alebo prihravka). Umerne
k vyhodnosti pre hraca su krokom priradené rozne priority. Pokial’ hra¢ nema loptu pod
kontrolou, tak sa méze pokusit’ ju ovladnut’ B. Pokial’ hra¢ nevie urobit’ ni¢, tak caka A.
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Tento plan nie je zd’aleka Uplny, vobec nezahfiia obranu, presun hraca na vyhodné
pozicie, ked’ nema loptu, spolupracu medzi hrd¢mi a d’alSie aspekty hry. Taktiez
netrividlne akcie (ako napriklad zobratie lopty alebo beh s loptou) sa musia rozdelit’ na
jednoduchsie akcie a tie su potom riadené planmi na nizsich Grovniach.

Najvacsou vyhodou BRP je to, Zze sa daji relativne jednoducho vytvarat. Progra-
matorovi staci, ked’ si predstavi najhor$i mozny pripad pri rieSeni daného ciel'a
a sucasne ignoruje nadbytocné kroky. Priority pre kazdy krok st potom nastavené
v opa¢nom poradi, ako by sa kroky mohli vykonavat’. Nasledne sa doplnia spustace,
pricom sa zacina krokom s najvyssou prioritou.

1.1.5 Webové sluzby ako spravanie agentov

Clanok (Bryson et al., 2003) udava tri dovody, pre¢o je vyhodné sa pozerat’ na webové
sluzby ako na agenty:

1. Webové sluzby su analogické spravaniu modulov.

2. Velka cast’ vyskumu urobeného pre modularnu inteligenciu by sa dala pouzit’ pre
vyvoj zlozenych sluZzieb.

3. Programovacie techniky agentovo orientované¢ho softvérového inZinierstva by
boli uzitoéné pri vyvoji webu so sémantikou.

1.1.6 RozSirenia pre DAML-S

Clanok (Bryson et al., 2003) opisuje DAML-S procesnii ontolégiu, ktora je okrem
iného urcend pre podporu navrhu zlozZenych sluzieb. Opisuje aj rozSirenia DAML-S
ontoldgie potrebné pre agentov.

Udaje

Aj ked udaje nie su sucastou DAML-S Specifikacie, st kIicové pre modularny
a agentovo orientovany navrh. Niektoré Udaje su dolezitou sucastou agenta a musia

byt preto ulozené v agentovi. Napriklad historia agentovych rozhodnuti, idaje o jeho
postupe pri hl'adani.

Jednym z rieSeni by mohlo byt ukladat’ idaje do modulu podobného webovej sluzbe,
ktory by bol pristupny iba pre agenta, pricom by sa zachovala Struktura a rozhrania
DAML a tym by sa zachovala aj jednotnost’ kddovania.

Primitiva

Primitiva su jednotlivé akcie na najjemnejSej urovni podrobnosti, ktoré¢ vykonava
webova sluzba. Su dva zakladné sposoby, ako sa primitiva mézu spravat’ v systémoch
realneho Casu. V prvom pripade primitivum vykona vypocet (ktory méze trvat’ velmi
dlho) a vrati vysledni hodnotu. V druhom pripade primitivum nastartuje proces a vrati
iba informaciu o tom, ¢i sa podarilo uspesne naStartovat’ proces, alebo nie, kontrola
stavu procesu a jeho vyslednej hodnoty st d’alsie akcie volajuceho programu.

BOD odporuaca prienik medzi tymito dvoma pristupmi, ale aj ked DAML-S procesna
ontoldgia umoznuje paralelné operacie, ich opis nie je dostatocny. Treba, aby sa pre
kazd moznu komunikaciu so sluzbou $pecifikovalo v profile sluzby, ¢i dané volanie
bude blokujuce alebo nie, ¢i dany proces skon¢i za pevny, variabilny cas, alebo
neskonci vobec.
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Postupnosti

Postupnosti su jednoduchym a casto pouzivanym spdsobom (Laird & Rosenbloom,
1996) ako spajat’ elementy. V ramci BOD obsahuje POSH vyber akcii dva druhy
vyberu akcii: vykonavané postupnosti, ktoré velmi rychlo vykonaju vsetky svoje
elementy v ramci jedného cyklu a akéné vzory, ktoré umoziuju kontrolu kontextu
a zmenu priorit medzi jednotlivymi elementmi. Ak jeden z elementov zlyhd, oba druhy
postupnosti si prerusené.

DAML-S obsahuje postupnosti, ale neurcuje, ¢i sa daju postupnosti prerusovat.
Taktiez umoznuje, aby elementy postupnosti mali podprocesy, takZze sa pomocou
DAML-S postupnosti daju reprezentovat’ iba akéné vzory a nie rychlo vykonavané
postupnosti.

Zakladné reaktivne plany

V dynamickych prostrediach je vyber akcii velakrat prili§ zlozity, aby sa dal
reprezentovat’ pomocou postupnosti. V tych pripadoch sa daju pouzit zakladné
reaktivne plany (BRP), ktoré¢ majl vicsie vyjadrovacie moznosti.

DAML-S v stcasnosti neposkytuje moznost’ priamo vyjadrit BRP, daja sa vyjadrit’ iba
nepriamo pomocou While konStrukcie a vnorenych If-Then vetveni. Vzhladom
na vyhodnost’ BRP by bolo dobré, keby sa dali priamo vyjadrit' v DAML-S.

1.2  Navrh scenarov pre socialne agenty

Vysledkom prace pospolitosti vyvojarov zaoberajucich sa problematikou agentov
a multiagentovych systémov je niekol’ko druhov agentov. Napriklad personalne agenty
patria 'udom a pomahaji im pri obsluhe zlozitych pocitacovych/ komunikaénych
systémov. V problematike multiagentovych systémov sa zase stretdvame s pocita-
¢ovymi agentami, ktorych cielom je vzdjomna interakcia. No problematike interakcie
medzi 'ud'mi a pocitaCovymi agentami sa zatial nevenovala dostato¢na pozornost’.
V tejto praci sa budeme zaoberat tzv. socidlnymi agentami, ktorych modzeme
povazovat za Clenov ,l'udskej* pospolitosti: socidlne agenty podporuji interakciu

v

medzi 'ud’'mi, zatial’ ¢o pocitacové agenty podporuju interakciu 'udi a pocitacov.

Prikladom moéze byt konkrétny agent vyvinuty japonskou spolo¢nostou, ktory ma
podobu Zeny a jeho ciel'om je pracovat’ v TV, filmoch pripadne na internete. Na rozdiel
od iného softvéru jeho hodnota nespociva v jeho rychlosti, spravnosti, ¢i efektivnosti,
ale v tom, Ze reflektuje l'udské ocakavania a zdujmy. Takéto agenty ndjdeme v ro6znych
online pospolitostiach alebo digitalnych mestach.

Aj ked’ je socialny agent iba softvér, 'udia akceptuju jeho socialnu rolu a tak sa moze
spravat’ ako socialna bytost’ vo virtudlnom svete. Vel'kd zmena nastane, ked Tl'udia
vymenia svoje osobné agenty za socidlne. Od tohto okamihu nebude ich asistent
(agent) vylucne len ich. Ak ich uznaji aj ostatni, pouzivatel bude nuteny jednat’
so svojim agentom pomocou socialnych protokolov. Ked’ sa socidlne agenty stanu
sucast'ou l'udskych pospolitosti, nebude mozné ignorovat’ to, ¢o hovoria alebo robia.
Mobzu poskytnut’ svoje sluzby napriklad v oblasti bezpe¢nosti alebo navigovat’ l'udi
do bezpecia v pripade katastrofy. Sucasne mozu negativne vplyvat na l'udi porusova-
nim socialnych pravidiel, napriklad sledovanim, podvadzanim, ¢i klamanim.
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Aby sme pochopili problematiku socialnych agentov, treba preskimat’ platformu, ktora
nam umozni vykonat sériu experimentov s nimi. Nasledujuca cast obsahuje opis
jazyka Q, ktory sliuzi na opis scenarov spravania agentov.

1.21 Jazyk Q

Q je jazyk urCeny na opis interakcii medzi agentami a pouzivatel'mi, ktoré si zaloZzené
na externych rolach agenta. Q je nezavisly od internych stavov agenta. Jeho cielom je
umoznit’ tvorcovi scenarov definovat’ poziadavky na spravanie agenta.

Scendre predstavuju most medzi navrharmi agentov (pocitacovi profesionali)
anavrharmi aplikacii (autori scendrov). Na zvySenie efektivnosti vytvorili kartu
interakénych Sablon (Interaction Pattern Card = IPC) zaloZentl na rozhrani excelovych
tabuliek, ktorej cielom je podporit’ proces komunikacie medzi participujicimi stranami
pri vyvoji formalizécie $ablon spravania agenta.

Jazyk Q je rozsirenim jazyka Scheme, ktory jednym z dialektov jazyka Lisp.
Podnety a akcie

Udalost, ktora vyvoléva interakciu agenta sa nazyva podnet (cue). Akcia (action)
predstavuje poziadavku na vykonanie ¢innosti (zmenu prostredia) agenta.

Podnety a akcie sa v jazyku Q definuju takto:

(defcue name { (parameter in|out|inout) }*)
(defaction name {(parameter in|out|inout) }*)

Na rozdiel od programovacich jazykov, vyznam podnetov a akcii nie je v Q scendroch
definovany. Ked'Ze podnety a akcie vykonavaji samotné agenty, ich vyznam uplne
zavisi od nich.

Priklad podnetov (zacinaju na ?) a akcii (zacinajuna !) :

(?pocujes “Ahoj” :od Jaro)

(lkracaj :od autobusova_stanica :k vlakova stanica)
(!povedz “Ahoj” :k Jaro)

(?vidis vlakova stanica :smer juh)

V predchadzajicom priklade agent ¢aka na Jara, kym mu povie ,,Ahoj“. Nasledne
prejde z autobusovej stanice k vlakovej, povie Jarovi ,,Ahoj* a pozrie, ¢i vidi na juhu
vlakovu stanicu. Takéto akcie sa nazyvaju synchronizované, ¢ize umoznuji agentovi
pokraCovat vo vykonavani nasledujucej akcie az po ukonCeni predchddzajuce;.
Existuju aj asynchrénne akcie, ktoré sa moézu vykonavat paralelne viaceré naraz (v Q
sa oznacuju pomocou !!).

Podmienené vykonavanie

Q pozna vetvenie na zaklade vyskytu ur¢itého podnetu podobne ako iné programovacie
jazyky. Podmienku oznacuje kl'aic¢ové slovo guard:

(guard
((?pocujes “Ahoj” :o0d Jaro)
(!povedz “Ahoj” :k Jaro) ...)
((?vidis vlakova_ stanica :smer juh)




13

(lkracaj :od autobusova_stanica :k vlakova_ stanica) ...)
(otherwise
(!povedz “Stale cakam” :k Tomas))

V priklade ak agent pocuje ,,Ahoj“ od Jara, odpovie mu ,,Ahoj“. Ak uvidi na juhu
vlakovu stanicu, prejde k nej. Ak neziska ani jeden z tychto podnetov, povie Tomasovi
Stale ¢akam®.

Scenare

Scenare sluzia na opis prechodov agenta zjedného stavu do druhého. Jednotlivé
scenare a mozu byt volané z inych scenarov ¢i funkeii.

Ukazka definovania scendara:

(defscenario recepcia (sprava)
(scenel ((?pocujes “Ahoj” :od $x)
(!povedz “Ahoj” :k $x) (go scene2))
((?pocujes “Dovidenia”)
(go scene3l)))
(scene2 ((?pocujes “Ahoj” :od $x)
(!povedz “Ako vam pomozem?” :k $x))
(otherwise (go scene3)))
(scene3 ....)

V tomto scenari sa definuje niekolko stavov (scenel, scene2, ...). Rovnaké podnety
vedu kinym vysledkom pre rozne stavy (napriklad na pozdrav reaguje agent inak
v stave scenel a scene?)

Agenty
Jazyk Q pozna niekol'ko druhov agentov:

= Agent — predstavuje agenta realizujuceho definovany scenar

(defagent hosteska :scenario ‘recepcia)

= Avatar — ide o agenta riadeného priamo clovekom

(defavatar Jaro)

= Dav (Crowd) — ide o dav viacerych agentov realizujucich rovnaky scenar

(defcrowd chodec :scenario ‘prechadzka :population 30)

1.2.2 Ukazky agentov

Nasledujuca Cast’” obsahuje ukazky existujucich socidlnych agentov v dvoch rdéznych
prostrediach: ako pomocnikov znamych z opera¢nych systémov Microsoft Windows
a ako postavy vo virtudlnom 3D svete.
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Microsoft agent

Na ilustraciu Q scenarov mdzeme pouzit relativne zndme agenty z prostredia
Microsoft Windows. Ako priklad uvedieme pomocnika Merlina, ktory bude realizovat’
tento scenar: Po prichode na stranku http://www.fiit.stuba.sk/ pozdravi pouzivatela
gestom a opyta sa ho, ¢o by si chcel na stranke pozriet. Q opis tohto scenara mdze
vyzerat’ nasledovne:

(scenel

((?see :address “http://www.fiit.stuba.sk/")
(!behave :animation “Greet”)

(!speak “Ahoj, ja som Merlin.”)

(1fly :x 50 :y 300)

(!speak “Vitajte na strankach Fakulty informatiky a

informacnych technologii”)
(!speak “Co by ste si chceli na stranke pozriet”)
(lask :selection ' (“Novinky”, “Informacie pre uchadzacov”,
“Informacie pre studentov”))

(!receive $x)

(go scene2)))

Ukazka realizacie podobného scenara sa nachadza na obrazku 1-1. V tomto pripade
informuje Merlin o odeve Kimono.

Since Koman is & basic Kimano to F || http:/fuww.lab7.kuis. kyoto-u. ac.jpf~yohei/nishijinkomon-kituke htm [V]
learn how to dress, study
v
Yot IV RID AT
E—2%Z2—VY&UEE&2TNRMT
HHBFLEWEECLHTTHTT,
L s PALTPPTPP RV PEIRTTINT Y

HETHIM EL&y
glE- ER- 28 O—UaJLk
o R B
B A #H- 2R FHL

Obrazok 1-1. Priklad MS Agenta Merlin pri prezentovani informdcii o Kimone
(Zhong et al., 2003).

Daone

S pouzitim jazyka Q aagentov od Microsoftu bolo vytvorené multi-postavové
rozhranie na ziskavanie informdcii, v ktorom doménovo Specifické vyhladavacie
agenty spolupracuju pri plneni pouzivatel'skych poziadaviek. Predchadzajiice rieSenia
podobného problému vyuzivali na svoju Cinnost tabulova architektiru, ktora
umoznovala integrovanie vysledkov prace viacerych agentov. Pri tomto rieSeni bol
pouzity iny pristup: namiesto ukladania informacii do spolo¢ného uloziska sa
integracny proces zobrazi pouzivatelovi vo forme dialégu viacerych postav
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reprezentujucich jednotlivé agenty. Pouzivatel moéze sledovat’ ich spolupracu
a v pripade potreby priamo zasiahnut' do ich dialégu. Multi-postavové rozhranie
zvySuje spokojnost’ pouzivatela tym, ze integruje spolupracu jednotlivych agentov
pred jeho oami socidlnym spdsobom. Na obrazku 1-2 sa nachadza ukazkova schéma
spoluprace viacerych agentov.

Multi-postavové rozhranie
|| Doménovo _PoZiadavka | vseobecny
Specificky agent | 7| vyhradavag

<& Doménovo | _PoZiadavka |  vgeobecny
< .
$pecificky agent d vyhladavaé
\ v
Pouzivatel \
Doménovo PoZiadavka |  vseobecny
$pecificky agent [ 71 vyhladavag

Osobny agent

Obrazok 1-2. Schéma spoluprdce viacerych agentov.

FreeWalk agenty

Dal$ou ukazkou pouzitia socidlnych agentov je prostredie FreeWalk. Ide o 3D webovy
simulétor virtualnych miest s virtudlnymi obyvateI'mi, v rdmci ktorého sa dajii vytvarat
virtudlne kopie existujucich miest. Ukadzka ztohto prostredia sa nachadza na
obrazku 1-3.

Prostredie umoznuje vytvarat’ velké mnozstvo agentov, ktoré sa pohybuju v readlnom
Case v jednotlivych mestach. Sich pouzitim a pridanim niekol’kych agentov
ovladanych priamo pouZzivateI'mi médzeme robit’ experimenty so simuldciou réznych
situdcii, ktoré by sa v redlnom svete len vel'mi t'azko uskutocnovali.

BAE BAMy s —ai,

Wz

Obrazok 1-3. Ukazka prostredia FreeWalk spolu s agentami (Zhong et al., 2003).
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1.2.3 Vyvoj scenarov

Q architektiara

Obrazok 1-4 zachytava architektiru spracovavania scendrov. Ked sa scenar prideli
konkrétnemu agentovi, vytvori sa Q — procesor zviazany so zodpovedajucim
agentskym systémom. Agentsky systém dokdze byt hostitelom viacerych agentov
(napriklad spominany FreeWalk dokéze byt hostitelom stoviek agentov). Tu moéze
vznikat' problém pri paralelnom (subeznom) vykonavani viacerych agentov, v ramci
ktorého mozu viest’ viaceré behy rovnakych scenarov k roznym vysledkom. Aby sme
sa vyhli tomuto nedostatku, pouzijeme ndastroje jazyka Scheme (materského jazyka Q),
ktoré umoznuju riadit’ prepinanie medzi jednotlivymi konkurenénymi procesmi.

Q processor Agentsky systém
Q Funkcionalita
a lanovania a
Interakéna 5 e 5i ° ucéenia sa
$ablo Preklada¢ Q scenar PozZiadavka Meta-
sablona kariet na analyzu vrstva
interakénych H scenara ﬁ
$ablon (IPC)

Navrhar aplikacie ﬂ _ U Vykonna
(tvorca scenarov) Akcie, vrstva

podnety Funkcionalita

o Q interpret | vnimania a
Definicia karty konania

interakénych

$ablon (IPC) Scheme Java, C++
Navrhar Navrhar agentov
spoluprace (softvérovy odbornik)

Obrazok 1-4. Q architektura.

Aj ked’ je jazyk Q implementovany ako nadstavba jazyka Scheme, existuju rozhrania
pre C++ a Javu umoznujuce kombinovat’ Q a in¢ agentské systémy.

Architektara Q je rozdelena do dvoch vrstiev: vykondvacej vrstvy (execution layer)
a meta-vrstvy (meta-layer). Vo vykonavacej vrstve Q interpret vyhodnocuje podnety
a akcie podl'a definovaného scenéra. Ak pri tom narazi na problém v scenari, prepne sa
do meta-vrstvy, v ktorej Q analyzator vySetri scendr. Na zéklade vysledkov Q analyza-
tora moze dojst’ ku komunikacii s tvorcami scenarov.

Agenty mdézu byt autondémne alebo zavislé. V pripade autonémnych su scenare
jednoduché, v pripade zavislych Specifikuju vsetky detaily. VSimnime si, Ze vSeo-
becnost’ (granularita) podnetov a akcii zavisi od dvoch nezavislych faktorov: miery
autondmie agenta a stupiia presnosti, ktory potrebuju tvorcovia scendrov.

Proces navrhu

Jazyk Q predstavuje rozhranie medzi tvorcami scenarov (navrhari aplikacie)
a softvérovymi profesionalmi (navrhari agentov), ktori predstavuju dve uplne odlisné
perspektivy.
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Proces vytvarania scenarov pozostava z tychto krokov:

1. Tvorcovia scenarov a agentov sa dohodni na podnetoch a akciach, ¢im vznikne
»slovna zasoba“ pre tvorcov scenarov.

2. Autori scenarov opiSu jednotlivé scendre pomocou jazyka Q, zatial ¢o autori
agentov implementuju podnety a akcie.

3. Mozeme zadefinovat’ aj tretiu rolu v ramci procesu vyvoja: navrhara spoluprace,
ktorého tlohou je sledovat’ vzory spoluprace v jednotlivych doménach a vytvarat’
karty IPC (Interaction Pattern Card). Vyvoj kariet spusta dialég medzi navrharom
spoluprace a autormi scenarov, ¢o vedie klepSiemu pochopeniu vzorov
spoluprace v jednotlivych doménach. Rovnako IPC karty zvySuju produktivitu
tvorcov scenarov.

1.2.4 Pouzitie socialnych agentov

Simulacia krizového manaZmentu

Jednou z konkrétnych aplikacii socidlnych agentov je ich vyuzitie pri simulovani
krizovych situacii. Agenty v tychto simuldciach zastavaji role os6b bezného zivota ako
chodcov, bezpecnostnych zloziek apodobne. Realisticka simuldcia evakuacie sa
dosiahne, ked’ nechame pohybovat’ sa chodcov v prostredi snaziac sa uniknut’. Takéto
simulécie odhalia typické chyby v spravani sa I'udi v danych situaciach a pomdzu najst’
ich najlepsie zvladnutie. Priklad konkrétneho scenara moze vyzerat’ takto:

Evakuaicia Zelezni¢nej stanice a stanice metra vo virtualnom Kyote

1. Rok 200X. Simulacia evakuécie za pomoci stoviek socidlnych agentov a priblizne
20 pouzivatelov ovladajucich agentov. Udaje ziskané¢ zo simulacie sa uloZzia
a vyhodnotia.

2. Rok 200Y. Stane sa katastrofa a na stanici vypukne poziar. Situdciu zaznamenana
riadiace stredisko. To na zéklade predoslych simulécii odosle prikazy mobilnym
terminalom l'udi a agenty ich nasledne zacnu navigovat’ do bezpecia.

Aby tieto experimenty mali zmysel, treba skiimat’ podobnost’ spravania sa agentov
a skutoénych l'udi. Prikladom modZze byt vytvorenie simuldcii menSich rozmerov
vo fyzickom aj virtudlnom svete aich vzajomné porovnanie a minimalizovanie
rozdielov. Taktiez treba skumat’ rozdiely v spolupraci ¢lovek-Clovek a ¢lovek-agent.
Softvéru verime lebo je efektivny, no 'udom verime nie preto, Ze st efektivni. Preto sa
modzu l'udské reakcie 1isit’, ked’ im ta istd informaciu poda clovek alebo agent.

Socialno-psychologicky vyskum agentov

Aby sme pochopili podstatu agentov, vykonali sa viaceré socialno-psychologické
experimenty. Momentdlne sa zameriavaju na zistenie, do akej miery mdézu agenty
podporit’ medzil'udska komunikaciu a ovplyvnit medzil'udské vztahy. Agenty m6zu
posobit’ ako prostredniky medzi 'ud’'mi v réznych socialnych rolach, napriklad medzi
obyvatel'mi a navStevnikmi, star§imi a mlad$imi a podobne.

Vykonali sa konkrétne experimenty, na ktorych sa zcastnili americki a japonski
Studenti, ktori s pomocou agentov medzi sebou diskutovali.



18

1.2.5 Zhodnotenie

Vyvoj jazykov opisujucich spravanie sa agentov napreduje. NedosSlo kich
vyraznejSiemu pouzitiu v aplikdciach. Preto vytvorili jazyk Q opisujlci interakcie
medzi Clovekom a agentom. Ako ukazky pouzitelnosti jazyka Q vytvorili jeho
aplikacie pre prostredie Microsoft Agents a FreeWalk. Aj ked’ ide o Uplne odlisné
druhy agentov, mohli sa riadit’ pomocou jazyka Q, pretoze ten umoziuje definovanie
poziadaviek pre nezavislé autonomne agenty.

Rozdiely medzi pocitaCovymi a socidlnymi agentami sl zobrazené v tabulke 1-3.
Na rozdiel od pocitacovych agentov, socialne nepredpokladaju spravnost’ multi-agen-
tovych scenarov. Radsej kombinujii vykonavaciu a meta-vrstvu, ¢o vytvara robustné
spravanie agentov. Chyby v scendroch sa neopravuju ladenim ale skuSanim.

Tabulka 1-3. Porovnanie pocitacovych a socialnych agentov.

Pocitacové agenty Socidlne agenty
Interny .
Model Y Vzor spravania
mechanizmus
Opis Program Scenar
Tvorca Pocitacovy odbornik | Tvorca scendrov
Ciel Spravnost’ Robustnost’
. Debugovanie .
Testovanie ueovare Skusanie
zdrojového kddu
Pocitacové Agentami
Vysledok y sprostredkovana
spolocenstvo .
komunita

S narastajicou koexistenciou l'udi a agentov na internete vznik4 potreba definovania
multiagentovych scenarov uréenych na realizaciu roznych druhov webovych aplikacii.
Ak by sme dovolili agentom uplne nezdvislé spravanie, cely systém by sa t'azko riadil.
Preto je potrebné Specifikovat' socidlne ohranicenia ako scenare, ktoré riadia ich
spravanie.



2 DOLOVANIE
V DATACH NA WEBE

Webovy priestor je bohatym zdrojom velkého mnozstva dat a informacii, ktoré su
vzajomne prepojené. Pouzitim roéznych pristupov si v tejto Casti opisané rdzne
techniky dolovania v datach na webe. Ich spolocnym cielom je ziskavanie novych
informacii a znalosti z webovych dat.

V tvode je opisana technika vyhl'adavania informacii porovnadvanim webovych stranok.
Zistovanim nepriamych asociacii z dat o pouZivani webu sa zaoberame v druhej Casti.
Opisujeme nov¢é techniky dolovania v datach nazyvané nepriame asocidcie.
Problematika obalovacov, ich kategorizacia a spdsob ich vytvorenia je uvedeny v tretej
Casti. Nakoniec sa venujeme dolovaniu webovych zaznamov, kde je uvedeny struény
prehl’ad dolovania v datach, popis predpripravy dat a analyza vzorov.

2.1 Vyhladavanie informacii porovnavanim
webovych stranok

Tato Cast’ sa zobera problematikou vyhladdvania informacii na webovych strankach.
Pojednava o najpouzivanejSom pristupe zalozenom na vyhladavani pomocou
klacovych slov. Tento pristup mozno oznalit’ istym spdsobom ako nedostatocny
a z toho dévodu sa navrhuje iny vhodnejsi spdsob vyhl'adévania.

Navrhovany pristup vyhl'adavania nie je mozné vo vsetkych pripadoch povazovat’ za
dostatocny vo vSetkych smeroch, nakol’ko sa zameriava na vyhladédvanie in¢ho typu
informacii tzv. ,,neocakdvanych informadcii®, priCom v sucasnosti beznymi spdsobmi
vyhladévania sa da k takymto informaciam len zdihavym postupnym prehl'adavanim
webovych stranok.

211 Problematika vyhladavania na webe

Idea vyhl'adavania informacii na webe nie je nova. Od zaciatku vzniku internetu sa
vyhl'addvanie informacii ukazuje ako jedna z najdélezitej$ich poziadaviek.

V stcasnosti je najviac rozSirené vyhladdvanie zalozené na vyhladdvani pomocou
klucovych slov, pripadne menej rozsireny spdsob — vyhl'adavanie ,,$it€¢ na mieru* (tzv.
pomocou obalovacov). Systémy, ktoré vyuzivaji vyhladdvanie pomocou klucovych
slov umoznuju pouzivatel'ovi vyhl'adat’ informaciu $pecifikovanii mnozinou klI'ai¢ovych
slov, pricom potom vel'mi zjednodusene povedané vyhl'adavaci systém vyhlada vsetky
webové stranky, ktoré obsahuju zadané kl'ucové slova.

Zakladnym obmedzenim tychto pristupov je vlastnost, ktord vychadza z podstaty
vyhladavania pomocou kl'ucovych slov ato Specifikacia vyhladavanej informacie.
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Nakol’ko vyhl'addvani informaciu pouzivatel’ Specifikuje dopredu, da sa povedat, Zze
vie dopredu aku informaciu pozaduje a akil informaciu mu ma vyhladavaci systém
najst’. Takato informacia sa mézZe oznacit’ terminom ocakavana informacia. Namiesto
ocakavanych informacii by v mnohych pripadoch mohlo byt vyrazne prospesnejsie,
pokial’ by bol systém schopny najst’ informéacie, ktoré nie su priamo Specifikované
(z dovodu nedostato¢nych vedomosti pouzivatela) ateda st v istom zmysle neoca-
kévané.

Ako sme uz nacrtli, vyhl'adanie takychto informacii beznymi spésobmi by zahfialo
prehl'adanie mnoZstva webovych stranok. Pouzitie Specialnych systémov na vyhl'ada-
nie takychto informacii by mohla ovplyvnit' najmé Specifickost,, alebo subjektivne
vnimanie a rozliSovanie neocakavanej informacie.

21.2 Vlastnosti informacii

Aby sme mohli d’alej ozrejmit” navrhnuty spdsob vyhl'adavanych informacii, treba
zadefinovat’ urcité vlastnosti vyhl'adavanych informacii.

» Neocakavanost informdacie. Vlastnost’ informacie vyjadrujica, ze dana informacia
je relevantna, ale pre pouzivatel'a istym sposobom neznama.

= Pouzitelnost’ informacie. Cast’ informacie je pouzitelna pouZzivatelom (ak ju
pouZzije. mdze to pre neho znamenat’ urciti vyhodu).

Napriek tomu, ze neocakavanost’ je dolezita vlastnost’, pouzitel'nost’ je vlastnost’, ktort
musia splnat’ vSetky informacie najdené pomocou akéhokol'vek vyhladavaca (na
zaklade tohto kritéria sa da hodnotit’ uspesnost’ prace vyhl'adavaca).

Na zaklade uvedenych tvrdeni mézeme vyhladdvané informacie klasifikovat’ takto:

» Informacie, ktoré si ocakavatelné a zaroven pouzite'né (z hladiska opisovanej
idey vyhladavania je tento typ informacii najdolezitejsi).

» Informacie, ktoré s neocCakéavatelné a zaroven nepouzitelné (su to napriklad
informacie, ktoré nestvisia s vyhl'adavanou témou).

» Informécie, ktoré su sice pouziteI'né ale zaroven oCakéavatel'né.

2.1.3 Idea navrhnutého rieSenia
Informacny priestor mézeme rozdelit’ do troch celkov:

= Stranky pouzivatela U reprezentujice jeho sucasné znalosti. M6zu to napriklad
byt odkazy na webové stranky, ktoré sa zaoberaji hladanou problematikou
a obsahuju informacie o ktorych pouzivatel' vie, hodnoti ich ako relevantné
k téme a v istom zmysle reprezentuju jeho rozsah znalosti.

= Klacové slova E predstavuju dodatoénu Specifikaciu vyhladavanych informacii.
» Prehladdavany informaény priestor C.

Potom sa vyhl'adava takto:
1. Analyza pouzivatel'om zadanych znalosti a ich vnitorna reprezentacia v systéme.

2. Analyza prehl'adavaného priestoru C vzhladom na UaE ana zaklade toho
vratenie spravnych vysledkov vyhl'adavania.
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V tomto bode sa ale vynara otazka vnutornej reprezentacie extrahovanych znalosti.
Vzhladom na to, Ze systém na vyhl'adavanie je uréeny pre relativne malé informacéné
priestory, zvolili sa dva spdsoby reprezenticie dokumentov:

= vektorova reprezentacia, kde sa dokument reprezentuje vektorom kI'iCovych slov,

= asociaénymi pravidlami, kde sa dokument reprezentuje vztahmi jednotlivych
klacovych slov.

Vektorova reprezentacia dokumentov

Vektorova reprezentacia textovych dokumentov sa bezne pouziva v oblasti ziskavania
a vyhladdvania informacii. Jej zakladom je reprezenticia l'ubovolného textového
dokumentu mnozinou klIacovych slov pomocou vektoru (Poznamka: Jednotlivé
klucové slova sa reprezentuju zakladnym gramatickym tvarom.). Vektor K=k, ks,..., ki,
kde k; je jedno konkrétne kI'icové slovo, reprezentuje dokument s ¢ kI'u¢ovymi slovami.
Ku kazdému kI'iCovému slovu k; z dokumentu d; sa priradi vaha wy > 0, pokial sa
kI'ai¢ové slovo nachddza v dokumente, inak wj = 0. Potom je moZné l'ubovolny
dokument d; reprezentovat’ vahami kl'i€ovych slov

dj= Wi, Woj,, Wy .
Potom je mozné definovat’ operaciu podobnosti
sim(d;,q) = (dj *q) / (|dj| x [ql),
kde q je vektor reprezentujuci vyhl'adavaciu poziadavku.

Moznost, ako sa da ovplyvnit reprezentdcia dokumentu a tym aj vysledky
vyhladavania je ovplyvnenie vahy jednotlivych kl'aiCovych slov réznymi spésobmi ich
vypoctu:

= TF-IDF vahova schéma

W;; = tfij x log (N/nj),

kde

N — celkovy pocet dokumentov

n; — pocet dokumentov, v ktorych sa k; vyskytuje

f; — frekvencia vyskytu k;

tfi; = fi; / (maxi f;;) je normalizovana frekvencia pre dokument d;
= Schéma podl'a Saltona a Buckleyho

Wi=(0,5 + (0,5 x f; o)/max(Ifi 5)) x log(N/n;),

kde

Idf; = log (N/n;) je inverzna frekvencia dokumentu pre kl'icové slovo k;

Reprezentacia dokumentu asocia¢nymi pravidlami

Asociacné pravidla predstavujii vyznamny model v technikach dolovania v datach.
Typickym prikladom je analyza ndkupného koSika. Zahfiia analyzu poloziek
nakupného kosika a vztahov medzi nimi. Typickym prikladom je asocia¢né pravidlo

syr — pivo [podpora = 10%, vyznamnost' = 80%].
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Tento priklad asociacného pravidla vyjadruje, ze 10% zakaznikov zakupi pivo a syr
naraz a ti ktori kupuju syr na 80% kupia aj pivo.

Model asocia¢nych pravidiel je definovany nasledovnym sposobom. Nech I = i,
i2,...,im je mnozina poloziek. Nech T je mnozina transakcii, kde kazda transakcia je
mnozina t atd je podmnozinou I. Asocia¢né pravidlo je implikacia X—Y, kde X je
podmnozinou Ia sucasne Y je podmnozinou Ipricom musi platit X N Y = 0.
Asociaéné pravidlo X—Y sa vyskytuje s vyznamnostou c% z transakcii T. Pravidlo
ma podporu s% v T, pokial’ s% z transakcii T obsahuje X U Y.

Problém v dolovani v datach pomocou asocia¢nych pravidiel je rozpoznanie pravidiel,
ktoré prekrac¢ujii minimalne hodnoty podpory a vyznamnosti.

Nasledne pouzitie opisanej metddy pozostava z dvoch krokov:
1. vygenerovanie mnoziny z kl'aicovych slov,
2. vygenerovanie asocia¢nych pravidiel spliiajicich minimalne kritéria.

V navrhnutom rieSeni sa moézu vygenerovat asociacné pravidla z kazdej webovej
stranky z C a z kazdej webovej stranky z U samostatne. Dévodom takéhoto pristupu je
moznost’ pozerat’ na rdzne stranky z r6znych pohladov (Co sa tyka informacii). Pokial
by doslo k pomieSaniu U a C mohlo by dojst’ k strate informacii.

2.1.4 Navrhnuté techniky vyhladavania

VyhPadavanie podobnych webovych stranok

Vyhladavanie podobnych webovych stranok sa zaklada na vyhladavani podobnych
stranok z C k strankam U. Tento pristup je vhodny, pokial’ pouZzivatel’ chce vykonat
detailnti analyzu Specifikovanej témy.

Porovnanie sa zakladd na kosinusovom porovnani podobnosti danej stranky u;
z U s kazdou strankou z C. Nasledujuci priklad demonstruje vyhl'adanie pomocou tejto
opisovanej techniky.

Stranky U
= Stranka Ul: (data, 1), (predpoklad, 1)
= Stranka U2: (informdcia, 2), (extrahovanie, 2), (data, 2)
» Stranka U3: (klasifikacia, 2), (pravdepodobnost’, 2)
= Stranka U4: (zhlukovanie, 2), (segment, 1)

Stranky C
= Stranka C1: (data, 2), (predpoklad, 2), (klasifikacia, 3)
= Stranka C2: (asociécia, 3), (dolovanie, 2), (pravidlo, 1)
= Stranka C3: (zhlukovanie, 3), (segment, 2), (data, 2)

Vysledkom vyhladdvania v strankach C vzhl'adom na stranku U1 su stranky s nasledu-
jucim poradim hodnotenia:

= Stranka Cl1
=  Stranka C3
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VyhPadanie neo¢akavanych vyrazov z C s ohPadom na U

V mnohych pripadoch chce pouzivatel' poznat’ neocakavané vyrazy zadanych dvoch
podobnych stranok, jedna z C a podobnych z U. Tieto vyrazy umoznuju pouzivatel'ovi
zistit' klucové rozdiely dvoch stranok., pricom tieto moézu ndsledne napomoct
pouzivatel'ovi v rozhodovani, ¢i bude pokracovat’ v presmerovani na konkrétnu stranku.

Spdsob porovnania sa mdZe zakladat na porovnani stranky u; z U a stranky ¢; z C
porovnanim vah oboch dokumentov vzhl'adom na vyrazy u;.

Pokial’ by sa pokrac¢ovalo v predchadzajiicom priklade a porovnavala by sa stranka C1
vzhl'adom na stranku U1, zistilo by sa, Ze stranky su podobné a neocakavany vyraz by
bol ,.klasifikacia“ (nakolko ,ddta* a ,predpoklad* sa vyskytuju v U1), pricom pokial
by bolo viacero vysledkov, usporiadali by sa podl’a hodnotenia.

VyhPadanie neo¢akavanych stranok z C s ohPadom na U

Zakladom tejto metddy je vyhladanie mnoziny neocakdvanych webovych stranok
z mnoziny C s ohladom na znalosti reprezentované mnozinou webovych stranok U.
Mnoho krat mézu byt takéto stranky vel'mi zaujimavé, nakolko pouzivatel vobec
onich aoinforméciach vnich obsiahnutych nemusi vobec vediet (kedZe ich
nedefinoval ako svoje znalosti).

Algoritmus vyhl'addvania neocakavanych stranok z C s ohl'adom na U:

1. Kombinacia vSetkych webovych stranok z mnoziny U do tvaru tvoriaceho jeden
dokument Du

2. Pre kazdii webovu stranku ¢; z mnoziny C sa vypocita hodnota reprezentujiica
neocakavanost’ stranky c¢; pomocou vzorca

unexpC; = (Y= "unexpTei) / m

kde webova stranka ¢;= {ki, ko, ....kn} sa reprezentuje klI'aicovymi slovami a unexpT;
je pocetnost’ neocakavaného klicového slova, pricom ak je kIi¢ové slovo o¢akavané
unexpTy;= 0.

Vzhladom na predchéadzajtci priklad by vysledok vyhladavania v mnoZzine C bol
usporiadany takto:

1. Stranka C2
2. Stranka C3
3. Stranka C1

VyhPadanie stranok s neo¢akavanym obsahom z C vzhPadom na U

V mnohych pripadoch vyskyt urcitych klicovych slov na webovej strdnke nemusi
zaruCovat, Ze dand stranka sa zaobera urCitou problematikou. ZvySenie
pravdepodobnosti vyhladania v tomto smere sa mdze dosiahnut’ analyzou vyskytu
klucovych slov v jednej vete, pricom nie je dolezité, v akom poradi sa tieto slova

vdanej vete vyskytuji (napriklad: ,data st extrahované“ alebo ,extrakcia
dat“ reprezentuju vyskyt dvoch kI'i¢ovych slov extrakcia a data).

Na tento ucel sa pouzil algoritmus extrakcie dat pomocou asociacnych pravidiel.
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VyhPadanie neo¢akavanych odkazov z C s ohPadom na U

Tento pristup slizi na vyhl'adavanie vSetkych odkazov zo stranky z mnoziny C, ktoré
sa nevyskytuju na strankach mnoziny U. Tento pristup nie je ekvivalentny predcha-
dzajiicim spdsobom vyhladdvania, nakol’ko mé sluzit' ako pomodcka pri prehliadani
urcitej webovej stranky a smerovani d’alSicho manualneho vyhl'adavania.

21.5 Vyhodnotenie

V tejto Casti sme predstavili rézne pristupy k vyhladavaniu informéacii v priestoroch
webovych stranok. Z opisanych metdd a pouzitych algoritmov vyplyva, Ze tieto
pristupy st skor vhodné pre mensie webové priestory (rddovo stovky — tisice stranok).
Doévodom je vlastnost’ opisanych algoritmov — reprezentacia jednotlivych dokumentov
pomocou kl'acovych slov, alebo uchovévanie jednotlivych asociaénych pravidiel pre
kazdy dokument. Désledkom uvedeného moze byt spdsob nasadenia takéhoto systému
v zavislosti od poziadaviek pouzivatel'a na vyhl'adavaci systém.

2.2 Zistovanie nepriamych asociacii z dat
0 pouzivani webu

Web ma velky vplyv na vsetky aspekty spoloCnosti. Stal sa délezitym zdrojom na
ziskavanie informécii a hodnotnym prostriedkom na ich zhromazd’'ovanie. Sledovanie
pohybu pouzivatel'ov na webe poskytuje obrovské moznosti pre komeréné spolocnosti,
aby ziskali a zhromazd'ovali informacie o priamych pouzivatel'och webu. Pri zvySovani
poctu pouzivatel'ov vzrastd aj mnozstvo informacii zhromazdenych webovymi server-
mi. Zvysil sa aj zaujem o aplikovanie technik dolovania na objavovanie skrytych zna-
losti v datach, v ktorych st zaznamenané informacie o pohybe pouzivatel'ov na webe.

Asociacné pravidla a sekvencné asociacie su dva vyznamné typy vzorov webu, ktoré
moézu byt hodnotnym prinosom pre komerc¢né organizacie. Tieto webové asociacné
vzory mozu byt vyuzité na nasledujice tucely:

* Na zhromazd’ovanie informacii o spravani sa pouZzivatelov webu na obchodné
ucely. Tieto informacie mézu pouzit’ na efektivny rozvoj marketingovych kam-
pani cielenych na urcité skupiny pouzivatel'ov webu.

* Na predpoved’, aké bude nasledujuca strdnka, ktori pouzivatel’ navstivi.
* Na spolupracu s administratormi pri reorganizacii webu.

Predchadzajuce prace v tejto oblasti sa zamerali na hl'adanie vzorov, ktoré sa Casto
objavuju v datach, t.j. data s dostatoéne vysokou pocetnostou. Rézne vzory, ktoré
nedosahuji minimalny prah pocetnosti, maju predpoklad byt Statisticky nevyznamné.
Stcasne treba zaznamenat’, ze niektoré nie vel'mi Casté vzory mozu poskytnut’ doda-
tocné porozumenie najmd v tych datach, ktoré sa spajaju s negativne asociovanymi
vzormi.

Asociacné pravidla (Agrawal et al., 1993) a sekvencné asocidcie (Agrawal & Spikant,
1995) navrhli na analyzovanie transakcii zakaznikov tzv. nakupny kosik, kde nie st
ziadne obmedzenia urcujuce aky typ polozky méze byt naktipeny spolu.

Napriklad webové stranky, ktoré su umiestnené blizko domovskej stranky, st navste-
vované CastejSie v porovnani so strankami umiestnenymi d’ale;j.
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2.21 Nepriame asociacie

V tejto Casti sa pouziju nové techniky dolovania v datach, nazvané nepriame asociécie,
na data obsahujtce postupnost’ klikov pouzivatel'a webu. Tieto techniky boli pdvodne
vyvinuli v (Tan et al., 2000a) pre transakciu typu nakupny kosik.

Zakladnou myslienkou nepriamych asociacii je hladanie dvojice bindrnych
premennych, ktoré si navzajom negativne asociované, ale obidve st pozitivne asocio-
vané so spolo¢nou sadou poloziek nazyvanych mediator — sprostredkovatel’. Tieto
vzory sa mdzu ziskat’ kombinovanim €astych vzorov, ktoré majii podobnt substruktiru
do kompaktnejsich vzorov.

Na ilustraciu tohto pristupu uvedieme priklad:

Data obsahujt pat’ unikatnych transakcii. Pouzitim Standardnych asociacnych pravidiel
a sekven¢énych asocia¢nych algoritmov s vyuzitim podpory 40% sa zistili Casté polozky
a Casté poduseky.

Site Structure

OA
B Large 3-itemset
(minsup = 40%)
Pattern | Support
{A,B,D} 2
C D (ABE} | 2
{B,C,D} 2
E

Web sessions

Large 3-sequence A
Session Id Sequence (minsup = 40%)
; <A<2§ ’E;D> Pattern | Support
3 BC> A>B>D| 2 |—» (B
4 <AB,E,B,D> A->B->E 2
5 <B,D,B,C> D E

Obrazok 2-1. Priklad nesekvencnych a sekvencnych nepriamych asociacii
(Zhong et al., 2003).

Pre nesekvencné asocidcie sme zistili, ze stranka D sa objavuje Casto s oboma stran-
kami A a B, podobne stranka E.

Bez ziadnych predchadzajiicich znalosti o Strukture a obsahu webovych stranok
mdzeme predpokladat, Ze stranky D a E st ¢asto navstevované, napriek tomu, ze (B,E)
je pod hranicou minima (v priklade ma spojenie D a E podporu 1). Hovorime, Ze
stranky st nepriamo asociované cez sprostredkovatela {B,D}.
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Pre sekvencny pripad zistime, {A}—>{B}—{D} a {A}—>{B}—{E} su Casté krizové
spojenia, zatial ¢o D aE sa spolu Casto neobjavuju, su nepriamo asociované cez
sekvenciu {A}—{B}.

Poznamka:

Kazdad sekven¢nad nepriama asocidacia ma porovnatelni nesekvenénil nepriamu
asociaciu, avSak k niektorym nesekvenénym nepriamym asociacidm neexistuje sek-
vencna nepriama asociacia.

Negativne asocidcie medzi nepriamo asociovanymi webovymi strankami su zaujimavé,
lebo oc¢akavame, ze ich podpora bude vysokd, ¢o je dané spoloénym sprostredkova-
telom.

2.2.2 Definicie

Definicia: Nech 1={iy,...,ig} je neprazdna mnozina vsetkych poloziek (javov, udalosti)
dostupnych v databdze. Kazdé4 neprazdna podmnozina I sa nazyva polozkova
mnozina. Ak polozkovd mnozina obsahuje k poloziek, nazyvame ju k poloz-
kovou mnozinou.

Napriklad I={a,b,c,d,e}, potom C={b,c} je prikladom dvojpolozkovej mnoziny, ktora
je podmnozinou I.

Definicia: Nech T je mnozina vSetkych transakcii, kde kazdd transakcia teT je
suborom poloziek. Nech transakcia t obsahuje polozkovii mnozinu C a Cct. V
tomto pripade podpora C je definovana ako Cast’ transakecii, ktoré¢ obsahuju C.
Oznacujeme ju sup (C).

Definicia: Polozkovii mnozinu nazyvame velkou, alebo frekventovanou, ak jej
podpora je vdcsia ako minimalna hranica t¢ Specifikovana pouzivatel'om.

Definicia: Sekvencia je usporiadany zoznam polozkovych mnozin s = s;—s;—...—s,
kde kazdi polozkovil mnozinu s; nazyvame prvkom sekvencie.

Pocet poloziek, ktoré patria do s;oznaujeme | Sj | . Ak celkovy poet poloziek,
ktoré patria do sekvencie s sa rovna k, tj. k = 3 Sj ’, potom s nazyvame k
sekvenciou. DiZku sekvencie oznatujeme |s | a rovna sa poétu prvkov
obsiahnutych v s.

Napriklad s = {a} — {a,c} — {b} obsahuje Styri polozky atri prvky. Preto je to
Stvorpolozkova mnozina so sekvenénou dlzkou rovnou tri.

Sekvencia je neprazdna, ak obsahuje aspofi jeden prvok, teda | s | > 0.

Polozka sa moéze objavit’ viackrat v réznych prvkoch sekvencie, ale iba raz v ramci
jedného prvku.

Definicia: Polozku X, ktord sa objavi presne jedenkrat v sekvencii, snazyvame
unikatna, alebo neopakujuca sa polozka.

Napriklad b,c si neopakujuce sa polozky v sekvencii s = {a} — {a,c} — {b}.

Definicia: Ak existuje prirodzené ¢islo 1 <j; <j, <...<j, <n aplati: t; Csj,t =8
i2,-- tn C S jn,t Nazyvame podsekvenciou sekvencie s.

Napriklad t = {c} — {b } je podsekvenciou sekvencie s= {a} — {a,c} — {b}.
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Definicia: Zretazenie dvoch sekvencii s a t je sekvencia dizky |s|+[t| a obsahuje
vsetky prvky s, za ktorymi bezprostredne nasleduji prvky t, oznacujeme st.

Definicia: Sekvencia w je predponou sekvencie s, ak existuje neprazdna sekvencia y
taka, ze s = wy, oznacujeme w [ s.

w1 je minimalnou predponou sekvencie s, ak w; [ s al Wi | =1.
Ww; je maximalnou predponou sekvencie s, ak w, [ s a | wal =1 s] —1.

Napriklad s = {a} — {a,c} — {b} je sekvencia, t; = {a} — {a,c } je maximalna
predpona sekvencie s, {a} je minimalna predpona sekvencie s. t,= {a} — {a }nie je
predpona sekvencie s.

Definicia: sekvencia y je priponou sekvencie s, ak existuje neprazdna sekvencia w,
taka, Zze s = wy, oznacujeme y | s.

y1 je minimalnou priponou sekvencie s, ak y;]s a | y;| =1.
¥, je maximalnou priponou sekvencie s, ak y»]s a | y,| = s| - 1.
Napriklad t;= {b} je minimalnou priponou sekvencie s = {a} — {a,c} — {b},

ty = {a,c} — {b} je maximalnou priponou sekvencie s.

2.2.3 Nesekvenéné nepriame asociacie

Definicia: Webové stranky a a b s nepriamo asociované cez mnozinu M (mediator),
ak st splnené nasledujice podmienky: Podpora ( {a,b} ) <t Podpora ( {a} U
M ) > tg, Zavislost’ (a,M) > t4, Zavislost’ (b,M) > t4 (Brijs et al., 1999, Brin et
al., 1997a, Tan & Kumar, 2000b, Tan et al., 2002).

Zavislost' (x,M) modze byt prijatel'na objektivna jednotka, t, t; ty st ur€ené hranice
zavislosti a podpory.

—
= * =0©
N

Obrazok 2-2. Nesekvencné nepriame asocidcie.

224 Sekvencné nepriame asociacie

Definicia: Nech a je neopakujuca sa polozka v postupnosti s; = a;—a,—...—a,, a b je
neopakujuca sa polozka v postupnosti s, = bj—b,—...—b,, potom webové
stranky aab vytvaraji sekvenéni nepriamu asocidciu cez neprazdnu
mediatorova sekvenciu w, ak s;= aw, alebo s;= wa, a s, = bw alebo s, = wb a
su splnené nasledujice podmienky (Tan et al., 2002, Agrawal et al., 1993,
Agrawal & Srikant, 1994, Brin et al., 1997b):

Podpora ( {a,b} )<t (polozkova podpora)
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Podpora (s1)> t;, a sti¢asne Podpora (s;)> t; (mediatorova podpora)
Zavislost (a,w) > tq, Zavislost' (b,w) > t4 (mediatorova zavislost))
Sekven¢né nepriame asocidcie mézu byt rozneho typu (pozri obrazok 2-3).
R&zne vstupné a pouzivatelské
zaujmy

Rézne zaujmy
pouZivatelov

Typ C (konvergentny)  Typ D (divergentny)  Typ T (tranzitivny)

Obrazok 2-3. Typy sekvencnych nepriamych asocidcii (Zhong et al., 2003).

225 Implementacia

Algoritmus na ziskavanie nesekvenénych nepriamych asociacii opisuje nasledujici
priklad.

1. Extract the large itemsets L;,L,,...L,, using standard mining
algorithms.

2. P =20

3. for k = 2 ton do

4. ck+1<— join (Llek)

5. for each (a,b,M)e Cy,; do

6. if (sup({a,b}) < tgs and d({a},M)2tg and d({b},M) >ty

7. P =PuU (ab,M)

8. end

9. end

Priklad 2-1. INDIRECT algoritmus (Zhong et al., 2003).

Sp4janie nepriamych asociacii
Nepriame asocidcie mozno zoskupit' do kompaktnych Struktar, ak sa delia o spolo¢ny
mediator.
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Obrdazok 2-4. Spdjanie nepriamych asociacii.

Pri vyslednej asocidcii treba kontrolovat’ stupen asociacie medzi polozkami E a F.

Experimentalne vyhodnotenie

Na dokazanie efektivnosti nepriamych asociacii sa testoval INDIRECT algoritmus na
webovom serveri Minnesotskej Univerzity na oddeleni pocitacov (CS) a z priameho
webu (ECOM). Mnoziny dat a nastavenie parametrov su v tabul’ke 2-1.

Tabulka 2-1. Mnoziny ddt a nastavenie parametrov pri experimente
(Zhong et al., 2003).

Mnoziny dat ts tf td polozky Postupnosti
CS (Computer Science) 0,02 0,1 0,1 91443 34526
ECOM (online Web 0,005 | 0,05 |0, 6664 143604
store)

V experimente sa zistilo priblizne 7500 nesekvencnych nepriamych asociacii <a,b,M>
generovanych v roznych krokoch algoritmu, viac ako 5500 nesekvencnych nepriamych
spojeni (a,b). Vykonali sa viaceré experimenty s réznym nastavenim parametrov.

HrPadanie zaujimavych asociacii
Polozky v sledovanej mnozine poloziek si ozna¢me takto:
=  FSM = frekventované polozky s medidtorom
= FBM = frekventované polozky bez mediatora
= NS = nefrekventované polozky s mediatorom
= NB = nefrekventované polozky bez mediatora
Ak NS/FSM = NB/FMB potom nepriama asociacia nie je prekvapujica.

Ak je podiel NS/FSM maly apodiel NS/NB maly, potom je nepriama asociacia
zaujimava (pozri obrazok 2-5).
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FBM

NB

Obrazok 2-5. Hladanie zaujimavych asocidci.

2.2.6 Zhodnotenie

V tejto Casti sme opisali nové techniky hl'adania nepriamych asociacii na webovych
datach. Uviedli sme spdsoby hl'adania zaujimavych asociacii. Nepriame asociacie
spajaju spolu vzory, ktoré maju podobné subStruktury. Spoloc¢né substruktiry
(mediatory) casto obsahuji navigacné stranky. Nepriame asocidcie poskytuju
alternativny pristup na zachytenie zaujimavych nefrekventovanych vzorov.

Pre webové data predstavuju nepriame asocidcie rézne zaujmy pouzivatelov webu,
ktori zdiel'aju podobné navigacné cesty. Tieto vzory sa nemo6zu jednoducho objavit’ pri
pouziti Standardnych asociacii a zhlukovacich technik. Nepriame asociacie sa moézu
pouzit’ na zhlukovanie vzorov do kompaktnejSich Struktir.

2.3 Znalostna indukcia obalovacov uréenych
na ziskavanie informacii z webu

Extrakcia informécii je proces identifikovania ur¢itych fragmentov dokumentu, ktoré
tvoria jeho hlavny sémanticky obsah. Systémy realizujiice extrakciu informacii Casto
zévisia od extrakénych pravidiel prispdsobenych konkrétnemu informacnému zdroju,
aby zvladli Strukturdlnu réznorodost’ typickii pre mnohé zdroje. Takéto systémy
nazyvame obalovace (z angl. wrapper). Obalova¢ sa definuje ako program alebo
pravidlo, ktoré rozumie informaciam poskytovanym Specifickym zdrojom a preklada
ich do Standardnej formy tak, aby ich mohli pouzit’ iné agenty.

Obalova¢ sa Specializuje na urCity informac¢ny zdroj. Rozne stranky obsiahnuté na
webe maju spravidla rdéznu Strukturu, preto treba pre kazdu z nich definovat’ vlastny
obalova¢. Na obrazku 2-6 sa nachédzaju ukéazky troch stranok realitnych kancelarii
pontikajice domy na predaj. Vsetky obsahuju podobné informacie, no kazda z nich ich
prezentuje v roznej Struktire (rézne poradie, rézne formatovanie). Pre kazdl z tychto
stranok treba definovat’ vlastny obal'ovac, ktory sa Specializuje prave na konkrétnu
Struktaru stranok. V pravej Casti obrazka sa nachadzaji vydolované informacie
z ukazok v jednotnej forme tak, ako ich potrebujeme na d’alSie spracovanie.

Obal'ovace mozno rozdelit’ do troch kategérii na zdklade sposobu ich vytvorenia:

»  Manudlne generované — su naprogramované priamo clovekom. Kedze pre kazdi
stranku je potrebny novy obalova¢, je potrebny ludsky zasah pri tvorbe
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obalovaca pre kazda stranku. Takisto zmeny v Struktire stranok si vyzaduju
manualne vykonanie zmeny v obal'ovaci.

»  Heuristicky indukované — vytvorené strojovo na zaklade vSeobecne platnych
pravidiel. Napriklad znak $ a za nim nasledujtce ¢islo sa mbéze vyhodnotit’ ako
suma v USD. Ich nevyhodou je mala mnoZina vSeobecne platnych pravidiel.

= Znalostne indukované — vytvorené strojovo na zaklade dopredu definovanej bazy
znalosti platnych pre urciti doménu. Bazu znalosti spravidla vytvara priamo
¢lovek. Vyhodou tohto pristupu je moznost’ zadefinovat’ jednu bazu znalosti a na
jej zaklade vytvorit’ vel'a obal'ovacov pracujucich v rovnakej doméne.

Old World Grace, New

$3195000 : S BR : Price : $3195000
s BA 3 SO000 sf #of Bedrooms . 5
MLS ID: #P209731 # of Bathrooms - 8
Prop. ID #4460314 MLS ID#: P209731

rMortg ooge Viewve
Calgulator Proparty

(a) HOMES site Garww homes com)

$13500 '3 EHTHST f#of Borrooms - 2
LosAngeles, CA 90002 # ot Bathrooms - 1
MLS ID#: P220124

Beds: 2 Baths: 1 Sq FL 1637 wLsep2zores

(LIREALTOR site (www .2e altor.com)

$690,000 (6 of 159 listings)

Fort Lauderdale 33312 Price : $690000

3 Bedrooms / 2 Baths # of Bedrooms : 3
1302 SF (approx) # of Bathrooms : 2
Single Family MLS ID#: NULL

(c) HOMESEEKERS sife (www homeseekers com)

Obrazok 2-6.Ukazka roznych informacnych zdrojov a informacii z nich ziskanych.

231 XTROS

Za priklad znalostného generatora obalovatov mozno povazovat systém XTROS.
Okrem automatického generovania obalovac¢ov dokaze s ich pomocou aj extrahovat
informacie z koreSpondujucich zdrojov, takZze ho mozno povazovat za komplexné
rieSenie v danej problematike.

V systéme XTROS su jednotlivé obalovace a aj baza znalosti definované ako XML
dokumenty. Cielom tohto pristupu bolo dosiahnut vysSiu modularnost’ systému
a umoznit’ ich modifikaciu aj pomocou externych nastrojov. Jeho vyhodou je moznost’
jednoduchej vymeny znalostnej bazy. Vdaka tomu sa XTROS stava univerzalnym
nastrojom, ktory mozno pouzit v 'ubovolnej doméne, staci len definovat’ znalostnu
bazu pre tato doménu.

Princip ¢innosti celého systému je zndzorneny na obrazku 2-7. V hornej ¢asti obrazka
sa nachadza generator obalovacov. Ten na pokyn pouzivatel'a dokaze s pomocou bazy
doménovych znalosti a sady trénovacich stranok vytvorit’ obalova¢ pre tuto sadu.
UloZi ho do uloZiska obalovacov.
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V spodnej Casti obrazka sa nachédza interpret obalovacov. Jeho cielom je na zaklade
existujuceho obal’ovaca extrahovat’ informacie z prisluchajucich stranok.

Doména znalosti

Poziadavka na L Poziadavka na
naucenie sa stranky trénovacie stranky
- .
Generator
_Pp . v | |-
. } obalovacov A i
Sprava o vysledku Trénovacie
- - . ucéenia sa stranky stranky
Vzdelavacie rozhranie N

Repozitor obalovacov

Obalovac (Extrakéné
pravidla)

Vygenerovany
obalova¢
Obalovag A Obalovaé B .
Obalova¢ C

PoZiadavka na

L - PozZiadavka na
extrakciu informacii

zdrojové stranky
_—
Interpret
4—. obal’ofaéov 4"”7”,,,,,,7 ,,,,,,,,,,,,,,,,,
Extrahované Zdrojové stranky
informacie

Pouzivatelské rozhranie

Obrazok 2-7. Schéma cinnosti systéemu XTROS.

XTROS je wureny na spracovavanie poloformalnych dokumentov, najma
znackovanych. V znackovanych dokumentoch kazda Cast’ dat, ktora sa ma extrahovat’,
sa vyjadri pomocou paru znacka-hodnota, kde znac¢ka definuje vyznam hodnoty. Ako
priklad moznou pouzit ukazky stranok realitnych kancelarii z obrazku 2-6. Ide
o polostruktirované stranky, nakolko informdcie o vSetkych domoch sa prezentuju
v rovnakej Strukture ako na obrazku. Okrem toho ide znackovany dokument, ked’ze
kazda informacia o dome sa reprezentuje dvojicou znacka-hodnota: napriklad prva
ukazka obsahuje pary ako $3195000, 5 BR, 5 BA a pod. V tomto pripade mézu byt’ §,
BR a BA rozpoznané ako znacky vyjadrujice mnozstvo v dolaroch, pocet spalni
a kupel'ni a 3195000 a 5 ako hodnoty. VSimnime si, Ze znacka sa mdze vyskytnut’ pred
aj za hodnotou.

2.3.2 Baza znalosti

Baza znalosti systému XTROS opisuje pojmy, na ktoré sa bude pri extrakcii informacii
zameriavat. Ide o XML dokument, ktorého ukazka pre doménu predaja nehnutelnosti
sa nachadza v priklade 2-2.
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<KNOWLEDGE >
<OBJECTS>
<OBJECT>PRICE</OBJECT>
<OBJECT>BED</OBJECT>
<OBJECT>BATH</OBJECT>
<OBJECT>CITY</OBJECT>
<OBJECT>MLS</OBJECT>
<OBJECT>DETAIL</OBJECT>
<OBJECT>IMG</OBJECT>
</OBJECTS >
<PRICE>
<ONTHOLOGY >
<TERM>PRICE</TERM>
<TERM>$</TERM>
</ONTHOLOGY >
<FORMAT>
<FORM> [ONTOLOGY] DIGITS</FORM>
</FORMAT>
</PRICE>
<BED>
<ONTHOLOGY >
<TERM>BEDROOMS</TERM>
<TERM>BEDROOM< /TERM>
<TERM>BEDS</TERM>
<TERM>BED</TERM>
<TERM>BR</TERM>
<TERM>BD</TERM>
</ONTHOLOGY >
<FORMAT>
<FORM> [ONTOLOGY]DIGITS</FORM>
<FORM>DIGITS [ONTOLOGY] </FORM>
</FORMAT>
</BED>
<BATH> ... </BATH>
<MLS> ... </MLS>
<DETAIL> ... </DEATIL>
<IMG> ... </IMG>
</KNOWLEDGE >

Priklad 2-2. Ukazka XML reprezentdcie bdzy znalosti.

Obsah bazy znalosti sa definuje v XML elemente <KNOWLEDGE>. Ten obsahuje
elementy <OBJECT>, v ramci ktorych sa nachadzaji jednotlivé pojmy béazy znalosti,
napriklad PRICE (cena nehnutelnosti), BED (pocet spdlni) a pod. Za nimi sa
nachadzaju elementy, ktoré opisujii podrobnejsie jednotlivé pojmy, napriklad elementy
<PRICE>, <BED> a pod. Opis tychto pojmov sa definuje dvoma elementmi:
<ONTOLOGY> a <FORMAT>. Element <ONTOLOGY> obsahuje zoznam retazcov,
ktoré mézu predstavovat’ konkrétne znacky v dokumente pre dany pojem. Napriklad
pocet spalni (BED) méze byt v dokumente oznaceny ako BEDROOMS, BEDROOM,
BEDS, BR alebo BD. Element <FORMAT> obsahuje informdcie o type udajov (¢i ide
o Cisla alebo ret'azce) a poradie, v akom sa hodnota vyskytuje so znackou. V pripade
pocte spalni je hodnotou ¢islo, ktoré sa moze vyskytovat pred alebo za znackou.
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2.3.3 Generovanie obalovaca

Zakladnou funkciou generatora obalovacov v doméne realit je naucenie sa formatu
opisu domu. Vo vSeobecnosti mézeme povedat, Ze stranka obsahujuca opisy domov
pozostava z hlavicky, tela apity. Telo je sekvencia skiimanych domov, ktoré
pozostavajii z atribitov. Ulohou obalovaca je identifikovat’ jednotlivé domy a jeho
atributy. Preto zakladom prace obalovaca je oddelenie hlavicky a paty od tela stranky.
Systém XTROS to rieS$i priamou identifikaciu jednotlivych skimanych entit, nie
identifikdciu hlavicky a péty, ktoré treba odstranit’.

Dalej opiSeme postup generovanie obalovaca. Vstupom pre tento proces je baza
znalosti a sada trénovacich stranok.

Konvertovanie na logické riadky

Prvym krokom je rozdelenie HTML kédu trénovacich stranok na logické riadky.
Logicky riadok je totozny s riadkom, ktory vidi pouzivatel pri prezerani stranky
vo svojom prehliadaci. Okrem toho s z HTML kodu odstranené vSetky formatovacie
znacky s vynimkou <a href = ..>a<img src = ..>. Tym sa ocisti zdrojovy
kod od nepotrebnych Casti a pripravi sa tak na d’alSie spracovanie.

Urc€enie vyznamu logickych riadkov

Druhou fazou algoritmu je uréenie vyznamu logickych riadkov, pricom sa v nich
vyhladavaji objekty zbazy znalosti. Kontroluje sa, ¢i riadok neobsahuje niektory
zretazcov definovanych v elementoch <TERM> nachadzajucich sa v elementoch
<ONTOLOGY>. Sucasne sa zistuje, ¢i najdeny vyskyt zodpoveda prislichajucim
pravidlam formatovania definovanych v elemente <FORMAT >.

Ak dojde k Gspesnému rozpoznaniu pojmu z ontoldgie, tento pojem sa ulozi do tabul’ky
pozostavajucej z tychto stipcov: object, line, cat, type a format. Object
opisuje vyznam riadku, line obsahuje pdvodny logicky riadok spolu
s identifikovanym pojmom z bazy znalosti, cat obsahuje identifikaéné Cislo daného
objektu, type opisuje typ identifikovanych dat a format zachytava poradie znacky
z bazy znalosti a hodnoty. Priradenie identifikacnych ¢isel k pojmom z bazy znalosti
definovanej v predchadzajuce;j Casti je definované v tabul’ke 2-2.

Tabulka 2-2. Priradenie identifikacnych cisel k pojmom z bazy znalosti.

Identifika¢né ¢islo | Prislichajuci pojem z bazy znalosti

0 PRICE

1 BED

2 BATH

3 CITY

4 MLS

5 DETAIL

6 IMG

9 GENERAL TEXT
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Tabulka 2-3 zachytdva ukazku zaznamenanych vyskytov pojmov bazy znalosti
v trénovacej stranke.

Tabulka 2-3. Priklad tabulky identifikovanych pojmov z logickych riadkov.

Object Line Cat| Type | Format
1| (MG} ESIMG[I:{HZELT:""“"}P]} 16 | IMGURL %&Ié%%LLOGY]
2 | {[PRICE]} | {[[{$}]3195000]} 0 | DIGITS ][)OIIC\,IIITTOSLOGY]
3 | {BED]} | : {[S[{BRM]} 1| DIGITS ][DSEITTSLOGY]
4 | {[BATH]} |; {I5[{BA}T]} 2 | DIGITS ][DSSITTS‘LOGY]
6 | {[DETAIL]} {[[{<\I/§ew ProII_)ISErtyl;]”} MENY %?\ILTOLOGY]

N4djdenie vzoru s najéastejSim vyskytom

Po vytvoreni tabul’ky vyskytov treba urcit’ najCastejSie poradie, v ktorom sa jednotlivé
pojmy zbazy znalosti v trénovacich strankach vyskytuji. Pri hladani najéastejSieho
vzoru postupujeme v tychto krokoch:

= Vytvorime zoznam vSetkych moznych vzorov vyskytujucich sa v trénovacich
strankach. V kazdom vzore sa mdze vyskytovat’ jeden pojem iba raz!

= Ohodnotime vsetky vzory. Ohodnocovacia funkcia je pocet pojmov vo vzore *
pocet vyskytov vzoru na stranke.

= Vyberieme vzor s najviac¢Sou hodnotou ohodnocovacej funkcie. Ten sa v tréno-
vacich strankach vyskytuje najcastejSie.

Vytvorenie obal’ovaca

Poslednym krokom je vytvorenie samotného XML dokumentu obalovaca.
V predchadzajtcich krokoch sme ziskali vSetky potrebné znalosti, teraz z nich mézeme
spojit’ do vysledného produktu.

Ukazka dokumentu obalovaca, ktory vznikol zprezentovanej bazy znalosti sa
nachadza v priklade 2-3. Obalovac je definovany v ramci elementu <Wrappers. Ten
pozostava z dvoch elementov: <Form> a <Home>. Pre nds je podstatny iba obsah
elementu <Home>. Ten pozostava z pojmov bazy znalosti, ktoré su v iom ulozené
v poradi, ktoré je definované vzorom najcastejSich vyskytov (v naSom pripade <Img>,
<Price>, <Bed> a pod.) Kazdy element pojmu z bazy znalosti obsahuje d’alSie
elementy, ktoré opisuju formu vyskytu tohto pojmu v danom type strdnok. Element
<Ontology> obsahuje retazec reprezentujuci znacku, ktord v danom dokumente
definuje pojem z bazy znalosti. <Ident> obsahuje retazec, ktory sa rovnako vysky-
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tuje vo forme znacky, ale nie je definovany v baze znalosti. <Format> definuje
format extrahovanych tidajov a <Operations> definuje poradie znaciek a hodnoty,
v akom sa vyskytuju v sledovanych strankach.

<Wrapper>
<Form>

</Form>
<Home >
<Img>
<Ontology>ALT="View Details"</Ontology>
<Ident>SRC</Ident>
<Format>URL</Format>
<Operation>Ontology*Ident*Format</Operations>
</Img>
<Price>
<Ontology>$</Ontology>
<Ident>NULL</Ident>
<Format>Digits</Formats>
<Operation>Ontology*Format</Operation>
</Prices>
<Bed>
<Ontology>BR</Ontology>
<Ident>NULL</Ident>
<Format>Digits</Format>
<Operation>Format*Ontology</Operation>
</Bed>
</Home>
</Wrappers>

Priklad 2-3.Ukazka XML reprezentacie obalovaca.

2.3.4 Interpretovanie obalovaca

Systém XTROS obsahuje interpreter, ktory na zaklade XML dokumentu obal'ovaca
spracovava zdrojové stranky, vysledkom Coho je sada extrahovanych informacii.
Cinnost’ interpretera zaznamenava obrazok 2-8.

2.3.5 Implementacia a overenie rieSenia

Systém XTROS uspesne implementovali v jazyku JAVA. Na obrazku 2-9 sa nachadza
ukéazka obrazovky systému. V danom okne sa prezentuju vysledky uspesnej extrakcie
informacii zo stranky realitnej kancelarie.

Testovanie prebehlo s touto mnozinou stranok:
= Homes (http://www.homes.com)
= Realtor (http://www.realtor.com)
= Yahoo Real Estate (http://realestate.yahoo.com)
= iOwn (http://www.iown.com)
= CyberHomes (http://www.cyberhomes.com)

=  HomeScape (http://www listinglink.com)
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Pravidla pre vstupnu schému

poziadaviek
S i I t Y
pracovanie elementu . o
—>< <FORM> bbalovaia > Nacitanie hfadanejlstranky \%
HTML formate
/
Obalovag zalozeny na XML Cnterpretovanie dokumentt)
) J
< Extrahovanie atributov >
Spracovanie elementu *
<HOME> obalovaca
1 Zobrazenie extrahovanych
atributov
Pravidla pre extrahovanie
informacii
Obrazok 2-8. Schéma cinnosti interpretera obalovaca.
PelProperty Search iy =10] x|
Search Results for
los angeles . CA Page ‘
rice | Hedrooms I Hathrooms MiS #
3.195.000 5 . P209731
2.995.000 E] 4 00-260725
2,795,000 Z Fy| (0-219887
1,852,500 5 1 NULL
1,795,000 5 4 R%21
1.699.000 5 7 00-302653
From Homes.com Previous Next

Obrazok 2-9. Obrazovka systéemu XTROS (Zhong et al., 2003).

= Move (http://www.move.com)
= ERA Real Estate (http://www.era.com)
= Coldwell Banker (http://www.coldwellbanker.com)

=  HomeSeekers (http://www.homeseekers.com)
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XTROS dokazal vygenerovat’ obalovate pre 8 z 10 stranok. Pre 2 znich nebolo
generovanie uUspesSné, nakolko informacie na strankach sa neposkytovali vo forme
znackovanych dokumentov, ale vo forme tabul'ky. Vysledky extrahovania dosiahli pri
vacsine 100% tspesnost’. Problémy robili najmé neStandardné pripady, napriklad:

= .6 (full) 1(half) Baths* — zaznamy neboli vo formate ¢isel, ako sa ocakavalo,
= - Beds, - Baths* — zaznamy neobsahovali ziadne relevantné hodnoty,

= 1 Bath* — znacka na extrahovanej stranke sa odliSovala od znacky z testovacich
stranok (obalovac¢ ocakaval ,,Baths®).

2.3.6 Zhodnotenie

V praci opisujeme informaény extrakény systém XTROS, ktory reprezentuje
doménové znalosti a obalovace pomocou XML dokumentov a automaticky generuje
obal'ovace z poloformalnych znackovanych dokumentov. XTROS ukazal dobry vykon
na viacerych realnych webovych strankach zaoberajicich sa problematikou
nehnutel’nosti, no mozno ho upravit’ na pracu v 'ubovolnej doméne vd’aka moznosti
jednoduchej zmeny bazy znalosti definovanej pomocou XML.

Jednym znedostatkov systému XTROS je jeho =zavislost na znackovanych
dokumentoch. Preto sa jeho autori rozhodli rozsirit' jeho spracovanie aj o iné typy
dokumentov a napriklad tabulky.

24 Dolovanie vo webovych zaznamoch

Webova inteligencia je oblast, v ktorej prebicha intenzivny vyskum. Rychlo sa
rozvijajica svetova pavuc¢ina WWW je zdrojom pre hl'adanie novych vyziev, ako aj
prileZitosti.

Na web sa mézeme zjednodusene pozerat’ ako na zbierku velkého mnozstva vzajomne
prepojenych dat, informacii a zdrojov znalosti. Z dévodu velkej odlisnosti zdrojov na
webovych strankach je nutné navrhnut' aimplementovat rdzne typy webovych
informacnych systémov, ako aj informacné systémy na Specialne ucely, akymi su
napriklad: inteligentné vyhl'adavace, inteligentné webové agenty a inteligentné webové
prehliadace.

Webové zaznamy zaznamenavaju aktivitu pouzivatel'ov a vyuZzitie zdrojov webovych
stranok pocas toho, Co pouzivatel tieto stranky prezera. Tieto zdznamy su preto
primarnym zdrojom udajov, ktoré je mozné analyzovat pri Ulohach dolovania
pozadovanych znalosti.

241 Prehlad dolovania vo webovych zdrojoch

Dolovanie v datach sa zaoberd extrakciou alebo dolovanim uzito¢nych znalosti
z velkého mnozstva dat ulozenych v databazach alebo inych zdrojoch informacii.

S rychlym narastom mnozstva informacii na webovych strankach ziskavame mnozstvo
roznych zdrojov dat, ktor¢ mézeme skiimat’ prostrednictvom dolovania v datach. Na
automatické objavovanie a extrakciu webovych informacii z webovych zaznamov sa
mozu pouzit’ techniky dolovania v datach.
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Klasifikacia dolovania vo webovych zdrojoch

Na zaklade funkcionality a aplika¢nej domény systémov na dolovanie vo webovych
zdrojoch navrhli mnoZstvo réznych klasifikacii tloh dolovania:

» Lokalizdcia zdroja — ndjdenie poZadovanych dokumentov, informécii a sluZieb.

=  FExtrakcia informadcii — automaticka extrakcia zelanych informacii z objavenych
zdrojov.

» Generalizacia — najdenie vSeobecnych vzorov na individudlnych webovych
strankach, taktiez aj cez viacero stranok.

»  Analyza — validacia a/alebo interpretacia objavenych vSeobecnych vzorov.

Na zéklade pristupnych dat mézeme dolovanie kategorizovat’ podl'a typu dolovanych
dat: dolovanie vo webovom obsahu, dolovanie Struktiry a vyuzitia webovych stranok.

= Obsah — data predstavujuce webové stranky a vyjadrujice informacie pre pouZzi-
vatel'ov, napriklad: html, grafické data, audio subory na webovej stranke.

= Struktiira — data koncipujuce hyperlinkovu $truktiru webovej stranky, napriklad:
rézne HTML znacky pouzité pri odkazovani jednej stranky na ina stranku.

=  Vyuzitie — data reflektujiice vyuzitie zdrojov webu, napriklad: polozky histérie vo
webovom prehliadaci, docasné Internetové subory, zdznamy proxy servera
a webového servera.

= Profil pouzivatela — data poskytujuce demografické informacie o pouzivatel'och
webovej stranky, napriklad: registracné data pouzivatel'ov a informacie z profilov
zakaznikov.

Dolovanie v obsahu webu

Dolovanie v obsahu webu opisuje objavenie uZito¢nych informécii z webového
obsahu/dat/dokumentov. Ked’ze tento obsah méze zahfiiat’ vel'mi rozsiahle mnozstva
dat, je nutné aplikovat’ rozne techniky na dolovanie v obsahu webu. Mnozstvo metod
dolovania v obsahu webu je zaloZenych na nestruktarovanych textovych datach, resp.
semistruktarovanych HTML dokumentoch.

Viac $pecifické oblasti dolovania v obsahu webu su dolovanie v obsahu textovych dat,
dolovanie v obsahu textov a kategorizacia textov. Vo vSeobecnosti mézeme rozdelit
dolovanie v obsahu webu na ziskavanie informécii a skiimanie databaz. Ciel'om
dolovania v obsahu webu z pohl'adu ziskavania informacii je najmi asistovat’ alebo
napomahat pri vylepSovani hl'adania informacii pre pouzivatel'ov. Vysledok dolovania
mdzeme aplikovat’ vo webovych vyhladavacoch, webovych personalizovanych alebo
odporacacich systémoch a adaptivnych webovych rozhraniach.

Dolovanie Struktiary webu

Dolovanie webovej Struktiry sa snazi objavit’ model podstaty hyperlinkove;j Struktary
webovych stranok. Model reflektuje topoldgiu hyperlinkovych obsahov tychto stranok.
Webové stranky mozno klasifikovat’ na authority alebo hub stranky a informacie gene-
rovat’ na zéklade podobnosti, resp. rozdielnosti medzi réznymi webovymi strdnkami.

Dolovanie vyuZitia/zaznamov webu

Zaznamy webového servera predstavuji velké mnozstvo explicitnych poziadaviek
pouzivatel'ov na zdroje webovej stranky na strane servera. Predstavuju hlavny zdroj pre
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dolovanie vyuzitia webu, resp. dolovanie vo webovych zaznamoch. Iné webové
zaznamy, ako zdznamy proxy servera, historie webového prehliadaca a cookies stibory,
tiez zaznamenavaju poziadavky pouzivatelov. MnoZstvo §tidii o dolovani vyuzitia
webu a dolovani vo webovych zdznamoch je zaloZzenych prave na dolovani v datach
z webového servera.

Kombinacia dolovania v obsahu, dolovania Struktiry a vyuZitia webu

Vo vela pripadoch je obsah webu, Struktira a informécie o vyuZziti reprezentovana
v tom istom datovom subore. Napriklad meno suboru, ktoré sa objavi v zdznamovych
suboroch a datach Struktiry webu, obsahuje uzito¢né informacie o obsahu. Mohli by
sme napriklad predpokladat’, Ze sibor pomenovany ,,WebLogMining.html* musi obsa-
hovat' informacie o dolovani v zaznamoch webu. O troch kategéridach dolovania
vo webovych zaznamoch nemdzeme uvazovat izolovane od ostatnych — dolovanie
v obsahu webu, napriklad niekedy musi vyuzit' data zo Struktiry webu pre klasifi-
kovanie webovej stranky.

2.4.2 Priprava dat

Presné a vhodné data su kl'ucové pre tlohy dolovania v datach. To isté plati pre ulohy
vyuzitia webu/webového dolovania. Zaznamy webového servera si primarne zdroje
dat pre dolovanie v datach o vyuziti webu ato aj napriek tomu, Ze data zozbierané
webovym serverom su nekompletné anedostatocné. Pred aplikovanim technik
dolovania dat treba aplikovat rozsiahle datové predspracovanie a datovi abstrakciu.

Zber dat

Zaznamy webového servera zaznamenavaju poziadavky pouZzivatelov na webova
stranku na strane servera. Iné webové zaznamy, ako zdznamy proxy servera, historia
webového prehliadaca a subory cookies tieZz zaznamenavaji poziadavky od pouZivate-
lov tieto vSak mimo servera.

Zaznamy webového servera — si vo vseobecnosti vel'ké a vacSinou odkazuji na tri
zdznamové subory, ako access, referrer aagent v zavislosti na nastaveni servera.
Access zdznamy obsahuju vSetky polozky o transakcidch medzi webovym serverom
a webovym prehliadatom. Referrer zdznamy obsahuju informacie o stranke, z ktorej
pouzivatel’ navstivil aktualnu stranku. Agent zdznamy obsahuji zdznamy o webovych
prehliadacoch ktoré pouzili pouzivatelia pri navsteve stranky.

Format HTML dokumentu urcuje, Ze access zdznam pre aplikaciu dolovania
vo webovych datach vzdy obsahuje aj redundantné data. HTML webova stranka
zvycajne obsahuje vela siborov. Okrem toho HTML stbor méze obsahovat’ aj odkazy
na grafické, video a audio subory. Ked’ pouzivatel zadd pozadovani URL adresu,
alebo ked klikne na niektory odkaz v ramci stranky, vacSinou sa pre webovy pre-
hliada¢ odosiela viacero suborov v poradi, v akom su pozadované. Kedykol'vek, ked’ sa
odosle subor pre webovy prehliadac, sa aktualizuju prislusné zaznamové subory.

V zavislosti od nastavenia softvéru na webovom serveri sa mézu zaznamenat' udaje
jednoduché alebo zlozité, ataktieZ sa mdézu zaznamenat' v réznom tvare. Vo vSeo-
becnosti zdznamy servera obsahuju tieto polozky:

= Cas a datum transakcie,
= meno a velkost’ odoslaného suboru,

» Internetova adresa, na ktort bol stibor odoslany,
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= ako bol stbor odoslany,

= mozny odkaz, ktory viedol na pozadovanu stranku,
= informdacia o webovom prehliadaci,

= vysledok prenosu,

= identifikator pouzivatel'a (ak je to mozné).

Mnozstvo webovych serverov, ako napriklad Apache a ISS umoziiuji administratorovi
nastavit’ vlastny format zaznamenavania, a taktieZ umoziuju zaznamenavanie do jed-
ného stiboru vo formate Combined Log Format. Pouzitie proxy serverov, resp. lokalnej
cache mdze znacne ovplyvnit’ relevantnost’ idajov zaznamenanych na strane servera.

Zaznamy zo strany klienta — kolekcia dat na strane klienta mdze vyrieSit problémy
zapri¢inené proxy serverom, resp. lokdlnou cache. Subor s histériou navstivenych
stranok ako aj docasné internetové subory su subory lokalnej cache, ktoré generuje
webovy prehliadac na strane klienta. Pouzivaju sa z dovodu zniZenia siet'ovej rézie pri
opakovanom pristupe k webovym strankam. Subor s histdriou zaznamenava vsetky
stranky navstivené pouzivatelom ako aj ¢as navstevy stranky. Data ulozené v siibore
historie a v doCasnych internetovych suboroch vo vSeobecnosti odrazaju aktivitu
jedného konkrétneho pouzivatela. Tento predpoklad je vo vSeobecnosti prilis
reStriktivny na to, aby mohol byt pouzity vo vSeobecnosti. Ked'Ze jeden pocita¢ moze
pouzivat viacero pouZzivatel'ov, na ich identifikéciu je nutné pouzit’ cookies.

Okrem pouzitia cookies je mozné zmenou zdrojového kdédu prehliadacov pouzit
vzdialenych agentov (Java script alebo Java applety). Hlavnou nevyhodou tohto
rieSenia je vSak neochota jeho pouZitia zo strany pouzivatelov zobavy naruSenia
svojho sukromia.

Zaznamy z proxy servera — proxy server sluzi ako troven medzi¢lanku cache medzi
webovym prehliadacom klienta a webovym serverom. Jeho hlavnym tc¢elom je znizit
¢as nacitania webovych stranok, ako aj zniZenie sietového zatazenia. Proxy server tiez
spdsobuje, ze mnozstvo pouzivatel'ov, ktori pouzivaju ten isty proxy server, sa v zdzna-
moch servera objavuje ako jeden pouzivatel. Toto mdze spdsobovat’ problémy v iden-
tifikacii pouzivatel’a a identifikacii sedenia (session) pocas datového predspracovania.

Predspracovanie dat

Hlavnou tlohou predspracovania dat je transformacia zaznamenanych zaznamov
do pouzitelnej formy pre neskorsie pouzitie. S tymto cielom stvisi najmi precistenie
a kompresia dat.

Precistenie dat vymaze také polozky webovych zaznamov, ktoré su irelevantné pre
ulohy dolovania v datach. V Standardnom pripade sa mazi dva typy dat. Prvy typ st
polozky zaznamenané z dévodu pristupu ku grafickym, zvukovym, video a mnoZstvu
inych multimedialnych siborov. Dalsim typom poloZiek na zmazanie su polozky
generované webovymi agentami, resp. webovymi pavikmi. Taktiez je mozné zo
zaznamov vylucit’ niektoré typy stiborov ako aj metody transferu GET/POST/HEAD.

Abstrakcia dat

Abstrakcia dat pouziva heuristiku na separovanie dat do sémanticky vyznamnych
konceptov a fraz. Medzi najCastejSie pouzivané datové abstrakcie patria: identifikacia
pouzivatel’a, identifikacia sedenia a kompletizacia cesty.
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Identifikiacia pouzivatela — identifikacia pouzivatela nie je jednoducha tloha, ked’ze
pouzivatel méze na pristup pouzit' rézne pocitace, resp. rdézne prehliadace v ramci
jedného pocitaca. Proxy server spdsobuje problém, Ze vSetci pouZzivatelia vyuzivajuce
sluzby daného proxy servera sa na strane koncového servera javia ako jeden pouzivatel’.
Najjednoduchsim rieSenim tohto problému je spolahnit’ sa na implicitni a explicitnii
kooperaciu pouzivatela. Taktiez je mozné pouZit’ rézne modifikované prehliadace, resp.
Java applety, ktoré mézu pomdet’ pri identifikacii pouzivatela.

Ak chceme identifikovat’ pouzivatela na zaklade zaznamov webu, treba pouzit
heuristick¢ pravidld. Je napriklad rozumné usudzovat, Ze rdzny typ agenta pre
konkrétnu IP adresu reprezentuje rozneho pouZivatela. Daliou moznostou pre uréenie
konkrétneho pouzivatela je pouzit kombindciu zdznamov access, referrer a topologie
stranky. V zavislosti na rdéznych situdciach a aplikaciach je nutné pouzit' rozne
heuristické metddy.

Identifikicia sedenia — za sedenie mézeme povazovat’ mnozinu kliknuti pouzivatela
krizom cez viaceré stranky. Sedenie mdzeme definovat napriklad kombinaciou IP
adresy, id pouzivatel'a, URL adresou ako aj ¢asom pristupu. Jednoduchsou metodou je
definovanie casového okna, v ramci ktorého je akcia pouzivatela povazovana za jedno
sedenie. V pripade, Ze pouzivatel pocas prezerania prekroci Casovy limit sedenia
(vacsinou 30 min.), povazuje sa za d’alSieho pouzivatela.

Identifikacia transakcie — cielom identifikacie transakcie je vytvorenie zmysluplnych
zhlukov referencii pre kazdého pouzivatela. Identifikacia transakcie je dolezita pre
asociacné dolovanie. Heuristické metddy, ktoré sa pouzivaju na identifikaciu transakcie
su napriklad:

= identifikacia transakcie referen¢nou dlzkou,
» identifikéacia transakcie maximalnou spitnou referenciou,

= identifikacia transakcie Casovym oknom.

24.3 Dolovanie v datach a analyza vzorov

Algoritmy pre dolovanie v datach moZzno aplikovat na objavenie zaujimavych
aneznamych vzorov s predpracovanymi datami ulozenymi v zdznamoch webového
servera. Vysledky dolovania v zaznamoch webu sa mézu pohybovat v intervale
jednoduchych S§tatistickych informacii az po viac komplikované znalosti, akymi su
napriklad klasifikacné pravidla, asociacné pravidla a sekven¢né pristupové vzory.

Statisticka informacia

Statistické metody predstavuju primarny pristup pouzity v skordich systémoch na
dolovanie v datach. Casto sa pouzivaju v komer&nych softvéroch na analyzu zdznamov
webu na poskytnutie sumarnych sprav o zdrojoch pristupu na webovll stranku.
Sumarne spravy vécsinou zahiiaju pocet celkovych navstev, pocet chyb, ktoré sa
vyskytli, celkovy pocet prenesenych slabik a podobne.

Asociacné pravidla

Dolovanie asociacnych pravidiel sa poévodne zaviedlo a Studovalo v kontexte
transakénych databaz. Zaobera sa problémom hladania podmnozin poloziek zvanych
itemsets, ktoré Casto a suCasne kupuju zakaznici. Ked’ pouZzijeme dolovanie asociécii na
dolovanie vo webovych zdznamoch, mdzeme objavit’ koreldciu medzi webovymi
strankami a zaujimavymi pristupovymi vzormi.
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Klasifikacia

Klasifikacia je dolezity problém v oblasti dolovania v datach. V klasifikacii sa
Standardne pouziva mnozina pozitivnych a negativnych vzorov ako trénovacie data.
Cielom je odvodit’ model alebo opis pre kazdu triedu. Model modze byt pouzity na
klasifikaciu budicich moznosti, ktorych trieda je neznama. Popularnym algoritmom na
klasifikéciu je triedenie pomocou rozhodovacich stromov.

Klasifikacia ndm moZze pomoct pri vytvarani profilov pouzivatelov, klasifikdcii
pouzivatel'ov a obsahu webu.

Vyhodnotenie vzorov a pravidiel

Cielom analyzy vzorov, pravidiel a vyhodnocovania je vyfiltrovanie nezaujimavych
pravidiel alebo vzorov z mnoziny ndjdenej vo faze objavovania vzorov a pravidiel.
Doménové znalosti predstavuju vel'mi doélezity faktor pre eliminaciu nepouzite'nych
a nezaujimavych vzorov a pravidiel.

2.44 Aplikacia

Elektronicky obchod je jednym z hlavnych hnacich sil pohanajucich rychly vyvoj
webovych stranok. Vysledky =z analyzy zaznamov webu/pouzitia webu mozZu
poskytnut’ prilezitosti pre elektronicky obchod v ré6znych aspektoch. Mozu byt’ pouzité
na zvySenie efektivnosti a i€innosti tychto systémov a vylepsit’ funkcionalitu, sluzby
a jednoduché pouzitie inteligentnych webovych informa¢nych systémov.

Napriek tomu, Ze niektoré z algoritmov dolovania v datach su aplikane nezavislé, je
efektivne pouzitie dolovania v ddtach doménovo a aplika¢ne silne zavislé.

Web predpriprava

Web predpriprava zahifia predpripravu zo servera pre klienta ako aj predpripravu
z disku servera do paméte servera. Pri napomahani v rozhodovaniach o predvybere sa
mdzu pouzit zhluky stranok a dolovanie sekvenénych vzorov prostrednictvom
dolovania webu.

Lepsi dizajn a organizacia webovych stranok

Kvalita webovej stranky ako aj jej organizacie a prezentacie sa mézu vyhodnotit’ prave
vdaka analyze pristupu pouzivatelov k webovej stranke. Velky rozsah néavstevnosti
odraza vysoky zaujem pouzivatelov o webovu stranku. Kvalitu webovej stranky méze
ovplyvnit mnozstvo faktorov akymi s obsah, prezentacia, jednoduché pouzitie, ¢as
odozvy apodobne. Vysledky dolovania v zaznamoch webu sa mézu pouzit' pre
zlepsenie dizajnu webovej stranky ako aj zvysenie spokojnosti pouzivatel'ov.

Personalizacia webovych stranok

Mnozstvo personalizovanych a odporicacich webovych systémov zavisi od profilov
pouzivatelov. Pozndme dva rézne spOsoby pre vytvorenie profilov pouzivatelov:
priama metdda prostrednictvom explicitnej kooperacie pouzivatel'a a webového agenta
anepriama metdda pomocou dolovania v datach. Priama metéda ma limitovani
aplikovatel'nost’ a moze byt invazivna a neprijemnd pre pouzivatel'a. Nepriame metddy
mdézu byt neinvazivne asucasne anonymné pre pouzivatela. Tato metoda tiez
zabranuje slabému vykonu systému spdsobeného vzdialenymi agentami.
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Adaptivne webové stranky

Adaptivne webové stranky suvisia s personalizaciou webu a odporuc¢anim zdrojov na
webe. Modifikacia adaptivnych webovych stranok a ich generovanie sa venuje auto-
matickej modifikdcii obsahu a organizacie webovych stranok pouzitim vysledkov
dolovania vyuzivania webu.

Inteligentné webové agenty

Inteligentné webové agenty zaloZzeny na dolovani vo webovych zdznamoch poskytuju
mnozstvo sluzieb pre dizajnérov a pouzivatelov webovej stranky, akymi su
optimalizacia jej Struktiry, zvySenie bezpecnosti, presonalizacia prezentacie, odpo-
rucani produktov a sluzieb a podobne. Poskytuju informéacie pre dizajnérov webovych
stranok, ¢im je mozné dosiahnut’ lepSiu organizaciu webovych stranok a tym zvysit’
spokojnost’ pouzivatel'a.

2.4.5 Zhodnotenie

Webové zdznamy st dolezitym zdrojom dat pre dolovanie uzitoénych znalosti na
zvySenie ucinnosti a efektivity webovych informaénych systémov. Dolovanie vyuZitia
webu/webovych zaznamov bude hrat’ rozhodujicu rolu vo webovej inteligencii.



3 VYHLIADAVANIE
INFORMACII NA WEBE
A MANAZMENT
ZNALOSTI

Tato Cast’ sa venuje modernym trendom vo vyhl'adavani informéacii na webe a v inych
informacnych systémoch, zahfiajic v to aj pracu so znalostami.

Vyhladdvanie na internete umoziuju automatické vyhladavace (roboty, pavuky), ktoré
prehl’adavaji hierarchicky podla obsahu siet’ hypertextovych odkazov a doménovych
zaznamov. V informatike sa zaviedol pojem ,,web so sémantikou®, ktory vyzdvihuje
vyznam obsahu vo vyhladavanych informaciach. Spracovanie obsahu na webe ma byt
automatizovatelné. Potom vyhladdvade namiesto hladanych informécii ponuknu
znalosti.

Systémy pre vyhladavanie a spracovanie znalosti a vSeobecne pracu so znalostami
oznacujeme ako manazment znalosti. Aby systém vedel so znalostami spravne
zaobchadzat, musi ich vediet’ kategorizovat’, analyzovat, dalo by sa povedat, ze
rozumiet’ im.

3.1 Osobné a zamerané webové pavuky

Webovy pavik je program, ktory prechadza informacnym priestorom World Wide
Web, pricom sleduje hypertextové odkazy a stahuje webové dokumenty pomocou
HTTP protokolu. Do tejto kategdrie spadaju aj meta-vyhladavacie pavuky (paviky,
ktoré sa pripajaju k inym vyhladavacim sluzbam a kombinuju ich vysledky). Iné
webové roboty ako napr. shopboty, chatboty a chatterboty sa vo vSeobecnosti
nepovazuju za pavuky. V sucCasnosti sa da vyskum webovych pavikov klasifikovat
podl’a tychto kategorii:

»  Rychlost a efektivnost. Tato kategoria vyskumu sa zameriava na zvySovanie
rychlosti stahovanie pavikov. Projekty tejto kategdrie sa zameriavaji na stavbu
rychlych pavikov, ktoré sa dajii rozSirovat' aj na velké zbierky dokumentov
pomocou optimalizacii operacii ako napr. vstupno-vystupné procedury, preklad
IP adries.

=  Pravidld prehladdavania. Vyskum v tejto kategérii sa zaobera spravanim pavikov
a ich vplyvom na ostatné systétmy a WWW ako celok. Spravne navrhnuty pavuk
by nemal pretazovat webové servery. V scasnosti existuju dva Standardy pre
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ovplyviiovanie spravania paviukov autormi stranok: urcovanie stranok, ktoré nema
pavuk stahovat’ pomocou suboru robots.txt a urovanie toho, ¢i sa ma stranka
pouzivat v pavukovi pre indexaciu alebo ziskavanie odkazov pomocou meta-
znacky. Napriek tomu, Ze tieto Standardy nie su povinné, vacSina pavikov ich
dodrziava a riadi podl'a nich svoje spravanie.

= Ziskavanie informacii. Vacsia Cast’ vyskumu ohladom pavikov sa sustred’uje
na tuto oblast. V ramci nej sa skimaju rézne algoritmy a heuristiky tak, aby
pavuk ziskal pozadované informacie z webu ¢o najefektivne;jsie.

Styri hlavné pouzitia pre webové pavuky su:

»  Osobné vyhladdavanie. Osobné paviky sa snazia hladat webové stranky
zaujimavé pre pouzivatela. Kedze tieto paviky sa vicSinou vykondvaju na

klientskom pocitaci, maju k dispozicii vacsi vypoctovy vykon a poskytuji viac
moznosti ako paviky umiestnené na serveri.

»  Vytvaranie zbierok. Webové paviky sa pouzivaju na budovanie velkych zbierok
webovych stranok, ktoré sa pouzivaju na vypocet indexov kazdej vyhl'adavacej
sluzby. Dalej sa tieto zbierky daju pouZit’ pri tvorbe lexikénov slov alebo zbierani
emailovych adries.

»  Archivacia. Niektoré projekty sa snazia robit archivaciu uréitych stranok,
. . 3
pripadne celého webu’.

v Weboveé Statistiky. Z velkého mnozstva webovych stranok zozbieranych pomocou
pavukov sa daji ziskat’ uZitoéné $tatistiky o webe, ako napriklad priemernd dizka
HTML dokumentu, priemerny pocet odkazov, priemerny pocet odkazov na
neexistujuce stranky a d’alsie.

3.1.1  Analyza obsahu a Struktury webu

Rézne techniky analyz pouzivanych v pavukoch sa daju rozdelit' do dvoch hlavnych
kategorii: analyzy zalozené na obsahu a analyzy zalozené na odkazoch.

Pri analyzach zalozenych na obsahu sa pre odvodenie informacii o stranke analyzuje
samotny HTML kod stranky. Napriklad z textového tela stranky sa da zistit, ¢i je
stranka relevantna pre hl'adanti doménu. Pre ziskanie kIi¢ovych konceptov opisanych
na stranke sa daju pouzit indexovacie techniky. Daliie zlepSenie analyzy sa da
dosiahnut’ pouzitim doménovych znalosti.

Délezitym zdrojom informacii o stranke je aj jej URL adresa, ktora identifikuje adresu
servera, doménové zaradenie webového servera (stranky v doméne gov moézu byt
povazované za dolezitejsie ako stranky v doméne com), hibku umiestnenia
v adresarovej Strukture webového servera (dolezité stranky nebyvaju umiestnené
hlboko v adresarovej Strukture).

Druha skupina analyz vyuziva pre ziskanie informdcii odkazy medzi strankami.
Zakladny predpoklad pouzity pri tychto analyzach je, Ze ak autor webovej stranky
A umiestnil odkaz na webov stranku B, tak si mysli, ze stranka B je relevantna alebo
podobnad stranke A a je kvalitna. Pre odkaz, ktory ukazuje na danu stranku, sa pouziva
termin vstupny odkaz. Vo vSeobecnosti plati, Ze o Co je stranka lepSia, o to viac ma

3 The Internet Archive, http://www.archive.org



47

vstupnych odkazov. Naviac je vhodné priradovat’ strankam, na ktoré sa odkazuju iné
kvalitné stranky, vacsiu prioritu. Takto sa spravaji najznamejsie dva algoritmy pre
analyzu odkazov PageRank (Brin & Page, 1998) a HITS (Kleinberg, 1997).

Algoritmus PageRank pocita pre kazdu stranku skore, ktoré je vazenym suctom kvality
stranok pripojenych vstupnymi odkazmi na danu stranku, priCom kvalita tychto
odkazujucich stranok sa taktiez urCuje pomocou algoritmu PageRank. Rekurentny
vzorec na vypocet skore stranky p je potom:

PageRank(p)=(1-d)+d - MJ

Vqukazujiicenap [ c (q )

kde d je tlmiaci faktor v rozmedzi od 0 po 1 a ¢(p) je pocet vystupnych odkazov
na stranke ¢. Intuitivne sa da povedat,, Ze stranka bude mat’ vysoké PageRank skore, ak
na fiu odkazuje vela stranok tiez s vysokym PageRank hodnotenim.

Algoritmus PageRank sa zakladd na modeli ndhodného chodenia — skore stranky je
umerné pravdepodobnosti, Ze pouzivatel’, ktory nahodne klika na odkazy, sa dostane na
tato strdnku. Algoritmus sa uspesne pouziva vo vyhladdvacom systéme Google. Jeho
hlavnou nevyhodou je vysoka vypoctova narocnost’.

HITS (hyper-link-induced topic search) algoritmus sa podoba algoritmu PageRank.
V algoritme HITS sa stranky obsahujuce informacie relevantné k prisluSnej
problémove;j oblasti alebo vyhl'addvaciemu dotazu oznacuju ako autoritativne stranky.
Prepojovacie stranky nemusia byt autoritativnymi strankami, ale obsahuji odkazy na
in¢ autoritativne stranky.

Stranka, na ktortl sa odkazuje vel'a inych stranok, by mala byt dobrou autoritativnou
strankou. Stranka, ktord obsahuje odkazy na vela inych stranok, by mala byt dobrou
prepojovacou strankou. Na zaklade tychto myslienok HITS algoritmus pocita dve skore
pre kazda stranku:

AuthorilyScore( p) = ZHubScore(q)

Yqodkazujiicenap

HubScore(p)= Z AuthorityScore(r)

Vrodkazovanézp

Na stranku s vysokym autoritativnym skore odkazuje vela stranok s vysokym
prepojovacim skore a stranka s vysokym prepojovacim skore odkazuje na vel'a stranok
s vysokym autoritativnym skore. Algoritmus HITS pouziva napriklad vyhladavacia
sluzba Clever. Podobne ako v pripade algoritmu PageRank st nevyhodou HITS vysoké
vypoctové ndroky, lebo prepojovacie a autoritativne skdre sa musia pocitat’ v cykle.

3.1.2 Grafové prehladavacie algoritmy

Tradi¢né grafové algoritmy sa skimaju aj v odbore informatiky. Ked’Ze na web sa da
pozerat ako na orientovany graf s mnozinou uzlov (stranok) prepojenych
orientovanych hranami (odkazmi), daju sa niektoré grafové algoritmy pouzit
vo webovych aplikaciach.

Prva kategoria grafovych prehl'adavacich algoritmov obsahuje jednoduché algoritmy,
ako napriklad hl'adanie do Sirky a hl'adanie do hlbky. Tieto algoritmy sa oznacuju ako
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neinformované hl'adanie, lebo nepouzivaju pri hl'adani Ziadne dodato¢né informacie.
Prehladavanie do Sirky, ktoré najprv nacita stranky na jednej tGrovni a potom ide
na d’alSiu Groven, je vo webovych pavukoch najpouzivanejSou technikou.

Druha kategoéria grafovych algoritmov je informované hl'adanie. O kazdom prehl'ada-
vanom uzle existuje dodato¢na informacia, ktora sa moze pouzit' ako heuristika pri
riadeni prehl'adavania grafu. Casto pouzivanym prikladom informovaného hl'adania je
algoritmus najlepsi najprv. V tomto algoritme existuje heuristicka funkcia f{n), ktora
vo vSeobecnosti mdze zavisiet’ od uzla n, ciel'a hl'adania, informacii, ktoré sa zozbierali
po tento bod hladania a T'ubovolnych dodato¢nych znalosti o probléme. Najlepsi
najprv funguje ako rozsirenie prehl'adévania do Sirky, kde sa vzdy expanduje ten uzol,
ktory ma najvyssie ohodnotenie pomocou heuristickej funkcie. Typickad implementacia
algoritmu pouZziva prioritny front. Vo webovych pavukoch sa pre heuristiky informo-
vaného hladania pouzivaju rézne metriky, napriklad pocet vstupnych odkazov,
PageRank skore, pocetnost’ klI'ai¢ovych slov, podobnost’ s hPadanym dotazom.

Dal$ou kategériou je paralelné hladanie. Tieto algoritmy sa snaZia spracovat’ rdzne
Casti vyhladdvacieho priestoru paralelne. Autori ¢lanku uvadzaju ako priklad pre
paralelné hl'adanie paralelnti aktivitu v umelych neurénovych sietach a genetické
algoritmy, ale tieto dva priklady st dost’ vzdialené od klasickych grafovych algoritmov.
Taktiez autori ¢lanku uvadzaja, Ze napriek velkym mozZnostiam tychto algoritmov
a pouzitiu v tradiénych aplikaciach pre ziskavanie informacii (Chen, 1995), sa tieto
algoritmy nepresadili vo webovych aplikaciach.

3.1.3 Webové pavuky pre osobné hladanie

Vel'a webovych pavikov vyvinuli na pomoc jednotlivym pouzivatelom pri vyhla-
davani uZito¢nych informéacii na webe. Ked’Ze vicsinou tieto paviky sa vykonavaji na
klientskych pocitacoch, maji k dispozicii pre vyhladdvaci proces vicsi vypoctovy
vykon a pamét. Taktiez tieto nastroje poskytuju pouzivatelovi védc¢Sie moznosti pri
riadeni a personalizacii vyhl'adavacieho procesu.

Najznamejs$im skorym prikladom osobného webového pavuka je program tueMosaic
(De Bra & Post, 1994). V programe tueMosaic pouzivatel’ zadal kI'icové slova, Sirku
a hibku hl'adania a spustil pavika, aby zacal stahovat stranky zo zadanej $tartovacej
stranky. Program pouziva ,fish search® algoritmus, ¢o je pozmeneny ,najlepsi
najprv* vyhl'adavaci algoritmus.

Neskor vyvoj pavikov prebichal réznymi smermi. Napriklad TkWWW robot bol
vyhladavac integrovany do prehliadaca TkWWW, pavik SPHINX (Miller & Bharat,
1998) robil prehl'adavanie do Sirky a zobrazoval vysledok ako dvojrozmerny graf, CI
Spider vykonaval jazykovu analyzu a zhlukovanie najdenych vysledkov.

V inych S$tudidch pouzivajii paviky v procese hladania pokrocilejSie algoritmy,
napriklad Itsy Bitsy Spider (Chen et al., 1998) hl'add pomocou najlep$i najprv
prehladavania a genetického algoritmu. Kazdé URL sa modeluje ako jedinec
pociatocnej populacie. Krizenie sa definuje ako vyber URL, na ktoré ukazuju zaciatky
viacerych URL. Mutacia sa modeluje pomocou nacitania nahodného URL z adresara
Yahoo. Pretoze geneticky algoritmus je optimalizacny proces, je vhodny pre hl'adanie
stranok na webe podla urcitych kritérii. V d’alSich pavikoch sa pouZzivalo simulované
zihanie, naivny bayesovsky klasifikator a d’alSie algoritmy.
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Osobitnou kategoriou pavikov st metapavuky. Su to programy, ktoré sa pripajaju na
iné vyhl'adavacie stroje a stahuji z nich vysledky. Kombinovany vysledok poskytuje
velakrat pokrytie danej oblasti. MetaCrawler bol prvym metapavikom. Poskytuje
jednotné rozhranie k vysledkom z vyhl'adavacich strojov Google, Yahoo! Search, MSN
Search, Ask Jeeves, About, MIVA, LookSmart a dalSich. Meta-pavik Dogpile
poskytuje vyhl'adavacie sluzby pre web, Usenet, ZIt¢ stranky, obrazky.

Nedavno vyvinuli vyhl'adavacie paviky pre peer-to-peer technologie. Napriklad JXTA
Search (Waterhouse et al., 2002) pouziva ako svoj zaklad siet’ Gnutella.

Pripadova §tudia

V tejto Casti opiSeme architektiru dvoch vyhladavacich agentov rozsirenych
o dodato¢nu analyzu stiahnutych stranok. Prvy agent Competitive Intelligence Spider
(skratene CI Spider) je vyhladavaci agent (Chen et al., 2002), ktory zbiera stranky
v redlnom Case z pouzivatelom Specifikovanych webovych serverov a vykondva nad

nimi indexovanie a kategorizaciu tak, aby poskytol celkovy prehl'ad daného webového
servera.

Druhy nastroj je Meta Spider (Chen et al., 2001). Ten funguje podobne ako CI Spider,
ale namiesto prehl’'adavania konkrétnej stranky do $irky sa pripdja na vyhl'adavaci stroj
na internete a integruje takto ziskané vysledky.

Vyhladavaci dotaz VSeobecny
vyhladavaci nastroj

Vyhladavacie

f §

pavuky .. i

Pouzivatelom zadané

Vysledok hladania stranky
Vysledok hladania
Y
Pouzivatelske | — Arizona Noun Phraser [ Lexikon
. Kracové frazy
rozhranie

Kracové frazy

Zvolené frazy

A

SOM

2D mapy oblasti

Obrazok 3-1. Architektura agentov CI Spider a Meta Spider.

Na obrazku 3-1 je zobrazena spolo¢na architektira pre CI Spider a Meta Spider. Styri
hlavné cCasti su pouzivatel'ské rozhranie, internetovy pavuk, Arizona noun phaser,
samorganizujica mapa (SOM). Tieto Casti spolupracuju pri hl'adani na webe a na
analyze. Arizona noun phaser (Tolle & Chen, 2000) je indexovaci ndstroj pre
indexovanie kl'icovych fraz, ktoré sa nachadzaju v kazdom dokumente zozbieranom
z webu pomocou internetovych pavikov. Nastroj vybera z dokumentov na zaklade
jazykového znackovania a jazykovych pravidiel frazy obsahujice podstatné mena.
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SOM pouziva umeli neurénova siet’ pre automatické zhlukovanie webovych stranok
do réznych oblasti dvojrozmernej mapy. Kazdy dokument sa reprezentuje pomocou
vstupného vektora klIi¢ovych slov a nasledne sa vytvori vystupnd dvojrozmerna
mriezka. Po natrénovani siete sa do nej posielaju dokumenty, ktoré sa rozdelia
do zhlukov. Ku kazdej oblasti sa prideli pomenovanie, ¢o je vyraz, ktory najpresnejSie
reprezentuje zhluk dokumentov v danej oblasti. DolezitejSie koncepty pokryvaja vacsiu
oblast’ a podobné koncepty sa zoskupuji blizko seba. Vysledna mapa sa zobrazi
v pouzivatel'skom rozhrani, pricom si pouzivatel médze pozriet dokumenty v jedno-
tlivych oblastiach.

Pre porovnanie vlastnosti agentov CI Spider a Meta Spider sa vykonali dva
experimenty, ktorych sa zucastnilo 30 os6b. V prvom experimente porovnavali CI
Spider so sluzbou Lycos a manualnym vyhladdvanim na serveri. Vysledky
experimentu ukdzali, Ze aj presnost’ aj mnozstvo vracanych stranok pre CI Spider boli
podstatne lepSie, ako v pripade sluzby Lycos pri 5% trovni ddlezitosti.

V druhom experimente porovnavali agent Meta Spider so sluzbami MetaCrawler
a NorthernLight. Co sa tyka presnosti, Meta Spider dosahoval podstatne lepsie
vysledky ako kazdy z nich a najmé v porovnani so sluzbou NorthernLight. Mnozstvo
stranok, ktoré vracal agent Meta Spider bolo porovnatelné so sluzbou MetaCrawler
a bolo lepsie, ako v pripade NorthernLight.

Hlavny dovod pre lepSiu presnost’ agentov bola ich schopnost’ stiahnut’ a skontrolovat’
obsah kazdej stranky v redlnom case. To zabezpecuje, Ze kazda zobrazena stranka
obsahuje hl'adané slova. Sluzby ako Lycos a NorthernLight pracuji pomocou indexov
a tie mézu byt zastaralé. Vysoké mnozstvo vracanych vysledkov pre CI Spider sa da
zdovodnit jeho hromadnym st'ahovanim stranok.

3.2 Reprezentacia, zdielanie a ziskavanie znalosti
na webe

Web v sti¢asnom ,,vyvojovom S§tadiu“ charakterizuje mnoZzstvo obsiahnutych infor-
macii, ale sucasne ich slaby formalny opis, ¢im sa podstatne zmenSuje mnoZina
znalosti, ktoru tieto informacie vytvoria. NavySe tieto znalosti su zapisané rdéznymi
sposobmi v réznych jazykoch bez pouzitia ontologii. Ontoldgie su velmi variabilné
a tym sa znizuje moznost’ ich pouzitia.

Tento ¢lanok rozobera moznu problematiku reprezentacie, zdielania a ziskavania
znalosti prostrednictvom webu so sémantikou. Zameriava sa najmé na prehl'ad r6znych
pravidiel a vlastnosti, ktoré by mal web so sémantikou dodrziavat’, aby ho bolo mozné
realne zaviest’ do praxe.

3.21 Web so sémantikou

Jednym zo zakladnych kamenov vytvorenia webu so sémantikou je konceptualizacia
dat dostupnych na internete. KI"iCovym nastrojom na konceptualiziciu st ontologie.
Ontologie sa daju charakterizovat' ako formalizované reprezentacie znalosti urCené
kich spolo¢nému pouzivaniu a znovu pouzitiu. Ontolégie st Casto doménového
(odborového) zamerania azvyknu sa konStruovat ako konceptudlne (pojmové)
hierarchie alebo siete.
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(Polo)automatizované spracovanie informacii z webu so sémantikou, ktoré potom
nasleduje, sa moze realizovat’ pomocou softvérovych agentov, ¢o s do urcitej miery
autondmne inteligentné programové komponenty pohybujuce sa zvycajne v distri-
buovanom prostredi schopné realizovat' ,,pre toho, kto ich poveril” poziadavky
na vyhl'adavanie informacii a pod.

Dolezitym predpokladom webu so sémantikou je Standardizovany opis webovych
zdrojov. Ako zdroj sa v tejto suvislosti méze chapat’ cokol'vek, ¢o je obsiahnuté v ram-
ci webu (textové dokumenty, obrazky, videosekvencie, zvukové subory a pod.). Kazdy
zdroj by bol vybaveny rovnakymi charakteristikami (reprezentujucimi jeho vlastnosti,
vzt'ah k okoliu a pod.), o by umoznilo pouzivatelom pracovat’ s internetom ako s da-
tabazou znalosti prostrednictvom dopytovacich jazykov (podobnych napriklad SQL).

Aby bolo toto mozné dosiahnut’, treba definovat’ medzivrstvu, ktord by umozniovala
opisat’ obsiahnuté informacie. Tato vrstva sa nazyva metadata. M6zZu to byt strucne
definované (Strukturované) data o datach., ktoré zachycuji obsah, kontext a Struktiru
opisovanych dat.

Technologickym zakladom webu so sémantikou by sa podl'a organizacie W3C mal stat’
Standard RDF (Resource Description Framework). Podla oficialnej definicie ide
0 obecny ramec pre opis, vymenu a znovu pouzitie metadat. Ramec RDF poskytuje
jednoduchy model pre opis zdrojov, ktory nie je zavisly od konkrétnej implementacie.

Tento pristup zabezpecuje urcity stupenn Standardizacie. Poskytuje vSak dost’ znaénu
volnost’ pri tvorbe vrstvy metadat. Metadata odrazaju do velkej miery rozdielne
pristupy jednotlivych tvorcov. V kombinacii so stratovou ontologiu sposobili, Ze sa
tento pristup zatial’ nepresadil a stale je v Stddiu vyskumu. Na zéklade toho v d’alSej
Casti menujeme a rozoberame vlastnosti, ktoré by mal web so sémantikou zahfiat’, aby
ho bolo mozné zaviest’ do praxe.

3.2.2 Poziadavky na zivotaschopny web so sémantikou

PozZiadavky na Standardizaciu kniZnic a ontologickych primitiv

RDF nie je primarne vyrazovy jazyk, aj ked’ je obohateny o sémantiku. Toto rozSirenie
sa realizuje Standardnymi RDF schémami v kombinacii s DAML + OIL. Napriek tomu
tymito sposobmi nie je mozné zapisat’ jednoduchu vetu ,, 5 0s6b spolu tancuje .

Nedostatok vyrazovych prostriedkov RDF a absencia Standardnych ontologickych
primitiv nutia poskytovatel'ov informdcii reprezentovat’ informacie nevhodnym a Casto
sa vylucujiicim spdsobom. Oba dosledky preto znemoznuju vyuZitie tychto informaécii,
ich spolo¢né pouzivanie a znovupouzitie.

Tu sa vyskytuje priestor pre mnohé formalne jazyky, napriklad Z, ktoré prichadzaju
s matematickym aparatom, pomocou ktorého je nasledne mozné konStruovat” bloky
znalosti (mnoziny, relacie, funkcie, ¢isla, sekvencie a pod.).

Podobny matematicky aparat treba Standardizovat’ v RDF schémach, ¢im by sa vyriesil
problém ich pouzitia, spolocného pouzivania a znovupouZitia.

Poziadavky pre vyjadrovaciu notaciu

Zvycajna vlastnost’ vyrazovych notacii je priliSna zlozitost na ukor efektivnosti.
V suvislosti s webom so sémantikou je toto tvrdenie vhodnejSie poopravit' do tvaru:
»pokial’ sa zvoli prili§ zlozitd notdcia, ktora sa pouZziva cez urcité rozhrania, az toto
samotné pouzitie sa da oznacit’ za neefektivne®.
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Obmedzené modely a notacie typu RDF + RDFS + DAML + OIL a RDF/XML nie st
vhodné na pouzitie ako medzi-jazyk, pretoze istym spésobom obmedzuju pouzitie
danej reprezentacie znalosti.

Riesenim tohto problému by sa mohlo zdat rozSiritt moznosti rozhrani, pripadne
implementacia réznych technik pre konkrétne ucely.

Poziadavky pre notaciu vysSej iirovne

Problémom automatického ziskavania znalosti je vel'kd mnoZzina sposobov, akymi je
mozné danu znalost’ zaznamenat’ a opisat’. Tieto sposoby znacCenia znalosti navyse nie
s medzi sebou zlucitené. Tieto problémy sa najvyraznejSie prejavujl, pokial’ sa na
zaznamenanie znalosti pouzivaju nizko Groviiové jazyky (napriklad KIF).
NajdolezitejSou poziadavkou pri tychto pristupoch je znovupouzitelnost’ jazykovych
konstrukcii atakto zapisanych =znalosti. Preto sa ako najvhodnejSie ukazuje
zadefinovanie jazyka vys$Sej tirovne .

Na ilustraciu uvadzame moznost’ zaznacenia urcitej informacie réznymi pristupmi. Ich
vyhody a pripadne nevyhody ponechdvam na posudenie ¢itatelovi.

E:

Ned sold (the same) 3 cars twice on the 21/1/2001.
(This sentence does not specify whether the cars have been sold
individually,2 by 2, or 3 by 3. This ambiguity is kept in the
representations) .

CGLF:
[Person: Ned]<- (agent)<-[Sell: {*}@2]-
{
<- (object)<- [Car: {*}@3 @certain];
<- (time)<- [Date: #21/1/2001]; }
FCG:
[3 cars, object of: (2 sells, agent: Ned, time: 21/1/2001)]
FE:
3 cars are object of 2 sells with agent Ned and time
21/1/2001.
KIF:
(forAllN 3 ?c car (forAllN 2 ?s sell
(and (agent ?s Ned) (object ?s ?c) (time ?s '21/1/2001))))
PL:

Jdcars set (cars) A size(cars,3) A Vc € cars
dsells set(sells) A size(sells,2) A Vs € sells

agent (s,Ned) A object(s,c) A time(s,21/1/2001)
RDF:

<kif:Set ID="cars"s><size>3</size></kif:Set>

<rdf:Description aboutEach="#cars">

<rdf:type resource="Car"/>

<object><rdf:Description>

<kif:Set ID="sells"s><size>2</size></kif:Set>

<rdf:Description aboutEach="#sell">

<agent resource="Ned"/> <time>21/1/2001</time>

</rdf :Descriptions>

</rdf :Description></object>

</rdf :Descriptions>
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KIF2:
definition of the ,‘'‘forAllN‘‘' quantifier:
(defrelation forAllN (?num ?var ?type ?predicate) :=
(exists ((?s set)) (and (size ?s ?num)
(truth *(forall (,?var) (<= (member ,?var ,?s)
(and (,?type ,?var) ,?predicate)))))))

Priklad 3-1. Pristupy zapisu urcitej informdcie roznymi pristupmi.

Poziadavky na lexikalne/Strukturalne/ontologické konvencie

Dalej uvedené poziadavky moZeme oznalit za priklady pravidiel, ktoré treba
Standardne dodrziavat’.

Lexikalne pravidla:
= pouzivanie jednotného cisla,
= pouzivanie slova v zakladnom tvare.

Strukturalne pravidla:

= tvorenie jednoduchych viet a vetnych konstrukcii vSade kde to je mozné,
= Specializacia novych kategorii z existujucich ontologit,
= pouzivanie zdkladnych ontologickych primitiv.
Sémantické pravidla:
= preciznost,
= znovu pouzivanie existujucich znalosti.

Poziadavky na mozZnost’ flexibilnych odkazov na kategorie

Tato poziadavka nadvézuje na predchadzajuce pravidla (najmi na znovupouzitelnost)
a to z hl'adiska odkazovania sa inych, existujucich znalosti. Existuje mnoho pristupov,
vzhladom od pouzitej notacie. Najdolezitejsiu értu, ktort musia spiiiat’ vietky pristupy,
je moznost’ presnej referencie konkrétnej polozky bez ohl'adu na to kto ju vytvoril a do
akej kategorie tato znalost’ spada. V tom pripade to znamena umoznenie odkazovania
sa prislusnej znalosti v presnej skupine vytvorenej konkrétnym pouzivatel'om.

PozZiadavky na centralizaciu

Najvacsim nebezpecenstvom z hl'adiska pouzitia previazanych znalosti a odkazovania
sa je moznost vyskytu nekonzistentného stavu, t.j. stavu, v ktorom sa vzajomne
odkazované znalosti medzi sebou odkazovanim vylucuji.

Na rieSenie tohto problému treba potom nasadit’ ontologické zhlukovacie techniky. St
to rdzne semiautomatické algoritmy, kombinované s réznymi heuristickymi pristupmi.
Zameriavaju sa nielen na rieSenie vyskytnuvsich sa problémov, ale najméd na ich
predchéddzanie.

3.2.3 Mechanizmy na zdielanie a spravu znalosti

Vzhladom na moznosti a rozsah internetu treba, aby existovali urcité pravidla, ktoré by
upravovali pridavanie, editovanie, mazanie znalosti a taktiez ich prevdzovanie. Tieto
pravidla ostdvaju zvidcSa platné bez ohladu na to, ¢i ide ojeden ,znalostny
server™ alebo ¢i ide o viacero kooperujucich serverov.
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Zakladné pravidla mozno opisat’ takto:

1.

Pouzivatel méze vymazat kategoriu, odkaz alebo graf (znalosti sa modzu
reprezentovat’ grafom — pozri 3-2) iba ak ich vytvoril a tato operacia nespdsobi
nekonzistentny stav. Pokial’ vymazanu Cast’ pouziva iny pouzivatel’, v skuto¢nosti
nedojde k vymazaniu tejto Casti, ale dojde iba k presunutiu vlastnickych prav na
pouZzivatel’a, ktory danu ¢ast’ pouzil.

Autor kategérie moze modifikovat odkaz pripojeny do tejto kategorie.
Modifikacia odkazu prebehne vytvorenim alternativneho odkazu, pokial’
modifikacia tohto odkazu spdsobuje nekonzistentny stav, pripadne pouzivatel
nema dostato¢né prava na modifikaciu.

. Pouzivatel moze pridavat’ graf alebo odkaz, dokonca aj ked’ nie je autor odka-

zovane] kategorie. Toto pridanie samozrejme nesmie spOsobit nekonzistentny
stav alebo generovat’ nadbyto¢nu znalost'.

Pokial’ d6jde k jednej z predchadzajucich akcii pouzivatel'om, ktory nie je autor,
autora, ktorého sa akcia dotyka, by mali automaticky informovat’. TaktieZ by sa
uvedend zmena mala zaznacit’ do logov.

Pridavanie znalosti

Vychadzajuc z predchadzajiicich poznatkov v budeme v d’alSom texte problematiku
vytvarania a pridavania znalosti prezentovat’ na priklade (pozri obrazok 3-2).

Na zaciatku vytvérania znalostnej bazy moZeme predpokladat’ existenciu vyroku
»Najmenej jeden druh vtika vie lietar'”. Ked'ze tento vyrok existuje ako prvy,
mozno ho automaticky pridat’ do bazy znalosti.

Po tom méze vzniknit poziadavka na pridanie vyroku ,,Najmenej 75% druhov
vtdkov vie lietat ™. Ked’ze oproti predchadzajicemu — existujuicemu vyroku nie je
mozné posudit’ jeho status, prida sa ako d’al$ia nezavisla znalost'.

' 173

Status vyrokov ,, Lubovolny vtdk vie lietat* a ,, Dva druhy vtakov vedia lietat* je
ale na rozdiel od predchadzajiceho vyroku mozné urcit — predstavuju urcité
spresnenie predchadzajicich vyrokov — $pecializuju ich.

) 6

Vyrok ,, Vrana vie lietat.” predstavuje konkrétnu instanciu predchadzajucich
dvoch vyrokov.

) 6«

Posledny vyrok ,, Ziaden druh vtika nevie lietat.“ reprezentuje znalost, ktora sa
vylucuje so znalostami uz zaradenych v baze znalosti, preto na zaklade
uvedenych pravidiel nie je mozné ju pridat’ a d’alej s flou pracovat’.

3.24 Zhodnotenie

V tejto Casti sme predstavili zdkladné Crty a ciele webu so sémantikou. Opisali sme
najvyznamnejSie problematické body, ktoré v sti¢asnosti znemoziujui vyuzitie a priame
nasadenie tejto technoldgie. Zaroven navrhujeme mozné rieSenia, ktorych zvladnutie
by posunulo tito technologiu do roviny, v ktorej by sa mohlo zvazovat jej nasadenie
a priemyselné vyuzitie.

Celkové vyuzitie tejto technoldgie po zvladnuti opisovanych problémov v rozsahu,
v akom sa momentélne predpoklada, vSak ukaze Cas.



55

Najmenej jeden druh | __ yyigeenie- - - Ziaden druh vtaka
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Lubovolny

vtak vie lietat’
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InStancia

Vrana vie
lietat

Obrazok 3-2. Kontrola spravnosti grafu reprezentujuceho znalosti.

3.3 Manazment znalosti na webe so sémantikou

Web vyrazne zmenil dostupnost’ elektronickych informacii. Rastuci pocet dokumentov
na internete stazuje vyhladavanie, pristup, prezentdciu, spravu informacii, ktoré
pozaduje Siroké spektrom pouzivatelov. Systémy pre spravu dokumentov maju dnes
niekol’ko slabych stranok:

1. vyhladavanie informdcii — existujuce vyhladavanie podla klicovych slov mbze
vybrat’ nestvisiace informacie, ktoré obsahuju kl'i¢ové slova v inom vyzname,
alebo sa nenajdu informacie, ktoré patria do h'adaného kontextu, ale neobsahuju
klacové slova,

2. pouzitie informacii — dnes je potrebna praca ¢loveka na to, aby sa z informac¢nych
zdrojov dali vytiahnut’ len relevantné informéacie a tie pouzit’ d’alej,

3. spravovanie velkych zle Struktirovanych textovych zdrojov je pracné a ¢asovo
narocné,

4. automatické generovanie dokumentov by malo umoznit adaptivnost dynamic-
kych webovych stranok.

Vicsina elektronickych informdcii je zle Struktirovanych a na roznych médiach. Firmy
si zvykli na to, Ze ich intranety sa stali hodnotnym uloziskom firemnych znalosti.
Problémom je sprava tychto informacii, aby boli pre firmy pouzitelnymi znalost’ami.

Tim Berners-Lee (Berners-Lee et al., 2002) predstavil viziu webu so sémantikou, ktory
poskytuje automatizovany pristup k informaciam zalozeny na strojovo spracovatelnej
sémantike dat a metadat. Explicitnd reprezentacia dat na zaklade doménovych tedrii
(ontologii) posunie web do vyssej kvalitativnej trovne.

Ontologie (Fensel, 2001) st kli¢ovou technologiou pre web so sémantikou. Pojem
vnikol (v tomto vyzname) v umelej inteligencii. V poslednych rokoch sa stali popular-
nou vyskumnou témou. Dovod je vo vzdjomnom a spolo¢nom pochopeni informacnej
domény medzi 'ud'mi a strojmi.
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Europsky projekt IST-1999-10132 On-To-Knowledge * obsahuje vyvinuté metody
a nastroje s ontologickym pristupom pre manazment znalosti. Tieto nastroje pomozu
pracovnikom firiem pristupovat’ k firemnym informa¢nym uloziskdm efektivne,
prirodzene, intuitivne.

3.31 Nastrojové prostredie pre manazment znalosti zalozeny
na ontolégiach

Hlavnym vystupom projektu On-To-Knowledge je sada softvérovych ndstrojov.
Nastroje st integrované do 3-vrstvovej architektary:

1. horna pouzivatel'ska vrstva
2. stredna vrstva (middleware)
3. spodna vrstva vyberu informacii

Kazdy nastroj reprezentuje istii funkcionalitu. Celda sada nastrojov je postavena na
zaklade DAML+OIL, RDF’.

RDFferret: plnotextové vyhPadavanie — pouZivatel’sky nastroj

Je to kombinécia plnotextového vyhladavania a dopytovania cez RDF. Zdroje
informacii s RDF metadatami sa dopliiaja so zdrojmi informacii bez RDF metadat.
RDFferret sa moze pouzit’ ako bezny internetovy vyhladavac. Zadaju sa kl'uCové slova
alebo fraza, otdzka v prirodzenom jazyku a vyhladava¢ poskytne zoznam odkazov
na relevantné webové stranky ato len vybraného typu. Doménové znalosti pre
RDFferret su vo forme ontologii Specifikovanych ako RDF schémy.

OntoShare: podpora komunit — pouzivatel’sky nastroj

Umoznuje uloZenie praktickych informacii na zaklade ontologie a najpouzitelnejSej
informacie relevantnej pre spolupracovnikov. Ontolégia pomédha novym
spolupracovnikom orientovat sa vo svojej doméne a nazbieranych praktickych
skusenostiach. Poskytuje Struktiru ajazyk pre spolo¢né pouZivanie v skupine
(komunite, pospolitosti). Kazdy pouzivatel' (¢len komunity) méze modifikovat’ cast
ontoldgie.

Spectacle: prezentacia informacii — pouzivatel’sky nastroj

Je to podklad pre prezentaciu obsahu, pomdcka pre pouzivatel'ov systému. Prezentacia
(Struktirovanie, formatovanie, vykreslenie) je vhodne pripravend pre kazdého
konkrétneho pouzivatela. Prezentuje sa obsah databaz, ulozisk dokumentov a inych
firemnych informac¢nych zdrojov atiez sémantika informacii zo zdrojov webu
so sémantikou. Nastroj pozostdva zo servera a programatorskych kniznic pre
generovanie prezentacii. Nastroj transformuje pre pouzivatela ulohu zbierania
informacii ziskanych z vyhladdvania na tulohu prehliadania ziskanych informacii
s pomocou heuristik. Spectacle poskytuje prezentacie v dvoch formach:

1. hypertextovy vystup

2. graficka vizualizacia

* http://www.ontoknowledge.org
> http://www.daml.org, http://w3c.org
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OntoEdit: vyvoj ontolégii — pouZivatel’sky nastroj pre inZiniera znalosti

Je to prostredie pre vyvoj v pracovnej skupine, ktoré je I'ahko rozsirite'né cez ramcovy
systém doplnkov. Tento graficky nastroj je ndpomocny pre vyvojarov ontoldgii
v kazdom kroku prace. Umozituje modelovanie nezavisle od konkrétnej reprezentacie
jazyka. Poskytuje jednoduchy editor inStancii pre vkladanie faktov podl'a modelovanej
ontologie.

Konceptualny model ontolégie je uloZeny v internom formate, ktory moze byt
preneseny do inej reprezentacie, napr. DAML+OIL, RDF, RDFS. Ontologie mézu byt
pouzité nastrojom Sesame. Doplnky néstroja OntoEdit:

=  OntoKick — priprava Specifikdcie ontologie
=  Mind2Onto — priprava poloformalnej Struktiry ontologie

Ontology Middleware Module — integrujuca platforma
Tento modul predstavuje administratorské prostredie, aby sa rozne nastroje pre
manazmentu znalosti 'ah$ie integrovali do redlneho prostredia. Hlavné funkcie st tieto:
= riadenie zmien, verzii pre ontologie (OntoView),
* riadenie pristupu, bezpecnosti,
= metainformacie pre ontologie, Specifické zdroje (triedy), tvrdenia (fakty).

Modul integruje d’alSie nastroje a technologie: Sesame, DAMLAOIL, HTTP, RMI,
SOAP.
OntoView: riadenie zmien v ontolégiach — stredna vrstva

Vytvara aspravuje interni S$pecifikaciu vztahov medzi réznymi verziami jednej
ontologie. Specifikacia obsahuje metadata o zmenach (autor, ¢as), konceptuélne vztahy
medzi verziami ontologie, transformacie medzi verziami ontoldgie. Porovnavacie
funkcie rozliSuju tieto typy zmien:

= zmeny mimo logiky (v prirodzenom jazyku),

= zmeny v logickej definicii konceptu ontoldgie zasahujice do formalne;j
sémantiky,

= zmeny nazvoslovia (identifikatorov),
= pridanie definicii,
= odstranenie definicii.

Sesame: uloZisko pre ontoldgie a pre data — stredna vrstva

Je to systém pre trvalé uchovanie RDF dat a schém a pre poskytovanie informacii za
chodu. Systém Sesame je implementovany v jazyku Java, aby bol prenositelny na
viaceré pocitacové platformy. Prenositelnost’ systému pre ukladanie je umoznena
pomocou Standardizovaného API — pouzit’ mozno akykol'vek systém, ktory uklada
RDF trojice, napr. DBMS. Podporovany je jazyk RQL pre RDF data, RDF schémy,
RDF grafy. Sesame® je vytvorené pod licenciou GNU LGPL.

% Sesame, http://sourceforge.net/projects/sesame/
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CORPORUM: vyber a uschova informacii — spodna vrstva

Sada nastrojov CORPORUM ma dve hlavné tlohy — interpretacia textu v prirodzenom
jazyku a vytiahnutie $pecifickych informécii z vol'ného textu. Druhd tloha si vyZaduje
zésah Cloveka pre tispesnu ¢innost’.

CORPORUM pozostava z dvoch Casti:
=  OntoExtract
=  OntoWrapper

Vybrané informacie sa zapisuji v RDF(S)/DAML~+OIL. Pridaju sa vhodné metadata
(Dublin Core Meta Data). Potom sa uloZzia do uloziska Sesame.

3.3.2 OIL: odvodena vrstva pre web so sémantikou

OIL (Fensel et al., 2000) je jazyk pre reprezentaciu ontologii. Zakladné poziadavky na
jazyk OIL:

1. dostato¢na vyjadritel'nost’ pre aplikacie a tilohy spomenuté vyssie,

2. dostato¢na formalizacia pre strojové spracovanie,

3. integracia s existujicimi webovymi technoldgiami a Standardami.
Tento jazyk navrhli tak, aby kombinoval ramcové modelovanie, lepSiu vyjadritelnost,
formalizmus a automatizované strojové spracovanie deskripcnej (opisnej) logiky. Jazyk
OIL je vhodny aj pre web, pretoze pouziva aj XML, aj RDFS, aj formalizovanu l'udsky
¢itatelni formu. Ramcova Struktura jazyka OIL je zalozend na XOL (XML-based
ontology exchange language). Jazyk OIL obsahuje triedové vyrazy (boolovské
kombinacie tried), parové obmedzenia, definicie tried (rdmce), relatné vlastnosti,
axiomy pre triedové vyrazy.
Webové prostredie

RDF Schema je vel'mi jednoduchy jazyk pre ontologie od W3C uréeny pre pouZitie vo
webe so sémantikou. Tento jazyk poskytuje prostriedky na definovanie mien tried
a vlastnosti, axiomy pre triedy a vlastnosti, doménové arozsahové obmedzenia
vlastnosti. Instancie tried a vlastnosti si definované v RDF. Jazyk OIL je nadmnoZinou
konstrukcii z RDF Schema.

Urovne jazyka OIL
1. Core OIL (prienik Standard OIL a RDFS)
2. Standard OIL (neuplnd nadmnozina RDFS)
3. Instance OIL (Standard OIL + instancie)
4. Heavy OIL (Instance OIL + d’alSie buduce rozsirenia)

Jazyk OIL prijala spojena EU-USA iniciativa, ktora vyvinula jazyk DAML+OIL
a Standardizovany W3C. Dalej W3C vyvija jazyk OWL (Ontology Web Language).
3.3.3 Firemné aplikacie v sémantickom pristupe k informaciam

Vyvoj nastrojov v projekte On-To-Knowledge bol silne motivovany niekolkymi
pripadovymi §tudiami z firemného prostredia.
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Metodologia projektu On-To-Knowledge

Vychodisko je v pripadovych (uskutocnitelnych) stidiach — rozhodovanie chod?/
nechod’, identifikacia pouzivatelov, cielovd doména. PokraCuje sa v pociatocnom
nacrte ontoldgie — Specifikacia poziadaviek, analyza zdrojov znalosti (vstupny slovnik),
vytvorenie poloformalnej definicie ontologie. Dalsim krokom je &istenie definicie
ontoldgie — odhalenie znalosti doménovymi expertmi, formalizcia (napr. OIL).

Cielova ontologia sa posunie do fazy vyhodnocovania — kontrola poZiadaviek,
testovanie na cielovej aplikacii, analyza vzorov pouzitia. Na zaklade ontologie sa
vytvori aplikacia, ontologia sa udrziava idrzbou — zodpovednost, d’alsi vyvoj.
VyhPadavanie informacii

Jednu firemnu pripadovt Stidiu vytvorila spolo¢nost’ Swiss Life. Problémom bolo
vyhladavanie relevantnych casti textu vo velmi vel’kom dokumente o medzinarodnych
uctovnych Standardoch na extranete. Ontologia vznikla automaticky naucenim
z dokumentu. Aplikacia pomohla pouzivatelovi preformulovat’ otazku pomocou

pontknutych vyrazov z ontoldgie. Ontologia bola Struktirne jednoducha a velmi
zlepsila vysledky vyhl'adavania.

ManazZzment zruc¢nosti

Druha pripadova Stidia spolocnosti Swiss Life bola aplikacia na spravu zru¢nosti,
pracovnych zaradeni, dosiahnutého vzdelania zamestnancov. Aplikacia pouzivala
ru¢ne konStruovani ontoldgiu. Zarucend bola jednotnost’ terminoldgie zadavanych
udajov. Aplikacia umoznovala rychle vyhl'addvanie potrebnych informécii.

Vymena znalosti vo virtualnej organizacii

Pripadova Studia, ktorti realizovala spolo¢nost’ EnerSearch AB sa zamerala na
vyhodnocovanie obchodnej hodnoty vysledkov projektu s prihliadnutim na potreby
virtudlnej organizacie. Cielom bolo zlepSenie transferu znalosti medzi rezidentnymi
zamestnancami a externistami cez existujicu webovi stranku, tiez pomoc partnerom-
akcionarom ziskavat' aktualne informacie o vyskume a vyvoji. Zameranie bolo na
inteligentné plnotextové vyhladavanie v textoch na webovej stranke. Pouzity bol
vyhladavac RDFferret.

3.3.4 Zhodnotenie

WWW a firemné intranety zvacsili potencial ziskavania a poskytovania elektronickych
znalosti. Projekt On-To-Knowledge je nevyhnutym krok v procese inovativnych
nastrojov pre spracovanie sémantiky.

Tento projekt a stivisiace nastroje sa zameriavajl na tri aspekty:

1. Ziskavanie, vytvaranie ontoldgii a prepdjanie ontologii s vel'kym mnozstvom dat.
Kwvoli rozsiritenosti musi byt tento proces automatizovany vo vybere informacii
a spracovani prirodzeného jazyka. Aby bola zarucena kvalita, je nutny vstup
¢loveka pri zostrojovani ontologii.

2. Ukladanie a sprava ontoldgii a ich instancii. Vyvinuli uloZisko postavené na jazy-
ku RDF Schema, ktoré poskytuje databazu.

3. Prehladavanie sémanticky obohatenych informacnych zdrojov.

Vyvinutd technologia sa testovala na viacerych pripadovych stadiach. Je funkéna.
Praca ma aj pozitivne teoretické dosledky. Pocitace su schopné spractivat’ informacie
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so strojovo spracovatelnou sémantikou. Sémantika prirodzeného jazyka sa da transfor-
movat’ do strojovo spracovatelného tvaru.

3.4 Ontolégia — objavovanie taxonomickych relacii
z webu

Web vo svojej sucasnej forme zaznamenal vyznamny uspech zvysSenim poctu
pouzivatelov a zvdéSenim zdrojov informacii. AvSak, vzrastajuca komplexnost’ webu
sa neprenasa do suCasného stavu webovych technologii. Tazkosti s pristupom,
extrahovanim, interpretaciou, udrzovanim informacii zostavaji na pouzivatel'ovi.

Tim Berners Lee — vynalezca webu — predstavil viziu webu so sémantikou. Web
so sémantikou prinesie usporiadanie obsahu webovych stranok, rozsiri sti¢asny web,
v ktorom informacia bude mat’ presne definovany zmysel. Web so sémantikou bude
schopny podporovat’ automatické sluzby zalozené na sémantickom predpise. Tieto
predpisy sa ukazuji byt klucovym faktorom v hladani vychodiska vzrastajiceho
problému spéjania rozsirujiceho sa webového priestoru, kde vicsSina zdrojov webu sa
da najst’ v sucasnosti iba cez kl'ucové slova.

Ontologie sa ukazali byt spravnou odpovedou na problémy tym, ze poskytuju
formélnu konceptualizaciu osobitnej domény, o ktoru sa deli skupina l'udi. V kontexte
webu so sémantikou ontoldgia opisuje tedrie domén pre explicitnu reprezentaciu
sémantiky dat. Web so sémantikou zavisi od formalnej ontologie, ktora vytvara
Struktiru datam, ktoré st jednotné, prenosné a strojom pochopitel'né.

Napriek tomu, ze nastroje ontologického inzinierstva sa za poslednych desat’ rokov
vyvinuli, ruéna stavba ontoldgii zostdva tinavnou, tazkopadnou ulohou, ktorda moze
'ahko vyustit’ do ziskavania uzkeho profilu znalosti.

Uspech webu so sémantikou velmi zavisi od rozsirenia ontolégie. V tejto Casti sa
budeme zaoberat' zakladnou cCastou ontologického inZinierstva, menovite rozvojom
taxonomického zakladu ontologie. Cielom je podat’ prieskum existujucich prac na
ucenie taxonomickych relécii z textov a priklad, aky mdze mat’ tento pristup prinos.

Na zaciatku uvedieme prieskumy existujucich prac (Meadche & Staab, 2001, Staab et
al., 2001, Sure et al., 2002). Budeme sa zaoberat’ symbolickym a Statisticky zaloZzenym
pristupom. Rozdiel medzi nimi je, ze Statisticky zaloZeny pristup umoziuje lepsie
vyhodnotenie, meranie, ale symbolicky pristup mdze byt nakoniec preciznejsi (Zhong
et al., 2003). Cielom prace je zosuladenie medzi tymito dvomi pristupmi a navrh
novych algoritmov, ktoré budu detailne opisané a na prikladoch zhodnotené.

3.41 Prehlad symbolickych pristupov

Myslienku vyuzivania lexikalno-symbolickych vzorov vo forme regularnych vyrazov
pre extrahovanie sémantickych relacii v osobitych taxonomickych relaciach predstavil
Hearstom v (Hearst, 1992).

Pristupy zalozené na vzoroch su vo vSeobecnosti heuristickymi metédami
vyuzivajucimi regularne vyrazy, ktoré povodne uspesne aplikovali v oblasti extra-
hovania informacii v (Hoobs, 1993). V lexikalno-syntaktickej ontologii ucebny pristup
k textu vytvara predstavu pre pripady rozliénych lexikalno-syntaktickych vzorov, ktoré
naznacuju reldciu zaujmu napriklad taxonomickd relaciu. Hlavnd myslienka je
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jednoducha. Definovat’ regularny vyraz, ktory zahfiia znovuvyskytujice sa vyrazy a
mapuje vysledky vyrazov k sémantickej Strukture.

Priklad: tieto priklady poskytuji vzorku vzorov, ktoré su zaloZzené na scenari
ontologickej extrakcie. Napriklad v (Hearst, 1992) jeden lexikalno-syntakticky vzor sa
uvazuje v tvare:

..NP { NP} *{, } or other NP ...

Ak aplikujeme tento vzor na vetu, moézeme dospiet’ k zaveru, ze NPs, ktoré sa vztahuju
na zakladni myslienku nalavo od or other su podmnoziny zakladnej myslienky NP,
ktora je napravo od or other.

Napriklad veta:

Modriny, rany, zlomené kosti alebo iné zranenia su bezné.

Extrahované taxonomické relacie su: ( modrina, zranenie ), ( rana, zranenie ),
( zlomena kost, zranenie ).

V (Hearst, 1992) sa vzory definovali manualne, o zaberalo vela ¢asu a vznikalo vel'a
chyb. V (Morin, 1999) bola praca navrhnuta, podl'a (Hearst, 1992) a roz§irena pouzitim
symbolickych néstrojov strojového ucenia na zlepsenie lexikalno-syntaktickych vzorov.
V tejto zakladnej myslienke prezentovali systtm PROMETHEE, ktory podporuje
poloautomatické ziskavanie sémantickych relacii a zlepSenie lexikalno-syntaktickych
VZOTOV.

Praca (Assadi, 1999) nam podava spravu o praktickom experimente konstrukcie
regionalnej ontoldgie planovania elektrickych komunikaénych sieti. Opisal zhlukovaci
pristup, ktory kombinuje lingvistické a konceptudlne zdsadné kritérid. Prikladom je
vzor NP, line, ktorého vysledkom po modifikacii st dve kategorie.

Faure a Nedellec v (Faure & Nedellec, 1998) prezentovali systém strojového ucenia
nazvany ASSIUM, ktory umozZiuje ziskavanie taxonomickych relacii zo syntaktickych
rozborov. ASSIUM sa zaklad4 na konceptuadlnom zhlukovacom algoritme. Zakladné
zhluky st formované na zakladnych slovach, ktoré sa vyskytuju s rovnakym slovesom
apo rovnakej predlozke. ASSIUM uspesne zhromazd'uje zhluky na formovanie
novych konceptov a hierarchie konceptov z ontoldgie.

ZlepSenie taxonomickych relacii

Hahn a Schnattinger v (Hahn & Schnattinger, 1998) predstavili metodologiu pre
podporu a zlepsenie doménovo Specifickych taxonomii. Ontologia sa inkrementalne
obnovuje ako sa ziskaji nové koncepty zredlnych textov. Prinos tohto procesu sa
zameriava i na lingvistické a konceptudlne kvality roznych foriem evidencie, ktora
tvori zaklad produkcie a zlepSenia hypotéz konceptov. Osobitne zvazuju sémantické
konflikty a analogické sémantické Struktiry zo zakladnych znalosti do ontoldgie
v snahe rozhodnit' o kvalite ur¢itého navrhu. Takto roz§iria existujiicu ontologiu
o koncepty a taxonomické relacie medzi konceptami.

System CAMILLE Contextual Acquisition Machanism for Incremental Lexeme
Learning vynasli ako prirodzeny jazyk, ktory rozumie systému. Napriklad ak sa
dostane na slovo, ktorému nerozumie, Camille sa snazi vyvodit’ zaver, aby sa dozvedel
vSetko o vyzname slova (Hastings, 1994). Ak je nezndmym slovom podstatné meno,
sémanticky limitujiice faktory na poskytnuté slovesa davaju uzitocné limity, ktoré sa
tykaju vyznamu podstatného mena. Ucenie neznamych slovies je obtiaznejSie, teda
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ziskavanie slovies bolo stredobodom pozornosti vyskumu Camille. Camille testovali
na niekol’kych skutoénych svetovych doménach znamymi metédami ziskavania bodov
za preciznost’ a rozpamitanie. Rozpamitanie sa definovalo ako podiel v percentich
spravneho hypobooku..Hypobook povazovali za spravny, ak jeden z konceptov
v hypobooku zamieril ciel'ovy koncept. Presnost’ je celkovy pocet spravnych konceptov
deleny poctom konceptov vytvorenych v celom hypobooku. Cammile dosiahla
rozpamétanie 42% a prednost’ 19% na sade 50 ndhodne vybranych viet obsahujticich
17 r6znych slovies.

3.4.2 Statisticky pristup

Postup na urovanie taxonomickych relacii ztextov zakladajici sa na Statistike
prezentovali viaceri autori. Medzi najznamejSie prace patri praca (Kaufman &
Rousseeuw, 1990), kde autori definovali zhlukovanie ako proces organizujuci objekty
do skupin, v ktorych ¢leny jednotlivych skupin su si podobné. Definovali dva zakladné
styly zhlukovania:

1. nehierarchické zhlukovanie, v ktorej kazdy objekt je presne zaradeny do jednej
skupiny,

2. hierarchické zhlukovanie, v ktorej kazdda vhodna skupina sa skladd z mensSich
podskupin. Na detailnl analyzu dat sa viac pouzivaju hierarchické zhlukovacie
algoritmy.

V roku 1993 napisali pracu (Periera et al., 1993). Autori vykonali zhlukovanie slov
anglického slovnika.

V praci (Maanning & Schuetze, 1999) definovali dva zakladné pristupy hierarchického
zhlukovania:

= hierarchické aglomerativne zhlukovanie zdola nahor
» hierarchické divizne zhlukovanie zhora nadol.

Hierarchické aglomerativne zhlukovanie zdola nahor

for i:= 1 to n do
ki:= X5 .

end for

K:= {kl, ...,kn}.

j:= n+l.

while K| > 1 do
(knllkn2) $=argmax ku,kv)ek x K Sim(ku’kv) °
kj = kn1Ukn2'

K:= K\{knl,knz}u{kj}-

j:= J+1.

end while

Priklad 3-2. Hierarchicky zhlukovaci algoritmus zdola nahor (Zhong et al., 2003).

Vstup: X ={xy,...,Xy} je kone¢nd n-prvkova mnozina objektov.
Miera podobnosti medzi objektami: funkcia sim 2* x 2* — R

Vystup: hierarchicky systém zhlukov
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Postup:

= Zadefinuje sa miera podobnosti medzi objektami — kazdy prvok tvori osobitny
jednoprvkovy zhluk.

= Pokial’ nie je splnend podmienka (vSetky objekty jeden zhluk) vyberu sa dva naj-
podobnejsie zhluky a zlucia sa. Vytvori sa novy rozklad Q;, kde i je zluCovacia
hladina.

Tymto sa postupne vytvara podobnostny strom. Grafickym znazornenim podobnostné-
ho stromu je dendrogram:

=  Os x predstavuje mnozinu zhlukovacich hladin
= Os y poradové Cisla zhlukovacich objektov

Hierarchické deliace zhlukovanie zhora nadol

K:= {X} (=k1)

ji= 1.

while Jk; € K s.t.|k;| > 1 do
ky:= argmin k,x coh(k,)

Wi =
kj+ll kj+2) = Spllt (ku)
K:= K\ {ku}u{ kj+1l kj+2}
Ji= j+2.

end while

Priklad 3-3. Hierarchicky zhlukovaci algoritmus zhora nadol (Zhong et al., 2003).

Z jedného zhluku sa vytvori hierarchicky systém zhlukov postupnym delenim zhlukov.
Vstup: X ={Xi,...,Xn} je kone¢na n prvkova mnoZzina objektov
* Funkcia coh: 2* — R suvislost’
* Funkcia split: 2* x 2* — 2 rozdelenie
Vystup: hierarchicky systém zhlukov
Postup:
= Zadefinuje sa miera podobnosti
= Nacita sa matica vzdialenosti v§etkych dvojic objektov
= Vypocita sa priemerna vzdialenost’ vSetkych objektov od ostatnych

= Lokalizuje sa objekt s najvac¢Sou priemernou vzdialenost'ou — tento je zakladom
nového zhluku. Prvky sa rozdelia do dvoch zhlukov.

= Po skonceni delenia jedného zhluku sa vyberie d’alsi, ktory sa deli na dva zhluky.
= Delenie kon¢i, ak st zhluky jednoprvkové

Podobnost’ dokumentov

Kosinusovda miera podobnosti, alebo normalizovand korelacia koeficientov medzi
dvomi vektormi X a y je dana vzt'ahom:
Ly
xeX,yeY

y
cos(x,y) = - 5
V2o X 2er Y
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Nech st dané funkcie p(x), q (x), pravdepodobnost’ ich entrdpie vypocitame:

_ px)
D(pllg)=Y._, p(x)log 0

Priklad (Zhong et al., 2003):
Zistovanie podobnosti medzi pojmami HOTEL a ACC.=ACCOMMODATION

ID HOTEL ACC ADDRESS |WEEKEND |TENNIS

HOTEL 0 14 7 4 6
ACC 14 0 11 2 5
ADDRESS 7 11 0 10 3
WEEKEND 4 2 10 0 5
TENNIS 6 5 3 5 0

Pojem HOTEL je dany vektorom x" = (0,14,7,4,6)

Pojem ACCOMMODATION je dany vektorom y' = (14,0,11,2,5)
(7*11+4*2+6%*5)
101*150
Pravdepodobnost’ vyskytu pojmu HOTEL je dana (0,0.45,0.22,0.13,0.19)

Pravdepodobnost’ vyskytu pojmu ACCOMMODATION je dana
(0.44,0,0.34,0.06,0.16)

D(HOTEL || ACCOMMODATION) = 0.22%(0.22/0.34)+ ...+0.19%(0.19/0.16) ~0.65

cos(x,y) = = 0,93

3.4.3 Experimenty

Casto pouzivanou metédou na hl'adanie taxonomickych relacii je metoda najblizsich
susedov (kNN) (Hearst & Schiitze, 1993).

Metoda najblizsich susedov:

= podla zvolenej funkcie podobnosti vyhl'add k najbliz§ich susedov z trénovacej
mnoziny,
» na zaklade tried priradenych najblizSim susedom a podobnosti uréi skore
dokumentu,
= ak skore prekroc¢i dant hranicu, dokument sa zaradi do prislusnej triedy.
Podobnou metédou je metdda zalozena na kategorizacii (Resnik, 1993). Dalsimi

metddami, ktoré sa pouzili na experimenty su centroidnd metdda (Periera et al., 1993),
stromova zostupna a stromova vzostupna metoéda (Meadche & Staab, 2000).

Na experimenty pouzili ontoloégiu z projektu GETESS — 1999. Ontologia obsahovala
1052 slov a fraz, ktoré rozdelili do 182 tried. Data, ktoré pouzili na experiment boli
webové stranky hotelov po celom svete — cca 988 000 slov.

Slova podl’a frekvencie rozdelili do troch skupin: 0 — 40, 40 — 500 a viac ako 500.
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Pouzili sa miery podobnosti:
= JC - Jacquard coeficient,
= LI -LI metrika,
= SD - Skew,

= Divergence.

Tabulka 3-1. Metéda kNN, k=30 (Zhong et al., 2003).

0-40 40-50 >500 Overall
JC 33773/.17142 | .33924/.15384 | .40181/.12457 | .37044/.15211
L1 .33503/.16428 | .38424/.21025 | .38987/.14471 | .37636/.17195
SD .31505/.14285 | .36316/.18461 | .45234/.17845 | .38806/.17063

Tabulka 3-2. Metoda zaloZena na kategorizacii (Zhong et al., 2003).

0-40 40-50 >500 Overall
IC 26918/.12142 | .34743/.17948 | .47404/.28282 | .37554/.2023
L1 .27533/.125 41736/.25128 | .56711/.38383 | .43242/.26190
SD .28589/.12857 | .34932/.18461 | .51306/.31649 | .39755/.21957

Tabulka 3-3. Centroidnad metoda (Zhong et al., 2003).

0-40 40-50 >500 Overall
IC .17362/.07831 | .18063/.08119 | .30246/.14434 | .22973/.10714
L1 21711/.09793 | .30955/.13938 | .37411/.1687 .30723/.12698
SD .22108/.09972 | .23814/.11374 | .36486/.16147 | .28665/.10714

Tabulka 3-4. Stromova zostupnd metoda (Zhong et al., 2003).
0-40 40-50 >500 Overall

JC .00726/0 .01213/.00512 | .02312/.0101 .014904/.005291
L1 .08221/.03214 | .05697/.02051 | .21305/.11111 | .128844/.060846
SD .08712/.03214 | .07739/.03589 | .16731/.06734 | .011796/.047619

Tabulka 3-5. Stromova vzostupnd metoda + kNN, k=15 (Zhong et al., 2003).

0-40 40-50 >500 Overall
IC .32112/.075 .33553/.0923 40968/.08754 | .36643/.08597
L1 .33369/.07142 | .34504/.0923 42627/.09764 | .38005/.08862
SD .31809/.06785 | .32489/.05128 | .45529/.11111 | .38048/.08201
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Tabulka 3-6. Stromova vzostupnd metoda + kNN, k=30 (Zhong et al., 2003).

0-40 40-50 >500 Overall
JC 34444/.16428 | .35858/.14358 | .41260/.10774 | .38215/.14021
L1 35147/.16428 | .36545/.15384 | .41086/.11784 | .38584/.14682
SD .32613/.13571 .36485/.1641 45732/.16498 | .39456/.1574
3.4.4 Zhodnotenie

Ciel'om tejto prace bolo:

= Rozvoj

taxonomického zakladu ontologie.

Taxondémia

systematické triedenie a opis javov urcitej Specifickej oblasti.

»  Prieskum existujiicich prac. Opis réznych pristupov na rieSenie problému —

1. symbolicky pristup, 2. Statisticky pristup.

» Experimenty a navrh novych kombinovanych algoritmov.

Vysledkom prace je zostladenie analyzovanych postupov a navrh novych algoritmov

sa definuje ako

pre rozvoj taxonomie zahfiajlci existujice taxonomické relacie ako povodné znalosti.

NajlepsSie vysledky experimentov sa dosiahli pri kombindcii stromovej vzostupnej

metddy s metddou kNN pri k=15 (Zhong et al., 2003).




4 INFRASTRUKTURA
PRE WEBOVE
INTELIGENTNE
SYSTEMY

Rychlym rozsirenim osobnych pocitacov za poslednych pétnast’ rokov sa radikalne
zmenil svet nejedného z nas. To, ¢o kedysi bolo nepredstavitelné, ako napriklad
okamzity pristup k terabajtom dat a ich prehl'addvanie za niekolko sekind, je dnes
realitou. Maloktory pouzivatel' si vSak uvedomuje, Ze za tieto sluzby vd’aéi nielen
,hmatateI'nému* hardvéru, ale najme sofistikovanym algoritmom softvéru.

Problém minulosti s nedostatkom informaécii, sa postupom ¢asu pretransformoval na
problém vyhladévania informacii medzi obrovskym mnozstvom dat, ktoré mame
v stéasnosti k dispozicii. Najdené informacie velmi Casto nie su zaujimavé len pre
jedného koncového pouzivatela, ale aj mnozstvo pouzivatel'ov v jeho okoli (informacie
o praci, zabave a podobne). Tieto informacie ma preto vo vicsine pripadov zmysel
Hposunut™ blizS§ie k pouzivatelom. Prave na to vyuzivame jednu z najcastejSie
vyuzivanych ,neviditelnych* sluzieb — sluzbu predpripravy, a to na takmer kazdej
urovni vyuzitia Sirokého spektra vypoctovych prostriedkov. Algoritmy na vyhla-
davanie a predpripravu patria medzi najvyuzivanejsie algoritmy vo vSeobecnosti, prave
preto je vhodné im venovat’ aj primerant pozornost’.

41 Algoritmické aspekty webovych inteligentnych
systémov

Celosvetova pavucina sa stala v poslednej dekade jednou z najvyznamnejsich oblasti
vyskumu. M4 mnoho spolo¢ného s tradiénymi oblastami vyskumu, no sucasne tu
nachadzame mnoho odliSného a web otvara nové vyzvy pre vyskumnikov. Ako priklad
mdze sluzit nahlad na web ako na velkl distribuovani databazu. Web sa vSak od
tradi¢nych databaz podstatne liSi spésobom, ako sa ukladajii informacie, velkostou,
poctom pouzivatelov, ktory sicasne k webu pristupuju.

Tato praca sa zaobera algoritmickymi aspektami webovych inteligentnych systémov.
Tieto aspekty sa opisuju na konkrétnom systéme, ktorym je online portal zdbavy
s nazvom myFreddy. MyFreddy vystavali na konceptoch z viacerych oblasti vyskumu:
ide o strojové ucenie a Statistiku, teoriu agentov a na myslienkach efektivnej a rychlej
manipulacie s datami a pritulného pouzivatel'ského rozhrania.
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MyFreddy vytvorili ako webovu pospolitost’ zalozend na hlasovani pouzivatelov.
KIiacovymi vlastnost'ami systému su:

»  podpora viacerych typov ddt. Podporuje sa je niekol'ko typov dat (text, obrazky,
zvuk, video) a jazykov;

= Pahka navigacia;
» obsah sa cerpa vylucne od pouzivatelov. Pouzivatel'ské rozhranie umoznuje
pouzivatelom pridavat do systému rdzny obsah. Na druhej strane pouzivatel

mdze monitorovat’, ako obsah, ktory pridal, d’alej prijimaju ostatni na zaklade ich
hlasovania;

» zdbavny obsah. Obsah sa zredukuje na taky, ktory produkuje zabavu: anekdoty,
komiksy, kreslené vtipy;

* jadrom systému je vizualny webovy agent;

»  rozSirend analyza dat. Sucastou portalu st algoritmy narabania s datami a ana-
lyzy zbieranych dat: vyber nasledujiceho dokumentu na hlasovanie, odporacanie
dokumentov pouzivatelom, predpovedanie hlasovania, zdruzovanie pribuznych
dokumentov.

41.1  Strucény opis systému

Pokial’ ide o pouzivatel'ské rozhranie, v MyFreddy pouzivatel’ musi hlasovat’ pre kazdy
pontknuty objekt na to, aby mohol vidiet’ d’al$i. Hlasovanie je povinné na to, aby si
pouzivatel’ mohol prezerat’ obsah sidla. Ma to vyhodu v tom, Ze takto sa zozbiera dos-
tatoCné mnozstvo dat, ktor¢ charakterizuji pouzivatel'ov a daja sa d’alej pouzit.

Dajme tomu, ze po prihlaseni sa do systému si pouzivatel' zvolil volbu Jokes.
Pouzivatel'ovi sa zobrazi stranka, na ktorej sa uz pontka jeden vybraty vtip, za ktory
mdze hlasovat’ vol'bou od 1 do 10 Na zéklade jeho hlasovania sa mu vyberie a zobrazi
dalsi vtip, za ktory méze opét hlasovat. Na tejto stranke st tiez odkazy, pomocou
ktorych pouzivatel moze pridat novy vtip, poslat’ vtip priatelovi, najst’ pribuzné
dokumenty, ¢i predpovedat’ hlasovanie. Ak si pouzivatel' zvoli volbu Related, tak sa
mu zobrazi stranka podobna tej na obrazku 4-2. Tu si pouzivatel moze vybrat’ jeden
z troch algoritmov na nacitanie r6znych typov pribuznych dokumentov.

Obrazok 4-3 predstavuje pouzivatel'ovu osobnl stranku, na ktorej moZe monitorovat’
hodnotenie nim zadanych napr. vtipov. Je tu napriklad vidiet’ pocet jednotlivych hlasov
pre kazda znamku od 1 po 10 a tiez priemerna znamka, ¢i celkovy pocet hlasov, ktoré
vtip dostal.

Pokial' ide o vykonnost’, opisovand aplikacia je typu zdkaznik-obsluha, ¢o znamena
velka zataz servera, predovSetkym pre charakter implementovanych algoritmov.
V tomto smere méze znacne pomoct caching. Netyka sa hlavnej pamiti, pretoze
programova inStancia je v paméti len pocas konstrukcie tej-ktorej stranky, po jej
vytvoreni je alokovand pamét uvolnena. Caching sa tyka databazy; data sa do cache
pamdti uchovavaji pocas toho, ¢o si pouzivatel prehliada rézne stranky. Ako priklad
mdze slizit mnoZzina odporucanych dokumentov - st vypocitané raz, ked o to
pouzivatel’ poziada a zostavaju v cache pamiti a pouzivatel méze cez ne prechadzat
bez plytvania zdrojmi.
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B

Obrazok 4-2. Odporucenie pribuzného dokumentu pouZitim roznych pristupov
(zdroj: Zhong et al., 2003).

Pokial’ ide o autentifikaciu pouzivatel'ov, si dva typy pouzivatelov. Prva skupina sa
hlasi do systému cez login/password systém. Je to vyhodné pre pouZzivatelov, ktori
pristupuju do systému nie iba raz, ale viackrat, napr. pre priddvanie objektov (vtipov,
obrazkov,...) do systému. Login a password vSak mo6ze byt pritazou pre pouzivatela,
ktory chce len prechadzat’ cez obsah.

Pre takychto pouzivatel'ov sa prijalo rieSenie cez cookies. Ked’ pouzivatel prvykrat
vstupi do systému, vyhl'ada sa Specificky identifikator v jeho pocitaci a ten sa odovzda
aktudlnemu sedeniu prehliadaca a server ho pouZije na oznacenie jeho hlasovania
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ainych akcii. Keby sa ten $pecificky identifikator nenaSiel, tak sa jeden nahodne
vytvori a odovzda jeho pocitacu pre d’alSie pouzitie. Opisany pristup ma jednu zrejmu
nevyhodu: pouZzivatel'a mozno identifikovat’, ak pristipi do systému len z jeho Speci-
fikovaného prostredia.

Obrazok 4-3. Osobna stranka pouzivatela a detaily nim zadanych objektov
(zdroj: Zhong et al., 2003).

Freddy je vizuadlny webovy agent. Reaguje na pouzivatel'ove vstupy tym, Ze vyjadruje
komentare alebo poskytuje napomocné tipy. Pouziva hlasovanie pouzivatela, jeho
relativnu poziciu v systéme a charakteristiku hodnoteného dokumentu na vyge-
nerovanie dynamickej odpovede. Planuje sa rozsirit' Freddyho vstupy o tieto data:
priemerny ¢as medzi hlasovaniami, Cas, ktory uplynul od poslednej navstevy systému,
charakteristiky postupnosti hlasovani, denna doba.

41.2 Algoritmy
Webova pospolitost MyFreddy zbiera velké mnozZstvo dat, ktoré sa musia nejakym
spdsobom analyzovat’. Potencidlnymi ciel'mi analyzy dat st:

= ponuknut’ objekty pribuzné aktudlne prezentovanému,

= vybrat’ d’alSie objekty, ktoré by sa pouzivatel'ovi mohli pacit,

= predpovedat’ pouzivatelovo hlasovanie,

= odporucit’ ¢lenov komunity s podobnymi preferenciami.

Vyber nasledujiceho dokumentu

Ked pouzivatel' hlasuje, ihned’ sa mu je predlozi novy dokument. Keby sa tento
dokument vyberal Gplne ndhodne, malo by to isté nevyhody: pouzivatel by mohol
hlasovat’ niekol'kokrat za sebou pre ten isty objekt. Do uvahy pripadali dve zakladné
techniky:

»  Ndhodny vyber z objektov, pre ktoré pouzivatel este nehlasoval. Da sa vefektivne
vypocitat’ pomocou Standardnych indexovacich technik v databaze. Specialny
pripad nastava, ked” pouzivatel’ videl uz vsetky objekty nejakého typu. Vtedy mu
algoritmus vrati objekt, ktory videl najskor.

»  Nahodny vyber z objektov, ktoré sa mu pravdepodobne budu pacit. Tato technika

odfiltruje objekty nielen podl'a toho, ¢i pre ne pouzivatel hlasoval alebo nie, ale aj
na zaklade odhadu, ako zaujimavy by sa objekt pouzivatel'ovi videl. Algoritmus
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vyuziva predpovedanie hlasovania, ktorému sa budeme venovat v d’alSich cas-
tiach. Hlavnou myslienkou je odfiltrovat’ vSetky nahodne vybrané objekty, pre
ktoré predpovedané hlasovanie je menSie ako istd hranica. Tato hranica je jednym
7o vstupov algoritmu a pomocou nej mozno nastavit' ako ¢asovo (a v kone¢nom
doésledku aj pamit'ovo) narocny bude algoritmus. Ak bude tato hodnota vysoka,
tak v priemere bude algoritmu trvat’ dlhSie, kym najde vhodného kandidata. Tento
ucinok sa méze zredukovat zavedenim hornej hranice pre pocet objektov, ktoré
sa mozu skontrolovat. Ked sa tato hranica prekroci, algoritmus vrati dovtedy
najlepsieho kandidata.

Pseudokod algoritmu, ktory vracia objekty, ktoré by sa pouzivatel'ovi mohli pacit’:

Vstup. PouZivatel U, kolekcia dokumentov S, hranica hlasovania
V;, hranica poctu kontrolovanych dokumentov Cj;.
Vystup. Dokument, pre ktory pouzivatel eSte nehlasoval a ktory
by sa mu mohol péacit alebo dokument, ktory wvidel najskor
(v pripade, Ze uZ hlasoval pre vSetky dokumenty) .
Algoritmus.
Nac¢itaj mnoZinu S, objektov, pre ktoré pouzZivatel eSte
nehlasoval.
ak |S| > |S,| tak
Néhodne vyber objekt X z mnoZiny S - S,.
Pre pouZivatela U predpovedaj hlasovanie V pre object X.
ak V < V; tak
{ UloZ X a jeho hodnotu V.
Zvys hodnotu poc¢itadla C o jednotku.
ak C = (C; tak vrat objekt X s najvys$Sou hodnotou
V spomedzi C; uloZenych objektov
inak vrat sa na ndhodny vyber dalSieho objektu.

}

inak vrat objekt X.

ak |S| = |S,| tak

{ vyber S, ako mnoZinu |S|-1 poslednych objektov, pre
ktoré pouzivatel hlasoval.
Vrat jediny object patriaci do S - Si.

N4éjdenie zaujimavych objektov a predpovedanie hlasovania porovnavanim
pouzivatelov

Hlavnou myslienkou je ku pouzivatelovi A najst pouzivatela B, ktory je k nemu
najblizsie, pricom vzdialenost’ pouzivatelov D(4, B) sa definuje takto: nech A4, resp.
B, je mnozina dokumentov, pre ktoré hlasoval pouzivatel’ 4, resp. B a nech C(4, B) =
A, "B, ={Z,,Z,,...} je mnozina dokumentov Z, pre ktoré¢ hlasovali obaja

pouzivatelia 4 aj B. Nech Vyy oznacuje hlasovanie pouzivatela X pre dokument Y.
Potom vzdialenost dvoch pouzivatelov sa da vypocitat pomocou funkcie
zohl'adiiujicej rozdielnost’ hlasovania pre dokumenty, pre ktoré hlasovali obaja
pouzivatelia:

|C(4,B)|

D(4,B)=| > (V,, ~V,, ).
i=0
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Ak pouzivatelia 4 a B su si blizki, tak buda (s istou pravdepodobnostou) podobne
hlasovat’ aj pre dokumenty, pre ktoré B hlasoval, ale 4 nie. Teda, ak vratime
dokumenty, pre ktoré B hlasoval kladne a A nehlasoval, tak s velkou
pravdepodobnostou ich kladne prijme aj pouzivatel A. Nefunguje to celkom, ak
pouzivatel’ B hlasoval za menej dokumentov nez pouzivatel’ 4, alebo ak prevysSujuce
dokumenty nehodnotil dobre. Vtedy nemdzeme vybrat dokument zaujimavy pre A.
Rozsirenim tejto myslienky je pocitat’ k£ najblizsich susedov pouzivatel'a A.

Pseudokdd algoritmu, ktory vracia zaujimavé dokumenty vyhodnotenim niekolkych
pouzivatel'ov blizkych pouZzivatelovi 4 je:

Vstup.
PouZivatel A, maximdlny pocet pouzivatelov x na porovnavanie,
maximdlna velkost mnoZiny dokumentov 4, maximédlny pocet

dokumentov t, ktoré sa vratia, maximdlny pocet pouZivatelov z,
na zaklade ktorych budeme vyberat vratené objekty.

Vystup.
MnoZina dokumentov, pre ktoré pouZivatel A nehlasoval
a pravdepodobne sa mu budiG pacit.

Algoritmus.

1. Vytvor mnozinu U, prvych x pouZivatelov s najvySSim poctom
hlasovani

2. Pre kaZdého pouzivatela B € U, vytvor mnoZinu C,(A,B)
(|cs(A,B) | S A) objektov, pre ktoré hlasovali A aj B.

3. Vypoclitaj D(A, B) pomocou mnoziny C,(A,B)

4. VloZz pouzivatela B do zoznamu pouzivatelov usporiadaného
podla rasticej vzdialenosti od pouZivatela A.

5. Vytvor mnozinu pouzivatelov K vybratim prvych z pouzivatelov
z usporiadaného zoznamu pouzivatelov.

6. Pre kazdého pouzivatela z K vyber t najlepsSie ohodnotenych
dokumentov, pre ktoré pouZivatel hlasoval, ale A nehlasoval.

7. Vrat zjednotent mnozinu t najlepSie ohodnotenych dokumentov
vybranych na zdklade priemerného hlasovania vSetkych
pouZivatelov z K.

Mierne modifikovany pristup sa da pouzit aj pre predpovedanie hlasovania pre
konkrétny objekt pouzivatelom A: najde sa pouZzivatel’ B najblizsi k A, ktory hlasoval
pre dany objekt. Mézeme potom predpokladat’ s istou pravdepodobnostou, ze
pouzivatel’ 4 bude pre dany objekt hlasovat’ rovnako, ako pouzivatel’ B.

Tento pristup ma nevyhodu v tom, ze je ¢asovo naro¢ny. Na dobru predpoved’ musime
porovnavat’ pouzivatela 4 s velkym mnoZstvom potencidlnych pouzivatelov B. Pre
rychlu odozvu musime potom vyrazne zredukovat mnozinu pouZzivatel'ov, s ktorymi 4
porovnavame, ¢im trpi presnost’ predpovede. Vyhodou je, Ze tento pristup sa dé pouzit’
nielen pre textové dokumenty.

Najdenie zaujimavych objektov a predpovedanie hlasovania pouZitim naivnej
Bayesovej analyzy

V tomto pristupe sa pre jedného pouzivatela A analyzuju minulé hlasovania pre
dokumenty v zavislosti od obsahu tychto dokumentov. D4 sa pouzit’ len pre textové
dokumenty. Vo vSeobecnosti madme funkciu f X — V, ktorej hodnoty mame
predpovedat. V nasom pripade X je mnozina dokumentov a » st mozné hodnotenia
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tychto dokumentov. Dokumenty x z mnoziny X sa reprezentuji m-ticami
<a1,a2,...,am>, ktoré st vlastne mnozinou vietkych slov v dokumente. Ulohou je

vypocitat ¢o najlepSiu predpoved’ Pred pre hodnotu f{x) na zaklade nasledujucich
pravdepodobnosti:

Pred = maxPr(u, | a,,a,..a,)= ma;(Pr(al,az...am |u,)Pr(u,)
M/E

u eV

Naivny Bayesov klasifikator vychadza z predpokladu, ze atriblity st nezavislé
Pr(a,,a,..a, |u;)= HPr(ai |u;)

z ¢oho dosadenim ziskame

Pred = max Pr(u, )H Pr(a, |u,)

Potrebné pravdepodobnosti Pr(u;) a Pr(a;|u;) mdzu byt’ vypoc&itané nasledovne

| docs | Pr(a |u )
—_— r(a, |u,)=
| docs | Y

n;, +1

Pr(u ;)=
“)) n+ | vocabulary |

kde docs; je mnoZzina dokumentov, ktoré pouZzivatel ohodnotil znamkou j, docs je
mnozina vSetkych dokumentov, ktoré pouzivatel' hodnotil, n je celkovy pocet slov
v kolekcii docs;, n; je poCet vyskytov slova a; v kolekcii docs;, a vocabulary je kolekcia
vSetkych réznych slov v docs.

Proces vytvorenia potrebnych Struktir pre naivni Bayesovu analyzu vyhodnotenim
textového obsahu kazdého objektu, pre ktory pouzivatel’ hlasoval, nazyvame procesom
trénovania. Jeho vystupom je model pouzivatela, ktory charakterizuje jeho spravanie
pri hlasovani. V druhom kroku vypocitame pravdepodobnosti, s ktorymi novy doku-
ment, pre ktory pouzivatel’ eSte nehlasoval, bude patrit’ do jednotlivych klasifikacnych
stupniov (v nasom pripade od 1 do 10). Najvyssia pravdepodobnost’ urcuje hladany
klasifika¢ny stupeti — to bude nasa predpoved’ hlasovania.

Problémom pri tomto pristupe je vypoctova narocnost’: systém musi analyzovat’ vel'ké
mnozstvo dokumentov. Toto sa d& trochu obist inkrementdlnymi obnovami
(updateami) pouzivatelovho modelu po kazdom jeho hlasovani. NavySe po dosta-
to¢nom mnozstve trénovacich dokumentov Struktiry naivnej Bayesovej analyzy buda
dostatocne robustné na generovanie presnych predpovedi. Po tomto okamihu uz
nemusime robit’ obnovu modelu, ¢im Setrime zdroje.

VyhPadavanie pribuznych dokumentov

Podstata procedury, ktori nazyvame Standardnym hl'adanim, tkvie v tom, Ze vezmeme
vychodiskovy dokument a aplikujeme nai rozSirené hladanie: pre kazdé slovo
v dokumente rozbehneme vyhladavanie tohto slova v ostatnych dokumentoch a vra-

s

time dokumenty s najva¢simi poctami agregovanych vyskytov tychto slov.

Nevyhodami Standardného hl'adania si: nedokéaze rozpoznat® relativnu dodleZzitost’ slov,
napr. slovo blondina je vel'mi délezité pri urCovani pribuznosti vtipov. Okrem toho,
vel'a slov ma mala informa¢nt hodnotu (spojka a). Takéto vyhl'adavanie uprednostiiuje
vel'ké dokumenty.
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Vyhodou je, Ze sa da efektivne implementovat’ pomocou Standardnych databazovych
indexovacich a vyhl'adavacich procedur.

Niekedy sa uvazuji aj opatrenia proti zvySenému Sumu. Pod Sumom rozumieme
okrajové fakty, ktoré robia hladanie menej efektivnym (napr. pouzitie velkych
amalych pismen). Na jeho odstranenie sa slovd normalizuju, tj. odstrafiuju sa
Specidlne znaky a slova sa konvertujii na malé pismena. Tiez sa filtruju slova kratsie
ako tri znaky ako menej vyznamné.

Alternativnymi technikami na urcenie totoznosti slov su Soundex, Metaphone,
Levenshtein. Metéda Soundex za totozné povazuje aj slova, ktoré podobne zneju.
Metoda Metaphone pouziva gramatické pravidld na konverziu slov. Metoda
Levenshtein pocita vzdialenost’ dvoch retazcov ako minimalny pocet vlozeni, vyma-
zani a modifikécii znakov potrebnych, aby sa retazce stali identickymi.

Vsetky opisané techniky sa mozu aplikovat’ bud’ na ndzov dokumentu alebo na nazov
a obsah sucasne alebo len na obsah.

41.3 Zhodnotenie

MyFreddy je webova pospolitost’ zabavy s bohatym obsahom. Dovol'uje jednotlivcom
zadavat’ jej obsah. Od marca 2001 ju navstivilo vySe 30000 pouzivatel'ov a zozbieralo
sa vySe 350000 hodnoteni; obsahuje vyse 3000 objektov hodnotenia v 16 kategériach.
Je to vhodny subjekt na testovanie novych myslienok a algoritmov. Databédza objektov
a hodnoteni je bohata, si to realne data vhodné na vyskum v oblasti dolovania dat
a kolaborativnych systémov.

4.2 Predpriprava webovych dokumentov
na Internete

Zakladna systémova technika na zniZenie oneskorenia pristupu pri vybere v budicnosti
pouzitych dokumentov sa zaklada na predpovedani. Pred tym, ako sa k dokumentu
pristupuje, sa vo webovom prostredi pouziva predpriprava.

4.21 Predpriprava na roznych trovniach

Typicka navsteva webovej stranky prechadza cez niekol’ko zdkladnych faz: poziadavka
DNS, vytvorenie TCP spojenia, HTTP poziadavka a odpoved’. Predpriprava sa moze
pouzit’ v predstihu ku kazdej z tychto faz.

Predpriprava DNS

Pred vytvorenim spojenia na webovy server musi klient prelozit’ ¢ast’ mena hostitel'a
z URL adresy na IP adresu. Webovy prehliada¢ najprv odosle poziadavku DNS na
lokalny DNS server. DNS server odpovie priamo zo svojho cache, ak pozna
pozadovani odpoved’. V pripade, Ze ju nepoznd, nadviaze spojenie sinymi DNS
servermi na ziskanie pozadovanej IP adresy. DNS server zaznamenava adresu na TTL
(Time to Live) sekund. Parameter TTL pre prislusného hostitel'a uréuje jeho lokalny
administrator. Vagsina su¢asnych TTL je 24 hodin. Cakanie na odpoved na
poziadavku od DNS servera predstavuje oneskorenie v uspokojeni poziadavky
pouzivatela. Na zabranenie tohto oneskorenia méze webovy klient iniciovat’ preklad
meno-adresa v predstihu.
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Predpriprava TCP spojenia

Pred tym, ako webovy klient odosle HTTP poziadavku na server, sa vytvori TCP
spojenie. Vytvorenie TCP spojenia zahtiia round trip time (RTT) cez siet, ¢o je Cas
predstavujtci interval odoslania malého paketu zo strany klienta na stranu servera
a potom spét’ na stranu klienta zo servera.

Kazdy smerovaé pozdiz cesty zistuje IP adresu pre nasledujici skok a preklada tuto
adresu na nizko-troviiovt MAC adresu. Tato operacia mozZe vyZzadovat’ komunikéciu
s ostatnymi smerovacmi. Vysledok operacie méze smerovac predpripravit’ na uréiti
Casovu periodu z dovodu urychlenia smerovania d’alSich TP datagramov na rovnaku
cielovu adresu.

Predpriprava obsahu

Po vytvoreni TCP spojenia webovy klient poSle poziadavku HTTP na webovy server.
Oneskorenie pocas prijatia HTTP odpovede urCuje mnozstvo faktorov vratane Casu
potrebného na generovanie odpovede na strane servera, vel'kost' odpovede, rychlost
spojenia medzi serverom a klientom. Klient méze pred pouzivatelom ukryt toto
oneskorenie odoslanim HTTP poziadavky v predstihu a predpripravit’ si tak odpoved’.

4.2.2 Podmienky predpripravy obsahu

Pri vytvoreni vykonnej predpripravy na redukciu oneskorenia treba splnit’ tri
podmienky. Prvou je, Ze dokument sa mdze predpripravit pred tym, nez ho nieco
pozaduje. Predikcia sa Standardne zaklada na historii webového prehliadaca. Druhou
podmienkou je, Ze predpripraveny dokument je v Case poziadavky ,.Cerstvy®.
Poslednou podmienkou je, ze na predpripravu existuje urity Casovy interval pred
odoslanim poziadavky.

Informacie z histérie pre predpripravu

Zvycajne sa ako kritérid pre rozhodovanie, ¢i mozno webovu stranku predpripravit,
pouzivaju odvodené z informacie histdrie pristupov webového prehliadaca. UrCenie
zavislosti webovych stranok sa ¢asto zaklada na Cerstvych pristupovych zaznamoch;

server/klient moZze zoskupovat’ webové stranky so zavislostami navzajom vyssimi ako
urcity prah pre predpripravu.

Expiracna doba

KedZe platnost’ dat moze vyprSat pred tym, ako ich nieCo pozaduje, predpriprava
do d’alekej buducnosti sposobuje tiez problémy. Niektoré Stidie preukazali, ze
priblizne 60% dokumentov mé expira¢nu dobu rovni nule. Tieto dokumenty sa preto
nedaji pouzit’ na predpripravu, ked’ze v ¢ase poziadavky pristupu k nim uz ich data
nebudu platné.

Cas pre predpripravu

Na rozhodnutie o predpriprave a predpripravu sa pouziva ¢as medzi jednotlivymi
poziadavkami. Dokument, ktory je vo faze predpripravy, sa méze pozadovat aj pred
¢asom ukonéenia predpripravy. V tomto pripade je vysledok iasto¢ny tspech. Cas
dostupny na predpripravu je ¢as ne¢innosti medzi dvomi suvislymi URL poziadavkami
toho istého klienta.
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4.2.3 Klasifikacia metod predpripravy

Podl'a zdroja histérie pristupu pouzitého na predikciu mézeme rozdelit’ metddy pred-
pripravy do Styroch kategorii:

= predpriprava na strane klienta,
» predpriprava na strane proxy servera,
» predpriprava na strane servera,

= kooperativna predpriprava.

Predpriprava na strane klienta

Najjednoduchsi sposob predpripravy sa zakladd na predikcii zalozenej na historii
pristupov klienta. Tento sposob ziskal mnoZstvo pozornosti z dévodu jeho poten-
cidlneho vykonového zlepSenia bez nutnosti zmeny webovych serverov. Predpripravu
na strane klienta moZzeme rozdelit na paZravu a mepazravu stratégiu. V pripade
pazravej stratégie mdze pouzivatel’ Specifikovat’ len niekolko zékladnych parametrov,
ako mnozstvo a druh zdrojov na vyber predpripravenych objektov. Napriek tomu, ze
tento spdsob predpripravy sa da implementovat’ vel'mi rychlo, zvy€ajne sa nepouziva,
kedZze spdsobuje mimoriadnu réziu. Nepazrava stratégia sa zakladd na historii
pristupov a pokusa sa o predikciu v blizkej budicnosti pravdepodobne navstivenych
vnorenych odkazov.

Rozsiahle experimenty ukazuju, Ze pri priemernom zrychleni pristupu o viac ako 50%
su rezijné naklady menej ako 150%.

Predpriprava na strane proxy servera

Inou cestou je vytvarat predikcie nad informaciami zozbieranymi na strane proxy
servera. V tejto kategérii pozndme dva typy predpripravy: internd predpriprava
a externd predpriprava. Pri internej predpriprave sa nepouziva komunikidcia medzi
webovym serverom a proxy serverom.

Proxy server neizoluje webové pristupy viacerych pouzivatelov. Prave preto moze
Casto predpovedat’, ktory dokument bude pouZivatel pozadovat. Ak je dokument
predpripraveny na proxy serveri, proxy server moze zuzitkovat cas necinnosti na
dopravu dokumentu k pouzivatelovi. Ked'Ze vtomto pripade proxy server iniciuje
predvyber dokumentu z vlastnej paméte, nie je nutny ziadny extra internetovy prenos.

Stadie ukazuju, Ze len zvysenim diskového priestoru na predpripravu na strane klienta
moézeme redukovat oneskorenia 04%. V pripade, ze tito techniku kombinujeme
s kompresnymi technikami, moéZeme redukovat oneskorenia o 14,6%. Perfektna
arealistickd predpriprava kombinovana z velkym diskovym priestorom na pred-
pripravu na strane klienta moéze redukovat oneskorenia az o 28,6%. Vysledky
preukazuju, ze predpriprava je efektivna v pripade, Ze medzi jednotlivymi pristupmi
toho istého klienta existuje dostatony Casovy interval.

Predpriprava na strane servera

V porovnani s predchadzajiicimi dvomi alternativami, pri tejto alternative dosahujeme
vyssiu presnost, kedZe zaznamy webového servera obsahuju vyznamne viac
informacii v porovnani s proxy serverom a klientom.

Vo vseobecnosti server predpoveda pravdepodobnost’, Ze prislusna webova stranka sa
neskor spristupni atieto informacie dorucuje potom klientovi. Klient po ziskani
informacie ucini rozhodnutie ¢i stranku predpripravi alebo nie.
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Metody predpripravy na strane servera mozeme priblizne rozdelit na dva druhy —
PUSH a PULL.

Zakladnou ideou PUSH metody je, Ze servery (a proxy servery) zverejiiuju svoje casto
navitevované stranky. Cim viac stranok sa prehladava, tym vyssi je podiel
predpripravenych stanok, ktoré sa mézu byt’ rychlo spristupnit. Dosahuje sa zlepSenie
medzi 3% az 23%.

V pripade metdédy PULL poskytuje server pre klientov (alebo proxy servery) rady
(informéacie o ohodnoteni prislusnej stranky) a klient na zaklade nich moéze ucinit
rozhodnutie o pripadnej predpriprave stranky. Tieto rady server pripdja va¢sinou medzi
odpovede typu GET. Pouzitim tejto metdody na znizenie ¢asu pristupu priblizne o 40%
spotrebujeme len o 70% viac sietovych prostriedkov.

Kooperativna predpriprava

Kooperativna predpriprava predstavuje aktisi kombinéaciu prechadzajucich metdéd. Pri
tejto metdde sa vyuzivaju informacie aj zo strany servera, aj zo strany proxy servera.
Pri pristupe k pozadovanému dokumentu sa postupuje od webového klienta. V pripade,
ze klient nema predpripraveny pozadovany dokument, poziada ofl proxy server.
V pripade, ak je pripraveny dokument, zobrazi sa pouzivatel'ov, sti€asne sa vSak posle
informacia o pristupe k dokumentu proxy serveru. Podobne vyzera situacia medzi
proxy serverom a cielovym serverom.

V pripade pouzitia tejto metdody ukazuju simuldcie, ze uspesnost’ kooperativnej
predpripravy je o 75% vyssia ako uspesnost’ predpripravy len za pouzitia proxy servera
a len o 3% niZSia ako ideéalna predpriprava na strane servera.

4.2.4 Predpriprava struktary a optimalizacia

Skoro vsetky schémy na predpripravu vyzadujii nejaky prediktor na vykonanie
niektorych rozhodnuti konstruovanych z pristupovych informacii z historie. Fakty pre
tuto Struktiru su takéto:

1. spravna predikcia
2. kompaktné datové Struktary
3. stabilné vykonavanie

Predikcia na parcidlnej zhode

Vysledky vyskumu z pospolitosti datovej kompresie vytvorili niekol’ko kontextovych
modelov na pouzitie m predchadzajucich symbolov pre predikciu pravdepodobnosti
d’alsieho symbolu. Predikcia na parcidlnej zhode je jednym z kontextovych modelov,
ktoré sa aktivne pouzili vo webovej predikcii. Na zdklade Markovovych predikénych
metdd prvého radu pre predikciu stiborov sa vd’aka vyskumom vytvoril graf zavislosti,
obsahujuci uzly pre vsetky kedykol'vek predtym spristupiiované sibory na prislusSnom
webovom server.

Pravdepodobnost’ podmieneného prechodu na stranku X, v pripade, ze navstevnik
navstivil stranku X; m6Zeme definovat’ ako:

px,|x, ) =Pr(X, =x,|X, =x,)
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Viac vSeobecne, pouzitim Markovovho modelu n-t¢ho rddu moézeme zapisat
pravdepodobnost’ prechodu na n-tu stranku, ak sme pred nou navstivili k=n-1 stranok
ako:

P X, X, ) =Pr(X, =x|X, ,..=X, )
Pre Markovov model 0-tého radu by sa tato pravdepodobnost’ rovnala:
px,)=Pr(X,)
¢o je ekvivalentné pravdepodobnosti, ze pouzivatel’ danu stranku navstivi.

Definujme X, ako nahodni premenntl, ktorej hodnota predstavuje ktorti strdnku
navstivi nejaky klient. Pre Markovov model k-teho radu je nestalost’ hodndt X, a relacia
medzi nestalostou a k£ sa moze urcit’ analyzovanim entrépie modelov. Entropia H(X) je
nahodna premenna definovana:

1 1
H(X)=E|log,——|=Y_ p(X)log, ——=->p(X)1 X
(X) (ng p(X)j Xexp( )log, () Mp( )log, p(X)

Podmienend entropia (miera nestalosti X, ktord zostava aj po tom, ¢o klient navstivil
k predchadzajucich stranok) sa moze definovat’ takto:

H(Xn |Xn71""’Xn—k): zp(xn)H(Xn |Xn—1 :xn—l""’Xn—k :xn—k)

Xnexn

Z analyzy entropie sa mbze vyvodit’ mnozstvo zaverov. Modely nizSicho radu maju
vysSiu pravdepodobnost’ ndjdenia kandiddta na predpripravu, zatial ¢o modely
vyssieho radu maji vyssiu presnost’ pri ohodnocovani predpripravenych suborov.

NajdlhSie opakujica sa podpostupnost’
Technika najdlhsie opakujucej sa podpostupnosti nahliada na problém ako ulohu

dolovania dat, kde niektoré cesty sa uvazuju za hluk. Toto reflektuje fakt, Ze mnozstvo
ciest sa vyskytuje nefrekventovane, ¢asto z dévodu chybnej navigacie.

Navrhli dva ¢Cisto spétné hybridné modely na extrakciu najdlhSie opakujucej sa
podsekvencie z pristupovej historie.

Prvy hybridny model dekomponuje kazda postupnost’ do série podpostupnosti dizky 2.
Napriklad postupnost ABCD bude mat’ za vysledok podpostupnosti AB, BC a CD.
Tento model sa da porovnat’ s Markovovym modelom prvého radu.

Druhy hybridny model dekomponuje kazda postupnost’ do mnoziny podpostupnosti so
vietkymi moznymi diZkami. Napriklad postupnost ABCD sa rozlozi do postupnosti
ABCD, ABC, BCD, AB, BC, CD. Tento model sa da porovnat s Markovovym
modelom k-teho radu.

Predikcia na Ciasto¢nej zhode zaloZena na popularite

Popularita webového URL odkazu sa Standardne charakterizuje poCtom pristupov na
fiu za Casovy interval. Tato informacia je vel'mi dolezita v prostredi svetovej pavuciny,
ked’ze 90% poziadaviek prichddza na menej ako 10% dokumentov. Popularita réznych
URL sa moze ohodnotit’ raz za ¢as serverom dynamicky.

Relativnu popularitu URL m6Zeme definovat’ ako:
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RP = pocet pristupovna URL

najvyssia popularita po ceste
kazda URL sa mdze potom ohodnotit’ 4 stupfiami rozlozenymi na zaklade logio:
Stupeni 3: RP = (10%, 100%)]
Stuperni 2: RP = (1%, 10%]
Stupeni 1: RP = (0,1%, 1%]
Stupeni 0: RP <0,1%

Pri predikcii na ciastocnej zhode zaloZenej na popularite, Markovov prediktorovy
strom dynamicky rastie s variabilnou diZkou v kazdom druhu, kde popularne URL
adresy mozu byt prvé v mnozine dlhych vetiev a menej populdrne dokumenty mozu
byt prvé v mnozine kratkych vetiev.

4.2.5 Vyhodnotenie vykonnosti predpripravy

Zatial ¢o predpriprava je efektivna cesta na zmenSenie oneskorenia, vyhody
predpripravy maju aj svoju cenu. Prave preto treba najst’ urcity kompromis medzi
znizenim oneskorenia a vyuZitim siete.

Medze redukcie latencie

Predpriprava ma zna¢ny potencial na znizenie oneskorenia, ktoré vnima zéakaznik.
Mnozstvo studii skimalo potencialne vylepSenie webu, ktoré sa moze dosiahnut’ prave
predpripravou. Oneskorenia pri pristupe k webovym strankam mézeme rozdelit’ na in-
terné oneskorenia na lokalnych siet’ach a externé oneskorenia na globalnych sietach.

Rozne studie preukazali, ze externé oneskorenia tvoria viac ako 88% vsetkych
oneskoreni v ramci siete. Tieto Studie poukézali aj na niektoré d’alSie fakty. Napriklad
pasivna predpriprava s nelimitovanym diskovym priestorom pre predpripravené data
moze redukovat’ oneskorenie priblizne o 26%. Na druhej strane, predpriprava zalozena
na lokdlnych informaciach ziskava 41% pri zniZovani oneskorenia. Pridanim
hodnotenia zo strany servera mozeme znizit' oneskorenie az o 57%.

Utinky predpripravy na sieti

Predpriprava vo vSeobecnosti zvySuje prenosovi rychlost’ individualnych zdrojov,
vedie viak k zvyseniu priemernej dizky frontov na sietovych prepinadoch. Napriek
tomu riadenim rychlosti prenosu méze predpriprava vyznamne zlepsit’ sietovy vykon.
Riadenie prenosovej rychlosti sa zakladd na pozorovani, ze pocas predpripravy
dokumentu nie je nutné vyuzit' plnu rychlost’ dostupnej siete, je lepSie vykonavat
predpripravu tak, aby prebiehala ¢o mozno najmensou rychlostou, avsak tak, aby pri
poziadavke pouzivatel'a bol uz prislusny dokument pripraveny.

Analyza vyhod a nevyhod

Predpriprava sa moZe potencialne vyuzit’ v Sirokom mnoZzstve aplikacii. Aj ked’, z jej
$pekulativnej povahy vyplyva, Ze mézeme stratit’ urcitu Sirku pasma a kapacitu ulozisk,
prave tieto straty prind$aju zmenSenie ¢asu odozvy. Medzi vyhodami a nevyhodami
predpripravy treba najst’ ¢o najvyhodnejs$i kompromis pre konkrétne vyuzitie.

Predpokladajme, ze P je zvySend pocetnost ako dan za predpripravu a Dy priemerné
pristupové oneskorenie bez predpripravy. Za predpokladu, Ze pristupové oneskorenie je
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0 pre predpripravené webovej stranky, a oneskorenie je D, pre nepredpripravené
stranky, priemerna doba oneskorenia pristupu s predpripravou D, sa modze
aproximovant’ ako:

D =P0+(1-P).D =(1-P).D,
Ked'Ze predpriprava je uzito¢na len v pripade, ze D, < Dy, moZeme zapisat’
D,/D,<1/(1-P)
D, a Dy md6zeme vypocitat’ pouzitim Markovovho modelu prvého radu takto:
D,=1/(1-R,),D =1/(1-R))

Definovanim ucinnosti predpripravy E ako pomeru zvySenej pocetnosti predpripravy
a pomeru zvysenia vyuzitia siete na dosiahnutie danej pocetnosti z rovnice dostavame:

E= P L
(R, —=R))/R, 1-R,

¢o implikuje, ze E mdze byt vicsie ako Ry < {1 — Ry ) na zarucenie nizSicho
priemerné¢ho oneskorenia pri pouziti predpripravy. Z ¢oho d’alej mézeme odvodit’:

R, <E/(1+E)

Pre prislusné E takto moZeme urcit’ maximalne Ry. Predpriprava je uzitocna v pripade
ked’ sietovy prenos je maly alebo ked’ je vysoka ucinnost.

4.2.6 Suvisiace aplikacie

VyhPadavacie prostriedky

Internetové vyhladavacie sluzby sa spolichaju na vzory spravania pouzivatel'ov pri
navStevovani webovych strdnok avdaka nim sa snazia ohodnotit vysledky
vyhladavania. Prikladom mo6zu byt prehladavace ako Google, Yahoo a podobne.

Odporicacie systémy

Dolezitou stciastkou pri rieSeni personalizacie zainaju byt popularne odporucacie
systémy pouzivané napriklad na strankach www.amazon.com a www . CDNow . com.
Tieto systémy predpovedajii pre klientov polozky podla odporicani alebo historie
pristupov ostatnych klientov.

4.2.7 Zhodnotenie

Prichod webovej inteligencie odkazuje na systémy ausilie nauéit sa tazit
z organizovanych znalosti alebo inteligencie na Internete. Techniky predpripravy
z predchadzajucich Casti st niektoré z cielov webovej inteligencie. Existuje predpoklad,
ze techniky predpripravy budi onedlho hrat' doéleziti rolu ako casti informacnej
a Internetovej technoldgie.



5 INTELIGENCIA
SOCIALNYCH SIETI

Sociélna siet’ je socialna Struktira vytvorend z vrcholov, ktoré mézu vo vSeobecnosti
reprezentovat’ nejaké individua alebo organizacie. Nacrtava spdsob, akym st tieto
vrcholy prepojené na zéklade roznych spoloCenskych pribuzenstiev od nahodnej
znamosti po Uzky rodinny ¢i pracovny vztah. Tato Cast’ sa venuje spracuvaniu,
manazovaniu a vyuzivaniu inteligencie v socialnych sietach, teda nardbaniu
s informaciami v nich obsiahnutych.

Najskor sa venujeme manazmentu znalosti v socidlnych sietach. Po tvode do
socialnych sieti nasleduje klasifikacia webu ako socidlnej siete; dalej sa venujeme
identifikovaniu spolocenstiev na webe, parametrom grafu webu, ak web ponimame ako
graf. Potom nasleduje tivaha o tom, ¢i je web fraktalovy, teda ¢i Casti webu vyzeraju
ako miniweby a na zaver sa uz§ie venujeme manazmentu znalosti v socialnych siet’ach.

Druha ¢ast’ sa zameriava na algoritmy usporiadania aplikovateI'né na socialne siete. Po
uvode do algoritmov usporiadania a do teorie socialnych sieti nasleduje opis dobre
znamych algoritmov Pagerank a HITS, po ktorych je uvedeny novy algoritmus
usporiadania NodeRanking. Tento algoritmus nepotrebuje ku svojej praci celu maticu
susednosti grafu — stac¢i mu len lokalna informdcia o grafe, ked’ si pre kazdy vrchol
pamdtame len jeho susedov. Pokracujeme porovnanim algoritmov usporiadania a
experimentami s nimi. Experimenty sa vykonali na vybranej socidlnej sieti a na
Klemm-Eguiluzovom modeli webu s 25000 vrcholmi.

5.1 Socialne (spolo¢enské) siete — od webu
k manazmentu znalosti

Web je vel'mi bohaty zdroj informécii. Réznorodost’ autorov, Stylov, motivacii je
v kontraste s vyhl'adavanim informacii, ktoré je viac riadené a homogénne. Analyza
hypertextovych odkazov poskytla uzitocné nastroje zlepSujuce vyhladavanie. Vyskum
Struktiry hypertextovych odkazov sa zaoberd tedriou grafov, dolovanim v datach
a manazmentom znalosti.

Stanley Milgram (Wasserman & Faust, 1994) v roku 1967 v USA vo svojej praci
postavil zéklad modernej tedrii socidlnych sieti. Jeho experiment bol o dorucovani
spravy najkratSou cestou medzi dvoma 'ud'mi pomocou sprostredkovatel'ov — priatel'ov,
ktori sa poznaju. Stredna dizku cesty dorudenej spravy uréil na 6 krokov. Teda kazda
dvojica I'udi v USA je spojena pomocou socialnej (spolocenskej) siete v 6 krokoch
(stuptioch oddelenia). Existuje silnd Struktirna podobnost medzi webom ako sietou
a socialnymi sietami. Autori predpokladaju, ze vyskum povedie k pokroku v manaz-
mente znalosti.
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Pouzity zapis: web je suvisly graf, webové stranky st vrcholmi, hypertextové odkazy
st hranami.

5.1.1  Analyza hypertextovych odkazov na webe

Zlozitost webu znemoznuje pouzit techniky zmanazmentu databaz. Textové
vyhladavacie nastroje funguju uboho, nezohladiuji postupy vytvarania obsahu
stranok, Ze stranky neukazuji na dalSie stranky pomocou hypertextovych odkazov
bezdovodne. Prepojenia stranok su prejavom autorovych kontaktov na znamych.

HITS algoritmus (Hyper-Link-Induced Topic Search)
Webové stranky st dvojaké (Kleinberg, 2000):

1. autority (autorské zdroje),
2. rozvetvenia (zoznamy odkazov na zdroje).
Vztahy medzi strankami oboch druhov su vzajomne podporujice sa.

HITS algoritmus formalizuje intuiciu dobrych vztahov medzi oboma druhmi stranok
do iterativneho vypoctu:

1. faza vzorkovania — vytvori sa koreflovy zoznam stranok podla textového
vyhladavania, ten sa rozsiri do zdkladného zoznamu o stranky dosiahnutelné
priamo cez hypertextové odkazy z koreniového zoznamu stranok,

2. faza rozposielania ohodnotenia — rozSiruje zoznam pomocou hypertextovych
odkazov, vytvori sa strom (indukovany podgraf) zo zakladného, pre kazdu vetvu
sa pocita ohodnotenie (vaha relevancie) pomocou pravidla prepoctu:

a=Zh

p q
q:qllp

hp— Z a,
q:pllq

Stranky su oznacené ako p, g, vaha autority a,, vaha rozvetvenia #,,.
Matematicky su to linearne algebrické operacie na incidencnej matici zédkladného grafu.

RozSirenia HITS algoritmu

Moze sa stat’, ze HITS algoritmus sledovanim hypertextovych odkazov prejde do
pribuznej alebo vSeobecnejsej témy vo vysledku vyhladdvania. Preto sa zacali tvorit
rozne heuristiky:

1. analyza textu opisujuceho odkaz, rozdelenie velkého zoznamu odkazov na
mensie relevantné Casti, priemerovanie prispevku viacnasobnych odkazov,

2. Pagerank (Google) — ohodnocovanie nezavislymi dopytmi na najviac
navstevované stranky,

3. Salsa — obdoba HITS algoritmu s dvoma maticami.

5.1.2 Komunity (spolo¢enstva) na webe

Komunita na webe je skupina stranok so spolo¢nym obsahom. Niektoré komunity st
dostupné ako $pecialne sluzby: newsgroups, email groups, mailinglists, osobné webové
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stranky, portaly a iné. Zaujima nas automatické rozpoznanie komunit. Uspesnost’ HITS
algoritmu zalezi na tom, ¢i komunita obsahuje hustu siet’ hypertextovych odkazov na
autorské zdroje. Teda ide o rozpoznanie hustych bipartitnych grafov, kde podgrafy st
kompletnymi bipartitnymi grafmi. Technika na identifikovanie komunit sa vola
trawling (chytanie ryb do siete). Pre velku siet’ je tato technika vel'mi ¢asovo narocna.

V inej praci sa komunity definuji ako zoskupenie stranok, ktoré maju viac odkazov na
¢lenov komunity ako odkazov mimo komunity.

5.1.3 Prepojenie a velkost siete

Je web dobre prepojeny alebo sa da rozdelit na malé Casti? Je mozné dostat’ sa na
akukol'vek stranku z akejkol'vek stranky len pomocou hypertextovych odkazov?
V praci (Albert et al., 1999) sa spomina web ako digraf s priemerom 19. Niektoré prace
demonstrovali zdkon exponentu pre stupne vrcholov. Broder (Broder et al., 2000)
Studoval Cast’ webu okolo stranky Altavista.
Analyza prepojenia webu ma tieto vysledky
Web sa da rozdelit’ na 4 priblizne rovnako vel'ké Casti:

= silne prepojend cCast, centrum webu, kde st vSetky velké azname stranky,

vzajomne sa na seba odkazujuce,

= slabo prepojena cast’ jednosmerne do silne prepojenej Casti (nové stranky),

= slabo prepojena Cast’ jednosmerne zo silne prepojenej Casti (firemné stranky),

= ostatné neprepojené stranky (extranet, neplatné odkazy).

Teda internet nie je cely dobre (silno) prepojeny, ani sa neda cely rozdelit’ na malé
Casti.

Priemer (Sirka) webu

Striktne teoreticky je nekonecno, lebo existuji stranky, ktoré nie si dosiahnutel'né cez
hypertextové odkazy. Pre dosiahnutelnt ¢ast’ webu je zistena priemernd hodnota 16.

Ak neberieme do tivahy smer odkazov, potom je to 7, o je siet’ malého rozsahu. Taka
siet’ malého rozsahu sa podoba socialnym siet’am.

5.1.4 Fraktalova prirodzenost’ webu

Je web fraktalovy? Teda vyzeraju Casti webu ako miniweby? Skumala sa Struktira
webu cez teoriu grafov. Podgrafom bola prisudena velkost 10% celého grafu. Casti
webu pritom majui obsahovat’ aspon 10 000 stranok.

Vysledky potvrdzuji hypotézu. Podla experimentdlnych zisteni aj skupina stranok
s podobnym obsahom ma vlastnosti celého webu. Potom takéto miniweby su prepojené
navigacnou chrbticou (vyhladdva¢mi, katalogmi). Fraktdlovd samo-podobnost’ je aj
v socidlnych siet’ach.

5.1.5 Socialne siete pre manazment znalosti
Zovseobecnenie analyzy hypertextovych odkazov na webe:

= zmysel odkazu (organizacie, online nakupy, zaujmy)

= cez analyzu spravania méze byt manazment znalosti uspesnejsi ako vyhl'adavanie
(odporucania, experti, komunity, skupiny zaujmov)



84

Spomenuté algoritmy (HITS, komunity) predpokladaju vztah medzi entitami jedného
typu. Otazka do buducnosti je v tom, ako kombinovat’ viaceré typy entit.

Firemné aplikacie manazmentu znalosti vyzaduju, aby systém kombinoval implicitné
odkazy (dvaja pouzivatelia pozeraju ten isty dokument) a explicitné odkazy (dvaja
pouzivatelia v tej istej pracovnej skupine pravdepodobne sa budu zaujimat’ o tu istd
informaciu). Otazka do buducnosti je v tom, ako skombinovat’ tieto dva pristupy.

Dalsi smer vyskumu je informa¢na bezpeé¢nost. Informaéna bezpeénost je $irsi pojem
ako datova bezpec¢nost. Ako sa meni spravanie pouzivatel'a, ked’ poskytuje informacie
o sebe do systému? Vyhladavace sa daju vylepsit’ tak, ze si modeluji pouzivatel’a, jeho
zaujmy, poziadavky na vyhl'adavanie. Ako to moze prospiet’ ostatnym pouZzivatelom?
Informacna bezpecnost’ vo firemnych systémoch zahiiia aj zoznam pristupovych prav
pouzivatel'ov alebo skupin pouzivatel'ov k dokumentom.

Firemny manaZment znalosti
Tato aplikacia pomaha zhodnotit’ informacie od jednotlivcov alebo skupin jednotlivcov
a spristupiiuje tieto znalosti inym jednotlivcom alebo skupinam jednotlivcov. Teda
zaoberame sa sietami, ktoré st vo vnutri alebo okolo firiem. Skiimana siet’” zahina
rozne typy entit — webové stranky, elektronick postu, dokumenty, organizicie,
komunity, expertné domény, l'udi.
Vyndraju sa otazky:
= Kto st experti v mojej organizacii v nejakej oblasti? Skiimame socialne siete I'udi
a elektronicku komunikaciu medzi nimi.
= Existuju v organizdcii Casti, ktoré duplikuji cinnost? Skumame siete
dokumentov, procesy vytvarania dokumentov.
= Existuju ini v mojej organizacii, ktori uz robili podobné ¢innosti, aké robim ja?
Skumaju sa individualne profily, nie sietovy model.
= Ktoré oddelenie mojej organizacie (ktori 'udia) by ma mali najviac zaujimat’?
Skuma sa neformalna komunikécia v socialne;j sieti.
Existuju zakladné proceduralne otazky, na ktoré nemame uspokojivé odpovede:

= Ako efektivne organizacia spractiva a pouziva znalosti a aka kvantitativna mierka
to zachyti?

=  Ako sa moze merat’ dopad vybraného pristupu k manazmentu znalosti?

= Akua mierku dat’ dopadu poznania tradi¢nej meratelnej vykonnosti?

5.1.6 Zhodnotenie

Web je velka socidlna siet. Skumanie jej Struktlry vyustilo do vytvorenia efektivnych
algoritmov pre vyhladavanie a dolovanie informacii. Web ma sucasne blokovu
a sucasne fraktalova Struktaru. Nakoniec sme spomenuli niekol'ko zdvaznych otazok
z oblasti firemného manazmentu znalosti.
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5.2 Algoritmus usporiadania na uréenie miery
dobrej povesti alebo relevancie zalozeny
na topolagii grafu

V oblasti informaénych technologii su posledné roky poznacené obrovskym narastom
celosvetovej pavuciny. Mnozstvo dostupnych informacii je rozsiahle, no nepouzitelné
bez predchadzajuceho predspracovania. Usporiadanie webovych stranok podla
dolezitosti sa zda byt jednym z moznych rieSeni: umoziuje to velké kvantum
informacie nejako zoradit’.

Prvé pokusy o vypocet usporiadania sa zameriavali na textovy obsah webovych stranok.
Tento spdsob analyzy sa ukazal byt nedostatoény na ziskavanie usporiadania a d’al§im
krokom bolo pouzitie odkazov medzi jednotlivymi webovymi strankami. Tento pristup
sa ukézal byt vhodnejsi: odkazy s dobrym zdrojom informacii na vygenerovanie
usporiadania. Je to posun od vyuZzivania informacie obsiahnutej vo webovej stranke
(teda obsahu vrcholu, ak si web predstavime ako graf) ku vyuzitiu informéacie
o Strukture odkazov medzi strdnkami (teda Struktare grafu).7

Je znamych niekol’ko algoritmov, ktoré vyuzivaji ponimanie webu ako grafu. Autori
sa zaoberaju metddou, ktord kazdému vrcholu priraduje nejaké skore. Vychadzaju
z principu, Ze vrchol i v danom grafe je dolezitejsi, t.j. ma vysSie skore a lepSiu poziciu
v usporiadani, ako vrchol j, ak je spojeny s vrcholmi, ktoré maju skore vyssie nez
vrcholy spojené s j. Inymi slovami, skére, rank, doélezitost, kvalita alebo autorita
vrcholu i vychadza z poctu vrcholov, ktoré maji odkaz na vrchol i a z kvality tychto
vrcholov. Tato metoda je teda zalozena na mysSlienke, Ze miera, do akej sa mozno
spolahnut’ na kvalitu vrcholu, sa prenasa odkazmi medzi vrcholmi. Na tejto myslienke
su zaloZzené aj zname algoritmy usporiadania HITS a Pagerank.

Predmetom prace je novy algoritmus na urovanie usporiadania NodeRanking, ktory
by mal na rozdiel od algoritmov HITS a Pagerank pracovat’ v grafe s vyuzitim len
lokalnej informacie, t.j. pri tomto algoritme nie je nutnd znalost’ celého grafu. Tento
novy pristup autori otestovali na dvoch druhoch sieti: na socidlnej sieti redlnej
komunity l'udi a na sietach, ktoré maji niektoré topologické vlastnosti webu.

5.21 Socialne siete

Socialna siet’ je reprezentaciou vztahov existujucich vo vnutri komunity 'udi. Socialne
siete su reprezentované grafmi. Z umiestnenia nejakého daného ¢lena komunity vo
vnutri socialnej siete méze byt odvodeny stupen dobrej povesti Clena v komunite.
Experti dobre znami a vysoko ocefiovani vécSinou c¢lenov komunity su lahko
identifikovatel'ni ako vrcholy s vysokou suvislostou - prepojenostou v grafe.

Pripadova Stadia autorov je zaloZend na socialnej sieti UPC Softvérového oddelenia
(pozri obrazok 5-1).

" Navyse, ak si predstavime odkaz medzi dvomi webovymi strankami ako nejaky vztah medzi dvomi
individuami, tak do popredia vystupi akési socialne povedomie. V tomto zmysle hocijaka socialna
siet’, nielen web, poskytuje informaciu o usporiadani individui obsiahnutych v jej Struktare.
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Obrazok 5-1. Cast neorientovanej socidlnej siete UPC Softvérového oddelenia
(zdroj: Zhong et al., 2003).

Tuato socialnu siet’ vygenerovali automaticky softvérom, ktorym je multiagentovy
systém NetExpert. Tento systém podporuje zdiel'anie znalosti vo vedeckej komunite.
Socidlnu siet’ vytvorili na zaklade analyzy domovskych stranok ¢lenov komunity,
autorstva dokumentov, podiel’ania sa na projektoch a pod.

5.2.2 Algoritmy usporiadania

Najprv uvedieme struény prehl'ad znamych algoritmov Pagerank a HITS; potom novy
algoritmus NodeRanking.

Pagerank

Zaklada sa na myslienke, ze poradie vrcholu v ohodnoteni je vysoké, ak nai odkazuji
vrcholy s vysokym ohodnotenim. Postup urcovania ohodnotenia webovych stranok na
zéklade odkazov medzi nimi znazoriuju nasledujuce dva obrazky (pozri obrazok 5-2 a
5-3). Pri takomto iterativnom pristupe k ur¢ovaniu ohodnotenia méze dojst’ ku tzv.
zahlteniu ohodnotenia, ked’ ohodnotenie stranok rastie do nekone€na. Tato situacia
mdze nastat’ v pripade cyklickych odkazov medzi strankami (pozri obrazok 5-4).

Na vyhnutie sa takymto situaciam sa prijala stratégia tzv. nahodného chodca (random
walker), ktory sa ndhodne ,,prechadza“ po grafe a vzdy po prejdeni hrany (odkazu)
upravi ohodnotenie vrcholu, do ktorého vstupi, tak, ako to bolo zndzornené na pred-
chadzajucich troch obrazkoch.
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Obrazok 5-2. Urcovanie ohodnotenia webovych stranok na zdklade
odkazov medzi nimi (zdroj: Page et al., 1998).

Nové v tejto stratégii je, ze chodec moze kedykol'vek s istou pravdepodobnostou
sko€it’ na hociktory iny vrchol, nielen sa presuvat po hranach. Prave tymto sa da
predist’ zahlteniu ohodnotenia (nekonecné slucky mozno opustit’). Keby sa to malo
napisat’ presne matematicky v re¢i matic, tak by to vyzeralo takto:

L je matica susednosti grafu, P je stochasticka matica odvodena od L

/

Py =

p
Ly

k
e je pravdepodobnost’ skoku 0<=e<=1. Konvergencia algoritmu Pagerank zavisi od pa-
rametra e. Mal by byt’ z intervalu <0,1; 0,2>. Odporac¢ana hodnota je 0,15. Prechodovt
maticu, na zéklade ktorej Pagerank pracuje, mozno potom vyjadrit’ v tvare

M=e(%JJT)+(1—e)P

kde N je poget vrcholov v sietia J = (11...1)" je jednotkovy vektor.

Vysledné ohodnotenie vrcholov potom dostaneme ako hlavny vlastny vektor (vlastny
vektor s najvacsim vlastnym &islom) matice M transponovanej ku prechodovej matici
M zadefinovanej vysSie.

o4 |
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Obrazok 5-3. Urcovanie ohodnotenia webovych stranok pri cyklickej Strukture
odkazov medzi nimi (zdroj: Page et al., 1998).
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Obrazok 5-4. Zahltenie ohodnotenia. Ohodnotenie stranok nebude konvergovat,
pretoze bude rast do nekonecna (zdroj: Page et al., 1998).

HITS

V tomto algoritme kazdy vrchol i mé priradené skore rozvetvenia y; a skore autority x;.
Kracovou myslienkou je, Ze na vrchol s vysokym skore autority odkazuje vela
vrcholov s vysokym skore rozvetvenia a naopak, vrchol s vysokym skore rozvetvenia
odkazuje na vela vrcholov s vysokym skore autority. Inak povedané, ak ma vrchol
vysoké skore rozvetvenia, vypoveda to o kvalite vrcholov, na ktoré odkazuje a ak ma
vysoké skore autority, hovori to o kvalite jeho samotného.

Takze mozno zadefinovat’ dve operacie: I (aktualizuje skore autority) a O (aktualizuje
skore rozvetvenia)

I:x; « Zyk O:y, < Zxk

ki(k,j)EE ki(j,k)eE
Ak to zapiSeme pomocou matice susednosti L, dostaneme
x« L'y v« Lx

Po vzajomnom dosadeni dostaneme iterativne predpisy
x(H—l) — LTLX(I) y([+1) — LLTy(t)

pre nejaké dané x a y”. Hradanym skore autority bude teda potom hlavny vlastny
vektor matice L'L.

Algoritmus NodeRanking

Je to novy algoritmus na uréovanie rankingu vrcholov v grafe. Opit’ kazdy vrchol
v grafe ma priradeny stupeii autority. Na zaciatku prace algoritmu maju vsetky vrcholy
rovnaku autoritu. Po zbehnuti algoritmu vysledna autorita vrcholu méze byt pouZita na
odvodenie kvality, dobrej povesti, reputacie vrcholu v grafe. Autorita vrcholu i je
pocitana ako funkcia autorit vrcholov odkazujtcich na vrchol .

Podobne ako algoritmy HITS a Pagerank aj tento algoritmus pracuje na orientovanom
grafe. Na rozdiel od nich ale dokaze spracovat’ aj ohodnotené grafy, ¢o znamena, ze
kazdej hrane je priradena kladna vaha.

V orientovanom grafe budeme hrany nazyvat’ vychadzajicimi z vrcholu a vstupujucimi
do vrcholu. Nasledovnikom vrcholu budeme nazyvat' ten vrchol, do ktorého sa mo-
zeme dostat’” vychadzajucou hranou. Predchodcom vrcholu i nazyvame ten vrchol,
z ktorého sa mézeme dostat’ do vrcholu i vstupujicou hranou.
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Hlavnou myslienkou algoritmu je, Ze autorita vrcholu je postivand do nasledovnika cez
vychadzajicu hranu. Algoritmus je:

do
n = getNode (g)
do
passAuthority (n)
nnew = getNextNode (n, g)
n = nnew
while (nnew != null)

while (!converge())

Jednotlivé funkcie si vyzaduju d’alSie vysvetlenie:
getNode(Graph g) vrati nahodne vybraty vrchol

getNextNode(Node n, Graph g) vrati nasledovnika m vrcholu n. Tento vrchol sa
vyberie s pravdepodobnostou vypocitanou na zéklade vahy hrany z n do m.

vaha

_ n—m
Prvyber (n - m) - h
va an_)l

Vi(n,)eE
modzu nastat’ dva pripady, ked’ sa cesta prerusi a getNextNode vracia prazdny vrchol:

= prvy pripad, ked algoritmus dorazi k wvrcholu, ktory mal navstevu
v predchadzajucich k krokoch ( & je parameter algoritmu)

» druhy pripad, ked istd hodnota pravdepodobnosti skoku sa dosiahne — ked’
nahodny chodec s pravdepodobnostou Prg,; prerusi cestu (pri vrcholoch
s menSim poc¢tom vychadzajicich hran je pravdepodobnost’ preruSenia cesty
vyssia)

1
#vychadzajucich _hran(n)+1

Prskok (n) =

passAuthority(Node x) prirad’'uje Cast’ autority vrcholu x vSetkym jeho nasledovnikom

Pr

wher (X = Y) X autorita(y)

Fy

nc

Aautorita(y) =

. . . y . o,
kde autorita(y) je autorita vrcholu y, F.. je normalizaény faktor. Bez neho by hodnoty
autority rastli do nekone¢na. Faktor je pridruZzeny ku ciastkovej ceste nédhodného
chodca. Faktor CastejSie navstevovanych vrcholov rastie rychlejsie tak, aby sme mohli
zarucit’ konvergenciu autority ku konecnej hodnote.

converge() je funkcia na testovanie konvergencie algoritmu na vSetkych vrcholoch
grafu. Aautorita(n) sa blizi ku nule, kvoli pouZitiu faktora F)" . Ked pre nejaky
vrchol sa splni podmienka Aautorita(n) < e (¢ je nastaviteIny parameter algoritmu),

tak vrchol sa oznaci za staciondrny. Ked vSetky vrcholy st staciondrne, algoritmus
konc¢i.
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Porovnanie algoritmov

HITS a Pagerank pocitaji ohodnotenie na zaklade matice susednosti grafu. To
znamena, Ze matica susednosti musi byt’ zndma pred spustenim algoritmu. Naviac, pri
kazdom aktualizovani ohodnotenia je nutny synchronizacny krok: stav vSetkych
vrcholov musi byt znamy na to, aby sme mohli aktualizovat’ stav jediného z nich.

To neplati v pripade algoritmu NodeRanking, ked’ sa vyuziva len lokalna informacia
o grafe, nie cely graf. Pre kazdy vrchol si sta¢i pamaétat’ len vrcholy s nim susedné.

V pripade algoritmu NodeRanking je pravdepodobnost’ skoku odlisnd pre rézne
vrcholy — zdvisi od poctu vychadzajucich hran. Pri algoritme Pagerank tato
pravdepodobnost’ je stanovena na 0,15 pre cely graf.

5.2.3 Experimenty s usporiadanim

Urcenie miery dobrej povesti v socialnych siet’ach

Algoritmy Pagerank, HITS a NodeRanking boli aplikované na socialnej sieti
vytvorenej z 34 vrcholov nahodne vybranych zo siete UPC Softvérového oddelenia.
Usporiadanie urcené algoritmom NodeRanking je oznaleny Ranky,deranking. Pagerank
a HITS algoritmy pracuju na neohodnotenych grafoch, no socidlna siet UPC je
ohodnotend, preto sme uvazovali modifikacie tychto algoritmov, ktoré pracuji na
grafoch ohodnotenych.

Tabulka 5-1. Korelacné koeficienty medzi referencnymi usporiadaniami
Rankiie a Rankie.seip a usporiadaniami ziskanymi jednotlivymi algoritmami.

Korelacny koeficient | Rank,,. Rankie-sei
Rank 1,0 0,983
Rankie-seif 0,983 1,0
Rankyoderanking 0,687, s=8,6.10" | 0,621, s=0,011
Rankpageraniw) 0,535 0,486
Rankpagerani 0,521 0,495
Rankyrsaumw) 0,412 0,383
Rankgrsgum 0,342 0,323

Rankpageranks Rankprrsaum, Rankpagerankpw)s Rankmirsaumey S0 postupne usporiadania
urCené algoritmami Pagerank, HITS, Pagerank na ohodnotenom grafe, HITS na
ohodnotenom grafe. Komunita 'udi vyjadrena socialnou sietou UPC je skupina vedcov
a tak cita¢né indexy ziskané zo CiteSeeru boli referenénymi hodnotami. Vypocitali sa 2
usporiadania: Rank,., v ktorom boli vyskumnici usporiadani podla poctu citacii a
Rank.je_seir; kde boli usporiadani podl’a poctu citicii bez citacii samého seba. Tabulka
5-1 ukazuje korelacie medzi referen¢nymi usporiadaniami Rankci a Rankie.sey a
ostatnymi. Je vidiet, Ze nezavisle od referenéného usporiadania, NodeRanking dava
lepsie vysledky ako HITS a Pagerank. Je tiez zaujimavé, ze HITS dava lepSie vysledky
na ohodnotenych grafoch nez na neohodnotenych.
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Stredna pravdepodobnost’ skoku pri algoritme NodeRanking je 0,5314. Je to tym, Ze
v tejto socialnej sieti existuje vela vrcholov so ziadnymi alebo s malo vychadzajucimi
hranami. A tak pevna pravdepodobnost’ skoku 0,15 pri algoritme Pagerank nie je
najvhodnejsia. Ked bola tato pevnd hodnota zvysSena na 0,5314, tak Pagerank déaval
podobné vysledky ako NodeRanking

Urcenie relevancie webovych stranok

V tomto experimente sa pouzil Klemm-Eguiluzov model webu s 25000 vrcholmi.
Skumala sa korelacia medzi usporiadaniami ziskanymi algoritmami Pagerank
a NodeRanking. Ako ukazuje obrazok 5-5 tato koreldcia je vysoka.

Na x-ovej osi je zobrazeny rozsah poctu vrcholov, na ktorych sa sledovala korelécia.
Korelacia poradia prvych 10 vrcholov je 0,9964; pri prvych 100 vrcholoch je to
hodnota 0,9564; pri prvych 9000 vrcholoch bola odsledovana hodnota 0,8892.

0.% xr )

=
o
.

086

Comelation

0.8

07

07 . . . . . . . . —
0 1000 2000 3000 4000 5000 GOC0 7000 6000 3000 10000
Compared ranking size

Obrazok 5-5. Ukazuje korelaciu medzi usporiadaniami ziskanymi algoritmami
Pagerank a NodeRanking (zdroj: Zhong et al., 2003).

5.2.4 Zhodnotenie

V préaci je uvedeny NodeRanking — novy algoritmus na urcenie usporiadania vrcholov
v grafe. Vysledky algoritmu sa porovnavali s usporiadaniami ziskanymi algoritmami
Pagerank a HITS na dvoch grafoch sroéznymi topologickymi vlastnostami: na
socialnej sieti a na modeli webu.

Porovnanim algoritmov na socidlnej sieti sa zistilo, Ze NodeRanking dava lepSie
vysledky ako Pagerank a HITS. Vysledky ziskané v experimente na modeli webu zase
ukazali, ze medzi algoritmami NodeRanking a Pagerank je vysoka korelacia.
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6 MODELING THE USER
IN THE WEB-BASED
APPLICATIONS

Information technologies have become a part of our lives not so long ago and
especially using of the Web services have become world wide popular. The reason why
it is so has caused its availability almost for everyone. The Web is the source of the
information for any age groups. But not everybody is computer-literate and able to find
the appropriate information effectively. Some people can find what they are looking for
very fast, but the others cannot. Even skillful people appreciate if someone or
something makes their work easier as well.

The Web environment is very fast and dynamically growing area and the amount of the
information that the Web contains grows the same fast. Therefore, it is not unusual that
the user gets lost in the information space or is reading the content she does not want to.
A way to improve efficiency in information acquisition offers personalized approach
concentrated on user’s particularities that are employed not only for adapting content
but also for the layout or navigation through the space to the individual user.

To fulfill this intent it is important to capture user’s particularities, which make the user
different for the others and make the base for the personalization. All the user’s chara-
cteristics are stored in the user model that is the necessary element for the adaptation.
The goal is to accomplish the adaptation based on user model as accurate as it is
possible. For this purpose we have to concentrate on analyzing the real users of web-
based applications and identify the right way how to construct models reflecting them.

The user model changes as the web-based application is used and these changes impact
the adaptation. We focus on approaches to the design of the user model, methods for
acquiring, representation and employing user model in a way such the user model
reflects a real user in web-based application or eventually in more applications. It is
necessary to choose an appropriate form of representation of the user model to achieve
the expecting personalization.

Throughout this work we present many examples to illuminate defined terms. We have
decided to keep consistency by using examples from the only one area. In the examples
we suggest a user who is looking for a job and application domain is thus labor market.

6.1  Approaches to user modeling

User modeling is a natural consequence of the society request for the personalization.
Approaches to the user modeling employ methods from different areas. The roots of
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the user modeling are related to the ITS (Intelligent tutoring systems). ITS consists of
three main parts: knowledge about the domain or what to teach, learner specifies who
to teach and teacher strategy means how to teach. If we look at ITS from the user
modeling view the learner who represents the user of the ITS is the most important part.
Katie Hafner defines ITS as an educational software containing an artificial
intelligence component. The software observes students' work, tailoring feedback and
hints along the way. By collecting information on a particular student's performance,
the software can make inferences about strengths and weaknesses, and can suggest
additional work (Hafner, 2004).

In Kobsa's work we can find the term user modeling shell systems (Kobsa, 1993, 2001)
or abbreviated shell system or shell. This term describes the software tools that provide
the representation of assumption about one or more user characteristics of individual
user or common characteristics of the user belonging to the group, records of the user's
behavior, etc.

In this section we discuss content-based filtering, collaborative filtering, predictive
statistical, stereotype and overlay models. All these approaches can be used as stand-
alone techniques for constructing user model however combination is possible as well.

6.1.1  Content-based and collaborative filtering

Information filtering aims at reducing a huge amount of the information that the user
receives. Special types of the information filtering are content-based and collaborative
filtering.

Content-based filtering methods depend on three main factors: items content, ratings
given by the user and filtering algorithm (Pol¢icova, 2004). Content-based filtering can
exploit information only from document contents (words, phrases, etc.). This approach
evaluates documents content, which the user has found interesting. Algorithms for
content-based filtering need the large amount of the information related to the user's
behavior.

Collaborative approach or social filtering as it is sometimes called supposes that users
with similar taste will likely prefer similar things. Therefore users are divided into
groups by their interests. Systems provide recommendations to the particular user
based on ratings acquired from other users who had similar preferences in the past.
Eliciting explicit feedback (rating about things) from many users is thus necessary to
get these likes.

The difference between the content-based and collaborative filtering is that content-
based filtering is based on finding the match between content and user's preference
whereas collaborative filtering finds the match between people with similar preferences
(van Meteren & van Someren, 2000).

6.1.2 Predictive statistical models

The above mentioned approaches to the user modeling serve as a base for predictive
statistical models. Statistical models take the advantage from well-investigated area of
mathematical statistic and use it for description of existing and prediction of new user
characteristics. Overview of the predictive statistical models for user modeling is
described more in details and with examples in (Zukerman & Albrecht, 2001). Bellow
we offer briefly described main idea of predictive models.
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The basic models are:
= linear model,
=  TFIDF-based (Term Frequency Inverse Document Frequency) model,
=  Markov model,
= neural networks,
= classification,
* rule induction and
= Bayesian network.

Linear model

Linear models derived from regression model use weighted observable and non-
random quantities to infer a value for an unknown quantity. Sometimes is the sum of
these values extended with the random variable that express errors. Expected value for
that variable is 0.

TFIDF-based model

TFIDF expresses the importance of the words to the document. Weighted terms from a
document are represented as a vector of weights. Typically the similarity between
compared documents is calculated as an angle between vectors. The cosine function is
used to evaluate it.

Markov model

Markov model is based on probability distribution. Any state is represented by its
probability. Probability of the state is propagated from one state to the other one, i.e.
next event depends only on the probability of previously observed events. Special kind
of Markov model is Hidden Markov model where states are hidden.

Neural networks

The structure of the networks, non-linear thresholds and the weights of the edges
between the nodes make them capable in combination with content-based filtering to
represent user's characteristics. Then, the neural network can be learned where the
nodes represent the source in that the user is interesting and edges represent strength of
the association among sources.

Classification

Classification divides objects described with attributes into the classes. Objects that are
in the same class have some common traits or their attributes are close. On the other
hand objects with different attributes are located in variant classes.

Rule induction

The method for the rule induction consists of learning sets of the rules. The rules are
inducted by using variable techniques upon learning set. Several representations of
rules are possible, e.g. direct representation, decision trees, representation in terms of
conditional probabilities.
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Bayesian networks

Bayesian network is oriented acyclic graph where nodes represent variables and arcs
represent dependences among variables. It is necessary to specify for each node the
probability distribution that assigns a value to that node taking into account any
combinations of the values coming from parents' nodes.

6.1.3  Stereotype model

The mostly used approach in adaptive web-based applications is using stereotype and
overlay model or in some cases wise combination exploiting advantages of both
models.

A complex research about stereotypes has done Elaine Rich. She defines a stereotype
as a collection of frequently occurring characteristics of users (Rich, 1998). Practical
results of her research are presented in the system GRUNDY where facets represent
user characteristics.

User’s knowledge background about the application domain differs from user to user.
Stereotype approach takes into account also that aspect. Users are associated with one
or more stereotypes that mostly reflect user's knowledge (Kavcic, 2000), social
background, computer experience etc. These stereotypes can be ordered hierarchically
(Nébel et al., 2003) and characteristics are inherited from superior stereotype. User
associated with the stereotype will inherit all stereotype characteristics automatically.

As an example we suppose three user stereotypes related to the user's education:
elementary, secondary and higher. The user who has reached higher (university)
education is the specialist in the graduated field of science, is able to work
independently, invent new solution and bring them into the real life, etc. In the user
model we will find all these characteristics even user does not cover any of them. Upon
these characteristics we offer higher level job position to the user with university
education, for instance positions like project manager or pharmaceutical researcher. On
the other hand we do not offer positions like driver or painter that we would rather
offer to the user with elementary or secondary education.

Kobsa has identified three important tasks for designers of user modeling components
that are needed to be fulfilled (Kobsa, 1993):

= User subgroup identification upon similar characteristics that are relevant for
designed system.

= [dentification of small number of key characteristics that allows associate a user
with the particular subgroup.

» Formalization of the user group characteristics in appropriate representation
system is necessary.

Designers play important role in building user stereotypes. They have to identify,
which user's characteristics should be included into the stereotype. Kay distinguishes
handcrafted and empirically-based approaches to building stereotypes (Kay, 2000a).

Designer builds handcrafted stereotype based on her observation of the group.
Empirically-based approach collects data about the users' actions to build stereotype.
Designer defines when the stereotype is triggered and how works.
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Essential elements of a stereotype are triggers, inferences and retraction facility (Kay,
2000b). Trigger activates the stereotype, i.e. upon information acquired form the user is
activated one or more available stereotypes. Seldom can this information be acquired
by observing the user for a short period of the time (Kay, 2000a). After assigning the
stereotype inferences about the user can be accomplished. User model is thus extended
by inferred characteristics. In the case when characteristics obtained in the stereotype
do not reflect initial stereotype retraction facility deactivates it.

A different approach to the stereotype user model is a representation where model
consists of a set of pairs that assigns value ,,true* if user belongs to the stereotype and
,false® in opposite case or it can be a value that reflects probability of belonging to that
stereotype as well (Brusilovsky, 1996). Here rises the main drawback of that approach,
i.e. the stereotype default assumptions are prone to inaccuracy (Kobsa, 1993). Even if
stereotype has been built and applied correctly some inappropriate characteristics have
been inferred for particular user. In like manner Kay defines stereotype as a statistically
based reasoning about group of people (Kay, 1995).

It is important to emphasize that personalization to the particular user is not possible in
this case. Advantage of using stereotypes is visible in initializing user model by first
using of the system. The user who has provided some not identifying information
(Callaway & Kuflik, 2005) to the system can be associated with the particular
stereotype and some characteristics can be inferred.

6.1.4 Overlay model

The main idea is that user's knowledge of the subject is subset of the domain
knowledge and the user model is an overlay over the domain model (Brusilovsky, 1996,
Kavcic, 2000, Kay, 2000a). The overlay model supposes an instance of itself for any
user. This makes a base for personalization for particular user in contrast to stereotypes.

Domain model is in adaptive web-based applications usually represented through
concepts and their relationships. Any domain concept has a corresponding value in
overlay model in that is stored value represented the user's knowledge of the concept.
Estimation of the concept can be binary, qualitative or quantitative value (Brusilovsky,
1996).

An open source general-purpose adaptive hypermedia system AHA! uses the overlay
user model. The user model consists of the set of concepts with corresponding value
(de Bra et al., 2003). Apart from additional personal concepts stored in the user model
the overlay user model in AHA! incorporates any concepts from domain model. An
appropriate value is assigned to the concept by the system. This value expresses
individual user's knowledge level of this concept.

Special kind of overlay model is differential user model (Kay, 2000a). The differential
model does not reflect whole domain knowledge as is represented in a domain model
but only part of it. In this part is only subset in which the user might be interested in.
Overlay model in that is only real subset of domain knowledge and incorrect knowled-
ge is not included is called strict overlay model (Kavcic, 2000). User model including
also incorrect knowledge is called perturbation model (Carmona & Conejo, 2004).

Main drawback of this approach is a necessity of initialization of the model. When
system starts for the first time there is no information about user's knowledge for
particular domain concept. If system uses quantitative estimation the initial value is set
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to 0 or to some mean value, e.g. 50. This approach uses usually educational adaptive
web-based applications. The way how to overcome this problem is a combination of
overlay model with stereotype model (Wu et al., 2000).

6.1.5 Shared model

Important issue related to effective usage of the user's characteristics representation is
sharing the user model among several applications. This brings several advantages as
shown in (Bielikova & Kuruc, 2005). System can use the initialized data from the
others, what may prevent the user to type the same information again and again in
every system. However, the key advantage of the shared user model is an availability
of user's characteristics discovered by other system.

Noticeable advantage of shared user model is that information is logically stored at one
place (from technical point of view it can be replicated). This eliminates the
redundancy and simplifies the maintenance of the model. All changes need to be
performed only once. Moreover, when we have available characteristics from various
information domains at one place, we can use them to build more complex user
characteristics.

Drawback of shared user model lies in its essential lays in the very principle of it.
Applications may use different names for the same concepts, which can lead to
semantic duplicities in the model. This is the situation, where ontologies are useful — to
establish common names of ,,things* Another problem arises when the applications
using the shared user model evaluate some user's characteristic differently. This
characteristic would be constantly changing as the user uses various applications,
which can lead to poor results of personalization among all applications, which use the
mentioned characteristic. A solution to this problem is to keep track of the model
changes. This would allow each application to use this track as additional information
for personalization.

Many web-based applications define user model as a single-unit model. In spite of this
fact many models have been developed independently although we could find at least
couple characteristics, which are common for them. Designing user model as a single-
unit might cause reusability problems. Therefore, decomposition of the user model into
the parts seems to be in place. Here is necessary to identify characteristics, which
should belong to individual parts. A domain dependency described in next section
seems to be a properly measure for dividing user's characteristics into groups. This
leads to designing a general user model consisting from domain-independent
characteristics, which reflect everything what is suitable for most of the users in diffe-
rent web-based applications and the rest of the characteristics.

6.2 User characteristics and sources for user
modeling

User model consists of various characteristics. Some authors use for describing the
same meaning terms like attributes (Basu et al., 1998), features (Brusilovsky, 2001) or
properties (Jameson, 2001). For the purpose of this work we use the term characteristic.
Characteristic is a feature that describes the user. Set of the user characteristics creates
the user model. Characteristics about the user stored in the user model make a base for
the content, navigation and presentation adaptation to the particular user. The more
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relevant characteristics describing the user are included in the user model the more
accurate is the adaptation.

As an example about how these characteristics can help the adaptive process let's
assume that we have a characteristic in the user model expressing the minimal wage
per month acceptable by the user. Thus if the system knows that the user is not
interested in job offers where offered wage per month is less then her expected wage, it
will not present her offers that do not fulfill this condition. System is filtering the
information on behalf of the user and the user model assists in this action.

There are several user characteristics classifications. We have identified two main
criterions that allow distinguish user characteristics into the groups. On the one hand it
is criterion taking into account time and on the other hand it is domain dependency.

6.2.1 User characteristics classification

Brusilovsky identified goals, knowledge, background, hyperspace experience and
preferences as the user characteristics (Brusilovsky, 1996). Later he appends user's
interests (long-term or short-tem) and individual traits (user's features group in order to
define user as an individual) and omits hyperspace experience (Brusilovsky, 2001).

Personal Personal
characteristic 1 characteristic 2

| |

Knowledgeability
about topic

Noncognitive

General Interest Long-term goal ability

|

Specific Belief Spec'f.'c Short-term goal
evaluation
User action 1 User action 2 User action 3

Figure 6-1. Typical relationships among properties (Jameson, 1999).

Jameson uses for all characteristics one general term — property (Jameson, 1999).
Under this term are hidden personal characteristics, general interests and preferences,
proficiencies, noncognitive abilities, current goal, beliefs, behavioral regularities,
psychological states and context of interaction. Typical relationships among properties
are shown in the Figure 6-1. The arrows in the pictures mean that the source property
influences the target property.

One of the approaches is distinguishing user characteristics in permanent and variable
group (Nébel et al., 2003). As permanent characteristics authors consider these that are
independent of experience with the particular application. Here belong interests,
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attitudes, personality, skills, knowledge, abilities and preferences. Variable chara-
cteristics are divided into two subgroups. First subgroup covers characteristics that do
not depend on using the application and can be changed independently, e.g. age. The
other subgroup covers characteristics that are changed with experience of use of the
application, e.g. working with the application raises the user level.

Similar approach taking into account how often are characteristics changed divides
them into the static and dynamic group (Kavcic, 2000). The static group covers
characteristics that has been set once and are not changed throughout lifetime of the
user model or are changed rarely. To this group belongs for instance name, gender,
date of birth, etc. Dynamic characteristics are usually related to knowledge, goals, etc.
and express part of the user model where changes are made more often, e.g. user's
home address. We suppose that people are moving from one place to the other one and
merely seldom they live on the same address for whole life. These two groups differ
also in the way how the information stored in these characteristics is acquired. The
static characteristics (e.g. gender, date of birth, etc.) are mostly asked in some
questionnaire whereas the dynamic characteristics are acquired by observing user's
behavior throughout working with the application. For instance we can record
information about the job offers that has user already visited. Keeping records about
visited offers is not aimless. Observing is a good source for future inferring user's
preferences or interests.

The domain dependency is an important distinguishing criterion (Kavcic, 2000). This
criterion allows detach user characteristics into the parts. Domain dependency criterion
divides user's characteristics into domain-dependent and domain-independent group.
Domain-dependent characteristics are close connected to the application domain, for
instance preferred wage per month or per hour in the case of labor market domain. On
the other hand domain-independent characteristics are not related to the application
domain, for instance age or gender. Detaching domain-independent part opens the way
to build common user model that could be reusable in different applications.

For some domain-dependent characteristics we can use the term preference and interest.
The term preference expresses user's expectations towards the application domain.
Example of the preference is that the user prefers to work as a human resources
manager to technical support specialist. Term interest is not as conscious as the
preference. Interest expresses attractiveness about someone or something to the user
(Gonzalez, 2003) and generally is less accurate. In that case user just knows that he is
interested in the work with the people and he likes manage them. But she does not
know if she wants to work as a human resources manager or consultant.

6.2.2 Sources for the user modeling

In previous sections we have already mentioned that we need much relevant
characteristics describing the user to accomplish accurate adaptation. If we want to
provide high level personalization we need identify sources from which we can extract
information.

Sources for user modeling are mostly based on intuition and/or experience of the
system developer (Kobsa, 2001). The prior work and experiences of designers are very
invaluable sources for the developing of the user model. Designers use experiences and
time-consuming research to identify all the important characteristics that are supposed
to be included into the user model. Not a trivial part of this research is the commu-
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nication with specialists in the area from the praxis for which the user model is
designed to. After the identifying phase we can start with filling in the user model with
collected information.

There are two ways how to collect information about the user (Callaway & Kuflik,
2005): explicitly and implicitly. Explicit way is based on asking the user to provide
information, implicit way exploits information acquired by monitoring user's behavior
and inferring user's characteristics form accomplished observations.

The source of the information coming from the user during her work with an
application is called feedback. Here we can distinguish implicit and explicit feedback.
The feedback when the user is not disturbing until she is working we consider as an
implicit feedback. On the other hand when the user answers questions, or fills in
questionnaires we consider as an explicit feedback, because involving the user is
necessary here. We discuss user feedback with examples more in details in section
6.5.2 where we point out advantages and disadvantages of using it.

At this point we have to notice that besides filling in forms we can find out information
about the user from external sources, e.g. structured documents. An example of this
document could be structured curriculum vitae. For this kind of sources we need
specialized one-purpose tool, which is able extract information from the document and
store them into the user model. The main drawback is that developing general tools for
extracting from various sources is not a trivial problem. If we have extracting tool,
which is able achieve good results we can consider them also reliable like information
acquired from the forms because the source of this information is the user as well.

Observing the user's behavior (Wu et al., 2005) or navigation in the information space
during her work with the application is another source. The main advantage of this
approach is that the user does not even have to know about it. That way we can find out
details about the content, which has the user read, when, what time has he spend there,
etc. From this we can infer interesting characteristics about the user. Analysis of the
user's behavior is insufficient if it is performed at the end of the session. It is necessary
to do some analysis during the session (Ardissono & Torasso, 2000).

For instance we could find out that the user has spent a lot of time reading job offers
related to the information technologies and no time reading the offers form different
areas. Sometimes we can infer a characteristic, which we would not find out from the
user if we asked her explicitly. Reliability in this case is not always guaranteed because
we have to rely on inferred information.

6.3 Semantic Web environment

Adaptive hypermedia has brought an important element to the Web environment —
personalization. Personalization is helpful for several existing problems on the Web. At
least we should mention situations when the user is overloaded by the huge amount of
the information, or can get lost in the information space, or is visiting a content she
does not want to see, etc. Personalized approach to the user allows her to work more
effective with information that is presented.

The Web as we have known it so far has become successful very fast. The reasons why
it is so are following (Haustein & Pleumann, 2002):

= simplicity of HTML language,
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» immediate feedback after HTML page had been designed,

= additional benefits, because HTML pages are not used only to present
information, but e.g. a means of discussion or documentation for people
participating in a project,

= Jow critical mass of people was needed to raise their interest to become involved.

Here is important to notice that even a content presented to the user is personalized it is
still suitable only for a human. One has to make sometimes not a small effort to make
this information useful. This is significant especially when the user is looking for
information. After constructing a query what can be sometimes time consuming and for
not computer-literate people very complicated action, the user gets a list, which is
assembled only after a text processing (a fulltext comparison between query and data
stored in databases). For instance, if user's keywords are job and programmer because
we want to find a job position for a programmer, the result is all documents containing
these words. These documents do not even have to be job offers. It might be documents
describing programmer's job in generally. Here is no guarantee that this list contains
links to documents the user has been looking for and the user has to browse them to
extract information. This result also does not take into account relations among
information that are for a human obvious at a first sight.

A solution to this problem is to represent the Web content not only in a form
understandable for a human but also in a form that is easily machine-understandable. In
(Antoniou & van Haremelen, 2004) is the term machine-understandable consider as not
very appropriate even it is used quite often. This term makes people think that
computers can really understand. Authors incline rather to use the term machine-
processable instead.

Here comes Tim Berners-Lee's vision called Semantic Web initiative. This initiative
tries to add semantics to knowledge to make it processable by automated tools as well
as by people.

Probably the easiest way how to capture the meaning of the presented content provides
metadata (data about data), which can be added to the presented content. But this
solution solves problem related to the machine processing only partially.

In a job offer might be information as follows:

<jobOffers>
<position>Java Programmer</positions
<company>IT Solution</company>
<salary>10000</salary>
<startDate>ASAP</startDate>
<contractType>Temporary</contractType>
<region>New York</regions>
<advantages>
<benefit>car</benefits>
<benefit>mobile phone</benefits>
<benefit>health care</benefits>
</advantage>
</jobOffers>

Any author of the web page content use own terms to describe semantics of the
presented information.
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A movement from current state where information on the Web is in a natural language
is not easy. Therefore Tim Berners-Lee proposed a transition to the Semantic Web in
steps (Berners-Lee, 2001) and the progress proceed to the next step when the previous
is already fulfilled. These steps are known as the ,layer cake* and are shown in the
Figure 6-2.

Trust
Proof
rules
data Logic Digital
: signature
data Ontology vocabulary
selfdescriptive RDF + RDFSchema
document

. XML + NS + XMLSchema

Figure 6-2. The Semantic Web layers.

The two bottom layers (Unicode, URI and XML+NS+XML Schema layer) make
a syntax base for the Semantic Web languages. The Unicode layer provides a basic
scheme for encoding of the international characters sets. URI is the means for unique
identification and addressing of the resources on the Web. The XML layer with
namespace and schema definitions helps integrate the Semantic Web definitions with
the other XML based standards. RDF allows writing statements about resources and
RDF Schema (based on RDF) allows building hierarchies from these resources. But
RDF Schema is still not enough powerful and more expressive ontology languages are
needed to express more complex relationships. On higher level are ontologies with
vocabularies and relationships between concepts what make ontologies an appropriate
way how to represent various models in the web-based applications. Therefore, we
discuss ontologies and ontology languages more in details in standalone section. The
Logic, Proof and Trust layers are still being researched and we do not describe them
here because these layers have not been standardized yet.

6.3.1  Representing data by ontology

More complex solution than metadata provides ontology. The term ontology originates
form philosophy, namely from the study of the nature of existence. Several ontology
definitions have been given so far. For the purpose of this work it is not necessary to
mention any of them. We have decided to use Studer's et al. definition, which goes out
from Gruber's definition. An ontology is a formal, explicit specification of a shared
conceptualization (Studer et al., 1998). Denotation of this definition is following:

= formal — ontology should be machine readable,
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= explicit — type of used concepts and constraints are defined explicitly,
= shared — ontology is not private to an individual, but it is accepted by a group,

»  conceptualization — refers to an abstract simplified view at the world, which is
formally represented.

If we take a look at ontology from the subject of the conceptualization point of view,
we distinguish following kinds of ontologies (Guarino, 1997, 1998):

= Top-level ontology. Describes very general concepts like space, time, matter,
object, event, action, etc., which are independent of a particular problem or
domain.

»  Domain ontology. Many times the term ontology is narrowed only to the
modeling of the domain. Domain ontology describes the vocabulary related to
generic domain (e.g. labor market domain) by specializing the terms introduced in
the top-level ontology.

= Task ontology. Describes the vocabulary related to the generic task or activity (e.g.
looking for a job) by specializing the terms introduced in the top-level ontology.

»  Application ontology. Describes concepts depending both on a particular domain
and task, which are often specializations of the both related ontologies.

The graphical view of the kinds of the ontologies with relationships among them is
shown in the Figure 6-3. The arrows represent the specialization relationship.

The question is where to assign the ontology, which would describe a user who is using
a web-based application. Considering that the user ontology describes the user as
a person (a job applicant allocated in the labor market) and so defines a vocabulary for
her, we have to assign this ontology to the domain ontology group. However, a job
applicant is looking for a job and this ontology have to reflect this fact as well, what is
in a matter of fact an action what makes us think about the user ontology in the task
ontology range. At last, in the case of the user ontology, the border between assigning
to the domain or task ontology group is very thin, because the user ontology as the task
ontology could not exist without the domain ontology defining vocabulary in our case
for the labor market.

In the ontology we define concepts like classes (general things) in the many domains of
interest, instances (particular things), relationships among those things, properties (and
property values) of those things, functions, constrains and rules involving those things
(Obrst, 2003). This gives the ontology much powerful expressiveness than the
metadata have.

Many ontologies are shared even although it is difficult for various applications to
cooperate with them because different vocabularies are used. Differences in
terminology can by overcome by mapping among different ontologies. To exploit the
full power of the ontology it is necessary to use an appropriate language that is able to
express all concepts we have described above.

Following ontology languages are available (McGuinness & van Harmelen, 2004):

= XML provides a surface syntax for structured documents, but imposes no
semantic constraints on the meaning of these documents.

= XML Schema is a language for restricting the structure of XML documents and
also extends XML with datatypes.
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Figure 6-3. The overview of the ontology kinds (Guarino, 1998).

= RDF is a data model for objects (,,resources”) and relations between them,
provides a simple semantics for this data model, and these data models can be
represented in an XML syntax.

= RDF Schema is a vocabulary for describing properties and classes of RDF
resources, with a semantics for generalization hierarchies of such properties and
classes.

= OWL adds more vocabulary for describing properties and classes: among others,
relations between classes (e.g. disjointness), cardinality (e.g. ,.exactly one®),
equality, richer typing of properties, characteristics of properties (e.g. symmetry),
and enumerated classes.

6.4 User model representation

User model represents various user's characteristics, which can be used for adaptation
of the content, presentation or the navigation. Kay and Lum define user model as
beliefs about the user that include preferences, knowledge and attributes for a particular
domain (Kay & Lum, 2005). At 9th International Conference on User Modeling in
2003 was user model defined as an explicit representation of properties of individual
users or user classes. It allows the system to adapt its performance to user needs and
preferences (Brusilovsky et al., 2003).

The aim of the user modeling is to identify user's characteristics and chose an
appropriate representation of them. Well defined characteristics should reflect a real
user of the application as much as possible what is necessary for successful
personalization. An appropriate representation with requested expressiveness is also
needed. Otherwise is not likely that we achieve desirable adaptation.

There are several approaches how to express and store the user model. In this section
we describe possibilities of the user model representation and discuss advantages and
disadvantages of these approaches.
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6.4.1 Relational database

Probably the most obvious is the use of the relational database to store the data about
the user, because most of the information systems already use this kind of storage to
store its application data. User model is realized as a set of connected database tables.
User characteristics are mapped to the various columns of these tables, whose values
express the level of the particular characteristic.

If we take a look at data stored in database from presentation point of view, this data
does not need any special preprocessing before they are presented to an end-user.
Therefore a transformation to the form suitable for presentation supported by web-
based applications (HTML or XHTML languages) is comfortable. Here we consider all
the application data and also user model data even this data are not primarily addressed
for presentation.

Using relational database is quite straightforward, offers good performance and many
other advantages like security, data recovery etc. However, relational databases are not
primarily designated to express the knowledge, they can not be easily shared and bring
difficulties when some changes need to be done.

6.4.2 XML-based representations

Other frequently used approach is the use of the file system to store the user relevant
data. In this case, we can develop our own file format from scratch, but doing it, we
block almost totally the sharing and reuse of our model. Better is to represent the
model in some XML-based language that offers enough powerful expressiveness.

XML is used as a uniform data exchange format between applications. It provides
a surface syntax for structured documents but imposes no semantic constraints on the
meaning of these documents (McGuinness & van Harmelen, 2004). The content
described by XML is separated from formatting, what allows that the same information
can be presented to the end-user in different ways. XML does not have a fixed set of
tags but allows users to define tags of their own (Antoniou & van Harmelen, 2004).
A richer defining of the structure of the XML documents offers XML Schema. An
improvement is not only in readability but it provides better possibility of reuse.

XML based user model is used e.g. in the AHA! The part of the user model, which
stores information about the user's name and contact email is defined as follows:

<records>
<key>personal .name</key>
<value>John Smith</values>
<firsttimeupdated>false</firsttimeupdateds>
</records>
<record>
<key>personal.email</key>
<value>john.smithemail.com</value>
<firsttimeupdated>false</firsttimeupdateds>
</records

The performance of this solution is limited by the performance of the used file system,
reusability and sharing is better than in database approach, but is still not ideal.

An extension to the XML structure to be able represent graph structure adds UserML
(Heckmann & Krueger, 2003). It is accomplished by connecting several modules via
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identifiers (IDs) and references to identifiers (IDREFs). Therefore graph structures can
be represented instead of trees. This approach uses two cooperative levels. First one
defines simple XML structure for the user model entries and second one are categories
defined in the ontology. The advantage of this approach is that different ontologies can
be used with the same UserML tools.

The both above mentioned approaches (databases, file system) offer only the flat
structured describing of user's characteristics in the user model and do not offer any
added value from the user modeling point of view.

6.4.3 Ontology-based representation

A simple list of user's characteristics with assigned values lacks semantics what is
significant for previous approaches (Bielikovd & Kuruc, 2005). A way to move user
modeling from the low level describing of the user's characteristics to the higher level
with additional possibilities offers ontology-based approach to the user modeling.
Ontologies support reasoning across granularities, provide a common understanding of
the domain to facilitate reuse and harmonization of different terminologies (Kay &
Lum, 2005). Inference represents the important contribution of the ontology-based
models. If we have semantically well-defined user's characteristics, we can use the
ontology and its relations, conditions and restrictions to provide the basis for the
inferential mechanism to infer more characteristics about the user.

A necessary background to putting user model on higher level in practice provides
Semantic Web initiative. This initiative tries to add semantic to knowledge to make it
understandable by automated tools as well as by people. For this purpose the World
Wide Web consortium has released the Resource Description Framework (RDF) and
the OWL Web Ontology Language (OWL) as W3C Recommendations.

OWL is a vocabulary extension of RDF (Resource Description Framework) used to
make statements about resources. Its model can be expressed in the XML based
language. OWL language has three sub-languages with increasingly expressiveness:
OWL-Lite, OWL-DL, OWL-Full, where OWL-Lite is the least expressive language
and OWL-Full the most expressive one.

Following source code fragment with user's name and her working experience
expresses a part of the user model described in OWL:

<rdf :Description rdf:about="#name">
<rdfs:label xml:lang="en"s>name</rdfs:label>
<rdf:type rdf:resource=
"http://www.w3.0rg/2002/07/owl#DatatypeProperty"/>
<rdfs:domain rdf:resource="#User"/>
<rdfs:range rdf:resource=
"http://www.w3.0rg/2001/XMLSchema#string"/>
</rdf :Description>
<rdf :Description rdf:about="#hasExperience">
<rdfs:label xml:lang="en">has working experience</rdfs:label>
<rdfs:domain rdf:resource="#User"/>
<rdfs:range rdf:resource=
"http://fiit.sk/classification#ExperienceClassification"/>
<rdf:type rdf:resource=
"http://www.w3.0rg/2002/07/owl#0bjectProperty"/>
</rdf :Description>
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The both properties have a domain and a range specified and a property links
individuals from the domain to individuals from the range. We distinguish datatype and
object properties. Object properties link an individual to an individual. In this case,
hasExperience is an object property, what means that an individual from the class
User is linked to an individual from the ExperienceClassification. Datatype
properties link an individual to an XML Schema Datatype value or an RDF literal
(Horridge et al., 2004). An example of datatype property is the Name here and it is
defined as a string.

For modeling a user seems OWL-DL language based on Description Logic to be
appropriate, because it is a good compromise between expressiveness while retaining
computational completeness and decidability. OWL-DL enables the ontology
developers to use the sophisticated restrictions and provides them with automated
consistency control and reasoning, even if this area is still under heavy research. OWL
was designed with the intention of the ontology sharing and reuse, which means that
models expressed in this language can be easily shared, combined and integrated into
other models. It can be expressed as a graph, so enables domain-specific experts to
review and comment the model.

By creating ontology-based user model and deriving it from the domain ontology, we
raise the probability that the user's characteristics would be shared among a range of
systems of the same domain (especially on the Web as the ontologies are represented
by the OWL).

In comparison to XML, XML provides only the syntax for structured documents and
does not impose semantics on the meaning of these documents. The OWL goes farther
and adds more vocabulary for describing properties and classes: among others,
relations between classes, cardinality, equality, richer typing of properties,
characteristics of properties, and enumerated classes. The OWL is designed for use by
applications that need to process the content of information instead of just presenting
information to the human (McGuinness & van Harmelen, 2004).

6.4.4 Example of the user model represented by ontology

Ontology-based approach to the user modeling is not a new idea. Semantically
described user model has several advantages (Grimnes, 2003), namely increased
accuracy of the model, generalization and easier understanding. Some attempts to
model a user have been already accomplished, especially in applications aimed at
closed information space, like educational systems.

An enhanced ontology-based user model has been developed in an integrated
environment for personalized learning content management, called OntoAIMS
developed at Eindhoven University of Technology (Denaux et al., 2004). In this project
is the user modeled by using OWL-OLM tool for open user modeling. OWL-OLM
uses dialogs to elicit information about the user to overcome cold start problem when
the user logs on for the first time. User model is linked to one or more ontologies.

Another example is SHOE® project. SHOE (Simple HTML Ontology Extensions) is an
XML-compatible knowledge representation language for the Web and has been
developed at the University of Maryland and allows web page authors to annotate their

8 Project SHOE, http://www.cs.umd.edu/projects/plus/SHOE/
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web documents with machine-readable knowledge. For the purpose of this project a
personal ontology has been developed, which defines elements for describing an
individual user together with her interests.

At University of Pittsburg has been developed ADAPT? — Advanced Distributed
Architecture for Personalized Teaching & Training (Brusilovsky et al., 2005) that
provides a general framework for distributed education. This framework employs
Ontology Server to user model exchange.

We have proposed a user model in the course of the project called Tools for acquisition,
organization and maintenance of knowledge in an environment of heterogeneous
information resources (Navrat et al., 2005). The outcome from the project is the web-
based information system in domain of labor market (both for people who are looking
for a job and companies which are looking for employees). Domain model uses
ontology-based representation. Domain ontology (explicit conceptualization of job
offers) profits from the advantage of ontology reuse and uses also several ontologies
(which domain is independent from chosen labor market application domain) to
achieve the desired conceptualization, namely classification, region and offer.

Classification (prefix ,,c*) defines hierarchies for industrial segments, professions,
educational levels, qualifications and various organizations. Region (prefix ,r")
describes the domain of the regions, countries, languages and currencies that are used
in these regions. Offer (prefix ,,0fr*) describes general offer domain. General offer is
represented by the class ofr: Of fer. Any offer has a source and a validity interval.
The class JobOf fer is the key class of the domain ontology. This class represents the
standalone job offer.

We have designed the user model according the user dependency criterion, which
divides user's characteristics into domain-dependent and domain-independent groups.
This criterion has led us to the decision to represent the user model by two sub-
ontologies corresponding to mentioned groups of characteristics. Our ontology consists
of three parts:

» DomainDependentUser — domain-dependent part of the user ontology
describes domain-dependent user's characteristics,

* DomainIndependentUser — contains domain-independent part of the user
ontology that reflects domain-independent user's characteristics,

= UserModel — is a part that bonds previous two parts together into the user
model.

Domain-dependent part is directly connected to the domain ontology and exploits its
sub-ontologies — classification, region and offer. Characteristics stored in this part
express user's preferences towards the job offer (see Figure 6-4). In this case we store
in the user model information about user's desirable job offer. The user can specify
following attributes:

= ContractType — user has a chance to choose from these options: contract, non
executive, permanent, self employed, temporary.

= Region — defines the destination where the looking job should be engaged,

= Salary - expected wage,
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= DomainClassification — defines the domain of user's interests, in which
the job position should be engaged (usually the standard study programs at
universities).

VisitedJobOffer
hasRating | Integer
jo:ContractType relatesTo | Instance* | jo:JobOffer

hasVisitedOffer*
hasPreferredContractType*

DomainDependentUser

hasPreferredLocation*
hasPreferredSalary*

r:Region Dr:isPartOf :consistsOf*

hasPrefferedPositionIn*

jo:Salary c:DomainClassification

Figure 6-4. Domain-dependent part of the user model.

Information about the job offers that the user has already visited plays important role in
the personalization process. This information is modeled by the class
VisitedJobOffer. The user model stores information about the source of the
visited offer (relatesTo) evaluation assigned by the user (hasRating).

Domain-independent (see Figure 6-5) part involves user's characteristics that describe
auser as a person. This part consists from datatype and object properties as well.
Datatype properties are dateOfBirth and name. Object properties are mapped only
to the domain ontology parts that are independent from our labor market domain. That
way we can express user’s language skills including mother language (using reference
hasLanguageKnowledge), personal characteristics, e.g. gender hasPersonal
Attribute), computer skills (hasUserLevel) and previous education
(hasEducation).

Proposed user model is derived from the domain ontology, what raises the probability
that the user's characteristics can be shared among a range of systems of the same
domain. We want to keep extending existing user model to reflect the real user as
accurately as needed.



117

DomainindependentUser

dateOfBirth | String
name | String*
hasLanguageKnowledge | Instance* | LanguageKnowledge

hasPersonalAttribute | Instance | c:PersonalAttributeClassification

hasUserLevel | Instance | c ExperiencelLevel
hasEducation Instance* c:Education
hasUserLevel asPersonalAttribute
hasEducation?
c:Experiencelevel c:PersonalAttributeClassification

c:Education

c:inDomain | Instance* | c:DomainClassification

hasLanguageKnowledge*

LanguageKnowledge

hasLanguage | Instance | c:LanguageClassification

hasLanguagelevel | Instance | c:Languagelevel

Figure 6-5. Proposal of the user model — the domain-independent part.

When we design general part there is a possibility to use existing ontologies, e.g.
FOAF’ ontology. Although FOAF ontology is not primarily intended for modeling
a user in the web-based applications, it contains several personal attributes that might
be helpful in designing general user ontology, i.e. first name, last name, email address,
etc. Designed user model for any application will then consists of the general part and
application specific part, which will differs one application to another. Detaching
domain-independent part opens the way to build common user model that could be
reusable in applications operating on different domains.

Hence, the proposed user model can be shared across many applications. To this user
model base we could add characteristics captured from other applications. But any
application uses its own vocabulary for describing user's characteristics. Identifying the
same user's characteristics and excluding the redundancy for example in two user
models is a trivial problem for a human, but it is not for a computer. Even after flat
structured information in attribute-value pair forms where the attribute names are not
enough meaningful might be complicated for a human as well. This problem is not so
remarkable if for describing in different systems are used synonyms. Ontology-based
approach to the user modeling with structured information and additional relations,
conditions and restrictions might be the way how to accomplish mapping between two
user models automatically.

® The Friend of a Friend (FOAF) project, http://www.foaf-project.org/
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Besides employing a shared user model there is also possible to use separate user
model for any ontology if there are multiple ontologies describing application domain
(Brusilovsky et al., 2005). These user models cooperate through Ontology Server,
which stores the ontological structures of the domains and also provides platform for
information exchange. Here raises a problem when multiple user model servers can
work with the same user. It is necessary to employ exchanging mechanisms not to lose
important information about the user. It is important to take a look at user modeling
from the point of standards to exploit full power of the user model whether it is
separate or shared. First attempt to describe user modeling area provides User
Modeling Meta-ontology described more in details in (Yudelson et al., 2005).

6.5 Automatic user modeling

In section 6.2.2 we have discussed sources for the user modeling. Several problems are
related to these sources. Some of them we have already sketched in that section and
some in sections before. Here, we tray to concentrate all these problems in one place,
namely we address cold-start problem, user feedback, inaccuracy in the user model,
security and privacy in the user model.

6.5.1 Cold-start problem

It is obvious that if we want to accomplish adaptation we need a lot of information
about the user. We have identified two main sources of this information. First source is
information acquired from the user and second one is acquired by monitoring user's
behavior while she is working with the application. Unfortunately, when the user starts
using the application for the first time there is no information about her to provide
successful personalization. When the personalization is not satisfactory for the user, it
can deter the user from future using the application.

We can look at this problem from two points of view — the new-system cold-start and
the new-user cold-start problem (Middleton, 2003). The case of the new-system cold-
start problem is related to the new system where is no initial information about any
user. And the user who uses the application for the first time is the first user since the
application has bean launched. In the other case the application has been running for a
while and there are records about the other users who have already used this
application.

Asking the user questions seems to be a solution. But the user who is asked too many
questions usually starts feeling bothered and inclines to check whatever answers just to
get through it as fast as it gets. Here, we point out how important is to design the clear
and unobtrusive question, but we do not discuss it more in details.

Partial solution gives stereotypes where the user is assigned to the group (stereotype)
after he had answered only a few questions. The stereotype reflects characteristics,
which are common for most of the group members. If the stereotype is assigned to the
user all these characteristics will appear in her user model even any of them does not
reflect particular user.

Cold-start problem may be overcome by using default values as well. It is obvious
especially in education application. Any of this application is dedicated to a group of
students and here we can assume their previously achieved education level. The
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knowledge about the student's level of the individual concept was set as an initial value
related to the particular characteristic when the user model had been created.

6.5.2 User feedback

Sometimes we need elicit some feedback from the user while she is working. The
common example is when the user is asked for an opinion about the content that is
being presented. For instance, the user assigns rating to the visited job offer from
defined scale. This evaluation could be used for finding similar offers, i.e. if the user
likes some offer and assigns it high rating we can suppose that will also like similar
ones. This is an example for an explicit feedback. By explicit feedback the user can
indicate either positive or negative interaction, e.g. when the user clicks on the button
,»More details* indicates a positive interaction or eventually negative interaction by
clicking on the button ,,Not interested®.

When the user's work is not interrupted we are talking about implicit feedback. It
requires collecting of evidence and making deduction before it influences the user
model. For example, user might read detailed information about a job offer only to find
it not interesting after all details are known. Implicit feedback often introduces
inference errors to the user model. Explicit feedback has higher priority than implicit
feedback because involves the user (Callaway & Kuflik, 2005) however implicit is
more preferred because it has little or no impact on the user's normal work activity
(Middleton, 2003).

If we take into account web-based applications the user uses a web browser to access
the content represented as web pages. During browsing the web pages it happens many
times that the user reaches the content, which she does not want to read or just wants to
go one or more steps back in the navigation. To accomplish this intent the user presses
the Back button and gets to previous page. This gives very important information to the
user modeling. From pressing Back button we can infer information about user's
interest about the content that is being presented. If the user had spent enough long
time before he pressed Back button we can suppose that the presented content is
interesting and make changes in the user model.

As a main source for modeling process we consider information collected from the user.
Usually there are not too many options how to elicit especially personal information
without asking. The mostly used form is questionnaires where the user has several
closed questions, i.e. prepared answers are provided and the user only needs to pickup
one or more. The amount of the questions and appropriate formulation is very
important to make the user do activities, which are not directly related to her goal, i.e.
to work with the application. Otherwise the user could be prone to choose answers that
do not represent her or choose answers without reading them only to go through very
fast. Similarly, sometime the user does not know the correct answer of the questions
(e.g. she has not achieved required knowledge yet) or does not want to talk about it
because it is too private for them (Rich, 1998).

At last we should not forget psychological aspect of answering questions. People use to
see themselves in better light than they in fact are. In this case is all the effort useless.
Sometimes is better to work with smaller amount of information than with the large set
that is inaccurate. This form of the information acquiring is useful when the user starts
using the application for the first time and the user model needs to be initialized.
Therefore questionnaires should be unobtrusive as much as possible not to discourage
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the user from using the application or provide the answers honestly. This source we
thus consider as a very reliable. The main drawback of this approach is that user's
active involvement is necessary.

6.5.3 Inaccuracies in the user model

We have identified two sources for the user modeling. As we have already mentioned
the information about the user comes directly from the user or is aresult of the
monitoring of the user's behavior. Information given by the user we consider as the
most reliable source.

The problem rises when the information about the user is inferred or is acquired from
the monitoring of the user behavior. That way can be inferred not only values that are
assigned to the particular characteristics, but also new characteristics. Especially, when
the stereotype model is used, the user becomes a member of the group even she does
not have any of the characteristics that represents particular stereotype. The main idea
of the stereotype model is that user covers most of the characteristics, but only the
minority characteristics may cause significant inaccuracy, which will reveal in the
unsatisfactory personalization.

Monitoring of the user's behavior and following inferring user's characteristics is
interesting from the researcher point of view, but untrustworthy in the user's eyes.
Diffidence may cause that user will stop using the application because she does not
know what kind of information about her are stored in the user model. To avoid the
problem with trust in the user model, the user should have an opportunity to check the
content of the user model through some kind of user-friendly interface. Here is
important to distinguish and also indicate what characteristic and its value as well is
originally acquired from the user and which is inferred.

A special case that may sometimes appear and that causes inaccuracy in the user model
is when the user allows another person to work with the application in her name (Kay,
2000b). In this case we will probably notice the unsatisfactory personalization.

6.5.4 Privacy and security

Personalized approach to the web-based applications brings many advantages. But
when we provide the user information she wants, we have to keep in mind her security
and the right to the privacy. Privacy is defined in the online encyclopedia Wikipedia'®
as the ability of an individual or group to stop information about them from becoming
known to people other than those whom they choose to give the information.

Personal demands for privacy in the user modeling can be influenced by such factors as
(Schreck, 2000):

= Personal preferences for privacy in information technology. 1t identifies whether
the user prefers anonymous or identifiable access to the information.

»  Personal attitudes towards monitoring and classification through applications.
The user can make the decision that she does not agree with the monitoring of her
behavior during the work with the application.

10 Wikipedia, www.wikipedia.org
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= Personal expectations for user adaptive applications and their adaptations. It
means if the added value provided by the system is enough high to make the user
feel willing to accept disclosing of her personal information.

=  Personal needs to keep different sets of characteristics of different user adaptive
applications apart from each other. It identifies how large part of the user model
(user's characteristics) can be shared among applications.

»  Personal roles, which a user assumes while using a user adaptive application.
Throughout the work with the application there is not only the adaptation the user
but also to their roles.

The user model that is used for the personalization is usually stored on the server side
together with the application and rest of the application data. It means that user's
characteristics, which might be often personal, are stored there as well. But we can not
forget that secured connection is also one of the aspects. Therefore, the security in the
web-based applications have to refer to the protection against unauthorized access and
modification (Joshi et al., 2001), damage, lost or misusage of the information (Kovacik,
2002).

The purpose of this work is not to discuss the security or privacy issues in the Web
environment in details. We only point out some aspects of these problems. The main
goals of information security are (Kovacik, 2002):

= Secrecy — only the authorized user is allowed to use the information.

= [ntegrity — only authorized user is allowed to change stored information and if the
opposite case happens, the violation is identified.

»  Availability — the information is presented to the user at the moment when it is
requested.

These three goals might be achieved mutually to provide the maximum security of the
user's information in the web-based applications. But in the real applications
sometimes happens that achieving the highest level one of these goals causes
decreasing another one.

6.6 Lifetime and maintenance of user models

The user model is a part of the web-based applications. It is not stable but changes are
made frequently. As the real user is being changed in the real world, the user model
does not have to stay back. We can say that the changes are necessary to keep the
model up-to-date to reflect the real user.

Considering lifetime we have to take into account characteristics, which are stored in
the user model. User characteristics together with their classification are described in
section 6.2.1. Hence, we can assume that if the majority of the characteristics belong to
the long-term group it is unlikely that lifetime of the user model will be short-term and
vice versa. Here we also have to think about how many times the user uses the
application. In the application, which is used only once by the particular user is not too
much space for adaptive personalization, but there is still a chance for the adaptable
personalization. Using the application only once but for enough long time (e.g. couple
hours) gives the opportunity for the successful personalization, but we still consider the
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user model used in this kind of application as a short-time model. We consider the user
model as a long-term usually when the adaptive application is used frequently in a
longer term. In this case we have enough time to fully exploit the monitoring of the
user behavior and watch changes in the user model.

The user model goes trough several phases during its lifetime. The first step lies on the
arms of designers who have to collect the most important characteristics about the real
user. After that step had been done programmers chose an appropriate form of
representation for the user model and construct it. At this point the model is integrated
into the application and its using can start.

When the user starts using the application for the first time the user model is not
initialized. This problem is known as a cold-start problem and we describe a way how
to deal with this problem in the section 6.5.1. Some web-based applications use default
initial values (de Bra et al., 2003). To the user's characteristic is assigned a predefined
value that is same for any user but later as the user works with the application the
values is updated. As an initial value in the user model we also consider stereotypes
that bring an inaccuracy to the user model and have to be corrected (Kay, 2000a)

Once the user model is integrated its maintenance does not stop. During the work with
the application some new characteristics might arise or be inferred and this fact has to
be taken into account. If any change related to the structure of the model needs the
impact of the designers or programmers, the work with the application would be
inflexible. Therefore the application has to include several tools or mechanisms, which
take care about the maintenance of the model. Tools that monitor the user's behavior
and make changes in the user model also belong to this group of tools. Analyzing the
user's behavior is insufficient if it is performed at the end of the session. It is necessary
to do some of analysis during the session (Ardissono & Torasso, 2000).

The user model can fade in two ways. Many times users just stop using the application
and never come back. On the other hand if the user makes the decision to stop using
the adaptive application he has the chance to cancel her account. The user model can
simply fade and collected information is deleted. This case is not very good for the
future user modeling because we are loosing precious data that we could use for other
users. But if the user does not want to keep information about her in the application we
have to delete them.
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7 PARALLEL AND
DISTRIBUTED
SIMULATION OF
DISCRETE EVENT
SYSTEMS

Simulation and analysis are two alternative methods for studying the dynamics of
systems. There are situations in which analytical solutions can be more accurate and
more easily obtained then simulation results. However, many systems cannot be
adequately analyzed by standard mathematical techniques. Simulation, on the other
hand, is very flexible. In simulation modeling, the system can usually be represented at
an arbitrary level of detail. This makes simulation a very powerful tool for studying the
dynamics of systems.

A major disadvantage of simulation is its expense. As the range and/or the complexity
of systems under study increase, running a simulation in a sequential manner (on one
central processor) comes into trouble: it requires an enormous amount of time and/or
memory for storing the state of the model. Thus, it is natural to attempt to exploit the
power of parallel and distributed computing to accelerate the simulation computations,
or to extend the amount of available memory.

In the past two decades, there has been a great deal of interest in parallel or distributed
execution of simulation models. The main reason of this is the pragmatic one
mentioned above — to increase the performance of simulation of large and complex
systems. Parallel simulation is also interesting from an academic point of view,
because it represents a problem domain that often contains substantial amounts of
parallelism, but is surprisingly difficult to parallelize efficiently in practice (Fujimoto,
1990a). Moreover, simulation tasks form a suitable experimental basis for the study of
some issues of parallel or distributed computation, such as performance, synchro-
nization algorithms, parallelization and decomposition, etc.

Similar issues arise in another situation, namely when there is a need for cooperation of
multiple simulators which are naturally distributed. The natural distribution may ensue
from geographical distribution of the simulators, or simply from their independent
development. Deployment of such simulators in one common task requires their
cooperation and coordination called interoperability. Here, one of the major issues is
the synchronization, similarly to the case of parallelizing a single simulation.
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The research area called Parallel Discrete Event Simulation (PDES) studies the issues
connected to simulation involving multiple cooperating concurrent processes, including
both of the above mentioned cases. A huge amount of problems has been solved in the
past years, many are still open. There is an annual Workshop on Principles of
Advanced and Distributed Simulation (PADS), formerly called Workshop on Parallel
and Distributed Simulation, devoted to the area of PDES. The results presented on this
workshop document the vitality and the importance of the area.

This document gives a survey of the area of PDES, including issues that have been
most intensively discussed in the large amount of literature concerning the area. Some
topics, such as the conservative methods and the lookahead are elaborated in more
detail, since these are the central research interests of the author.

71 Discrete event simulation

Simulation is a tool for studying systems by means of using a model of the system. The
model is an abstraction of the system under study containing features which are
substantial for the objective of the study'' (Zeigler et al., 2000). The purpose of
simulation is to mimic the behavior of the modeled system using the model. In this
document, we are interested in dynamic systems where time plays an essential role.
Passage of time in the modeled system is captured in the model by the notion of
simulation time (Neuschl et al., 1988, Zeigler et al., 2000). Using this notion, we can
re-formulate the purpose of the simulation as being a way to generate the behavior of
the model within some (finite) interval of simulation time (0, Tgyp), denoted as
simulation period 7.

711 Model state

A substantial ingredient of a model description is a set of descriptive variables. The
values of the variables reflect the state of the modeled system. The values change as
the state of the model changes over time. From these variables a subset can be selected
which unambiguously determines the state of the system (Zeigler et al., 2000). The
selection forms a tuple of state variables, let us denote it A=(0t;,0,...,0). There can be
several alternative selections of state variables from the set of descriptive variables.
However, the selected state variables must provide an unambiguous state description.
Each variable o; takes on values from a defined set of possible values RANGE(o).
Then the state of the model at any time is a point in the state space
S C RANGE(01)XRANGE(0)X.. XRANGE (o).

The primary purpose of any simulation is to compute the point in the state space .S for
every instant of simulation time within the period 7. From this viewpoint, simulation is
a means for the state trajectory construction (Zeigler et al., 2000). The simulation
output of interest usually takes the form of some summary statistics calculated from the
state trajectory. These statistics may be calculated in the course of the simulation, even
without recording the state trajectory itself. Nevertheless, construction of the state
trajectory remains the primary purpose. As mentioned earlier, the time domain of
simulations of our interest is a time interval 7= {0, Tgyp), 1.€. time is continuous in

""We will tackle the issues related to modeling itself later in section 7.5.2.
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these simulations. As for the state domain, we restrict ourselves to simulations where
the state changes occur instantaneously at discrete points in time. We do not consider
continuous systems, where the state can change continuously with respect to time.
Discrete state changes imply that the state trajectory of the model is piecewise-constant.
An instantaneous state change is called an event. The event has zero duration. The time
instants of event occurrences are the points on the time axis which divide the time
domain into adjacent intervals. The state is constant during each of these intervals.
Systems which can be reasonably simulated in this manner are commonly called
discrete event systems. Examples of such systems are queuing systems, digital logic
circuits, computer networks, traffic systems, etc.

7.1.2 Conceptual frameworks

In order to facilitate the modeling of discrete event systems, some standard ways for
describing model behavior have been developed. These are denoted as world views, or
conceptual frameworks. According to (Balci, 1988), a conceptual framework is
“a structure of concepts and views under which the simulationist is guided for the
development of a simulation model”. The most common of them are event scheduling,
activity scanning, and process interaction world views (Balci, 1988, Neuschl et al.,
1988, Page & Nance, 1994).

The event scheduling world view focuses on events and their effects on state changes.
The state trajectory computed in a simulation can be described as a sequence of
couples (state, its duration). Such description can be transformed to an equivalent one
consisting of sequence of couples (event, occurrence time). Events in the sequence
differing only in occurrence time as said to be of the same event type. The model
description in the event oriented world view contains an event handler (event routine)
for each event type. The event handler specifies state changes and scheduling of other
events which should take place as a result of the event occurrence.

The activity scanning world view considers activities as atomic units of operation of
the model. Activities have non-zero duration in terms of simulation time. Examples of
activities are servicing a customer in a server, or transferring a certain amount of data
over a network. There can be multiple concurrent, time-overlapping activities in
amodel. Activity scanning is similar to the rule-based programming where a rule is
specified upon the satisfaction of which a pre-determined set of operations is
performed. Each activity consists of two parts:

= a condition which must be satisfied in order for an activity to take place
= operations which are performed upon the satisfaction of the associated condition

To relate it to the event scheduling world view, an activity can be considered as
corresponding to two events, one of them occurring when the activity starts, and the
other when the activity terminates.

In the process interaction world view, consecutive activities which are logically
connected to each other, are encapsulated to form a process. A process can be viewed
as a sequence of activities. Such notion of the process is in consonance with the
common usage of the term. It was introduced by D. E. Knuth within his simulation
language called SOL (Knuth & McNeley, 1964). A process describes the life cycle of
an object involved in the simulation. In the course of the simulation, the process is
responsible for managing a portion of state corresponding to the object, and can
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interact with other processes. The advantage of this approach is that the code
responsible for managing an object’s state is encapsulated in a single process rather
than being scattered among multiple events or activities as in the other world views. On
the other hand, process oriented simulators require a more sophisticated simulation
executive.

It has been shown in (Safatik, 1983) that all the three world views are equivalent in the
sense that any model description in one world view can be translated into any of the
remaining two world views.

7.1.3 Event-based simulators

The majority of work in the area of PDES is based on the event scheduling world view.
Therefore we will elaborate it in more detail now. The model description focuses on
the events themselves. It contains an event handler for each event type. The event
handler is a procedure describing state changes associated with the event, and causal
relationships of the event to other events. The state changes are expressed by
commands updating the state variables, and the relations to other events are prescribed
via scheduling of future events.

Having such model description, an arbitrary long state trajectory can be computed
using a data structure for storing future pending events called event list (calendar), and
the algorithm shown in Figure 7-1. The event list contains an event record for each
pending event occurrence. The event record consists of event type, occurrence time,
and possibly other information. The occurrence time, or the timestamp of an event e is
denoted as ts(e).

Initialization () ;

while( ! terminationCondition() )
e = cause(); //remove earliest event from event list
Tsim = ts(e); //timestamp of the earliest event
executeEvent (e) ; //process the event

Figure 7-1. The basic simulation algorithm.

The algorithm repeatedly removes the event with the smallest occurrence time from the
event list, advances the simulation time to that occurrence time, and executes the
corresponding event handler. This approach is called event driven, since the simulation
time advancement is based on the occurrence time of the pending events.

For the sake of completeness, let us mention that there is also another algorithm which
can be used to generate the state trajectory, known as time stepped simulation. Here,
the simulation time is advanced by small constant steps (increments). The simulation
algorithm repeatedly advances the simulation time by one step and simulates all
pending events which fall into the current step. This method has some drawbacks when
used with discrete event systems, thus we will not consider it any further in this survey.

As can be now seen, a simulation program computing a state trajectory consists of code
which can be divided into two parts, as follows:
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=  The problem independent part containing the simulation loop, the event list data
structure and the associated operations on it, random generators in the case of
a stochastic model, etc. This part is called simulation processor (Meihart, 1995),
or simulation executive (Fujimoto, 2000).

= The problem dependent (application specific) part containing event handlers,
simulation initialization, termination condition, etc. This part is referred to as
simulation model (Menhart, 1995), or simulation application (Fujimoto, 2000).

The simulation processor together with the simulation model form the simulator.

71.4 Event graphs

For the description of event-oriented simulation models in this document, we use the
formalism of event graphs (Yiicesan & Schruben, 1992). As already mentioned, two
fundamental components of a discrete event model are a set of state variables, and a set
of events. The model prescribes how the state described by the set of state variables
evolves in time. The state trajectory in discrete event models is piecewise constant and
events represent the points in time where the state changes.

This interaction between events and state variables is nicely captured in the concept of
event graphs. An event graph is a directed graph with events (more precisely event
types) as vertices and the edges representing causal relationships among the events.
A module of code is associated with each vertex. Execution of the code simulates
a state transition caused by the corresponding event.

The basic event graph construct is depicted in Figure 7-2. It is interpreted as follows:
the occurrence of event A4 causes event B to be scheduled after a time delay ¢, providing
condition () is true (after the state transition for event 4 has been done). If ¢ is zero, it
can be omitted. Similarly, if the occurrence of event 4 always schedules event B, the
condition can be omitted and the edge becomes unconditional.

(i)

Figure 7-2. Basic event graph construct..

Event graphs have sufficient power to represent any discrete event system (Yiicesan
& Schruben, 1992). However, some enhancements can increase their readability and
ease of construction. One of them are the canceling edges, which allow cancellation of
events already scheduled. They are drawn as dashed lines. Another enhancement are
parameters passed along scheduling edges. In this way, values can be passed from one
event to other events. Consider an element of a graph shown in Figure 7-3. The
parameter pa on the edge is an expression which is evaluated during execution of the
source event 4. The value is assigned to the “formal” parameter pf and can be used
during processing of the target event B. Technically, it can be thought of that the value
of pa is stored as part of the event record for event B, which can be used when B is
processed. The other parts of the example are the same as in the previous figure.
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(4)

t [pa] N.

Figure 7-3. Parameters in event graph.

The basic construct of event graphs allows us to introduce another terms. The delay of
an edge will be referred to as scheduling delay. The scheduling delay base is the
simulation time serving as the reference point, relative to which the scheduling delay is
expressed. Normally, this is the timestamp of the source event. The timestamp of the
target event is then calculated as the sum of the scheduling delay base plus the
scheduling delay. Another important term related to simulation models is the operation
set of an event e, which refers to the set of state variables the event e reads or modifies.

As an example of event graph, let us consider the construction of event graph for
a simple queuing system consisting of a single server and a queue (see Figure 7-4).

Figure 7-4. Event graph of a simple queuing system.

State variable Q represents the queue length, and Av denotes the availability of the
server. Customers arrive each 7a time units, as denoted by the loop adjacent to the 4
(Arrival) event. Upon arrival, the customer is inserted into the queue (Q is
incremented). If the server is free (the condition Av==1), the customer can immediately
enter the server, i.e. the S (Start of service) event is scheduled with zero delay. This
event simulates the customer’s progress from the queue to the server, which is reflected
by the state variables update. After 7s time units, the customer will be serviced and
departs, thus the server becomes free, i.e. Av=1 in the D (Departure) event. Now, if any
customers are waiting in the queue, one of them can enter the server, thus another
occurrence of S event is scheduled immediately. The values of 7a and Ts can be
deterministic, or, for stochastic queuing models, they can be sampled from random
generators.

7.2 Parallelizing discrete event simulation

Discrete event simulation controlled by the algorithm mentioned above is sequential, in
the sense that the algorithm is supposed to be executed by a single processor. In order
to accelerate a discrete event simulation, the computational power of multiple
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processors can be exploited in several different ways (Fujimoto, 2000). These “model
distributions” can be characterized by the kind of computation each of the processors is
executing.

In the parallel replicated simulation, each processor executes an independent
sequential simulation called replication (Fujimoto, 2000). This is of benefit if
simulation results for a large number of parameter settings are needed, where the
results of one replication are not used to determine the settings of another replication.
The main advantage of this approach is its simplicity, and no inter-processor
communication overhead. A disadvantage is that each processor must hold the entire
state of the simulation. This is the only method where multiple replications run
concurrently. The remaining methods parallelize a single replication.

The support function parallelism is a method where each processor executes
a dedicated task of a sequential simulation program, such as event list manipulation,
random number generation, and statistics collection. Although this approach can
significantly improve performance in some particular cases (Comfort et al., 1984), it
offers only limited parallelism and does not scale to large models.

The time-parallel simulation partitions the simulation model in the time domain (Lin &
Lazowska, 1991, Fujimoto, 2000). The simulation period is divided into adjacent sub-
intervals. A processor is assigned to simulate each of the sub-intervals. At a glance,
such approach is attractive because of its potentially unbounded parallelism. However,
the key issue is that the final state of i sub-interval must match the initial state of the
i+1"" sub-interval. One known solution is to “guess” the initial states and perform
a “fix-up” if the match has not been achieved.

The other method is to pre-compute the initial states at specific points in simulation
time so that the final states will match them. Neither of these methods is generally
applicable. They are usable only for specific applications where the fix-up cost, or the
state pre-computation cost can be kept low. Such applications include simulation of
network medium access protocols CSMA and slotted Aloha (Jones & Das, 2001),
trace-driven cache simulations (Nicol et al., 1994), and ATM multiplexer simulation
(Andradottir & Ott, 1995). For some other applications e.g. queuing networks,
interesting approximate simulation results can be obtained using the time division
approach. In this case just a portion of the state is compared at the sub-interval
boundaries (Wang & Abrams, 1993, Sol¢any & Safatik, 1998).

An interesting method which can be considered as a time parallel simulation is based
on the parallel prefix computation. If the state of the model can be formulated as a
linear recurrence equation, a parallel prefix computation can be used to solve the
equation over the simulation time (Greenberg et al., 1991). Similarly to the previous,
this approach is usable only for specific applications. Moreover, it requires different
model description than the usual one based on event handlers.

The most widely researched approach to model parallelization is the space-parallel
simulation. Here, the modeled system is viewed as a collection of interacting physical
processes, and the simulation model is partitioned into a corresponding collection of
logical processes or submodels. Each submodel is responsible for managing a portion
of state variables and the associated event types. The submodels are assigned to pro-
cessors. Each submodel is processed by its local simulation processor which maintains
the local event list and local simulation time. Basically, the local simulation processor
executes the algorithm used to control the sequential simulation (see Figure 7-1). If in
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an event handler a need arises to schedule another event which belongs to a different
submodel, a message is sent between these submodels. The message contains infor-
mation about the scheduled event itself and its timestamp, similarly to the event record.
Therefore, in this context, the terms “event scheduling” and “message passing” are
used interchangeably in PDES literature, and in this document too.

This approach to model parallelization can be thought of as general, i.e. applicable to
any system. Another advantage is that each processor holds just a portion of the whole
state. The upper limit of the available parallelism is given by the model structure. This
upper limit scales with the model size. However, the true parallelism and its scalability
achieved in real applications are usually significantly smaller than this upper limit. In
the remainder of this survey, we consider the space-parallel approach.

For our enumeration of model parallelization methods to be exhaustive, let us mention
the approach devised by Chandy and Sherman (Chandy & Sherman, 1989b). They
provide a high level unifying view of simulation parallelization called “space-time”
approach. The space-time is the cartesian product of the discrete state space S and the
continuous time period 7. The objective of the simulation is then to “fill in” the space-

time SXT.

The parallelization into submodels relies in dividing the space-time into regions of
arbitrary shape. The simulation of such model uses an iterative relaxation method. A
submodel is responsible for filling in the space-time region assigned to it. In order to
accomplish this task, the submodel must be aware of boundary conditions for its region,
and update them in accordance with activities in its own region. Changes of boundary
conditions are transmitted among submodels in the form of messages. Thus each
submodel repeatedly computes its portion of the space-time, transmits changes in the
boundary conditions to the submodels responsible for neighboring regions, and then
waits for new incoming messages. The computation proceeds until no more changes of
boundary condition occur.

7.3 The issue of synchronization

Consider a space-parallel simulation model consisting of submodels, running on
multiple processors. It is hardly feasible to assume anything about the relative speeds
of the processors, and about the load of physical processors. The load of a processor
depends on the number of submodels mapped to that processor, the “density of events”
on the time axis in different submodels which may vary during the simulation, the
computational requirements of individual event handlers, etc. For a while, assume that
the submodels are simulated independently, without coordination of the advancement
of their local simulation times. Then it can easily happen that a submodel receives
amessage with timestamp less than its local simulation time. This situation is
undesirable, because an event with smaller timestamp has the potential to change the
state and thus affect events that occur later. Such violation of causality is called
causality error.

In sequential simulation, the single event list is a means to establish a total order of
events and thereby avoid such errors. In the parallel case, the sufficient condition to
avoid causality errors is that events within each submodel are processed in correct i.e.
non-decreasing timestamp order. This condition is known in PDES literature as the
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local causality constraint'* (Fujimoto, 1990a). It results in partial ordering of events,
similarly to Lamport’s notion “happens before” (Lamport, 1978). To adhere to this
constraint, the submodels cannot run independently, they must be synchronized.
Submodel communication and synchronization is performed by the parallel/distributed
simulation processor using some synchronization method. Synchronization is the key
issue in PDES. Most of the research in the area of PDES has been devoted to this issue.

Many synchronization methods (also referred to as synchronization algorithms,
mechanisms, schemes, or protocols) have been proposed, with different applicability
and efficiency. There are good surveys of the methods, e.g. (Fujimoto, 1990a, Low et
al., 1999). Introducing all known methods would require too much space. Therefore, in
this section we summarize those which have had greatest impact in the context of
PDES, and those which are related to our particular area of interest. The methods can
be broadly classified as either conservative or optimistic. While the former strictly
avoid causality errors, the latter provide support for detecting and correcting them. We
review methods from both categories and give their comparison thereafter.

7.3.1  Asynchronous conservative methods

In order to prevent causality errors, conservative methods control local simulation time
advancement of submodels. Each submodel progresses its local time only if it is safe to
do so, i.e. if it is certain that the submodel will never receive a message into its past.
The submodel which cannot proceed is blocked. The historically first protocols were
asynchronous in the sense that processes (submodels) proceed asynchronously of each
other within the bounds dictated by the local causality constraint. There is no global
information derived which would be used to control local simulation time advancement
of submodels. These methods are thus more distributed in nature, as opposed to
approaches with elements resembling more centralized view of the simulation.

The null message protocol

This is the first synchronization method proposed independently by Bryant (Bryant,
1977), and Chandy and Misra (Chandy & Misra, 1979). Therefore, it is also called the
CMB protocol. Here the logical processes (the submodels) are connected through
reliable directed links. Messages are sent in timestamp order along each link. The
model topology is static. The structure of an LP is shown in Figure 7-5. There is an
input queue for each input link (/Qy, ..., IQ,), where incoming messages are buffered.
There is also a clock variable associated with each input link ({77, ..., IT,). Its value is
equal to the timestamp of the first message in the corresponding queue, or the
timestamp of the last message transmitted along the link, if the queue is empty. The
output messages wait in output queues (OQj, ..., 0Q,,) to be sent. The time up to
which output messages can be sent is maintained in the variable OT. The reason for
messages waiting in output queues is to obey the rule of timestamp order of messages
sent along a link. The LP has also the local event list £L, local state S, and maintains its
local simulation time 7;,.

In (Fujimoto, 2000), Fujimoto states that the local causality constraint is the sufficient and necessary
condition of causal correctness. In fact, it is not necessary, as pointed out in (Ferscha, 1994), page
10: “... two events occurring within one and the same LP may be concurrent (independent of each
other) and could thus be processed in any order.”
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The LP repeatedly selects the input link with the smallest clock value, and if its queue
is non-empty, removes the message from the head of the queue. This message and local
events with timestamps not later than the message are processed in order. If the queue
with the smallest clock is empty, the LP must block until a message arrives which
updates the clock value. Then a new smallest clock queue is selected, and the
procedure repeats.
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Figure 7-5. Logical process structure.

Waiting for messages and merging them with local events into a single time-ordered
sequence ensures that the local causality constraint is obeyed. However, blocking of
LPs on empty queues has the following consequence. If the model topology contains
cycles (as many real models do) a circular blocking of processes can be formed.
Processes involved in the cycle would block forever, thus the simulation (whole or
apart) is in deadlock. To overcome the problem, the CMB protocol introduces nu/l
messages. These messages have no counterpart in the modeled system. They carry no
information but a timestamp value which gives the receiving LP the lower bound of
any future messages transmitted by the sender.

The timestamp of a null message is equal to local time plus some timestamp increment.
The increment, called lookahead, represents the ability of the LP to look ahead into its
future. This issue is more deeply studied in section 7.4. An important limitation of the
null message protocol is that it cannot be used to simulate models having cycles with
zero lookahead, i.e. when no LP in a cycle has positive timestamp increment. If
a deadlock happens in such cycle, the null messages would circulate forever but none
of the processes will advance its local time, thus the deadlock could not be broken.

In the original protocol, an LP sends null messages on each output link every time the
local simulation time advances. This results in high volume of null messages which
load the communication system and consequently degrade the performance of the
simulation. It happens especially in model topologies with high fan-out. Several
variants have been proposed to deal with this issue. In one of them, the LP delays
sending a null message for some time interval. The null message is then sent only if no
real message has been sent during that interval (Misra, 1986). In other variants, the null
messages are sent only when the receiving LP demands them, when some of its input
queues becomes empty (Su & Seitz, 1989). Although it takes longer time to obtain a
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null message in the variants than in the original version, the variants can outperform
the basic scheme because of the reduction in the number of null messages.

Another improvement of the basic scheme tackles the following problem related to
loops in model topology. When a total timestamp increment of LPs along a loop is
small, the null message circulates many times in the loop until its timestamp increases
enough to allow to processes a real message. The carrier null message protocols in
(Cai & Turner, 1990) expand the null message to include information of pending
events in traversed LPs which is used to advance their local times more rapidly.

Deadlock detection and recovery

The setup in this scheme is the same as above, except the null messages. This method
does not use null messages, nor any other mechanism for deadlock avoidance. The
simulation (or its part) is allowed to deadlock, and a mechanism to detect and recover
from this situation is provided (Chandy & Misra, 1981). The recovery mechanism is
based on the observation that the event with smallest timestamp in the system can
always be processed safely. The simulation runs as a sequence of parallel computations
in which the parallel phases conducting the simulation and ending with deadlocks
interleave with sequential “phase interfaces” resolving the deadlocks. Unlike the null
message approach, this method can be used to simulate models containing cycles with
zero timestamp increment (Fujimoto, 1990a).

This approach can be used for models where partial deadlocks can occur. It requires
pre-processing of the model to identify the parts which can be engaged in a deadlock.
Then the detection and recovery mechanisms are applied to those parts during the
simulation itself (Misra, 1986, Fujimoto, 1990a).

The time of next event protocol

This protocol is intended for simulations where each processor hosts multiple LPs. The
basic setup is like that of the deadlock recovery protocol. The time of next event (TNE)
algorithm is designed to help unblock blocked LPs and resolve local deadlocks within
a processor (Groselj & Tropper, 1988).

Consider an LP which is blocked because of some empty input queues. Let us assume
that the smallest timestamp from the non-empty queues is smaller than the timestamp
of any future message which will arrive to the empty input queues. Then the LP can
process the smallest message present. The task of the TNE algorithm is to provide such
lower bounds on future timestamps at the empty queues.

Assume a couple of adjacent logical processes LP; and LP; where the input queue at
LP; receiving messages form LP; is empty. Within the TNE computation, LP;
determines the lower bound on timestamp 7; of the event that it will process next. If the
actual event is not known at the moment, the local simulation time gives the safe lower
bound. Then LP; determines also the smallest timestamp increment T'smin; encountered
by that event when sent to LP;. Thus LP; cannot expect a message from LP; along that
link with timestamp smaller than 7;;=7;+Tsmin;. This information can be used by LP;
to update its 7; value, and the procedure can be applied recursively to the successors of
LP; which have empty input queues from LP; This leads to the shortest path
computation on the graph of LPs connected by “empty links” finding estimates of the
timestamps of next events on all empty links. If the estimate for a particular LP is
higher than the LP’s earliest event, the event can be safely processed, i.e. in effect the
LP is unblocked.
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The TNE algorithm runs when the processor is otherwise idle, i.e. when it cannot
execute any simulation code itself. Running the algorithm can lead to unblocking some
LPs so that execution of the simulation code can resume.

TNE doesn’t address inter-processor deadlocks for which another algorithm is needed.
An extension called semi-global time of next event (SGTNE) goes beyond the border of
a particular processor, and helps to avoid inter-processor deadlocks too (Boukerche
& Tropper, 1995).

7.3.2 Synchronous conservative methods

In the deadlock detection and recovery approach, the computation of a processor can
be viewed as a loop consisting of two phases, in particular event processing and
deadlock resolution. Several conservative synchronization methods have been designed
with similar two-phase loop, but the transition between the phases is explicitly
controlled here. The phase interface is realized using the mechanism of barrier
synchronization known from general parallel programming.

A sketch of the algorithm executed by a processor is shown in Figure 7-6. In the first
phase the processors identify which events are safe to process, and in the second phase
these events are processed. After each phase the processors are synchronized.
A processor executing the barrier primitive is blocked until all of the processor have
executed the barrier primitive. This results in computation on all processors
progressing in synchronous steps. The successive steps do not interfere with each other.
This ensures that no events are being processed, and thus no new events are being
scheduled when processors are busy with determining which events are safe to process.
To achieve such separation of the phases, all messages must be received by their
destination LPs in the same phase they have been sent. In other words, the barrier must
block until there are no messages in transit, or no transient messages.

Methods dealing with transient messages are surveyed in (Fujimoto, 2000). Next we
mention particular synchronous protocols, which differ in the way they determine safe
events.

while( ! terminationCondition() )
identify all events that are safe to process;
barrier synchronization;
process safe events;
barrier synchronization;

Figure 7-6. Synchronous simulation algorithm.

The conditional event approach

In the conditional event approach (Chandy & Sherman, 1989a) the events on the event
list as categorized are either conditional or definite. Definite events are going to occur
in the simulation future without presumptions of those events that occur earlier in
simulation time, i.e. definite events will not be canceled by earlier events. On the other
hand, conditional events depend on the outcome of processing earlier events. Thus, in
our previous terminology, the definite events are safe to process. Identifying safe
events consists of two steps. In the first step, application specific knowledge is used by
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each LP to determine its local definite events (e.g. highest priority job departure in
a preemptive priority queuing server). Then in the second step, the earliest conditional
event in the whole simulation is turned into a definite one, since there are no ecarlier
events to affect it. To determine the earliest event, the global min-reduction operation
is executed by the processors. After determining definite events the second phase
follows in which they are processed.

The YAWNS protocol

A simple approach exploiting lookahead of LPs to determine safe events has been
proposed within the simulator called YAWNS, standing for Yet Another Windowing
Network Simulator (Nicol et al., 1989). Let the timestamp of earliest unprocessed event
in LP; at simulation time ¢ be T(t), and its lookahead be LA(). If the process receives
no new messages, then the next message it will generate will have timestamp at least

6,(t) =T (1) + LA, (1) (1)

Initially at simulation time /=0, we can predict that the earliest message will have
timestamp

8(0) = min,, {5,(0)} @)

All LPs can process events within the interval (0,0(0)) independently. In general, at any
simulation time ¢ if all events prior to time ¢ have been processed (in previous iteration),
the time interval for safe events can be determined as (z,0(¢)) where

d(6) = min., d, (1)} 3

The time interval is also called time window. It moves along time axis as the simulation
proceeds. In an iteration, the lower edge of the window is given by the upper edge from
the previous iteration, and a new upper edge is determined by formula (3).

The only requirement to use this method is the availability of lookahead which is
constituted by two actions in this case. First, an LP must send messages ahead of
simulation time. Second, each logical process has to implement a function Delta (),
which returns the timestamp 9,(f) of next message sent by the LP provided it receives
no new messages. This value is used in formula (3) for establishing the width of time
windows. We will deal with the lookahead more in section 7.4. The synchronization
method can handle simulation models with arbitrary topology which can even change
during the course of the simulation. Messages need not be sent in timestamp order.

Unlike the conditional event approach, model specific knowledge is not directly used
to identify safe events. Instead, the lookahead plays this role. It has been proven in
(Nicol, 1993) that the construction of time window leads to safe event processing, i.e.
any message generated during event processing has timestamp at least as large as the
upper window edge. Such messages are beyond the current window because, by
protocol definition, safe events have timestamps strictly less than the upper window
edge O(f). It implies, that any time window width must be strictly positive, i.e. for a
window computed at simulation time #, every submodel must supply a value 8,(¢) > ¢.
Otherwise the protocol identifies no safe events and simulation cannot proceed
anymore.
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In the same paper (Nicol, 1993), the protocol has been analyzed and interesting results
have been derived: the asymptotic (in terms of model size) time complexity of the
average total overhead (including synchronization, lookahead calculations, processor
idle time, and event list manipulation) per event is that of optimized serial simulator. In
(Nicol, 1998), it has been shown that under some conditions the protocol is scalable in
the sense that the overhead remains within constant factor if the model and the parallel
architecture grow simultaneously.

The promising results of analytical studies of this protocol contributed to its use within
really large scale simulations. To mention the most significant cases, YAWNS
synchronization is used in the DaSSF simulator (Liu & Nicol, 2001) for network
simulations of scale approaching the global Internet (Cowie et al., 1999), or in the
SWAN simulator to simulate large scale mobile ad hoc networks (Liu, 2003).

Distance between logical processes

The simple synchronous protocol described above does not exploit model topology. It
determines the time window width as global minimum of timestamps of all future
messages. Consider a model where one of the LPs has significantly smaller lookahead
than the other LPs. Then the window will be much shorter than necessary for most LPs.
This results in many “empty” iterations, i.e. iterations where the LPs will have no safe
events to process. In this case the synchronization method does not exploit the
available lookahead which leads to performance degradation. In general, this happens
in models where the lookahead of individual LPs differs significantly.

The method based on distance between LPs addresses this issue (Ayani & Rajaei,
1992). The distance D; between LP; and LP; is the lower bound on the amount of
simulation time which elapses until a state change in LP; propagates and affects the
state of LP;. It is determined as the shortest path from LP; to LP; in the model graph
where the vertices represent logical processes and edges represent event message flow
and are weighted by the corresponding minimum scheduling delays. The distances can
be organized in a square matrix called the distance matrix where the element in row i
and column j represents the distance Dj;.

The matrix is used to determine the lower bound on the timestamp (LBTS) of any
future message a logical process can receive. Let 7; be the timestamp of the earliest
pending event in LP;, or oo if there are no events in LP;. Then

LBTS mminy (T:+D,} 4)

Events within LP; with timestamp less than LBTS; are safe. It should be noted that the
computation includes the case of j=i. The most serious drawback of this method is that
each LP needs to communicate to all other LPs in order to obtain their 7; value. For N
logical processes, this generates N messages to determine safe events in each iteration.
Such overhead prevents the method from scaling to large size models.

Bounded lag

In order to reduce the large communication overhead incurred in the previous protocol
it is useful to distinguish near future from the far future. Because of the cause-effect
principle, events in the far future are more likely to be unsafe than those in the near
future. Thus the effort to determine safeness of far future events is likely to be wasteful.
Let Ts be the timestamp of the earliest pending event in the entire simulation, and BL
be a constant. Then Ts+BL is the border separating near future from far future. Far
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future events are never considered for processing in the present iteration. This ensures
that local simulation times of LPs are apart from each other not more than BL which is
the bounded lag (Lubachevsky, 1989). As a consequence, when LP; determines the
lower bound on timestamp of messages it will receive in the future, it need not consider
such processes LP; for which D;; > BL since such input messages fall behind the border
Ts+BL. Then the new formula for LBTS; is

LBTSl.=min D..} %)

Vj:DﬁSBL{Y}+ Jji
which restricts the set of LPs from which 7} needs to be collected.

It should be noted that while in the previous protocol the LBTS; value computed
according to (4) serves as the upper bound of safe timestamps processed by LP; in the
current iteration, it is not the case here. Using (5), LBTS; can be larger than Ts+BL.
Thus in order to maintain the bounded lag, the upper bound of safe timestamps is given
as min{LBTS;, Ts+BL}. This requires the global minimum reduction to compute 7 and
broadcasting it to all LPs. Such operations can scale quite well, unlike the all-pairwise
communication in the previous protocol.

The quantity of bounded lag is sometimes referred to as time window (Fujimoto, 2000).
Here the meaning of this term is different than in the context of YAWNS mentioned
above. An important question concerns setting the size of the lag. Larger values lead to
more asynchrony and thus more events in each iteration, but require larger overhead to
determine safeness of the events. On the other hand, smaller values allow smaller
number of concurrently processed events. In general, the simulation needs to be tuned
for each application to set the lag size yielding the best performance.

Conditional versus unconditional information

In this paragraph we would like to point out the effect of transmitting unconditional
versus conditional information among LPs in the conservative protocols. An example
of unconditional information is the lower bound on timestamp carried by the null
messages in CMB protocol. This is a “promise” of the sending LP that will be kept
unconditionally. As an opposite example, consider the YAWNS protocol where the 9,
value represents the timestamp of the earliest future output message sent by LP;
provided that LP will receive no new input messages. Thus 9; is conditioned on the fact
that LP; could receive a new input message with timestamp smaller than its current
earliest local event. Without the conditional information, as in the CMB scheme, LPs
only advance in lookahead increments and multiple iterations are needed to advance
the time to the timestamp of the next unprocessed event. Using the conditional
information allows to avoid the problem and to jump directly to the next unprocessed
event.

7.3.3 Optimistic methods

In contrast to conservative protocols, the optimistic methods take the complementary
approach to causality violations. They admit causality errors temporarily, and provide
support for detecting and correcting them. The main advantage is that parallelism can
be exploited in situations where causality errors are possible, but in fact do not occur.
In the pioneering work of this area (Jefferson, 1985), the notion of virtual time was
introduced as an analogy to virtual memory systems known from operating systems.
A page in virtual memory is analogous to an event in virtual time. The virtual address
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of a page is its spatial coordinate, the virtual time of an event is its temporal coordinate.
All pages in the virtual memory can be accessed, however access to those pages
resident in the main memory is much less expensive than those swapped out and
causing a page fault. Similarly in the time domain: events at any virtual time can be
processed. However processing events in the virtual future is relatively inexpensive,
while events in the virtual past cause very expensive time fault, i.e. rollback. Numerous
other illustrations of the analogy are mentioned in (Jefferson, 1985).

The paper introduces also an implementation of the principle called time warp. Before
elaborating its main features, let us mention another important contribution which shed
light into the foundations of PDES synchronization.

Spectrum of options for parallel simulation

Categorization of PDES synchronization methods to conservative or optimistic gives
just a simplified characterization. In (Reynolds, 1988), Reynolds introduces a much
finer classification of synchronization methods. He defines a system of orthogonal
design variables constituting a design space. Particular synchronization methods
represent points in this space. There are nine design variables in total. Two of them are
most often cited in later PDES literature. These design variables are as follows:

= Aggressiveness — processing events regardless of whether they are safe to process
or not. Synchronization methods can employ various degree of aggressiveness. In
the extreme case, if a message arrives at an LP which has no other events to
process, it processes the message immediately.

= Risk — transmitting messages resulting from aggressive or conditional processing
in an LP. A message containing an event which is not safe is a risk message.

While aggressiveness is related to intra-LP processing, risk deals with inter-LP
communication. Example of risk messages includes the messages containing
conditional information in conservative methods (see section 7.3.2). However, risk is
typically mentioned in conjunction with aggressiveness within the time warp
mechanism, elaborated below. Some protocols support aggressive event processing
within individual LPs, but do not propagate possibly erroneous messages, i.e. they lack
risk. An example is the Breathing Time Buckets protocol mentioned later.

Time warp

Time warp is the most widely used optimistic approach originating from the work of
Jefferson in (Jefferson, 1985). Pure time warp combines unbounded aggressive event
processing with risk messages. It supports access to past events, as required by the
notion of virtual time. This is necessary to correct causality violations which may result
from the optimistic processing.

The basic setting is similar to the conservative methods. The model consists of logical
processes which communicate exclusively by exchanging timestamped messages.
Communication lines are assumed to be reliable. Processes may send messages in
arbitrary order with respect to their timestamps, and message delivery need not be
order-preserving. Processes may be created and destroyed dynamically. To control the
simulation, the simulation executive contains two parts, namely the local control
mechanism, and global control mechanism. The local control is encapsulated within
each process, while the global control mechanism requires distributed computation
involving all LPs.
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The skeleton of local control within an LP is the event processing loop, similarly to
sequential simulation. Unlike conservative mechanisms, safeness of events is not
determined. Events are aggressively (optimistically) processed and local simulation
time is advanced. This may result in receiving a message with timestamp less than the
local time, called straggler message. This indicates causality violation within the LP.
To correct it, all events with timestamp larger than the straggler must be “undone”, and
that part of state trajectory must be recomputed including the straggler. Undoing
incorrectly processed events is called rollback, and it has to eliminate all effects of the
events which may be twofold:

= changes of local state variables
= scheduling new events and sending messages to other LPs

To rollback state variables, periodical state saving is necessary, referred to as
checkpointing. There are two variants of checkpointing. In copy state saving, a
snapshot of the entire local state is taken and saved. On the other hand, incremental
state saving maintains a record of changes to individual state variables. The former
method is more memory demanding, but it is easier to implement, and state restoration
is more effective. For the latter method the opposite is typical. Recently, a new
interesting technique for state restoration has been invented as an alternative to
checkpointing, called reverse computation (Carothers et al., 1999).

Undoing the effect of erroneously sent messages is accomplished by means of anfi-
messages. Upon receiving an anti-message, there are three cases possible for the
receiving LP:

= The corresponding positive message has not been processed yet. The two
messages annihilate each other.

= The corresponding positive message has already been processed. The anti-
message is a straggler causing a secondary rollback.

= The positive message has not been delivered yet. The receiving LP temporarily
ignores the anti-message. When the positive message arrives, the two are
annihilated.

There are two variants of how an LP can cancel messages it has previously sent. With
aggressive cancellation, upon receiving a straggler message, the LP immediately sends
anti-messages for all positive messages which resulted from events being rolled back.
On the other hand, the lazy cancellation strategy first processes the straggler and re-
processes the rolled back events. It then compares the messages generated before the
rollback with those resulting from event re-processing, and cancels just those that do
not match.

The local control mechanism just outlined is sufficient to ensure causally correct event
processing. However, there are two problems which it does not deal with:

= The computation consumes memory, especially for state saving which is never
released. A mechanism is required which would reclaim memory used for
information that is no longer needed. Such memory reclamation is called fossil
collection.

= Simulation code may include operations such as I/O operations that cannot be
rolled back. The local control mechanism does not tackle this issue.
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These two points provide motivation for the global control mechanism. Both points can
be solved by determining the lower bound on the timestamp of any future rollback.
Such lower bound is referred to as global virtual time (GVT). Having this value,
memory holding information with timestamp less than GVT can be reclaimed, because
no rollback in any LP will go to virtual time less than GVT. Similarly, since I/O
computation with virtual time lower than GVT will never be rolled back, it can be
safely committed. GVT at real (wallclock) time 7 during a simulation run can be
defined as the minimum timestamp of all unprocessed and partially processed
messages and anti-messages in the entire simulation at real time 7. GVT is periodically
computed in the course of the simulation using one of the known distributed GVT
algorithms. The algorithms are surveyed in (Fujimoto, 2000). There are numerous
variants, modifications, and improvements to the original time warp mechanism. The
objectives of them are better memory management and better performance achieved
through various techniques. Elaborating them is beyond the scope of this document.
A good survey is given in the book (Fujimoto, 2000).

Breathing Time Buckets

The Breathing Time Buckets (BTB) is an optimistic, risk free synchronous protocol
used within the SPEEDES simulator, standing for Synchronous Parallel Environment
for Emulation and Discrete Event Simulation (Steinman, 1991).

The computation proceeds in iterations, where each iteration consists of several steps
executed synchronously over all of the processors. Assume that all events with
timestamp less than ¢ have been processed and processors are globally synchronized at
global virtual time ¢. The steps of an iteration at processor i are as follows:

1. Optimistic processing of local events in timestamp order. Event messages for
other processors generated as a result of this processing are not sent in this step.
Rather they are kept in an auxiliary buffer. The minimum timestamp /,(z) of these
messages called local event horizon is computed after generating each new
message. This step is done when all events with timestamps prior to the local
event horizon have been processed. If no messages are generated, /;(z)=cc.

2. Computing of the (global) event horizon
h(t) = ming, {h, 1)}

and broadcasting it to all processors.

3. Sending messages which have been generated by events with timestamps less
then the event horizon /A(¢). Since /(f) is the timestamp of the earliest message
sent in the current iteration, events prior to A(f) can be safely committed, and
messages generated as a results of processing these events can be transmitted. It
can be guaranteed that these messages will not be rolled back.

4. Resolving processed events beyond the event horizon. The minimum timestamp
of messages received in the previous step is determined. Events with timestamp
larger than this value have to be rolled back, and the corresponding generated
messages discarded from the auxiliary buffer. Other processed events beyond the
event horizon are kept, they can save some computation in the next iteration, if
confirmed correct.

5. Advancing the global virtual time ¢ to the event horizon A(?).
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There is an obvious similarity between BTB and the YAWNS protocol mentioned
earlier. Both are synchronous and determine a global time window in each iteration.
The principal difference is that YAWNS requires explicit lookahead of LPs to establish
the time window, while BTB determines it via optimistic event processing, thus
explicit lookahead is not needed here.

7.3.4 Comparison between conservatism and optimism

There have been many attempts to compare the conservative and optimistic methods in
the history of PDES. Yet there is no simple, definitive answer which approach is better.
Moreover, the overall experience indicates that no such answer is to come any soon.
This is because the performance of a parallel simulator largely depends on the
characteristics of the model, and there is no single linear performance metric that could
be universally used. Thus, rather than giving any such answer, this section briefly
summarizes pros and cons of both classes of approaches (Liu, 2003).

From the software engineering point of view, design and implementation of
a conservative simulator is simpler in comparison to an optimistic one. The difficulties
with optimistic execution are not just due to state saving and rollback themselves. The
pure Time Warp usually does not provide acceptable performance. It requires a number
of additional sophisticated techniques to keep its optimism and memory consumption
within reasonable bounds so that performance does not suffer. These improvements
increase the complexity of the implementation. The GVT computation must be
executed “on the fly”, i.e. without freezing the entire simulation which is not easy to
run well. Another source of difficulties stems from the inherently hard debugging and
fine-tuning of an optimistic simulator. On the other hand, conservative simulators
requiring deadlock detection and recovery, or barrier synchronization and global
reduction operations are relatively easy to implement and fine-tune.

The effort needed for model creation is another point worth to notice. In conservative
simulators, the lookahead must be extracted and explicitly specified by the modeler to
achieve reasonable parallel performance. On the other hand, optimistic methods exploit
the available parallelism automatically by the essence of the algorithm. However, this
is at the expense of the overhead including state saving and rollbacks. In other words
one can say, that in optimistic methods, the cost of extracting the lookahead is included
in the runtime overhead, while in conservative approaches this cost is shifted to the
phase of model creation and is borne by the modeler. However, the latter case requires
that the model allows to extract the lookahead prior to (i.e. without) actually simulating
1t.

In simulation of large scale models, memory usage becomes an important point. Since
optimistic processing needs more memory, it can more easily consume the available
physical memory of a computer. In other words, the maximum size of models in an
optimistic simulator has lower limit than in a conservative simulator. There are storage
optimality algorithms for the optimistic methods which can cut down their memory
usage, however at the expense of performance. As a result, if there is sufficient
lookahead, conservative methods are more suitable for very large scale models.
Important applications falling into this category include computer architecture and
communication networks simulations.

Traditionally, the issue attracting major attention in the context of PDES is the
performance in terms of time or speedup. As will be elaborated later in section 7.4,
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conservative methods require good lookahead to achieve good performance. The
amount of lookahead determines the extent to which conservative methods can exploit
model parallelism. Even potential dependencies between events assigned to different
processors limit the degree of independent event processing the processors may afford.

On the other hand, model parallelism can be fully exploited in optimistic simulation in
that the parallelism is limited only by actual dependencies instead of potential ones. In
other words, the optimistic methods profit especially in situations when causality
violations are possible but the probability that they really happen is low. In such cases,
conservative methods must block, but the aggressive optimistic processing succeeds
thanks to the low probability of rollback. If, however, the probability increases, the
performance penalty due to more rollbacks can diminish, or even outweigh the larger
extracted parallelism.

As can be seen from this discussion, the choice of the more suitable approach depends
largely on the characteristics of the application. This led to the idea of constructing si-
mulators providing multiple synchronization methods, so that the same model may be
simulated using either of the available synchronization algorithms, e.g. (Perumalla,
2005).

7.4 The lookahead

As our interest is aimed at lookahead related issues, we devote this separate section to
the introduction of the important knowledge relevant to this topic. To reason about the
necessity of prediction or lookahead for conservative synchronization, consider
a simulation with no lookahead. In such situation, an LP or submodel with local time ¢
can send a message with timestamp just ¢. It follows that the submodel with globally
smallest local time ¢#,;, can generate messages with timestamp ¢,;,, preventing other
submodels from processing events with timestamps larger than ¢,,,. This would result
in serial execution of events.

This consideration indicates the importance of lookahead. Many studies, both
analytical and empirical, have shown the importance of lookahead for the performance
of conservatively synchronized simulations, e.g. (Preiss & Loucks, 1990, Fujimoto,
1990a, Wang & Abrams, 1995, Meyer & Bargrodia, 1999). This is in accordance with
intuition: the larger the lookahead, the longer the simulation time interval in which
submodels may run independently, and/or the less the probability of submodel
blocking.

7.41 Lookahead ability

Roughly speaking, lookahead is the ability of a LP or submodel to predict its
simulation future. More precisely, as mentioned in the the discussion on conservative
synchronization protocols, a logical process at local simulation time ¢ having lookahead
L will not sent any message (real or null) with timestamp less than #+L. In general, the
lookahead may vary in the course of simulation, so it is more appropriate to express it
as L(?), and the earliest timestamp as +L(f).

Generally, this ability is achieved through sending messages ahead of simulation time.
It can be nicely illustrated using the notation of event graphs. Consider a submodel
modeling a non-preemptive G/G/1 queue with arbitrary queuing discipline depicted in
Figure 7-7.
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Figure 7-7. Zero lookahead G/G/I queue.

The submodel consists of three events: job arrival (4), start of service (S), and job
departure (D). The outgoing arrow represents scheduling an event due to the job
departure from the queue. The scheduled event is not shown in the picture because it
belongs to another submodel. In PDES terms, the arrow represents an output message
sent by this submodel. In sequential simulation, the submodel is naturally constructed
so that output message is sent by the departure event. It means that the difference
between the timestamp of the message, and simulation time at which it is sent, is zero.
Therefore such submodels are referred to as zero-lookahead submodels. The lookahead
of this model as a function of simulation time is shown in Figure 7-8. The piecewise
constant graph depicts the +L(f) function, while the piecewise linear graph with
slope —1 shows the lookahead L(¢) itself. Its shape follows from the fact that L(¢)
decreases with the same rate as the simulation time progresses towards the point when
the next output message is sent. If a particular synchronization method needs to specify
a single lookahead value, the minimum of L(¢) has to be taken which is zero in this case.
This is the consequence of the zero-lookahead property of the submodel.

t + L(t) —=e

£t . t+ L(t)

L(t)

Dy Do Dy Dy t
Figure 7-8. Zero lookahead G/G/I1 queue - functions t+L(t) and L(t).
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Message pre-sending means sending the output message from an earlier event.
A version of the submodel with better lookahead sends the output message from the S
(start-of-service) event, see Figure 7-9.

Figure 7-9. G/G/I queue with message pre-sending.

Thus, when a job enters service, an output message with timestamp equal to its
departure time is sent which “reports” that job’s departure. This is possible because of
the non-preemptive property of the queue. Another assumption of message pre-sending
is that the destination of a job leaving this queue can be determined ahead of time (at
the instant of service start). Then, as a consequence, immediately after the S event, the
L(?) value is determined by the departure time of the next job whose service has not yet
been started. Figure 7-10 shows the lookahead of the submodel. The minimum value of
L(?) is equal to the minimum service time in the queue.
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Figure 7-10. G/G/1 queue with message pre-sending — functions t+L(t) and L(t).
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In the above example, the messages sent out from the submodel are real ones, i.e. they
carry actual events. In the CMB protocol, the null messages are also sent ahead of time.
Recall that a null message sent at simulation time ¢ has timestamp #+L(f) where L(?) is
the lookahead, c.f. CMB protocol in section 7.3.1. In the example submodel here, the
single lookahead value required by CMB protocol is equal to the minimum service
time in the queue minServ. When processing a safe 4 or D event, a null message with
timestamp #+minServ can be sent out, provided it is larger than the timestamp of the
last output message. The S event need not send null messages, since it sends real ones.

The source of lookahead depends on the particular model. Some examples of where
lookahead may come from are as follows:

= Limitations in the modeled system how quickly can physical processes interact
with each other. In air traffic simulation this is the time needed for an aircraft to
fly from one airport to another. In communication network simulation this is the
time a message needs to be delivered from one node to another. In logic
simulation this is the time necessary for a signal to propagate from one gate to
another.

= Limitations how quickly an LP can react to a new event. In air traffic simulation
this is the time an aircraft must remain on the the ground to exchange passengers
before it takes off again. In communication network simulation this is the time
a message is delayed in a node. In logic simulation this is the time delay needed
for a gate output to react to a value change on that gate’s input.

= Non-preemptive behavior. Consider that in the air traffic example, once an
aircraft departed from one airport, nothing can prevent it from arriving at its
destination airport at the assigned arrival time. Such behavior can be used to
derive lookahead. Typically, non-preemptive service of servers is the source of
lookahead in queuing system simulations.

The task of deriving the lookahead of a particular model for a particular
synchronization scheme is hard to automate, and typically is solved by the simulation
designer.

7.4.2 Lookahead ratio

The ability of a submodel to predict the future can be quantified by the L(#) function, or
simply by its minimum value. This is an absolute quantification. However, the
lookahead ability is better expressed by the lookahead ratio, which also better
correlates to the simulation speedup (Preiss & Loucks, 1990). The notion of lookahead
ratio (LAR) evolved over time and several, slightly different LAR definitions can be
found in PDES literature, e.g. (Fujimoto, 1990b, Wagner & Lazowska, 1989, Preiss &
Loucks, 1990). We use the latest one of them from (Preiss & Loucks, 1990). The
definition is based on three characteristic (simulation) times for a message passing
through a submodel:

teause At this time the decision to send an output message is first made. Between
t.ause and the actual sending of the message, its departure time (or even its
departure itself) may be altered. If an outgoing message is caused by more than
one incoming message, #..s. 1S viewed as the last of these cause messages.
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" tommit Lhis is the earliest time after which no arriving message can prevent or
alter the departure of the message in question. Thus, Zopm; 1S the time when the
submodel can send the outgoing message.

" tereet Lhis is the timestamp of the outgoing message.

Figure 7-11 shows these three times for a typical message.

timestamp increment

lookahead

T T T

teause tecommit tcff:_:(:a‘ Tiiin

Figure 7-11. Characteristic times for LAR definition.

Using the times, lookahead ratio is defined as follows

E¢, —t
LAR — ( effect cause) (6)
E(te{[fect - twmmit )

Since tequse < teommit < tefreess LAR lies in the interval (1,e). According to formula (6), the
larger LAR, the smaller the lookahead ability. Because of this inverse proportional
property, and also to avoid the problem with infinity, the reciprocal of LAR is
sometimes used, called inverse lookahead ratio (ILAR). 1t is defined as ILAR=1/LAR.
The quantity of ILAR is in the interval (0,1), and the larger value corresponds to better
lookahead ability. This makes /LAR a more intuitive metrics, and this is why we prefer
to use it in the following text.

To illustrate these notions, let us consider a submodel simulating a M/M/1 queue with
FIFO queuing discipline which sends the output message at the instant of service start.
The behavior of the submodel can be described by the event graph shown in Figure 7-9.
In this submodel, the decision to send an output message is first made when an input
message arrives, i.e. f.,se=ts(4). The output message is committed (sent) when the
event S occurs, thus Z.,umi=ts(S). Finally, the timestamp of the output message is
teoecr=ts(D). To derive the inverse lookahead ratio of this submodel we exploit the
markovian property of customer arrivals and service time distribution for which
analytical solutions are known. Let the customers arrive with intensity A, and the server
provides service with intensity 1. Let the queue be stable, so that A<u.. We can write

1

_E@s(D)-1s(S)) _ p _p-2

T E@s(D)-ts(4) 1w
u—A

ILARM/M/I

The numerator is the mean service time 1/u, and the denominator is the mean response
time 1/(u-A) of the queue. As can be seen from the above formula, smaller A leads to
larger ILAR. This is because with smaller arrival intensity the queue gets less loaded,
which leads to shorter mean response time (the timestamp increment in Figure 7-11)
while retaining the same mean service time.
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Let us further elaborate the M/M/1 submodel. The fact that the server is non-
preemptive together with the FIFO queuing discipline can be used to further improve
the lookahead. If the destination of a job departing from this queue can be determined
at the time the job arrives, the output message can be sent as early as the cause input
message arrives. Thus Zeommi=teause=1ts(A) and the denominator equals the numerator,
resulting in LAR=ILAR=1. This is the largest lookahead ability a submodel can achieve.
We will refer to such submodels as LAR1 (ILAR1) submodels. The behavior of the
LAR1 M/M/1 submodel can be described by the event graph depicted in Figure 7-12.
In fact, the LARI property is possible for any non-preemptive G/G/1 queue with FIFO
discipline. To simplify the event graph, we eliminated the S event. The code of events
is given in the attached table. The variable #;p stores the timestamp of the last output
message sent. SERV is a queue keeping the service times of jobs for which the
messages reporting their departures have been pre-sent, but the jobs have actually not
been processed yet.

o G/G/]_ fd(.’luy -",‘\

[ event I L'O(JC -|
A | Q++;

Ts = RND.Next() ;

if (Q>1) SERV[tail] = Ts;

if (tLp >ts(A)) tzp = tip + Ts;
elsetrp = ts(A) + Tg;

f,ge;uy = t,r‘_r) - ﬂ._‘i(ﬁ):

D Q——;

if (Q>0)Ts = SERV|head) ;

Figure 7-12. G/G/I queue with LAR=1.

7.4.3 Dimensions of lookahead

Different simulation models may offer different forms of lookahead. On the other hand,
individual synchronization protocols require lookahead specification in specific ways.
In order to provide a “roadmap” in these subtleties of lookahead, Nicol introduces
a classification of lookahead dimensions (Nicol, 1996). It is a system of orthogonal
properties of predictions made in the model:

= Time / Content Lookahead. A submodel SM; may be able to determine that it will
not affect another submodel SM; at a time less than ¢ If SM; has a better
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lookahead ability, it may be able to determine also how it will affect SM;. In the
former case, the prediction contains only the temporal aspect (e.g. in the form of a
null message), resulting in time lookahead. In the latter case, the prediction
provides also some content (real message) giving SM; the opportunity to use the
prediction in a more advanced way.

= Bounded / Exact Time Lookahead. A submodel SM; has bounded-time lookahead
if it is able to predict that it will not affect SM; at time /less than ¢. It is different
from the situation when SM; can predict that it w111 not affect SM; at time less than
t and it will affect SM; at time ¢. In the latter case, SM; has exact-time lookahead.
If SM; allows to combme exact-time lookahead with content lookahead, it can
actually deliver the predicted event to SM;.

= Directed / Semi-directed / Undirected Lookahead. If a submodel SM; is able to
predict that the destination of its future interaction is a particular submodel SM;
then SM; has directed lookahead. If the forecast interaction may affect a subset of
submodels, the lookahead is semi-directed. Finally, if SM; knows only that it will
affect any submodel, its lookahead is an undirected one.

=  Conditional / Unconditional Lookahead. This dimension of lookahead is related
to the conditional information mentioned in section 7.3.2. The idea of conditional
lookahead is that submodel SM; knows that it will not affect SM; before time ¢,
provided the state of SM; does not change before time 7. The conditional
lookahead allows to advance simulation time more rapidly in comparison to
unconditional lookahead.

The cartesian product of the dimensions forms a space of options for lookahead.
Synchronization protocols have different needs of lookahead dimensions, thus they
occupy different points in the space. Some protocols may be able to support multiple
points in this space.

7.44 Lookahead in the YAWNS protocol

As already described in section 7.3.2, the lookahead is constituted by two
complementary actions. The first one is message pre-sending. The second one is for
a submodel SM; the ability to predict the timestamp J;(#) of the next output message
provided the submodel receives no further input messages. Thus §;(2) is a conditional
timestamp, and YAWNS uses conditional lookahead. If §;(¢) is the exact time of next
message, the lookahead is exact-time. The protocol works also if §;(2) is a lower bound
on the timestamp, in which case the lookahead is bounded-time. The protocol does not
distinguish the potential destination of a message, thus any submodel can be affected
by a message. This results in undirected lookahead.

To illustrate the YAWNS lookahead, let us consider a submodel modeling a non-
preemptive G/G/1 server. We show the submodel in two different settings. First with
smaller lookahead, i.e. a G/G/1/ submodel sending output messages at times of service
start, as depicted in Figure 7-9. Later we will elaborate the same queue having LAR=1,
as shown in Figure 7-12. In both cases, we are interested in computing the time J;(2) for
the particular pre-sending method.

In the former case, to calculate 9;(2), we need the information about arrival events sche-
duled for the queue in the local event list, and the state of the server (busy or idle) (Ni-
col, 1993, Sol¢any, Safatik, 2001). Further, it is necessary to pre-sample service times.
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The following rules hold:

= If the event list contains no arrival events scheduled for the queue, 8;(z)=c. This
follows from the assumption that no new messages will arrive.

» If there are some arrival events scheduled and the server is idle, 8;(?) is the time of
the departure of the next job to be given service, assuming that no further arrival
events will be inserted into the event list. In particular, one of the arrival events is
selected according to the queuing discipline, and J;(?) is the sum of the timestamp
of the selected arrival event plus the corresponding pre-sampled service time.

= [f there are some arrival events scheduled and the server is busy servicing a job,
0;(t) is the departure time of the next job to receive service after the current one
completes, assuming that no further arrival events will be scheduled. Let 7,5 be
the departure time of the job receiving service. Two cases are possible:

o If there are some arrivals scheduled for time less than #;p then 8;(2)=t;p+T. 5*,
where Ts is the pre-sampled service time of the job selected according to
queuing discipline from among the jobs with arrival time less than #;.

o If all the arrivals are scheduled foz time greater than #,p, then let A" be the
earliest of these arrivals, and let Ts be the corresponding pre-sampled service
time. The time of next message 9;(2)=ts(A4 *)+T 5.

If there is a lower bound of the service time known for the queue, it can be used in the
computation of ;) every time instead of the actual pre-sampled service time.
However, it would lead to smaller lookahead. Now let us deal with the case when the
queuing server submodel has LAR=1 (Sol¢any & Safatik, 2003). Here, beside the non-
preemptivness also the FCFS (First Come First Served) order of customer servicing is
necessary. The event graph of the submodel is depicted in Figure 7-12. To compute the
value of §,(¢), we again need to know the arrival events scheduled for the queue, and
we need to pre-sample service times. The rules for computing 0,(2) are as follows:

» If the event list contains no arrival events scheduled for the queue, 8;(z)=c. This
follows from the assumption that no new messages will arrive.

= [f there are some arrival events scheduled, the next output message will be sent as
a result of processing the earliest of the arrivals. Let 4~ be the earliest of the
arrivals, and let T. 5* be the corresponding pre-sampled service time. Let ¢, be the
timestamp of the last output message sent by the submodel. Then
8i(t)=max(ts(4"), typ)+Ts .

Message pre-sending in a submodel is the prerequisite of successful prediction of
reasonable future conditional timestamps, and thus a necessary condition for the
YAWNS synchronization. As a counter-example, consider a submodel with no pre-
sending, as in Figure 7-7. The first occurrence of the D event sends a message with
timestamp £s(D) which is the §,(z) value of the submodel and determines the upper edge
of a time window. However the D event is not processed within the time window (the
time window interval is right-open). Thus the message is not sent within the window,
and it must be taken into account when establishing the next window. This happens to
be at time £s(D), and the timestamp of the message is also #s(D). The result is a zero-
length time window which is prohibited by the protocol (c.f. the explanation of
YAWNS synchronization in section 7.3.2). Therefore every submodel must pre-send
messages, and must have non-zero lookahead.



154

7.5 Discrepancies between DES and PDES

After almost a decade and a half of quite successful developments in the area of PDES,
the PDES community observed that in spite of the successes, it has had little impact in
the general discrete event simulation community. This triggered an effort of self
assessment and a discussion about reasons of such situation. The first and richest part
of the discussion took place in a series of articles within the summer 1993 issue of the
ORSA Journal on Computing (JoC) (Bagrodia, 1993, Abrams, 1993, Unger & Cleary,
1993, Fujimoto, 1993b, Fujimoto, 1993a, Reynolds, 1993, Lin, 1993). It then continued
in the keynote talks at PADS Workshop in 1996 by R. Fujimoto (Fujimoto, 1996), and
in 1997 by D. Nicol (Nicol, 1997a). All these contributions are summarized in
subsection 7.5.1. Another view is given by the leading personalities in modeling
methodology in (Page & Nance, 1994).

The main points of this article are included in subsection 7.5.2. There is one more
paper dealing with this issue by E.Page (Page, 1999). It looks at previous PDES
assessments and considers some contemporary directions in distributed simulation like
military simulation systems and web-based simulation and their possible relationship to
PDES. To our knowledge, no publications dealing with the relationship between DES
and PDES appeared after 1999.

7.51 PDES self assessment

This subsection summarizes the views and opinions from inside of the PDES
community to the situation in the PDES research field. In the lead article of the ORSA
JoC series (Fujimoto, 1993b), R. Fujimoto asked the question, “Parallel discrete event
simulation. will the field survive? ” The question was motivated by the observed lack
of impact of PDES techniques within the broader DES community. Fujimoto suggested
that PDES techniques were too difficult to apply and too inscrutable to the non-parallel
programmer. If a sequential program could be developed in a few hours and then run in
a few hours more, why spend a day (or more) developing a parallel simulation that ran
in a few minutes? He believed, however, that eventually performance demands would
necessitate the adoption of PDES techniques by the simulation community at large. He
suggested that the future of simulation as a technique might, in fact, hinge on the
success of PDES, since PDES offered the best hope to modeling large, complex
systems. Realizing the value of meeting the broader community half way, though,
Fujimoto proposed several directions that could improve the usability of PDES. They
are as follows:

= Application specific libraries. In certain application domains, a library of well-
defined model objects or modules can be created. The user can build a simulation
model using these modules which are appropriate for parallel simulation. The
modules are ready to use, and the user does not need to create them. In this way,
he/she is relieved of being concerned with PDES details. Examples of such
application areas include telecommunication networks and digital logic
simulations.

»  Parallel simulation languages. Simulation languages similar to the traditional
sequential languages like Simscript or Simula, but suitable for parallel execution
could help wider adoption of PDES. Important question in their design is the
degree of transparency. A totally transparent language is ideal for use, but could
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easily lead to ineffective execution. A related question is what are the appropriate
language constructs which are convenient for use and at the same time allow
efficient execution.

= Support for shared state. Many simulation models are naturally programmed
using variables shared among multiple simulation objects. While this presents no
problem for sequential execution using common event list, sharing variables
among LPs with different simulation times, and across processor boundaries is
more difficult, should it be time effective. Excessive use of query events for
inquiring state of another LP leads usually to performance degradation. Efficient
solution provides the so called push-processing, i.e. transmitting state information
before it is needed, or the space-time memory (Ghosh & Fujimoto, 1991).

=  Automatic parallelization. Extant parallel simulators usually do not allow to use
models created for sequential simulation; manual rewriting is necessary.
Automatic parallelization of such model is a way to overcome this problem.
Fujimoto outlines how it can be done using the abstraction of space-time memory,
and discusses its performance.

The responses to Fujimoto’s observations were somewhat mixed. Reynolds suggested
that any focus on usability, while perhaps well-intentioned, might serve only as
a distraction to the PDES research community. Reynolds asserted that the key issue to
acceptance of parallel simulation is the performance. If it will be fast enough, it will be
accepted (Reynolds, 1993).

In their response, Unger and Cleary echoed Fujimoto’s call for an investment in tools,
specifically, tools that support the incremental performance improvement of parallel
simulations (Unger & Cleary, 1993). Bagrodia also concurred with Fujimoto’s
observations and stressed his belief in the central role that parallel simulation
languages must play in the widespread adoption of PDES techniques (Bagrodia, 1993).
Jason Lin discussed the importance of performance predictors and the need for parallel
simulation engines of the future to be modularized and tailorable (Lin, 1993). Abrams
observed what he referred to as a “culture clash” between parallel simulationists and
modeling methodologists (Abrams, 1993). This served as a basis for more detailed
comparison of the attitudes of these two camps in (Page & Nance, 1994).

A few years later, Nicol provided his view of the poor acceptance of PDES (Nicol,
1997a). His observations differ from the previous ones. He noted that engineers find
the PDES community unconvincing since many of the problems studied in PDES can
be adequately solved using sequential processors, and the applicability of PDES
solutions to large “industrial sized” applications is not completely evident. Nicol also
asserted that with the exception of communications networks, the applications studied
in the PDES domain are not highly relevant. Scientists find PDES research
unconvincing due to haphazard and flawed experimental design. Modelers find PDES
too complicated. He observed that performance is a constraint, not an objective
function and that factors such as model reusability and maintenance, model
development, analysis of results, and interoperability are often more important than
performance.

Adopting a Total Quality Management (TQM) approach, Nicol suggested that PDES
should be assessed in terms of its customer base and their needs. He identified five
classes of customer: industry, government, management, PDES colleagues, and
graduate students. He contended that the PDES community served its management,
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colleagues and graduate students well, but that industry and government were less
well-served by the community. He suggested that the PDES community should expand
its notion of relevant applications to include very large models on moderately parallel
platforms and distributed platforms. Further, that the PDES community should emulate
relevant application environments when evaluating its approaches, better analyze
scalability, and make the language of PDES more user-friendly. Lastly, Nicol stressed
that PDES researchers should strive to become better experimentalists.

7.5.2 Modeling methodological view

The objective of a simulation is to serve as an analysis and decision making tool. It is
crucially important that the analysis results and the simulation-based decision be
correct. Although the results are actually obtained from a model represented in the
form of a computer program, simulation cannot be viewed as a mere exercise in
programming. The programming language representation of a model is just one of the
possible forms. This representation necessarily contains many implementation related
details that obscure the clear expression of model behavior. Moreover, the use of
a particular programming language has direct influences on the structure of the model
formulation itself. These facts caused that a shift from a program-centric view of the
simulation process to the model-centric view occurred in the late 1970’s. Simulation
modeling methodologies have been developed that focus on the question how
a simulation model should be constructed in order to increase the likelihood of results
and decision correctness.

Although the recommendations for model construction found in the literature differ in
some details, they all stress that the model description should be natural. This allows
for an agreement between the mental model formed in the mind of the modeler on one
hand and its “materialized” description on the other hand. The necessity of such
agreement is justified by the effort to minimize the risk of model errors. The
conceptual frameworks introduced in section 7.1.2 provide a modeler with a means to
construct a mental picture of the model. Then a model description language utilizing
the selected conceptual framework enables to achieve the agreement between the
mental picture and the model representation (Page & Nance, 1994).

In the context of a methodological framework, the development of a model consists of
several stages. As the simulation study proceeds, the model formulation takes on
several forms. In other words, the primary model representation is gradually translated
until the final simulation program is created. The translation itself has to be verified
and validated to ensure its correctness. Figure 7-13 shows a typical scenario of model
development (Liu, 2003). A more detailed discussion can be found in most simulation
textbooks, e.g. (Law & Kelton, 2000). It should be noted that the development process
may not be sequential — it usually requires feedback to previous steps for further
refinement. The steps are as follows:

= Objectives. This step is to formulate the problem. The goals and objectives should
be clearly identified before we set out to develop the simulation model. Knowing
the modeled real system itself is not sufficient, since the model formulation
depends on the goals of the simulation.

»  Conceptual Model. A conceptual model includes identification of system state
variables and their evolution over time. The discussion about state variables is
included in section 7.1.1.
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Mathematical Model. The mathematical model, also called algorithmic model, is
developed from the conceptual model. An important aspect of this step involves
statistical analysis to provide proper probabilistic input model to drive the
simulation.

Computational model. The mathematical model needs to be translated into
a computer-recognizable format by using either a high-level simulation language
or a generic computer programming language, possibly utilizing a simulation
library. That is, the model must be implemented as a computer program.

Verification. The computational model must be verified whether it is consistent
with the mathematical or the algorithmic model. In other words, the program
should run properly and generate results consistent with the algorithmic
specification.

Validation. The task of validation is to determine whether the model is an
accurate and appropriate representation of the real system, in the context of
simulation objectives (step 1). This is necessary since otherwise the answers
obtained through simulation will not be valid, and the whole effort wasteful.

Objectives

Y

Conceptual
Model

[} Y

Mathematical

Model
A

i \i

Computational

Model
i

f Y

Verification

\J

Validation

Figure 7-13. Simulation model development steps.

Unfortunately, the methodology and conceptual frameworks did not get appropriate
recognition in PDES. A typical PDES study views the modeled system as a collection
of physical processes which are simulated by a corresponding collection of logical
processes (or submodels) interacting through message passing. This is a different
language using terms unknown in the general simulation community, and ignoring the
standard conceptual frameworks with their role in model construction. Furthermore,
little distinction between model and simulation program is made. In fact, the simulation
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program is usually the only model representation. Thus the program-centric approach
is followed, and the model-centric view which is the result of a long-time research in
modeling methodology is here not taken into account. Another flaw is that without
utilizing the conceptual frameworks, the program is often unnatural representation of
the modeled system. Further deviation from a natural representation may be forced by
execution requirements and performance tuning. These discrepancies in model
representation and the lack of other model representations appear as obstacles in model
verification and validation, making an assessment of simulation correctness even more
difficult.

7.5.3 User transparency and PDES

On one hand, commercial sequential simulation languages and environments provide
the modeler with a convenient GUI for model creation and execution, often including
also support for results analysis. On the other hand, extant parallel simulators provide
amuch lower level interface. Moreover, parallel model execution is in general not
possible in a user transparent way, i.e. without the user being concerned with problems
internal to parallel simulation, such as synchronization. This not only requires the user
to be closely familiar with these issues. The effort needed to solve these extra issues
dissipates the user concentration on simulation objectives themselves which may
contribute to model errors. The current status of user transparency in PDES is
summarized in the following paragraphs.

In conservative methods, good lookahead is crucial for acceptable performance. It must
be extracted and explicitly specified for the model. Although there was a singular
attempt to automate this task (Cota & Sargent, 1990), no general method exists, and
this burden is usually up to the modeler. There is one special case known as an
exception from the above general statement. It is the approach used in conservative
simulators of large communication networks, such as Nops (Poplawski & Nicol, 1998),
or DaSSF (Liu & Nicol, 2001). Here the model consists of network components
interconnected through communication channels. The source of lookahead is the non-
zero minimum delay a message sent between a pair of components experiences in a
channel. The network components themselves have no lookahead. The minimum
delays of channels are part of model description, and are supplied by the user. It is
important that the user is not expected to have any PDES-specific knowledge to supply
this information.

The Time Warp optimistic approach does not need explicit specification of lookahead.
The essence of the method allows exploit the available parallelism. However, it suffers
from other problem caused by allowing LPs to send and process risk messages (see
section 7.3.3). This can lead to processing messages that are inconsistent with the state
of the LP. Such messages are destined to be canceled by rollback, but they can produce
non-sensical data and actions which have the ability to corrupt the operating
environment in a way non-recoverable by any rollback (Nicol, 1997b). As a result, the
program can crash, or behave incorrectly giving wrong results without any hint of error.

To clarify the relationship of this problem to PDES transparency, let us quote from
(Nicol, 1997b): “Time Warp has long been advertised as making synchronization
transparent to the user; it most definitely is not transparent if in order to ensure that it
runs without crashing we must augment the code with extensive consistency checks.”
Determining consistency of a message may be a very difficult task. However, to arrive
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at a correct solution, it is necessary to program the simulation with this issue in mind.
This again enforces the user to think differently about the model due to its parallel
execution, pushing parallel simulation far from being user transparent.

7.6  High level architecture

An important part of todays PDES stuff is embodied by the High Level Architecture
(HLA). This is a general purpose architecture allowing simulation re-use and
interoperability. It was developed under the leadership of US Defense Modeling and
Simulation Office (DMSO). It was approved as an open standard through IEEE as
Standard 1516 in September 2000. All simulations developed for US DoD are required
to comply to this standard.

In the context of HLA, a simulation consists of a collection of cooperating simulators.
Each individual simulator is referred to as a federate. The collection of federates is
called a federation. The HLA is defined by the following three ingredients:

1. HLA rules, that define the design principles used in the HLA.

2. The Object Model Template (OMT) that provides a standard format for
describing information which is of interest to more than one federate.

3. The Runtime Infrastructure (RTI) that serves to coordinate the execution of
federates and exchange information among them.

Next we describe each of these ingredients in more detail (Fujimoto, 2000).

7.6.1 HLA rules

The rules formulate general requirements imposed on the federation and individual
federates, as follows:

1. Federations shall have an HLA Federation Object Model (FOM) documented in
accordance with the HLA Object Model Template.

2. In a federation, all simulation-associated object instance representation shall be in
the federates, not in the RTI.

3. During a federation execution, all exchange of FOM data among federates shall
occur via the RTL

4. During a federation execution, federates shall interact with the RTI in accordance
with the HLA Interface Specification

5. During a federation execution, an attribute of an instance of an object shall be
owned by at most one federate at any time.

6. Federates shall have an HLA Simulation Object Model (SOM), documented in
accordance with the HLA OMT.

7. Federates shall be able to update and/or reflect any attributes of objects in their
SOMs and send and/or receive SOM interactions externally as specified in their
SOMs.

8. Federates shall be able to transfer and/or accept ownership of attributes
dynamically during a federation execution, as specified in their SOMs.
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9. Federates shall be able to vary the conditions (e.g. thresholds) under which they
provide updates of attributes of objects, as specified in their SOMs.

10.Federates shall be able to manage local time in a way that will allow them to
coordinate data exchange with other members of a federation.

7.6.2 Object model template

The object model template (OMT) refers to a set of tables that provide a means for
documenting object models in the HLA. The simulation object model (SOM) specifies
the object attributes a simulator can update and/or receive. The common objects used
by simulators participating in a federation are specified in the federation object model
(FOM).

The OMT consists of the following tables:

1. The object model identification table provides general information about the
FOM or SOM such as its name, purpose, version, and point of contact
information.

2. The object class structure table specifies the class hierarchy of objects in the
SOM/FOM.

3. The attribute table enumerates the type and characteristics of object attributes.

4. The interaction class structure table defines the class hierarchy of the interactions
in the SOM/FOM.

5. The parameter table defines types and characteristics of interaction parameters.

6. The routing space table specifies the nature and meaning of routing spaces that
are used to efficiently distribute data throughout large federations. This is related
to the data distribution management in the RTL.

7. The FOM/SOM lexicon is used to describe the meaning of all terms used in the
other tables, such as meaning of object classes, attributes, interaction classes, and
parameters.

7.6.3 Runtime infrastructure

Runtime infrastructure (RTI) provides services for federates cooperation. Federates,
unlike submodels in “classical” distributed simulators, contain beside the simulation
model also the local simulation executive. The local executives of individual federates
cooperate through RTI.

To achieve the generality of the RTI, there is a clear separation of functionality
between the federates and the RTI, where all simulated-system-dependent functionality
is encapsulated within the federates. This separation is enforced also by the HLA
interface specification which defines a set of services provided by federates or by the
RTI. The services fall into the following categories:

»  Federation management services allow to create and delete federation executions,
allow simulations to join or resign from existing federations, and to pause,
checkpoint and resume a federation execution.

»  Declaration management services provide the means for simulations to establish
their intent to publish object attributes and interactions, and to subscribe to
updates and interactions produced by other federates.
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= Object management services allow simulations to create and delete object
instances, and to produce and receive individual attribute updates and interactions.

=  Ownership management services enable the transfer of ownership of object
attributes during the federation execution.

= Time management services coordinate the advancement of simulation time, and
its relationship to wallclock time during the federation execution.

»  Data distribution management services control the distribution of state updates
and interactions among federates. The goal is that each federate receives all of the
information relevant to it, and no other information.

Because our interest is oriented towards virtual time related problems, we describe in
more detail the time management services.

7.6.4 Time management and the lookahead

The messages sent among federates are transferred through RTI. Because of the
generality of HLA, the messages fall into two categories: timestamp order (TSO)
messages which carry the simulation time timestamp, and receive order (RO) messages
with no timestamp. For TSO messages, the RTI ensures their delivery to each
particular destination federate in timestamp order. In other words, a TSO message is
delivered to its destination federate only if there will be no messages with smaller
timestamp. If delivering a message could violate the timestamp order in the destination
federate, the message is temporarily kept within RTI. On the other hand, the RO
messages are not delayed in RTI due to their ordering, and are delivered immediately.
Thus, RO messages are of no interest from the synchronization point of view. For the
sake of generality again, each federate can be categorized as time regulating, and/or
time constrained, according to its two corresponding boolean flags. A time regulating
federate can generate TSO messages, and a time constrained federate can receive TSO
messages.

An event driven federate must process all its events in timestamp order. For a time
constrained federate, these events include internal events and also events generated by
other federates and received as TSO messages. It is the responsibility of RTI not to sent
any TSO message with time stamp less than the local simulation time of the destination
federate. To achieve this, local time advancement of the federate must be negotiated
with the RTI. The negotiation consists of three steps. First, the federate invokes a time
management service to request its local time to advance, e.g. to the timestamp of the
next local event to be processed. Next, the RTI delivers some number (possibly zero)
of messages to the federate. These are the messages which are safe to deliver at the
moment. Then the RTI completes the negotiation by granting the time advance,
possibly to different value than the one requested by the federate. The federate can
proceed up to the point of the granted simulation time. Then a new advancement must
be negotiated with the RTI.

Synchronization of simulation times of federates, as outlined, is controlled by RTI
using a conservative approach. The key to implementing the time management services
within the RTI is to compute the lower bound on timestamp (LBTS) for each federate
(cf. formula 4). For federate i, the value of LBTS, provides a lower bound on timestamp
of messages that may be received by federate i in the future. Once LBTS; has been
computed, the RTI can deliver to federate i all TSO messages containing timestamp
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less than LBTS;. Further, the RTI prevents the federate from advancing its local time
beyond LBTS;, so that TSO order of message delivery to the federate can be guaranteed.

The LBTS value can be computed similarly to formula (4). To compute it, the RTI
must consider the smallest timestamp of any TSO message a federate can send. The
local time of the federate provides a bound of such timestamp. Also the timestamps of
messages within the RTI and in the interconnection network must be considered.
Further, the lookahead of federates is needed in the computation.

In HLA, each federate supplies a single lookahead value L. The semantics of the value
is that the federate shall not send a message with timestamp less than its local
simulation time plus the lookahead L (Fujimoto, 1998). According to the classification
presented in subsection 7.4.3, this is a bounded time lookahead corresponding to the
minimum timestamp increment in the federate. The lookahead of a federate can change
dynamically during the simulation. However, lookahead cannot be instantaneously
reduced. If a federate requires to reduce its lookahead by K units of time, its local time
must advance K units before this change can take effect. If lookahead was reduced
instantaneously, the RTI could not guarantee the timestamp order of message delivery
of TSO messages.

Federates with zero lookahead are allowed in HLA. The RTI interface contains special
functions for that case. Details can be found e.g. in (Fujimoto, 1997).

7.7 Conclusion

We have presented a survey of concepts, techniques, and topics constituting the core of
the research and engineering area of Parallel Discrete Event Simulation. Of course, not
all methods or approaches to individual problems can be captured in such survey, nor
every single problem arising in this area can be mentioned. In spite of that, we believe
that the document gives a reasonable overall insight into the area as a whole, and, at the
same time, a more detailed description of some issues which draw the most of our
attention.
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8 COMMUNITY
STRUCTURES IN
NETWORKS

8.1 Models of networks

Modeling of networks is useful, because models present a motivation of their growth’s
dynamics. The produced graphs possess some computable and measurable properties
as a result of the primary motivation. If similar property is measured in a real network,
theoretical models may give us the answer why the measured property appeared in the
network. The correlation between vertices of similar degree was the result of higher
probability of the older vertices to get connected in this model. Network models are the
formalizations of our perception of networks.

8.1.1 Small-world networks

Several observed networks attain the so called small-world effect. In these networks the
average vertex-to-vertex distances increase only logarithmically by the increase of the
total number of vertices. However, short geodesic distance is also present in random
networks. But because of the smallness of the networks also edge transitivity is present
in most of the natural networks. The random networks miss this property. We
characterize two models for small-world effect modeling. Both of these models are
more precisely described in (Watts, J. D., 2003).

The o -model. The process of graph generation of the ¢ -model starts with a graph of
n vertices without any edges. The edges are added in successive steps until they reach
the number of m = kn/2 , where k is the mean vertex degree.

The procedure for addition of an edge in & -model is depicted on Figure 8-2. It uses
the parameters R, ; 1s the likelihood that [ gets connected to j, m,; ; 1s the number of

vertices adjacent to both i and j, k is the mean degree of the vertices, p € [0,1]
tunable baseline, & = 0 is tunable parameter.
The edges are added in cycles. The addition of a new edge is repeated on every vertex

in random order with the restriction that in every cycle every vertex is processed
exactly once. k cycles are proceeded to generate the graph.

Watts-Strogatz model. The model of Watts and Strogatz (Watts, J. D., 2003; Newman,
2000) presents the idea how a highly clustered network with high geodesic distance
become a “small-world”. The process starts with a regular lattice graph. The graph has
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the geodesic distance linearly depending on the size of the graph, by rewiring only
asmall portion of edges; the average distance rapidly decreases and

becomes/ = log N . The rewiring is shown on Figure 8-1.

Figure 8-1. Watts-Strogatz small world model. (a) One-dimensional lattice with n
vertices is created. Every vertex is connected to k vertices on both sides
(b) Portion of p edges of the lattice are rewired randomly to uniformly chosen

vertex of the graph (c) Variation of the edge rewiring, p edges are added
connecting two randomly chosen vertices.

1#j

1. Choose a vertex i;
2. forall vertex ; do
3. if vertices i and j are connected then
4:. R’_’j:O,'
5. else
1 m;, 2k
6 m | ;
: _ ij _ /
R = {k} (1-p)+p k>m, ;>0
p m; = 0
7. normalise R to obtain probabilities of connection R
to the other vertices: p _ R, i
1] R
il

oK . .
8. choose vertex j from uniform random variable Ej;

9. connect [ to j*;

Figure 8-2. Addition of a new edge to vertex i. The vertex chosen to be connected
to 1 is selected based on the existing number of adjacencies to vertices i and J

represented inm,_, .

Figure 8-3 shows the change of the clustering and the geodesic distance depending on
the parameter p . The interval of possible values for p where the graph possesses both
small geodesic distance and high clustering coefficient is the region of small-world
graphs.
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Watts-Strogatz model introduces two extremes: the ordered lattice graphs and random
networks. Lattice graphs ( p =0 ) exhibit high clustering coefficient. On the other
hand, their geodesic distance is high. Random networks ( p =1) have low clustering
coefficient and small distances.

The geodesic distance / in small-world networks have been found to depend
logarithmically on the number of the vertices:

I=1log(N)

Logarithmic dependence allows the average distance between the vertices to be small
even in large networks.

1 RS S T — T
i H‘“H\ J
3 — mean vertex-vertex distance \‘\‘ 1
-—— clustering coefficient N, |
g ™,
=
= Y
| "\ 1
& 5
M Y —
= *
N,
E ST
= N,
.
0.001 0.01 0.1 1

rewiring probability p

Figure 8-3. Watts-Strogatz model, distance and clustering coefficient. By
increasing the rewiring probability p in the Watts-Strogatz model (Watts
& Strogatz, 1998) the clustering coefficient decreases slower than the average
vertex to vertex distance. Therefore a region possessing both high clustering
coefficient and low geodesic distance appears.

8.1.2 Expanding networks

In absence of data on real networks the assumption of Erds and Rényi was that the
complex networks are random and the vertices’ degree follows the Poisson distribution
(Erdds & Rényi, 1960). By the expansion of the Internet it was revealed that the big
and evolving networks such as the Web pose high degree of self-organization and they
are likely to be much different from the random networks. The degree distribution
appears to follow the power-law distribution for a lot of natural networks. The core

reason of the O(k™*) degree distribution is concealed in the growth of the network
and in the preferential attachment of the new incoming vertices (Albert et al., 1999).
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Citation network

Perhaps the first known paper discussing the power-law degree distribution of real
networks was introduced by Price (Newman, 2003c¢). Price discusses the network of
scientific citations. Every paper refers to others in its bibliography. Therefore the edges
of the network are directed. As all of the papers refer only to already published ones,
the network does not contain directed cycles (only with rare exceptions).

The new papers entering the citation network are supposed to cite papers present in the
scientific community preferentially; those which are already cited by more papers are
likely to be popular and are being cited again by higher probability.

Let p, be the fraction of vertices with in-degree k , clearly Zk p, =1 holds. The
model sets a constant mean out-degree of the vertices denoted asm . The in-degree
varies from vertex to another. The mean in-degree and the out-degree equals, so
that Zk kpk =m, where m is a parameter of the model, it can take any even non-

integer value.

The process of creation of the graph is by adding new vertices, attaching them to m
old vertices with probability proportional to their in-degree. As the in-degree of the
new-vertices is zero some minimum probability for attachment has to be assigned. The

probability of attachment of a new vertex to any old vertex is proportional tok +1.
Thus the probability of attaching a vertex of degree k is

(k+D)p, _ (k+1)p,

Zk(k+1)pk m+1

From this follows that the mean number of connections to vertices with in-degree k is

m(k +1)p, /m+1. Addition of incoming link to vertex with in-degree k causes the
decrease of the number of vertices with in-degree k . On the other hand, vertices with
in-degree k —1 for k >0 flow in. This leads to the change of the number of vertices
with in-degree k (for n vertices this is np, ). In the following equations let p, ,

denote the value p, when graph has 7 vertices.

(n + l)pk,n+1 —NPy, = [kpk—l,n - (k + l)pk,n]i
m+1

For £k =0 itis

m

1 _ap, =1—p
(n+1)py0 —1py, =1- Py, p—

- k—(2+1/m)

The solution degree distribution is p, , hence it has a power-law

distribution.

The Barabasi-Albert model

The Barabasi-Albert (BA) (Albert et al., 1999) model is similar, but simpler than the
Price’s model. The Barabasi-Albert model operates on undirected graph instead of
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directed graph as in the citation network. This significant simplification automatically
resolved the problem of getting the first acquaintance in the model of Price. Although
the BA approach might seem to be farther from the reality, the model miss such
straightforward motivation as the citation network, the defined model poses to be more
rigorous than Price’s model and serves much better basis for further improvements.

The BA model considers growing network, in every step one vertex is added. The new
vertex gets connected to m already present nodes with probability (1— p)k, + p,
where k; is the number of the node’s neighbors, p is the baseline parameter, the
lower it is, the more preferential the connections become, higher p means preferring

random connections. The graph generation starts with N > m unconnected nodes.
Clearly nodes with higher number of neighbors are more likely to receive new
neighbors. This rich-gets-richer property of the graph evolution exploits some nodes
with high number of connections and lot of nodes with few neighbors.

The probability of attaching old vertex with degree k is

kp, _ kp,

Z Ko 2m
The number of vertices that increased their degree from k to k+1 is
mkp, /2m = kp, /2 and is independent on m . The influx of vertices that increased
their degree from k —1 to k iskp,_, /2. Thus the number of vertices with degree k

(this number equals to 77p, ) changes as

1 1
(n + l)pk,n-H - npk,n = E(k - l)pk—l,n _Ekpk,n

ifk > m , and for kK = m the influx of vertices with degree m is 1, thus the change of
number of vertices degree m is

1

(7’1 + 1)pm,n+l - npm,n = 1 - Ekpm,n

The stationary solutions are found by setting p, ,., = P, = P, and solving equation

1 1
E(k_l)pk—l _Ekpk Jork>m
P = 1
I—Empm Jork=m

Solving the equation leads to value of p,

_ 2m(m +1) =
P e e+ 0k
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Fit-gets-rich model. The Barabasi-Albert model of scale-free networks prefers the
vertices present longer in the graph (Albert et al., 1999). The “rich-get-richer” and
“first-mover-advantage” models partly contradict with the every day life experience.
New companies emerge in the branch of the Web; become successful outstripping the
others with longer tradition. The BA model of network expansion was extended by
fitness attached to the vertices. This yields networks, which can be characterized as
“first-mover-advantage”, “fit-get-rich” or “winner-takes-all”. The equilibrium of this
competitive model was found similar to thermo dynamical properties of quantum gases
(Bianconi & Barabasi, 2001).

The probability of getting connected by the new node depends on number of the links
k, and on the fitness7y, :

Based on the distribution of fitness two states emerge:

Fit-get-rich. Different fitness values result few hubs with high number of connections
following P(k)= k™7 . If the fitness of the nodes is equal, the model reduces to the
original BA model (Albert et al., 1999).

Winner-takes-all. In competition of links the vertices with the largest fitness receives

all new connections and emerges as a clear winner. This phase predicts the “winner-
takes-all” phenomenon.

Network as fractal

—_——— e e — — = — — = —————
L

\

Figure 8-4. lllustration of bow-tie structure of the Web. The global properties can
be found also in its parts. The Web exhibits such self-similarity.

The bow-tie structure of the Web was described by Broder et al. (Broder et al., 2000).
Based on their study oriented networks can be decomposed to more parts:

= Strongly connected component (SCC) — The “core” of the network where the
vertices are connected by directed paths.
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= JN — Those vertices from which it is possible to reach the vertices of SCC, but
unreachable from SCC.

= QUT — Vertices which are reachable from the SCC, but it is impossible to reach
the SCC from the OUT.

=  Tendrils — Paths not contained by the SCC leading out from the IN set, resp. into
the OUT set.

= Tubes — Paths from IN to OUT.

= Small components — Behalf the giant component, several small components
appear, with similar IN/SCC/OUT decomposition as in the giant component.

The model of Broder et al. was further elaborated by Dill et al. (Dill et al., 2002). Self-
similarity of the Web had been found: specific parts of the network possess the same
bow-tie structure as the whole network. See Figure 8-4.

8.2 Network clustering techniques

Data clustering is involved in the solution of many important problems. Clustering
algorithms yield more clusters (groups) of instances from the data-set where each
instance in a cluster is more similar to those inside the cluster than to instances outside
the cluster. The considered similarity is depending from the domain.

Wide variety of problems ranging from identification of citation duplications, through
marketing applications, such as customer profile clustering, seeking of DNA groups,
etc. exist. Graph clustering is also exploited by several applications, such as social-
network analysis, computer graphics, bioinformatics, and VLSI design. For
identification of scientific publication duplications (Aleman-Meza et al., 2006)
clustering is also a possible approach (McCallum et al., 2000).

The data-sets for clustering can differ in several ways. In the simplest case the
instances of the data-set have the same attributes. However, they often differ in the
number and type of attributes. Often the instances explicitly refer each other and thus
create a network of instances. This network is exploited by graph-based partitioning
algorithms. Graphs are appropriate for representation of elements in data-sets. These
elements, depending on the domain being examined, might reference each other; the
edges may be represented by weighted edges expressing similarity between the two
elements. Graph partitioning algorithms can be thus often well applied for arbitrary set
of instances, if the similarity between the instances were well estimated. We threat
instances often as graph vertices in following text. It should be clear from the context,
when we are considered about instance’s attributes and when about its neighbors in the
network of instances.

We recall some basic definition from the graph theory used is this chapter. Let
G(V,E) be an undirected graph. Let £ (X ) denote the set of edges existing also in

the graph connecting two different vertices in X :E(X)z {{u, V}e Elu,ve X} .
Subgraph induced by a set X C V is G[X ] = (X JE (X )) Subgraph G[X ] is clique
if |E(X)| = C‘zx‘ . We denote degree of a vertex deg . (1) = |{u [ {u,v}e E}| . For a cut
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S the degree is defined as deg,(S)= ZvesdegG(v) . Size of a cut S
iscG(S):|{{u,v}| ue S,ve V\S}|. Line graph L(G) of graph G is a graph such

that each vertex of L(G) represents edge of G ; and any two vertices of L(G) are
adjacent if and only if their corresponding edges are incident, meaning they share
a common end vertex, in G .

A canonical definition of a graph cluster does not exist, but it is commonly agreed that
a cluster should be a connected subgraph induced by a vertex set S with many internal

edges £ (S ) and few edges to outside vertices in V' \' S (Sima & Schaeffer, 2006).

Although the meaning of a graph cluster is not exactly defined, measures for
comparing the quality of different clustering approaches were developed, see section
8.2.7. Graph clusters are referenced by some authors as communities (Flake et al.,
2002; Newman & Girvan, 2003; Newman, 2003b; Palla et al., 2005; Radicchi et al.,
2004).

The data-set which is intended to be clustered is often very large and the applied
clustering approaches often do not scale well. There are several ways in which a data-
set can be large:

= there can be a large number of instances in the data-set
= the instances can have many attributes
= the number of clusters can be very high

Depending on the domain the requirements on the produced clusters can differ. We
distinguish the following types of clusters:

= exact clusters — the instances belong to exactly one cluster
»  overlapping clusters — the instances can belong to at least to one cluster

v probabilistic membership in clusters — the instances are members of clusters with
some probability

»  hierarchical clusters — the identified clusters are further clustered and thus
a hierarchical structure of clusters is generated

Figure 8-5 depicts types of clusters.

The problem of clustering can be defined as a problem of finding minimal cut in the
graph (Flake et al., 2002). However, this approach is not considered to result in good
clusters, therefore additional conditions such as restricting the number of clusters or the
size of clusters are necessary. But that changes the original mincut problem to NP-hard
(Sima & Schaeffer, 2006).

Clustering algorithms are generally unsupervised learning algorithms. Several
communities and thus approaches, such as data mining (k-means, expectation
maximization), graph-theoretical (spectral bisection), social network analysis greedy
agglomerative and divisive algorithms), contributed to the field. We give an overview
of different clustering algorithms.
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Figure 8-5. Cluster types: a) exact graph cluster,; b) overlapping clusters;
¢) hierarchical clusters.

The following clustering approaches described:

= Greedy agglomerative or bottom-up approaches — Vertices are measured for
similarity based on different metrics. The most similar vertices are connected to
clusters. Therefore the clusters are constructed bottom-up. The most similar
vertices are aggregated into a cluster.

= Greedy divisive or top-down approaches — Edges with high betweenness (resp.
with other property) are removed, the disconnected components are processed
further or they are identified as clusters based on a given criterion.

= Local clustering — Method also called incremental clustering motivates the use of
a local approach for finding a good cluster containing a specified seed vertex or
aset of vertices by examining only a limited number of vertices at a time,
proceeding in the “vicinity” of the seed vertex.

We restrict to undirected graphs with no self-loops. Some of the described algorithms
can be applied on unweighted graphs only. We state the exact type of graph presumed
by the algorithms. Estimation of the similarity of the instances and preprocessing of
edges between instances (whether they are bridging two clusters or not) is described
bellow. We continue with the clustering techniques and latter we conclude with
clustering measures useful for clustering quality evaluation and effectiveness.

8.2.1 Instance similarity

Finding the similarity between two instances in a data-set or specifically vertices in
a graph is a crucial issue in clustering. For the clustering algorithms it is demanded that
similar instances will be placed in the same cluster. For general data, it is not always
immediately clear what would be the proper similarity measure. The case is equally
confusing on graphs. Computation of similarities possesses often high computational
complexity and it is thus not feasible for data-sets with a lot of instances.
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Because of the computation of instances’ similarity from their position in the network,
comparison of attributes is also applied. Instances with similar attribute values are
claimed to be more similar. Publication citation clustering or reference matching are
generally solved by string similarity measures (McCallum et al., 2000; Aleman-Meza
et al., 2006). Reliable string comparison, however, is a costly operation. For proper
identification of string’s subparts hidden Markov models are applied. For comparison
of two strings generally edit distance measure is used. To tackle the effectiveness
related to the expensive similarity measures different optimizing techniques were
developed, see section 5.6. We list few ways of measuring the similarity, or rather
likelihood of being in the same cluster, of two vertices.

Number of node-independent paths. Two paths are node-independent if they do not
contain any common vertex except of the first and the last vertex of the paths. The
number of node-independent paths between u and v is equal to the number vertices to
be removed to disconnect the two vertices. The higher the number of node-independent
paths is, the more likely it is that # and Vv is in the same cluster.

Total number of paths. In contrast to the previous approach, here the total number of
paths (which may contain the same vertices as well) is taken to account. The total
number of paths can be infinite (if the graph contains circle between the measured
vertices). Therefore the paths should be weighted, so that the final value of weights
should attain convergence.

W= §<w>' —[1-cE]

In the above equation ¢ has to be smaller than the reciprocal of the largest eigenvalue
of £ (Girvan & Newman, 2001).

FEuclidean distance.

wli.jl= | > (Eli.k]- E[i, j])

k#i,j

The Euclidean distance measurement is a dissimilarity measurement. If two vertices
share the same neighborhood then the value of the above equation for them is zero. If
more differences arise, the value becomes higher. Algorithms which process the
vertices based on their similarity (like GAC in section 8.2.3), matrix — W should be
used instead.

Pearson correlation between columns of adjacency matrix. This similarity measure-
ment assumes that the context, the neighbors of vertices belonging to the same cluster
are similar. Therefore their columns (or rows) correlate. Vertices showing high corre-
lation in their structural context are supposedly more likely to be in the same cluster.

b= 3 Eli )
o = S N(E -

(B0 -)BGK)- )

wi,jl = ==

0.0 .

e
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8.2.2 Centrality and identification of bridging edges

There are various measures of the centrality of a vertex within a graph that determine
the relative importance of a vertex within the graph. Several centrality measures exist
(Brandes, 2001). The measures are defined for vertex measurement, but they can be
simply defined also for edges and the computation deduced from vertex computation.

Edge centrality is used by clustering algorithms which rely on identification of edges
which are bridging clusters. We also introduce a simple centrality, based on a micro-
cosmos model.

Betweenness centrality

Among the variety of different centrality measures betweenness centrality (referenced
as shortest-path betweenness by some authors) is the most acclaimed measure used in

edge-removal clustering. We use d; (u,v) to denote the distance between vertices u
and v, i.e. the minimum length of any path connecting s and # inG . Let 0, , = o,.
denote the number of shortest paths from ueV tovelV , where 0, =1 by
convention; O'W(w) denotes the number of shortest paths from u# tov that some

we V lies on.

c)= 3 o)

SEVELEV O-sz

Brandes describes a fast algorithm based on breadth-first search for computation of
centrality values (Brandes, 2001). The algorithm was independently published also by

Newman. The spatial complexity of the algorithm is O(n + m), its time complexity is
O(nm) on unweighted graphs. More illustrative explanation of the algorithm and

betweenness centrality measures is given in (Newman, 2004). Betweenness centrality
is known to be strongly correlated with vertex degree in most networks questioning the
usefulness of this time-expensive ranking (Newman, 2003a).

The above definition of betweenness centrality is given for vertices, being coherent
with other literature. However, we needed the edge betweenness centrality for our
clustering purposes. The edge-betweenness is gained by computing the betweenness of
the line-graph of the graph.

An interesting alternative to betweenness centrality is described in (Newman, 2003a).
The approach is based on random walks and the intuition behind is given by spreading
of information in networks. Edges bridging two clusters are supposed to be visited
more often than intra cluster edges therefore should get higher ranks.

Using distances after layouting as ranks

We took advantage of Fruchterman-Reingold layouting algorithm (Fruchterman
& Reingold, 1991). The algorithm is inspired by natural systems such as springs and
macro-cosmic gravity.

Vertices of graph are modeled as atoms, exerting attractive and repulsive forces on
each other. The forces between vertices were chosen with the aim to place vertices co-
nnected by an edge closer, while vertices not connected by an edge farther from each
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other. In this model only adjacent vertices attract each other, while all vertices repel
each other. The attractive and repulsive forces are defined as follows:

2
pu _pv .
F;m.(u,v) = |T lf(u,V)E E
0 otherwise
k2
E’ep(uav) = W

where p, is the position vector of vertex # and u is a constant defined as

area

k=C
G|

, where C is a constant found experimentally.

The algorithm iterates over the vertices of graph for a defined number of loops. For
each vertex it computes the sum of attractive forces from adjacent vertices and the sum
of repulsive forces from all vertices. Then the displacement is computed as the sum of
attractive and repulsive forces limited by temperature according to cooling schedule.

The grid variant is a modification to the original algorithm in such manner that only
vertices within some specified distance repel each other. To avoid examining all
vertices on distance from current vertex a so called “grid” data structure (multi-
dimensional array) keeps info about vertices in the neighborhood. With a little more
memory usage, only vertices in neighboring grid cells have to be examined on distance
and the repulsive force is computed only from those that fall within the distance. This
makes the algorithm much more computationally effective and suitable also for
disconnected graphs. The Euclidean lengths, or our “micro-cosmos centrality”, of
edges are calculated from the positions of vertices.

8.2.3 Greedy agglomerative clustering

Greedy agglomerative clustering (GAC) is a bottom-up method. The idea is to add
edges connecting similar vertices. The algorithm starts with a graph without edges. By
addition an edge two components become connected. The components of the graph
represent clusters. As the clusters are built from bottom to up, finally the whole graph
unites in one component. During the computation a tree structure is produced, which
we call dentogram, see Figure 8-7.

Algorithm on Figure 8-6 returns a dentogram of clusters which is cut at a given depth
of the tree (the dashed line on Figure 8-7). The depth is a tunable parameter of the
algorithm. The higher the depth is set, the elaborated the clusters become.

By application of GAC vertices connected by a single edge, placed on the periphery of
the cluster or on the other hand vertices in the centre of the cluster are often
misclassified (Girvan & Newman, 2001). That makes this approach not suitable for
every application. Choosing the right similarity measurement is crucial for the given

domain. If we consider that the similarity measure takes O(l) time, computing
0(712) similarities between all vertex pair needs the same time. Sorting these values

therefore needs 0(1”12 logn) time. The dentogram can be created in near linear time
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using the tree-based union/find algorithm. Thus the algorithm scales as O(n” logn) .

GAC does not need to know any idea about the number of the clusters. On the other
hand it does not give us any idea, at which depth it is optimal to cut the dentogram.

Data: graph G(V,E)

Result: hierarchical clustering - dentogram D

Initialise G'={G(V)Q}:

compute matrix W of vertex similarity;

while the graph has more than one component do
choose vertices u, v where W[u7v]=maX(i,j)gG‘(E)W[i’j];
add edge (u,v) to G'(E);

if edge (u,v) connected two components C1 and C2 then

9 0 0 b WwWN R

add to dentogram D component/cluster C,uU(C, with two child

components C1 and Cz,-

Figure 8-6. Hierarchical clustering algorithm.

N\,

LATARN

Figure 8-7. Dentogram. The dashed line cuts the cluster tree,
the topmost clusters under the line are presented as result.

8.2.4 Greedy divisive clustering

Greedy divisive clustering (GDC), also known as edge removal clustering, first
preprocess the edges, and rank them. Based on the ranks the edges are removed from
the graph. The emerging components isolated from the rest of the graph are claimed to
be clusters. Newman-Girvan clustering use edge-betweenness centrality as edge ranks.
The general GDC’s metacode is depicted in algorithm on Figure 8-8.

Data: graph G(V,E)

Result: clustering C:(CI,CZ,...)

1 rank edges in E;

2 while the stopping criterion is not fulfilled do
3 remove the edge with the highest rank from F;
4 find all isolated components in G ;

5 declare components clusters:(C =c0mp0nents(G) i

6

return C;

Figure 8-8. Edge-removal clustering algorithm.
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The stopping criterion can be a simple one, which terminates the algorithm, when the
expected number of clusters emerged. Huberman et al. (Huberman et al., 2003)
proposed a procedure, which stops division of a cluster if it is smaller than 6 vertices or
the highest betweenness of any edge is equal to or less than N —1, where N is the
cluster’s size.

8.2.5 A simple local clustering approach

Clustering algorithms based on local search compute clusters from a small set of seed
vertices. Several advantages support local clustering approaches:

» sublinear complexity — not all of the vertices have to be visited during the
clustering,

»  high scalability — huge, even not explorable networks can be clustered, as only
the vicinity of the vertex seed of interest is explored,

» incremental processing — the clustering can be suspended at any time yielding the
best found cluster.

In spite of these advantages local clustering has also drawbacks. Local clustering is
generally less accurate than global clustering methods as it tends to find a local mi-
nimum. For tackling this problem several methods were suggested (Schaeffer, 2006).
We describe a simple local clustering approach, which is based on an algorithm deve-
loped from breadth first search, in which the items in queue have their priorities
changing during the processing (Frivolt & Bielikova, 2005). The priority of a vertex is
equal to the proportion of the number of neighbors already assigned to the cluster and
the total number of adjacent vertices. The metacode of the algorithm is depicted on
Figure 8-9.

Data: graph G(V,E), seed of initial vertices §, maximum number
of vertices to cut L
Result: set of cut-out vertices C
1C=S;
2 list=8;
3 while list is not empty and ‘C‘<L do
4 v= pop(list) ;
add v to C;
forall neighbors k of v do
if k¢ C then
if kg list then
rank k in [ist with priority: ‘Nkmc‘/‘Nk

10 else

O © 3 o0 !

7

11 add k to [list with priority: 1 ;
[V,

12 return (C;

Figure 8-9. A simple local clustering algorithm based on breadth first search.
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8.2.6 Effectiveness

As it was shown in overview of several clustering techniques in the previous sections
we might often face scalability problems during clustering. We recall that the clustered
data-set scale on three axes: 1) large number of instances, 2) many or too complex
instance attributes, 3) lot of clusters. Local clustering aims to tackle scalability
problems related to high number of instances.

The second mentioned scalability problem occurs if estimation of the proper similarity
among the instances is a too expensive operation (string comparison). Reliable
identification of similarity between scientific citations is a very expensive operation,
although the dissimilarity of two citations can be computed very cheaply. A two-pass
algorithm was developed for application when dissimilarity can be estimated much
more effectively than similarity between a vertex pair (McCallum et al., 2000). The
method is generic enough to be well combinable by other approaches. The idea is to
create so called canopies in the first pass of the algorithm. Canopies are a kind of rough
overlapping clusters which can be computed very effectively even if we compare all

n’ pairs. In the second pass, a rigorous, but more expensive, similarity function is
executed on every instance pair, which occurs in the same canopy (we remind, that an
instance can be included in more than one canopy). Virtually any instance-based
clustering algorithm can be used in the second pass of the algorithm. From a theoretical
standpoint, by setting certain properties of the inexpensive distance metric, accurate
clustering solution can still be recovered with the canopies approach (McCallum et al.,
2000). The necessary guarantees needed for avoiding the decay of the clustering
quality depend from the clustering algorithm chosen in the second pass.

If ¢ is the number of canopies, f is the average number of canopies to which the
instances are included, k£ is the number of clusters and # the number of instances, the

complexity of the canopies approach combined with GAC is 0( fn*/ C) and

O(ka 2/ C) with k-means or expectation-maximization.

8.2.7 Clustering measures

The clustering measures define fitness functions f; defined on the set of possible
solutions of the clustering algorithm £ (C )e R .

Modularity fitness function Q(C) for particular clustering C = (C,,C,,...) is defined
as follows. Let ¢, ; be the fraction of edges in the network that connect vertices in

cluster C; to those in cluster C,, and let @, = z €, ;- Then
- J 3.
oC)= Z(ei,i - alz)

is the fraction of edges that fall within clusters, minus the expected value of the same
quantity if edges fall at random without regard for the clustering C .
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The prominent position among graph cluster measures is occupied by the conductance
(Sima & Schaeffer, 2006; Brandes et al., 2003) which is defined for any cut;

0S5 cV ingraph G as follows:

_ Cq (S)
S) = in(deg, (5) oo )

Based on the notion of conductance, we can now define inter-cluster 0 (C ) and intra-

cluster conductance oc(C )

a(C) = min,, ,,0(G[C,])
5(C) = l_maxie{i,...k}¢(ci)

Intra and inter-cluster conductance are two indices founded on the concepts of
bottlenecks, i.e., a cluster should not have a sparse cut separating non-trivial parts and
in contrast, the connection of a cluster to the remaining graph should be sparse.
Conductance was introduced by random walk theory.
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9 ZNOVUPOUZITIE
NAVRHOVYCH
VZOROV NA UROVNI
ZDROJOVEHO KODU

Jednou z najdolezitejSich stucasti v dneSnom softvérovom inZinierstve je nepochybne
znovupouzitie. Znovupouzitie v réznych kontextoch, réznych fazach ina réznych
urovniach abstrakcie.

Pre podporu znovupouzitia vznikaju nové jazyky, nové kniznice, nové katalogy, nové
postupy. Vsetko smeruje k podpore znovupouzitia atym k uzko suvisiacemu
skracovaniu doby vyvoja vysledného produktu - ¢i uz hovorime o dokumente analyzy,
o dokumente navrhu, samotnej implementacii produktu, jeho dokumentacii alebo
o dokumente vysledkov testov.

Ci uz hovorime o $ablénach dokumentécie, o metodikach podporujucich rézne fazy
vyvoja softvéru alebo o samotnych knizniciach ¢i frameworkoch, stile ide
o znovupouzitie zdrojového koédu. Znovupouzitie ale nie je doménou vylucne
softvérového inzinierstva a jeho paralely mézeme najst’ i v roznych odvetviach. Nie
sme jedini, ktori opakuji postupy, zaznamendvaju a katalogizuju myslienky. Jasnym
dokazom je urcite i vznik navrhovych vzorov.

Alexander ako prvy opisal a katalogizoval vzory, no nebolo to v kontexte softvérového
inZinierstva ale v architektire a izemnom planovani napr. v (Alexander et al., 1977,
Alexander et al., 1979). Na rozdiel od softvérového inzinierstva, kde sa jeho publikacie

......

Definicia vzoru ako takého sa mierne 1iSi od publikacie k publikacii, no podstata
znovupouzitia rieSenia problému v definovanom kontexte zostava zachovana. V oblasti
navrhu najlepSie na Alexandra naviazal Gamma auz vo svojej dizertacnej praci
a neskor v publikacii (Gamma et al., 1995) definoval 23 navrhovych vzorov, pricom
jasne charakterizoval i akysi vzorovy postup ich pouzitia.

Navrhové vzory su v sucasnosti implicitne spajané s objektovo-orientovanym vyvojom,
konkrétne s fazou podrobného navrhu. V (Gamma et al., 1995), kde sa ndvrhové vzory
opisuju semiformalnym spdsobom, sa pre ich zapis a charakteristiku pouziva najméi
diagram tried avdzby ako dedi¢nost’, asocidcia a agregacia, o jasne vyjadruje
zviazanie s objektovo-orientovanym programovanim. Do fazy navrhu ndvrhové vzory
vstupuju ako skupina Standardnych tried a vztahov medzi nimi.

185
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Dalej sa tato $tiidia zaobera moZnostami znovupouzitia navrhovych vzorov, resp. ich
Casti, pricom upozorfiuje na vzory v réznych oblastiach od CASE néstrojov az
k rozsireniam implementacnych jazykov. Analyzujeme znovupouzitie navrhovych
vzorov s pomocou CASE néstrojov, prostriedkov Standardnych a neStandardnych
objektovo-orientovanych jazykov ako i Specialnych rozsireni objektovo-orientovanych
jazykov.

Opierame sa o viacero publikacii zoblasti navrhovych vzorov, objektovo-
orientovaného vyvoja a znovupouzitia. Vychaddzame z publikacii prezentovanych na
roznych lokéalnych i medzinarodnych konferenciach.

9.1 Znovupouzitie vzorov

9.1.1  Znovupouzitie vzorov na urovni myslienok

Vzory ako také sa v sucasnosti definuju najcastejSie semiformalne, aj ked’ existuju isté
iniciativy o definiciu vzorov na formalnej urovni, napr. (Dietrich & Elgar, 2005, Eden,
2002, Kim et al., 2003, Taibi & Ceck Ling Ngo, 2003). Vzory sa katalogizuju do
roznych zbierok ¢i uz v elektronickej podobe napr. (Cunningham, 2006, D’ Adderio et
al., 2006) alebo v podobe roznych publikacii ako napr. (Al-Ahmad, 1997, Alur et al.,
2001, Bushman et al., 1996, Gamma et al., 1995, Gil & Maman, 2005, MacDonald et
al., 2002). Uz z viacerych definicii samotné¢ho vzoru je zrejmé, ze vzory sa pouzivaju
na urovni zachytenych rieSeni, myslienok pri rieSeni, priCom pri pouZziti vzoru sa
nedostdvame do problému stereotypného opakovania rieSenia. MdéZeme povedat, Ze
inStancia vzoru (nezavisle od toho, oaky typ vzoru ide — ¢i uZz analyticky,
architektonicky, implementac¢ny alebo iny), sa pocas vytvarania rieSenia konkrétneho
problému ohyba podla aktualnych obmedzeni znamych v kontexte navrhnutého
rieSenia. Prave takato aplikacia vzoru definuje akysi nedogmaticky pristup k pouZitiu
navrhovych vzorov.

Vzor sa teda pouzije pri vyskyte konkrétneho problému v konkrétnom kontexte, ktory
sa podoba problému opisanému v katalogu. Mierne modifikacie skryté pod pojmom
ohybanie vzoru si akceptovatelné a nemenia celkovy pohl'ad na rieSenie problému.
Takéto znovupouzitie rieSenia zapisaného semiformalnym spésobom vo forme vzoru je
vyhodne v jednoduchosti znovupouzitia, pricom treba poznat” doménova problematiku
ako 1 samotny vzor, ktory pouzivatel’ ohyba podla potrieb rieSenia.

Nevyhodou méze byt nepovolené ohybanie vzoru a vznik tzv. mutovanej inStancie
vzoru, ktord meni hlavni mySlienku rieSenia a zavadza pouzivatel'a pri pomenovani
elementov rieSenia. Ide o inStanciu vzoru, ktora je na prvy pohlad skuto¢nou inStanciou
konkrétneho vzoru, no vzor ohyba az do tej miery, kedy meni jeho charakteristické Crty.
Vznik takejto inStancie nemusi byt imyselny a okamzite po vzniku nevyvold takmer
ziadne problémy. Komplikacie nastavaju az v pripade udrzby, po zabudnuti dovodov
ohybania. Pri pouziti nedogmatického pristupu nevznika vel'a podobnych vzorov, resp.
podobné vzory sa povazuju za inStancie vSeobecného vzoru, ¢o sa moze povazovat’ za
vyhodu v zmysle nepotrebnosti Studovat’ a dokumentovat’ podobné vzory, liSiace sa len
v detailoch.

Druhym sposobom ako pristupovat kteorii vzorov je dogmaticky pristup. Od
nedogmatického pristupu sa odliSuje v zakladnom principe, kedy existuju
katalogizované vzory, ktoré st takmer nemenné a pouzivaju sa iba v presne defino-
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vanych problémoch a kontextoch. Pouzivatel' po identifikacii konkrétneho problému
a kontextu, v ktorom sa problém vyskytuje, hl'ada vzor, ktory ¢o mozno v najvicsej
miere rie$i definovany problém. Po ndjdeni vzoru sa vzor len v minimdlnej miere
zmeni, ale Gstrednd Cast’ vzoru zostava nemenna. Vyhodou je rychlejSie pouzitie vzoru
bez potreby d’alSich ohybani. Pri pouzivani dogmatického pristupu nevznika problém
s mutovanou inStanciou vzoru a zavadzanim pouzivatela definovanym slovnikom,
kedZze vzory je mozné menit naozaj iba v minimalnej miere. Na druhej strane
nevyhodou je potreba Studia a dokumentovania d’aleko vic¢sej mnoziny vzorov ako
v prvom pripade, ktoré sa od seba odliSuju iba v drobnostiach.

V tabul’ke 9-1 je uvedené porovnanie dogmatického anedogmatického pristupu
k pouzivaniu vzorov na vSeobecnej Grovni.

Tabulka 9-1. Porovnanie dogmatického a nedogmatického pristupu k vzorom.

y e vznik mutovane;j
pocet vzorov pouZitie vzoru o
nstancie vzoru
vel'ky pocet po najdeni vzoru mutované vzory
podobnych vzorov, | uzlen minimalna vznikaju len vel'mi
dogmaticky nutnost’ ich stadia modifikacia a vzor | malo a narocne, ked’ze
pristup a dokumentacie je relativne rychlo | vzor nie je mozné
pripraveny na Iubovolne
pouzitie modifikovat’
celkovo mensi nutnost’ Studia vzor moze byt’
pocet vzorov, vzoru, modifikovany
podobné vzory problematiky, po v akomkol'vek smere,
vznikaju instan- najdeni vzoru je v pripade nespravnej
nedogmaticky | covanim a ohy- vzor ohybany modifikacie méze
pristup banim vS§eobecnych | podla potrieb dojst’ k vzniku tzv.
vzorov, nutnost’ konkrétnej domény | mutovaného vzoru
poznat’ v§eobecné a potom
vzory na podrobnej | pripraveny na
urovni pouZzitie

Z teoretického pohl'adu mézeme hovorit o dvoch hlavnych moznostiach pristupu
k pouzitiu vzorov. Problém vyberu konkrétneho pristupu je ale tiez ovplyvneny
i mnozinou vzorov, pre ten ktory pristup v tej ktorej faze vyvoja softvéru. VSeobecne
sa da povedat, Ze nedogmaticky pristup je v zasade pouziteny v 'ubovolnej faze
aurovni abstrakcie pouzitia vzorov. Dogmaticky pristup vyzaduje k svojmu pouzitiu
vacsiu mnozinu vzorov ako i formalnejsiu definiciu samotnych vzorov.

V zasade budeme v d’alej hovorit’ 0 nedogmatickom pristupe k vzorom, priCom hlavna
snahu ststredime na kombinaciu tychto dvoch pristupov. Umoznit’ modifikovat’ to, ¢o
sa li8i od inStancie k inStancii a umoznit’ znovupouzitie vSeobecnych casti vzorov.

9.1.2 Znovupouzitie navrhovych vzorov na urovni myslienok

Navrhové vzory sa v nicom nevymykaju vSeobecne] definicii vzoru. Pouzivaju sa vo
faze navrhu softvérovych produktov, pri¢om v niektorych pripadoch by sme k nim
mohli zaradit' i architektonické vzory. My sa budeme dalej zaoberat vylu¢ne
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navrhovymi vzormi zodpovedajucimi detailnému navrhu v kontexte objektovo
orientované¢ho vyvoja softvéru a budeme vychadzat’ najmé z katalogu (Gamma et al.,
1995).

V zasade neexistuji ziadne obmedzenia, ktoré by uprednostnili dogmaticky alebo
nedogmaticky pristup k navrhovym vzorom. Otazka mozZe zniet: ako akedy sa
aplikuji navrhové vzory a ktory z pristupov v tom alebo onom pripade pouzit? Opét
su zauzivané dva zakladné pristupy kedy a ako navrhové vzory pouzit. Poméckou
alebo akousi metodikou v pripade pouzitia navrhového vzoru mézu byt rézne metddy
pre pracu so vzormi napr.: (Dong, 2002, Jakubik, 2005a, Yacoub & Ammar, 2000),
ktoré su viac alebo menej zdokumentované v r6znych publikaciach.

Navrhové vzory sa mézu pouzit' pocas Standardnej fazy detailného navrhu, kedy sa
podla poziadaviek a predchadzajucej analyzy vzory vyberaju na rieSenie konkrétnych
problémov. Uprednostnenie pouzitia dogmatického alebo nedogmatického pristupu
uzko zavisi od konkrétneho pripadu. Ak navrhujeme softvér takpovediac na zelenej
luke, zda sa vhodnejSie pouzit dogmaticky pristup, pocas ktorého s jasne
identifikované vzory, jednotlivé roly vo vzoroch ako i funkcionalita spojena
s konkrétnym vzorom. V pripade vyuzitia uz vytvorenych casti softvéru, ktoré sa buda
menit’ pre potreby aplikacie, je asi vhodnejSie pouzit’ nedogmaticky pristup, s ktorym
zjednodusime samotny vyvoj, umoznime prisposobit’ samotny vzor konkrétnemu
pouzitiu, no vyzadujeme kvalifikovaného navrhara ovladajiceho definovani skupinu
navrhovych vzorov.

Ak néavrhové vzory pouzivame v Casti refaktoringu a optimalizacie (aj ked nie
vykonnostnej, ked’ze sucasné navrhové vzory skor pridavaju do navrhu d’alSie vrstvy
abstrakcie, nové triedy asamotné vykonanie funkcionality nie je optimalizované
z hladiska Casu a vykonu) su vzory castokrat modifikované v existujicom navrhu
alebo vkladané do c¢asti navrhu, kde vyZzadujeme vysSiu generalicitu a vSeobecnost.
Pridavanie genericity a vSeobecnosti v konecnom dosledku spdsobuje T'ahSiu
rozsiritelnost’ a jednoduchsiu konfigurovatel'nost’ vysledného softvérového produktu.
V tomto pripade sa zdd vhodnej$i nedogmaticky pristup z dévodu moznych modifikacii
vSeobecnych vzorov, bez potreby prilisSného upravovania uz existujucich ¢asti systému.

V tabul’ke 9-2 uvadzame vybrané vlastnosti pouzitia navrhovych vzorov v réznych
etapach vyvoja softvéru pri réznych pristupoch.

9.1.3 Znovupouzitie navrhovych vzorov na urovni zdrojového kodu

Predchadzajice Casti si zamerané na objasnenie vSeobecnych pristupov a metod
pouzitia ¢i uz vzorov alebo konkrétne navrhovych vzorov. V nasledujticich castiach sa
budeme zaoberat’ konkrétne moznost'ami znovupouzitia ¢asti navrhovych vzorov.

Objektovo orientované programovanie ma ako jeden z cielov umoznit' jednoduché
a z hl'adiska vyvoja efektivne znovupouzitie Casti systémov. K naplneniu tohto ciel’a
mdzeme v OO programovani vyuzivat dedenie, polymorfizmus, asocidcie a d’alSie viac
alebo menej elementdrne prostriedky. Navrhové vzory, ktorymi sa tu zaoberame, sa
implicitne spajaju s objektovo orientovanym programovanim, no ich znovupouzitie je
neformalne definované iba na urovni postupov, myslienok a konceptov rieseni.
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Tabulka 9-2. Dogmaticky a nedogmaticky pristup pri pouziti navrhovych vzorov.

refaktoring existujuceho

novy navrh ,
Y navrhu
— rychlejsi vyvoj vzhl'adom na — narocné pouZitie
minimalne mozZnosti vzhl'adom na existujuci
modifikacie konkrétnych vzorov kod, ktory nemusi
9 M
o — spomaleny vyvoj vzhl'adom na Vyh(?vo‘_’flt Ziadnemu
do,gmatlcky nutnost nastudovat vicsie z existujucich vzorov
pristup mnoZzstvo konkrétnych vzorov | — spomaleny vyvoj
9
— v pripade potreby nutné vzhl'adom na Potrebu
vytvérat’ a dokumentovat’ nové zmeny viacerych o
vzory elementov vstupujicich
do vzoru
— vicsia volnost’ pri vyvoji — moznost navrhovy vzor
s b 9 M
— potrebné Studovat’ iba ohybat’ podl'a potrieb
vieobecné vzory existujuceho navrhu
nedogmaticky | _ ,utnost &tudovaf vieobecné — Ciastocné zmeny vzoru
pristup vzory na vyisej trovni pri ohybani a Ciasto¢né

zmeny existujucich Casti
systému pre potreby
navrhového vzoru

podrobnosti

— spomaleny vyvoj vzhl'adom na
potreby ohybania vzorov

Otazka teda je, ¢i je mozné znovupouzit’ Casti navrhovych vzorov na nizsej Grovni?
KedZe sa pohybujeme na urovni podrobného navrhu systému, sme blizko
k implementacii, budeme sa zaoberat znovupouzitim casti navrhovych vzorov na
urovni zdrojového kodu, ktord je samozrejme uzko spojend so samotnou etapou
podrobného navrhu.

Jednym z ciel'ov bude identifikovat’ elementy navrhovych vzorov, ktoré st vo vicSine
pripadov doménovo nezavislé a opakujuce sa nezavisle od kontextu. Na dosiahnutie
tohto ciel'a bude potrebné analyzovat rozne prostriedky od CASE néstrojov (v Casti
9.3), cez $pecifické jazyky (v Casti 9.4) az k rozSireniam jazykov (v Casti 9.6) po
pripade navrhnut' a realizovat’ novy, efektivnejsi a prehladnejsi spdsob, akym sa da
definované rozdelenie dosiahnut’.

V nasledujucej Casti definujeme potrebné pojmy pre rozdelenie navrhového vzoru
a vysvetlime zakladné problémy spojené s rozdelenim.

9.2 Dekompozicia vzoru

Navrhové vzory ale i vzory vo vSeobecnosti sa nezaoberaju moznostami znovupouZitia
ich Casti. Pri analyze ich Struktar sa d4 povedat, ze vel'mi uzko spajaju vSeobecné,
doménovo nezavislé a Specialne, doménovo zavislé Casti.

Pod vseobecnou cCastou rozumieme tu ¢ast’ Struktury navrhového vzoru, ktora sa

opakuje vroéznych kontextoch pouzitia vzoru ateda zostdva nezmenend v réznych
inStanciach vzoru. VSeobecna cast je sucastou uloziska vzorov, zktorého sa
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znovupouziva v roéznych aplikaciach, pricom méze byt znovupouzitd vo viacerych
inStanciach vzoru v ramci jednej alebo viacerych aplikacii.

Pod doménovo zavislou ¢astou rozumieme tu Cast’ Struktiry navrhového vzoru, ktord
je Specificka pre konkrétnu doménu a je zavisla od pouzitia vzoru. Doménovo zavisla
Cast’ vzoru je sucastou aplikdcie a pomocou nej sa navrhovy vzor prisposobuje
konkrétnej aplikacii. Rozdelenie na vSeobecnu a doménovo zdvisli Cast’ si dalej
ukézeme na priklade rozdelenia vzoru Composite vychadzajuceho z (Jakubik, 2005b),
ktory sme prezentovali na konferencii Objekty 2005.

9.21 Variacie vzoru Composite

Ako priklad pre rozdelenie vzoru na vSeobecnu a doménovo zavisli ¢ast’ pouzijeme
Casto aplikovany vzor Composite definovany v (Gamma et al., 1995). Composite
zabezpecuje skladanie objektov do stromovych Struktir k vyjadreniu hierarchii.
Composite umoziuje klientom zaobchadzat’ rovnako s jednotlivymi objektmi ako aj
s ich zloZeninami. (Gamma et al., 1995) Pod zloZeninou sa v tomto pripade rozumie
skupina elementarnych prvkov a/alebo skupina ich zloZenin. Ide teda o rekurzivnu
Struktaru.

Navrhovy vzor Composite, v doslovhom preklade Skladba, ma dve =zakladné
implementacie:

*  bezpecna skladba
= transparentna skladba

Hlavny a najmarkantnej$i rozdiel je v definovani metdd suvisiacich s kontajner
manazmentom (riadenim nadoby). Pri bezpe¢nej skladbe uvedenej na obrazku 9-1 sa
metddy pre pridavanie, odstranovanie a spristupiiovanie prvkov kontajnera (nadoby)
definuji az na Urovni samotnej triedy Composite. Implementicia saoznacuje ako
bezpecnd, pretoze nie je mozné volat metddy kontajnera (nddoby) pre elementarne
prvky skladby (listy). Na druhej strane sa vSak porusuje princip rovnakého pristupu
k elementdrnym prvkom a k ich zlozeninam.

Client Component
Operation()
Leaf Composite
AddComponent(c : Component) <

RemoveComponent(c : Component)
GetChild(i : Integer)

Obrazok 9-1. Bezpecna skladba.

Pri transparentnej skladbe uvedenej na obrazku 9-2 si metddy pre manazment obsahu
kontajnera definované uz v triede Component ateda je vytvorené prostredie pre
rovnaky pristup aj k listom aj k zlozenym Struktiram. Nevyhodou v tomto pripade je
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nutnost’ oSetrenia prace elementarneho prvku ako kontajnera (pridavanie hierarchie
listov k inému listu, v ktorom sa tato funkcionalita vobec nepodporuje).

Component

Client Operation()

AddComponent(c : Component)
RemoveComponent(c : Component)
GetChild(i : Integer)

Leaf

Composite

Obrazok 9-2. Transparentna skladba.

Implementacia tejto variacie vzoru Composite sa moze realizovat’ réznymi sposobmi,
¢i uz su problémové metddy oSetrené default implementaciou v triede Component,
alebo sa ich implementécia ponechava na triedy niz8ie v hierarchii. Ked’Ze ale definicia
rozhrania listov atiez zloZenin umoznuje volanie metéd spojenych s kontajner
manazmentom, musi sa na niektorej z vrstiev modelu dedi¢nosti v hierarchii tried
nachadzat’ implementécia tychto metdd pre kazdy z listov pod triedou Component.

Obe implementacie maji svoje vyhody inevyhody, ktorymi sa na tomto mieste
nebudeme zaoberat. Podrobnejsie informacie k obom implementaciam su k dispozicii
napr. v (Geary, 2002) a samozrejme v (Gamma et al., 1995).

V oboch implementdciach je na bliz§i pohlad zrejmé, Ze prave metddy spojené
s manazmentom obsahu kontajnera sa mézu vo viacerych pripadoch pouzitia vzoru
opakovat. 'V kazdej inStancii vzoru potrebujeme kontajner pre ukladanie
elementarnych prvkov v zloZeninach, no potrebujeme i modifikovat’, v zavislosti od
domény pouzitia, nazvoslovie ¢i uz ide o nazvy tried, metdd alebo atributov.

9.2.2 Oddelenie vSeobecnej a doménovo zavislej ¢asti vzoru
Composite

Vychadzajuc z vlastnych skiisenosti ozna¢ime za doménovo nezavislé Casti tried
Component, resp. Composite suvisiace s kontajner manazmentom. Triedu Leaf
oznacime za uplne doménovo zavislu.

Ak chceme néavrhovy vzor pouzit' sideoldgiou vyberu ztloZiska a pripojeniu
doménovo zavislych casti, treba osamostatnit’ vSeobecné Ccasti tried, konkrétne
v pripade vzoru Composite tried Component a Composite.

Component ale definuje doménové operacie, ktoré nevieme vopred Specifikovat.
Operacie definované v Component su implementované i v triede Composite.
Oddelenie v§eobecnych ¢asti vzoru pri bezpecnej skladbe

Pri bezpecnej skladbe sa v triede Component definuji iba doménovo zavislé metody,
ktoré moézu byt cCiastoéne implementované uz na tomto mieste alebo mdze byt ich
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implementacia prekrytd, resp. presunutd do triedy Composite (vykonavanie
doménovych operacii nad skupinami listov) a sucasne do konkrétnych tried Leaf
(vykonavanie doménovych operacii nad jednotlivymi listami stromovej Struktiry).
Triedy Leaf st uplne doménovo nezavislé a akasi v§eobecna Cast’ by sa v nich hl'adala
len vel'mi tazko, ked’Ze sa menia od inStancie k inStancii vzoru.

Trieda Composite obsahuje d’alej operacie spojené s manazmentom obsahu kontajnera
ako 1 samotny kontajner pre uchovavanie skupin tried Component, ¢i uz listov alebo
ich dalSich zlozenin. M6Zeme povedat’, Ze tato Cast’ triedy Composite je doménovo
nezavisld, pretoze pokial nie sme ovplyvneni nejakymi d’al$imi okolnostami, napr.
vykonnost'ou, mézeme pouzit' l'ubovolny kontajner a nan naviazat’ zakladné operacie
pristupu k prvkom kontajnera ako pridanie, odstranenie a spristupnenie Component-ov
z kontajnera.

Schéma zvyraziiujuca a graficky oddel'ujuca vSeobecné a doménovo zavislé Casti
jednotlivych tried bezpecnej variacie vzoru Composite je zobrazena na obrazku 9-3.

Component
Client P
<<concrete>> Operation()
<<concrete>> Composite
Leaf <<common>> container
<<concrete>> Operation() <<common>> AddComponent(c : Component) <—
i <<common>> RemoveComponent(c : Component)

<<common>> GetChild(i : Integer)
<<concrete>> Operation()

Obrazok 9-3. Dekompozicia bezpecnej varidcie vzoru Composite.

V diagrame tried na obrazku 9-3 sme pomocou stereotypu <common> oznacili
vSeobecnil Cast’ triedy, resp. vzoru apomocou stereotypu <concrete> oznacili
doménovo zavislu Cast’ triedy v kontexte bezpecnej variacie vzoru Composite.

Oddelenie vSeobecnych ¢asti vzoru pri transparentnej skladbe

Rozdiel medzi bezpecnou a transparentnou skladbou je v umiestneni definicii metod
spojenych s kontajner manazmentom. V pripade transparentnej skladby su metody
definované uz v triede Component. Metody suvisiace s kontajner manazmentom musia
byt implementované v kazdom liste a tiez v triede Composite.

V tomto pripade uz trieda Component obsahuje vSeobecné casti vzoru, ktoré st
v podobe definicie metdod pre manazment obsahu kontajneru. Od triedy Component
dedia d’alej triedy Composite a jednotlivé Leaf. Najmi z hl'adiska jednotlivych Leaf je
vhodné definovat’ prvotné implementacie metdd stuvisiacich s manazmentom obsahu
kontajnera uz v triede Component. V triedach Leaf potom nemusi byt oSetrovany
problém s metédami kontajner manazmentu. Prvotna implementacia metod moze byt
realizovand na rdznej urovni od generovania vynimky, cez navrat nulovej hodnoty
NULL az po prazdne telo metody.
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V triede Composite st implementované podobne ako v predchadzajucej variacii vzoru
i doménovo nezavislé metddy spojené s kontajner manazmentom ako i doménovo
zavislé metddy definované vo vSeobecnej triede Component.

Triedy typu Leaf s doménovo nezavislé no musia spliiat’ rozhranie definované v triede
Component.

Component

Client <<concrete>> Operation()

<<common>> AddComponent(c : Component)
<<common>> RemoveComponent(c : Component)
<<common>> GetChild(i : Integer)

Composite
<<concrete>>
Leaf <<concrete>> Operation() ]
<<common>> AddComponent(c : Component)
<<concrete>> Operation() <<common>> RemoveComponent(c : Component)
<<common>> GetChild(i : Integer)

Obrazok 9-4. Dekompozicia transparentnej variacie vzoru Composite.

Na diagrame tried zobrazenom na obrazku 9-4 si pomocou stereotypov <common>
a <concrete> zvyraznené vsSeobecné a doménovo zavislé casti vzoru Composite,
konkrétne transparentnej variacie.

9.2.3 Diskusia

Sposob rozdelenia navrhového vzoru na vSeobecnu a doménovo zavisli cCast’ si
vyzaduje predchadzajuce sktsenosti s pouzivanim navrhového vzoru, pretoze je
pomerne naro¢né urcit vSeobecni cCast’ vzoru. Dokonca v niektorych pripadoch
Specifickych navrhovych vzorov nemusi byt dekompozicia vobec mozna.

Problém rozdelenia ndvrhového vzoru nesuvisi len s predchadzajucimi skusenostami
so vzorom, ale iso sposobom a procesom identifikacie novych navrhovych vzorov,
ktoré su cCastokrat identifikované poloautomaticky v existujucich navrhoch, odkial
prejdu procesom zovSeobecnenia az ku katalogizacii. Celkovy pristup k nadvrhovym
vzorom, napriek tomu Ze si pomerne blizko k implementacii, neuvazuje o moznostiach
ich znovupouzitia na tirovni zdrojového kodu.

Nepodarilo sa ndm néjst’ ziadny dokument vo forme metodiky alebo postupu, akym
navrhovy vzor rozdelit na spominané casti. Celkovo objem informdcii v oblasti
znovupouzitia navrhovych vzorov na Grovni ich ¢asti je pomerne maly. Vela publikacii
sa sustred’'uje na identifikdciu novych vzorov, resp. identifikaciu katalogizovanych
vzorov v existujucich navrhoch.

Pri ziskavani informdcii z r6znych pramenov sa nam podarilo najst’ jediny dokument
(Agerbo & Cornils, 1997) zaoberajuci sa dekompoziciou vzorov podl'a (Gamma et al.,
1995). Autori opisuju vSetkych 23 vzorov podla (Gamma et al., 1995) a vyjadruju sa
kich dekompozicii na vSeobecnu a doménovo zavisli cast s pouzitim vlastného
nazvoslovia.

Da sa teda povedat, Ze napriek tomu, Ze vzory su v softvérovom inZinierstve uz
niekol’ko rokov, iniciativy v oblasti vytvarania znovupouzite'nych ulozisk navrhovych



194

vzorov su bud’ nevyrazné alebo zanikli v ich pociatkoch. Ako sa presvedéime v d’alSich
Castiach, nie je tomu celkom tak.

9.3 Vyuzitie CASE nastrojov pre dekompoziciu
vzoru

Pod pojmom dekompozicia vzoru budeme dalej rozumiet proces rozdelenia
navrhového vzoru na v§eobecnl a doménovo zavislu cast’.

Jednym z pouzivatel'ského hl'adiska najjednoduchsim spésobom dekompozicie vzoru
je vyuzitie moznosti CASE nastrojov. CASE nastroje podporuju vyvoj softvéru
v roznych fazach aréznym spdsobom. Do tohto kontextu patria CASE néstroje
s podporou diagramov tried a navrhovych vzorov vo faze podrobného navrhu. Pocas
vytvarania modelu v podobe diagramu tried je mozné generovat zdrojovy kod
aplikacie v roznych implementacnych jazykoch (najcastejSie ide o C++, VB, C#,
JAVA). Ambiciu pre podporu podrobného navrhu napr. aj vo forme podpory
navrhovych vzorov ma velké mnozstvo CASE nastrojov. Pre porovnanie
a vyhodnotenie néstrojov sme definovali niekol’ko porovnavacich kritérii a podl’a nich
sme porovnali vybrané nastroje patriace k Spicke v sti¢asnom modelovani v ¢lanku
(Jakubik, 2006), ktory bol prezentovany na Studentskej vedeckej konferencii IIT.SRC
2006 v Bratislave. Zdrojom pre tato cast’ bol prezentovany ¢lanok (Jakubik, 2006).

9.3.1  Porovnavacie kritéria CASE nastrojov

V nasledujucich castiach neformalne popiSeme skupinu porovnavacich kritérii pre
vyber CASE néstroja na zaklade podpory navrhovych vzorov, podpory generovania
zdrojového kodu a v neposlednom rade podpory roznych implementaénych jazykov.

Do tvahy nebude brané komerciou jedno z najddlezitej$ich kritérii, ktorym je cena.
Stredobodom zaujmu st navrhové vzory a ich podpora, ktorda méze byt v protiklade
s cenou. S narastajucou cenou cCastokrat narastd ipodpora roéznych Specifickych
¢innosti v softvérovom inZinierstve. Na druhu stranu sa neda povedat, Ze napr. open-
source projekty nemoézu podporovat’ pracu s navrhovymi vzormi pre ich relativne
nizku obstaravaciu cenu.

Porovnanie a oboznamenie sa s roznymi CASE nastrojmi pomohlo k pochopeniu
a neformalnemu urceniu spdsobu znovupouzitia navrhovych vzorov.

Podpora implementac¢nych jazykov
Stcasné CASE nastroje vo vacSine pripadov podporuji implementacéné jazyky ako
JAVA, C++, C# a VB.

Od CASE nastroja v zasade oCakdavame generovanie zdrojového koédu v jazyku, resp.
V jazykoch, v ktorych sa realizuje cely projekt. Vyber nastroja ale ¢asto nie je
zélezitost'ou iba jediného projektu a teda pri investicii do kvalitného nastroja budeme
ocakavat’ podporu pre ¢o mozno najviac implementac¢nych jazykov.

Podporované navrhové vzory

Medzi najznamejSiu skupinu navrhovych vzorov v sucasnosti nepochybne patri
skupina 23 vzorov od Gammu publikovanych v (Gamma et al., 1995).
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Vybrany CASE nastroj by mal implicitne podporovat minimalne tito mnozinu
navrhovych vzorov, ktoré st v sucasnosti pokladané za zaklad v oblasti vzorov.
Samozrejme rozsirenie tejto mnoziny o akykol'vek d’alsi vzor je vyhodou.

Generovanie zdrojového kédu

Podpora pre generovanie zdrojového kodu je sucastou viacerych CASE nastrojov.
V zasade existuju dva zakladné pristupy ku generovaniu zdrojového kodu
v konkrétnom implementa¢nom jazyku:

= zdrojovy kdd je generovany po vytvoreni modelu na ziadost’ pouzivatela
= zdrojovy kéd je generovany v priebehu vytvarania modelu bez ucasti pouzivatela

Oba z pristupov majui svoje vyhody i nevyhody. V prvom pripade je potrebné najskor
vytvorit” konzistentny model a potom generovat zdrojovy kod, pricom velakrat je
potrebné uz na zaciatku vytvarania modelu vybrat’ implementacny jazyk kvoli pouZitiu
spravnej skupiny kniznic, rozhrani a d’alSich obmedzeni danych vybranym jazykom.
Vyhodou je podpora zivotného cyklu projektu, kedy je najskoér vytvarany podrobny
navrh a k zdrojovému kodu sa dostaneme, az ked” sme spokojni s ndvrhom. Nevyhodou
je, ze pre aktualizaciu modelu podl'a zmeneného navrhového vzoru potrebujeme modul
pre spitné inZinierstvo, ktory nemusi byt sucastou inStalacie CASE nastroja, resp.
modze byt’ plateny samostatne, o samozrejme zvysi zavere¢nu cenu CASE néstroja.

V druhom pripade je zdrojovy kod generovany na pozadi pocas vytvarania modelu
Casto bez akejkol'vek ucasti navrhara. V mnohych pripadoch nie je mozné ani len
vypnut’ toto generovanie zdrojového kédu, co povazujeme za nevyhodu. Vyhodou je
implicitna podpora spitného inZzinierstva, kedy sa zmena v zdrojovom kode
automaticky premietne do modelu.

Existuju aj Specidlne pripady CASE néstrojov ako napriklad vyvojovy nastroj Visual
Studio 2005 od Microsoftu. Modul pre modelovanie diagramov tried nielenze
nepodporuje ani zakladnti notaciu UML, ale aj pracuje priamo so zdrojovym kodom
aplikacie a nevytvara ziadny model. V priklade 9-1 je uvedena cast’ XML stiboru, ktory
generuje Visual Studio 2005 ako stbor s diagramom tried. Po analyze jednotlivych
¢asti XML suboru je jasné, Ze ide iba o zaznam informdcii o vizualnej stranke modelu
a teda umiestnenie jednotlivych tried v modely.

<?xml version="1.0" encoding="utf-8"?>
<ClassDiagram MajorVersion="1" MinorVersion="1">
<Font Name="Tahoma" Size="8.25" />
<Class Name="balls.Ball" Collapsed="true">
<Pogition X="2.25" Y="1.25" Width="1.5" />
<Typeldentifiers
<FileName>Ball.cs</FileName>
<HashCode>AEAIAEAAGAAAABCAAATIACgIQAAGBIAAAA=</HashCode>
</Typeldentifiers>
</Class>

<Class Name="balls.Balls" Collapsed="true">
<Pogition X="0.5" Y="1.25" Width="1.5" />
<Typeldentifiers
<FileName>Balls.cs</FileName>
<HashCode>AAAAUQAAASCAAAGAABCAAAACAAAAAAAAA=</HashCode>
</Typeldentifiers
</Class>
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<Class Name="balls.Program" Collapsed="true">
<Position X="5.25" Y="0.5" Width="1.5" />
<Typeldentifiers>
<FileName>Program.cs</FileName>
<HashCode>AAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAA=</HashCode>
</Typeldentifiers>
</Class>
<Class Name="balls.TestBall" Collapsed="true">
<Position X="2.25" Y="0.5" Width="1.5" />
<Typeldentifiers
<FileName>TestBall.cs</FileName>
<HashCode>AAAAAAAACAAAAAACABQASAAAANAA=</HashCode>
</Typeldentifiers
</Class>
<Class Name="balls.Properties.Resources" Collapsed="true">
<Position X="5.25" Y="1.25" Width="1.5" />
<Typeldentifiers>
<HashCode>AAAAAAAAAAAAAAAQAAAAAAAAANAAAAATA=</HashCode>
</Typeldentifiers
</Class>
<Class Name="balls.Properties.Settings" Collapsed="true">
<Position X="5.25" Y="2" Width="1.5" />
<Typeldentifiers
<HashCode>AAAAAAAAAAAAAAABAAAAAAAAAAAAAAA=</HashCode>
</Typeldentifiers>
</Class>
</ClassDiagram>

Priklad 9-1. Subor .cd s informaciami o konkrétnom diagrame tried.

Stbor s koncovkou cd je Standardny XML subor pricom obsahuje informacie
o pouzitom fonte v popiskoch tried, metdod a atribatov (znacka Font), informacie
o jednotlivych triedach (znacka Class) ako meno (atribit Name), pozicia umiestnenia
v modeli (znacka Position) a jednozna¢ni identifikaciu (Typeldentifier).

Vlastnosti generovaného zdrojového kodu

Toto kritérium patri zrejme medzi jedno z najdolezitejSich, pokial CASE nastroje
disponuji rovnakymi prostriedkami v zmysle komponentov pre generovanie
zdrojového kodu, podpory skupiny navrhovych vzorov a d’alsimi podobnymi, odlisuju
sa prave vo vlastnostiach generovaného zdrojového kodu.

Budeme klast’ doraz iba na zdrojovy kod navrhovych vzorov, v opacnom pripade ide
iba o generovanie zakladnych kostier tried (prazdna trieda s metdédami podl'a modelu).
V pripade navrhovych vzorov je ale mozné generovat i casti metdd aprave tu sa
prejavi rozdelenie vzoru na vSeobecnu a doménovo zavislu Cast’, kedy CASE nastroj
ma vo svojich vniitornych Struktarach, ktoré su z vonku nepristupné, rozdeleny vzor na
spominané cCasti. Pomocou spravneho rozdelenia vzoru dochadza k znovupouzitiu
preddefinovanych €asti navrhovych vzorov.

Napriklad pre navrhovy vzor Composite viaceré CASE nastroje dokazali vygenerovat’
vrapovanie metod (pridanie prvku, odstranenie prvku, spristupnenie prvku) triedy
Composite na ArrayList.
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Vytvaranie inStancie vzoru

Vyzretost CASE nastroja sa viackrat prejavila v podpore pre vytvaranie inStancii
navrhovych vzorov. Rézny CASE ndéstroj rovnd sa rdzna podpora pri vytvarani
inStancii. CASE nastroje vyuZzivaju model roli pouzity napr. v (Lauder & Kent, 1998,
Reenskaug, 1995, Riehle, 2000) pre udrziavanie informacii o ndvrhovom vzore, priCom
nad tymito modelmi implementujii sprievodcov, pomocou ktorych sa obsadzuju
jednotlivé roly v modeli.

Na jednej strane ide o viackrokovych sprievodcov dopliianych nazornym helpom, ktory
ilustruje vytvaranie inStancie a priebezne objasnuje jednotlivé pojmy a roly vo vzore.
Na druhej strane stoja jednoduché, no rychle a praktické jednooknové dialdégy bez
SirSieho vysvetlenia, ¢o navrhar realizuje. Tito sprievodcovia si vyzaduju lepsiu znalost’
vzorov vo vseobecnosti ako ikonkrétneho, prave aplikovaného, vzoru v porovnani
s viac dialégovymi ndzornymi sprievodcami.

Rozsirenie mnoZiny navrhovych vzorov

Je prirodzené, Ze mnozina navrhovych vzorov sa rozSiruje od oblasti k oblasti.
Vznikajil nové vzory na vSeobecnej urovni ako i nové vzory v konkrétnych oblastiach
(napr. objektovo — relacné mapovanie (Fowler, 2003)). Moznost’ rozSirenia mnoziny
navrhovych vzorov podporovanych konkrétnym CASE nastrojom by mala byt skor
samozrejmost'ou ako luxusom.

Na druhej strane v CASE ndstroji musia byt vyrieSené problémy spojené so zazna-
menanim vzoru, parametrizaciou vzoru a ulozenim vzoru do internych struktar CASE
nastrojov.

Podpora mikroarchitektir

Mikroarchitektiry (Alur et al., 2001) su definované v kontexte enterprise softvérovych
architektir ako mnoziny spolupracujucich vzorov pre rieSenie rozsiahlejSich
problémov, pre realizaciu celych systémov alebo podsystémov.

Mikroarchitektira je ur€ena na rieSenie hrubozrnnych problémov, ktoré nemozu byt
vyrieSené jedinym vzorom. (Alur et al., 2001) Za priklad mikroarchitekury mézeme
povazovat’ spolupracu vzorov Composite a Iterator podl'a obrazka 9-5, kedy Iterator
zabezpecuje prechddzanie po Struktirach uloZenych v inStancii triedy Composite
vrapujucej konkrétny kontajner.

Vzor Composite riesi problém zovSeobecnenia zloZenin a jednotlivych prvkov ana
spristupfiovanie jednotlivych prvkov vo vrapovanom kontajneri vyuziva moznosti
vzoru [terator. Navrhar pouzivajici vzor Composite navySe nemusi vediet’ o pouzivani
mikroarchitektlry so vzorom [terator.

CASE nastroje by mali ¢o mozno v najvi¢Sej] miere umoznit pracu s mikro-
architektirami bez explicitnej znalosti ndvrhara.

Viditenost’ vzoru v navrhu

Pri vytvarani rozsiahlych aplikacii je dolezité prehladne udrziavat’ informacie
o rozhodnutiach vo faze navrhu. Jednym z rozhodnuti je urcite aj rozhodnutie pouzit

ten ktory navrhovy vzor. Pouzitie navrhového vzoru v rozsiahlom navrhu by malo byt
preto dostato¢ne viditelI'né a zvyraznené najma pre potreby neskorsej udrzby.

CASE nastroje maju k dispozicii rozne notacie (Dong, 2003, Jakubik, 2005a, Mak et
al., 2004, Vlissides, 1998) a dalSie prostriedky pre zaistenie tohto ciel’a.
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Conponent

Client theComponent | yo o itntethody) : void

getChild() : Component
addComponent(component : Component) : void
removeComponent(component : Component) : void
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Next() : void

IsDone() : boolean
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I [ ConcreteAggregate
First() : void < — 999
() V?Id — Createlterator() : Iterator
IsDone() : boolean -refConcreteAggregate
Currentltem() : ConcreteAggregate

Obrazok 9-5. Mikroarchitektira zloZend zo vzorov Composite a Iterator.

9.3.2 Porovnanie vybranych CASE nastrojov podla definovanych
kritérii

Vzhl'adom na podporu prace s navrhovanymi vzormi sme porovnali 5 CASE nastrojov,
pricom 2 z vybranych neobsahovali Ziadnu podporu navrhovych vzorov — i§lo o Visual
Studio 2005 verziu 8.0.50727.42 od Microsoftu a Enterprise Architect verziu 4.50.742
od Sparx Systems. Dal§ie znastrojov Rational Rose verzia 2003.06.00.436.00,
Rational XDE 1.5.0 oba néastroje od IBM a Together Designer od Borlandu podpo-
rovali viac alebo menej pracu s navrhovymi vzormi. Tieto nastroje boli porovnané na
zaklade definovanych kritérii.

Vyvoj Rational Rose je v sucasnosti pozastaveny a pokracuje v produktoch Rational
XDE. Rational Rose podporuje pracu s 20 navrhovymi vzormi podla (Gamma et al.,
1995), pricom vyuziva jednoduchych jednodialégovych sprievodcov, generuje zaklad-
né konstrukcie tried, metod a atributov, priCom tela metdd su prazdne, resp. doplnené
komentdrmi, podla ktorych ma vyvojar postupovat. V pripade Rational Rose ide
o zékladnu podporu navrhovych vzorov.

Dalej v tejto oblasti sa dostava produkt Rational XDE, ktory je pokradovatelom
Rational Rose. Rozsiruje podporu o pokrocilych viacdialégovych sprievodcov, ktori
vhodne informuji o obsadzovani roly vo vzore, k dispozicii je dokumentacia vo forme
helpu vzt'ahujuca sa k prave pouzivanému vzoru, zdrojovy kod je generovany vo forme
kostier tried, metdd a atributov. V niektorych pripadoch sa generuju i tela metod, ktoré
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su doménovo nezavislé. Rational XDE taktiez podporuje rozSirenie mnoziny pouZziva-
nych vzorov pomocou mechanizmu Sablon.

Rovnaku uroven podpory prace s ndvrhovymi vzormi poskytuje i Together Designer
od firmy Borland. Podobne ako Rational XDE disponuje pokroc¢ilymi viacdialogovymi
sprievodcami pri vytvarani instancii, generuje zdrojovy kod s telami doménovo neza-
vislych metdd. Navyse Together Designer ma dobre prepracovanii moznost’ roz$irenia
mnoziny podporovanych vzorov, na zaklade modelov vzoru (napr. diagram tried)
dokaze Together Designer ziskat’ potrebné informacie a pridat’ vzor do kniznice vzorov.

S vyvojom odboru IT sa vyvija aj podpora navrhovych vzorov v CASE nastrojoch,
v sucasnosti vSak ziaden z testovanych ndstrojov nedisponuje prostriedkami pre
znovupouzitie mikroarchitektir (odhliadnuc od moznosti vytvorenia nového vzoru ako
mikroarchitektiry) a moznostou zviditel'nit’ ndvrhovy vzor v komplexnom navrhu.

9.3.3

Vysledky porovnania st uvedené v tabul'ke 9-3.CASE néstroje a ich podpora pre pracu
s navrhovymi vzormi predstavuju isti formu znovupouzitia navrhovych vzorov.

Sumarizacia porovnania CASE nastrojov a diskusia

Tabulka 9-3. Sumarizacia porovnania CASE ndstrojov.

Rational Rose Rational XDE Borland Together
Podpora imple- C++, JAVA C++, JAVA, JAVA, NET
mentacnych NET jazyky jazyky
jazykov
Podporované 20 GoF vzorov 23 GoF vzorov 23 GoF vzorov
navrhové vzory
Generovanie na zéklade pozia- | na zdklade na pozadi
zdrojového kédu | davky pouziva- poziadavky vytvarania modelu

tel'a po vytvoreni
modelu

pouzivatela po
vytvoreni modelu

Vlastnosti kostra projektu, kostra projektu, kostra projektu,
generovaného tried, metod, tried, metod, tried, metod,
zdrojového kédu | atribatov atributov spolu atributov spolu
s castami metod s Castami metod
Vytvaranie jednoduchy jedno/viacoknovy | multidialégovy
instancie vzoru sprievodca vo sprievodca sprievodca s hel-
forme jedného pom vysvetlujucim
dialogu jednotlivé kroky
Rozsirenie nepodporuje s pouzitim vzoro- | podpora pre
mnoziny vych §ablon, Sab- | vytvorenie vlastnej
navrhovych 16n zdrojového kniZnice vzorov
VZOrov kodu
Podpora nepodporuje nepodporuje nepodporuje
mikroarchitektar
Viditel'nost’ vzoru | nepodporuje nepodporuje nepodporuje

v navrhu
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Urcite sa neda povedat’, Ze sme kritériami pokryli vSetky smery podpory navrhovych
vzorov a taktiez tazko hovorit o reprezentativnej vzorke porovnavanych nastrojov.
Porovnanim prave vybranych nastrojov sme chceli poukazat na rozdelenie CASE
nastrojov do troch skupin:

» nastroje bez podpory navrhovych vzorov (napr. MS Visual Studio 2005),
» nastroje so zakladnou podporou navrhovych vzorov (napr. Rational Rose),
» nastroje s rozsirenou podporou navrhovych vzorov (napr. Borland Together).

Prva skupina CASE nastrojov neponukala Ziadnu podporu v oblasti navrhovych vzorov.
Napriek tomu, Ze do tejto skupiny patria ipomerne pouzivané nastroje, prave
nepodporenie prace s navrhovymi vzormi mdze viest’ k Gtlmu ich pouzivania.

Do druhej skupiny CASE nastrojov patria bud’ starSie nastroje, ktorych nasledovnici su
sucastou poslednej skupiny, alebo beta verzie novych nastrojov, ktoré maji ambicie
vyraznejSie podporovat’ pracu s ndvrhovymi vzormi ¢i uz v oblasti modelovania alebo
generovania zdrojového kodu.

Do tretej skupiny patria nastroje spolo¢nosti, ktoré maji dlhodobé skusenosti
s modelovanim softvéru. Zdrojovy kod po vygenerovani obsahuje ¢astokrat teld metod
doplnené pomocnymi komentdrmi pre dal$si vyvoj. Do tejto skupiny tiez mdzeme
zaradit' nastroje zaoberajlice sa navrhovymi vzormi ako takymi, ktoré su akymisi
mantinelmi urcujicimi d’alSie smerovanie v tejto oblasti. Nastroje v tejto skupine
disponuji prepracovanou teoriou, ktora urcuje d’al§i smer vyvoja podpory prace
s navrhovymi vzormi.

Na druhej strane nemalym sklamanim je nepostacujica podpora v oblasti vidite'nosti
vzorov v rozSirenom navrhu, kedy uz jednoduché oznacenie stereotypmi velakrat
nepostacuje, rovnako ako nepostacujuca podpora v oblasti prace s mikroarchitektirami.

9.4 Vyuzitie atypickych jazykov pre dekompoziciu
vzoru

Navrhové vzory su sucastou softvérového inzinierstva pomerne dlhu dobu, no podpora
Standardne pouzivanymi objektovo-orientovanymi jazykmi nie je prili§ vyrazna.
Navyse samotné jazyky len v malej miere pomahaju ulahéit dekompoziciu vzoru.
Standardné objektovo-orientované jazyky vtomto ohlade doplhaji rozne atypické
a experimentalne jazyky, ktoré disponujii daleko SirSou mmnozinou prostriedkov
pouzitelnych prave pre ulahéenie dekompozicie vzoru. Medzi takéto jazyky modzeme
zaradit’ 1 jazyk Beta a s nim spojenu kniznicu DPL.

9.4.1 Specialne vlastnosti jazyka Beta

Jazyk Beta napriek svojmu veku disponuje v sti¢asnosti popularnymi prostriedkami
ako jeden strom abstrakcie, virtudlne triedy alebo vclenené triedy. Dokonca v pripade
vclenenych tried (nested classes) sa stal vzorom pri vyvoji jazyka JAVA.

V nasledujucich Castiach prejdeme niektoré vyznaéné prvky ako irozsirenia jazyka
Beta pouZité pre vybudovanie a spristupnenie kniznice vzorov aplikanému vyvojarovi.
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Vzory

Jednou z charakteristickych vlastnosti jazyka Beta je prave mechanizmus abstrakcie
ako triedy, procediry, metddy, ktoré s unifikované v strome abstrakcie a si odvodené
od vzoru. Proceduralny vzor opisuje Struktiru aktivacie procediry a méze byt pouZzity
k parametrizacii tohto procesu, podobne vzor triedy opisuje Struktiru objektov a moze
byt pouzity na vytvaranie objektov. V kontexte jazyka Beta teda moézeme hovorit’
o vzoroch a subvzoroch. PriCom za subvzor povazujeme vzor, ktory dedi od vzoru
umiestnenom vyssie v hierarchickom strome.

Tento mechanizmus jazyka Beta je podobny jednému stromu abstrakcie v sucasnosti
pouzivanom najma v jazyku JAVA.

Virtualne triedy

Virtualne vzory v Bete mézu byt

= vzor virtudlnej procediry — koreSponduje pouZzitiu virtualnej metéody v C++ alebo
Smalltalk,

= vzor virtualnej triedy — podobné parametrizovanym triedam ako generické triedy
v Eiffel a Sablony v C++ alebo v JAVA.

Deklaracia atributu virtual vo vzore znamena, Ze v ¢ase deklaracie je zndma len Cast’
vlastnosti vzoru, plna Specifikacia je potom prenechana na subvzor.

Premenovavanie
V c¢lanku (Madsen, 1992) je predstaveny koncept premenovavania ako spdsob
spristupnenia vnorenych atributov ako by boli atributmi povodne;j triedy.

Na obrazku 9-6 trieda Person obsahuje atribut triedy Address a trieda Address obsahuje
atribut triedy Town. Jednoduchou konstrukciou je potom mozné priamo v triede Person
spristupnit’ atribtt typu Town.

Person
Address
Addr : Address Addr Town Town

Town : Town

Addr.Town

PersonTown : Town

Obrazok 9-6. PouZitie konceptu premenovdavania v jazyku Beta.

Virtuilne neterminaly

Beta poskytuje prostriedky ako napr. virtudlne neterminaly pre rozsirenie spOsobu
parametrizacie definovanych metod, resp. vzorov.

V priklade 9-2 je definovany virtudlny neterminal pre priklad cyklu while — loop.
Cyklus je potom parametrizovany nasledovnym zoznamom atributov:

= podmienka prebiehania cyklu,

= spracovanie aktudlne prechadzaného elementu,
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= podmienka pre opustenie cyklu,
» odkaz, kde ma program pokracovat’ po skonceni cyklu,

= spdsob vyberu nasledujiiceho prvku v cykle.

P: (#
While:
(# do
Loop:
(if <Cond: Evaluations>
//True then
<PreImp: Imperatives;
(if <On: Evaluations>
//True then leave <Exit: labels>
//False then
<PostImp: Imperatives;
restart Loop;
if)
if)
#)
#)

Priklad 9-2. Cyklus while-loop definovany s pouZitim virtudlnych netermindlov.

V priklade 9-3 d’alej vidime ako subvzor dodefinovava cCasti preddefinovaného cyklu.
Pre dodefinovanie subvzor vyuziva pouzité virtudlne neterminaly.

subP:P
(#
L:
While': While
(#
Cond:: aList.NonEmpty;
PreImp:: aList.Current -> Key;
On:: Key = Subject
Exit:: L
PostImp:: aList.Next
#)
#)

Priklad 9-3. Naviazanie virtudalnych netermindlov na casti zdrojového kodu.

Autori sa v (Agerbo & Cornils, 1997) zaviazuju pouzivat notaciu OMT (Object
Modeling Technique) (predchodcu stcasne pouzivaného UML), no vzhladom na
moznosti jazyka Beta im tito notdcia nepostacuje, a tak navrhli rozsirenia OMT pre
potreby zapisu modelov implementovanych v jazyku Beta pomocou Specidlnych
konstrukcii jazyka Beta. Dalej si uvedieme len niektoré zakladné rozsirenia.

Vilenené triedy

Podobne ako v jazyku JAVA existuju vnorené triedy, v jazyku Beta su k dispozicii
vClenené triedy, ktoré nie st viditelné mimo nadradenej triedy, no moézu vyuZzivat
akékol'vek dedenia od inych tried.
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Na obrazku 9-7 je uvedeny priklad vélenenej triedy N do triedy P. Na obrazku 9-8 st
uvedené alternativy zapisu dedenia vélenenej triedy N od triedy SuperN.

P

Obrazok 9-7. Priklad vélenenej triedy N do triedy P.

SuperN

P from SuperN

P AN

|
N N

Obrazok 9-8. Dedenie v pripade vclenenej triedy.

Virtuilne triedy

Jazyk Beta disponuje tzv. virtudlnymi triedami, ktoré sa podobaji generickym triedam
z jazyka Eifel alebo Sablonam v jazyku C++, JAVA. Vzhl'adom na zapis v OMT bolo
potrebné navrhnit rozsirenie i pre zapis virtualnych tried.

Na obrazku 9-9 uvadzame zdpis virtudlnej triedy VP, ktord je parametrizovana
triedou P.

:

VP

Obrazok 9-9. Zapis virtualnej triedy VP parametrizovanej triedou P.

Zoznamy tried

V jazyku Beta je povolené v ramci jedného vzoru udrziavat’ zoznam vélenenych tried.
Tato vlastnost’ je simulovana zoznamom v¢lenenych virtualnych tried. Pre zapis tohto
zoznamu tried autori pouzili rozSirenie OMT uvedené na obrazku 9-10, priCom
hviezdicka, resp. n znamend obmedzenie na pocet vnorenych virtualnych tried.
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D 2)

3)

| |
A AN A AT A

Obrazok 9-10. Rozne moznosti zapisu zoznamov tried v jazyku Beta.

Vzor metédy
V jazyku Beta je metdda definovana ako véleneny vzor do iného vzoru. Konkrétne
Vzor metddy je véleneny do Vzoru triedy. Na rozdiel od Standardného zobrazenia
metdd v OMT (obrazok 9-11) autori rozsirili notaciu o zapis vzoru metoédy vcleneného
do vzoru triedy (obrazok 9-12).

Class-name

method 1{arg: OptArgumentType)
method 2(arg: OptArgumentType)

method n{arg: OptArgumentType)

Obrdzok 9-11. Standardny zapis metéd v ramci notiacie OMT.

Class-name

specification method_1 Passible nestad
ef method 1 patterns

specification method_n Passible nested
ef method_n patterns

Obrazok 9-12. Zapis vzoru metody vcleneného do vzoru triedy.

Autori rozSireni sa vSak obmedzili na zapis metdéd pomocou vzorov iba
v nevyhnutnych pripadoch, kedy bude vztah metédy k vzoru metédy nevyhnutny
k pochopeniu modelu.
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9.4.2 Analyza vzorov v (Agerbo & Cornils, 1997) a nadvaznost’
na jazyk JAVA

Autori v (Agerbo & Cornils, 1997) analyzujt vSetkych 23 vzorov podla (Gamma et al.,
1995) priCcom navrhové vzory porovnavaju ku konsStrukcidm jazyka. Vychadzaju
z tvrdenia uverejnené¢ho v (Gamma et al., 1995), kde autori tvrdia, Ze navrhovy vzor
jedného vyvojara méze byt iba primitivnym stavebnym blokom iného vyvojara.
Analyzy vyustuju do vysledkov zhrnutych v tabul'ke 9-4.

Tabulka 9-4. Klasifikacia vzorov na idey a idiomy.

Navrhovy vzor Klasifikacia Podpora jazyka
Abstract Factory idea

Builder idea

Factory Method idiom Virtualne triedy
Prototype idiom Premenné vzoru
Singleton idiém Singularne objekty
Adapter idiom Explicitna delegacia
Bridge (v ¢ase kompilacie) idiéom Fragment jazyka
Bridge (pocas vykondvania) idea

Composite idea

Decorator idea

Facade idiom Vclenené triedy
Flyweight idea

Proxy idiom Explicitna delegacia
Chain of responsibility idiom Explicitna delegacia
Command (enkapsulacia metody) | ididom Vzor procedury
Command (odpojenie inicidtora .

od interpreta) idea

Interpreter idea

Iterator idea

Mediator idea

Memento idea

Observer idea

State idea

Strategy idea

Visitor idiom virtualne netermindly
Template method idiom viacnasobnd sprava

V tabul’ke 9-4 su vzory klasifikované na tzv. idiomy a idey. Pri€om pod pojmom idiom
rozumieme navrhovy vzor, ku ktorému existuje vjazyku Beta priama podpora.
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K jednotlivym idiomom st uvedené aj konstrukcie jazyka pouzité pre ich pokrytie.
Ostatné navrhové vzory sa nedaju jednoducho podporit’ priamo prostriedkami jazyka
Beta ateda je potrebné pouzit' viacero konstrukcii, aby sme vzor pokryli pomocou
prostriedkov jazyka. Takéto navrhové vzory su oznacené ako idey.

Autori identifikovali a vybrali konkrétne prostriedky jazyka Beta ku kazdému
objektovo-orientovanych jazykov ako C++ a JAVA. Dokonca v pripade jazyka Java
autori priamo prebrali niektoré z myslienok jazyka Beta. V tabulke 9-5 uvadzame
mapovanie ididmov na prostriedky jazyka JAVA spolu s podporou v jazyku Beta. Ide
o transformaciu néazvoslovia zjedného jazyka do druhého a opacne. V niektorych
pripadoch je doplnena konkretizacia rozdielov jednotlivych prostriedkov.

Tabulka 9-5. Mapovanie idiomov na prostriedky jazyka JAVA.

Navrhovy vzor Podpora v jazyku JAVA Ekvivalent v jazyku Beta
Factory Method Sablony, generické triedy Virtuélne triedy
Prototype Premenné vzoru
Singleton Singularne objekty
Adapter Explicitna delegacia
Bridge Fragment jazyka

(v case kompilacie)

Vnorené triedy ale i
verejné rozhrania a triedy,

Facade ktoré spristupiiuju funkcio- Velenené triedy
nalitu celého balika tried.

Proxy Explicitna delegacia

Chain of C , .

responsibility Explicitna delegécia

Command

(enkapsuléacia Vzor procediry

metddy)

Visitor virtualne neterminaly

Template method viacnasobnd sprava

Napriklad v€lenené triedy pri vzore Facade su v jazyku Java nazyvané ako vnorené
triedy. Vnorené triedy ako také nie su pristupné pre vonkajSie triedy. Su pristupné
v hlavnej triede, podl'a ktorej je nazvany subor a st pristupné pre vsetky ostatné triedy
definované v subore hlavnej triedy. Pri tychto obmedzeniach sa da povedat, Ze hlavna
trieda predstavuje fasddu pre systém vnorenych tried, resp. systém vclenenych tried.
Tento priklad sa d4 namapovat ina skupinu tried zaobalenych v baliku, pricom
existuju verejné triedy alebo rozhrania, pomocou ktorych je funkcionalita balika
spristupnena vonkaj$im balikom. Pri tychto obmedzeniach opidt’ moézeme hovorit
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o fasade, ktoru predstavujii verejné triedy a verejné rozhrania, pricom subsystém tried
zaobaleny v baliku je pomocou fasad oddeleny od ostatnych subsystémov.

9.4.3 Kniznica navrhovych vzorov LDP

Autori sa vzhl'adom na prostriedky ponukané jazykom Beta rozhodli pre zabezpecenie
znovupouzitia ¢asti navrhovych vzorov formou kniznice vzorov LDP. Kniznica LDP
sustred’'uje znovupouzitelné casti navrhovych vzorov, ktoré su v aplikacii ohybané
roznymi prostriedkami. Parametrizacia vzorov je zvelkej miery zabezpeCena
virtudlnymi neterminalmi, virtudlnymi triedami a d’al§Simi moZnostami jazyka Beta.
Autori sa nevyhli pouzitiu viacnasobného dedenia, ku ktorému ale uviedli alternativu
vo forme pouzitia kompozicie.

Vhodnost” vyberu spravneho jazyka sa prejavi najmid pri znovupouzivani Casti
navrhovych vzorov. Kniznica LDP obsahuje niekolko navrhovych vzorov podla
(Gamma et al., 1995) apoukazuje na moznost vytvorenia takejto kniznice. Ciel
v podobe vytvorenia prostriedku pre znovupouzitie ndvrhovych vzorov bol naplneny,
no najst’ rieSenie vyuzivajuce tuto kniznicu je tazké, ak vobec nejaké existuje.

Pouzitie takejto kniznice vzorov so sebou prinasa vyhody i nevyhody. Medzi vyhody
uréite patri moznost znovupouzia Casti vzorov, priCom nie je potrebné zaoberat' sa
implementaciou opakujicich sa &asti. DalSou zvyhod je moZnost vyraznejsej
dokumentacie a priradeniu tried kvzorom. Jednoduchym spdsobom modzeme
identifikovat’ participantov v inStancii konkrétneho vzoru. Dokumentacia méze byt
generovana poloautomatickym spdsobom.

K nevyhodam patri nemoznost’ modifikovat, resp. ohybat vzor inym, ako v kniZnici
definovanym (naznadenym a povolenym) spdsobom. Vzor je uloZeny v kniZnici
a spristupnené s len jeho Casti, priCom aj tie je mozné modifikovat’ iba sposobmi,
ktoré poskytuje konkrétny implementac¢ny jazyk. Gamma vo svojej monografii
(Gamma et al., 1995) v pripade viacerych vzorov opisal r6zne spésoby ohybania vzoru.
Istd moznost’ ako spristupnit’ viacero smerov v ohybani vzoru je v umiesteni do
kniznice viacero kopii vzoru, pricom v kazdej kopii vzoru bude povoleny iny smer
ohybania. Ale opit’ sa tym zniZuje moznost a volnost’ vlastnej modifikacie vzoru
podl’a potreby konkrétnej aplikécie.

Na druhej strane, ak identifikujeme zakladné sposoby ohybania vzoru, mézeme vylucit’
chyby, ktoré mozu nastat’ nepovolenou a nespravnou modifikaciou vzoru. DalSou
z nevyhod méze byt pripadna nutnost’ pouzitia v§eobecného nazvoslovia, ktoré sice vo
viacerych spdsoboch vyjadruje jasnu prislusnost’ k tomu ktorému vzoru, no na druhej
strane v pripade konkrétnej domény moze byt prili§ vSeobecné a niekedy az mittce.

Autorom sa podarilo preskumat’ zavislosti u vsetkych 17 vzorov, ktoré neoznacili za
idiomy s vynimkou Adapter, Proxy a Chain of responsibility. Vysledky vyhodnotenia
moznosti ulozenia vzoru do kniznice su zobrazené v tabul’ke 9-6.

Hlavnym dovodom neulozenia niektorych vzorov do kniznice LDP je velkost
vSeobecnej Casti konkrétneho vzoru. Tato velkost’ bola prili§ mala a znovupouzitie by
bolo zanedbatel'ne malé. Aj napriek vyrazne malému znovupouZitiu, koncentrovanim
niektorych vzorov, resp. ich ¢asti do kniznice by sa podporila viditelnost’ v celkovom
navrhu.
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Vzhladom na mechanizmy abstrakcie poskytnuté jazykom Beta, najviac boli
vyuzivané virtualne zoznamy s dynamickymi listami v pripade Builder, Bridge,
Composite, Chain of responsibility, Flyweight, Iterator ale tiez virtudlne triedy
v pripade Bridge, Flyweight, Command a Observer. Ako priklad na obrazku 9-13
uvadzame rozdelenie vzoru Composite na Cast umiestnenu v aplikacii a v§eobecni
¢ast’ umiestnenu v kniZnici. Diagram je znazorneny v notacii OMT.

Kde 1 predstavuje operaciu s cyklom, ktora pre kazdy element ulozeny v kontajneri
zavola operaciu s nazvom Operation, podla prikladu 9-4.

for all ¢ in Children
do c.Operation (op)

Priklad 9-4. Cyklické volanie Operation pri Composite.Operation.

Tabulka 9-6. Moznosti znovupouZitia vzoru formou kniznice.

Névrhovy vzor Moznost vyuz“.ivtic.l
v kontexte kniznice

Abstract Factory

Builder Ano

Adapter

Bridge (runtime) Ano

Composite Ano

Decorator Ano

Flyweight Ano

Proxy

Chain of responsibility Ano

Commaad no

(odpojenie iniciatora od interpreta)

Interpreter Ano

Iterator Ano

Mediator

Memento

Observer Ano

State

Strategy

Body 2, 3 a 4 na obrazku 9-13 predstavuju volanie triedy Composite, resp. jej metody
Operation vrapujucej konkrétny kontajner sndzvom doménovej operacie podla
prikladu 9-5, ktora sa ma vykonat’ nad jednotlivymi prvkami kontajneru ako parameter
operacie Operation.
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CompRole.Operation (draw)
CompRole.Operation (delete)

Priklad 9-5. Volanie vseobecnej Operation s nazvom doménovo zavislej funkcie.

Metdéda Operation oznacend ako 7 vtriedach Line, Text a Picture rozhoduje
o vykonani konkrétnych doménovo zavislych metéd na zdklade parametra podla
prikladu 9-6.

if op = draw then Draw ()
else if op = delete then Delete()

Priklad 9-6. Vykonanie doménovo zavislych operacii podla vstupného parametra.

—b children
Component
Operation:=
[ ]
Leaf Composite
erafion:;= @----- -
Operation:== Dp ) O
Add{Component)
Bemove(Component)
GetChild{int)
Graphic
Drraw: Operation
| |
Line from: Picture
Leaf CompRiole
Draw: LeafRole Operation Draw: CompRole. Operation
pietureDetect: CompRaole GetChild

|
GED 0

Text fom
Leaf

Draw: LeafFole. Operation

@=le

Obrdazok 9-13. Navrhovy vzor Composite rozdeleny na vseobecnu a aplikacnu Cast.
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9.4.4 Diskusia

Napriek tomu, ze jazyk Beta a tiez kniznica DPL nepatria k novinkdm v objektovo-
orientovanom programovani, ide v pripade DPL o jedinecné rieSenie v podpore
znovupouzitia navrhovych vzorov na trovni zdrojového kodu. Vzhl'adom na pomerne
slusné zdokumentovanie rozhodnuti pri dekompozicii jednotlivych navrhovych vzorov,
mobze tato praca sluzit’ ako inSpiracia pri migracii kniznice DPL na int platformu, iny
programovaci jazyk.

Jazyk Beta poskytol svojimi prostriedkami a moZznost'ami vybornu zakladiiu pre vyvoj
kniznice DPL. Skoda len, Ze viaceré prostriedky neboli dostatoéne in3pirativne ako
napriklad v¢lenené triedy a nestali sa suc¢ast'ou aktulne pouzivanych jazykov.

V mnohych pripadoch zrejme ide o prili§ konkrétne prostriedky a néstroje, ktoré by
vniesli vysSiu zlozitost do jazyka avysledny efekt by ani zd’aleka nezodpovedal
vynalozenému Usiliu. Na druhej strane v pripade jazyka Beta ide skor o experimentalny
ako komerc¢ne vyvijany a podporovany jazyk.

Stcasny vyvoj zamerany alebo ovplyvneny jazykom JAVA sa zaoberd inymi
moznostami rozSirenia samotného jazyka. Tieto rozSirenia st realizované réznymi
sposobmi s vyuzitim vSetkého ¢o JAVA ponutka a Castokrat v mnohom pripominaju
niektoré z prostriedkov jazyka Beta.

9.5 Pouzitie Standardnych jazykov
pre dekompoziciu vzoru

Jednou z d’alsich moznosti ako zabezpecit’ rozdelenie navrhového vzoru na vSeobecnu
a doménovo zavisli Cast’ je vyuzitie prostriedkov objektovo-orientovanych jazykov
aizolacia vSeobecnej Casti vzoru do kniznice. V clanku (Jakubik, 2005b) sme sa
zaoberali rozdelenim navrhového vzoru Composite s pouzitim prostriedkov jazyka
C++. Tento ¢lanok bol zaroven hlavnym zdrojom pre nasledujtce Casti.

9.5.1 Dekompozicia vzoru Composite s vyuzitim C++

V nasledujucich castiach sa pokusime rozdelit obe implementacie vzoru Composite
(bezpecnu aj transparentnl) na cCast’ vSeobecnu a Cast doménovo zavisli s pouzitim
prostriedkov jazyka C++.

Dalej budeme pracovat’ s triedami navrhového vzoru Composite pricom rozdelime
triedy Component a Composite na CommonComponent, ConcreteComponent
a CommonComposite, ConcreteComposite, kde triedy s prefixom Common predstavuju
vSeobecné Casti vzoru atriedy s prefixom Concrete doménovo zavislé Casti vzoru.
V oboch modeloch implementacie vzoru Composite nenajdete vSeobecnll variantu
triedy Leaf, pretoze trieda Leaf je doménovo zavisld vo vSetkych smeroch
a v modeloch sa vyskytuje pod nazvom ConcreteLeaf.

CommonComposite obsahuje podporu pre kontajner manazment ako je vyber,
odstraniovanie a pristupovanie k prvkom kontajnera. ConcreteComposite zabezpecuje
podporu doménovo $pecifickych operacii. Implementacia triedy CommonComponent je
zavisla od konkrétneho typu vzoru Composite, mdze byt prazdna pri bezpecnej skladbe
alebo mdze definovat’ operacie spojené s kontajner manazmentom pri transparentnej
skladbe.



211

Doteraz sme iba malo hovorili o konkrétnom jazyku implementacie. Je ale dblezité
vediet, aké prostriedky mézeme v nasledujicich experimentoch pouzit. Pouzijeme
C++ smoznostami viacnasobného dedenia a mechanizmom S$ablon pre ilustraciu
komplexnosti a netrividlnosti problému.

9.5.2 Dekompozicia vzoru pri bezpec¢nej skladbe s vyuzitim C++

Pri  bezpecnej skladbe nie je nutné definovat  ziadnu  operdciu
v triede CommonComponent. V procese navrhu kniznice nepozname doménovo zavislé
operacie. Tieto operacie sme oddelili do triedy ConcreteComponent, ktora dedi od
triedy CommonComponent. ConcreteComponent potom predstavuje rozhranie, ktoré
musi byt implementované vSetkymi listami itriedou ConcreteComposite. Navyse
trieda ConcreteComposite musi dedit’ operacie spojené s kontajner manazmentom od
CommonComposite.

CommonComposite sme parametrizovali ConcreteComponent-om pre doSpecifikovanie
operacii spojenych s kontajner manazmentom. Pomocou tejto parametrizicie sme
vyrieSili aj chybajicu asociaciu medzi triedou Composite a Component definovani
vzorom Composite. Pre parametrizaciu CommonComposite sme vyuzili mechanizmus
Sablon. Schéma rieSenia je zobrazend formou diagramu tried na obrazku 9-14, na
obrazku je zvyraznena znovupouzitel'na ¢ast’ vzoru, ktora je umiestnena v kniznici.

CommonComponent

Component() T
<<virtual>> ~Component() _ 4’7 F
\7\ CommonComposite

remove() ch | jg<T*>
add()

getChild()

Composite()

<<virtual>> ~Composite()

A

ConcreteComponent

<<abstract>> PrintOut()
ConcreteComponent()
<<virtual>> ~ConcreteComponent()

CommonComposite<ConcreteComponent>

ConcreteLeaf ConcreteComposite
value :int
PrintOut()
PrintOut() ConcreteComposite()
ConcretelLeaf() <<virtual>> ~ConcreteComposite()
<<virtual>> ~ConcreteLeaf()

Obrdazok 9-14. Diagram tried predstaveného riesenia pre bezpecnu skladbu.

Vzor sme rozdelili na vSeobecnii adoménovo zavislu cast. VSeobecnu cast
predstavuji  triedy = CommonComponent, CommonComposite a List. Trieda
CommonComposite zaobal'uje operacie nad List-om. Triedy CommonComposite a List
su implementované pomocou Sablon, proces vytvarania inStancii je parametrizovany
konkrétnym komponentom v naSom pripade ConcreteComponent.
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Konkrétnu c¢ast vzoru predstavuju triedy ConcreteComponent, ConcreteLeaf
a ConcreteComposite. Trieda ConcreteComposite je vytvarana viacnasobnym dedenim
od triedy ConcreteComponent, od ktorej dedi doménovo zavislé operacie a od triedy
CommonComposite, od ktorej dedi operacie spojené so zaobal'ovanim triedy List.

9.5.3 Dekompozicia vzoru pri transparentnej skladbe
s vyuzitim C++

Rozdiel medzi bezpecnou a transparentnou skladbou je v umiestneni definicii metod
spojenych s kontajner manazmentom. V pripade transparentnej skladby su metody
definované uz v triede Component. Metddy suvisiace s kontajner manazmentom musia
byt implementované v kazdom liste a tiez v triede Composite.

Vo vSeobecnej casti vzoru musime modifikovat' triedu CommonComponent, ktora
definuje rozhranie (spolu s preddefinovanou implementaciou) metdd zabezpecujucich
kontajner manazment. Metody definované v tejto triede musia byt prekryté
v CommonComposite ambdzu byt prekryté (podla typu implementicie v Common-
Component) v kazdom liste. Struktira rieSenia je znazornena na obrazku 9-15, na
obrazku je zvyraznena znovupouzitel'na ¢ast’ vzoru, ktora je umiestnena v kniznici.

Triedu CommonComponent sme vytvorili ako Sablonu, ktora je parametrizovana typom
ConcreteComponent pre dodefinovanie metod spojenych s kontajner manazmentom.
Tieto metddy mozu obsahovat’ default implementéciu alebo mézu byt Cisté virtualne
metody bez akejkolvek implementacie. V naSom experimente sme pouZzili Cisté
virtudlne metody a definovali sme konkrétne spravanie v CommonComposite
(Stadardne pre pridavanie, odoberanie a spristupfiovanie prvkov v pouzitom kontajneri)
a v ConcreteLeaf (getChild — s ndvratovou hodnotou null, a ostatné metddy s prazdnou
implementaciou).

Trieda ConcreteLeaf dedi od triedy ConcreteComponent, ktora dedi od Common-
Component s definiciou metdd pre kontajner manazment. Tento model implementacie
umoziuje implementovat metdédy spojené s kontajner manazmentom uz v triede
ConcreteComponent alebo v triedach ConcreteLeaf podla potreby.

Trieda ConcreteComposite vyuziva viacnasobné dedenie pre zloZenie spravania
suvisiaceho s kontajner manazmentom z CommonComposite a doménovo zavislého
spravania z ConcreteComponent.

Vztah medzi triedami Component a Composite zo vzoru Composite je v tomto pripade
implementovany cez Sablonu CommonComposite, ktord je parametrizovana doménovo
zavislym typom ConcreteComponent.

9.54 Diskusia

Predstavené rieSenie dekompozicie vzoru Composite v jazyku C++ nie je jediné mozné,
no uz pri prvom pohlade je vidiet’ ¢iastoéni komplexnost’ a naro¢nost’ rieSenia. Pouzi-
tie Sablon a viacnasobného dedenia d4va jasné obmedzenia na implementacny jazyk.

Aj ked’ pouzitie v§eobecnych Casti v aplikacii by jasne urcilo prislusnost’ tried ku vzoru,
do aplikacie by sa vniesla zbytoéna komplexnost. NavySe rozdelenie tried na
vSeobecné a doménovo zdvislé narasa ku vzoru Composite zodpovedajlici model roli,
¢o suvisi s komplikovanim rieSenia a zvySovanim neprehl’adnosti.
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T \

CommonComponent

Component()
<<virtual>> ~Component()
remov e(component : T*) : void
add(component : T*) : void
<<virtual>> getChild(index : int) : T*
<<virtual>> getChildSize() : int

=4 NS

CommonComponent<ConcreteComponent> CommonComponent<T>

7 T

ConcreteComponent CommonComposite
ConcreteComponent() Composite() #ich [ Lister>
<<virtual>> ~ConcreteComponent() <<virtual>> ~Composite()
<<abstract>> PrintOut() : void add(component : T*) : void

remov e(component : T*) : void
getChild(index : int) : T*
ConcretelLeaf getChildSize() : int
N
®PrintOut() : void
®ConcretelLeaf (nValue : int)

%<<virtual>> ~ConcretelLeaf () ‘
ConcreteComposite ‘

PrintOut() : void
ConcreteComposite() — >
<<virtual>> ~ConcreteComposite()
getChild(index : int) : ConcreteComponent™
add(component : ConcreteComponent*) : void
getChildSize() : int

CommonComposite<ConcreteComponent>

Obrazok 9-15. Diagram tried predstaveného riesenia pre transparentnu skladbu.

Otazka na druhu stranu znie, ¢i je vobec mozné znovupouzit’ ¢asti vzoru bez fyzického
rozdelenia tried spéjajicich v§eobecnt a doménovo zavislu Cast’ vzoru?

Ako uvidime v Casti 9.6, je to mozné s pomocou $pecidlnych rozsireni. Tato cast’ mala
za ciel poukdzat na netrividlnost realizacie dekompozicie vzoru pomocou
Standardnych prostriedkov jazyka C++.

Navyse sa podarilo poukazat’ na nutnost’ prijatia poruseni v obmedzeniach modelu roli
v kontexte navrhového vzoru Composite s cielom oddelit’ v§eobecnu ¢ast’ od doméno-
vo zavislej Casti vzoru (napr. v podobe obsadenia role Component triedami Concrete-
Component a CommonComponent, ¢im sa porusili obmedzenia na pocet tried
obsadenych v danej roli).

9.6 RozSirenie mnoziny prostriedkov jazyka JAVA

Jednym v sucasnosti z najcastejSie pouzivanych objektovo — orientovanych jazykov je
jazyk JAVA. Podpora navrhovych vzorov v zékladnej verzii jazyka ani zdaleka
nepokryva potreby pre znovupouzitie navrhovych vzorov, aj ked’ sa da povedat, ze
niektoré z navrhovych vzorov su sucastou izékladnych kniznic jazyka, ateda su
pouzivané bez explicitnych znalosti o ich Struktare. Ide vSak len o jednoduché vzory,
ktoré st uz takmer chronicky zname napr. Iterator alebo Observer.
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Jazyk JAVA prebral isté vlastnosti zjazyka Beta, detailnejSie st tieto vlastnosti
opisané v Casti 9.4 v analyze prostriedkov jazyka Beta. Jazyk JAVA umoziuje rézne
sposoby jeho rozSirenia napr. s vyuzitim reflexie. Autori ¢lanku (Lahire & Quintian,
2003) identifikuju isté moznosti rozSirenia jazyka JAVA, pri¢om tieto rozSirenia nie su
priamo uréené pre podporu navrhovych vzorov, ale pre podporu znovupouzitia
v objektovo — orientovanych jazykoch vSeobecne. Jednotlivé rozSirenia jazyka pre
podporu znovupouzitia su navrhnuté tak, aby kladli ¢o najmensSie naroky na
implementac¢ny jazyk. Testovaci prototyp je vytvoreny pre jazyk JAVA a v kontexte
tohto jazyka boli vyberané iidentifikdtory novodefinovanych operécii a atributov.
Nazvoslovie je pribuzné s jazykom JAVA, pricom priamo jazyk JAVA je pouzity iba
v Castiach opisujucich konkrétnu funkcionalitu daného elementu.

V nasledujucich cCastiach prejdeme niektoré zrozSireni auvedieme ich v kontexte
znovupouzitia ndvrhovych vzorov. Cielom opét’ bude oddelit’ v§eobecné Casti vzoru do
kniznice apomocou novonavrhnutych prostriedkov ich spristupnit v konkrétnej
aplikacii. Autori v ¢lanku uvadzaju priklad ohybania vzoru Observer do aplikacie
s jednoduchym grafickym rozhranim.

9.6.1 Koncerny

Vo vSeobecnosti mdzeme za koncern povazovat jeden fazet (rez) problematiky, ktora
rieSi aplikacia. Koncern je teda zlozeny zentit (triedy, rozhrania a pod.), resp.
z hierarchii entit zaobalenych v jednom kontajneri nazyvanom balik, ktory pripadne
modze obsahovat dalSie sub — kontajnery. Koncern pripomina Struktiru balikov
v JAVA, ale nemusi s nimi implicitne stvisiet’.

Koncerny, v zavislosti od ich charakteristiky, mézu byt
= funkcionalne,
= nefunkcionalne,
» hybridné.

Aplikacia je vo vécSine pripadov zloZend zviacerych fazetov. Kazdy z fazetov
koresponduje s mnozinou funkcionalit. Cast’ softvéru implementujuca konkrétnu
funkcionalitu je oznaovana ako funkcionalny koncern. Napriklad kniznice tried
poskytované objektovo-orientovanymi jazykmi a urené k jedinému ciel'u mézu byt
oznacené ako koncern.

Ak aplikacia potrebuje rozsirit’ existujucu funkcionalitu s d’alsSim spracovanim ako je
napr. udrziavanie perzistencie dat, distribtcia dat, podpora ré6znych druhov bezpec¢nosti
ide o nefunkcionalny koncern.

Hybridny koncern nielenze rozsiruje uz existujucu funkcionalitu (¢im ho moézZeme
povazovat za nefunkcionalny koncern), ale navysSe pridava inovu funkcionalitu
(a mohli by sme ho povazovat za funkcionalny koncern).

V nezévislosti, ¢i ide o funkciondlny alebo nefunkciondlny koncern, méze byt obsah
koncernu v aplikacii umiestneny typicky dvomi spdsobmi:

* na jedinom mieste (trieda, hierarchia tried),

» rozSireny po celom systéme tried.
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Sticasné znovupouzitie v objektovo-orientovanych jazykoch je zaloZzené na pouziti de-
denia a asociacii, ¢o vSak vedie k drahej modifikacii vyslednych vlastnosti zaverecného
produktu. Oddelenie casti produktu na zéklade konkrétneho konceptu je narocné
apomocou prostriedkov, ktoré poskytuju sucasné objektovo-orientované jazyky
neprehladné a prili§ komplexné.

Autori sa rozhodli vyriesit' rozptylenie koncernu v roéznych triedach hierarchie
s vyuzitim implementa¢ne nezavislého prostriedku tzv. adaptacii.

9.6.2 Typy adaptacie ako rozsirenia jazyka

Ako sme spomenuli skor, koncern je zaobaleny v hierarchii kontajnerov, ktoré
obsahuju klasifikatory. Klasifikator prislicha ku kontajneru ama modifikatory
(abstract, final, public). Obsahuje atribity (konstanty, inStancie, premenné triedy)
a metody (procedury, funkcie, konstruktory). Metédy maji signatiru (navratovy typ,
parametre, nazov metody), modifikatory a samotné telo s funkcionalitou.

Adaptacia ako taka je zahrnuta v konkrétnom adaptéri, resp. v skupine adaptérov a je
teda fyzicky oddelend od triedy, na ktord sa vztahuje. Kazdy adaptér ma svoje
jedine¢né meno, podla ktorého méze byt identifikovany. Moze byt abstraktny alebo
konkrétny a mdze dedit’ spravanie od d’alSich adaptérov.

Adaptér obsahuje ciele adaptacie, ktoré mozu byt abstraktné alebo konkrétne
v zavislosti od entit, na ktoré sa vztahuju. Ciel' adaptacie je naviazany na klasifikator,
metddu alebo atribt. V pripade abstraktného ciel'a adaptacie je mozné urcit isté
obmedzenia na ciel' adaptacie. V pripade, Ze ide o konkrétny ciel’ adaptacie, ciel
obsahuje konkrétny zoznam identifikatorov (v zavislosti na type, nazvu klasifikatora,
metddy alebo atributu). Adaptér tieZ obsahuje operatory adaptacie. Pozname dva typy
adaptérov:

= ex-situ,
" in-situ.
Ak je adaptér definovany ako ex-situ, potom je vytvoreny novy kontajner a koncern
spojeny s adaptaciou je vlozeny do neho. Ak ide o in-situ adaptér, potom sa vyuziva uz
existujuci kontajner a adaptacia prebicha priamo nad nim.
V ¢lanku (Lahire & Quintian, 2006) navrhnuty model podporuje 6 nizsie uvedenych
kategorii adaptacii, pricom kazda z nich obsahuje viacero typov konkrétnych adaptacii.
Adaptacie v kontexte modelu st uvedené na obrazku 9-16.
Jednotlivé adaptacie patria vzdy do jednej z kategorii adaptacii:
= implementacia novych rozhrani, vloZzenie novej super triedy
(SuperClasifierIntroduction),
= flzia metod (MethodMerging) s viacerymi variantmi napr. MergingBefore,
MergingAfter,
= vlozenie (MethodIntroduction) alebo redefinicia metdd (MethodRedefinition),

= vlozenie novej premennej do triedy (Attributelntroduction),

= zachytenie pred (Beforelnterception), po (AfterInterception), okolo
(Aroundinterception) konkrétnej udalosti, zachytenie vyskytu vynimky
(OnExceptioninterception),
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Adaptation
= </
[
‘ Interception ‘ ‘ Introduction ‘ Redefinition
‘ MethodMerging ‘ ‘ ClassMerging ‘ ‘ MethodRedefinition H AttributeRedefinition
‘ FeaturesOnlyAdded ‘ ‘ CustomizedMerging ‘
‘ MethodIntroduction H Attributelntroduction H SuperClassifierintroduction ‘
MethodInterception Attributelnterception
A 7
OnGetInterception OnSetinterception
‘ BeforeGet‘ ‘ AfterGet‘ ‘ BeforeSet ‘ ‘ AfterSet ‘
‘ Beforelnterception H Afterinterception H OnExceptioninterception H Aroundinterception ‘

Obrazok 9-16. Podporované typy adaptacie v kontexte modelu rozsireni.

= zachytenie pristupu k inStancii alebo k premennej triedy (OnGetlnterception,
OnSetlnterception).

K dispozicii je devidt variacii adaptacii typu Interception. Adaptacie su aplikované
v roznych krokoch pri vykonavani metody alebo pristupu k atributu. Tieto adaptacie
vychadzaju z Aspect] (Kiczales et al., 1997, Kiczales et al., 2001). Ked’ze adaptacie st
zviazané najma s telami metdd v jazyku JAVA, spajaju sa najmé s triedami a malokedy
s rozhraniami, ktoré nedisponuju telami metod. Dalej v kratkosti opiseme vybrané
adaptacie, pricom pod pojmom poévodna metdda budeme rozumiet’ metddu, ku ktorej
sa vztahuje adaptacia. Podrobny popis adaptécii je uvedeny v (Quintian, 2004).

Jednou z adaptacii pracujicich nad metdodami je AroundInterception, ktorda umoziuje
vykonat’ zdrojovy kod spojeny s adaptaciou. Najcastejsie sa pouziva s konstrukciou if —
then — else, pricom po teste podmienky sa vykonava pdvodna metdoda. Vykonanie
povodnej metoddy spojenej s adaptaciou je vyvolané kIicovym slovom proceed.
Adaptacia Beforelnterception (resp. AfterInterception) umoziuje vykonanie kédu
adaptacie pred (resp. po) volani pdvodnej metody.

Adaptacia OnExceptionlnterception umoziuje odchytenie vynimky a vykonanie kodu
adaptacie pred volanim pévodného spracovania vynimky.

Specialnou adapticiou vztahujicou sa k metédam je adaptacia MethodRedefinition,
ktora umoznuje volni modifikaciu tela metddy, resp. umoznuje predefinovat’ telo
povodnej metody.

Adaptacie vztahujuce sa k atribitom umoziiuju odchytenie udalosti ¢itania hodnoty
atributu OnGetlInterception alebo jeho modifikacie OnSetInterception.

Fuzia tried A a B je realizovana formou adaptacie ClassMerging, ktorej mechanizmus
je inSpirovany Hyper/J (Ossherand & Tarr, 2000).
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Fuzia je zabezpecena nasledovnymi spdsobmi:

= rodicovské triedy triedy A st pridané do zoznamu rodicovskych tried triedy B
(problém vznika pri jazykoch neumoziujucich viacnasobne dedenie),

®  do zoznamu metod triedy B st pridané metody z triedy A (problém modze nastat’
pri konflikte v nazve, resp. v signatire metody),

= kazdy atriblt z triedy A, ktory neexistuje v triede B, je skopirovany do zoznamu
atributov triedy B.

Spojenie zoznamov metdd tried A a B je realizované cez volanie d’alSich adaptacii.
V pripade, Ze sa metdda zo zoznamu metod triedy A nenachadza v triede B, je pouzita
adaptacia MethodIntroduction. V pripade konfliktu nazvov, resp. signatir metod je
pouzita adaptacia MethodMerging.

V pripade adapticie MethodMerging modze dojst k viacerym stavom:

= ak su obe metddy oznacené ako abstract, potom ich fiziou vznikne abstraktna
metdda,

= ak metéda A je konkrétna a B abstraktna, potom (adaptacia MergingWith-
Abstract) vysledkom je konkrétna metdda s telom metody A,

= ak obe metddy A a B st konkrétne, je potrebné urcit’ poradie, v ktorom budu ich
tela vykonavané (adaptacie MergingBefore, MergingAfter).

Na zmenu tela triedy je mozné vyuzit adapticie pre pridanie metody Method-
Introduction, pridanie atribatu Attributelntroduction alebo pridanie rodicovskej triedy
SuperClassiIntroduction.

Kazdy typ adaptacie obsahuje dve metddy, metddu Check pre overenie nastatia
udalosti, ktora kontroluje, ¢i obmedzenie dané konkrétnou adaptaciou nastalo a metddu
Execute pre vykonanie konkrétnej funkcionality, ktord opisuje spravanie adaptacie.

9.6.3 Priklad kompozicie a adaptacie koncernov

Autori v ¢lanku uvadzaju priklad adaptacie jednoduchého grafického rozhrania
a navrhového vzoru Observer. Problém rozdelili na dva koncerny grafické rozhranie
a navrhovy vzor Observer. Dalej si popiSeme jednotlivé koncerny.

Koncern navrhovy vzor Observer

Navrhovy vzor Observer, uvedeny na obrazku 9-17, pozostava z klasifikatorov
Observer, Observable a ImplObservable, ktoré su nezavislé od konkrétnej aplikacie.
Observer a Observable koreSponduji s dvomi rolami vo vzore Observer.
ImplObservable je priama implementécia rozhrania Observable.

Zo Struktary vzoru Observer vyplyva, Ze kazda trieda implementujica rozhranie
Observer musi $pecifikovat’ telo metédy updateObserver. Obe rozhrania Observer aj
Observable su tzko zviazané, pretoze kazdé z nich vyzaduje odkaz na toho druhého pri
volani niektorych z metod.

V priklade 9-7 je uvedena ukézka implementdcie navrhového vzoru Observer.
Potrebné triedy arozhrania su umiestnené v balicku designpattern.observer, ktory
predstavuje jeden z koncernov.
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O O
Observer Observable
onUpdate() addObserver()

deleteObserver()
notifyObservers()

ConcreteObserver ImplObservable

Obrazok 9-17. Diagram tried navrhového vzoru Observer podla (Gamma
etal, 1995).

01 package designpattern.observer;
02 public interface Observable {

03 public void addObserver (Observer o) ;

04 public void removeObserver (Observer o) ;
05 public void notifyObservers() ;

06 }

07 packagedesignpattern.observer;

08 publicinterfaceObserver(

09 public void updateObserver (Observable o) ;

10 }

11 packagedesignpattern.observer;

12 import java.util.ArrayList;

13 import java.util.Iterator;

14 import java.util.List;

15 public class ImplObservable implements Observable {

16 protected List observers = new ArrayList();

17 public void addObserver (Observer o) {

18 observers.add (o) ;

19 }

20 public void removeObserver (Observer o) {

21 observers.remove (0) ;

22 }

23 public void notifyObservers () {

24 for(Iterator it=observers.iterator(); it.hasNext () ;)
25 ((Observer)it.next ()) .updateObserver (this) ;
26 }

27 }

Priklad 9-7. Ukazka zdrojového kédu navrhového vzoru Observer
(Lahire & Quintian, 2006).

Koncern grafického pouzivatel’ského rozhrania

Druhym z koncernov je grafické pouzivatel'ské rozhranie, ktoré predstavuje formular
s dvomi tlac¢idlami (Click on me!, Exif) apopiskom. Pri implementécii je vyuZzita
kniznica swing, konkrétne pre tlacidla trieda java.swing.JButton apre popisok
java.swing.JLabel. Pre nazornost’ je priklad zlozeny z viacerych tried Button, Label
a ApplicationInterface.



219

Ukazka implementacie je uvedena v priklade 9-8. Grafické rozhranie je implemen-
tované v balicku application.ibm a predstavuje koncern.

01 package application.ihm;

02 import java.awt.event.ActionEvent;
03 import javax.swing.JButton;

04 public class Button extends JButton(

05 public Button(String text) {

06 super (text) ;

07

08 protected void fireActionPerformed(ActionEvent event) {
09 super.fireActionPerformed (event) ;

10 }

11}

12 package application.ihm;
13  import javax.swing.JLabel;
14 public class Label extends JLabel {

15 public Label (String text) {
16 super (text) ;

17 }

18 }

19 package application.ihm;

20 import java.awt.*;

21 import java.awt.event.*;

22 import javax.swing.*;

23 public class ApplicationInterface extends JFrame {

24 public ApplicationInterface()

25 super ("My application interface");

26 getContentPane () .setLayout (new GridLayout (1,3)) ;
27 Button buttonl = new Button ("Clickonme!") ;

28 getContentPane () .add (buttonl) ;

29 Label labell = new Label ("-notext-");

30 getContentPane () .add (labell) ;

31 JButton finish = new JButton ("Exit") ;

32 getContentPane () .add (finish) ;

33 finish.addActionListener (new ExitListener()) ;
34 pack () ; show () ;

35 }

36 public static void main(String args([]) {

37 newApplicationInterface () ;

38

39 public class ExitListener implements ActionListener {
40 public void actionPerformed (ActionEvent arg0)
41 System.exit (0) ;

42 }

43 }

44}

Priklad 9-8. Ukazka implementacie jednoduchého GUI (Lahire & Quintian, 20006).

Adaptacia koncernu Observer-a na koncern GUI

V priklade 9-9 je uvedena ukazka zdrojového kodu k prikladu koncernov Observer
a GUI. V prvej cCasti adaptéra, na riadkoch 4 az 13, su opisané ciele adaptacie
a samotné adaptacie (v pripade extend class ide o adaptaciu typu FeaturesOnlyAdded,
v pripade extended method ide o adaptaciu typu Afterlnterception). Cast’ druh4, na
riadkoch 14 az 20, opisuje ciele adaptacie a samotné adaptacie pracujlce s triedami
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vytvorenymi v prvej Casti (v pripade inherit ide o adaptaciu typu SuperClass-
Introduction, v pripade introduce method ide o adaptaciu typu MethodIntroduction).
V tretej Casti adaptéra, na riadkoch 21 az 37, je opisand potrebnd inicializacia pre
pouzitie koncernu Observer v kontexte aplikacie.

01 package designpattern.observer

02 abstract adapter ObserverAdapter {

03

04 abstract Class target : observableClass

05 abstract Method target : notifyingMethod

06 require notifyingMethod in observableClass.*

07

08 adaptation becomeObservable

09 extend class ImplObservable with observableClass

10 adaptation notifyingObserver:

11 extend method notifyingMethod() with after

12 { notifyObservers(); }

13 mm e e e e e e e — -
14 abstract Class target

15

16 adaptation becomeObserver

17 inherit Observer in observerClass

18 abstract adaptation observerUpdate

19 introduce method public void

20 updateObserver (Observable o) in observerClass

2] e e e e e e e e -

22 abstract Class target:

23 applicationInitClass

24 abstract Method target:

25 applicationInitMethod

26 require applicationInitMethod in applicationInitClass.*
27 abstract Attribute target:

28 observablelInstance

29 require observableInstance in applicationInitMethod.*
30 abstract Attribute target:

31 observerInstance

32 require observerInstance in applicationInitMethod. *
33

34 adaptation initApplication: extend method

35 ApplicationInitClass.applicationInitMethod(...)

36 with after ({

37 ObservableInstance.addObserver ( ObserverInstance ) ;
38 }

39}

Priklad 9-9. Ukazka zdrojového kodu pre ObserverAdapter
(Lahire & Quintian, 2006).

V priklade 9-10 je uvedena konkretizacia adaptéra ObserverAdapter pre potreby
aplikacie. Ako je wuvedené vriadku 2, jedna sa o zlozenie koncernov
designpattern.observer s koncernom application.ihm. PriCcom podla riadku 3 ide
o roz§irenie adatéra ObserverAdaptér. V adaptéry ApplicationlHM su dospecifikované
a konkretizované abstraktné ciele adaptacie z hierarchicky nadradeného adaptéra
ObserverAdapter.
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01 package application.ihm

02 compose designpattern.observer.* with application.ihm
03 adapter ApplicationIHM extends ObserverAdapter {

04 target observableClass = application.ihm.Button

05 target observerClass = application.ihm.Label

06 target notifyingMethod =

07 application.ihm.Button.fireActionPerformed ()
08 target applicationInitClass =

09 application.ihm.ApplicationInterface

10 target applicationInitMethod =

11 applicationInitClass.applicationInterface()

12 target observableInstance = applicationInitMethod.button*
13 target observerInstance = applicationInitMethod.label*

14

15 adaptation observerUpdate

16 introduce method public void updateObserver (Observable o)

17 setText (*'I have been notified of a button click’’);
18 } in observerClass
19 }

Priklad 9-10. Konkretizdcia adaptéra ObserverAdapter pre potreby prikladu
(Lahire & Quintian, 2006).

9.6.4 Realizacia pristupu vo forme prototypu

Opisany pristup k znovupouzitiu autori implementovali v jazyku JAVA konkrétne ako
plugin pre vyvojové prostredie Eclipse, pricom JAdaptor, ako nazvali vysledny produkt,
posobi ako prekompilator pred JAVA kompildtorom. Za najdolezitejSie ulohy
realizované prekompilatorom sa pokladaja:

= ziskanie informacii k jednotlivym zdrojovym kdédom a adaptérom
= kontrola konzistencie informacii, kompozicie koncernov
= generovanie zdrojového kédu po realizacii kompozicie koncernov

Samotné adaptéry st opisané formou XML suborov, z ktorych je mozné (a potrebné)
generovat’ zdrojovy koéd adaptérov v jazyku JAVA. Vyuzitim XML sa zabezpecila ista
jazykova nezévislost’, pricom pre iny jazyk je potrebné vytvorit novy generator
zdrojového koédu adaptérov.

9.6.5 Diskusia

Rozdelenie softvéru na koncerny a adaptéry nielenze umoziuje Ciasto¢ne prehl’adnejsSie
znovupouzitie Casti systému, ale pontka i akéhosi sprievodcu pri znovupouziti, podl'a
ktorého méze vyvojar postupovat’ a spravne pouzit’ koncern ulozeny v kniznici. Da sa
povedat’, Ze protokol skladania definuje aktsi metodolégiu, akou mozno dany koncern
znovupouzit’.

Opisany pristup je pomerne mlady aje spojeny s viacerymi problémami, napr. pri
adaptacii ClassMerging mdze nastat’ problém s jazykmi podporujucimi iba jeden strom
dedicnosti, ked’ze je potrebné spojit’ dva zoznamy rodi¢ovskych tried, ktoré¢ sa mozu
navyse opakovat’.
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Tento pristup poskytuje velmi silny nastroj na podporu vSeobecného znovupouzitia
v sicasnosti pouzivanych objektovo-orientovanych jazykov. Vzhladom na ponukané
moznosti by bolo vhodné otestovat’ pristup v kontexte kniznice navrhovych vzorov.

Realizacia prototypu formou prekompildtora sa zda byt vyhodnou najmé z hl'adiska
nazornosti spracovania zdrojového kodu, sledovania priebeznych vysledkov ako
iudrziavania a rozSirovania samotného prekompilatora. Otazne je, akym spdsobom je
v prototype rieSené zobrazenie pripadnych syntaktickych chyb v zdrojovom kdde
povodnych tried a tiez v zdrojovom kdde adaptérov.

9.7 Zhodnotenie

Vychodiskom predchadzajicich analyz boli vysledky vyskumu v oblasti navrhovych
vzorov, konkrétne v oblasti znovupouzitia navrhovych vzorov, resp. ich casti.
Vysledky analyz aexperimentov boli publikované na Studentskych vedeckych
konferenciach IIT.SRC 2005 (Clanok Modeling systems using design patterns)
a lIT.SRC 2006 (¢lanok Comparison of CASE tools based on design patterns source
code support) v Bratislave, na konferencidch s medzindrodnou ucastou OBJEKTY
2005 (¢lanok Izolacia vSeobecnych Casti vzoru Composite) v Ostrave a TVORBA
SOFTWARE 2006 (¢lanok Moznosti znovupouzitia Casti navrhovych vzorov) tiez
v Ostrave a na medzinarodnej konferencii JCKBSE 2006 (¢lanok Reuse of patterns
source code) v Talline.

Postupne sme analyzovali rézne moZznosti znovupouzitia vzorov so zameranim na
navrhové vzory. Postupne prechddzame rdézne pristupy od CASE nastrojov cez
Standardné 1 atypické objektovo-orientované jazyky az k rozsireniam objektovo-
orientovanych jazykov a s nimi spojené vyhody a nevyhody.

Samotné znovupouzitie navrhovych vzorov pomocou CASE nastrojov by sa dalo
povazovat za uplny zaklad. CASE nastroje disponuju relativnou pouzivatel'skou
prijatel'nostou, i ked’ proces vkladania nového navrhového vzoru do vlastnej kniznice
nie je jednoduchy a pdsobi skér chaotickym dojmom. Urychlenie vyvoja s vyuZzitim
CASE nastrojov v podobe jednoduchého arychleho vytvarania navrhu s podporou
navrhovych vzorov prinasa so sebou d’alSie skracovanie doby vyvoja a s tym suvisiace
znizovanie nékladov na vyvoj. Sklamanie v podobe nedostato¢nej podpory viditeI'nosti
vzoru a podpory mikroarchitektur moze byt uz onedlho minulostou, vzhladom na
zainteresovanost velkych firiem je vyvoj v tejto oblasti pomerne rychly a zrejme
nedostatky v podpore vzorov budi postupne odstrafiované.

Znovupouzitie navrhovych vzorov s pouzitim neStandardnych jazykov v podobe
ohybania vzoru z kniznice je sice pomerne prehl’'adné a jednoduché, no na druhej strane
len malo projektov mdze byt realizovanych v réznych experimentalnych viac alebo
menej znamych jazykoch. Atypické jazyky, medzi ktoré v sucasnosti patri
ianalyzovany jazyk Beta, prindsaju rozne neStandardné prostriedky jednak pre
uloZenie vzoru, resp. jeho Casti do kniznice atiez pre ohybanie, modifikovanie
a prisposobovanie zovSeobecnen¢ho vzoru pre konkrétnu doménu pouzitia. Iked
autori jazyka JAVA sa pri jeho vyvoji v mnohych veciach inSpirovali prave jazykom
Beta, prostriedky, ktoré ponuka jazyk JAVA, ani zdaleka nezodpovedaji Sirokej
podpore znovupouzitia vo vSeobecnosti v jazyku Beta. Ide zrejme o prili§ Specifické
prostriedky, ktorych implementacia v novych jazykoch je prili§ naro¢na, a zavereény
efekt by nebol postacujuici.
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Na druhej strane Standardné objektovo-orientované jazyky ponukaju iba zakladné
prostriedky pre znovupouzitie. V mnohych pripadoch objektovo-orientované jazyky,
ktoré patria do tejto skupiny, disponuju jazykovo S$pecifickym prostriedkami ako
napriklad generické triedy alebo viacnasobné dedenie, ktoré su sice pomerne
jednoducho v danom jazyku pouziteI'né, no pri nutnosti portovania takéhoto riesenia na
iny implementacny jazyk sa vyndraju problémy spojené s realizaciou tychto Specifik
pomocou prostriedkov jazyka, ktoré su k dispozicii. NavySe pri niektorych navrhovych
vzoroch nemusia postacovat’ ani tieto jazykovo Specifické prostriedky pre vytvorenie
prehl’'adného riesSenia.

Celé snazenie azavery zjednotlivych casti zaoberajucimi sa znovupouzitim Casti
navrhovych vzorov akoby smerovali k univerzalnym rozsireniam jazyka, ktoré budu
realizovatené vo vicsSej skupine jazykov a aplikacnému programdtorovi poskytni
roz§irené moznosti znovupouZitia tried, metéd a v kone€nom ddsledku i samotnych
navrhovych vzorov. RieSenie sa ponuka formou znovupouzitia koncernov s vyuZzitim
adaptacii. Analyza rieSenia s prekompilatorom pre jazyk JAVA ukazala, ze ide
o pomerne jazykovo nezavislé rieSenie rozsirujiice moznosti znovupouzitia zdrojového
kodu ako takého. Umoznenim vytvarania hierarchii adaptérov a oddelenim spolo¢ného
zdrojového kodu od Specifického sa v koneénom désledku zvysi prehladnost’ rieSenia
a jeho udrziavatelnost. Na druhej strane sme nemali moZnost’ vyskuSat’ rieSenie na
vlastnom priklade, ateda nevieme, ako sa prekompilator chova aj v pripade
jednoduchych syntaktickych chyb v adaptéroch. Prostriedky, s ktorymi prisli autori
tohto rieSenia, sa zdajii postaujuce na vytvorenie kniZnice znovupouZitenych
navrhovych vzorov, pricom oddelenie vSeobecnych ¢asti od doménovo zavislych ako
i pouzitie navrhového vzoru zkniznice by malo zostat’ prehladné, zrozumitelné
a l'ahko udrziavatelné.

Od CASE nastrojov cez atypické a Standardné objektovo-orientované jazyky az
k rozsireniam objektovo-orientovanych jazykov je len vybrana skupina moznosti ako
znovupouzit’ zdrojovy kod, resp. ako znovupouzit' zdrojovy kod navrhového vzoru.
Stale zostava viacero otvorenych otdzok a alternativnych moznosti, ktoré moézu
vyznamnym spdsobom ul'ah¢it’ pouzitie a znovupouzitie navrhovych vzorov.

9.71  Otvorené problémy

V zasade sa da povedat’, Ze sme rozdelili pohl’ad na znovupouzitie navrhovych vzorov
na dve zakladné skupiny, od ktorych sa odvijaji rézne problémy. Konkrétne ide o:

= znovupouzitie navrhovych vzorov formou CASE néstrojov a

= znovupouzitie navrhovych vzorov, resp. ich c¢asti pomocou samotného
implementac¢ného jazyka.

Postupne sme identifikovali problémy s viditelnost'ou vzorov v celkovom navrhu, ¢o je
spojené sndvrhom aimplementidciou prehladnej aSiroko pouzitelnej notacie
a s pouzitim mikroarchitektar, ktoré st esSte i dnes pomerne nejasne definované vo
vSeobecnosti atiez chyba definicia, ¢i uz formalna alebo semiformalna, skupin
spolupracujiicich vzorov vo forme definicii mikroarchitektur. Zaujimavé sa zda
vytvorenie kataldgu mikroarchitektur ako skupin spolupracujucich vzorov, priCom
Struktira katalogu by mohla byt podobna Struktare sti€asnych katalogov navrhovych
VZOTOVv.
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Pokial’ hovorime o jazykoch aich prostriedkoch, je potrebné analyzovat dalSie
sposoby znovupouzitia Casti navrhovych vzorov. Analyzovali sme viacero sposobov
ako znovupouzit’ navrhové vzory. Dalej je potrebné tuto skupinu doplnit’ 0 moZnosti:

= aspektovo-orientovaného programovania,
= pouzitia anotacii a d’alSich nestandardnych prostriedkov.

Dalej je potrebné sledovat’ najnovsie trendy v oblasti vyvijajiicich sa verzii existujicich
alebo novych jazykov asnimi savisiacu podporu navrhovych vzorov priamo
v implementaénych jazykoch.

Na zaklade vysledkov analyz rdznych spdsobov znovupouzitia Casti névrhovych
vzorov na urovni zdrojového kodu by bolo zaujimavé navrhnit’ a prototypovat
ulozisko navrhovych vzorov vo forme pristupnej pre priame znovupouzitie.

Zo sucasnych analyz vychadza ako jeden z najprehl'adnejSich spdsobov prave rieSenie
spojené s rozsirenim jazyka o Specidlne konstrukcie, ktoré¢ do istej miery umoziuju
nestandardné spdsoby znovupouzitia vo vSeobecnosti.

Pripadné porovnanie viacerych sposobov realizacie uloziska vzorov by prinieslo uréite
zaujimavé vysledky.
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