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Publikacia, ktorti dostavate do ruk, je uz Stvrtou v poradi v Edicii vijskumnyjch textov informatiky
a informacnych technoldgii na témy z oblasti programovych a informacnych systémov. Tato
publikacia ako aj doterajsie Stidie sa venuju dvom taziskovym okruhom. Prvym okruhom
su pokrocilé metddy navrhovania softvéru. Druhym st pokrodilé metddy ziskavania, vy-
hladavania, reprezentacie a prezentacie informacii. Volba oboch okruhov tém nebola na-
hodna. Vsetky tieto témy st aktualnymi témami sticasného vyskumu v oblasti programo-
vych ainformacnych systémov. Ako také si predmetom zaujmu, Stadia a vyskumu
Studentov, tj. najmd Studentov doktorandského Stidia. Oni st nielen prvymi Citatelmi
Stidii, vybrani doktorandi st aj autormi jednotlivych ¢asti v kazdej z publikécii.

Prvé Stidie sa sustredovali na dve taZiskové témy. Prvou témou bola analyza navr-
hovych vzorov, ktoré predstavuju jednu z klticovych oblasti vyvijajlicej sa discipliny sof-
tvérového inzinierstva. Druha cast obsahovala pat studii z vybranych tém programovych
ainformacnych systémov, ktoré diskutuju a analyzuju otvorené vedecké problémy
v predmetnej oblasti aj v spojitosti so spracovanim informaécii na internete.

Druhé Stiidie sa ststredili vo svoje prvej Casti na analyzu réznych aspektov toho, ¢o
sa zacalo nazyvat webova inteligencia. V ramci druhej casti sme uviedli styri studie, ktoré
diskutujui a analyzujui vybrané otvorené vedecké problémy podobne ako v prvom zvézku.

Tretie Stildie sa v prvej Casti venuje otdzkam spojenym s architektirou softvéru. Po-
skytuje prehl'ad roznych pristupov k navrhovaniu a k tvorbe architektiiry softvéru, pricom
sa zaobera aj niektorymi aplika¢nymi aspektami. Druha cast uvadza styri sttdie koncipo-
vané podobne ako v predchadzajucich zvédzkoch.

Obdobny postup ako pri doterajsich Stididch sme zvolili aj pri tomto zvazku. Vznikol
na zaklade seminarov Studentov doktorandského Studia Studijného programu progra-
mové systémy v odbore softvérové inzinierstvo na Fakulte informatiky a informacnych
technologii Slovenskej technickej univerzity v Bratislave.

Informatika a informacné technoldgie st klicovym prvkom budovania modernej
spolocnosti ,,zaloZenej na vedomostiach”, ako je dnes mddne vraviet. Mladi talentovani
absolventi druhého stupna vysokoskolského studia v oblasti informatiky alebo pribuznych
oblastiach maju v stcasnosti velké moznosti uplatnenia sa v praxi. Sticasna spolocnost
vSak potrebuje aj Specializovanych odbornikov a vedeckych pracovnikov sukoncenym
tretim stupfiom vysokoskolského studia v Studijnych odboroch skupiny informatickych
vied, informacnych a komunikaénych technoldgii tak, aby bolo mozné budovat ekonomi-
ku zalozenu na najnovsich vedeckych poznatkoch. V SirSom kontexte ide o rozvoj spoloc-
nosti (ak chcete, zaloZzenej na vedomostiach), nielen ekonomiky, schopnej vyrovnavat sa
so zlozitymi vyzvami, ktoré pred nou stoja. S tym suvisi potreba profesionalov v oblasti
uchovavania, spracivania a prezentdcie informacii v bohatej palete reprezentacii ako za-
kladného prvku informacnej spolo¢nosti.
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S rozvojom informatiky a informacnych technolégii sa posiliiuje potreba odbornikov
v Specializovanych oblastiach, schopnych samostatne rieSit otvorené problémy, ktoré ne-
maja doteraz zname rieSenia. Prave doktorandi sa na takuto tlohu pripravuja svojim dok-
torandskym stadiom. Z iného pohladu ide totiz o vyskum, ktory je podstatnou naplnou
ich $tudia. Jednym z prejavov fungujiicej vyskumnej ¢innosti na pracovisku je semindr.
Semindre, ktoré sa uskutocriuju na Fakulte informatiky a informacénych technologii Slo-
venskej technickej univerzity v Bratislave v ramci doktorandského stiidia sa zameriavaji
na rozne oblasti programovych a informac¢nych systémov. V prvom zvazku Stidii sme
podchytili seminar venovany navrhovym vzorom a v druhom semindr venovany webovej
inteligencii. V trefom sa semindr sustredoval na podstatu softvérovej architektury.
V tomto zvazku sme zostali pri téme softvérovych systémov. Zvolili sme pohlad, v ktorom
je architekttira sice vyznamnym, ale len jednym z viacerych podstatnych pojmov. Pohlad,
ktory sme v tejto knihe podrobili skiimaniu, nazera na tvorbu softvérovych systémov cez
prizmu softvérovych paradigiem.

NasSou ambiciou bolo spristupnit zdujemcom o softvérové inZinierstvo vybrané témy
a tym zdielaf vysledky seminarov a tvorivého pristupu studentov k jednotlivym témam
v ramci diskusii. Vyskumné texty v tejto publikacii si vhodné aj pre Studentov dalsich
studijnych programov v odboroch ako napr. informatika, aplikovana informatika, infor-
macné systémy, ¢i umeld inteligencia a to v Studijnych programoch uskutocriovanych
na Slovenskej technickej univerzite v Bratislave a aj na inych univerzitach.

Publikacia pozostava z dvoch dielov. V prvom (Diel 1: Softvérové paradigmy) sa sus-
tredujeme na prevladajace spdsoby opisu a navrhovania softvérovych systémov na roz-
nych drovniach abstrakcie. Druhy (Diel 2: Vybrané témy programovych a informacnych
systémov) obsahuje sedem $tudii, ktoré diskutuju a analyzuji vybrané otvorené vedecké
problémy z dynamicky sa rozvijajiicej oblasti programovych systémov so Specidlnym do-
razom ha programoveé informacné systémy aj v spojitosti s Internetom.

Diel 1: Softvérové paradigmy

Co st to softvérové paradigmy? Jedna cesta, ktora by mohla viest k odpovedi, ide cez po-
drobnejsie preskiimanie pojmu paradigma. Pojem paradigma nadobudol moderny (stcas-
ny) obsah najmé vdaka praci T. Kuhna, v ktorej sa zaoberal paradigmou ako vysledkom
vedeckej revolicie, meniacej nahlad vedeckej komunity prislusnej oblasti na problémy
a metddy rieSenia prelomovym sp6sobom.

Uvadzame tento vyznam slova paradigma, pretoze sa jednoducho v ziadnom vedec-
kom pojednani, postavenom na pojme paradigmy, neda dost dobre obist. To vSak nezna-
mena, ze to je jediny relevantny pohlad. Jednotlivé oblasti poznania casto pouzivaji po-
jem paradigma v zmysle, ktory je do znacnej miery odlisny, iked mozno nie priamo
protirecivy. VadSinou sa pojem paradigma v Specidlnych oblastiach poznania pouziva
v omnoho SpecidlnejSom zmysle, nez ako sa chape Kuhnovska paradigma. Tu uz para-
digma nie je nutne vysledkom vedeckej revolucie ¢i prevratu. Paradigma tiez nie je (jedi-
nym) prevladajucim ndhladom na metddy rieSenia problémov prislusnej oblasti. Pokojne
mozeme hovorif o paradigmach v mnoznom C¢isle, nakolko sa v komunite uznava viacero
dost Specifickych schém rieSenia problémov.
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Takto nejako budeme chapat paradigmu aj my v tejto knihe. Podobne ju chape S. H.
Kaisler vo svojej monografii Softvérové paradigmy, ktora bola hlavnou odportcanou lite-
ratirou pre studentov doktorandského semindra. Kaisler sa zaobera softvérovymi para-
digmami, cleniac ich zhruba podla granularity casti softvéru, ktorych sa tykaju. Zakladné
¢lenenie, podla ktorého budeme postupovat, je clenenie na triedy navrhovych vzorov,
softvérovych architektir a rdmcov.

Navrhové vzory st dnes uz znamou schémou vyjadrenia navrharskej skusenosti
v oblasti navrhovania softvérovych systémov. Budeme sa zaoberat nielen softvérovymi
vzormi, ako st Unikat, Abstraktna tovaren, Obalovac, ale aj vzormi pre navrhovanie roz-
hrania ¢lovek-pocitac. Okrem toho sa vzory zacinaju pouzivat aj v inych doménach.

Dalsou déleZitou troviiou ¢lenenia softvéru, pre ktori mame ustdlené postupy navr-
hovania, st softvérové suciastky. Specialnou skupinou st stdiastky pre distribuované
spracovanie. No a tiez sa budeme venovat paradigmam samotnych softvérovych architek-
tar. Tu sa rozliSuju najma podla toho, ¢i ide o systém, zaloZeny na spracovani toku dat
alebo systém, ktorého Strukturovanie je dané klasickou schémou volani alebo systém,
Strukturovany ako hierarchia virtudlnych strojov. Neobideme ani architektiry softvéro-
vych systémov stibezného spracovania. Do tohto kontextu dnes uz neodmyslitelne patria
ramce. Venovat a budeme nielen klasickym ramcom pre grafické rozhranie clovek-pocitac,
ale aj napr. vyvojovym ramcom.

Prave toto boli hlavné dovody, pre ktoré sme sa rozhodli zamerat doktorandsky se-
minar v akademickom roku 2008/09 na softvérové paradigmy v takom chapani, v akom ho
prezentuje uvedena knizka. Vybrané kapitoly sa stali zakladom pre referaty, ktoré boli
uvodmi pre semindrne diskusie. Semindr v ramci doktorandského studia viedol Pavol
Navrat. Doktorandi, ktori referaty predniesli, dopracovali ich textovi podobu potom
do vysledného tvaru, ktory mame moznost citat v tomto zvéazku.

Kazda kapitola je tak vysledkom tvorivej ¢innosti, ku ktorej prispeli viaceri. Samotny
text kazdej casti v ramci jednotlivych kapitol vzdy ten-ktory doktorand. Ako autor vycha-
dzal nielen z uvedenej monografie, ale aj z inych literarnych pramenov, ktoré prestudoval.
Na semindroch prebiehala diskusia, na ktorej sa zucastiiovala celd skupina doktorandov
a ktora v tom-ktorom pripade ovplyvnila definitivne znenie opisu. Napriek tomu povazu-
jeme za korektné, aby sme oznacili ako jedinych autorov jednotlivych opisov doktorandov,
ktori im dali pisomnt podobu.

Nas vyber tém zo softvérovych paradigiem, ktory sme zaradili do semindra (a teda aj
do tejto knizky), mozno rozélenit do Styroch okruhov (kapitol tejto publikacie): navrhové
vzory (6 tém), softvérové suciastky (7 tém), architekttry softvéru (8 tém) a ramce (3 témy).
Autori sa podielali na jednotlivych kapitolach takto:

— Ndvrhové vzory
o Prehlad navrhovych vzorov: Nikoleta Habudova
o Unikat: Ivan KiSac
o Abstrakina tovaren: Tomas Kuzar
o Obalovac: Pavol Mederly
o Pozorovatel: Marian Simko

o Rozhranie ¢lovek-pocitac: Jozef Tvarozek
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— Softvérové suciastky
o Softvérové suciastky a ich modely: Nikoleta Habudova
o Distribuované stciastky: Tomas Kuzar
o Sucdiastky zalozené na udalostiach: Ivan Kapustik
o CORBA: Pavol Mederly
o JavaBeans: Marian Simko
o System Object Model: Jozef Tvarozek
o Softvérové inzinierstvo zalozené na suciastkach: Ivan Kapustik
— Architektiiry softvéru
o Prehlad architektur softvéru: Ivan Kisac
o Systémy riadené tokom tidajov: Tomas Kuzar
o Datovody a filtre: Pavol Mederly
o Volanie a navrat: Jozef Tvarozek
o Systémy nezavislych stciastok: Ivan Kapustik
o Ulozisko: Nikoleta Habudova
o Architektiry subezného softvéru: Ivan Kisac
o Vyzvy softvérovej architektiry: Tomas Kuzar
— Rdmce
o Zakladné koncepty rdamcov: Ivan Kisac
o Ramce GUI: Marian Simko

o Vyvojové ramce: Marian Simko

Nase Stiidie st dielom, ktoré sa 1i$i od Kaislerovej monografie. Taky bol nas timysel, Kais-
lerova monografia bola cennou insSpiraciou a vychodiskovym zdrojom vedomosti. Su to
dve rozdielne diela. Nage Stidie nemdzu Kaislerovu monografiu nahradit. Prave naopak,
vsetkym zaujemcom ju vrelo odporacame.

Diel 2: Vybrané témy programovych a informacnych systémov

Do druhej casti zaradujeme osem studii, ktoré sa venuju vybranym otvorenym vedeckym
problémom, tykajicim sa programovych a informacnych systémov. Ide o oblasti, v kto-
rych prebieha velmi intenzivny vyvoj. Programové systémy sa stavaju systémami, po-
sobiacimi v coraz roznorodejSom prostredi, vratane internetu. Stavaju sa sticastou coraz
komplexnejsich systémov — na jednej strane rozsiahlych informacnych systémov, na druhej
strane systémov, spolu urcenych technickou platformou, ktorou uz davno nie je len poci-
ta¢ v klasickom slova zmysle, ale aj najroznejsie vnorené systémy, (tele)komunikacné sys-
témy a pod.

Informacné systémy sa stavaju univerzalnym modelom spdsobov vyhladdvania, zis-
kavania, spristupnovania, uchovavania, odovzdavania, spolocného pouzivania, prezento-
vania informacii. I ked sa v zasade da na ne nazerat odhliadnuc od toho, ¢i st operacie
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a procesy podporené pocitacom alebo nie, ¢oraz viac sa zvéacésuje prakticky vyznam infor-
macnych systémov, ktoré su realizované pomocou programovych systémov (a tie samo-
zrejme pomocou pocitacovych systémov alebo inych technickych systémov, zahrnajicich
pocitace). Je to najma preto, ze softvérovo podporené informacné systémy maju vdaka
moznostiam, ktoré poskytuje naprogramovany pocitac, vyhody, ktoré sa ru¢nym spraco-
vanim nedaju dosiahnut. Toto je stcasne aj argumentom pre tzke prepojenie vyskumu
v oboch oblastiach — ako softvérového inzinierstva, tak aj informacnych systémov.

Stadie st vysledkom prace doktorandov v ramci ich doktorandského $tidia. Mozno
nezaskodi pripomenut, Ze doktorandské Stidium sa kona pod vedenim skolitela.
Na kazdej stadii ma preto podiel aj prislusny skolitel. Napriek tomu vSak povazujeme
za korektné, aby sme oznacili ako jedinych autorov jednotlivych studii doktorandov. Oni
im dali pisomnu podobu, predlozili a aj ispesne obhajili ako pisomnu cast svojej dizertac-
nej skusky. Autori sa podielali na jednotlivych kapitolach takto:

— Znovupouzitie navrhovych vzorov na urovni modelu: Lubomir Majtds

(8kolitel prof. Pavol Navrat)

— Semantic Web Services: Peter Bartalos
(8kolitel: prof. Maria Bielikova)

— Spristupriovanie informdcii pomocou grafov: Jan Suchal
(8kolitel prof. Pavol Navrat)

— User Modeling for Personalized Web Based Systems: Michal Barla
(8kolitel prof. Maria Bielikova)

— Personalized Collaboration: Jozef TvaroZek
(8kolitel: prof. Maria Bielikova)

— Semantic-based Navigation in Open Spaces: Michal Tvarozek
(8kolitel: prof. Maria Bielikova)

— Ziskavanie informdcii z webu metddami inspirovanymi socidlnym hmyzom:
Anna Bou Ezzeddine (Skolitel prof. Pavol Navrat)

Dufame, ze tato knizka poslizi zdujemcom o poznanie programovych a informacénych
systémov. Umoznuje spolo¢ne vyuzif vysledky stiidia v tejto oblasti. Tesime sa na pripad-
né odozvy alebo pripomienky.

August 2009,
Bratislava Maria Bielikova a Pavol Navrat
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NAVRHOVE VZORY

Nikoleta Habudovad, Ivan Kisac, Tomas Kuzar,
Pavol Mederly, Maridn Sinko, Jozef TvaroZek

Navrhové vzory st vyznamnym pojmom softvérového inzinierstva, ktory so sebou prina-
$a objektovo-orientovana komunita. Navrhovy vzor predstavuje abstraktné rieSenie prob-
lému softvérového navrhu. Prva zmienka o nadvrhovych vzoroch sa objavila v praci Chris-
tophera Alexandra, ale taktiez pochadza z tispesného vzoru Model-Pohlad-Ovladac (angl.
Model-View-Controller, MVC), ktory sa vyuzil vjazyku Smalltalk-80 pre navrh grafického
rozhrania (angl. Grafical User Interface, GUI). Dnes existuje niekolko kategoérii navrhovych
vzorov naprie¢ mnohych technickych a netechnickych disciplin.

Hoci vzory sa vinych odboroch pouzivaji uz stovky rokov, vramci vedy
o pocitacoch sa im venuje pozornost iba v poslednom desatroci. V roku 1987 Cunningham
aBeck pouzili napad Christophera Alexandra avyvinuli maly vzorovy objektovo-
orientovany programovaci jazyk pre Smalltalk-80. Neskor ini autori postupne zhromaz-
dovali a katalogizovali narastajuci zoznam navrhovych vzorov. Nakoniec v roku 1995
skupina autorov znama pod nazvom Gang of Four (GoF: Gamma, Helm, Johnson
a Vlissides) publikovala svoju knihu navrhovych vzorov.

Typy vzorov

Navrhovanie systémov je velmi naro¢ny problém. Mozno ho zjednodusit znovupouzitim
existujucich navrhov. Pri existujicich ndvrhoch treba mat k dispozicii nielen opis, ktory
urcuje ,¢o” sa navrhuje, ale aj , preco”. Prave to zdévodnenie navrhu je rozhodujtice, ¢i
dany navrh je aplikovatelny resp. prisposobitelny. Existuje niekolko spdsobov ¢lenenia
vzorov. Jednou z moznosti je klasifikacia podla Copliena na:
— Generativne — Specifikovanim softvérovej architektiry pomahaji navrhovat a budovat
systém. Su normativne a aktivne. Maju pozitivny vplyv na Struktiru systému, ktory
sa buduje.

— Negenerativne — opisné a pasivne, zabudované v systéme, nemusi byt za nimi Zziadna
logika.
DalSia mozZnost ¢lenenia vzorov je zaloZena na urovni abstrakcie. Riehle a Ziillighoven
(1996) navrhuju tri typy softvérovych vzorov:
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— konceptudlne — mozu predstavovat komplexny navrh pre celt aplikaciu alebo podsys-
tém,
— ndvrhové — poskytuju rieSenia pre vseobecné problémy navrhu v prislusnom kontexte,
— programovacie — poskytuju znovu pouzitelné suciastky ako napr. prepojené zoznamy
a transformacné tabulky.
Klasifikaciou navrhovych vzorov sa zaoberali GoF. Sadu vzorov, ktortt mozno aplikovat
v urcitej oblasti charakterizujeme ako vzorovy priestor (angl. pattern space). Doteraz bolo
navrhnutych niekolko vzorovych priestorov. Tabulka 1-1 uvadza prehlad vzorovych prie-
storov ako ich pdvodne prezentovali GoF (Gamma, 1995).

Tabulka 1-1. Prehlad navrhovych vzorov podla GoF.

Ugel Navrhovy vzor

Vzory vytvarania

Abstract Factory

Abstraktna tovaren

Builder Stavitel
Factory Method Vyrobna metdda
Prototype Prototyp
Singleton Unikat
Strukturalne vzory Adapter Adaptér
Bridge Premostenie
Composite ZloZenina
Decorator Dekoratér
Facade Fasada
Flyweight Musia vaha
Proxy Zastupca
Vzory spravania Chain of Responsibility | Retaz zodpovednosti
Command Prikaz
Interpreter Interpreter
Iterator Iterator
Mediator Sprostredkovatel
Memento Memento
Observer Pozorovatel
State Stav
Strategy Stratégia

Template Method

Sablénova metdda

Visitor

Navstevnik

Vzory GoF su rozdelené do troch kategdrii: vzory vytvarania (angl. creational patterns),
Strukturalne vzory (angl. structural patterns) a vzory spravania (angl. behavioral patterns).

Vzory vytvarania sa zameriavaju na vytvaranie objektov, typicky delegovanim tejto
Cinnosti na vhodny objekt. Strukturalne vzory sa zaoberaju spdsobmi, akymi su triedy
a objekty spajané za ticelom vytvarania zlozitejSich strukttr. Vzory spravania sa zaoberaju
rozdelenim zodpovednosti medzi objektami aopisom ich komunikacie veducej
k spolupraci pri vykonavani tlohy, ktorti nedokaze vykonat len jeden samotny objekt.
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Z 23 vzorov su 4 vzory vzormi tried (Factory Method, Adapter, Interpreter, Template
Method), kym ostatnych 19 vzorov je objektovymi vzormi. Vzory tried sa ststreduju
na staticky vztah medzi triedou a jej podtriedami, zatial' co objektové vzory sa zaoberaji
dynamickymi vztahmi, ktoré mozno spravovat pocas vykonavania programu (angl. run-
time).

Opis vzoru

Existuje niekol'ko sposobov ako opisat vzory. Autori GoF navrhujua styri zakladné charak-
teristiky pre opis vzorov:

— ndzov — vystihuje zakladnt charakteristiku vzoru,

— problém - opisuje typicky problém, na ktory sa vzor aplikuje,

— riesenie — Specifikuje ako riesit problém vratane opisu elementov, vztahov medzi se-
bou navzajom a zodpovednosti voci ostatnym elementom,

— dbsledky — poukazuju na to, kedy a ako mozno vzor pouZit, prip. sa uvadzaja vyhody
a nevyhody aplikacie vzoru.

Taktiez boli navrhnuté pridavné charakteristiky, ktoré mézu zlepsit pochopenie vzoru:

— aplikovatel'nost — predstavuje obmedzenia, kedy vzor zodpoveda realnej situdcii,

— priklady — priklady aktudlneho pouzitia vzoru pri rieSeni redlnych problémov,

— ukdzkovy kéd — implementacia vzoru v danom kontexte,

— raciondlny vyznam — formou strucného vysvetlenia, preco bolo rieSenie aplikované
a pre dany problém uZitocné,

— suvisiace vzory — vzory, ktoré mozno pouzit sicasne, pricom sa uvedie dany kontext
a obmedzenia.

Opis navrhovych vzorov ma byt nezavisly od programovacieho jazyka alebo implemen-
tacnych detailov, pretoze navrhovy vzor je vlastne sablénou, podla ktorej mozno rieSenie
aplikovat v r6znych situaciach.

Ako najst navrhovy vzor

Zakladnou podmienkou pre ,,objavenie” navrhového vzoru je, aby programator riesil da-
ny problém sam a pritom si robil poznamky o tom, ako jednotlivé problémy riesil.
S pribudajticimi skisenostami zistime, Ze ide stdle o tie isté typy problémov. Vzdy, ked sa
dany alebo podobny problém vyskytne, poznacime si v ¢om je odlisny, v ¢om je rovnaky
aako sme ho vdanom pripade vyriedili. Eventualne vytvorime Standardny sposob
na rieSenie takéhoto problému, ktory budeme trvalo pouzivat. Tak vznik4 navrhovy vzor.

1.1 Unikat
Unikat je vzor vytvarania znamy vacsinou pod anglickym nazvom Singleton, t.j. nieco jedi-

necné.

1.1.1 Ucel

Ako uz z nazvu tohto navrhového vzoru vyplyva, pri jeho pouziti pojde o uréiti jedinec-
nost. Vzor Unikat zabezpecuje v prvom rade existenciu najviac jednej instancie triedy,
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ktord bola podla tohoto vzoru navrhnuta. Prikladom takejto inStancie je (v zvycajnom
stave) napr. prezident krajiny, t.j. maximalne jedna osoba.

Vzor Unikat sa pouZziva najma pri implementdcii tried riadiacich objektov aplikacie,
resp. objektov, ktoré budu v aplikacii jediné svojho druhu, ¢ize kazdy takyto objekt bude
jedinou inStanciou svojej triedy. Takmer kazda aplikdcia pracuje napr. s jedinou mysou,
klavesnicou a pod., kde kazdé z tychto zariadeni moze byt reprezentované jednym objek-
tom. Nehardvérovymi prikladmi mo6Zze byt napr. subor dennika aplikacie — log, pripadne
manazér okien aplikdcie a pod. Pouzitie vzoru Unikat riesi aj problém s pristupom
k takymto objektom. Napomaha v jednoduchosti amoznosti globalneho pristupu
k objektu vdaka pouzitiu statickych metod.

Statické metody triedy implementovanej na zdklade vzoru Unikat zabezpecuju aj vy-
tvaranie konkrétnych objektov (v skutocnosti jediného objektu) tejto triedy. Tak trieda
samotna zaistuje existenciu prave jednej svojej instancie.

Pouzitim Unikatu mézme napriklad zapis do denniku aplikacie realizovat jednodu-
cho vyziadanim instancie dennika a zapisom do nej. Ci ide o prvy zépis a treba instanciu
a popritom aj realny stibor vytvorit, vyhodnocuje samotna trieda a na zaklade toho vrati
existujucu alebo vytvori novt instanciu. Unikat je teda charakterizovany:

— najviac jednou instanciou svojej triedy,

— globalnym bodom pristupu k instancii.

1.1.2 Struktira

Unikat je navrhovy vzor, ktory dava pozadované, pren charakteristické vlastnosti, kon-
krétnej triede, preto Strukturalne neovplyvinuje a nezahfiia v sebe iné triedy, ale aplikuje sa
iba na zelanu triedu (resp. viaceré zelané triedy v aplikacii).

Singleton

-singleton : Singleton

-Singleton()
+getinstance() : Singleton

Obrazok 1-1. Unikat (Singleton) — Struktara vzoru.

1.1.3 Si#casti

Unikat (angl. Singleton) — samotna vzorova trieda reprezentujuca Unikat. Zabezpecuje
vSetku funkcionalitu s ohfadom na vytvaranie jedinej inStancie tejto triedy (seba samej)
prostrednictvom svojej statickej metody.

1.1.4 Dosledky
Unikat je vhodné pouzit, ak:
— vlastnictvo inStancie sa neda rozumne pridelit,
— pomala (neskora) inicializcia nie je neZiaduca — kedZe sa inStancia vytvara az pri pr-
vom vyZiadani,

— globalny pristup nie je inak poskytovany.
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Pouzitie Unikatu so sebou prinasa niekolko doésledkov:

— vzor Unikat umoznuje lahky pristup k jedinecnej inStancii triedy pomocou statickej
metody a statického atribuitu reprezentujiceho instanciu triedy,

— sprava vytvarania a spristupniovania inStancie je zapuzdrena v jednej triede, co
umoznuje fah$iu manipulaciu s iou a dava moznost jej zamienania pri dodrzani sta-
noveného rozhrania,

— vytvaranie inStancie a jedinecnost zabezpecuje trieda sama.

Pri testovani s pouzitim vzoru Unikat, napr. pomocou testov jednotiek (angl. UnitTests),
treba pamatat na to, Ze jednotlivé metddy pri testovani nevytvaraju vzdy novy objekt, ale
pri ziskavani nového dostant ten, ktory sa pouzil v minulom teste. Toto treba brat na ve-
domie a podl'a toho formulovat testy.

1.1.5 Implementicia

Zakladom implementacie je ukrytie konstruktora ako sukromnej metddy triedy. Taktiez
treba ukryt kopirovaci konstruktor aj operator priradenia. Tym sa znemozni nekontrolo-
vané vytvaranie intancii pouZzivatelom.

Na ziskanie inStancie musi pouzivatel volat statickii metdodu getInstance, ktora
umoznuje kontrolu nad vytvaranim instancii, pretoze iba ona vola konstruktor triedy. Tato
metdda najskor skontroluje, ¢i uz bola vytvorena instancia, ktord je v tom pripade repre-
zentovana ako sukromny atribut triedy. Ak tato inStancia neexistuje, vytvori sa, ulozi
a metdda vrati referenciu na fiu. Inak sa priamo vracia tato referencia.

Tento pristup predstavuje pomalt inicializaciu (angl. lazy initialization), pretoze in-
Stancia sa vytvara az pri prvej poziadavke na jej ziskanie.

1.1.6 Priklad
Prikladom vyuzitia aplikacie moze byt aj spominany vlastny dennik aplikacie (angl. log).
Schematicky nacrt jeho implementdcie poskytuje priklad 1-1.

public class MyLog ({
private static MyLog* log;

public static getInstance() {
if (log==NULL) {
log=new MyLog() ;
//inicializacia a otvorenie suboru

}

return log;

}

public int write(char * message) {
}
//dalsie metody pre pracu s dennikom

MyLog: : 1og=NULL;

Priklad 1-1. Zdrojovy kéd vzoru Unikat.
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MozZnym rozsirenim zaloZenym na vzore Unikat (pricom sa navrh do istej miery od-
klana od povodnej myslienky vzoru) je vytvorenie triedy s maximalnym poétom instancii
vyssim ako 1. Takato trieda predstavuje akysi vSeobecnejsi typ. Unikat by predstavoval
jeho Specializaciu pre maximalny pocet instancii = 1.

1.1.7 Pribuzné vzory

Vzor Unikat sa mo6Ze pouZif aj pri implementdcii inych vzorov, napr. abstraktna tovaren
(angl. Abstract factory), stavitel (angl. Builder), prototyp (angl. Prototype), fasada (angl. Faca-
de), stav (angl. State).

1.2 Abstraktna tovaren

V prehladovej casti tejto kapitoly sme sa zaoberali existenciou a pouzitim navrhovych
vzorov. Mdzeme povedat, ze zdkladom takéhoto vzoru je znovupouzitelné rieSenie
pre opakujtci sa problém. Jednym z velmi ¢asto pouZzivanych navrhovych vzorov je Ab-
straktna tovaren (angl. Abstract Factory). Nasledujuica Cast je venovana pouzitiu a moznym
implementaciam Abstrakinej tovarne.

Ako uz sme spomenuli v ivodnej casti, ndvrhové vzory vytvarania predstavuju zo-
vSeobecnenie tvorby objektov. Jednym zo vzorov vytvarania je tiez Abstraktna tovaren.
Vzory vytvarania zjednodusuju proces vytvarania objektov tym, Ze zakryvaju konkrétnu
implementaciu vytvaranych objektov a spdsob, akym st tieto objekty navzajom pospajané.

Aplikacia ma k dispozicii len rozhrania tried, ktoré moéze pouzivat, ako to je znazor-
nené na obrazku 1-2. Konkrétna implementacia a samotny sposob vytvarania objektov
ostava skryty. Tento fakt dava rieSeniu problému vytvarania objektov velku flexibilitu
a aplikacia sa nemusi starat o to, ¢o sa vytvori, kedy sa to vytvori a ani ako sa to vytvori.
O tieto aktivity sa postara abstraktna tovaren. Aplikacia pouziva len definované rozhrania.

Abstraktna tovaren Klient

T I ——

+Vytvor produkt A()

v

Abstraktny produkt A

Konkrétna tovaren Produkt A1

+Vytvor produkt A()

Obrazok 1-2. Abstraktna tovaren.

1.2.1 Priklady pouZitia Abstraktnej tovdrne

Moézeme identifikovat viacero moznosti aplikovania vzoru Abstraktna tovaren.
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Priklad z redlneho sveta

Abstraktnti tovaren mozno pripodobnit stroju na vyrobu cestovin. Pouzitim tohto stroja
modzeme vytvorit cestoviny réznych tvarov v zavislosti od nadstavca, ktory je na konci
stroja. Do stroja vstupuje vZdy rovnaka hmota, ale zo stroja vychadza cestovina pozado-
vaného tvaru. Stroj ma teda tlohu abstraktnej tovarne a nadstavec ma tlohu konkrétnej
tovarne.

Grafické prvky pre viaceré operacné systémy

Dalsim prikladom Abstraktnej tovérne je trieda WindowFactory s metédou napriklad
CreateButton. WindowFactory je abstraktna tovaren. Jednoduchym prikladom pouZitia
vzoru Abstrakina tovaren moze byt prenosna klientska aplikacia, ktora chce pouzivat
viaceré grafické prvky operacného systému.

Ovladace pre rozne databazové systémy

Dalsim prikladom pouzZitia Abstraktnej tovarne je pripojenie na rozne databazové systé-
my. MoZeme si predstavit situaciu, kedy pouzivatel pouziva bezné prikazy na komunika-
ciu s databazou, avsak pracuje naraz s viacerymi druhmi databazovych systémov.

Vzor Abstraktna tovaren moéze byt pouzity aj v pripade, Ze chceme oddelit aplikaciu
od uloziska dat (napr. relacna databaza), ktoré tato aplikacia pouziva. Toto oddelenie apli-
kacie od databazy umoznuje zmenit relacntt databazu bez potreby zmien v aplikacii. M6-
Zeme si predstavit, Ze aplikacia pouziva niekol'ko zakladnych operacii na pristup do data-
bazy: DBTransaction, DBQuery a DBReport.

Implementacia tychto operacii je pre rozne databazové systémy odlisna, pricom
funkcionalita tychto operacii ostava v principe rovnaka. TakZe potrebuje sady jednotlivych
operacii pre rozne databazové systémy. Pre konkrétnu operaciu uréent pre konkrétny
systém potrebujeme vygenerovat samostatné SQL prikazy a tiez dalSie parametre, ktoré
mozno pouzit pri ladeni vykonnosti jednotlivych operacii.

Existuje viacero moznosti rieSenia. MoZeme kazdu operdciu implementovat zvlast
pre kazdy databazovy systém. Prislusny kod, ktory bude vykonany sa vyberie v ¢ase
kompilacie pomocou konstrukcie switch. Je vSak potrebné pri kazdej zmene rekompilovat
kéd aplikacie. Dalsou moznostou by bolo dynamické vytvéranie SQL prikazov, ale
v tomto pripade by bolo potrebné udrziavat vsetky verzie programu v ¢ase jeho vykona-
vania.

Za najvhodnejsie je vSak mozné povazovat rieSenie, kde bude pouZity vzor Abstrakt-
na tovaren. Aplikdcia poziada abstrakint tovaren o spristupnenie objektu, ktory bude
odpovedat zvolenej databazovej technologii. Aplikacia bude pouzivat funkcionalitu data-
bazy pomocou definovaného rozhrania.

1.2.2 PouZitie vzoru

Z prikladov uvedenych v predchadzajicej Casti mozno vytusit ucel pouzitia vzoru Ab-
straktna tovaren. Abstraktnu tovaren pouzijeme v pripade, ak chceme vytvarat skupiny
suvisiacich objektov a pritom nechceme Specifikovat konkrétne triedy vytvaranych ob-
jektov. Taka situdcia moze nastat vo viacerych pripadoch:
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— Systém ma mat moznost pouzivat jednu zo skupiny suvisiacich produktov na zakla-
de konfiguracie (grafické prvky pre urcity operacny systém).

— Suvisiace objekty st navrhnuté tak, aby boli pouzivané spolu (zvdcSa potrebujeme
viacero grafickych prvkov).

— Treba pouzit kniznicu tried bez odhalenia konkrétnej implementacie (pristupné budu

len rozhrania).

Abstraktna tovaren sa pouzije na vytvorenie konkrétnych tovarni. Vseobecny priklad pou-
Zitia vzoru Abstraktna tovaren opisujici jeho podstatu je uvedeny na obrdzku 1-3.

Abstraktna tovaren
«uses»

Konkrétna tovaren 2

,,,,,,,,,,,,,,,,,,,,,,,,,, «uses». _ __ |
+Vrat tovaren() Klient
+Vytvor A() R —

+Vytvor B() ! ;
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Obrazok 1-3. VSeobecny priklad pouzitia vzoru Abstraktna tovaren — podla (Grand, 2008).

Podobny diagram uvadzaji viaceri autori. Vysvetlime si podstatu jednotlivych prvkov:

— Klient — ma spristupnené len abstrakiné rozhrania. Triedy implementované na strane
klienta pouZzivaja rozne produkty, ale poznaju len ich abstraktné rozhrania a nemaja
ziadnu informaciu o implementaciach tychto tried.

— Abstraktna tovaren — je zodpovedna za vytvaranie konkrétnych tovarni a obsahuje
abstraktné definicie metdd pre vytvaranie suvisiacich produktov.
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— Konkrétna tovaren — zodpoveda za vytvaranie konkrétnych objektov, reprezentuje
konkrétne implementacie Abstrakinej tovarne.

— Abstraktna trieda alebo tiez rozhranie (vo vyssieuvedenom diagrame Prvok A, Prvok
B) definuje zakladné vlastnosti vytvaranych produktov v podobe svojich metdd.

— Konkrétna trieda (Produkt 1 Prvok A, Produkt 2 Prvok A, ...) — predstavuje imple-
mentaciu rozhrania. Klient k implementdcii tejto triedy nema pristup.

1.2.3 Implementdcia

V casti implementacia sa budeme venovat prezentacii niekolkych jednoduchych prikla-
dov, ktoré predstavuju implementaciu jednotlivych casti podielajucich sa na vzore Ab-
straktna tovaren. Jednotlivé priklady zdrojového kédu sa vztahuja k obrazku 1-3.

Na obrazku 1-4 je zobrazeny priklad pouzitia Abstraktnej tovarne, ktora je aplikova-
na v aplikacii pre testovanie hardvérovych sticiastok.
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Obrazok 1-4. Konkrétny priklad Abstraktnej tovarne.

Klient testuje CPU aMMU jednotky sdvoma réznymi instrukénymi sadami — Ember
a Enginola. Nechceme, aby sa klient musel zaoberat detailami implementacie testovacich
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tried pre jednotlivé inStrukcéné sady. Preto ma klient k depozicii len abstraktné rozhranie,
ktoré mu umoznuje testovat CPU aj MMU. O vyber konkrétnej sady poziada abstraktnt
tovaren (pozri priklad 1-2).
public class Client ({
public void doIt () {
AbstractFactory af;

af = AbstractFactory.getFactory (AbstractFactory.EMBER) ;
CPU cpu = af.createCPU() ;

} )).doIt
} // class Client

Priklad 1-2. Zdrojovy kéd aplikacie na strane klienta.

Zdrojovy kéd Abstrakinej tovarne opisuje funkcionalitu tejto stiCiastky. Abstrakina tova-
ren vytvori inStancie konkrétnych tovarni, v nasom pripade ide o konkrétnu tovaren
pre in$trukéna sadu pocita¢a Ember — EmberToolkit a inStruként sadu pre pocitac Enginola —
EnginolaToolkit. Abstraktna tovaren obsahuje metédu getFactory. Tato metdda vracia
referenciu na konkrétnu tovaren. Z pohladu klienta je getFactory metdda, ktorda mu
umoznuje zvolit si typ instrukcénej sady, ktort chce testovat. Okrem metddy getFactory
abstraktna tovaren obsahuje definicie metod, ktoré budu implementované konkrétnymi
tovarnami.
public abstract class ArchitectureToolkit {
private static final
EmberToolkit emberToolkit = new EmberToolkit () ;

private static final
EnginolaToolkit enginolaToolkit = new EnginolaToolkit () ;

static final ArchitectureToolkit getFactory(int architecture) ({
switch (architecture) ({
case ENGINOLA: return enginolaToolkit;
case EMBER: return emberToolkit;

}

} // getFactory()

public abstract CPU createCPU() ;
public abstract MMU createMMU() ;

} // BbstractFactory

Priklad 1-3. Zdrojovy kéd Abstraktnej tovarne. — podla (Grand, 2008)

Konkrétna tovaren predstavuje implementéaciu rozhrani, ktoré boli definované v abstrak-
tnej tovarni. V tomto pripade ide o metdédy createCPU a createMMU. Metody st urcené
na vytvaranie testovacich tried pre jednotlivé instrukcéné sady. Klient nema o spdsobe vy-
tvarania tychto tried priamu vedomost.
class EmberToolkit extends ArchitectureToolkit {
public CPU createCPU() ({

return new EmberCPU() ;
} // createCPU()



Navrhové vzory 13

public MMU createMMU() {
return new EmberMMU () ;
} // createMMU ()

} // class EmberFactory

Priklad 1-4. Zdrojovy kod konkrétnej tovarne.

Posledna cast zdrojového kddu predstavuje implementdciu tried. Tieto triedy st imple-
mentaciou rozhrani CPU a MMU, ktoré ma klient k dispozicii. Klient nepozna implementaciu
tried, ktoré implementuju rozhrania CPU a MMU. Klient nemoze priamo urcit, s ktorou trie-
dou bude pracovat. Postara sa o to abstrakind tovaren.

public abstract class CPU {
} // class CPU
class EmberCPU extends CPU {

} // class EmberCPU

Priklad 1-5. Zdrojovy kéd abstraktného rozhrania.

Uvedené ukazky zdrojového kodu st len jednou z moznosti, ako mozno implementovat
vzor Abstrakina tovaren.

1.2.4 Zhrnutie pouZitia Abstraktnej tovdrne

Abstraktna tovaren je jeden znajviac pouzivanych navrhovych vzorov najmé pre jeho
rozsirovatelnost a vSeobecnost.

Vyhody
Abstraktna tovareni umoznuje klientovi abstrahovat od implementacie jednotlivych tried.
Na strane klienta nie je potrebné sa zaoberat tym, ako je dany produkt implementovany,
klient ma k dispozicii len abstrakiné rozhrania. Klient sa nemusi starat o to, ako sa objekty
vytvaraju, a ani kedy sa vytvaraju.

Dalsou vyhodou je rozsirovatelnost, ¢o znamena, Ze ked klient potrebuje novy druh
produktu, mozno na strane abstraktnej tovarne pridat dalsiu konkrétnu tovaren.

Nevyhody
Pri pridavani dalsich produktov je nutné pridat metddy pre vytvaranie pre vsetky kon-
krétne tovarne. V nasom priklade mal klient k dispozicii dva produkty — testovanie CPU
a testovanie MMU. V pripade, Ze by chcel pridat dalsi produkt na testovanie, napr. graficky
koprocesor, bolo by potrebné implementovat tento produkt vo vsetkych konkrétnych to-
varnach. A to i v pripade, Ze klient by nechcel pouzivat vsetky produkty v ramci kazdej
sady.

Dalsou nevyhodou je vytvaranie konkrétnych tovarni pre vietky sady v abstraktnej
tovarni. Klient testoval dve inStrukéné sady — Ember a Enginola. Konkrétne tovarne pre obe
sady boli vytvorené priamo pri vytvoreni abstraktnej tovarne. Tato skutocnost ma
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zanasledok vysSie paméatové naroky v pripade pouzivania vzoru abstraktnej tovarne.
Riesenie tohto problému dava navrhovy vzor Prototyp.

Vzor Prototyp ako alternativa k Abstraktnej tovarni

Abstraktna tovaren je velmi podobna vzoru Prototyp. Prototyp je vzor, kde sa nové ob-
jekty vytvaraju kopirovanim prototypového objektu. MézZeme povedat, Ze prototyp sa da
pouzit véade, kde moZno pouzit abstrakina tovaren. Vzor Prototyp poskytuje vacsiu flexi-
bilitu za cenu nizsieho vykonu. Prototyp ma vSak nizsie pamatové naroky, vytvara totiz
menej abstraktnych tried ako abstraktna tovaren.

1.3 Obalovaé

Pri vyvoji softvérovych systémov sa Casto stretdvame s poziadavkou na vzajomnua spolu-
pracu suciastok, ktoré boli vyvinuté nezavisle od seba. Napriek tomu, ze z pohladu poza-
dovanej a poskytovanej funkcénosti by takéto suéiastky mohli spolupracovat, nekompatibi-
lita rozhrani vo vacsine pripadov ich spolupraci zabranuje.

Vzhladom na to, Ze zmena jednej alebo oboch suciastok, ktora by kompatibilitu roz-
hrani zaistila, nie je niekedy mozna alebo vhodna, ako rieSenie sa ¢asto pouziva softvérovy
vzor Obalovac (angl. Wrapper).

1.3.1 Definicia

Gamma a kol. (Gamma, 1995) nazvali tento vzor adaptérom! (angl. Adapter), pricom ho
definuju takto: ,Adaptér konvertuje rozhranie triedy na iné, ocakavané klientmi. Takto
umoznuje spolupracovat aj triedam, ktoré by pre nekompatibilné rozhrania inak spolu-
pracovat nemohli.” (s. 139)

Poktisme sa teraz o mierne zovseobecnenie tejto definicie, najmé s ohfadom na to, ze
spolupracujuce suciastky nemusia byt nutne triedami. Majme teda softvérovu entitu A.
Moze ist o stciastku v uzsom zmysle slova, ako ju definuje napr. (Szyperski, 2002) — teda
typicky o proceduru, triedu, balik (angl. package), kniznicu alebo aplikdciu — alebo o iny
typ softvérovej entity, ako je napriklad objekt, informacny systém, (webova) sluzba
a podobne. Pre jednoduchost vyjadrovania pripustme teda isti nepresnost a hovorme
zjednodusene o (softvérovej) suciastke A.

Suciastka A potrebuje pouzit funkénost F. Ocakava pritom, ze ju ma k dispozicii pro-
strednictvom rozhrania R (obrazok 1-5).

71| FIR
A <

Obrazok 1-5. Suciastka A o¢akavajuca funkénost F prostrednictvom rozhrania R.

Castym javom je, e stiiastku poskytujucu funkénost F prostrednictvom rozhrania R ne-
mame k dispozicii; mame vsak sucastku B poskytujicu funkcnost F’, totoznu s F alebo jej
podobndt, prostrednictvom rozhrania R’ (obrazok 1-6).

1 Poznambky k tejto terminologickej odlisnosti (Obalovac vs. Adaptér) st uvedené v casti 1.3.3 nizsie.
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FIR[ &
- B

Obrazok 1-6. Suciastka B poskytujuca funkénost F’ prostrednictvom rozhrania R’.

Prirodzenym rieSenim tohto problému je vytvorenie stciastky O poskytujiicej funkcnost F
prostrednictvom rozhrania R, ktora bude vyuzivat funkcnost F’ poskytovanu sticiastkou
B prostrednictvom rozhrania R’. O sa nazyva obalovacom. Situacia je zndzornena na ob-
razku 1-7.

2| FIR O|PIR[ o
A o O o B

Obrazok 1-7. Pouzitie obalovaca O na zaistenie spoluprace nekompatibilnych suciastok A, B.

Obalovac sa pouziva v dvoch typickych situaciach:

1. Sudiastky A a B uz existuju a potrebujeme, aby spolupracovali, pricom ich nemdzem
(resp. to nie je vhodné) menit.

2. Sudiastku A vytvarame. Suciastka B uz existuje, avSak jej rozhranie R’ nam nevy-
hovuje. D6vodom moéze byt napriklad nizka tiroven abstrakcie, na ktorej R’ pracuje
alebo technologicka odlisnost R’ od A.

1.3.2 Vzor Obalovac v roznych kontextoch

Pozrime sa teraz na to, ako sa myslienka vzoru Obalovac vyskytuje vo vybranych publika-
ciach venovanych softvérovym vzorom.

V (Gamma, 1995) je opisané pouzitie tohto vzoru v kontexte objektovo orientovanej
paradigme vyvoja softvéru. Na ilustraciu uvedme priklad prevzaty z tejto publikacie,
mierne upraveny: Predstavme si, Ze vytvarame graficky editor. Jeho kI'i¢ovou abstrakciou
je graficky objekt, pre ktory definujeme rozhranie GrafickyObjekt. Toto rozhranie je
implementované roznymi triedami: Ciara, Polygon, Kruznica a dal$imi, sliziacimi
na vykreslenie a editéciu ¢iar, mnohouholnikov, kruZnic a inych objektov. Dal$im grafic-
kym objektom, ktory chceme mat moZnost editovat, je text.

Funk¢nost tykajica sa editacie textu je typicky implementovana priamo v pouzivanej
grafickej kniznici — v nasom pripade nech na tento tcel slazi trieda TextView. Idealne by
bolo, keby sme existujicu triedu TextView mohli v grafickom editore priamo pouzit,
avSak z pochopitelnych dovodov toto nie je mozné. Totizto napriek tomu, Ze poskytuje
potrebnt funkénost, mé iné rozhranie — napriklad na zistenie hranice poskytuje metodu
GetExtent (), kym GrafickyObjekt na tento tcel predpisuje metédu Hranica ()
(obrazok 1-8). Aby sme TextView mohli pouzit, vytvorime adaptér: triedu Text poskytu-
jucu rozhranie GrafickyObjekt, vyuZivajicu pritom triedu TextView.
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«interface» .
«uses» " . = TextView
TextovyEditor GrafickyObjekt
Hranica() GetExtent()
VytvorManipulator()
text
Ciara Text
J return text.GetExtent() %
Hranica() Hranica() 0
VytvorManipulator() VytvorManipulator() Ot { return new ManipulatorTextu() %

Obrazok 1-8. Priklad pouzitia vzoru Adaptér — adaptované z (Gamma, 1995).

Ak by sme mali tato situdciu opisat vsymboloch zavedenych vyssie, potom Aje
TextovyEditor, R je GrafickyObjekt, F je o¢akavana funkcnost tykajica sa zobraze-
nia a editacie objektu. Na druhej strane B je existujtca trieda TextView, R’ je jej rozhra-
nie, F’ je jej funkcénost. Poznamenajme, Zze F aF’ sa zhoduju len ciastocne: napr.
TextView neposkytuje moznosti postiivania textu po obrazovke. Na tento ucel musi byt
preto pouzitd pomocnd trieda ManipulatorTextu (na obrazku nie su jej detaily zobra-
zeneé).

V dalsej knihe, Pattern-Oriented Software Architecture, Patterns for Concurrent and Ne-
tworked Objects (Schmidt, 2000), venovanej softvérovym vzorom v oblasti sietovych
a paralelnych aplikacii, je definovany vzor Obalujuca fasada (angl. Wrapper Facade), ktory
slizi na ,zabalenie funkcii a idajov poskytovanych existujicimi nie-objektovo orientova-
nymi aplikacnymi programatorskymi rozhraniami (API) do konciznejsich, robustnejsich,
portabilnejsich, udrziavatelnejSich a sdadrznejSich objektovo orientovanych rozhrani”
(s. 48). Tento vzor je v istom zmysle ztizenim myslienky Adaptéra podla GoF, nakolko sa
Specializuje na spristupnenie nie-objektovo orientovanych API vhodnou formou. Zodpo-
veda nami opisanej situdcii ¢.2, kedy rozhranie R’ existujicej stuciastky B nevyhovuje
z dovodu nizkej trovne abstrakcie. Autormi uvadzané priklady pouZitia sa tykaju rozhra-
ni na siefovi komunikaciu, pracu s vlaknami a s mechanizmami vzajomného vyltcenia
v prostrediach so sibeznym vykonavanim uloh.

V knihe Patterns of Enterprise Application Architecture (Fowler, 2002) venovanej vzorom
pouzivanym pri vyvoji podnikovych aplikacii sa opisuje vzor Brana (angl. Gateway) sltizia-
ci na spristupnenie zdroja externého vzhladom na vyvijanu aplikaciu. Takymto zdrojom
moze byt relacna databaza, partnerska aplikacia, externé idaje (napr. v XML) a podobne.
Externé zdroje su typicky spristupniované prostrednictvom Specializovaného aplikacného
programatorského rozhrania, ¢asto pomerne komplikovaného. Z dévodov jednoduchosti
vyvijanej aplikdcie a jej flexibility (vzhladom k moZnej vymene externého zdroja, pripadne
zmene jeho rozhrania) Fowler odportca obalit toto API triedou s jednoduchym rozhranim
vhodnym pre vyvijana aplikaciu. Takto chapany vzor je ztizenim vzoru Adaptér (GoF)
v tom zmysle, Ze brana spristupniuje len zdroje externé vzhladom k aplikacii, na druhej
strane je jeho rozsirenim, nakolko API externého zdroja moze (ale nemusi) byt objektovo
orientované.
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Zvlastny vyznam ma obalovac pri integracii aplikacii, nakol'ko v tejto oblasti je od-
strariovanie nekompatibilit medzi jednotlivymi aplikdciami prakticky hlavnou ulohou.
Pozrime sa preto na vyskyt tohto vzoru v niektorych publikaciach venovanych tejto prob-
lematike.

Kniha Integration Patterns (Trowbridge, 2004) sa zaobera architektonickymi vzormi
pouzivanymi pri integracii podnikovych aplikdcii. Opisuje vzor Brana (angl. Gateway),
ktory sluizi na zjednodusSenie pristupu k externému systému pre mnozinu aplikacii, zvySe-
nie flexibility a bezpecnosti. Myslienka je analogicka rovhomennému vzoru vo (Fowler,
2002), avsak v tomto pripade realizaciou vzoru nie je trieda v ramci vyvijanej aplikacie, ale
samostatne nasadena aplikdcia, resp. sluzba sprostredkivajiica komunikaciu s externym
systémom. So vzorom Adaptér (GoF) ma spolocnti teda len myslienku, nie implementdciu.
Ako priklad pouzitia tohto vzoru uvadzaja autori branu zaistujucu pristup
k Specializovanym tlacovym sluzbam pre rozne aplikacie v poistovacej spolo¢nosti: evi-
denciu zmluav, likvidaciu poistnych udalosti a ictovnictvo.

Kniha Enterprise Integration Patterns: Designing, Building, and Deploying Messaging Solu-
tions (Hohpe, 2004) je tieZ venovana integracii podnikovych aplikdcii, na rozdiel
od predchadzajticej vSak Specialne integracii prostrednictvom vymeny sprav (angl. messa-
ging). Ulohu sprostredkovatela komunikacie medzi nekompatibilnymi aplikéciami tu hra
vzor Prekladac¢ sprav (angl. Message Translator) ajeho Specializacie. Tento vzor sluzi
na konverziu sprav z formatu vysielajiicej strany na format, ktory oc¢akava prijemca. Roz-
diely, ktoré prekladac vyrovnava, st na viacerych tirovniach:

1. na drovni prenosového protokolu: TCP, HTTP, SOAP, Java Message Service a pod.,

2. na urovni spdsobu reprezentacie idajov: XML, hodnoty oddelené ciarkou, zaznamy

s pevnou diZkou poli a podobne, pripadne pouzitie roznych znakovych sad,

3. naurovni datovych typov: nazvy poli, obory hodnét, sposoby kddovania,

4. na tirovni datovych Struktdr: vymedzenie entit a asociacii (napr. ich kardinality).
Tento vzor ma s pévodnym adaptérom (GoF) spolo¢nti myslienku — umoziuje spolupracu
dvoch stciastok, ktoré kvoli nekompatibilnym rozhraniam priamo komunikovat nemézu.
Technologicky ide o tiplne odlisné pouzitia — ,spravy” v objektovo orientovanych systé-
moch majit podobu volani metdd objektov, kym spravy, ako ich chapu Hohpe a Woolf, su
skutoénymi spravami prenasanymi Specializovanymi systémami (tieto systémy sa
v angli¢tine nazyvaju Message Oriented Middleware resp. MOM).

Dalsie integraéné vzory, ktoré maji myslienku podobnt vzoru Obalovaé, st Bréna
sprav (angl. Messaging Gateway), ktora sltizi na oddelenie biznis logiky integrovanych apli-
kécii od kodu sltziaceho na pracu s prostriedkami na prenos sprav (MOM)?, pripadne
vzor Adaptér kanadla (angl. Channel Adapter) poskytujuci to isté rieSenie, s tym rozdielom,
ze kod na pristup k MOM je externy vzhl'adom k integrovanej aplikdcii.

Ako poznamenava (Kaisler, 2005), myslienka obalovaca sa pouZziva tiez na rozsirenie
funkcnosti existujucich programov napisanych v tradi¢cnom proceduralnom programova-
com jazyku (typicky COBOL) kédom v niektorom z modernych objektovo orientovanych
jazykov (napr. Java) — detaily opisuje napr. (Flint, 1997). Inym prikladom pouzitia si rézne

2 T,j. ide o Specidlny pripad vzoru Brana z (Fowler, 2002), resp. v istom zmysle aj vzoru Obalujtica
fasada z (Schmidt, 2000).
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technologické brany. Napriklad v databdzovom svete to mdzu byt brany medzi databa-
zami (napr. DB2 < Oracle) alebo medzi pristupovymi protokolmi (napr. ODBC < JDBC).

Pojem Obalovac sa pouziva este v jednom kontexte, a to v systémoch na extrakciu in-
formacii z réznych zdrojov. Konkrétne (Grlicky, 2003) definuje obalovac¢ ako proceduru
na extrahovanie informacii z urcitého, napr. webového, zdroja, ktora ako vstup berie od-
poved na dopyt, teda mnoZzinu neStruktiirovanych, resp. semistruktirovanych informécii
ana vystupe vracia mnozinu n-tic opisujucich informacny obsah tejto odpovede. Schema-
ticky je takto definovany obalovac znazorneny na obrazku 1-9.

(semi-/ ne-)
Struktdrované %j Struktdrované
informacie udaje

070—[

Obrazok 1-9. Obalovac v kontexte systémov na extrakciu informacii.

1.3.3 Abstraktnejsi pohlad: vzor Rukovit-Teleso

Vratme sa teraz do prostredia objektovo orientovanych programov a pozrime sa na vzor
Obalovaé (resp. Adaptér podla GoF) abstraktnejsim pohladom. Tento vzor je sticastou
SirSej mnoziny vzorov, oznacovanej niekedy ako vzor Rukovat-Teleso (angl. Handle-Body
Pattern)?. Charakteristickou crtou tychto vzorov je, Ze implementacia niecoho (teleso, angl.
body) je oddelena od rozhrania, s ktorym pracuju klienti (rukovét, angl. handle).

Volania, zachytené rukoviatou, s Standardne poslané na spracovanie telesu, avsak
mozu byt predtym upravené, pripadne aj tiplne potlacené. Rukovit teda istym spdsobom
obaluje teleso, preto sa vzoru Rukovit-Teleso tiez niekedy hovori Obalovac.

Vzor Rukovit-Teleso zahfna, okrem inych, nasledujtce vzory (nazvy podla GoF):

1. Adaptér (angl. Adapter), ktory upravuje rozhranie triedy do pozadovaného tvaru (po-
vedané nasou terminoldgiou, riesi situacie, kedy R # R’, pricom F a F' moZu, avSak
nemusia byt rovnaké).

2. Dekoratér (angl. Decorator), ktory pridava triede dodatocnt funkcnost bez zmeny roz-
hrania (tj. F#F’,R=R").

3. Most (angl. Bridge), ktory umoziuje dynamicky menit implementaciu realizujacu da-
né rozhranie (tj. F=F’, R=R’, avSak suciastku B vieme pocas vykonavania nahradit
suciastkou C poskytujiicou funkcnost F prostrednictvom rozhrania R).

4. Zistupca (angl. Proxy), ktory modifikuje alebo dopitia niektoré vlastnosti triedy nie
priamo suvisiace s jej funkénostou (ako st vzdialeny pristup, neskora inicializacia,
ochrana a iné) — t;j. mohli by sme povedat, Ze F = F’, R =R’, s tym, Ze menia sa nie-
funkcné aspekty poskytovanej sluzby.

3 Portland Pattern Repository, http://c2.com/cgi/wiki?HandleBodyPattern
Z tejto stranky st cerpané informacie uvedené v tejto Casti.
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So vzorom Rukovét-Teleso su tiez spojené isté problémy vo vztahu k evolucii obalo-
vanych suciastok. Z priestorovych dévodov sa nimi na tomto mieste nebudeme zaoberat,
viac informacii najde Citatel na strankach Portland Pattern Repository*.

Zaverecna terminologicka poznamka: Ako vidime, pojem Obalovac nie je celkom jas-
ne vymedzeny. V SirSom zmysle ide o synonymum pre vSeobecny vzor Rukovét-Teleso.
Podobne autori (Gamma, 1995) uvadzaji pojem Obalovac¢ ako synonymum pre dva kon-
krétne vzory: Adaptér a Dekoratér. V uzSom zmysle ho mozno pouZit v sulade s naSou
definiciou v casti 1.3.1 na oznacenie suciastky umoznujicej spolupracu inym dvom ne-
kompatibilnym sti¢iastkam — teda ako synonymum vzoru Adaptér podla GoF. Ak neuva-
dzame inak, mame pod nazvom Obalovac na mysli prave tento posledny koncept.

1.3.4 Zaver

Ako vidime, Obalovac sa vyskytuje v katalégoch vzorov, ateda aj v praktickych systé-
moch, pomerne casto. Podla nasho nazoru nejde o nahodny jav: dovodom je potreba spo-
luprace nezavisle vyvinutych suciastok, ktora — ako ocakdvame — bude ¢im dalej, tym vy-
raznejia.

1.4 Pozorovatel

Navrhovy vzor Pozorovatel je v anglickom jazyku znamy ako Observer.

1.4.1 Ucel

Pozorovatel umoznuje entitdm sledovat zmeny inych entit. Definuje vztah 1:m, kde
pri zmene jednej entity je ostatnych m automaticky notifikovanych a aktualizovanych.
V tomto kontexte rozliSujeme dva typy entit:

— predmet pozorovania alebo tiez subjekt (angl. observable, subject),
— pozorovatel (angl. observer).

Predmet pozorovania je entita, zmeny ktorej pozorovatel sleduje. Predmet pozorovania
pozna vsetkych svojich pozorovatelov. Poskytuje rozhranie umoznujace notifikovat pozo-
rovatelov v pripade vyskytu udalosti. Notifikdcia je realizovana automaticky ako odpoved
na zmenu stavu entity. Ulohou pozorovatela je realizacia logiky zmien stvisiacich
SO Zmenou pozorovanej entity.

Typickym pripadom pouzitia vzoru st udalostné systémy, napr. interakcia
v grafickom pouzivatelskom rozhrani (GUI). Uvazujme jednoduchu kalkulacku. Zadava-
nie tdajov pomocou tlacidiel vedie k zmenam obsahu jej displeja. Na zmenu stavu entity
Tla¢idlo zareaguje pozorovatel Displej aktualizéciou vystupu. Struktira vzoru je
zndzornena na obrazku 1-10.

1.4.2 Sucasti
Vzor Pozorovatel ma nasledujtice stcasti:

— Pozorovatel — deklaruje rozhranie, pomocou ktorého bude implementovana logika
reakcie na zmenu stavu predmetu pozorovania,

4 http://www.c2.com/cgi/wiki?HandleBodyPatternProblem
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ma pozorovatele

Subjekt ———— Pozorovatel
1 N
+pripoj(Pozorovatel p) +aktualizuj()
+odpoj(Pozorovatel p)

+notifikujPozorovatele()

subjekt
KonkrétnySubjekt <— | KonkrétnyPozorovatel
-stavSubjektu L !
+dajStav() +aktualizuj()
+nastavStav(...)

Obrazok 1-10. Struktura vzoru Pozorovatel.

— KonkrétnyPozorovatel - implementacia rozhrania Pozorovatel. Metdda
aktualizuj () implementuje vyZadovanu reakciu na zmenu stavu predmetu pozo-
rovania,

— Subjekt - deklaruje rozhranie pre pripojenie aodpojenie entit Pozorovatel
a pre notifikaciu o zmene stavu predmetu pozorovania,

— KonkrétnySubjekt — rozsiruje triedu Subjekt, ¢im dedi funkcionalitu pripdjania
a odpdjania entit Pozorovatel. Metody, ktoré umoziuju zmenu vnatorného stavu
objektu KonkrétnySubjekt (tzv. mutator alebo tiez ,setter” metddy), volaji meto-
dunotifikujPozorovatele () pre notifikdciu pozorovatelov o zmene.

1.4.3 Dosledky

Vysledkom pouzitia vzoru je nizka zviazanost entit, pretoze védzba medzi predmetom
pozorovania a pozorovatefom je zredukovana len na zoznam pozorovatelov, ktoré pred-
met pozorovania pozna. To vedie k znovupouzitelnosti predmetov pozorovania bez nut-
nosti znovupouzitia pozorovatelov.

1.4.4 Implementdcia

Implementacia vzoru spociva vo vyuziti principu tzv. callback funkcii. Callback funkcia je
cast kédu, ktora je odovzdana jednou entitou druhej, aby bola vykonana neskor v pripade
potreby.

Pri implementacii m6Zeme narazit na niekolko problémov, resp. potencialnych pre-
kazok. Je potrebné dat pozor na , prehnané” pouzivanie vzoru, ktoré moze vyustit do ne-
kontrolovatelnych cyklov. Kazdy pozorovatel moze byt zaroven predmetom pozorovania,
¢o moze viest k neziaducej zloZzitosti, a to aj napriek jednoduchej logike, ktoré od entit
pozadujeme.
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Problémy moze spdsobit aj nekonzistencia stavu entity pri odoslani notifikacie o jeho
zmene. MozZe sa stat, zZe notifikdcia sa odosle v case, ked eSte nedoslo k tiplnej zmene sta-
vu, a nastane konflikt. Prave z tohto dovodu byva metéda notifikujPozorovatele ()
niekedy zapuzdrena ako privatna metoda.

Nastrahou pouzitia vzoru je aj vykonnost metédy aktualizuj (), do ktorej je su-
stredena celd logika reakcie na zmenu stavu predmetu pozorovania.

1.4.5 Priklad

Pouzitie vzoru demonstrujeme na priklade nacitavania znakov z klavesnice a nasledného
vypisu na vystup. Ide ojeden z najjednoduchsich prikladov pouzitia vzoru v prostredi
jazyka Java, ktory bol prevzaty z Wikipedie® a mierne upraveny .

Trieda EventSource dedi od triedy Observable, ktora zapuzdruje funkcionalitu
predmetu pozorovania. Stav instancie triedy EventSource sa zmeni po zadani znaku
z klavesnice. Metédou not i fyObservers () notifikujeme pozorovatelov o tejto zmene.

public class EventSource extends Observable implements Runnable

public void run() {
try {
final InputStreamReader isr =
new InputStreamReader (System.in) ;
final BufferedReader br = new BufferedReader (isr) ;

while (true) {
final String response = br.readLine() ;
setChanged () ;
notifyObservers (response) ;
1
} catch (IOException e) {
e.printStackTrace () ;
!

}
}

Priklad 1-6. Zdrojovy kod triedy EventSource.

Metédou update() triedy ResponseHandler implementujeme uz samotnu logiku
zmeny suvisiacej so zmenou predmetu pozorovania. V nasom priklade ide o vypis nacita-
nej klavesy na vystup.

public class ResponseHandler implements Observer {
private String resp;

public void update (Observable obj, Object arg) {
if (arg instanceof String) {
resp = (String) arg;
System.out .println ("\nReceived: "+ resp );
}
}
}

Priklad 1-7. Zdrojovy kéd triedy ResponseHandler.

5 http://en.wikipedia.org/wiki/Observer_pattern
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Kla¢ovym krokom je pripojenie pozorovatela na subjekt pozorovania. Instancii trie-
dy EventSource ho pripojime zavolanim zdedenej metédy addObserver ().
public class ObserverDemo {

public static void main(String args([])
System.out.println ("Enter text >");

final EventSource evSrc = new EventSource() ;
final ResponseHandler respHandler = new ResponseHandler () ;

evSrc.addObserver (respHandler) ;
Thread thread = new Thread(evSrc) ;
thread.start () ;

bl
Priklad 1-8. Zdrojovy kod triedy ObserverDemo.

1.4.6 Pribuzné vzory

Navrhovému vzoru je scasti pribuzny vzor Prikaz (angl. Command).

1.5 Rozhranie ¢lovek-pocitac

Navrh pouzivatelskych rozhrani v roznych pocitacovych systémoch v sebe zahrnia rieSenie
podobnych problémov, ako napr. registracia nového zakaznika, vypis dlhého zoznamu
poloziek alebo komplikované ovladanie kvoli obmedzenej velkosti displeja zariadenia.
V roku 1988 Norman, ovplyvneny vyvojom vzorov v architektire, navrhuje pouzitie vzo-
rov v procese navrhu pouzivatel'skych rozhrani (Norman, 1988).

Vzory predstavuju spdsob ako zachytit vhodné riesenia opakujticich sa problémov.
V stiCasnosti sa vzory pouzivajui pri navrhu rozhrani medzi ¢lovekom a pocitacom (angl.
human-computer interface — HCI) v desktopovych aplikacidch, webovych strankach, mobil-
nych telefénoch, ale aj v predtym netradi¢nejSich kontextoch ako napr. palubné pocitace
v automobiloch, ovladanie chladniciek a praciek.

1.5.1 Motivdcia

Dobré pristupy pri navrhu rozhrani st spominané v mnohych publikaciach, avsak zacina-
juci navrhari maja tazkosti si ich zapamaétat a spravne pouzivat (Tidwell, 1999). Tidwell
preto navrhuje izolovat kltucovt funkcionalitu z pouzivanych suciastok a vytvorit
tzv. jazyk vzorov, teda kolekciu vzorov, ktora by:

— umoznovala zachytit kolektivnu mudrost tak, aby ju mohli jednoducho pouzit aj za-
¢inajtci navrhari,

— poskytovala jednotny jazyk pre komunikaciu s dal$imi navrharmi, vyvojarmi a za-
kaznikmi,

— upriamila pozornost na klticové vlastnosti a funkcionalitu navrhu,

— zjednodusila prenosnost vytvorenych navrhov na ostatné platformy bez zmien alebo
inych nezelanych obmedzeni funk¢nosti.

Pouzitie vzorov pri navrhu HCI dava vyvojarom moznost predpokladat vhodnost pouZi-
tého vzoru v danej situdcii. Skiseni navrhari nepouzivaju stale rovnaké vzory, ale svojimi
sktisenostami vzory upravuju a kombinujd, avSak presny sposob, ako bude rozhranie
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pouzivané, sa mdze ukazat az pri testovani pouziteInosti (angl. usability testing) s redlnymi
I'udmi. Testovanie pouzitelnosti je narocné na cas, finanéné prostriedky a Iudské zdroje
(Nielsen, 1993), a preto je to relativne neprakticka alternativna pre vyvojarov oproti pouZi-
tiu overenych vzorov, najma pocas vyvoja softvéru.

1.5.2 Ndavrh pouZivatelskych rozhrani
Jeden sposob ako zachytit vzory pri navrhu HCI je pouzit odportcéania vyrobcu prislus-
ného operacného systému. Prikladom st Apple Leopard User Experience Guidelines® alebo
Windows User Experience Interaction Guidelines’. Tymto sa zarudi jednotny vzhlad a funk-
cionalita na mikrourovni (tvar tlacidiel, formulare), avsak tieto odportcania sa viazu
na konkrétny systém a nie st prenosné a rovnako pouZitelné aj inde.

Pre lepsie abstrahovanie funkcionality v rozhraniach sa stistredime na podstatu soft-
véru (Tidwell, 1999). Vsetky efektivne softvérové nastroje zabezpecuju viac menej aspon
nasledujtice dve veci (Kaisler, 2005):

1. formuju pouzivatelovo pochopenie obsahu pomocou Stylizovanej prezentacie, vhod-
nym sposobom rozbalujtic prezentovany obsah,
2. umoznuju pouzivatelovi vykonat tlohu postupnym odhalovanim moznych akcii
podTla aktualneho stavu interakcie.
Tieto dimenzie st skoro ortogonalne (Tidwell, 1999) a vzory HCI predstavuji rovnovahu
medzi mnozstvom zobrazovaného obsahu a rozsahom pontikanych akcii. Zvysok tejto
Casti venujeme prikladom vzorov a ich rozdeleniu podla (Tidwell, 2005) do kategorii, kto-
ré mozno vnimat aj ako rozdelenie s dorazom na obsah alebo akcie.

Organizacia obsahu

Existuju viaceré pristupy k zobrazeniu obsahu tak, aby bola jeho prezentacia pre pouziva-
tela zrozumitelna. Vzor Duvojity panel (na obrazku 1-11) je vhodny v pripade zoznamu
objektov, kde kazdy prvok zoznamu obsahuje aj dalsi zaujimavy obsah, ktory chceme
zobrazit. PouZijeme dva panely vedla seba tak, Ze v jednom bude zoznam prvkov, v kto-
rom moZze pouzivatel vybrat Iubovolny prvok a v druhom sa potom pre prvok zvoleny
v prvom paneli zobrazi jeho obsah. Spravy v schranke emailového klienta alebo fotografie
v albume st dobri kandidati pre tento vzor. Takéto pouzitie je zauzivané a pouzivatelia
rychlo pochopia vzdjomnt interakciu oboch panelov.

Vzor Sprievodca (angl. Wizard) je uzito¢ny v pripade dlhej a komplikovanej tilohy.

Vhodné je tlohu rozdelit do mensich l'ahSie pochopitelnych casti a viest pouzivatela
v procese ulohy vo vopred urcenom poradi. Ocislovanie jednotlivych mensich tloh ulah-
cuje pouzivatelovi orientaciu a znizuje riziko, Ze niektort tlohu omylom preskoci.
Vzor Viac na poZiadanie (obrazok 1-12) zjednodusSuje prezentaciu vaésieho mnozstva obsa-
hu, ktory nie je vSetok az tak dolezity. Pri jeho pouziti sa najskor zobrazi len zédkladna
funkcionalita a zvySok funkcionality je dostupny jednoduchou akciou pouzivatela. Pouzi-
tie tohto vzoru Setri vyuzitelnti plochu v rozhrani a ulahcuje pracu vacsine pouzivatelov,
ktori dodato¢nt funkcionalitu zvycajne nepotrebuju.

bhttp://developer.apple.com/documentation/UserExperience/index.html
7http://msdn.microsoft.com/en-us/library/aa511258.aspx
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Obrazok 1-11. Dvojity panel (angl. Two-Panel Selector).
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Obrazok 1-12. Viac na poziadanie (angl. Extras On Demand).

Navigacia

V rozsiahlych aplikaciach je nutné zabezpecit navigaciu medzi jednotlivymi podcastami
alebo modulmi aplikdcie. Vzor Jasné vstupné body (angl. Clear Entry Points) je vhodny
pre aplikacie pouzivané zvycajne zacinajucimi pouzivatelmi alebo pouzivané len spora-
dicky, je vhodné na tvod zobrazit niekolko jasnych vstupnych bodov do rozhrania.
Vstupné body umoznuju pouzivatefom rozhodnut sa, ¢o budt s aplikdciou robit, a mali
by teda reprezentovat najcastejsie dovody pre pouzitie aplikacie.
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Vzor Farebné sekcie (obrazok 1-13) roznymi farbami zvyraziuje rozdielne podcasti
rozsiahlejSej aplikacie alebo webovej stranky. Pouzitie réznych farieb nielen skrasluje na-
vrhnuté rozhranie, ale aj ulahcuje pouzivatelom orientaciu potom, ako si vziju zvolené
kombinacie farieb a podcasti aplikacie. Farboslepi pouzivatelia vSak mo6zu mat problém
orientovat sa vyhradne podla farieb a farby by preto nemali byt jedinym rozliSovacim
kritériom. Na zvyraznenie sa mdze pouzit aj tu¢né pismo.
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Obrazok 1-13. Farebné sekcie (angl. Color-Coded Sections).

Organizacia stranky

Celkovy vzhlad okna aplikacie zvycajne obsahuje viaceré funkcné prvky. Odporiaca sa
pouzivat rovnaké rozmiestnenie prvkov rozhrania vo vSetkych castiach aplikdcie tak, aby
pri vykonavani rozli¢nych typov tloh pouzivatel vyuZil svoje znalosti z predchadzajtcich
pouziti aplikacie.

Vzor Hlavné javisko (angl. Center Stage) umiestiiuje najdolezitejSiu Cast rozhrania
do najviacsej Casti okna alebo stranky a ostatné prvky niekde naokolo. Pouziva sa vtedy,
ked hlavnym ucelom aplikacie je prezentacia koherentnych informaécii, editacia konkrét-
neho objetku (napr. textovy dokument) alebo vykonanie nejakej dobre vymedzenej tlohy.
Pouzivatelova pozornost sa upriami na najvacsiu (a teda najdolezitejSiu) cast aplikacie
a nasledne pouzivatel vyhodnoti okolité prvky, ktoré sit urcené pre pracu s hlavnym ob-
sahom. Hlavné javisko je zretelne vymedzené svojou velkostou, farbou a nadpismi. Polo-
ha umiestnenia nie je az taka dolezitd, a velkost hlavnej plochy by mala byt dostato¢na
nato, aby zaujala pozornost pouZzivatelov.

Vzor Képka kariet (obrazok 1-14) je vhodny, ked mame na stranke velké mnozstvo
prvkov bez nejakej konkrétnej $truktiry, a nemodzeme ich preto umiestnit do stipcov alebo
mriezky. Rozdelenim prvkov do sekcii a umiestnenim tychto sekcii do panelov (alebo ka-
riet), ktoré naukladdme na seba tak, aby bol vzdy viditelny prave jeden panel nam umoz-
niuje ulahcit pochopenie prvkov a uSetrit miesto v rozhrani.

RozloZenie prvkov na stranke by malo spitiat aj zikladné estetické kritérid. Najneskor
od cias renesancie sa zlaty rez® povaZuje za esteticky prijemny, a viaceré Casti diel umenia
a architektary st navrhnuté v pomere zlatého rezu (napriklad Akropolis v Aténach). Po-
dobne, v profesiondlnej fotografii sa hlavny motiv casto umiestiiuje do tretiny vysky
a sirky snimku.

8 Hodnota podielu ¢, ked (atb) /a = a/b =¢
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Obrazok 1-14. Képka kariet (angl. Card Stack).

Vzor Uhloprieckovd rovnoviha (obrdzok 1-15) odportica rozmiestnit prvky rozhrania
do rovnovahy po hlavnej diagonale podla prirodzeného smeru citania. Tradicny smer
v Eurdpe a Amerike je zlava hore do pravej Casti dole, existuju vSak pouzivatelia z inych
krajin, ktory (itaju sprava dolava (napr. Japonsko).
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Obrazok 1-15. Uhloprieckova rovnovaha (angl. Diagonal Balance).

Prikazy a akcie

Okrem prezentovania obsahu musia aplikacie vo svojom rozhrani vhodnym sp&sobom
Struktarovat dostupné prikazy a akcie, ktoré mozu pouzivatelia s obsahom vykonavat.

Vzor Panel akcii (angl. Action Panel) namiesto pouZzitia vysuvnej ponuky menu zobra-
zuje vSetky akcie, ktoré mozno pouZzit v zozname, ktory je stale viditeIny. Vysuvné menu
ukryva jednotlivé akcie a pouzivatelia si nemusia hned’ uvedomit, Ze vobec existuje. Pane-
ly akcii st funkcne totoZné s menu, len nie stt vysuvné a pouzivatelia nemusia vykonat
ziadnu akciu, aby ziskali prehl'ad o vsetkych dostupnych akciach.

Vzor Indikitor priebehu (obrazok 1-16) zhromazduje dodlezité informdcie o priebehu
dlhotrvajtcej akcie iniciovanej pouZzivatelom ako napr. mnozstvo a detaily prave spracu-
vanych udajov, ¢as zostavajtici do skoncenia a iné Statistiky. PouZzivatelia st pri pouzivani
aplikacii zvycajne netrpezlivi a pri tilohach trvajacich dlhsie ako cca 2 sekundy je vhodné
umoznit pouzivatelovi naplanovat si dalsiu pracu odhadnutim zostavajtceho casu spra-
covania.
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36% of ch04.doc Completed (=)
Saving:

chi4.doc from time-tripper.com

[ ]
Estimnated time left 2 sec {1.10 MB of 3.20 ME copied)

Download ko: P\ Jenifer_TidwellPatternsy. . \chod.doc

Transfer rate: 931 KBJSec

EEIUSE thiz dialog box when download completes

Cancel

Obrazok 1-16. Indikator priebehu (angl. Progress Indicator).

Zobrazenie komplexnych dat

Pocitace dokazu vizualizovat obrazky, mapy, statistiky a iné komplexné data. Sposob pre-
zentacie formuje pouzivatelovo pochopenie zobrazovanych dat, a preto je dolezité podpo-
rit pouzivatela pri praci a umoznit mu objavit v datach zaujimavé vlastnosti.

Vzor Striedavé pisiky (angl. Row Striping) pouziva rézne pozadia riadkov v tabulke
striedavo pre parne a nepérne riadky. Tabulky obsahujtice vela stipcov nemusia byt Tahko
CitateIné a striedavé pozadia riadkov vizualne ulahdia vyhladat tdaje v konkrétnom riad-
ku. Zvycajne sa pouzivaju farby s nizkou sytostou.

Vzor Usporiadatelnd tabulka (angl. Sortable Table) umoznuje pouZzivatelovi usporadu-
vat riadky tabulky podla hodnoty v konkrétnom stipci. Riadky sa usporiadaji po kliknuti
na hlavicku stipca a vyobrazena $ipka uréuje smer usporaduvania; po opatovnom stladent
hlavi¢ky stipca sa smer usporiadania oto¢i. Usporiadatelné tabulky podporuji objavova-
nie novych zaujimavych vlastnosti v datach.

Vzor Stromovd tabulka (obrazok 1-17) sa pouziva v pripade, ked mdzeme data radit
hierarchicky. Teda, v jednej casti tabulky pouzivatel prehliada hierarchicka (stromovii)
Struktiru prvkov (riadkov), pricom v ostatnych stipcoch sa nachadzaju zvysné udaje pre
prislusny prvok.

Ziskavanie vstupu od pouzivatelov

Pouzivatelia nad obsahom vykonavaja akcie, ktoré zvycajne vyzaduju zadanie nejakych
udajov. Vacsinou sa vstupné data zbieraju pouzitim formularov. Vhodny postup je navrh-
nut policka vo formulari tak, aby pouzivatel jednoznacne pochopil ich vyznam. Pouzitim
vhodnych popisiek, ukazok hodnot a najcastejsie pouzivanych predvyplnenych hodnot sa
minimalizuje riziko vykonania chybnej operacie.

Vzor Tolerantny formdt (angl. Forgiving Format) zjednodusuje pre pouzivatela vklada-
nie vstupnej hodnoty vo formate preferovanom pouzivatelom. Do policka (napr.
pre telefénne ¢islo) umoznime zadat aj neocakdvané kombindcie znakov, ktoré si potom
analyzované na rézne formaty a pouzije sa ten, ktory vyhovuje. Pouzitie tohto vzoru
vlastne prenasa problém z oblasti navrhu rozhrani do oblasti programovania.
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Obréazok 1-17. Stromova tabulka (angl. Tree Table).

Vzor Ilustrované volby (obrazok 1-18) zjednodusuje vyber hodnoty z ponuky pomocou
obrazkov a dodato¢nych textov vysvetlujucich jednotlivé hodnoty. Vhodnym pouzitim
obrazkov sa znizi kognitivna zataz na pouzivatela, lahsie sa rozhodne, zniZuje sa mnoz-
stvo spatnych oprav a stiCasne je tiez rozhranie atraktivnejsie. Obrazky by mali zachytavat
hlavné rozdiely medzi pontikanymi moZnostami a nemusia zachytavat nepodstatné de-
taily nestvisiace s vyberom.

Chart Wizard - Step 1 of 4 - Chart Type e |

Standard Types | Custom Types I

Chart sub-type:

2 RY (Scatter)

‘ Area

[ Doughnut
@ Radar
@ Surface

o Bubble

i
b
£

Clustered Column. Compares walues across
cakegories.

Press and Hold to View Sample |

= Back | Mext = I

Cancel | Einish |

Obrazok 1-18. llustrované volby (angl. lllustrated Choices).
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Vytvaranie a editovanie

Navrh nastrojov pre tvorbu a tipravu obsahu, editorov, je komplikovanejsi ako navrh na-
strojov urcenych len na prehliadanie obsahu. Komplikacie st spésobené pridanim doda-
tocnej funkcionality a nutnostou zachovat rozhranie zrozumitelné aj v rezime tpravy ob-
sahu.

Vzor Editdcia na mieste (obrazok 1-19) pouziva pre apravu obsahu maly editor, ktory
sa otvorl na mieste povodného obsahu. Umiestnenie editora presne na mieste obsahu,
ktory prave upravuje, zachovava pouzivatelove sustredenie a nevyzaduje od pouzivatela
hladat pripadné nové okno editora na inom mieste v rozhrani. Editor sa zvycajne otvori
dvojklikom na text, ktory chceme upravit.

-
x Mame Size Twpe Drate Modi
A~ Bfirst-draft.dac 30KE Microsoft Word Document 1j26/2003
I-_EI second-draft. doc 30KE  Microsoft Word Document 112612003

Obrazok 1-19. Editacia na mieste (angl. Edit-in-Place).

Vzor Inteligentné oznacenie (angl. Smart Selection) zjednodusuje vyznacovanie koherentnej
skupiny objektov ako napr. vyznacenie celej vety v textovom editore alebo stvislej oblasti
pixelov rovnakej farby v grafickom editore. Nie vSetci pouzivatelia st schopni vykonavat
precizne koordinované pohyby mysou (alebo inym vstupnym zariadenim), a preto netri-
vidlne vyznacenie obsahu im méze spdsobovat problémy. Pouzivatefom sa takto zjedno-
dusi praca tym, ze proces vyznacovania je podporeny inteligentnym algoritmom.

1.5.3 Vzory pre web

Webové stranky sa lisia od desktopovych aplikacii a pre navrh webovych stranok st preto
potrebné odlisné pristupy ako sme doteraz spominali. Hlavny rozdiel webovych stranok
(aplikacii) oproti klasickym desktopovym aplikaciam je ten, Ze cast aplikdcie je umiestnena
na serveri. Vyhodou je, Ze vSetci pouzivatelia fahko prejdd na novsiu verziu, pretoze staci
verziu upravit na serveri a pri najblizsej navsteve servera sa pouzivatelom spusti uz nova
verzia. Nevyhodou je vysSia latencia pri praci, suvisiaca s ¢asom potrebnym na prenos
poziadavky a odpovede po sieti, a skutocnost, ze roznym pouZzivatelom sa moZze stranka
zobrazit na inych zariadeniach alebo prehliadacoch odlisne. Z tohto dévodu sa pri navrhu
webovych stranok a aplikacii kladie hlavny doraz na funkénost obsahu, a nie na integritu
alebo identitu zobrazenia.

Pohyb medzi webovymi strankami zabezpecuju odkazy, a preto vzory pre navigdciu
su prirodzene aplikovatelné aj pri ndvrhu webovych stranok a sidiel. Stdle viac st tu tiez
uzitocné aj ostatné typy vzorov, kedZze najnovsi trend vo vyvoji webovych stranok sa po-
suva od statickych HTML stranok smerom k dynamickym webovym aplikdciam realizo-
vanymi technologiami AJAX, Macromedia Flash a Microsoft Silverlight. KniZnice vzorov ako
napr. Yahoo! Design Pattern Library® a Interaction Design Pattern Library'® (Welie, 2008) obsa-
hujt ¢asto pouzivané prvky na webovych strankach.

° Yahoo! Design Pattern Library, http://developer.yahoo.com/ypatterns/
10 Interaction Design Pattern Library, http://www.welie.com/patterns/
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Welie rozdeluje vzory pre web do troch hlavnych kategérii: navigdcia, vyhladdvanie
a nakupovanie. Predpoklada, Ze dobre navigovatelna stranka uptta pozornost navstevni-
kov a umoZni im efektivne vykonavat ulohy. Welie navrhuje viaceré typy navigacie
na strankach: horny panel, lavy panel, omrvinky!! (angl. Breadcrumbs) a r6zne typy menu.
Vzory pre hladanie st indpirované stucasnymi pristupmi v internetovych vyhladavacoch
(Google, Yahoo!) a obsahuju prvky pre jednoduché a pokrocilé vyhladdvanie (angl. Advan-
ced Search), zobrazovanie vysledkov vyhladavania, casto kladené otazky (angl. Frequently
Asked Questions — FAQ), atd.

Vzory pre nakupovanie zahfnaju cely proces nakupovania vo webovom sidle: rezer-
vacia tovaru/sluzieb, porovnanie produktov, konfigurator produktov, jednotlivé kroky
ndkupu, ndkupny kosik a geograficky vyhladavac¢ obchodov. Vzor Ndkupny kosik (obrazok
1-20) zdruzuje dolezité tidaje o objednavke tovaru alebo sluzieb od predajcu. Obsahuje
zoznam poloziek, poskytuje prvky rozhrania pre pridanie a odobratie poloziek z kosika,
zobrazuje ceny, mnozstva, celkovi sumu pred zdanenim, dan, a celkovt cenu. Tiez umoz-
nuje vypocet prepravnych nakladov.

Zo vseobecnejsich vzorov, vzor Posli odkaz priatelovi (angl. Send-a-Friend Link) umoz-
nuje poslat odkaz na aktualnu stranku emailom spolu s kratkou spravou pre prijimatela.

Continue Shopping

Price Eal Ext Pricel Remave
AquafallT IP-120 1oo Available  $29.99  $29.99 REMOVE

Emter Pastal Code to caleulate shipping east, _ $0.00
| adusted subTotal 529 52
Continue Shopping L Checkout |

Obrazok 1-20. Nakupny kosik (angl. Shopping Cart).

Rozdielnost v zobrazovani webovych stranok na réznych zariadeniach a prehliadacoch
a v sucasnosti klucova tloha webovej prezentacie pri upttani zdkaznikov motivuje roz-
siahle pouZivatelské tadie prvkov webovych stranok. Pozri napr. pravidelny stipéek Ja-
koba Nielsena'2.

Pouzivatelské studie odkryvaju casto neocakavané suvislosti. Pre ilustraciu sa po-
zrime na pouzitie bannerov. Banner je prvok rozhrania obd{Znikového formétu, va&inou
obrazok alebo kratky film, sltziaci na Stylizovant prezentaciu nejakého obsahu. Jeho
hlavnou udlohou je upttat navstevnika a pouZziva sa preto vacsinou na reklamné tcely.
Navstevnici webovych stranok si vsak bannery uz prestali vS§imat, kedze vacsinou spro-
stredktvaju len reklamny obsah, a tak prvky rozhrania, ktoré sa vizualne ponasaju na
bannery navstevnici ignoruja (Nielsen, 2007). Na obrazku 1-21 je znazornena teplotna
mapa navstev troch webovych stranok (svetlejsie miesta pouzivatelia citaju castejsie ako

11 Jeden riadok textu zobrazujtici umiestnenie aktudlnej stranky v celkovej hierarchii.
12 JTakob Nielsen's Alertbox, http://www.useit .com/
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tmavsie miesta) a reklamné bannery st zardamované. Zaujimavé je, Ze stranky obsahuju aj
prvky nereklamného charakteru vizudlne sa podobajtce na typicky banner a navstevnici
ich tak pri ¢itani automaticky ignoruji. Pouzitie banneru by sa teda dalo charakterizovat
ako antivzor.

Obrazok 1-21. Ako pouzivatelia ¢itaju webovu stranku (Nielsen, 2007).

1.5.4 Vzory pre socidlne aplikdcie

Vzory pre socidlne aplikdcie zachytavaju odporticané postupy pri navrhu rozhrani
pre aplikacie tzv. socialneho webu, v ktorom sa doraz kladie na podporu interakcie medzi
I'udmi pomocou pouzitia pocitaca a internetu. V sticasnosti asi najpouzivanejsimi social-
nymi aplikaciami st socidlne portaly (napriklad Facebook, MySpace), portaly pre zdielanie
fotografii (napr. Flickr) a iné socidlne sluzby poskytované prostrednictvom Internetu, ako
napriklad socidlne znackovanie del.icio.us.

Ludia sa k pocitacom spravaju prirodzene socialne (Reeves, 2003). Reeves a Nass
uskutocnili sériu stadii, ktoré demonstruju zaujimavé spravanie pouzivatelov. Napriklad:
podobne ako pri hodnoteni druhych Tudi, pouzivatelia st zdvorili pri hodnoteni pocitaca,
ked sa ich spyta na svoje spravanie; pri skupinovych tlohach, pouzivatelia maja pocita¢
radSej, ked je s nimi v rovnakom time.

Kniznica Yahoo! Design Pattern Library uvadza zakladné vzory pre socialne aplikacie.
Vo webovych komunitach je velky potencial pre interakcie medzi pouzivateImi (¢lenmi
komunity). Zakladnym prvkom kazdej komunity je preto reputicia, teda hodnotiaci daj
¢lena vytvoreny agregaciou predchadzajucich interakcii prislusného ¢lena komunity. Re-
putacny systém komunity odmenuje niektoré typy spravania a iné penalizuje. V zavislosti
od stupna sutazivosti v komunite stt vhodné iné reputacné mechanizmy, ked' napr. zave-
denim odmenovania sutazivého spravania sa ¢lenov moZeme porusit nestutazivé prostre-
die niektorych komunit.

Spektrum sutazivosti (obrazok 1-22) zachytdva rézne typy komunit od nesttazivych
az po priam bojové prostredia. V sucitnych (angl. caring) komunitach st ¢lenovia motivo-
vani pomahat ostatnym clenom komunity. Vhodné je reputaciou identifikovat skiisenych
¢lenov komunity, aby ich mohli druhi vyhladat pre pomoc a radu. V kolaborativnych
(angl. collaborative) komunitach zdielaja clenovia rovnaké ciele a pracuju spolu pre ich
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dosiahnutie. Reputaciou je vhodné odmenovat doéveryhodné a spolahlivé spravanie.
V srde¢nych (angl. cordial) komunitach maju clenovia vzajomne nekonfliktné ciele, nie
nutne rovnaké. Reputacia by mala zobrazovat histériu predchadzajicich akcii ¢lena,
aby ostatni ziskali vSeobecny prehlad o aktivitach a zaujmoch prislusného clena.
V sutazivych (angl. competitive) komunitdch zdielaju clenovia rovnaké ciele, ale sutazia
medzi sebou o ich dosiahnutie. Vhodné je, ked reputdcia prezentuje dosiahnuté tspechy
¢lena tak, aby ich mohli druhi ¢lenovia uznat, pripadne obdivovat. Nakoniec, v bojovnych
(angl. combative) komunitach majui clenovia rozdielne vzajomne sa vylucujtice ciele. Repu-
tacia sa pouziva na zobrazenie historie uspechov, prehier, vitazstiev a sliizi na vystatova-
nie sa ¢lenov komunity.

Caring Collaborative Cordial Competitive Combative

Obrazok 1-22. Spektrum sutazivosti v socialnej komunite (Yahoo!, 2008).

Dalgie principy a vzory pre socilne aplikacie navrhuje (Malone, 2009). Vo zvysku tejto
Casti spomenieme aspon niektoré. V socialnych aplikaciach rozhranie obsahuje generické
prvky spolocné pre vsetkych pouzivatelov a vlastné personalizované prvky prislusného
pouzivatela. Pri navrhu je problém ako pomenovat tieto prvky. Pouzit privlastiiovacie
zadmeno mdj (angl. My) alebo tvoj (angl. Your)? Teda, napr. Moji Priatelia (angl. My Friends)
vs. Tvoji Priatelia (angl. Your Friends), resp. aj ndzvy znamych socialnych portalov obsahu-
ju privlastiiovacie zameno (MyYahoo, MySpace, YouTube). Podla (Malone, 2009) pouzitie
zamena moj imituje situdciu z pohladu pouzivatela, ako keby si pouzivatel oznacil svoje
vlastné veci. Toto oznacenie preto dobre funguje pre sikromné individualne prostredia.
V socialnych aplikaciach je introvertné spravanie nevyhodné a navrhari sa pokusaju pod-
porit pouzivatelov, aby sa otvorili ostatnym a komunikovali spolu. Pouzitie zdmena tvoj
podporuje konverzaciu, a pouziva sa na vtiahnutie mysle pouzivatelov do dialégu
s ostatnymi.

Malone dalej analyzuje vhodné pristupy pri registracii pouzivatelov do systému, pri-
hlasovania sa do a odhlasovania sa zo systému, posielanie a prijmanie pozvanok od inych
pouzivatelov a potrebu zaujimavej a vyzyvavej uvitacej stranky. Vzor Uvitanie (obrazok
1-23) je analdgia vzoru Jasné vstupné body a predstavuje pouzivatelovi zakladnu funkciona-
litu aplikacie pri prvom prihlaseni. Pouzivatel dostane od reprezentanta komunity srdecné
uvitanie, po ktorom sa citi ako vitany host v prislusnej komunite. Zaroveri mo6zeme odo-
slat uvitaciu emailovt spravu.

Dalsia séria vzorov sliZi na reprezentovanie jednotlivca v komunite. Clenovia maju
v komunite jednoznacnu identitu, profil, s ktorou je vacsinou spojend aj webova stranka,
ktort druhi ¢lenovia navstevuju a reprezentuje prislusného ¢lena vodéi ostatnym. Vhodné
je umoznif pouzivatelom si tlto stranku prisposobit a umoznit im tak lepSie vyjadrit svoju
osobitost. Zvycajne je ¢len na ostatnych strankach reprezentovany svojim menom a obraz-
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kom (tzv. avatarom), pripadne moze uvadzat aj dalSie idaje afektivneho charakteru, napr.
aktualnu naladu alebo aktudlny partnersky stav.

tumblr.

fe)

Welcome to Tumbir!

To get started, why don't you try uploading @ photo you took recently,
or just add a text update about what you did today.

(Then I show you sorme ather neat things!)

1T &

Text Photo CQuote

Obrazok 1-23. Uvitanie (angl. Welcome Area).

Asi najdolezitejSia funkcionalita socialnych aplikdcii je socializovanie sa s ostatnymi clen-
mi komunity. Vzory pre manazment priatelov zahfmaja aktivity ako vyhladdvanie ¢lenov
podla ich charakteristik, pridavanie priatefov (obrazok 1-24) a odstrarovanie priatelov.
Veci vsak nie su také jednoduché a identifikovali sa uz aj nevhodné rieSenia. Napr. anti-
vzor Expriatelka (angl. Ex-girlfriend) existuje ak socidlna aplikacia odporuca ¢lenom dalSich
¢lenov (moznych novych priatelov) na zdklade systému priatel-priatela, a teda po rozvia-
zani kratkodobého vztahu moze dalej odportcat nezelanych priatelov z okolia predcha-
dzajaceho partnera. Socialna aplikacia preto musi udrziavat viaceré typy vztahov medzi
¢lenmi a poskytovat podporu interakci vzhladom na tieto typy.

Add Christian as a friend?

Christian will have to confirm that you are friends.

Add a personal message...

K| Add Christian to a Friend List

e

Obrazok 1-24. Pridaj priatela (angl. Add Friend).

1.5.5 Zhodnotenie vzorov HCI

Vzory pri navrhu rozhrani ¢lovek-pocitac zachytavaji overené pristupy k rieSeniu opaku-
jucich sa problémov. Neuviedli sme vSetky doteraz existujiice vzory, nakolko to nie je
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v takomto rozsahu technicky mozné. Kniznice vzorov pre navrh desktopovych aplikacii,
webovych stranok a najnovsie aj socialnych aplikacii su priebezne doplnané podla menia-

cich sa trendov v spravani sa pouzivatelov.

Navrh rozhrania vacsinou nie je ¢ierno-biely a neexistuju len dobré a len zlé navrhy,

ktoré by sme vedeli ahko rozlisit a vybrat si ten spravny. R6zne navrhy umoznuju pouzi-
vatefom vykonavat poZadované funkcie s roéznou efektivnostou (pouZitelnostou),

a na zlepSenie pouzitelnosti rozhrania je potrebné realizovat testy pouzitelnosti, ktoré st
narocné na cas, fudské zdroje a financné prostriedky. Pouzitie vzorov je preto vyhodna
alternativa pri tvorbe efektivnych rozhrani ¢lovek-pocitac.
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SOFTVEROVE SUCIASTKY

Nikoleta Habudovd, Tomas Kuzdr, Pavol Mederly,
Maridn Simko, Jozef TvaroZek, Tvan Kapustik

Suciastky predstavuju stavebné bloky informacného systému. Ich najlepSou analdgiou je
stavebnica Lego. V nej ma kazdy blok akéhokolvek tvaru Standardné rozhranie, ktoré mu
umoznuje jednoduché spojenie s ostatnymi stciastkami. Tieto malé bloky st vdaka koli-
kom na jednej strane a dutinam na strane druhej standardizované, ¢im ich mozno spajat
do komplexnych struktur.

Na rozdiel od Lega, softvérové suciastky mozu mat rdzne funkcie ako aj rézne roz-
hrania. Napriek tomu rozhrania stciastok musia zodpovedat uréitym Standardom, aby
bolo mozné zlucovat stciastky do jednej systémovej Struktiury. Podobne ako pri Legu,
skala systému moze byt variabilna, od malého systému po velky. Na rozdiel od navrho-
vych vzorov su sudiastky ¢iasto¢ne alebo tiplne implementované (v zdrojovej alebo binar-
nej podobe).

Softvérova suciastka je znovupouzitelny softvérovy stavebny blok: kus zapuzdrené-
ho aplikacného kédu, ktory moze byt kombinovany sinymi stuciastkami a doplneny
o pridavny kéd, s cielom vytvorit pozadovanu aplikdciu. Suciastky mozu byt jednoduché
alebo komplexné. Neexistuje ale vSeobecna dohoda o tom, ¢o je a ¢o nie je softvérova su-
Ciastka. Suciastky maju rozne tvary a velkosti. Mozu byt velmi malé (napr. tlacidlo
v grafickom pouzivatelskom rozhrani) alebo mozu implementovat komplexna aplika¢nt
sluzbu.

Pod pojmom suciastka sa vo vSeobecnosti mysli tzv. ,binarna suciastka”, ktora pred-
stavuje skompilovany softvérovy artefakt integrovatelny do aplikacie kedykolvek pocas
vykondvania programu. Zdrojovy kdéd obycajne nie je k dispozicii, takze stciastku nie je
mozné modifikovaf. Prikladmi binarnych saéiastkovych systémov s OpenDoc v Apple,
Dynamically Linked Library (DLL) v Microsoft Windows 9x/NT, Taligent CommonPoint
system a Microsoft Foundation Classes (MFC).

Aplikacia pozostava z mnoziny suciastok a zaroven poskytuje prostredie, do ktorého
su suciastky vlozené. Suciastky interaguji so svojim okolim amoézu interagovat
s operacnym systémom daného pocitaca, na ktorom sa spustané. Stciastky zaroven inte-
raguju navzajom medzi sebou pomocou rozhrania.
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Aspekty suciastok
Suciastka ma tri aspekty. Schematicky ich znazornuje obrazok 2-1.
— Specifikdcia — opisuje funkciu, ktort stciastka plni. Napriklad, ¢o suciastka vykonava
a ako ju mozno pouZit,
— implementacny ndvrh — opisuje ako ma implemetator navrhnut a skonstruovat softvér
a datové strukttry, aby splnil dant Specifikaciu,

— woykonatelny kod — realizuje pozadovanu funkcionalitu stciastky v ramci konkrétnej
platformy.

. Co a ako?
Specifikacia Implementacny
dizajn

Programovat’ a
kompilovat

A

Vykonatelny
kod

Obrazok 2-1. Aspekty softvérovej suciastky.

Rozhranie (angl. interface) sumarizuje ako ma klient interagovat so suciastkou, ale skryva
implementaéné detaily. Klient naopak moze byt zavisly od tohto rozhrania. Specifikacia
modelu rozhrania nie je implementacnym navrhom. Rozhranie neobsahuje informaciu
o tom, ako st data vnutri suciastky uloZené alebo organizované. Cez rozhranie nie je moz-
né pristupovat k implementacii suciastky.

Vztah medzi dvoma suciastkami je zndzorneny na obrazku 2-2. Sti¢iastka B ma Speci-
fikdciu, ktord je implementovana v nejakom programovacom jazyku. Suciastka A spitia
poziadavky aplikacného rozhrania (API; angl. Aplication Programming Interface), ktoré je
obsiahnuté v Specifikacii suciastky B, prave vtedy, ked A zavola funkcionalitu, ktort po-
skytuje stciastka B.

V idealnom pripade by implementacia sic¢iastok mohla byt napisana v réznych prog-
ramovacich jazykoch a mohla by sa vykonavat na roéznych softvérovych platformach (od-
lisSnych od platformy klientskeho programu). Avsak v stcasnosti sa spolupracujiuce su-
ciastky programuju vacsinou len v rovnakom programovacom jazyku.

Opis rozhrania

Rozhranie je sada sémanticky prepojenych funkcii implementovanych na objekte (Brock-
schmidt, 1994). Rozhranie sumarizuje spravanie a zodpovednosti, ktoré sticiastka bude
musiet dodrzat, ked bude stucastou zostavy (angl. assembly) reprezentujiicej nejaku aplika-
ciu. Rozhranie Specifikuje API, ktoré pouzivaju klienti stciastok, aby zavolali sluzby su-
diastok, ale neSpecifikuje implementaciu. Toto oddelenie umoziiuje zamenit implementa-
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ciu sluzby bez toho, aby bolo nutné upravit rozhrania, a zaroven pridavat nové sluzby
bez zmeny existujiicej implementacie.

Suciastka A

A
Specifikacia
suciastky B
y

Suciastka B

Obrazok 2-2. Vztah medzi dvoma softvérovymi suciastkami.

Su suciastky objektmi?
Vo vSeobecnosti stciastky nie su objektmi. Ale objekty mozu byt jednoduchymi stciast-
kami. Vela objektov moZe obsahovat nejaku stciastku. Dolezity rozdiel je v poslani. Ob-
jekt slizi na opis entity realneho sveta, kym sticiastka je urcena na opis sluzieb tejto entity.
Inak povedané, objekty st vhodné na opis doménovej Struktury, zatial o stciastky opisu-
ju jej funkcionalitu. Ked objekt poziada o sluzbu, nevie ktory z ostatnych objektov ttto
sluzbu poskytuje. Kedze stciastka musi poskytovat sluzby r6znym objektom — casto ano-
nymne — neuchovava si stavovt informaciu (samozrejme, len vtedy, ak to prave nie je
vlastnost poskytovanej sluzby).
Predstavme si, Ze mame hardvérovy ovladac (angl. driver), ktory zabezpecuje pristup
k viacerym podobnym zariadeniam, pricom kazdé zariadenie ma svoje jedinecné crty. Ak
programu nezaleZi na vybere zariadenia, ktoré vykond pozadovanu sluzbu, moéze poZia-
dat o sluzbu od suciastky a zaroven ju poverit vyberom zariadenia. Stciastka nasledne
zavola vhodnt metédu na objekte prislusného zariadenia. Naopak, ak program presne vie,
od ktorého zdostupnych zariadeni sluzbu vyzaduje, moze zavolat alebo suciastku
s konkrétnou Specifikaciou zariadenia, alebo priamo objekt pozadovaného zariadenia.
Sudiastky poskytuju sluzby. Stciastky st zlozené z objektov, ktoré vzajomnou spolu-
pracou implementuju suciastkami poskytovant sluzbu.
V suicasnosti softvér ¢im dalej tym viac vyuziva suciastky. Vyhody ich pouzitia st:
— zvySend produktivita vdaka pouzitiu hotovych suciastok,
— zvySend spolahlivost pouZzitim dostatocne otestovaného zdrojového kodu,
— nizke naklady na tdrzbu, pretoze rozsah kodu je maly,

— minimalne zmeny v kéde,

— zabezpecenie dostatocne uzatvoreného mechanizmu na zabalenie, distribuciu
a znovupouZitie softvéru.

Nevyhodou mo6Zzu byt tieto rizika:

— nemoznost opravit alebo skontrolovat kod (angl. bugs and backdoors),
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— vzajomna nekompatibilita stuciastok,
— poziadavky na rdzne verzie tej istej suciastky od réznych aplikacii,

— licencovanie.

Zlozenie sudiastok

Kltucovou vyhodou pouzivania suciastok je moznost kombinovat dve a viac stciastok
a vyrobif tak novt suéiastku. VSeobecne predpokladame, ze nova stciastka zapuzdruje
pouzité suciastky do ciernej skrinky (angl. black box). Kazda mnoZzina sticiastok sa moze
stat sucCastou vacsej mnoziny, a moZze teda tvorit potenciondlny subsystém. Kedze suciast-
ky poskytujt sluzby, musime dokazat odhadnut a predvidat spravanie sa spolupracuju-
cich skupin suciastok. Casto prave toto nie je mozné predpovedat len z analyzy interakcie
suciastok.

Pokial ide o hardvérovy priemysel, spajanie stciastok je tu skor normou nez len vy-
nimkou. Este nedavno vyrobcovia pocitacov vyrabali takmer kazda cast svojich pocitaco-
vych systémov az po monitor a tlaciaren. Dnes sa da pocita¢ poskladat ako skladacka
z Lega zo suciastok pochadzajtcich od rdéznych vyrobcov.

V softvérovom priemysle to takto nefunguje, hoci existuje mnoho prikladov softvéro-
vych aplikacii, ktoré dovoluju pripojenia (angl. plug-ins). Napriklad aplikacia Netscape
Browser. Otazka teda znie: Preco to v hardvérovom priemysle funguje, a v softvérovom
nie? Odpovedou je pravdepodobne to, Ze zatial neexistuju definicie Standardnych sucias-
tok pre vSeobecne poskytované sluzby. A ak aj niekde existuje Standard, predajcovia si
zvykli pontikat ,zlepSenia”, ktoré vedu k nekompatibilite.

2.1 Distribuované suciastky

Distribuovany systém je mnozina samostatnych geograficky oddelenych vypoctovych
uzlov prepojenych prostrednictvom urcitého komunikacného systému — v ramci lokélnej
pocitacovej siete, metropolitnej siete, internetu, a pod. Distribuovana aplikdcia je aplikacia,
ktorej casti st vykonavané na uzloch distribuovaného systému, a distribuované sticiastky
su zakladné stavebné bloky takychto distribuovanych aplikacii. Distribuované aplikacie
tak, vdaka vyuzitiu zdrojov v jednotlivych uzloch systému, m6zu dosahovat lepsiu prie-
pustnost pri spracuvani velkého mnozZstva dat, neporovnatelne vyssiu v porovnani
s jednym beznym pocitacom.

V tejto casti opisujeme vSeobecné charakteristiky distribuovanych suciastok, kon-
krétne technologie, ako napr. suciastky zaloZené na udalostiach a technoldgia CORBA, st
potom opisané v nasledujtcich castiach.

Na problematiku distribuovanych suciastok sa pozerdme z dvoch odlisnych hladisk —
z pohladu spédjajuceho softvéru a z pohladu vytvarania rozsiahleho systému zaloZeného
na nejakom spajajiicom softvéri.

2.1.1 Spdjajiici softvér
Pri tvorbe distribuovaného systému ocakavame, Ze budeme mat k dispozicii velké mnoz-

stvo samostatnych sudiastok, ktoré budeme vediet vzdjomne spdjat do vacSich celkov
s ciefom ziskat komplexnu aplikaciu podla poziadaviek.
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Na prepojenie distribuovanych stciastok sa pouziva tzv. spajajtci softvér (angl. mid-
dleware). V stcastnosti existuje niekolko rozsirenych technoldgii sluziacich ako spéjajtci
softvér, napr.:

— suciastkovy objektovy model alebo distribuovany stuiciastkovy model od firmy Mirco-
soft (angl. Microsoft COM/DCOM),

— objektovy sprostredkovatel poziadaviek (angl. CORBA),
— podnikové boby jazyka Java (angl. Enterprise JavaBeans),
— webové sluzby (angl. Web Services).

Problematika distribuovanych stciastok je spojena s rozvojom viacerych stvisiacich tech-
nologii. Rozvoj distribuovanych systémov stvisel na jednej strane s rozvojom velkych
distribuovanych podnikovych aplikdcii a na druhej strane s va¢Sou ponukou hardvérovej
zéakladne. Zistilo sa napriklad, Ze je lacnejsie prepojit niekol'ko beznych pocitacov ako po-
uzit jeden supervykonny stroj. S touto skutocnostou savisi napriklad rozvoj gridového
pocitania (angl. Grid computing), oblakového pocitania (angl. Cloud computing), ¢i pouzitie
softvéru ako sluzby (angl. Software as a Service). Ale samotnou podstatou spajajticeho soft-
véru je vytvorenie softvérovej infrastruktury, ktora by umoziovala jednoduché prepojenie
distribuovanych suciastok. Rozvoj technoldgii umoziuje spracovavat a uchovavat obrov-
ské objemy dat.

2.1.2 Charakteristika distribuovaného systému

Podstatou distribuovaného systému je, Ze jednotlivé suciastky dokdzu spolupracovat
i napriek tomu, ze st geograficky oddelené, i napriek tomu, Ze sa vykonavajua na réznych
operacnych systémoch a niekedy aj na rozdielnych hardvérovych platformach. Aby jed-
notlivé distribuované suciastky dokazali spolupracovat, je potrebné zaoberat sa tromi
zakladnymi problémami: umiestnenim suciastok, vzajomnym pouzivanim stciastok
a vysporiadanim sa s chybami. Preto je pri navrhovani distribuovaného systému nutné
vziat do ttvahy niekolko zakladnych principov:

— umiestnenie — kazda suciastka v systéme musi mat moznost najst a vidiet ostatné su-

Clastky v ramci systému,
— pouzitie — suiciastky musia byt schopné pouzivat funkcionalitu inych stciastok,
— vysporiadanie sa s chybami — sti¢iastka musi byt schopna vysporiadat sa so zlyhanim
inej stciastky, hardvérovou chybou, chybou v sietovej komunikacii a podobne.

V zaciatkoch distribuovanych systémov boli tieto problémy riesené na trovni aplikacie —
nejakym spdsobom bolo zabezpedené, aby sa jednotlivé stciastky dokazali vidiet, aby sa
vedeli navzajom pouzivat a nejakym spdsobom bol zabezpeceny mechanizmus vysporia-
davania sa s chybami. Vyvojar sa pri tvorbe nemohol naplno zaoberat doménovou logikou
suciastky, ale musel sa vysporiadavat s mnohymi technickymi detailami spomenutymi
vyssie. Tieto skutocnosti iniciovali vznik spdjajiiceho softvéru, ktory by umoznil prepojit
softvérové suciastky bez ohladu na operacny systém ¢i hardvérovu platformu, na ktorej sa
vykonavaju. Kazdy typ spdjajuceho softvéru rieSi otazky umiestnenia, pouzivania
a vysporiadania sa s chybami svojim sposobom. Vyvojar distribuovaného systému sa tak
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moze zamerat na doménovu logiku aplikacie a nemusi riesit technické otazky ohladom
spoluprace distribuovanych stciastok.

2.1.3 Spésob fungovania spdjajiiceho softvéru

Aby mohol distribuovany systém vobec zacat pracovat, je potrebné jednotlivé stciastky
distribuovat na jednotlivé vypoctové uzly. RozliSujeme dva spdsoby distribticie podla
toho kedy k nej v programe dochadza — statickd distribtcia a dynamicka distribucia.

Staticka distribucia
Staticka distribucia prebieha pocas kompilacie a spajania (angl. linking). Urcita cast kodu je
priradena na vykonanie konkrétnemu hardvéru.

Dynamicka distribuacia
Na druhej strane pri dynamickej distribtcii dochadza k priradeniu softvérovej stciastky
konkrétnemu hardvéru pocas vykonavania programu. Spajajiici softvér musi zabezpecit,
aby suciastka alebo sluzba boli zaregistrované a tym pouzitelné aj pre dalSie suciastky
v systéme.

Dalsou otazkou, ktord je rieSené na strane spéjajiiceho softvéru, je vzajomné pouZitie.
V predchadzajiicom texte sme spominali, Ze jednotlivé stciastky sa musia navzajom vidiet
a musia byt schopné navzajom zdielat svoju funkcionalitu. Z pohladu komunikacie, exis-
tuji dva zakladné sposoby ako mozu stciastky v rdmci distribuovaného systému vzajom-
ne komunikovat: volanie vzdialenych procedar (angl. remote procedure call) ale-
bo posielanie sprav (angl. message passing). Ostatné metddy st kombindciou tychto
dvoch. Detaily tykajice sa komunikacie, vysporadtivania sa s chybami ¢i viditelnosti
vzdialenych suciastok st vylucne v kompetencii spajajuceho softvéru, a pri navrhu
a tvorbe systému sa vyvojari tymito skutonostami zaoberat nemusia.

Volanie vzdialenych procedur

Volanie vzdialenych procedtr je spdsob komunikacie umoznujtici programu transparent-
ne volat kéd (proceduru) v adresnom priestore iného programu. V pripade implementacie
mechanizmu volania vzdialenych procedur na strane spajajiceho softvéru tak moze prog-
ramator vyuzivat funkcionalitu distribuovanych stciastok rovnako ako keby boli umies-
tnené na lokalnom stroji.

Posielanie sprav

Komunikacia medzi sti¢iastkami pomocou posielania sprav je zaloZena na asynchrénnom
odosielani poziadaviek v balickoch (spravach). Spravy, na rozdiel od volani vzdialenych
procedur, nezanikaju v pripade ak niektora z komunikujtcich suciastok prestane fungo-
vat, ale zvycajne zostavaju uloZzené na niektorom z pomocnych serverov, ktoré sltizia na
preposielanie sprav v takejto architektire. Mechanizmus zaloZzeny na posielani sprav je
preto robustnejsi pri neocakavanych komunikacnych problémoch, vyssia rézia ale mierne
znizuje rychlost a priepustnost takejto komunikacie.

Obrazok 2-3 zachytava priklad architektiry spdjajiceho softvéru, ktory umoziiuje vo-
lanie vzdialenych metdd. Softvéry klienta a servera mézu byt napisané v fubovolnych
programovacich jazykoch, potrebné je ale mat k dispozicii vhodné sticiastky v tychto jazy-
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koch, ktoré umoznia klientskej stéiastke a serverovej suciastke komunikovat prostrednic-
tvom spdjajiiceho softvéru. Implementdcia spéjajuceho softvéru je pre vyvojara klientskej
alebo softvérovej suciastky ukryta. Vyvojar potrebuje len moznost pouzivat spajajtici soft-
vér v prislusnom programovacom jazyku (napr. pomocou podpornej kniznice).

Klient Java Klient C Server C++
‘ Rozhranie ‘ ‘ Rozhranie ‘ Kostra ‘
\ Adaptér \
\

‘ Sprostredkovatel poziadaviek ‘

Obrazok 2-3. Priklad architektury spajajuceho softvéru.

2.1.4 Navrh distribuovanej aplikdcie

Navrh distribuovanej aplikdcie je z viacerych dovodov komplikovanejsi ako navrh centra-
lizovanej aplikacie vykondvanej v homogénnom prostredi jedného vypocétového uzla.
Uvedieme niekolko zakladnych aspektov, ktoré distribuovanej aplikdcii pridavaji na zlo-
zitosti: vyvoj softvéru, planovanie zdrojov, sprava chyb, pouzivanie nehomogénnych pro-
stredi a problematickou sa javi aj otdzka bezpecnosti distribuovaného systému.

Vyvoj softvéru

Samotna zlozitost vyvoja softvéru je casto spojena so skutocnostou, Ze neexistuje moznost
ladenia distribuovanej aplikacie, ako to pozname pri centralizovanych systémoch. Vyvoj
aplikacie je spojeny s problémami ako napr. vzdialena komunikacia, transakcie, udalosti,
pomenovavanie (angl. naming, tj. priradovanie cloveku zrozumitelnych mien entitdm
v distribuovanom systéme) ¢i bezpecnost.

Planovanie zdrojov

Planovanie zdrojov v distribuovanej aplikacii je naro¢né na planovanie jednotlivych akti-
vit. Vo vacsine pripadov sa totiZ softvérova suciastka priraduje na vykonanie konkrétne-
mu hardvéru az v ¢ase vykondvania programu. Pri planovani zdrojov je preto potrebné
brat ohlad na poziadavky sluzieb a stéiastok a tiez na moznosti jednotlivych hardvéro-
vych stciastok.

Sprava chyb

Sprava chyb v distribuovanom systéme je odlisna od spravy chyb v centralizovanom sys-
téme najma tym, Ze v pripade neosetrenej chyby v centralizovanom systéme ddjde k padu
celého systému, na druhej strane v pripade distribuovanej aplikacie pri zlyhani jednej su-
Ciastky alebo procesu v nejakom uzle neddjde k padu celej aplikacie. Dokonca napr. neu-
koncenie niektorého z procesov moze spdsobit zlyhanie inej, na prvy pohlad s danym
procesom nesuvisiacej, suciastky. Z tohto dévodu nemozno v distribuovanom systéme
zanedbaf mechanizmus spravy chyb.
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Nehomogénne prostredie

Distribuované suciastky sa nespajajui len s distribuovanym geografickym rozmiestnenim
vypoctovych uzlov ale aj roznorodostou (heterogénnostou) pouzitého softvéru
a hardvéru. Spajajtci softvér sa dokaze vysporiadat s roznorodostou prostredia. Na zjed-
notenie hardvérovych a softvérovych platforiem je vSak mozné tiez pouzit koncept virtu-
alneho stroja, kde distribuovana aplikacia sa bude realne vykonavat na rozdielom hardvé-
ri ardznych operacnych systémoch. Pouzitim virtualizacie teda zabezpecime jednotnost
hardvéru a softvéru na vSetkych uzloch v systéme.

Bezpecnost

Obzvlast dolezitou témou v pripade distribuovanych aplikacii je bezpecnost. Mnoho dis-
tribuovanych systémov je zaloZzenych na komunikacii prostrednictvom verejnych kanalov,
akym je napriklad internet. V prostredi internetu pomerne casto dochadza k nezelanému
vniknutiu do systému alebo neautorizovanej zmene informacie. Otdzka bezpecnosti
v prostredi distribuovanych systémov je komplexna téma.

2.1.5 Spoluprica a sucinnost siciastok
Distribuovany systém je postaveny na moznosti pouzivat viaceré suciastky, ktoré sa vy-
konavaju na réznych softvérovych a hardvérovych platformach. Nevyhnutnostou pri ko-
munikdcii medzi jednotlivymi stciastkami je stcinnost zucastnenych suciastok. Suc¢innost
je zaloZena na vymene sprav medzi sticiastkami na zaklade stanovenych konvencii. Sti¢in-
nost suciastok je silne zavisla na ich zlozitosti. Jednoduchsie stciastky si menej nachylné
na chyby v komunikacii.
V zavislosti od pouzitia konkrétneho spdjajiiceho softvéru, moze byt stcinnost reali-

zovana viacerymi sposobmi ako:

— vymena sprav,

— zdielanie informacii,

— synchronizacia operdcii.
Sucinnost medzi suciastkami silne zavisi od zlozitosti sti¢iastok a zlozitosti celého systé-
mu. Systém postaveny na jednom type hardvéru a softvéru je jednoduchsi ako systém,
ktory spdja stciastky fungujice na réznych hardvérovych a softvérovych platformach.
Preto pri analyze spoluprace medzi stciastkami v ramci velkého distribuovaného systému
je potrebné zvazit viaceré skutocnosti:

— spolupraca medzi aplikaciami,

spolupraca medzi aplikaciou a opera¢nym systémom,

spolupraca medzi sluzbou cielového a zdrojového operacného systému,

dohody ohl'adom rozhrani, syntaxe a sémantiky,

architekttira sticiastok a ich vzajomna spolupraca.

2.1.6 Hardvérové a softvérové prostredie

Distribuovanou aplikaciou mdzZeme nazvat aplikdciu, ktord sa vykondva na viacerych
pocitacoch a Casto na rozdielnych operacnych systémoch. Nastava viacero problémov,
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ktoré stivisia s pouzivanim rozdielnych hardvérovych a softvérovych platforiem. Pouzitie
jednotného hardvéru a softvéru je najjednoduchs$im spdsobom instaldcie distribuovaného
systému.

Jednotlivé suciastky sa volaja pomocou programovacieho rozhrania aplikacie. Avsak
napriek pouzitiu jednotnej hardvérovej a softvérovej platformy moze dochadzat
k nestladu medzi stciastkami na sémantickej trovni — jedna su¢iastka si napr. dany typ
spravy vysvetli inym spdsobom ako druha komunikujica saciastka. Obrazok 2-4 znazor-
nuje spolupracu suciastok na jednotnej softvérovej a hardvérovej platforme. V tomto pri-
pade je potrebné sa zaoberat vhodnym definovanim rozhrani, spravania sa stciastok
a konvenciami pre pomenuvanie.

Rozhranie
Spravanie
Pomenovanie

Aplikacia A < Aplikacia B

Jednotny
hardvér/softvér

Operacny systém

Hardvérova platforma

Obrazok 2-4. Spolupraca na rovnakom hardvéri a softvéri.

ZlozitejsSim pripadom distribuovaného systému je, ked sa suciastky vykonavaju
na rozdielnych operacénych systémoch. V tomto pripade je potrebné pouzit zjednocujici
operacny systém (obrazok 2-5). Pouzitim zjednocujiiceho operacného systému mozno
vytvarat prenosné aplikacie.

Rozhranie
Spravanie
Pomenovanie
Aplikacia A Aplikacia B
[
Zjednocujuci Zjednocujuci
softvér Jednotny softvér
hardvér/softvér

J L L

Operacny systém

Hardvérova platforma

Obrazok 2-5. Spolupraca na rozdielnom softvéri.
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dit na rozdielnom softvéri aj hardvéri. V tomto pripade je preto potrebné nasadit viacero
druhov spominaného zjednocujticeho operacného systému. V pripade pouzitia viacerych
druhov zjednocujucich operacnych systémov je potrebné zaoberat sa komunikaciou na

Situdcia sa este viac komplikuje v pripade, ak chceme distribuovanu aplikaciu nasa-

urovni transakcii sluzieb a aplikacii (obrazok 2-6).

Rozhranie
Sprévanie
Pomenovanie

Aplikacia A (

Zjednocujuci
softvér

J L

Jednotny
hardvér/softvér

Rozhranie
Spravanie

Pomenovanie

Sluzby
Architektdra

Aplikacia B

Aplikacné
transakcie

Aplikacia C

Zjednocujuci
softvér

J L

Operacény systém

Hardvérova platforma

Servisné
transakcie

Zjednocujuci
softvér

JL

Operacény systém

Hardvérova platforma

Obrazok 2-6. Spolupraca na rozdielnom hardvéri a softvéri.

2.1.7 Vyhody a nevyhody distribuovanych systémov

Ajbez toho, aby sme vymenovali vSetky vyhody a nevyhody nasadenia distribuovanych
systémov, je zrejmé, Ze prave snaha o distribuované rieSenia dominuje svetu velkych soft-
vérovych systémov. Ako dévod mozno uviest potrebu distribuovaného spracovavania
obrovského mnozstva dat a transakcii a tiez velky pokrok v ramci dostupnosti softvéro-

vych a hardvérovych rieSeni. Vyhody:

narast vykonnosti,

zlepSenie skalovatelnosti aplikacii/otvorenost,

zdielanie zdrojov,
odolnost voci chybam,
spolahlivost,

narast vypoctovej sily.

Nevyhody:

oneskorenost komunikacie,

problémy synchronizacie,

moznost ¢iastkového zlyhania aplikacie,

bezpecnost,

obmedzené vypoctové moznosti uzlov,

distribticia zdrojov.
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2.2 Suciastky zaloZené na udalostiach

Suciastky, ktoré pracuju na zaklade udalosti, patria k najvolnejsie prepojenym prvkom
softvéru. Nepotrebuju poznat s kym spolupracuju, staci, ked sa dozvedia, Ze nastala uda-
lost, na ktorti dokazu zareagovat. St preto velmi vhodné na prepajanie existujtcich apli-
kacii a to nie len na jednom pocitaci, ale aj v ramci pocitacovych sieti a to aj pri obcasne
pripojenych pocitacoch.

Svoje vyuzitie vSak nachadzaju aj v kompaktnych aplikaciach. Typicky je to podpora
pouzivatel'ského rozhrania, kde vznika mnozstvo udalosti, na ktoré musi aplikacia reago-
vat. Inym prikladom st riadiace systémy, ktoré reaguju na udalosti z vyrobného alebo
iného riadeného procesu.

Velka volnost prepojenia umoziiuje aj priamo pocas vykonavania softvérového pro-
cesu menif zdroje, ktoré udalosti vytvaraju, aj pozorovatelov, ktori na udalosti reaguju. Ak
pribudnti zdroje udalosti, jediné ¢o sa z pohladu pozorovatela zmeni je pocet udalosti,
na ktoré ma reagovat. Zdroju udalosti je zvycajne tiezZ jedno, kol'ko pozorovatelov na jeho
udalost reaguje. Softvérové systémy, ktoré vyuzivaju suciastky zaloZené na udalostiach, st
preto ahko konfigurovatelné aj za chodu.

2.2.1 Udalosti

Udalost je nieco, ¢o sa stane, o com chceme vedief a pripadne na to reagovat. V softvé-
rovych systémoch je udalost definovana ako Specificky vznik bodu interakcie dvoch vypo-
¢tovych jednotiek. Tento bod interakcie sa chape v Case, nie ako vytvorenie nejakého pre-
pojenia.

Na udalosti je dolezité to, Ze vo vSeobecnosti nevieme kedy nastane a ¢i vobec nasta-
ne. V konkrétnych pripadoch vsak zvycajne vieme asponl odhadnut, ako ¢asto mbze uda-
lost nastat. Udalosti, napriklad z ¢asovaca, mo6zu prichadzat v rozpati mikrosektnd, iné
udalosti, napriklad vydanie opravenej verzie softvéru, sa vyskytuju raz za niekol'ko mesia-
cov alebo aj rokov. Podla toho sa potom vyberie vhodny model spracovania udalosti.

Z pohladu softvérového systému mozno udalosti clenif na vnatorné a vstupné. Vnu-
torné udalosti si vytvara systém sam a zvycajne sa jedna o zmenu stavu niektorej jeho cas-
ti. Vstupné udalosti mézu byt vytvarané pouzivatelmi prostrednictvom vstupnych zaria-
deni, napriklad stlacenim znaku na klavesnici alebo pohybom mysSou. Iné vstupné udalosti
mozu byt generované externymi alebo internymi hardvérovymi prostriedkami pocitaca
amozu ich tiez vytvorit iné aktivne procesy na pocitaci. Toto rozliSenie je dolezité preto,
lebo na vstupné udalosti suciastky zvycajne nedokazu reagovat priamo a je potrebné uda-
lost prisposobit pouzitym stciastkam.

PodTa (Faison, 2006) st¢iastky, ktoré reagujit na udalosti, vyzaduju udalosti vo forme
spravy. Sprava je vo vSeobecnosti postupnost znakov, ktoré urcuju typ spravy ajej para-
metre. Typ spravy urcuje typ udalosti, ktora nastala a parametre spravy blizsie urcuju
vlastnosti tejto udalosti. Stciastka podla typu spravy zisti, ¢i je to udalost, na ktort ma
reagovat, a ako ma na nu reagovat. Parametre spravy mozu priamo niest udaje, napriklad
kéd stlaceného znaku na klavesnici alebo referenciu na tidaje, napriklad na stabor tidajov.

Udalosti si vyzaduju asynchronne spracovanie. Ked raz udalost vznikla, tak jej tvor-
cu moze zaujimat, ¢i bola nejako spracovana, ale nemoze ovplyvnit kedy a ¢i vobec bude
spracovand. Preto by nemal ¢akat na potvrdenie ani o doruceni, ani o spracovani spravy.
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Ak potrebuje vysledky spracovania, je vhodné vytvorenie vysledku definovat ako novi
udalost. Synchrénne spracovanie udalosti mozno vyuzit len ak sa jedna o vnatorné uda-
losti, kde je zarucena odozva. Vyvolanie udalosti je teda podobné volaniu procedury
s niekolkymi rozdielmi — nemusi byt zname kto obslazi udalost, standardne neexistuje
navrat z udalosti a vyvolanie udalosti nie je ur¢ené na lokalne spracovanie.

2.2.2 Reakcia na udalosti

Ked je potrebné reagovat na vstupné udalosti, pouzije sa vzor Obalovac alebo Zastupca.
Dosiahne sa tak, ze s vonkajsim zdrojom udalosti mdzeme pracovat ako so zdrojom vnu-
tornym. Sudiastky, ktoré reaguju na vnutorné udalosti, st potom vytvarané na zaklade
navrhového vzoru Pozorovatel (angl. Observer), ktory je na obrazku 1-10 v kapitole 1.
Zdroj udalosti je tu zobrazeny ako pozorovatelny subjekt.

Kazdy pozorovatel, ktory chce prijimat udalost, sa zaregistruje u zodpovedajiceho
subjektu volanim jeho metédy Pripoj. Subjekt pri zmene svojho stavu metéddou
Notifikuj vola metddu Aktualizuj kazdého zaregistrovaného pozorovatela. Pozoro-
vatel si nasledne vyZziada novy stav subjektu. Ked uz nechce pozorovatel prijimat dalsie
udalosti od tohto subjektu, odregistruje sa volanim met6édy 0dpoj.

Sprehladnenie procesu posielania, rozdelovania a spracovania udalosti umoziuje
manazér udalosti, ktorého zapojenie do celého procesu je znazornené na obrazku 2-7.

Prideluje Manazér udalosti
F N
Posiela
A4
Uloha A Uloha B
Spracdva Vytvara udalost

Obrazok 2-7. Zapojenie manazéra udalosti do procesu Sirenia udalosti.

Aj zdroj udalosti aj pozorovatel sa registruji v manazéri udalosti pre vybranti udalost.
Manazér potom zabezpecuje prevzatie kazdej udalosti a tiez, aby sa kazda udalost dostala
ku kazdému zaregistrovanému pozorovatelovi. V niektorych systémoch manazér posiela
aj spatnu spravu od pozorovatela ku zdroju, Ze pozorovatel ukoncil spracovanie udalosti.
V takych systémoch je mozné vytvorit aj synchrénne spracovanie udalosti.

Synchrénne spracovanie udalosti sa pouziva len vtedy, ked je potrebné spracovat
niektoré udalosti v presne ur¢enom poradi. Na tato tlohu sa ale lepsie hodi vzor Postup-
nost (angl. Chain of Responsibility), preto sa synchrénne spracovanie udalosti vyuziva
zriedkavo.

2.2.3 Model spracovania udalosti

Kazdy programovaci jazyk alebo vyvojovy systém, ktory podporuje spracovanie udalosti,
Specifikuje aj spdsob opisu a Sirenia udalosti — model spracovania udalosti. Kazdy model
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teda musi mat mechanizmus zabezpecujuci Sirenie udalosti a musi jednoznacne Specifiko-
vaft, ¢o sa stane, ked vznikne udalost.

Dva zakladné modely na spracovanie udalosti sa nazyvaja pull model (model tahania)
a push model (model tlacenia).

Pull model

V pull modeli stciastka, ktora spracovava udalosti, poziada o nova udalost hned ako ma
predchadzajiicu udalost spracovand. Ak dalsia udalost nie je k dispozicii, suciastka caka
urcend dobu a potom opakuje svoju ziadost.

Hlavnym problémom tohto modelu je, Ze ak vznikne viac udalosti pocas spracovania
predchadzajticej, vSetky okrem poslednej sa mozu stratit. Tento problém ciastocne riesi
vytvorenie radu udalosti. Ak sa rad preplni, systém musi vediet akceptovat stratenie uda-
losti. DiZka radu je limitovand z dvoch dévodov. V systémoch sa Casto pouziva velké
mnozstvo typov sprav a dlhy rad pre kazdy typ spravy by spdsobil neimernt spotrebu
pamiti. Druhy d6vod je, Ze reagovat na udalost ma zvycajne vyznam len do urcitého casu.
Ak udalost ¢aka prili§ dlho, zastara a jej spracovanie uz nemusi mat Ziadny vyznam, len
zbytocne spotrebuje vypoctové zdroje.

Manazér udalosti pre tento model je pomerne jednoduchy. V urcenych casoch preze-
ra vsetky zaregistrované zdroje udalosti a ked' niektory vytvori udalost, ulozi ju do pri-
slusného radu. Ked si udalost vyzdvihnt zaregistrované suciastky, pripadne po stanove-
nom case alebo po zaplneni radu, manazér tato udalost z radu odstrani.

Udalost pritom moze byt urcena len jedinému z prijemcov alebo vSetkym zaregistro-
vanym prijemcom. Ak je urcend len pre jedného, vymaze sa z radu hned ako sa odovzda
prvému, kto o niu poziadal. Ak je urcena pre vsetkych, tak sa znaci kto uz udalost prevzal
a vymaze sa az s poslednym odberom.

Udalost pre jedného sa pouZziva najma vtedy, ked je viacero stéiastok na spracovanie
rovnakej udalosti — zataz sa rovnomerne rozdeluje. Udalost si prevezme ta sticiastka, ktora
prave skoncila predchadzajicu ¢innost.

Dobrym prikladom na spracovanie udalosti pre kazdého je udalost ,vysla upravena
verzia softvérového systému”. Kazda instancia tohto softvérového systému si raz denne
alebo raz za tyzden na zodpovedajiicom serveri skontroluje, ¢i bola vytvorena novsia ver-
zia. Ak bola vytvorena, mdze sa nainstalovat, ak nie, softvér znovu posle poziadavku
po stanovenom case. Ak bol nejaky pocitac¢ dlhsi ¢as vypnuty, zvycajne nevadi, Ze sa pre-
skocili dve alebo tri verzie softvérového systému a nainstaluje sa najnovsia.

Tento priklad ukazuje aj vyhody modelu. Drobnou vyhodou je, Ze stac¢i implicitna re-
gistracia pozorovatela — vie kde sa ma pytat. Velkou vyhodou je jednoduchy manazér
udalosti. Potrebuje len zabezpecit, aby sa kazda udalost dostala do svojho radu
a poskytuje rychle odpovede na stav radu. Nemusi sa trapit a opakovane vyzyvat vset-
kych, ktori zatial nereagovali na udalost.

Push model

V push modeli stciastka, ktora vytvara udalost, posle spravu vsetkym stciastkam, ktoré
sa prihlasili na jej spracovanie. Ak prijemca udalosti eSte nie je pripraveny tto spravu
spracovat, sprava sa strati. Tento problém znovu moze ciastocne riesit rad na spravy, ten-
toraz na strane prijemcu.
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Manazér udalosti je komplikovanejsi, lebo, okrem prijatia udalosti, musi oznadmit
kazdému zaregistrovanému prijimatelovi, Ze si ma prevziat tato udalost. Okrem toho
samozrejme kontroluje, kto si uz udalost prevzal. Manazér ma teda viac prace ako
v pripade pull modelu. Zvlast vyrazné to je, ked potrebujeme pridelit udalost prave jed-
nému prijimatelovi. ManazZér sa postupne a opakovane dopytuje vSetkych prijimatelov, ¢i
su pripraveni prijat nova udalost. Prili§ vela udalosti a dlha doba odozvy na udalost mo-
zu zahltit systém tak, Ze vac¢sina vypoctovych zdrojov sa bude vyuzivat len na rozdelova-
nie sprav.

Zahltenie manazéra udalosti sa da riesit vytvorenim jeho distribuovanej verzie
a najma vhodnym urcenim intervalu, ako ¢asto ma opakovat dopyty na prijatie spravy.

Vyhodou tohto modelu je, Ze ho moZzno pouzit aj ked nie st k dispozicii stciastky,
ktoré si dokazu vyziadat udalost samé. Nevyhodou je uz spominana vyssia spotreba vy-
poctovych zdrojov a moznost zahltenia.

Preto sa tento model pouziva najma pri praci s riedkymi alebo vnutornymi udalos-
tami. Suciastky, ktoré sticasne vytvaraju aj prijimaju udalosti st o nieco jednoduchsie ako
pre predchadzajici model, pozname typickt dobu odozvy na udalost a velmi casto je tato
odozva kratSia nez je ¢as prichodu dalSej udalosti. Typicky priklad je pouzivatel'ské roz-
hranie, kde je odozva na udalosti o niekolko radov kratsia, nez je hustota generovania
udalosti pouzivatelom.

2.2.4 Existujiice rieSenia

Zaujimavé vlastnosti systémov vytvorenych zo suciastok zaloZenych na udalostiach, ako
uz spominana asynchrénnost spracovania a velka volnost prepojenia, sposobili znacné
rozsirenie ich pouzitia v sucasnych systémoch. Ani do buducnosti nie je vidiet dévod,
preco by mal zadujem o ne ochabnut.

Z velkého mnoZstva sposobov pouzitia st tu strucne opisané tri priklady. Jedna sa
o programovaci jazyk, webové sluzby a integracnt platformu.

Udalosti v jazyku Java

V programovacom jazyku Java st udalosti reprezentované ako objekty. Odkazy na tieto
objekty st posielané ako spravy, zodpovedajtice prislusnym udalostiam.

Model udalosti je vSak v tomto jazyku pristupny len cez prislusné rozsirenie, nazvané
Advanced Windowing Toolkit — AWT. Preto je potrebné vzdy, ked chceme tento model vyu-
zit, importovat bali¢ek jawa.awt .event. K dispozicii st vSak aj novsie balicky, s vac¢sim
poctom typov udalosti, napriklad swing. Jedna sa o podporu pouzivatel'ského rozhrania,
preto sa pouziva push model udalosti.

Vzor, podla ktorého st v jazyku Java vytvarané stuciastky sa nazyva Posluchac (angl.
Listener). Je to v principe ekvivalent uz opisaného vzoru Pozorovatel. Suciastky pracuji
v rezime klient-server. Zdroj udalosti je serverom, u ktorého si klient registruje prijimanie
zodpovedajucej udalosti. Klient potom ,,poctiva”, ¢i mu server neposiela tato udalost.

Z implementacného hladiska je to navrhnuté tak, Ze server aj klient implementuji im
zodpovedajuce rozhranie. V ramci programového kodu je potom Specifikované, na ktort
udalost bude stciastka reagovat.

Tento pristup poskytuje aj dalsiu zaujimavi moznost — delegovanie spracovania uda-
losti. Suciastka moze odchytavat viacero typov udalosti, ale niektoré z nich nespracuje
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a posle ich nezmenené alebo ako novy typ udalosti dalej. Udalosti je preto mozné spraco-
vavat podobne ako vynimky.

Weboveé sluzby

Pod sluzbou si m6zeme predstavit nejakt ¢innost, ktora sa zacne vykonavat ked st splne-
né podmienky na jej aktivovanie. Splnenie zodpovedajtcich podmienok je teda udalostou,
ktora aktivuje tuto sluzbu. Vytvorenie sluzby zapojenim suciastok, ktoré su zalozené na
udalostiach je preto tiplne ziaduce.

Specifikom webovych sluZieb je, Ze webova komunikacia je Standardne bezstavova
ajednosmerna. To znamenad, Ze klient na jednej strane otvori komunikaciu a posle svoju
poziadavku. Sluzba (server) na druhej strane odpovie a tym sa aj komunikacia ukondi.
Neudrzuje sa ziadna informacia ¢i komunikacia prebieha, kto je na rade a podobne. Sluzba
tieZ nema moznost poslat neskor nejakd dodato¢nt informaciu, ani vyzvat klienta aby si
novu informaciu vyziadal.

Tento spdsob komunikacie je jednoduchy a postacuje, ak ma sluzba vsetky odpovede
pripravené alebo ich vie v kratkom case (jednotky sekuind) spocitat. Ak ale sluzba potrebu-
je na ziskanie odpovede viac ¢asu, napriklad niekolko mintt alebo aj hodin, klient vyhod-
noti situaciu ako poruchu spojenia a komunikaciu ukondi. Sluzba potom nema ako infor-
movat klienta, Ze rieSenie je uz k dispozicii.

Webova sluzba aj klient preto vyuzivaju vzor Pozorovatel ,,obojsmernym* spésobom
prostrednictvom callback proceddry. Na zaciatku sa sluzba zaregistruje v ramci systé-
mu, kde bude dostupna a nastavi sa do rezimu pozorovatela. Sluzba je Standardne opisana
prostrednictvom Web Services Description Langague — WSDL. Klient ju teda moéze najst
a poslat jej svoju poziadavku. Okrem toho posle sluzbe dodato¢nu ,,callback” informaciu —
kde a ako ho mozno aktivovat aby prijal odpoved. Sam sa potom prepne do rezimu pozo-
rovatela a zaregistruje si ttto sluzbu ako zdroj udalosti. Ked sluzba dokon¢i svoju pracu,
na zaklade uvedenej dodatocnej informacie otvori komunikaciu s klientom a odovzda mu
svoje rieSenie. Potom sa znovu prepne do rezimu pozorovatela a je pripravend prijat dal-
Siu ulohu.

Integracna platforma Ensemble

Mnohé organizacie potrebuju pracovat s viacerymi informaénymi systémami, ktoré su
takmer vzdy nejakym spdsobom nekompatibilné. Pritom priame prepojenie tychto infor-
macnych systémov by vyrazne zvysilo efektivnost prace — mnozstvo idajov by nebolo
potrebné kopirovat z jedného systému do druhého, ale stacilo by sa na ne odkazovat.

Rozli¢né standardy, databazové systémy, programovacie jazyky, ba aj operacné sys-
témy, nad ktorymi tieto informacné systémy pracuji, vSak sposobuju znacné problémy
s ich prepojenim. Ked k tomu pridame moZznost, Ze sa kazdy z pripojenych systémov mo-
Ze nezavisle vyvijat, zda sa byt vytvorenie dlhodobo funkcnej integracie nemozné.
A s tymito problémami sa snazia vyrovnat takzvané integracné platformy, ktoré maju
za ulohu prepojit rozne systémy do jedného funkéného celku.

Na obrazku 2-8 vidime zjednoduseny pohlad na platformu Ensemble. Vsetky entity,
oznacené slovom biznis zodpovedaju sticiastkam zaloZzenym na udalostiach. Na zaciatku
su vstupné adaptéry, ktoré transformuju rozne Standardy a protokoly z pripojenych in-
formacnych systémov do jednotného vnutorného systému. Na ne sii priamo napojené
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biznis sluzby, ktoré uz prijimaju udalosti ako spravy a z vonku to naozaj funguje ako vo-
lanie sluzby.

—

Vstupné Biznis Biznis Vystupné
adaptéry sluzby operacie [| adaptéry
L~ L N
— . . ——

Biznis
procesy

—
Vonkajsie udalosti
—>

Spravy v systéme
Obrazok 2-8. Prepojenie suciastok pomocou sprav v systéme Ensembile.

Biznis procesy realizuju celtt prepojovaciu logiku a biznis operacie zabezpecuju spracova-
nie jednotlivych uloh. Vystupné adaptéry potom vysledné rieSenie prisposobia jednotli-
vym pripojenym systémom.

Celé rieSenie je zaloZené na udalostiach, posielanych prostrednictvom sprav. Vsetky
prepojenia je tak mozné nezavisle menit, pridavat a uberat. Tento pristup tak umozniuje
nielen rychlu integraciu ale aj efektivnu idrzbu celého prostredia.

2.3 CORBA

Vyznamnym problémom, ktory musi byt pri vyvoji distribuovanych aplikacii vyrieSeny, je
otazka vzajomnej komunikacie jednotlivych casti takychto aplikacii. Predstavme si napri-
klad, Ze v module A vytvaranej aplikacie potrebujeme zavolat funkciu modulu B, ktory je
vykondvany na inom pocitaci nez modul 2, a ziskat spat vysledok tohto volania. Nech
volana funkcia je add s dvoma celociselnymi parametrami. Napriek vyhodam vyssieuve-
deného pristupu zalozeného na udalostiach sa rozhodneme pouzit mechanizmus pripo-
minajtci tradiéné synchrénne volanie procedury. Otazkou vsak je — ako ho implemento-
vat?

Jednou z moznosti je pouzitie Standardnych programovacich rozhrani k sluzbam sie-
tovych komunikacnych protokolov, ako je napriklad Berkeley Sockets API pre rodinu proto-
kolov TCP/IP. Vyhodou tychto rozhrani je ich univerzalna dostupnost, nakolko st
k dispozicii prakticky pre vSetky operacné systémy; ich hlavnou nevyhodou je pomerne
nizka uroven abstrakcie, z ktorej vyplyva najma nutnost vytvarania vac¢Sieho mnozstva
kédu potrebného na ich pouzitie. V nasom pripade by sme museli na strane modulu &
naprogramovat nasledujice kroky:

1. otvorenie spojenia — volanim funkcii gethostbyname, socket, connect,

2. priprava spravy — vytvorenie balika tdajov obsahujuceho napriklad informacie
»~add”, 20, 30 (tj. nazov funkcie a jej parametre),

3. poslanie spravy — volanim funkcie write,

4. precitanie odpovede — volanim funkcie read,
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5. interpretacia odpovede — extrakcia navratovej hodnoty, pripadne chybovej spravy,
6. zatvorenie spojenia — volanim funkcie close.

Na strane modulu B by bola situacia analogicka. Okrem zlozitosti vytvorenych programov
ma takéto rieSenie aj dalsie nevyhody, konkrétne:

1. V pripade, Ze volajtci a volany modul st spustené na pocitacoch s roznou architektu-
rou, nemusia byt vymienané uidaje spravne interpretované. Ak by sa napriklad
A vykonaval na pocitaci s procesorom ukladajicim najvyznamnejsi bajt najprv (,big
endian”, napriklad PowerPC), volanie add (20, 30) by mohlo byt zakdédované
do spravy ako sekvencia oktetov ( ‘a’, ‘d’, ‘d’, “\0’, 0, 0, 0, 20, 0, 0, 0, 30 ). Takato spra-
va prijata na pocitaci s procesorom ukladajicim najvyznamnejsi bajt na konci (, little
endian”, napriklad Intel x86) by bola interpretovana ako volanie add (335544320,
503316480). Analogické problémy moézu vznikat tiez pri interpretacii cisel
s pohyblivou radovou ¢iarkou alebo textovych retazcov (z dévodu réznych sposobov
koédovania znakov: ASCII, EBCDIC, UNICODE, rézne kédovania narodnych abecied
a podobne).

2. V pripade, zZe potrebujeme zabezpecit dalsie sluzby, ako je napriklad bezpecnost in-
formacii pri prenose (typicky pouzitim protokolu SSL/TLS!), pripadne korektné spra-
vanie sa systému pri nedostupnosti pocitaca s volanym modulom, je objem ,infra-
Struktirneho kédu” eSte omnoho vySsi.

3. Podobne v pripade, Ze volané rozhranie je zloZzitejSie, ¢o sa tyka mnozstva funkcii,
poctu ich parametrov a prenasanych datovych typov, objem prace programatora
pri kodovani a dekédovani volani funkcii do formy tdajovych balikov rychlo na-
rasta.

Z tychto a podobnych dévodov sa pri volani funkcii v distribuovanom prostredi pouZziva
elegantna myslienka volania vzdialenych procedtr (angl. remote procedure call), ktort pr-
vykrat uviedli do praxe Birrell a Nelson (Birrell, 1984). Zakladnym principom je, Ze prog-
ramator so vzdialenymi procedirami resp. funkciami pracuje tym istym spdsobom ako
s lokalnymi — samozrejme s vynimkou aspektov vykonu a spolahlivosti.

2.3.1 Volanie vzdialenych procediir

Typické pouzitie vzdialeného volania procedur je zndzornené na obrazku 2-9. Stub? pre B
je modul, ktory umoziiuje komunikaciu klientov s modulom B. Pre klienta — v naSom pri-
pade pre modul & — poskytuje funkciu add (x,y), pricom ju neimplementuje priamo, ale
pri kazdom jej volani vytvara balik tidajov, ktory prostrednictvom komunikacného jadra
posiela serveru. Na strane servera balik prevezme tzv. skeleton pre B, ktory z prijatych ada-
jov extrahuje nazov funkcie ajej parametre a tuto funkciu zavola. Navratovi hodnotu
posle naspat modulu stub, ktory ju odovzda klientovi.

Pre programatora je dolezité, Ze jadro je spravidla k dispozicii vo forme kniZnice
a moduly stub a skeleton st automaticky generované z opisu rozhrania volaného modulu

I Secure Sockets Layer resp. Transport Layer Security
2 Slovo stub v anglictine oznacuje pen, pahyl. Niekedy sa pre tento modul pouziva aj vyraz proxy
(zastupca). Na strane servera sa analogicky modul nazyva server-side stub alebo aj skeleton (kostra).
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vhodnym predkompilatorom — znamena to, Ze programator musi vytvorif len opis roz-
hrania volaného modulu, volany a volajici modul. , Infrastruktdrnym kédom* sa zaoberat
nemusi.

_~ proces

/ modul/kniZnica

ModulA | [/ Modul B
& Popis G
Stub pre B - rozhrania -+t> Skeleton pre B

modulu B

& i3

Jadro S - - Jadro
Standardizovany

protokol

Obrazok 2-9. Volanie vzdialenych proceddr.

Myslienka vzdialeného volania procedur ma velké mnozstvo realizacii, spomefime najvy-
znamnejsie z nich:

1. mechanizmy na tradi¢né vzdialené volanie procedur, ako st napriklad ONC RPC
(Open Network Computing RPC; Srinivasan, 1995) alebo DCE RPC (Distributed
Computing Environment RPC?),

2. architektiira CORBA,

3. technolédgia Java Remote Method Invocation,

4. webové sluzby, ktoré je tiez mozné pouzit na volanie vzdialenych procedur.
Vacdsina z tychto technoldgii poskytuje vysokt mieru nezavislosti komunikujtcich stcias-
tok: moduly pre klient a server mozu byt vytvorené v roznych programovacich jazykoch

amozu byt prevadzkované na pocitacoch s réznou hardvérovou architektiirou a operac-
nym systémom.

2.3.2 Architektira CORBA

CORBA (Common Object Request Broker Architecture) poskytuje otvorent infrastruktiru,
ktora slazi na zaistenie spoluprace aplikacii, resp. ich Casti v prostredi pocitacovej siete
(Object Management Group, 2009). Je implementaciou myslienky volania vzdialenych
proceddr, a to v prostredi objektovo orientovaného pristupu k vyvoju softvéru — konkrétne
to znamena, ze volané entity nie st funkcie, ale operacie, resp. metédy vzdialenych ob-
jektov.

CORBA je dielom organizacie Object Management Group (OMG), ktord je vyz-
namnym neziskovym zdruzenim viac nez 400 spolocnosti posobiacich v oblasti informac-
nych technoldgii — ¢i uz ide o poskytovatelov rieSeni, ich zakaznikov alebo o akademické
instittcie. Teraz si ukazeme pouzitie architekttiry CORBA na jednoduchom priklade.

3 http://www.opengroup.org/dce/
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Predpokladajme, ze potrebujeme spristupnit objekty realizujice pocitadlo implemen-
tované triedou Counter pre klientov v distribuovanom prostredi.

class Counter

{

private int value;
public int getValue()

{

return value;

}

public void setValue (int v)

{

value = v;

}

public void increment ()

{

value++;

}
}

Priklad 2-1. Zdrojovy kod triedy Counter.

Prvym krokom je vytvorenie opisu rozhrania pre pocitadlo. Na opis rozhrani CORBA -
podobne ako vicsina technoldgii na volanie vzdialenych proceduir — pouziva Specializova-
ny jazyk s nazvom CORBA IDL (Interface Definition Language). Ide o jazyk vychadzajtci
zo syntaxe C++ s podporou preddefinovanych aj pouzivatelskych datovych typov, po-
stupnosti, poli, dedenia, vynimiek a vstupnych ivystupnych (in/out) parametrov. Opis
rozhrania pre pocitadlo je velmi jednoduchy:

interface Counter

{

long getValue() ;
void setValue (in long value) ;
void increment () ;

}i
Priklad 2-2. Opis rozhrania pocitadla.

Tento opis rozhrania je vstupom pre predkompilator, ktory vygeneruje niekolko stiborov,
realizujtcich stub a skeleton pre pocitadlo.

Aby sme triedu Counter mohli pouzit ako implementaciu objektu v distribuovanej
aplikdcii, musime ju trochu upravit (zmeny st vyznacené tu¢nym pismom):

class CounterImpl extends CounterPOA

// ostatne casti triedy ostali bez zmeny

}
Priklad 2-3. Upraveny zdrojovy kod triedy Counter.

Okrem zmeny nazvu triedy (nutnej pre jej odliSenie od abstraktného rozhrania Counter)
bola pridand védzba implementacnym dedenim na vygenerovany skeleton obsiahnuty
v triede CounterPOA.

Nasledujiici kdd na strane klienta ilustruje princip transparentného pristupu
k vzdialenym procediram resp. metédam:
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public class CounterClient

{

public static void main(String argv []) throws Exception
{

// tu musime ziskat referenciu na pocitadlo

String ior = ...;

// inicializacia ORB na strane klienta
ORB orb = ORB.init (argv, null);

// prevedenie externej formy (IOR) na lokalnu referenciu
org.omg.CORBA.Object obj = orb.string to object (ior) ;
Counter ¢ = CounterHelper.narrow(obj) ;

// dalej pracujeme s lokalnou referenciou (c)
c.setValue (0) ;

for (int 1 = 0; 1 < 1000; i++)
c.increment () ;
System.out.println("Vysledok: " + c.getValue());

Priklad 2-4. Zdrojovy kod klienta objektu Counter.

Na zaciatku je potrebné ziskat referenciu na pocitadlo, sktorym budeme pracovat.
Pri beznej ,,nedistribuovanej” aplikdcii by sme takuto referenciu ziskali vytvorenim novej
inStancie pocitadla?, v tomto pripade musime referenciu ziskat inak — napriklad pomocou
sluzby Naming Service, ku ktorej sa vratime neskor. Dalgie riadky kédu predstavujd ini-
cializaciu implementdcie CORBA a vytvorenie instancie zastupcu (t.j. stub) pre pocitadlo.

Kdéd vyznaceny tu¢nym pismom uz pracuje priamo so zastupcom, takZe programator
sa mdze plne venovat aplikacnej logike bez nutnosti rieSenia otazok komunikacie
v distribuovanom prostredi.

Poznamka: Okrem tu uvedenych modulov je potrebny este server, ktory vytvori
a zaregistruje instanciu pocitadla. Ide opat o niekolko riadkov kédu, pre pochopenie mys-
lienky architektiary CORBA vsak nie sti podstatné.

2.3.3 Dalsie mozZnosti a sluzby v ramci architektiiry CORBA
Okrem uz naznacenych moznosti poskytuje architektira CORBA mnohé dalsie, najma:

1. Napriek tomu, Ze najcastejSim pripadom je volanie znamych a vopred definovanych
rozhrani (o umoznuje pouzitie predkompilatora generujiiceho kdéd pre zastupcov
na strane klienta), CORBA poskytuje moznost volat aj rozhrania definované az v case
vykondvania klienta. Prostrednictvom Specializovaného rozhrania (Dynamic Invoca-
tion Interface) moze klient postupne Specifikovat nazov operacie, ktora ma byt zavo-
lanad (napr. ,setValue”) a hodnoty jednotlivych parametrov (napr. 100) a nasledne
operaciu zavolat. Princip je podobny dynamickému volaniu metdd objektov, napr.
prostrednictvom Java Reflection API aje vhodny vtedy, ked konkrétne rozhranie,
ktoré sa ma zavolat, nie je v case kompilacie klienta zname.

4 Napriklad takto: Counter ¢ = new CounterImpl()
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2. Analogicky mechanizmus (Dynamic Skeleton Interface) existuje aj na strane servera
a umoznuje prijat fubovolné volanie a az v ¢ase vykondvania zistif, ktord metoda
a s akymi parametrami bola volana.

3. Dolezitou suciastkou na strane servera je tzv. objektovy adaptér (angl. Object Adap-
ter), ktory umoznuje zachovat volnt vazbu medzi objektmi viditelnymi pre klientov
a implementacnym kddom, ktory moze, ale nemusi byt objektovo orientovany.

Napriek tomu, Ze volanie vzdialenych funkcii, resp. metod, je dolezitou otazkou
v distribuovanych aplikaciach, nie je jedinou: takéto aplikacie musia riesit mnozstvo dal-
Sich problémov tykajtcich sa napriklad vyhladavania objektov alebo bezpecnosti.

S cielom ulahcit vyvoj aplikacii st stucastou architektiry CORBA viaceré podporné
sluzby. Ako priklad uvedme sluzby v oblasti vyhladdvania objektov podla mena (Naming
Service), resp. podla vlastnosti (Trading Object Service), sluzby v oblasti zaistenia bezpec-
nosti (Security Service), spravy transakcii (Transaction Service), asynchrénnej komunikacie
(Event Service, Notification Service), perzistencie objektov (Persistent State Service)
a dalsich.

Od verzie 3.0 uvolnenej v roku 2002 je stcastou architektiiry CORBA aj model stcias-
tok (tzv. CORBA Component Model, skratene CCM), ktory je platformovo nezavislym
rozsirenim modelu suciastok Enterprise JavaBeans. CCM umoznuje pre stciastky defino-
vat poskytované aj pozadované rozhrania, a to synchrénne (volanie metdd) aj asynchron-
ne (posielanie sprav). Podobne ako stciastky v inych modeloch, aj stciastky CCM maju
definované pouzivatefom nastavite[né parametre; a podobne ako stciastky Enterprise
JavaBeans, su aj stciastky CCM rdznych typov (service, session, entity, process) a su pre-
vadzkované v Specializovanych kontajneroch.

2.3.4 Zhodnotenie

CORBA predstavovala v 90-tych rokoch slubna technolégiu, pouzivani v mnohych sof-
tvérovych projektoch. V sticasnosti sa o nej hovori pomerne malo a existuju protichodné
nazory na jej uspech resp. netispech — napr. (Henning, 2006), (Schmidt, 2009). Vo vseobec-
nosti sa d4 povedat, Ze napriek tomu, ze v roli ,,univerzalnej komunikacnej zbernice” ju —
aspon v niektorych doménach - vystriedali webové sluzby, ide o zrelti technolégiu, ktora
ma desiatky komerc¢nych aj volne dostupnych implementacii (Puder, 2009) a velké mnoz-
stvo pouziti v réznych aplikacnych oblastiach.

2.4 JavaBeans

JavaBeans je nazov platformovo-nezavislého sticiaskového modelu zalozeného na jazyku
Java. Jeho pomocou modzeme vytvarat znovupouzitelné prenosné softvérové suciastky.
Model bol vyvinuty s ohladom na (vizualne) autorské zostavovatelské nastroje, resp. pra-
covné ramce, ktoré umoznuju jednotlivé suciastky prepajat s ciefom vytvorenia zloZzenych
suciastok alebo samostatnej aplikacie.

Elementom suciastkového modelu je tzv. JavaBean, v preklade béb jazyka Java
(v kontexte kavovej metafory tykajucej sa celej platformy). Bobmi st vizudlne sudiastky —
napr. tlacidlo, kalkulacka, databazovy zobrazovac ale i nevizualne sticiastky — napr. kon-
trola pravopisu. Koncepcia sti¢iastkového modelu stoji na tychto bodoch:
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— introspekcia — moznost odhalenia vlastnosti bobu (t.j. jeho atribttov, metdd a udalosti).

— atribiity — kazdy bob ma atributy, ktoré ho charakterizuju a ktoré mozno menit v case
navrhu.

—  metody — kazdy bob ma metddy, pomocou ktorych mozno bébom manipulovat.

— udalosti — pomocou udalosti sa da komunikovat — posielat a prijimat spravy medzi
bobmi.
— upravovanie — vzhlad, resp. spravanie bobu moze byt v ¢ase navrhu upravované.
— perzistencia — kazdy bob moze byt perzistovany, tj. po upravovani mozno jeho stav
zachovat pre pouzitie v inych zostavovatelskych nastrojoch.
Je zrejma podobnost s objektom ako elementdrnym prvkom objektovo-orientovanej para-
digmy, nakolko z nej vychadza aj samotny programovaci jazyk Java. Model JavaBeans
nestavia ziadne dalSie restrikcie na svoje suciastky. Nie je potrebné, aby boby podliehali
definovanym rozhraniam, generalizovali iné stciastky alebo obsahovali dodatocné meta-
déta (napr. pomocou tzv. anotacii). Aby béby spifiali uvedené poziadavky, pri ich tvorbe
je potrebné riadif sa niekolkymi konvenciami:
— trieda bobu musi obsahovat verejny bezparametrovy konstruktor, ktory umozni jej
jednoducht instanciaciu v autorskych nastrojoch.

— atributy triedy st manipulovatelné pomocou pristupovych, resp. zmenovych metéd
(angl. accessor, mutator methods), ktoré zodpovedaju vzoru:

getXXX ()
setXXX(...)

¢im je zarucend moznost introspekcie a manipulovatelnost bobmi v ramci pouzitych
autorskych nastrojov,

— trieda bobu by mala byt serializovatelna. To umozni autorskym nastrojom spolahlivo
perzistovat a pristupovat k stavom bobu nezavisle od platformy, kde je pouzity.

Z&kladnym rozdielom oproti platformovo-zavislym prvkom, akymi st OLE (Object Lin-
king and Embedding) alebo ActiveX, je fakt, Ze JavaBeans definuje rozhranie sticiastky uz
v Case navrhu, tj. pri zostavovani novej suiciastky alebo aplikacie autorskym nastrojom.

Spolu s JavaBeans Activation Framework (JAF), aktivacnym pracovnym ramcom pre
bdby jazyka Java, je bob mozné vytvorit z [ubovolného typu dat. JAF pontka sluzby pre
identifikaciu typu dat, zapuzdrenie pristupu, odhalenie metdd a inStanciaciu, napr. obraz-
ku vo formate JPEG.

Na pouzitie bobov jazyka Java v distribuovanom prostredi st tri mechanizmy pristu-
pu (Sun Microsystems, 1997; obrazok 2-10).

Pouzitim tzv. Java RMI (Remote Method Invocation), vzdialeného volania metdd, je
podporované distribuované spracovanie v prostredi jazyka Java. Je vytvoreny priestor
pre automatické a transparentné dorucenie vzdialenych volani vSade, kde je pritomny
virtualny stroj jazyka Java (Java Virtual Machine; JVM).

Pomocou Java IDL (Interface Description Language) ako implementacie Specifikacie
CORBA a GIOP (General Inter-ORB Protocol), protokolu pre vymenu sprav medzi zastup-
cami vzdialenych objektov, moZno realizovat interoperabilitu v heterogénnom distribu-
ovanom prostredi.
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Obrazok 2-10. Mechanizmy vzdialeného pristupu.

Pre pristup do databazového uloziska je implementovana podpora pomocou rozhrania
JDBC (Java DataBase Connectivity). Stciastky modelu JavaBeans mozu poskytovat prispo-
sobeny pristup ku konkrétnym tabulkam.

2.4.1 Enterprise JavaBeans

Enterprise JavaBean (EJB) je stciastkovy model zaloZeny na jazyku Java zamerany
na komplexné podnikové systémy. Bol vyvinuty s cielom rychleho a jednoduchého vyvoja
distribuovanych, transakénych, bezpecnych a prenosnych aplikacii zalozenych na plat-
forme Java.

Model EJB bol vytvoreny pre tzv. ,klient-server” prostredie. Specifikuje architektiru
na strane servera, ktora zapuzdruje doménovu logiku aplikacie. Stciastky EJB, oznacova-
né rovnomenne podla modelu, posobia v tzv. kontajneroch EJB, ktoré s sticastou aplikac-
nych serverov modelu EJB (obrdzok 2-11). Kontajnery EJB sa staraju o zivotny cyklus bo-
bov a st prostrednikom medzi doménovou logikou aplikacie a prostredim aplikacného
servera. Sluzby kontajnera EJB zahfniaju:

— spravu transakcii pri pristupe do tloziska: zacatie, odosielanie a spatvzatie,

— udrZiavanie zdielanych inStancii bobov pre spracovanie prichadzajacich poziadaviek
a prepinanie medzi aktivnym a neaktivhym stavom bobu,

— synchronizaciu atributov bobov s ich perzistovanym stavom.

V modeli EJB povodne existovali 3 typy suciastok: entitné boby (angl. entity beans), boby
sedenia (angl. session beans) a spravami riadené boby (angl. message-driven beans).

Entitny bob/perzistentna entita

Tento typ EJB bol pouZivany vo verziach suciastkového modelu nizsich ako verzia 3.0.
Reprezentoval distribuované objekty, ktoré mali perzistentny stav ulozeny v databaze.
RozliSovali sa dva podtypy, na zaklade toho, kto riadil tento stav. Bud islo o kontajnerom
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manazovanu perzistenciu (angl. Container-Managed Persistence; CMP) alebo o bobom ma-
nazovanu perzistenicu (angl. Bean-Managed Persistence; BMP).

EJB
Aplikacia
Java
EJB
S EJB
HTML \/ Web Ly
klient \_ server ]
S EJB Databaza
Klienty

Kontajner EJB

Obrazok 2-11. Schematicky nacrt kontajnera EJB v architektire modelu EJB.

Entitné boby boli s prichodom EJB verzie 3.0 nahradené tzv. Java Persistence API (JPA). To
maze komplikované a obmedzené ponimanie perzistencie a perzistentnou entitou umoz-
nuje byt akejkolvek odlahcenej triede jazyka Java, ktora zvycajne reprezentuje tabulku
v relacnej databdze. InStanciami tejto triedy su jednotlivé riadky tabulky. Relacné vztahy
v databaze su vyjadrené pouzitim metaddt — napr. pomocou anotacii priamo
v programovom kéde alebo explicitne pomocou XML opisu.

Bob sedenia

Na rozdiel od entitného bobu, ktory reprezentuje perzistentné data, bob sedenia reprezen-
tuje urcita doménovu ulohu a je spravovany EJB kontajnerom. Je vytvoreny na poziadanie
klienta a existuje len pocas jedného sedenia. Okrem realizacie doménovej tilohy moze sla-
zit na zriadenie pristupu do databazy. Existuji dva typy bodbov sedenia: stavové
a bezstavové. Stavovy bob sedenia (angl. Stateful Session Bean) uchovava stav sedenia
a v pripade jeho odstranenia z pamati jeho Zivotny cyklus riadi EJB kontajner. Prikladom
takéhoto bobu je napr. nakupny kosik znamy z webového prostredia. Bezstavovy bob
sedenia (angl. Stateless Session Bean) naopak nema asociovany stav sedenia, preto pristup
k nemu moze byt konkurentny.

Spravami riadeny bob
Tento typ sudiastky reprezentuje integraciu JMS (Java Message Service) — sluZzieb pre voIne

zviazanu distribuovant komunikaciu — do modelu EJB. Bol predstaveny vo verzii EJB 2.0
a sltzi na spracovanie asynchrénnych sprav.

2.5 System Object Model

Suciastkové (alebo komponentové) technoldgie sa snazia rieSit problémy spojené
s pouzivanim suciastok ako su definovanie a opis stciastok, rozhrani a interakcii medzi
nimi a tieZ sposob ich zabalenia a znovupouZitia.
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Spolo¢nost IBM vytvorila technolégiu System Object Model (SOM) (Dansforth, 1994),
ktord adresuje velktul cast nedostatkov, ktoré prisli s objektovo orientovanymi jazykmi.
SOM obsahuje flexibilny objektovy model, ktorého dve hlavné vyhody st binarna kompa-
tibilita novsich verzii kniznice so star§imi a moznost znovupouzitia kniznice objektov
v inych (aj proceduralnych) programovacich jazykoch bez ohl'adu na jazyk, v ktorom bola
kniZnica vytvorena.

SOM umoznuje vyvojarom implementovat objekty v ich preferovanom programova-
com jazyku, pricom vystupy budt pouziteIné aj v ostatnych jazykoch. Objektovy model
SOM je oddeleny od objektovych modelov konkrétnych programovacich jazykov
a umoznuje tak pridat objektové mechanizmy aj do proceduralnych jazykov; existuju im-
plementacie pre C a Cobol.

2.5.1 Problémy a ciele

Objektovo orientované programovacie jazyky prindsaji vyhody oproti procedurdlnym
jazykom, najmd vdaka zapuzdreniu dat a operacii nad nimi. Vznikaju ale aj nové problé-
my suvisiace s bindrnou kompatibilitou predchadzajtcich verzii kniZnic a zdielanim ob-
jektov medzi r6znymi programovacimi jazykmi (Hamilton, 1996).

V proceduralnom jazyku postacuje, aby nova verzia kniznice zachovala kompatibilné
signatury funkcii a aby pridané nové funkcie nekolidovali s menami v klientskej aplikacii.
Udrziavat kompatibilitu definicii tried v objektovo orientovanych jazykov ale nie je také
lahké. V statickych jazykoch (napr. C++, Java) je v klientskom kode skompilované mnoz-
stvo informacii o pouZzitej triede (velkost, poradie a umiestnenie metdd, offset® od rodicov-
skej triedy) a aj mala zmena vo vnutornej Struktuare triedy spdsobi nutnost prekompilovat
klientsky koéd. V dynamickych jazykoch (napr. Smalltalk), ktoré informadcie o triedach
spravuju pocas vykondvania programu, tieto problémy nevznikaju.

Dalsi problém je spdsobeny zdielanim kédu medzi jazykmi, ked v pripade objektovo
orientovanych programovacich jazykov neexistuje ziadna Standardna reprezentacia ob-
jektov, ktora by umoznila pouzivat objekty napr. zo Smalltalku v C++.

Problémy nastdvajui uz aj medzi réznymi kompilatormi C++, kde kazdy moze pouzi-
vat rozliéné zarovnanie objektov v pamdti a pouzitie objektovej kniZnice vytvorenej
v inom kompilatore sa tak stava neschodné. Naopak, v proceduralnych jazykoch linkovaci
proces v operacnom systéme dodrzuje urcité konvencie, co umoznuje volat kniznice medzi
roznymi procedurdlnymi jazykmi (napr. C, Fortran) relativne jednoducho.

Technoldgia SOM spristupniujuca objekty bola navrhnutd ako rieSenie obmedzeni
pre SirSie pouzitie kniZnic objektovych tried (IBM, 1994) s nasledujtcimi ciel'mi:

1. Moznost odvodit novt objektovt triedu z binarneho tvaru kniZnice, bez nutnosti mat

k dispozicii pévodny zdrojovy kéd zakladnej triedy.

2. Moznost pouzivat objektové triedy a odvodzovat nové triedy bez ohladu na progra-
movaci jazyk, v ktorom bola objektova kniznica alebo klientska aplikdcia implemen-
tovana.

3. Umoznit nasledné zmeny (vylepSenia, opravy) vo vytvorenych stciastkach bez nut-
nosti rekompilacie existujucich klientskych aplikacii, ktoré ich pouzivaju.

5 Posun v skompilovanom (binarnom) kéde.
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V nasledujucich castiach opiSeme architekttiru SOM, jej vlastnosti vzhladom na vyssie
uvedené ciele, spdsob tvorby objektov aich zdielanie medzi r6znymi programovacimi
jazykmi.

2.5.2 SOM objekty

SOM oddeluje rozhranie objektov od ich implementdcie pomocou jazykovo nezavislého
objektového modelu. KniZnica a (klientska) aplikacia pouzivajica tato kniznicu tak moézu
byt implementované v roznych programovacich jazykoch a pokial zmena nevyzaduje
upravu zdrojového kédu klientskej aplikacie, nova verzia triedy sa mdze nasadit bez nut-
nosti rekompildcie klientskej aplikacie.

Metatriedy

SOMObject

Obrazok 2-12. Hierarchia objektov v SOM.

Existuju tri typy objektov v SOM: instancie tried (objekty, ktoré nie st triedami), triedy
(inStancie metatried; objekty, ktoré nie st metatriedami) a metatriedy (obrazok 2-12).

Kazdy SOM objekt je odvodeny od zakladného objektu SOMObject, ktory definuje
spravanie spolocné pre vsetky SOM objekty; okrem iného definuje metédu somDispatch,
ktora poskytuje vSeobecny spustaci mechanizmus pre volanie metdd na objektoch (angl.
method dispatch mechanism).

Trieda je odlisna od obycajného objektu (instancie triedy) tym, ze obsahuje tabulku
metdd definujicu metddy, ktoré moZeme na instanciach tejto triedy volat. Pocas inicializa-
cie triedy SOM prostredie spusti inicializacntt metddu, ktora informuje triedu o jej rodi-
¢ovskych triedach a umozni jej tym inicializovat si vlastnt tabulku metdd. Nasledne po-
kracuje inicializacia metédami, ktoré pretazia zdedené metoddy alebo pridaju do triedy
nové metddy.

V hierarchii je objekt SOMObject trieda, ktora je instanciou metatriedy SOMClass
(tieZ objektu). VSetky metatriedy v SOM st eventudlne zdedené z metatriedy SOMClass,
ktora do zdedenych objektov pridava metddu somNew, ktora sliizi na vytvaranie instancii
triedy a tiez pridava metddy pre vytvaranie a modifikaciu tabulky metod.

Hierarchia objektov v SOM je flexibilna a umoziiuje tzv. metaprogramovanie, teda
programatorovi pocas vykondvania zistovat informacie o objektoch a triedach a menit ich
za chodu. Objekty sa pocas vykondvania programu vytvaraja (vzorom Tovaren) zavola-
nim tovarenskej metddy na objekte triedy prislusného objektu, ktory chceme vytvorit.
Po vytvoreni objekt existuje dovtedy, kym nie je explicitne uvolneny alebo pokym existuje
proces, ktory ho vytvoril. Ak chceme, aby SOM objekt zil dlhsie ako proces, ktory ho vy-
tvoril, je nutné realizovat vlastny perzisten¢ny mechanizmus.



Softvérove suciastky 63

Nové triedy sa vytvaraju odvodenim od existujucich tried. Podtrieda zdedi rozhrania
aich implementacie z rodicovskej triedy. Metédy mozeme pretazit. Nové metody mozu
byt pridané, staré moézu byt pretazené. SOM podporuje viacnasobné dedenie.

Rozhrania k SOM objektom sa definujt pomocou SOM IDL (Interface Definition
Language), ktoré je rozsirenim CORBA IDL o moznost $pecifikovat dodatocné informacie
o implementdcii. Objekt Specifikujeme v IDL (priklad 2-5), pre ktoré SOM IDL kompilator
vytvori jazykovo Specifické previazania pre ciefovy kompilator (podporované sit C a C++)
korespondujtice s definiciou triedy v jazyku IDL.

#include <somobj.idls

interface Hello : SOMObject

{
}

void sayHello() ;

Priklad 2-5. Jednoduchy IDL subor.

Previazania st jazykovo Specifické makra a procedury obsahujtce volania do SOM spus-
tacieho prostredia, ktoré zabezpecuje vytvaranie a manipuldciu so SOM objektmi. Previa-
zania umoZznuju programatorovi jednoduchu interakciu so SOM pomocou syntaxe vhod-
nej pre prislusny programovaci jazyk.

Napr. pre implementaciu objektu v jazyku C, IDL kompilator vytvori subory .H, .IH
a .C, ktoré obsahuju prazdne funkcie pripravené pre programatora na doplnenie Specific-
kej funkcionality (priklad 2-6).

#include <hello.ih>
SOM_SCOPE void SOMLINK sayHello(Hello somSelf, Environment *ev)

/* HelloData *somThis = HelloGetData (somSelf); */
HelloMethodDebug ("Hello", "sayHello");

printf ("Hello!\n") ;

}

Priklad 2-6. Implementacia metddy objektu.

Vysledna implementacia je zlinkovana do kniznice DLL alebo EXE stuboru. Pouzitie DLL
suboru umoznuje flexibilne pouzit vytvorent kniznicu SOM objektov v klientskej aplika-
cii, ktora je schopna DLL stibor nacitat (napr. aj v proceduralnom jazyku, priklad 2-7).

#include <hello.h>

int main(int argc, char *argvl[])
{
Hello obj;
obj = HelloNew() ;
_sayHello(obj, somGetGlobalEnvironment ()) ;
__somFree (obj) ;
return 0;

Priklad 2-7. Ukazka implementacie klienta v jazyku C.
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Operacie a metody

Kazdy SOM objekt ma Specifikované rozhranie, ktoré opisuje signatiru operacii, ktoré
mozno nad objektom vykonat. Kazda operdcia sa sklada z nazvu operacie, vstupnych ar-
gumentov a vystupnych hodnoét. Operacie st vykonavané metdédami, ktoré implementuja
spravanie objektu.

Klient poziada o sluzbu Specifikovanim mena objektu anazvu operacie spolu
s argumentmi. Objekt moze podporovat viaceré operacie. Niektoré programovacie jazyky
podporuju polymorfizmus, teda operacie s rovnakym nazvom ale odliSnymi argumentmi.
Metdda je procedura spustend na SOM objekte, ktorej parametre zodpovedaju paramet-
rom pozadovanej operacie.

SOM podporuje tri mozné mechanizmy vyhladavania metdd, ktoré sa maju vykonat
na poziadavku pre vykonanie operacie: rezolvencia ofsetom (angl. offset resolution), rezol-
vencia menom (angl. name resolution) a rezolvencia spustacou funkciou (angl. dispatch fun-
ction resolution).

Pri rezolvencii ofsetom klientsky kéd spusti metddu cez smernik na Specifickom ofse-
te v tabulke vypocitanej v case kompilacie. Tento spdsob je do istej miery podobny virtu-
alnej tabulke v C++. Rezolvencia menom vyhladdava metédu dynamicky pocas vykonava-
nia programu podla pozadovaného mena a umoznuje tak pristup k objektom, ktorych
trieda nie je znama v Case kompilacie. Rezolvencia spustacou funkciou umoznuje volané-
mu objektu riadit proces vyhladavania metédy I'ubovolnymi pravidlami.

Podpora v inych programovacich jazykoch

Okrem podpory SOM v jazykoch C a C++ pomocou SOM IDL kompildtora pre generova-
nie jazykovo Specifickych previazani, existoval eSte alternativny sposob pouzitia SOM pre
C++, Smalltalk a OO-COBOL, tzv. DirectToSOM (Hamilton, 1996). V tomto pripade pria-
mo kompilator cielového jazyka generoval a konzumoval IDL a generoval volania
do SOM spustacieho prostredia, ¢im bola zabezpecena jednoduchsia (bez nutnosti vytva-
rat IDL programatorom) nativna podpora SOM priamo v programovacom jazyku (obra-
zok 2-13).

Implementacné DL Klientské
previazania ; previazania
Y
DirectToSOM
opis
» A
DirectToSOM DirectToSOM
implementacia klient
4 \ / 4
Implementacia SOM | Klient
binarna forma [ | run-time | binarna forma

Obrazok 2-13. Schéma SOM (Hamilton, 1996).
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Pre C++a OO COBOL existuje plna DirectToSOM podpora, pre Smalltalk existuje len
podpora DirectFromSOM, co je len podmnozina umoznujica SOM objekty pouzivat len
z klienta a nie je mozné implementovat SOM rozhranie. SOM objekty sa v Smalltalku pou-
zivaju cez obalovacie triedy. Vytvorenie inStancie obalovacej triedy vytvori aj prislusnt
inStanciu SOM triedy a volania met6éd na obalovacom objekte spdsobia volania na SOM
inStancii.

Mapovanie zo Smalltalku do SOM naraza ale aj na problém spravy pamaite; ked sa uz
objekt v Smalltalku prestane pouzivat, je automaticky uvolneny spravcom pamdti, ale
kedze korespondujici SOM objekt existuje mimo paméatového priestoru klienta, je nutné
ho explicitne uvolnit volanim metéddy somFree. Navyse, kedZe sa absoltitne umiestnenie
objektu v paméti moze v Smalltalku zmenit, nie je mozné posielat do SOM jeho aktualnu
adresu aje potrebné pre kazdé volanie objekt nanovo skopirovat do pomocnej pamaite
v SOM, v ktorej ale nezostava po skonceni volania metddy a pre pripadné odkazovanie
v budtcnosti ho musi SOM cely skopirovat, ¢o spdsobuje dalsiu neefektivitu spoluprace
Smalltalku so SOM.

Okrem zakladného prostredia, boli vytvorené aj rozsirujuce prostredia, ako napr. dis-
tribuovana verzia SOM pre zdielanie objektov medzi logicky nezavislymi systémami. Dis-
tribuované SOM (DSOM) je sada SOM tried rozsirujuca mechanizmus spustania metdd
v spustacom prostredi o moznost transparentného volania metéd na SOM objektoch, ktoré
existuju vinom adresnom priestore ako volajtci proces, vac¢sinou na inom (virtudlnom)
stroji. DSOM je zaloZeny na mechanizme CORBA.

Nezavislost od programovacieho jazyka

SOM umoznuje interoperabilitu medzi jazykmi vdaka svojmu mechanizmu spustania
metdd, ktory je zalozeny na konvenciach linkovania procedur v operacnom systéme (IBM,
1994). Teda SOM vyuziva okrem iného konvencie pre pouZzivanie zasobnika a spdsob po-
stvania navratovych hodnét a moze tak spustat metédy nezavisle od programovacieho
jazyka, v ktorom je spustitelny kod vytvoreny. SOM teda vie spolupracovat s kazdym
jazykom, ktory podporuje zauzivané linkovacie konvencie.

Bindrna kompatibilita nahor

Bindrna kompatibilita nahor, teda spravne fungovanie klientskej aplikacie aj po zmene
kniznice, ktorti pouziva, je zabezpecena tplnym zapuzdrenim informacii o triedach (For-
man, 1995). Klientske previazanie na SOM triedu neobsahuje informacie o jej velkosti ale-
bo vstupnych bodoch a sptstanie metod a pristup k datam objektov sa realizuje pomocou
datovych Strukttr, ktoré sii vypocitané pocas inicializacie triedy v spusStacom prostredi.
SOM trieda preto moze byt pocas vykonavania programu upravena (napr. upravenie hie-
rarchie tried, pridavanie alebo odstranenie metdd) bez nutnosti rekompilacie klientskej
aplikacie.

2.5.3 Zhodnotenie

Objektovo orientované jazyky priniesli viacero vyhod oproti proceduralnym jazykom,
vznikli vSak aj fundamentalne problémy, ktoré branili efektivnejSiemu pouzitiu tychto
novych jazykov pre tvorbu zdielanych kniznic objektov.
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Na jednej strane boli technologie ako napr. Component Object Model (COM) spoloc¢-
nosti Microsoft, ktoré sa vzdali objektovo orientovanych principov v prospech jednoduch-
Sej architektiiry, na druhej strane, v spolocnosti IBM sa postavili k vzniknutym problémom
zoci-voci a vznikla technologia SOM, ktora umoznuje zdielat kniznice objektov v réznych
(nielen objektovych) programovacich jazykoch a zachovat binarnu kompatibilitu nahor,
teda po uvolneni novsej verzie kniZnice nie je nutné rekompilovat existujice aplikacie,
ktoré ju pouzivaju.

SOM bolo komercne dostupné v produktoch IBM od roku 1991, kedy sa objavilo ako
sucast OS/2 verzie 2.0, neskdr bolo dostupné aj na platformach AIX, Windows a Mac Sys-
tem 7. Objektovy model SOM bol na svoju dobu velmi pokrocily a okrem moznosti distri-
buovaného vykondavania (pomocou technolégie CORBA) obsahoval aj moznosti pre viac-
nasobné dedenie a metaprogramovanie. Pri tvorbe formatu pre zloZené dokumenty
OpenDoc v Apple bola technolégia SOM vybrana ako najvhodnejsia spomedzi dostup-
nych technoldgii v tej dobe (Alfke, 1995).

Po prvotnom nadseni sa ale operacny systém OS/2 nedokazal presadit na spotrebitel-
skom trhu a prestal tak byt pre IBM komercne zaujimavy. Ukoncenim podpory pre OS/2
v roku 2006 potom de facto zaniklo aj pouzivanie SOM, ktoré ako technolédgia zostalo uz
len ako inspiracia pre dalsi vyskum.

2.6 Softvérové inzinierstvo zalozené na suciastkach

Tvorcovia programov sa od vzniku programovacich jazykov snazili svoju pracu ¢o najviac
zjednodusit a po priklade stavebnych inZinierov budovat programy zo ,stavebnych blo-
kov”. Prvymi takymito blokmi boli podprogramy a kniznice.

Postupne sa zvysovala snaha tieto bloky standardizovat, aby sa nemuseli opatovne
vyvijat. Tak boli vytvorené jazyky, ktoré podporovali moduly a baliky. Moduldrne jazyky
boli neskor rozsirované o moznosti zakomponovania stciastok. Jazyk Ada 83 takto rozsiril
Grady Brooch v roku 1987 a jazyk Eiffel upravil Bertrand Mayer v roku 1997.

V devatdesiatych rokoch tak vzniklo softvérové inzinierstvo zaloZené na stciastkach
(angl. Component-based software engineering — CBSE). V jeho ramci bol definovany Zivotny
cyklus stciastky a spdsob vytvarania aplikacii zo stciastok. Na zaklade tychto znalosti
zacali vznikat Specifické prostredia a vyvojové nastroje zaloZené na suciastkach — ActiveX,
JavaBeans, DCOM, .NET, CORBA a iné.

2.6.1 Zdkladné principy CBSE

CBSE sa casto uvadza ako nadstavba objektovo orientovaného programovania. Ale su-
¢iastky mozno vytvarat nezavisle od programovacej paradigmy a nezavisle je definovana
aj CBSE metodolédgia. Zahtma opis procesov — navrh systému, manazment projektu, zivot-
ny cyklus systému; a tiez technolégiu — sposob vytvarania aplikacie.
Nezavislost CBSE vyjadruju aj jeho tri zakladné principy:
— Specifikdcia sti¢iastky je oddelend od jej ndvrhu a implementdcie. To znamena, 7e mdzeme
robit nezavislé implementdcie sudiastky, ktoré by mali byt medzi sebou zamenitelné.
— Sustredenie sa na ndvrh rozhrania. Definovanie dohody (kontraktu) medzi klientom
a serverom, ktora umoznuje zaobalit spravanie sa kazdej sticiastky.
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— Formidlna Specifikdcia vyjznamu suciastky. Spolu s definiciou rozhrania pomaha oriento-
vat sa implementatorovi pri vybere a vyvoji stciastky.
Na uvedenych principoch st1 definované vsetky casti metodologie CBSE a kazda konkrét-
na realizacia alebo d'alsi vyvoj metodoldgie na ne musi brat ohl'ad.

2.6.2 Problémové oblasti v CBSE

Hlavnym vyvojovym procesom v ramci CBSE je prave zivotny cyklus suciastky. Riesi
mnozstvo otazok, ktoré sa vyndraju od vzniku stciastky az po jej nasadenie a idrzbu.
Zivotny cyklus stiéiastky je rovnaky ako pri kazdom softvérovom systéme. Specifické ale
je, Ze musime brat ohlad na to, Ze suCiastka je vytvarana typicky aj za ticelom znovupouzi-
tia a suciastka nie je to isté, Co findlna aplikacia. Problémy, ktoré vznikaju v ramci zivotné-
ho cyklu stiéiastky sa tykaju tychto oblasti:

— vytvaranie suciastok,

hladanie stciastok,

pouzitie suciastok,

testovanie sudiastok,

zuzitkovanie sti¢iastok na znovupouzitie.

Vytvaranie stciastok

Pretoze jednou z vlastnosti suciastky je jej znovupouzitie, vynara sa klti¢ova otdzka — mo-
ze byt softvér navrhnuty bez napojenia na jeho konkrétne pouzitie? Pre nizkoturoviiové
suciastky je odpoved — ano. Dékazom st napriklad casto pouzivané kniznice implementu-
juce abstraktné tidajové typy.

Pre ostatné suciastky je vsak potrebné si uvedomit zakladné principy CBSE. A tie
nam hovoria, Ze suciastka by mala byt navrhnutd a vytvorena tak, aby podporovala vsetky
etapy prace snou. Teda aj etapu jej pouzitia. A kedZe aj pre tuto etapu by mala mat su-
Ciastka nejaky formalny opis, je potrebné nieco vediet aj o jej konkrétnom pouziti.

V praxi sa implementdcia takmer vzdy odlisuje od toho, co predpisuje navrh. Je to
z toho dévodu, Ze v etape navrhu zvycajne nie je mozné mysliet na vsetky detaily, ktoré sa
pri konkrétnej realizacii vyskytnu. Stciastky, ktoré boli vytvarané bez napojenia na nejaky
konkrétny problém, tieto detaily nerieSia. Preto je ich znovupouZitie problematické
a dopracovanie tychto , drobnosti okolo” moéze byt naroc¢nejsie, nez vyvoj bez pouzitia
danej stuciastky.

Dalsi problém pri vytvarani stdiastky je rozmanitost $tandardov. Existuju rozne
programovacie paradigmy, ktoré poskytuju rézne moznosti znovupouzitia a r6zne moz-
nosti modifikovania stéiastky. Existuju rézne standardy rozhrani - CORBA, DCOM a iné.

Najlepsie je, ked je moznost implementovat sticiastku pre viacero standardov. Moz-
nost tu ale znamena cas, [udi a peniaze. Preto sa zvycajne vybera najvhodnejsi alebo naj-
rozsirenejsi Standard pre ocakavané pouzitie suciastky.

HI'adanie suciastok
Pri vytvarani aplikacie je casto vyhodnejsie pouzif existujicu suciastku, nez vytvarat
vlastnu. Je ale potrebné najst vhodnu suciastku. Ak je hladané rieSenie nizkouiroviiové
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alebo malo Specifické, je mozné najst aj presnti zhodu s opisom stciastky. Niekedy vobec
nenajdeme suciastku s danymi vlastnostami. Vtedy mo6Zzeme skusit dva pristupy. Prvym
je, ze zatneme hladat kompoziciu suciastok. Vtedy kazd4 stdiastka spitia len ast pozia-
daviek aje ich potrebné poskladat do Zelaného celku. Druhym pristupom je faktorizacia
problému. Urc¢ime si podstatné vlastnosti sti¢iastky a hladame suciastku len podla tychto
vlastnosti.

Vo védsine pripadov vSak najdeme viacero stciastok, ktorych opis je ale len podobny
nasim poziadavkam. A vznika podobny problém ako pri faktorizacii — musime urcit, ktoré
vlastnosti stic¢iastky st pre nas dolezité a ktoré nie.

Na dosiahnutie ¢o najlepsieho kompromisu sa pri vybere snazime zodpovedat na na-
sledujtice otazky:

— Aké standardy budem pri vytvarani aplikacie preferovat?

— Ktora suciastka vyzaduje mensi zasah do implementacie?

— St vacsie naroky na prisposobenie rozhrania alebo prisposobenie funkcionality?

— Je dolezitejsie to, Co sticiastka robi alebo to, ¢o nerobi?
Aby sme mohli na vsSetky otazky dobre odpovedat, je vhodné vytvorit si isty predvyber
suciastok, ktoré st potencialne pouzitelné pre finalnu aplikaciu. Ak sa napriklad zisti, Ze
vacsina pouzitelnych suciastok je vytvorena na zaklade iného komunikacného Standardu
nez bol pévodne navrhnuty, mozno zavcasu upravit navrh a znizit tak naroky na tapravy
pocas implementdcie. Priklad procesu hladania suciastok je dobre opisany v pripadovej
stadii (Ulkuniemi, 2004).
Pouzitie sticiastok
Pre tato etapu je dolezité vyriesit nasledovné tri tlohy:

— porozumenie vlastnostiam stciastky,

— modifikovanie suciastky na dosiahnutie pozadovanej funkcionality,

— spajanie suciastok do finalnej aplikacie.
Dokladné porozumenie vlastnostiam suciastky je nevyhnutné pre spravnu modifikaciu
suciastky, dosiahnutie zhody programu so Specifikaciou a v neposlednom rade pre sprav-
nu ¢innost celého systému.

Modifikovanie stciastky je klItiCovy proces v ramci znovupouzitia. Pretoze stéiastka
musi spifiaf aj poZadovanu funkcionalitu, aj komunikovat so zvyskom systému prostred-
nictvom definovaného rozhrania, je skér vynimkou, ak stciastka vyhovuje obom pozia-
davkam. Saciastka ma vacsiu Sancu na znovupouzitie, ak je vSeobecnejsia. Prili§ konkrétne
zamerana suciastka je pouziteIna len na tizky okruh problémov. Ked sa vsak suciastka
pouzije, bude riesit konkrétnu tlohu a z tohto dévodu sa musi vécsina stciastok modifi-
kovat.

Je dolezité rozlisit dva spdsoby modifikacie suciastky. Ak st k dispozicii zdrojové
kédy stéiastky, mozno modifikovat stéiastky priamo. Castym pripadom vsak je, Ze je
k dispozicii len vykonatelny kéd, najma ked sa pouzivaju komercne dostupné suciastky.
V tom pripade modifikacia st¢iastky znamena jej obalenie novym kédom, ktory zabezpeci
parametrizaciu vSeobecnych vlastnosti stciastky a podla potreby aj zmenu jej rozhrania.
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Spéjanie stciastok do finalnej aplikacie znamena vytvorenie jednotnej a pritom efek-
tivnej architektiry a je to z hladiska kreativity najnarocnejsi proces. Tento proces je nutné
zacat uz ked sa zacina s vyberom suciastok, inak vobec nemusi mat pouzitelné riesenie.
Casto vznik4 potreba vytvorenia spojovacieho programu (angl. glue code). Na vyvoj také-
hoto programu zatial existuju len vSeobecné odporucania, integracné architektury su
v §tadiu vyvoja, takZe vacSina prace ostava na skiiseného softvérového inziniera.

Testovanie sudiastok

Testovanie je zasadnou aktivitou vo vyvoji softvérovych systémov a moznost vhodného
testovania moze priamo rozhodnut, ¢i sa pri tvorbe softvérového systému stciastky pouzi-
ju alebo nie.

Hotové stciastky maju ti vyhodu, ze uz boli nejako testované autorom. Problémom
je ale doveryhodnost tohto testovania. Pretoze tiplné testy st prili§ narocné, autor suciast-
ky zvycajne robi len tak rozsiahle testovanie, aké povazuje za rozumné. Preto je jednym
z kritéril vyberu suciastky aj doveryhodnost jej autora. Najlepsie je, ak sa jedna o casto
pouzivanu suciastku, ktort bola pouzita v mnohych systémoch a tam boli tiez overené jej
vlastnosti.

Problém dokladného otestovania suciastky typicky zhorSuje neustale vytvaranie no-
vych verzii suciastky. Ako kazdy softvér, aj stiCiastka Casom zastarava a je potrebné vyda-
vat jej nové verzie. Sticasny trend je navyse taky, Ze sa vSade pridava nova funkcionalita.
Snovou funkcionalitou zvycajne prichddzajii aj nové chyby a casto aj nekonzistentnost
a to nielen s predchadzajticou verziou, ale aj v rdmci samotnej stciastky, najma jej doku-
mentdcie.

Preto byva potrebné suciastku testovat aj pri jej pouziti. Vtedy sa snazime vyriesit
dva zakladné problémy:

— AKké testovacie udaje pouzit?

— Ako vieme, Ze testovanie je postacujice?
Suciastka bola vytvorena ,bez napojenia na jej konkrétne pouzitie”. To znamena, Ze jej
dokumentacia moze obsahovat len informacie o vSeobecnom testovani, ak vObec takéto
informdcie obsahuje. Pri komerc¢nych stciastkach zvycajne ani nie je k dispozicii zdrojovy
kéd a preto je nutné vytvorit testovacie tidaje na zaklade metddy cierna skrinka. Ak vsak
suciastka moze mat velké mnozstvo vnutornych stavov, metdda ¢iernej skrinky je prilis
slaba na jej doveryhodné otestovanie.

ZnovupouZzitie stciastok
Problém znovupouZzitia stuciastky vznika, ked’ sa rozhodujeme, ¢i stéiastku vytvorime tak,
aby bola znovupouzitelna alebo bude vytvorena len pre tento Specificky pripad. Aj ked je
myslienka znovupouzitelnosti lakavd, na vytvorenie suciastky tak, aby sa dala opakovane
pouzit, si potrebné dalsie zdroje. Preto je potrebné riesit otazku prinosu takéhoto riesenia.
V prvom rade moze byt prinosom opakované pouzitie vo vlastnych buducich aplika-
ciach. V budticnosti tym odpadaji spominané problémy s uc¢enim sa novej technologie,
poznavanim vlastnosti stuciastky a jej testovanim. Podmienkou ale je, Ze organizacia musi
uz teraz vediet, ze bude riesit podobny typ projektov a ze sticasna technologia je dost per-
spektivna.
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Inym prinosom moZe byt predaj technoldgie, teda vytvorenych suciastok. Podmien-
kou je, Ze sudiastky budu pouzitelné v dostatoénom mnozstve aplikacii a budu tiez vytvo-
rené dostatocne kvalitne, aby o ne bol vyssi zaujem ako o pripadna konkurenciu. To kladie
vyssie naroky na tvorbu takychto suciastok. Najlepsie je, ked stciastky dodrziavaji zname
Standardy a st uvadzané prostrednictvom katalégov, kde je ich mozné efektivne vyhlada-
vat. Katalgy su vytvérané extrakciou metadat z opisu jednotlivych saéiastok. Cinnosti pri
vytvarani znovupouziteInych suciastok moézeme zhrnut do tychto krokov:

— analyza existujuceho softvéru na vyskyt opakujtcich sa strukttr a sticasti,
— urcenie, ¢o z toho sa vyuzije v budticnosti a o by mohlo mat prinos z predaja,

— reinziniering vybranych suciastok a vytvorenie adekvatneho opisu.

2.6.3 Problémy s prepojenim suciastok
Cim je vytvérany systém zloZitejsi, tym vacsie problémy s prepojenim jednotlivych stéias-
tok mozu vznikat. Od suéiastok sa vyzaduje vysoky stupen integrovatelnosti a zavadza sa
pren pojem interoperabilita. Interoperabilita je definovana ako schopnost sticiastok komu-
nikovat a spolupracovat bez ohladu na implementacny jazyk, operacny systém alebo ab-
straktny model.

VyZaduju sa dva typy interoperability — syntakticka (alebo tieZ statickd) a sémanticka
(alebo tiez dynamicka) interoperabilita.

Syntakticka interoperabilita

Z pohladu syntaxe potrebujeme mat opis rozhrani sticiastok jednotnym spoésobom. Ove-
rime si tak, ¢i suciastky maju jednotntt komunikdciu — suciastky si dokazu vymienat udaje
a rozumiet aky typ tdajov si vymienaju. Tym je zabezpecena syntakticka interoperabilita.

Specifickou sucastou syntaktickej interoperability je protokolova interoperabilita. Ta-
to je dodrzand, ked obe komunikujuce stciastky akceptuju obmedzenia dané komunikac-
nym protokolom.

V praxi treba sledovat aj verzie jednotlivych saciastok, lebo pri rozsirovani funkcio-
nality sa casto rozsiruje aj spdsob komunikdcie a tym stciastka prestane dodrziavat proto-
kolovu interoperabilitu.

Sémanticka interoperabilita

Sémanticka interoperabilita znamend, Ze spravanie sa suciastky musi byt v zhode
s nadvézujucimi suciastkami. To znamend, Ze ak stciastka ocakava od nejakej inej suciast-
ky, Ze jej nejakym sposobom spracuje tidaje, nemala by ich v novSej verzii spracovat inak.
Ako priklad mozno uviest suciastku, ktora po spracovani tdajov dava na vystup
abecedne utriedené tidaje. V novej verzii ale poskytuje viac druhov triedenia a bez doda-
tocnej informacie poskytuje tidaje neutriedené. St to stdle tie isté tdaje ako predtym, na-
sledujucej suciastke to vSak moéze ale aj nemusi vadit. V kazdom pripade je sémanticka
interoperabilita porusens, aj ked sa to v lepsom pripade nemusi prejavit.
Aby sa predislo podobnym problémom, boli definované dve tirovne spoluprace:
— uroven definujica zhodny mechanizmus komunikacie adajov,

— uroven definujica zhodny spdsob interpretacie metatidajov.
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Obe tirovne by mali byt dodrzané. Zatial st vSak problémy so Standardizaciou tychto
odporucani. Zatial sa nenaslo vSeobecné rieSenie pre nasledovné otazky:

— Ako vyjadrif informacie o interoperabilite?

— Ako zverejnit tieto informacie, aby boli dostupné komukol'vek, kto ich potrebuje?

Skryté predpoklady

Poslednou skupinou problémov, ktoré sa objavuju pri praci so sticiastkami st skryté pred-
poklady vyvojarov.

Kazdy vyvojar ma vlastné predstavy o modeli spravy objektov, perzistencii, parale-
lizme, distribuovanosti, spdsobe aktivacie suciastok, ich bezpecnosti a spolahlivosti. Mno-
hé z tychto informacii nie st dostupné pre toho, kto bude tieto suciastky vyuzivat. Musi
teda urobit svoj predpoklad o tom, ako to v danej suciastke je.

Tento problém sa vyskytuje najmé pri komerénych stuciastkach (angl. Commercial off-
the-shelf — COTS) a je povodcom tazko odhalitelnych chyb v spravani sa systému. Zdrojom
tychto problémov je netiplna funkcionalita, neocakavané obmedzenia, chyby a zavislosti
medzi verziami suciastok. Odhaleniu tychto nedostatkov pritom brania legdlne, etické
a technické problémy pri pouziti tychto suciastok.

Mozné rieSenia tychto problémov st opisané v casti o testovani sti¢iastok.

2.6.4 Zhodnotenie
Softvérové inzinierstvo zalozené na suciastkach je sposob vyvoja softvérovych aplikacii,
v ktorom sa vyuzivaju vopred vytvorené otestované znovupouzitelné kusy softvéru (su-
ciastky), z ktorych sa pruzne vyskladd vysledna aplikacia.

Okrem samotnej tvorby pozadovanej aplikacie je teda potrebné predtym navrhnut
a vytvorit znovupouzitelné suciastky. Myslienka modularnych aplikacii je tu uz dlho, ale
efektivne spdsoby tvorby znovupouzitenych suciastok su stale predmetom vyskumu.
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ARCHITEKTURY SOFTVERU
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S rozvojom informacnych systémov narastlo aj ich vyuzitie pri rieSeni problémov
v roznych oblastiach kazdodenného Zivota. Cim zloZitejsie problémy sa zacali pomocou
nich riesit, tym zlozitejSie systémy bolo treba vyvijat. NavySe v sticasnosti sa uz len zried-
kavo vyvijaju systémy, ktoré by riesili len jeden problém. Obycajne systém riesi urciti
mnozinu problémov z problémovej domény. Problémy z jednej domény vytvaraja problé-
movy priestor.

Pri rieSeni problémov z problémového priestoru sa identifikuja tie, ktoré st si navza-
jom podobné. Na zaklade opisu rieSenia jedného problému vytvarame predlohu spésobu
rieSenia problémov z danej oblasti. Ziskavame architektiiru softvéru. Tato Specifikuje zloze-
nie systému zo suciastok, ich charakteristiky, interakcie a komunikaciu. Premostuje pozia-
davky na systém a jeho implementaciu. Ako uvadza (Eoin Woods): , Softvérova architek-
tara je mnozina ndvrhovych rozhodnuti...”. Sprdvna architektira je velmi doleZita. Aj
optimalne algoritmy a datové Struktary pouzité v systéme mozu stratit svoju efektivitu
a vykon, ak st1 zakomponované do systému s nevhodnou Strukttrou.

3.1 Prehlad architektar softvéru

Na rozne triedy problémov boli vytvorené rozne zodpovedajtice architektiry ako vysled-
ky vyvoja snah o navrhnutie rieSeni na Specifikované problémy. Nasledujtice podkapitoly
budt pojednavat o opise architektir a architektonickych Styloch.

3.1.1 Elementy a opis softvérovijch architektiir
Existuje viacero definicii, ktoré sa pokusaju spravne a ¢o najvystiznejsie zadefinovat pojem
architektury softvéru, napriklad:

— zbierka stciastok a konektorov spolu s opisom interakcii medzi tymito suciastkami
a konektormi (Garlan, 1994),

— Strukttira alebo Struktary systému, ktoré pokryvaju softvérové suciastky systému, ex-
terne viditeIné vlastnosti tychto stuciastok a vztahy medzi nimi (Bass, 1998).

Pomocou tychto definicii m6Zeme na systém a jeho architektiiru nahliadat z pohladu jed-
notlivych zloziek: stciastok, konektorov, ich vlastnosti a celkovej konfiguracie. Takyto
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nacrt jednoduchého systému zndzornuje obrazok 3-1. Jednotlivé prvky zohravaju
v systéme rozne roly.

Rozhrania
Suciastka Suciastka
{Atributy}
{Atributy} . L. {Atriblty}
Konfiguracia

Obrazok 3-1. Koncept architektiry softvéru.

Suciastky

Zakladnymi stavebnymi prvkami systémov sa suciastky. St to vypoctové entity, ktoré
rieSia Ciastkové tlohy pri procese rieSenia tilohy, ktorou sa systém zaobera. Proces Ciast-
kového prispevku k rieseniu problému softvérovou suciastkou ma 2 fazy:

— vnuatorny vypocet — predstavuje samotnu funkcionalitu suciastky z hladiska ulohy
v systéme,

— vonkaj$ia komunikdcia — je potrebna na prijimanie uloh a odovzdévanie vysledkov
vypoctu. Je realizovana prostrednictvom portov, rozhrani (angl. interfaces).

Atribuity predstavujua informaciu pre analyzu a vyvoj softvéru.

Konektory

Vzijomnu komunikaciu suciastok systému zabezpecuju konektory. Definuja interakciu
medzi stuciastkami a jej pravidla. Konektor moze spajat 2 a viac stuiciastok. V ramci pravi-
diel definovanych konektorom st aj roly v komunikacii, napr. definované roly zdroj —
prijemca.

Konektor predstavuje aplikacne nezavisly mechanizmus spojenia. Ma zadefinované
svoje vlastnosti a rozhranie pre pouzitie a zabezpecuje komunikaciu bez ohladu na apli-
kacné urcenie systému. Toto umoznuje lepsiu modularitu systému a d'al$iu nahraditelnost
samotného konektora (napr. lepsim, efektivnej$im a pod). Pre konektory existuju rdzne
implementdcie, ktoré maju aj rdzne vlastnosti, napr. oneskorenie pri komunikacii a pod.

Konektor ako sprostredkovatel komunikacie svojimi vlastnostami umoznuje rézne
typy interakcii:

— binarne, n-arne — definuju, kol'ko sticiastok sa mdze na komunikacii podielat,
— symetrické, asymetrické — definuju principy synchronizacie v ramci komunikacie,

— protokoly vymeny informacii — definuji, ako sa budti informacie prenasat.

Rozhrania

Sucdiastky si definuju svoje vstupno-vystupné rozhrania. Tieto rozhrania takto vytvaraju
kritérium pre spajanie suciastok. Konektorom moézu byt prepojené len kompatibilné roz-
hrania. Kazda suciastka m6ze mat viacero rozhrani. No konkrétne rozhranie patri vzdy
prave jednej stciastke. Vlastnosti rozhrani s opisané ich atribttmi, ako napr. smer komu-
nikdcie, vstupné a vystupné protokoly, kapacita zasobnika (ak je), atd.
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Konfiguracia
Délezitou castou architektiury systému je jeho konfiguracia (topoldgia). Tento savisly graf
suciastok a konektorov opisuje architektonickt Struktiru systému. Konfiguracia musi
spitiat poZadované vlastnosti:
— dodrzat pravidla spravneho spojenia, najma z hladiska kompatibility spajanych su-
Ciastok,
— uspokojit poziadavky na zabezpecenie roznych typov spracovania (sekvencné, para-
lelné) a distribucie informacii,
— dodrzat heuristiky navrhu a pravidla stylu.
Na zaklade analyzy topoldgie systému spolu s informdciami o stciastkach a konektoroch
mozno odvodit vlastnosti celého systému ako aj identifikovat mnohé problémy. Medzi

takéto vlastnosti a problémy patria napr. vykonnost, problém tizkeho hrdla, otdzky parale-
lizmu, bezpecnosti a pod.

3.1.2 Architektonické styly

Architektonickym Stylom (resp. vzorom) nazyvame opakujuci sa vzor alebo idiém na vy-
jadrenie softvérovej architektiry na vyrieSenie problému. Pri rieSeni problémov boli iden-
tifikované napriklad nasledujtce vyrazné styly:

Datovody a filtre

Ide o architektonicky styl, ktory je najvhodnejsi pre systémy zalozZené na priadovom spra-
covani informacii. Sticiastkami v tomto Style su filtre sltiZiace na spracovanie toku tdajov.
Tok dat je charakterizovany pomocou datovodov, ktoré prepajaju vystupy jednych filtrov
so vstupmi nasledujucich filtrov v retazi spracovania toku tdajov. Modularnost systému
vychadza z moznosti zamienania a znovupouzitia filtrov, pricom treba dodrzat len Speci-
fikacie ich rozhrani, a z moznosti zmien v topoldgii zmenou prepojeni — datovodov.

Tabul'ové systémy

Tento architektonicky $tyl je vhodny najmé pre triedu problémov, kde existuju agenty
schopné vykonavat operdcie nad tidajmi, pricom nie je jasné, v akom poradi ich treba na
dosiahnutie rieSenia uplatnit. Agenty operuju nad spolo¢nym uloZiskom tdajov — tabulou,
ktora predstavuje aktualny stav rieSeného problému. Ak niektory z agentov identifikuje
stav, v ktorom by svojimi schopnostami (svojou funkcionalitou) mohol prispiet k rieSeniu
problému, vykona prislusny vypocet a vysledkami aktualizuje stav tabule.

Klient-server systémy

Popularnym stylom pre rieSenie architektiry softvéru su klient-server systémy. Uplatriuju
sa najmd v distribuovanom prostredi. ZaloZené st na poskytovani funkcionality
a uchovavani tdajov na strane servera a na pristupe k nim pomocou klienta. Jednotlivé
architektonické sStyly st blizSie opisané v ramci tejto kapitoly.

Vlastnosti architektur a ich opis

Na samotny opis architektiiry bolo vyvinutych viacero formalnych resp. menej formalnych
prostriedkov, napriklad:
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— PSL/PSA (jazyk na vyjadrenie problémov/analyzator vyjadrenia problémov, angl.
Problem Statement Language/Problem Statement Analyser) — vysoko uroviiové opisy
spravania, CASE nastroj na podporu analyzy poziadaviek a struktiry pocas fazy na-
vrhu,

— IDEEFO, IDEF1X - strukturdlna dekompozicia,
— ADLs (jazyky na opis architektiry, angl. architecture description languages) — pre stro-

jové spracovanie, vyvinuté agentirou pre pokrocilé vyskumné projekty obrany,
— upraveny format opisu navrhovych vzorov — neopisuje vsak dalSie adaptacie archi-
tektury.

Doménovo-Specifickt architektiru treba opisovat tak, aby nam tento opis nasledne pomo-
hol ziskat prehlad a ulahcil pouzivanie ramca (angl. framework), ktory ju implementuje.

Architektira systému moze byt pokryta viacerymi vzormi, ktoré sa prejavuju
v roznej intenzite. Niektoré vzory su viac architektonické a prejavuju sa pri opise infra-
Struktary, napr. vzor MVC (Model-Pohlad-Ovladac, angl. Model-View-Controller), ktory sa
prejavuje najma pri tvorbe architektiiry a stranke grafického pouzivatelského rozhrania.
Iné vzory maju pre dant troven pohladu prilis jemna granularitu, st vo vnutri sticiastok
a preto ich na architektonickej trovni nie je vidiet.

Dobra architektura je pre systém velmi potrebnd, nakolko umozni naplno vyuzit
efektivnost algoritmov, identifikovat problémy v tokoch tdajov, vizualizovat systém ako
taky, ¢o umoznuje lepsiu modularitu, zapracovanie zmien, odhalovanie a odstrafiovanie
chyb. Dalej poskytuje z organizaéného hladiska podklady pre komunikaciu a manaZment
projektu (identifikovanie, odhad a planovanie potrebnych zdrojov, optimalizacia a pod.).

Ulohy architektiry mozno zaradit do viacerych oblasti:

— porozumenie — dosahuje sa vdaka vysokouroviiovému navrhu, pri tvorbe a analyze
ktorého mozno odvodit obmedzenia systému,

— znovupouZzitie — navrhnuta architektiira ma v rdmci svojej domény moznost znovupo-
uzitia a podobne aj systémy a ich Casti podla nej vytvorené,

— konstrukcia — v oblasti konstrukcie poskytuje plany pre vyvoj a integraciu modulov,

— dalsi vyvoj — identifikuje miesta vhodné na dalsie rozsirovanie,

— analyza — z architektiry systému mozno urobit kontrolu konzistencie, zavislosti
a obmedzeni systému,

— manazment — sluzi ako podklad pre komunikdciu a identifikdciu problémov.

Samotna architekttiira sa od navrhu odlisuje najma svojou tiroviiou abstrakcie. Kym ona sa
zaobera Strukturou, sticiastkami a ich interakciami, navrh sa zaobera detailmi, procedura-
mi a rozhraniami.

V 80.rokoch minulého storocia prebiehal vyskum v oblasti vyvoja doménovo-
Specifickych architektar. Hlavnymi cielmi bolo zvysit efektivitu vyvoja a znizit naklady
pomocou znovupouzitia (navrhov, postupov, metdd a objektov) arieSenia problémov
v danej oblasti raz a spravne v danej doméne namiesto toho, aby sa v tejto doméne vhodné
rieSenie opakovane znova hladalo.. Vysledkami vyskumu boli okrem referencnych archi-
tekttr pre dané problémy aj zavery o samotnych doménach:

— domeéna nie je svojim rozsahom totozna s trhom alebo priemyselnym odvetvim,
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— architektira pre doménu nie je trvalo konzistentna — doména sa neustale vyvija
a meni,

— je vysoka potreba dobrych podpornych nastrojov.
Pri vybere architektdry sa treba zamerat najma na tieto vlastnosti:

— interakcia — spdsoby komunikacie medzi stciastkami a pouzité protokoly,

interoperabilita — miera vzajomného dopliania funkcionality stciastok,

— odlisnost — podpora rdéznych funkcii a sluzieb,

— ovyber — na rieSenie urcitého problému existuje obycajne viacero architektur,

— agilita — univerzalnejsie st architekttry, ktoré vychadzaji z ¢im menej predpokladov
a umoznuju aj podporu zastaranych systémov.

3.2 Systémy riadené tokom udajov

V systémoch, v ktorych vypoctovy proces je riadeny tokom tidajov, je zdkladnym predpo-
kladom uskutoénenia vypoctu dostupnost prislusnych tdajov. Zakladné elementy systé-
mu riadeného tokom tidajov sti: proces, stibor a tok tdajov. Udaje te¢t od datového zdroja
k datovému spotrebicu. Datovy zdroj a datovy spotrebi¢ predstavuju Specidlne procesy,
ktoré sa nachadzaju na okrajoch systému.

Kazdy proces vykonava nad datami operdcie. Tieto operacie moZeme zatriedit
do troch kategorii:

— pridavanie informacie,
— agregacia alebo extrakcia informacie,
— transformacia tdajov.
Rovnako mozno kategorizovat spdsob, akym data tect v ramci systému:
— linearne,
— cyklicky,

— Tubovolnym inym spdsobom.

3.2.1 Model toku iidajov

Tradicna von Neumannova koncepcia pocitaca je zalozena na vykonavani sledu prikazov,
kedy pocitac¢ v kazdom kroku vyberie prislusné instrukcie a data z pamati a vykona ope-
raciu.

Na druhej strane model toku tdajov mozno reprezentovat ako graf, kde uzly pred-
stavuji vypocty — vypoctové uzly a hrany predstavuji datové cesty. Udaj mozno povazo-
vat za dynamicku entitu, ktora je konzumovana procesmi — instrukciou alebo programom
— v zavislosti od granularity opisu systému. Tento spdsob vypocétu je vo velkej miere de-
klarativny, ¢o znamena, Ze doraz sa kladie na to, ¢o sa ma vypocitaf a nie na to, kedy a ako
sa ma vykonat vypocet. Definovanie pravidiel vypoctu na jednotlivych uzloch umoznuje
vniest do procesu vypoctu viac abstrakcie a menej sa zaoberat podrobnostami tykajicimi
sa samotného toku dat.
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3.2.2 Charakteristika toku sidajov

Tok tidajov medzi uzlami mo6Zeme charakterizovat z viacerych hladisk, pricom systémy
riadené tokom tdajov mo6zeme zaradit do dvoch zakladnych skupin: systémy zaloZené
na transformacnom toku a systémy zalozené na transak¢énom toku.

Pri transformacnom toku sa v systéme pouzivaju dva formaty pre reprezentaciu uda-
jov: interny a externy. Prichadzajtce idaje st pri vstupe do systému najskor transfor-
mované do interného formatu, v ktorom sa dalej vykonavaju vSetky vypocty vnutri sys-
tému. Po ukonceni vypoctu sa data vychadzajtice zo systému transformuja do externého
formatu.

Pri transakénom toku udaje prudia v ramci systému priebezne. Jeden vstupny tdaj
moze spustit viacero tokov udajov. Ttato logiku vypoctu mozno najst napr. pri dopytova-
cich ainteraktivnych systémoch. Jeden dopyt mdéze mat aj viacero vystupov a vystupy
jednotlivych vypoctov sa mézu podla potreby Iubovolne kombinovat.

V oboch pripadoch vSak tok udajov mozeme chapat ako matematickii kompoziciu.
Maéme teda dva moduly, jeden mdZeme opisat funkciou f(x) a druhy g(y). Vystup modulu
opisaného funkciou f(x) bude vstupom pre modul s funkciou g(y). Takto ziskame vysledok
h(x) = (f(x)).

Systémy riadené tokom tdajov s deterministické. Zakladna jednotka spracovania,
ktort nazyvame token, nacitand v ramci jedného modulu je vzdy vysledkom vypoctu
na nejakom predchadzajiucom module. Tokeny su citané v poradi v akom boli zapisané.
Nie je mozné povedat, ¢i token priSiel nacas, ¢i prisiel prilis skoro alebo ¢i prisiel neskoro.
Vypocet sa uskutocni vzdy, ked st data k dispozicii.

Aplikacie riadenia tokom tudajov

Systém riadeny tokom tudajov je obzvlast vhodny v pripade, Ze sa vyzaduju dynamické
zmeny v aplikacii v zavislosti na vstupnych datach, v pripade meniacich sa externych
podmienok alebo pri pouzivani roznorodych metdd spracovania.

Systém riadeny tokom udajov ma svoje Specifické vlastnosti, ktoré ho predurcuju
na nasadenie vo viacerych konkrétnych situacidch. Spomenut mozno:

— zariadenia s vysokymi poziadavkami na vykon viazané na Specificki doménu,

— aplikdcie s potrebou ¢astych zmien v ¢ase vykondavania,

— systémy s poziadavkou na adaptivitu spravania sa aplikacie vzhladom na vstupy,

— zlozité aplikacie, kde nie je mozné vymenovat vSetky mozné nastavenia a stavy,

— Ccasti systémov fungujacich na baze ciernej skrinky s cielom zvysenia vykonu,

— aplikacie vyuZzivajtice obojsmerny datovy tok a cykly.
Architekturu zalozent na riadeni tokom tidajov nie je vhodné pouzit vSeobecne, napr. nie
je vhodna pre textové aplikacie. Na druhej strane moze byt vhodne pouzita v tabulkovom
nastroji typu Excel, kde bunka v tabulke predstavuje uzol, na ktorom prebehne vypocet
v okamihu ked st k dispozicii prislusné vstupné data. Dal$im vhodnym prikladom pouzi-
tia architektury riadenej tokom dat je spracovanie signalov a obrazu, kde sa uskutocnuju
opakujuce sa vypocty nad zlozitymi datovymi elementmi.
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3.2.3 Implementdcia

Systém riadeny tokom tudajov je casto implementovany ako mnozina suciastok, ktoré si
medzi sebou vymietiaji spravy prostrednictvom jednosmernych portov. Cize kazdy port
danej suciastky dokaze spravu bud odoslat alebo prijat. A kazda suciastka ma jeden alebo
niekolko prijimajticich portov a tieZ jeden alebo niekolko odosielajticich portov. V pripade
dvojic komunikujtcich stciastok mozeme vzdy jednu z dvojice povazovat za prijimajiicu
(angl. downstream) a druhtt za odosielajucu (angl. upstream) sticiastku. V niektorych im-
plementaciach systému riadenom tokom tdajov sa medzi odosielajucou a prijimajiicou
suciastkou moze nachadzat zasobnik sluziaci na priebezné uskladnenie nespracovanych
dat, ktoré vznikaju, ked odosielajuca suciastka spractiva tdaje rychlejSie ako jeho prijima-
juca nasledovnicka.

Ako uz bolo spomenuté v predchadzajicom texte, vypocet prebiehajtici na konkrét-
nom uzle mozno reprezentovat pomocou transformacnej funkcie. V ramci spravneho na-
vrhu transformacnych funkcii by mali byt splnené zakladné poziadavky na tieto funkcie.

Funkcia nema byt doménovo Specificka. Stciastka by mala byt schopna spracovat
IubovoIny problém. Jednotlivé suciastky by mali fungovat nezavisle od pouZzivania.
A dalSou dolezitou poziadavkou je, Ze spracovanie prebiehajtice v ramci stc¢iastok by ne-
malo mat Ziadne vedlajsie efekty, co znamend, Ze spracovanie zavisi od aktualnych vstup-
nych dat. Poziadavky kladené na stéiastky:

— bezpamatové suciastky,

— vymenitelné v ¢ase vykonavania programu,

— adaptacia meniacim sa poziadavkam, napr. vymena h(x) = g(fi(x)) za h(x) = g(f2(x)).
Zé&kladné entity, ktoré charakterizuju systém riadeny tokom tudajov st, ako sme spominali

vySssie, proces a tok dat medzi procesmi. V zavislosti od tirovne abstrakcie procesov a dat
rozoznavame jemny tok udajov a hruby tok tdajov.

3.2.4 Jemny tok nidajov
Zakladnou jednotkou vykonavanou v rdmci procesu pri jemnom toku tdajov je strojova
inStrukcia. Jemny tok tdajov vyzaduje podporu programovacieho jazyka, vhodnu archi-
tekttru stroja pre reprezentaciu problému, efektivne mapovanie programu na vypoctové
uzly, implementaciu, vykonanie.
Zakladné casti jemného modelu toku tidajov:

— graf toku udajov,

— mnozina uzlov - operatory,

— mnoZzina hran — tok medzi operatormi,

— pociatoény a koncovy uzol,

— mnoZzina predchodcov a mnozina nasledovnikov.
Na obrazku 3-2 je zobrazeny jednoduchy priklad vypoctu. Premennym X a 'Y st priradené
hodnoty 5 a 10. Operdcia sc¢itania moze byt vykonana az vtedy, ked st k dispozicii pri-
slusné operandy. Nasledne sa operdcia uskuto¢ni av dalSej suciastke je premennej
Z priradena hodnota 15.
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X=5
A A
+ N + » Z=15
A
Y =10
Pociatocny stav Koncovy stav

Obrazok 3-2. Jemny vypocet.

3.2.5 Hruby tok sidajov

Hruby model toku tudajov predstavuje mierne odliSny pohlad na tato architekttru. Za-
kladnou jednotkou, ktora je vykondvana na uzle, je programova suciastka. Programova
suciastka moze byt Cast programu, aplikacia ale aj cely zlozity systém. Tok dat predstavuje
vymenu sprav medzi suciastkami. Spravy mozu mat tiez Iubovolne zlozitti formu. Samot-
ny princip systému riadenom tokom udajov vSak ostdva nezmeneny: vykonanie vypoctu
zavisi od dostupnosti operandov.

3.2.6 Systolické polia

Dalsim prikladom pouzitia architekttry pre systémy riadené tokom udajov st systolické
polia. Systolické pole moze byt linearne, kde sa jednotlivé vypoctové uzly nachadzaju
linearne za sebou alebo sietové, kde jednotlivé uzly vytvaraju zlozitejSiu Struktaru (napr.
2D mriezku).

V systolickom poli te¢ti tidaje medzi susedmi. Data tect z jednej strany, na uzle sa
uskutocni vypocet a vysledok prejde na druht stranu. Vhodnym prikladom pouzitia vy-
poctu realizovateIného tymto spdsobom moze byt nasobenie matic. Znamy priklad im-
plementacie systolického pola je procesor iWarp schematicky zobrazeny na obrazku 3-3.

> Rozhranie iWARP ]

Uzol » Uzol »  Uzol » Uzol

£ £ | f

Obrazok 3-3. Schéma procesora iWarp.

Systolické polia st obzvlast pouzitelné pri vypoctoch, ktoré majui linearnu alebo pravidel-
nu Struktaru: rychla Fourierova transformacia, spracovanie obrazu, radar, nasobenie ma-
tic, vyhladavanie a dalSie.
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3.2.7 Vymena sprav

Komunikacia v ramci systému riadeného tokom udajov je zaloZena na posielani sprav.
Tento spdsob komunikacie umoziuje efektivhu komunikaciu medzi programami, syn-
chronizéciu, planovanie tloh, & reprezentaciu datovych zavislosti. Ucelom posielania
sprav je predovsetkym teda:

— komunikacia,

synchronizacia,

planovanie,

reprezentacia zavislosti medzi idajmi.

3.2.8 Zhrnutie

Hlavnou vyhodou architektury zaloZenej na riadeni tokom tdajov je podpora paralelizmu.
Vlastnosti tohto paralelizmu mozno zhrnut do niekolkych bodov:

— Vypocet a komunikacia predstavuju dve akoby samostatné Casti systému. Suciastky
medzi sebou komunikuju zasielanim sprav a samotny vypocet v ramci stciastky je
vykonavany v podstate sekvencne.

— Vypocet je aktivovany dostupnostou dat, o znamena, Ze vypocet je v samej podstate
paralelny a asynchrénny.

— MozZnost abstrakcie od detailov stroja je v rézii systémového softvéru v case vykona-
vania programu. Programovanie sa zameriava na reprezentaciu problému a mozno
abstrahovat od detailov stroja.

— Znovupouzitelnost suciastok je dosiahnuta tym, Ze medzi jednotlivymi stciastkami
nie su zavislosti (okrem pouzivania datovych typov), je zarucena vysoka modularita
a znovupouzitelnost stciastok.

Architektira zalozena na riadeni tokom tdajov nie je novy fenomén. Tato architekttira
nedokazala nahradit tradicnt koncepciu pocitaca zalozenti na toku riadenia avsak bola
v mnohych Specidlnych pripadoch vhodne pouzita.

3.3 Datovody a filtre

3.3.1 Zdkladna charakteristika vzoru

Architektonicky vzor Datovody a filtre (angl. Pipes and Filters) definuje Struktiru pre sys-
tém spractavajuci prichddzajuci prad udajov formou postupnosti krokov spracovania
(angl. processing steps). Tento architektonicky vzor je vhodny na realizaciu systémov riade-
nych tokom tdajov opisanych v predchadzajticej casti.

Architektonicky vzor Datovody a filtre je vhodné pouzit vtedy, ak pri navrhu archi-
tektury potrebujeme dosiahnut jednu alebo viacero z nasledujucich vlastnosti:

1. Tahka modifikovatelnost systému, a to konkrétne v zmysle lahkej modifikovatelnosti
jednotlivych krokov spracovania ako aj ich postupnosti,

2. zvysenie vykonu pripadne dostupnosti rieSenia prostrednictvom paralelného resp.
distribuovaného spracovania,
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moznost vyuzit pri tvorbe systému uz existujucu implementaciu jednotlivych krokov
spracovania, pripadne naopak, opakovane pouzit implementdaciu jednotlivych kro-
kov spracovania v novych kontextoch.

Predpokladom pre pouzitie tohto architektonického vzoru je, Ze pozadované spracovanie

udajov mozeme rozdelit na postupnost krokov spracovania, a to tak, Ze nesusedné kroky
spracovania nezdielaji informacie — t;j. komunikdcia v systéme je obmedzena na odo-
vzdavanie informdcii smerom od daného kroku spracovania k jeho nasledovnikovi (v nie-
ktorych pripadoch nasledovnikom) v postupnosti krokov spracovania.

Systém zaloZeny na architekttre Datovody a filtre pozostava z nasledujtcich druhov

suciastok (Buschmann, 1996). Prvé dva predstavuju vstup a vystup vytvaraného systému,
posledné dva tvoria jeho vnatornu Strukttru.

1. Zdroj tidajov (angl. data source) — predstavuje zdroj, ktory obsahuje alebo generuje

udaje urcené na spracovanie systémom, napr. stibor, klavesnica, senzor, siefové spo-
jenie.

Datovy spotrebi¢ (angl. data sink) — predstavuje ciel, kam st1 idaje po spracovani sys-
témom odoslané, napr. stibor, obrazovka, databazova tabulka, sietové spojenie.

Filter (angl. filter) — predstavuje jeden krok spracovania. Filter ma zvycajne jeden
vstup, z ktorého prijima prichadzajtice idaje. Tieto tdaje spracuje a posle zvycajne
na jeden vystup. Existuja varianty tohto vzoru, kedy filter m6Ze mat viac vstupov,
resp. viac vystupov. Filter zvycajne nema vnuatorny stav, teda spracovanie prichadza-
jucich udajov je typicky zavislé len od tychto idajov.

Prikladmi tloh vykonavanych filtrami st transformadcia tdajov, doplnenie idajov in-
formaciami odvodenymi z tychto tidajov pripadne z externého zdroja, odstranenie
Casti udajov, usporiadanie tidajov (tato operacia vyzaduje vnutorny stav filtra)
a podobne.

Mnozina filtrov mdze byt realizovana programovym kédom v ramci jedného procesu
(kedy jednotlivé filtre st realizované procedurami, funkciami alebo metédami tried
v programovacom jazyku), ale aj programovym kédom distribuovanym vo viacerych
procesoch, ¢i uz na jednom alebo roznych pocitacoch v pocitacovej sieti. Jednotlivé
filtre st vtedy implementované v samostatnych procesoch.

Datovod (angl. pipe) — spdja jednotlivé filtre, resp. zdroj tidajov s prvym filtrom
v postupnosti spracovania a posledny filter v postupnosti spracovania s datovym
spotrebicom. Datovody mo6zu byt realizované prostriedkami v rdmci jedného procesu
(napriklad volanim procedury, funkcie, resp. metody), prostriedkami medziproceso-
vej komunikacie v rdmci jedného pocitaca (napriklad datovody na tirovni opera¢ného
systému) alebo prostriedkami medziprocesovej komunikacie v ramci pocitacovej siete
(napriklad TCP sokety).

Datovody v pripade potreby zabezpecuju synchronizaciu medzi t¢astnikmi komuni-
kacie, t,j. ukladaju spravy v rade, kym ich prislusna komunikujaca strana neprevez-
me. Vzor predpoklada neobmedzent kapacitu vyrovnavacej pamaéte (angl. buffer) da-
tovodu.
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3.3.2 Priklady

Typickym prikladom pouZitia architektonického vzoru Datovody a filtre je prostredie
prikazového interpretera (angl. shell) v operacnom systéme typu Unix. Prikazy v tomto
prostredi mozu byt zloZené z viacerych elementarnych prikazov spojenych pomocou da-
tovodu (anonymného alebo pomenovaného), atak mdézu poskytovat bohatti funkcnost
vytvaranu z pomerne jednoduchych stciastok. Priklady:

# vypise prvych 20 podadresarov s najvacsim objemom udajov
du | sort -nr | head -n 20
# jednoducha kontrola pravopisu textu ziskaneho z urcenej

# webovej stranky
# (zdroj: Wikipedia, http://en.wikipedia.org/wiki/Unix pipe)

curl "http://en.wikipedia.org/wiki/Pipeline (Unix)" | \
sed 's/[%a-zA-Z2 1/ /g' | \

tr 'A-Z ' ‘'a-z\n' | \

grep 'la-z]' | \

sort -u | \
comm -23 - /usr/share/dict/words

Priklad 3-1. Zlozené prikazy v prostredi prikazového interpretera v opera¢nom systéme typu Unix.

Inym prikladom je typicka architektira kompilatora pozostavajica zo sekvencie krokov
spracovania (obrazok 3-4).

l text programu (ASCII)

‘ lexikalna analyza ‘

l prud tokenov

‘ syntakticka analyza

l abstraktny syntakticky strom

‘ sémanticka analyza ‘

l obohateny abstraktny syntakticky strom

‘ generovanie medzikodu

l medzikod

‘ optimalizacia ‘

/Nimanzovany medzikéd

platforma platforma
SPARC Alpha

platforma Intel interpreter

Obrazok 3-4. Typicka architektura kompilatora ako priklad pouzitia architektonického vzoru Datovody
a filtre — prevzaté z (Buschmann, 1996).

Na obrézku st zobrazené filtre (obdizniky) a datovody realizujice spojenia medzi nimi.
Opis jednotlivych datovodov zodpoveda typu uidajov, ktoré st danym datovodom prena-
Sané. Zdroj idajov a datové spotrebice nie st znazornené. VSimnime si, Ze tato abstraktna
schéma architektary nehovori nic¢ o spdsobe realizcie filtrov a datovodov. Tieto mozu byt
implementované napriklad ako procedury v ramci programu, spojené tradi¢nymi vola-
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niami (architektonicky vzor Volanie a navrat) alebo ako nezavislé procesy spojené dato-
vodmi na trovni opera¢ného systému.

3.3.3 Tok riadenia

Z hladiska toku riadenia rozliSujeme dva druhy filtrov: aktivne a pasivne filtre (Bus-
chmann, 1996). Aktivne filtre implementuji vlastny tok riadenia: preberaji udaje zo vstu-
pu, spracuvaju ich a posielaji na vystup. Naproti tomu pasivne filtre nemaji vlastny tok
riadenia, t;j. cakaju, kym od nich nebude ziadat tdaje vystupny datovod resp. datovy
spotrebi¢ alebo naopak, kym im tidaje na spracovanie neposle vstupny datovod resp. zdroj
udajov. V prvom pripade hovorime o pasivnom filtri typu ,tahaj” (angl. pull), v druhom
o pasivnom filtri typu ,tla¢” (angl. push). Analogicky mo6Zeme uvaZovat o aktivnom
a pasivnom zdroji tdajov a datovom spotrebici.

Datovod spdjajuci dva aktivne prvky musi realizovat synchronizaciu medzi nimi, te-
da musi riesit napr. pripady, kedy prvy prvok posle idaje, ale druhy si ich eSte nema zau-
jem prevziat. Datovod spajajuci aktivny prvok s pasivnym, pripadne dva kompatibilné
pasivne prvky moZe byt realizovany jednoduchym volanim procedury alebo metody,
typicky s nazvom read, write, resp. analogickym.

Nasleduje niekolko sekvencnych diagramov znazornujtcich jednotlivé situacie, pre-
vzatych z (Buschmann, 1996). V prvom diagrame (obrazok 3-5) st zobrazené dva pasivne
filtre a pasivny datovy spotrebi¢, vsetky su typu ,tla¢”. Aktivny je zdroj udajov, ktory
posiela tdaje prvému z filtrov volanim procediry write. Prvy filter idaje spracuje (na-
znacené volanim procedury £1) a posle druhému filtru volanim jeho procedtry write.
Analogicky i tento filter idaje spracuje (procedura £2) a posle datovému spotrebicu (pro-
cedura write). Toto vSetko prebieha vramci vldkna riadenia umiestneného primarne
v zdroji tdajov.

zdroj udajov filter 1 filter 2 datovy spotrebié
(aktivny) (pas., ,tlac®) (pas., ,tlac®) (pas., ,tlac)
I I
l l
| |
write(data) |
> n

o

I
[
|
|
f1(data) !
|
|
write(data’) }

[

f2(data’)

write(data”)

ﬂ

Obrazok 3-5. Aktivny zdroj udajov, pasivne filtre a datovy spotrebi¢, prevzaté z (Buschmann, 1996).

V nasledujucom diagrame (obrazok 3-6) je aktivny filter 2, pricom zdroj tdajov a filter 1 st
pasivne, typu , tahaj” a datovy spotrebic je pasivny, typu ,tlac”.
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zdroj udajov filter 1 filter 2 datovy spotrebic
(pas., ,fahaj*) (pas., ,tahaj") (aktivny) (pas., ,tlac*)
I I I I
! ! read() }
\ read() - |
[ |
|
data f1(data) 1
|
; }
|
m data’ ) !
f2(data’) |
|
|
|
|
|

D write(data”)

Obrazok 3-6. Aktivny filter 2, prevzaté z (Buschmann, 1996).

V sekvencnom diagrame na obrazku 3-7 st oba filtre aktivne, pricom zdroj udajov
a datovy spotrebic¢ si pasivne. Medzi dvoma aktivnymi filtrami je umiestneny datovod
s vyrovnavacou pamatou. V diagrame je znazornena situdcia, kedy oba filtre zacinaju svo-
ju pracu volanim procedury read na vstupe, ktorym je pre filter 1 zdroj tidajov a pre filter
2 datovod.

zdroj udajov filter 1 datovod s vyr. filter 2 datovy spotrebi¢
(pas., ,tahaj*) (aktivny) parnétou (aktivny) (pas., ,tlac®)

T T T T

| | |

| read() |

data
! f1(datay)

D write(datay’)

T

|

|

|

|

i

\ .

- jJ data, f2(datay)
ﬂ data, f1(datay)

| F
[F | [ write(data”)
write(data,’) i

» ‘ read()

I
I
I
I
I
i
| H‘— f2(datay’)
I
I
I
I
I
I
I
I
I

i data,'

|

} [ write(data,”)
|

|

|

I

Obrazok 3-7. Aktivne filtre 1 a 2, prevzaté z (Buschmann, 1996).

:

V pripade filtra 1 procedtira read vracia hned tdaje, kym filter 2 musi pockat, kym sa do
datovodu tdaje z filtra 1 dostanti. Filter 1 po spracovani tdajov (procedtira £1) ich posiela
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do datovodu (procedura write). Vtedy datovod posle tidaje filtru 2 formou névratovej
hodnoty volania procedtry read (idaje st znazornené symbolom datai’). Analogicky je
spracovany i d'alsi balik tdajov (dataz), pricom v tomto pripade st tidaje poslané filtrom 1
ulozené v datovode, kym si ich filter 2 prostrednictvom volania procedury read nepre-
vezme.

3.3.4 Viac vstupov a vyjstupov filtra

Doteraz prezentované priklady predpokladali najcastejSiu situaciu, ktorou je pouzitie fil-
trov s prave jednym vstupom ajednym vystupom. Vzor Datovody a filtre existuje aj
vo variantoch umoznujacich pouzit filtre s viacerymi vstupnymi pripadne vystupnymi
bodmi. V takychto pripadoch sa vystupné tdaje z filtra posielaju bud na vSetky jeho vy-
stupné body alebo len na jeden (resp. niekolko) z nich a analogicky sa spusti spracovanie
v ramci filtra, ked su k dispozicii tidaje na vSetkych vstupnych bodoch, alebo postacuje
prichod tdajov na jeden (resp. niektoré) vstupné body filtra.

3.3.5 Dalsie priklady pouZitia
Okrem doteraz spomenutych prikladov, dalsimi prikladmi pouzitia architektonického
vzoru Datovody a filtre je vykreslovanie grafickych scén (Kaisler, 2005), pripadne kniznica
LASSPTools pre oblast numerickej analyzy a grafiky (Buschmann, 1996).

Vyznamnou oblastfou pouzitia tohto vzoru je integracia podnikovych aplikacii, kde
su integracné rieSenia casto zaloZené na tomto architektonickom vzore (Hohpe, 2004).

Prikladom takéhoto integra¢ného rieSenia moze byt spracovanie prichadzajticich ob-
jednavok, ktoré maju byt najskor desifrované (predpoklada sa, ze prichadzaja v Sifrovanej
podobe), potom ma byt vykonand ich autorizacia (predpoklada sa nutnost overenia, ¢i je
odosielatel opravneny poslat objednavku s danymi charakteristikami, ako je napriklad
finan¢na hodnota) a napokon odstranenie duplicit (predpoklada sa, ze z technickych do-
vodov sa mozZe stat, Ze jedna objednavka je poslana viackrat). Architekttira tohto integrac-
ného riesenia je zobrazena na obrazku 3-8.

déatovod déatovod déatovod Odstraneni datovod
.. . L stranenie
i ——» Desifrovanie ——p Autorizacia ——p duplicit —>
Prichadzajlca ,Cista“
objednavka objednavka

Obrazok 3-8. Integraéné rieSenie s architektirou Datovody a filtre — Cast’ procesu spracovania
objednavky, prevzaté z (Hohpe, 2004).

Charakteristickymi vlastnostami tychto integracnych rieSeni, ktoré ich zaroven ciastocne
odlisuju od bezného pouzitia vzoru Datovody a filtre, st:

1. Udaje prechadzaju systémom v diskrétnych ,balikoch” (spravach), kde sprava zod-
poveda typicky dokumentu, udalosti alebo prikazu — na rozdiel napriklad od kompi-
latora alebo stuistavy datovodov a filtrov v OS typu Unix, kde je medzi filtrami zvy-
¢ajne prenaSany homogénny prad udajov.

2. Castym prvkom je vetvenie, spravidla formou smerovania spravy na zaklade obsahu.
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3. Na urovni implementdcie sa vlastnosti jednotlivych datovodov a filtrov casto daju
nastavovat administratorom; ide o vlastnosti ako:

a. perzistentnost prenasanych sprav (pre datovody),

b. transakcné spracovanie, umiestnenie na konkrétny server, pocet instancii, vlakien,
procesov (pre filtre).

Posledny uvedeny bod predstavuje dolezitt vlastnost tychto rieseni, ktora poskytuje vy-
soku flexibilitu v urcitych smeroch. Predpokladajme napriklad, Ze deSifrovanie prichadza-
jucich objednavok je vypoctovo naroc¢ny proces a teda na dosiahnutie pozadovanej prie-
pustnosti celého procesu je potrebné ho vykonavat paralelne na viacerych pocitacoch na-
raz. Vdaka flexibilnosti architektiry Datovody a filtre je takato zmena lahko vykonatelna,
mnohokrat (ako je uvedené vyssie) stac¢i dokonca len jednoducha konfiguracna zmena
realizovana administratorom systému. Vysledné rieSenie je zndzornené na obrazku 3-9.

—» Desifrovanie —

datovod datovod
datovod Odstraneni datovod
" . L stranenie
i —1» Desifrovanie P Autorizacia +———p duplict —> j[
Prichadzajlca ,Cista“
objednavka objednavka
9 DeSifrovanie —

Obrazok 3-9. Integracné rieSenie s architekturou Datovody a filtre — upravené pre potreby
dosiahnutia pozadovanej priepustnosti — prevzaté z (Hohpe, 2004).

3.3.6 Zhrnutie vlastnosti vzoru Datovody a filtre

Na zaver zhrime najdolezitejsie vlastnosti vzoru Datovody a filtre, vychadzajiac prevazne
z (Buschmann, 1996). Prinosy pouzitia tohto vzoru st:

1. vysoka flexibilita rieSenia v zmysle Iahkej vymeny, resp. preskupenia filtrov,

2. opakovana pouzitelnost filtrov, najma ak su tieto filtre parametrizovatelné (ako je to
napriklad pri prikazoch operacného systému typu Unix); tato opakovand pouzitel-
nost je dosahovana najma minimalizaciou vazieb medzi filtrami v systéme,

3. Tahka paralelizovatelnost a/alebo distribuovatelnost jednotlivych filtrov (za predpo-
kladu pouzitia vhodnych datovodov),

4. rychla tvorba rieSeni, najmé prototypov.
Naopak, nedostatkami, resp. rizikami pri pouziti tohto vzoru su:
1. tazkopadne zdielanie globalneho stavu,
2. vysoka rézia dand viacerymi aspektmi, napriklad:
a. nutnostou prenosu udajov medzi filtrami, najméa ak prenos prebieha medzi pro-
cesmi resp. dokonca medzi pocita¢mi v sieti,
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b. nutnostou transformacie idajov, ak sa pouziva vSeobecny format na prenos uda-
jov medzi filtrami,

3. problematicka sprava chyb,

4. fakt, Ze tato architektura je pouzitelna len pre isté aplikacné oblasti; prikladom oblas-
ti, kde je pouzitelna len ftazko, su systémy vyzadujuce intenzivnu interakciu
s pouzivatelom.

3.4 Volanie a navrat

Volanie anavrat (angl. call-and-return) je synchronna softvérova architektura (Kaisler,
2005), v ktorej suciastky komunikuja tak, ze klient (volajica stciastka) pozastavi svoje
vykonavanie pocas spracovania poziadavky u poskytovatela sluzby (volanej stuciastky).
Teda riadenie (angl. control flow) sa z klienta presunie na poskytovatela a po ukonceni sa
opatf vrati na klienta. V tejto architekture tak sticiastky nevykonavaju zmysluplny vypocet
pocas cakania na odpoved od inych stciastok.

V nasledujtcich castiach opiSeme Styri hlavné architektiry typu volanie anavrat,
a zhrnieme vyhody a nevyhody spojené s ich pouzitim.

3.4.1 Hlavny program a podprogramy

V architektture Hlavny program a podprogramy (angl. main program and subroutines) rozde-
lujeme systém na hlavny program, ktory slizi ako riadiaca jednotka vypoctu
a podprogramy volané hlavnym programom, ktoré vykonavaju Specifické funkcie podla
poziadaviek systému. Hlavny program moze volat podprogramy viackrat a z viacerych
miest kodu. Podobne podprogramy programu moézu volat iné podprogramy, pozri obra-
zok 3-10.

Vypocet v tejto architektire prebieha v jednom vlakne, ¢o zjednodusuje vizualizaciu
a pochopenie samotného vypoctu. Spravnost vystupu hlavného programu je preto priamo
zavisla len od spravnosti vystupov volanych podprogramov. Nevyhodou pouzitia je slaba
Skalovatelnost. Pri rozsiahlejSich projektoch sa Iahko stane, Ze je potrebné vytvorit az
stovky alebo tisice podprogramov a straca sa tak prehlad o toku riadenia vo vyslednom
programe. Podobne pri novych poziadavkach sa zvycajne len doprogramuje potrebny
podprogram bez toho, aby sa vyuzili uz existujuce, ¢im postupne vznika neprehladny
kéd, v ktorom viaceré podprogramy vykondvaju rovnaké alebo podobné operécie bez
toho, aby o sebe vedeli.

Hlavny program

Podprogram A Podprogram D

Podprogram C

Podprogram E

Podprogram B

Obrazok 3-10. Priklad architektury Hlavny program a podprogramy.
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V pripade stibezného vykondvania hovorime o tzv. Master-Slave architekture, v ktorej
jeden hlavny proces koordinuje pracu ostatnych podriadenych procesov, ktoré pracuju
nezavisle od seba, pricom na vykonanie uloh méZzu potrebovat rozlicné mnoZzstvo casu.
Po ukonceni vypoctu podriadeny proces odosle hlavnému procesu vysledky a ¢aka na
dalsiu dlohu. Tento pristup je vhodny pri vypoctovo naroc¢nych ulohach, ktoré sa daju
rozdelif na viacero tloh tak, aby nemuseli podriadené procesy medzi sebou komunikovat.
Pouziva sa napr. pri replikacii databaz a rozsiahlych distribuovanych vypoctoch!. Pri pou-
zZitl tejto architekttiry je nutné realizovat nielen rozdelenie tilohy na mensie a spojenie vy-
sledkov, ale aj mechanizmy na vyhladavanie a komunikaciu podriadenych procesov
s hlavnym koordinujicim procesom.

3.4.2 Systémy Klient-server

V architekttre klient-server st dva typy entit: klient — entita, ktora pozaduje vykonanie
sluzby, server — entita, ktora vykona sluzbu na poziadanie. Vysledok vykonania sluzby sa
potom odosle klientovi. Vo svojej podstate je architekttra Klient-server podobna predcha-
dzajucemu typu Hlavny program a podprogramy. Rozdiel spociva v tom, ze v pripade
Klient-server sa predpoklada, Ze klient a server pracuji na oddelenych pocitacoch. Oproti
distribuovanej architektiire Master-Slave, v ktorej hlavny proces pozaduje vykonanie tiloh
od podriadenych, je rozdiel v tom, Ze v pripade systému klient-server sa to naopak , pod-
riadené procesy” (klienti), ktoré pozaduju vykonanie tloh od hlavného procesu (servera).
Védsina internetovych sluzieb (elektronickd posta, prehliadanie webovych stranok) st
realizované ako systémy klient-server.

PodIa rozdelenia kompetencii a funkcionality medzi klientom a serverom, rozlisuje-
me dva typy klienta: tucny atenky. Tenki klienti obsahuju len prezentacnu logiku,
v pripade webovych systémov je to zvycajne len Standardny webovy prehliadal. Tenky
klient posiela poziadavky na server a dalej len vizualizuje jeho odpovede (v pripade we-
bového systému klient-server st to zvycajne priamo webové stranky).

Naopak, tuc¢ni klienti obsahujt celti alebo aspon nejaku cast aplikacnej logiky. Presu-
nutie Casti aplikacnej logiky na klienta moze byt vyhodné na zniZenie mnozstva sietovej
komunikécie a zlepSenie interaktivity klientskej aplikacie. Nevyhoda vznika, ak je tucny
klient implementovany ako nezavisla pouzivatelska aplikacia, potom v pripade zmeny
poziadaviek aupravy funkcionality tu¢ného klienta je nutné nova verziu distribuovat
zakaznikom. Pri pouziti tenkych klientov staci zmeny vykonat na strane softvéru servera.
Softvér servera spractiva poziadavky klientov sibezne nezavisle od seba (priklad 3-2).

Bind (port) ; // Rezervovanie portu v 0S
Listen (port) ; // Zacni pocGvanie na prichddzajice poZiadavky
while (spojenie = Accept()) // Nova poZiadavka
stop = AsyncProcess (spojenie) ; // Asynchrénne spracovanie
if (stop == true) // Ukoncit?
break;
}
Close (port) ; // Ukon¢i prijmanie poZiadaviek

Priklad 3-2. Pseudokéd spracovania poziadaviek na serveri.

1 SETI@home, http://setiathome.berkeley.edu/
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Najskor si v operaénom systéme vyhradi port, na ktorom chce pocavat a nasledne
spusti po¢tivanie na spojenia od klientov. Ked pride nové spojenie, asynchrénne ho spra-
cuje v inom vlakne, pricom hlavny program pokracuje v ¢akani na d'alSie spojenie. Softvér
servera je prirodzene viacvlaknovy ateda z hardvérového hladiska je vyhodné pouzit
pocitacovy systém s o mozno najviac nezavislymi vypoctovymi jadrami.

Zakladna architektara klient-server je realizovana v dvoch vrstvach. Pre lepsiu skélo-
vatelnost, dostupnost, atd. moze byt vyhodné pouzit dalSie vrstvy (obrazok 3-11).
Pri pouziti trojvrstvovej architektiry je prepojenie Casti volnejSie a mdzeme lubovolnu
z vrstiev zamenit alebo skalovat podla vznikajacich poziadaviek.

datovy server

server e
‘ Datové ulozisko ‘

I

\ Datové tlozisko \

‘ Aplikac¢na logika ‘ aplika€ny server
@ \ Aplikana logika \
‘ Prezentacna logika ‘ ﬁ
klient ‘ Prezenta¢na logika ‘
klient

Obrazok 3-11. 2-vrstvova vs. 3-vrstvova klient-server architektura.

V zavislosti od poziadavky na spolahlivost komunikacie rozliSujeme dva typy komunika-
cie medzi klientom a serverom:

— Spojenie neudrzujiica (angl. connectionless) komunikacia, je typicky realizovana proto-
kolom UDP (User Datagram Protocol), v ktorom dorucovanie sprav nie je spolahlivé
v zmysle, Ze odoslané spravy nemusia byt nutne aj prijaté. Je potrebné realizovat
vlastny mechanizmus spracovania chybovych stavov v pripade nedorucenia paketu.
Pouziva sa napr. pri audiovizualnych prenosoch, ktoré nemusia byt nutne dokonalé
a v ktorych sporadicky stratené pakety len mierne znizuju kvalitu prenosu.

— Spojenie udrzujiica (angl. connection-oriented) komunikacia, typicky realizovana proto-
kolom TCP (Transmission Control Protocol), zaruc¢uje dorucenie odoslanych paketov.
Netreba oSetrovat spracovanie chyb a implementdcia je preto jednoduchsia. Naopak,
zarucené dorucenie zvysuje komunikacnt réziu.

V pripade, ze komunikdcia medzi serverom a klientom prebieha vo viacerych spravach, je
niekedy vyhodné, aby si server udrziaval stavovt informdciu o obsluhovanych klientoch.
V takom pripade nemusi klient opakovane posielat informacie, ktoré si server uz pamata
v stave pre daného klienta, ¢o znizuje velkost sprav potrebnych na realizovanie poziada-
viek. Naopak, zhorsuje sa Skalovatelnost spracovania, kedZe sa spracovanie na serveri
musi koordinovat so stavovou informdaciou uloZzenou v zdielanej pamati. Pri bezstavovom
spracovani sa mozu poziadavky spracovat nezavisle od ostatnych a na l'ubovolnom vypo-
¢tovom uzle.
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Vyhody aj nevyhody architektury klient-server vyplyvaji najma z jej centralizované-
ho charakteru. Vsetky data st uchovavané na serveroch, ¢o umoznuje vykonavat striktné
dodrziavanie pravidiel pre pristupovanie k nim. Naopak, v pripade zlyhania kritickej casti
servera nie je mozné poziadavky klientov spractvat. Tiez, kedZe su vsetky poziadavky
spraciivané centralizovane, vznika riziko pretazenia centralneho uzla a tak znefunkcénenia
sluzby pre vsetkych klientov.

3.4.3 Objektovo orientované systémy

V objektovo orientovanych systémoch sti komunikujtce entity (objekty) rovnocenné. Kaz-
dy objekt moze principidlne volat metédy iného objektu a vystupovat tak v tlohe klienta
(Ziadatela o sluzbu) alebo servera (vykonavatela poziadavky), pozri obrazok 3-12.

Tento model vypoctu sa odliSuje od ostatnych tym, ze objekty st tplne zapuzdrené,
¢o umoznuje transparentne menit implementaciu objektu pokial sa dodrzi Specifikované
spravanie. Kazdy objekt predstavuje abstrakciu zapuzdrenych dat a metddami poskytuje
sluzby nad tymito datami, ktoré zachovavaji integritné ohranicenia. Takyto systém je
rozsiritelny a objekty mozu byt vytvarané pocas vykonavania.

[ ] [1
Objekt A

Objekt C
L]

Obrazok 3-12. Priklad objektovo orientovaného systému.

Vdaka tplnému zapuzdreniu objektov objektovo orientované systémy podporuju subezny
vypocet tloh v objektoch, ¢o je vhodné napr. aj pri realizacii multiagentovych systémov.
TieZ objekty sa nemusia vykondvat len na jednom pocitaci a pouzitim spojovacej vrstvy
(angl. middleware) mo6zeme realizovat distribuovany vypocet. Spojovacia vrstva udrziava
identity komunikujticich objektov a umoznuje lokalizacné sluzby, ¢o ale celkovo pridava
na rézii pri vypocte s distribuovanymi objektmi.

3.4.4 Hierarchicky rozvrstvené systémy

Hierarchicky rozvrstveny (angl. hierarchically layered) systém je softvérovy systém, ktory je
rozdeleny do vrstiev, z ktorych kazda predstavuje urcita abstrakciu funkcionality. Vrstva
poskytuje sluzby vyssim vrstvam (umiestnenim nad nou) a pouziva sluzby nizsich vrstiev,
zvycajne len sluzby vrstvy bezprostredne pod fiou. Hierarchicky rozvrstvena architektira
je vyhodna, ked st poziadavky jasne Specifikované. PouZziva sa napr. v jadrach opera¢nych
systémov alebo v referenénom modeli komunikacie OSI (Open System Interconnection)
(obrazok 3-13).

Funkcionalita kazdej vrstvy je jasne Specifikovana rozhranim, ¢o umozuje v tejto ar-
chitektare niektort vrstvu zamenit (iplne vymenit) pokial sa zachova jej verejné rozhra-
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nie. Detaily implementdcie vrstvy su teda skryté a vrstvy mozno navrhovat oddelene.
Platformové zavislosti mézu byt izolované v nizsich vrstvach, ¢o umoznuje vytvorit po-
rtabilné rieSenie.

odoslanie prijatie

A

o I S I

Datova Evj ,,,,,,,,,,,,,,,,,, + f
—

e [

Obrazok 3-13. Hierarchické vrstvy Casti referenéného modelu OSI.

Nevyhodou je, ze nie vzdy sa da funkcionalita takto abstrahovat do vrstiev, prip. urcit
spravnu granularitu funkcionality vo vrstvach. Pridanie dalSej funkcionality do vrstvy je
relativne jednoduché, naopak odobratie funkcionality moéze spOsobif problém vyssim
vrstvam, ktoré tato funkcionalitu pouzivaju.

3.4.5 Zhodnotenie

Architektiira volanie a navrat predstavuje zaklad dalsich odvodenych architektar, pricom
kazda zavadza nejaké dodato¢né podmienky na obsah, smer a spdsob komunikacie medzi
castami systému.

Jednoducha architektira Hlavny program a podprogramy je vhodna pre malé projek-
ty, pri vacsich projektoch zacina byt neprehladna. Pre efektivne pouzite sofistikovanejsich
architektur je nutné pochopit najmi spdsob komunikacie medzi castami systému, kde
napr. medziprocesova komunikacia je relativne vysoko vypoctovo ndro¢na — vyzaduje
okrem iného zabalenie parametrov a navratovych hodnét funkcii do formatu v komuni-
kacnom protokole.

3.5 Systémy nezavislych stciastok

Nezavislé suciastky pozname podla toho, Ze si svoju pracu vykonavaju nezavisle od toho,
s kym spolupracuji. Zatial ¢o ostatné typy suciastok potrebujt presne vediet ktorti metd-
du alebo proceduru pri komunikdcii volaja, pre nezavislé stciastky je dolezité akurat roz-
poznat s akymi tidajmi pracuji a spracuju ich bez ohladu na to, kto ich poskytol alebo
ku komu sa dalej dostanti. Informaciu o konkrétnom odosielatelovi alebo prijimatelovi
pritom mozu ale nemusia vyuzit.

3.5.1 Komunikujiice sekvencné procesy

Najjednoduchsi systém nezavislych suciastok predstavuje mnoZzina nezavislych procesov,
ktoré moézu medzi sebou komunikovat alebo sa navzajom aktivovat. Uz v roku 1987 navr-
hol C. A. R. Hoare model paralelnych procesov, kde nebolo presne urcené kedy a s kym
bude kazdy proces komunikovat.
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Zakladnou Hoarovou myslienkou bolo, zZe dva procesy sa najjednoduchsie zosyn-
chronizuju pri svojich vstupno/vystupnych operaciach. Na to je potrebné splnit prave dve
podmienky:

1. proces A musi ozndmit, Ze je pripraveny odovzdat idaje procesu B,

2. proces B musi oznamit, ze je pripraveny prijat tidaje od procesu A.
Ak niektora z podmienok nie je splnena, pripraveny proces prejde do stavu cakania az
kym nie je pripraveny aj druhy proces.

V roku 1985 rozsiril tento systém tak, ze kazdy proces mohol mat viacero vstupov,
pricom kazdy vstup mal uréené podmienky na aktivovanie. Vzdy mohol byt aktivny len
jeden vstup, ale pokial mali viaceré vstupy splnentt podmienku, vybral sa ndhodne jeden
z nich. Toto umoZznilo modelovat nedeterministické vykonavanie procesov.

Hoare navrhol svoj systém len ako modelovaci nastroj, neocakaval, Ze sa vyuzije
v komerénych aplikaciach. To sa aj potvrdilo, lebo sa zistilo, Ze tento systém mad viacero
vaznych nedostatkov.

Prvym problémom bolo, Ze vyzadoval explicitné pomenovania. Kazdy proces musel
poznat nazvy vsetkych procesov, s ktorymi chcel komunikovat. Nebolo tak mozné vybrat
alternativny proces na komunikaciu.

Druhym problémom bolo, Ze systém nemal definované Ziadne fronty (angl. queues)
na ukladanie sprav. Preto bola mozna len synchréonna komunikacia. Na modelovanie ne-
zavislého, asynchrénneho procesu spracovania adajov sa vkladal dodatocny proces, kto-
rého jedinou tlohou bolo podrzat tidaje, kym nie je pripraveny aj prijimaci proces.

Poslednym problémom bolo, Ze nebolo zabezpecené detekovanie ani ochrana pred
uviaznutim.

Hoarov systém vsak ma zasluhu aj na tom, Ze sa tieto problémy objavili a vyriesili,
takzZe v novsich systémoch sa uz zvycajne nevyskytuju.

3.5.2 Systémy zaloZené na udalostiach

V systémoch zalozenych na udalostiach sa nieCo vykondva len vtedy, ked nastane nejaka
udalost. Zdroj udalosti pritom vobec nemusi vediet kto jeho udalost spracuje a ¢i ju vobec
niekto spracuje. Podobne prijemca udalosti sa tiez nemusi zaujimat o toho, kto ti udalost
vytvoril. Dolezité je len aky je to typ udalosti a aké tidaje s touto udalostou suvisia. Uda-
lost sa v tychto systémoch prendasa ako sprava, kde typ spravy urcuje typ udalosti a obsah
spravy reprezentuje idaje alebo odkaz na tidaje, ktoré sa maju spracovat.

Na obrazku 3-14 je zakladna Struktira systému zalozeného na udalostiach. Jeho pod-
statnou castou je manazér udalosti. V manazéri sa zaregistruje zdroj udalosti a oznami aky
typ udalosti bude posielat. Podobne sa tam zaregistruje aj prijemca udalosti a uvedie
aky typ udalosti chce prijimat. Na zaklade registracie sa nastavi smerovac, ktory prepdja
informacie od zdrojov k prijemcom.

Od momentu, ked je zaregistrovany aspon jeden zdroj a aspon jeden prijemca rovna-
kého typu udalosti, udalosti mo6zu byt spracovavané. Zdroj aj prijemca sa tiez mozu kedy-
kolvek odregistrovat. To umoZznuje tplnii nezavislost ¢innosti jednotlivych suciastok.
Kazda suciastka potrebuje poznat vyluéne manazér udalosti. Manazér sa oboznami
s kazdou zaregistrovanou suciastkou, ale vzdy pozna len tie aktualne zaregistrované.
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Manazér udalosti
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Obrazok 3-14. Systém zalozeny na udalostiach.

Smerovac

Smerovac aktivne meni smerovanie udalosti podla zaregistrovanych stuciastok. Sam je
zvycajne tvoreny jedinou suciastkou, ale moéze byt vytvoreny aj ako distribuovany.
Pre kazdy typ udalosti moze byt vytvoreny vlastny smerovac. Efektivnost smerovaca
je podrobnejsie opisana v kapitole StiCiastky zaloZené na udalostiach.

Niektoré systémy, napriklad CORBA, realizuji smerovac tak, ze vytvoria priamy
komunikaény kandl medzi zdrojom a prijemcom udalosti. Tento pristup mdze byt znacne
neefektivny pri velkom mnozstve kanalov. A zataZzuje zdroj s velkym mnozstvom prijima-
telov, lebo musi poslat informaciu do kazdého kanalu zvlast.

Smerovac¢ moze vykonavat okrem zakladnej funkcie distribuovania udalosti aj d'alsie
funkcie. NajcastejSie je to zabezpecenie vyrovnavacej pamaéti pre udalosti. Odlahcuje tym
prijimatelov od tejto starosti, ale zvySuju sa jeho vlastné pamétoveé aj vypoctové naroky.

Zaujimavou schopnostou smerovaca byva moznost definovat si podmienky doruce-
nia udalosti. Udalosti st zvycajne dorucované v poradi, v akom boli vytvorené. Prijimatel
si vSak moze vyziadat prioritne udalosti z uréeného zdroja. Dorucenie udalosti moze byt
tieZ viazané na vznik inej udalosti alebo parametrov udalosti.

Poslednou pouZivanou schopnostou smerovaca byva transformacia spravy. Castejie
sa sprava upravuje priamo pri zdroji, ale ak je zdrojov s rovnakym tvarom spravy viacero,
jednoduchsie je pouzit jednu suciastku priamo pri smerovaci. A podobne mozno upravo-
vat spravy aj smerom k prijimatelom.

Cambridge Event Architecture

Cambridge Event Architecture (Bacon, 2000) je prikladom dobre prepracovaného systému
zalozeného na udalostiach. Registracia prebieha cez synchronne rozhranie a zaregistrovat
sa je mozné nielen na typ udalosti, ale aj na podmienky jej poslania. Posielanie udalosti je
vzdy asynchrénne.

Smerovac pouziva filtrovanie na strane zdroja. Je to pomalSie, ale bezpecné a lepsie
Skalovatelné. Je mozné aj filtrovanie na strane klienta. To je rychlejsie, ale zatazuje klienta
a komunikaciu a klienti mézu dostat udalost, na ktorti nemajti opravnenie.

Zaujimavou vlastnostou je, Ze mdzeme pracovat so zlozenymi udalostami. Klient je
informovany len ked vznikne ista skupina alebo postupnost udalosti. Smerova¢ dokaze
posielat a spracovavat aj informacie o vlastnej aktivite. Tym mozno v komunikacnej sieti
obchadzat vypoctové uzly, kde vznikla chyba. Tiez je mozné presuntt cast smerovania
z pretazeného uzla na menej zatazeny.
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Posudzovanie systémov s udalostami

Posudzovat [ubovolny zlozity systém nie je nikdy jednoduché, lebo v kazdom Specifickom
pripade je potrebné uvazit, ktoré vlastnosti su prave dolezitejSie a ktorym nie je potrebné
priradit az takti vahu. Preto je vhodné mat prehlad, aké vlastnosti by nas mali zaujimat
a preco.

Synchrénnost riadiaceho toku. Tu sa mysli nezavislost prace smerovaca a ostatnych su-
Ciastok. Vacsina stucasnych systémov je asynchronna — oddeluje pracu manaZzéra
a prijemcu udalosti. Napriek tomu stdle m6zu existovat jednoduché synchrénne systémy
kde staci, ked sa spracuje len jedna udalost v danom case. Takyto pristup je vhodny, ak sa
udalosti spracovavaju v ramci jedného procesu.

Staticki alebo dynamickd registracia a moznost odregistrovania sa. Jednoduchsie systémy
mo6zu mat zadefinované pripojenia uz v ¢ase implementacie a nie je ich potrebné rekonfi-
gurovat pocas vykondavania aplikacie.

Casy rozdel'ovania a spracovania udalosti. Cas rozdelovania je potrebny na rozpoznanie
vzniku udalosti, zistenie akého je typu a odovzdanie udalosti na spracovanie. Cas spraco-
vania udalosti uz zavisi od prijemcu udalosti.

Spracovanie vynimick. Ci smerovad rozpozna neznamu alebo chybnu udalost a co
s nou vie urobit. Chybné udalosti vznikaji zvycajne poruchou hardvéru. Softvérova su-
Ciastka moze tiez generovat udalost, ktortt nema zaregistrovana. Udalost je vSak jej hlavny
vystup a preto sa tento problém zvycajne vyriesi uz pocas vyvoja suciastky.

Skdlovatel'nost. Zavisi od modelu distribuovania udalosti a konstrukcie smerovaca.
Pri horizontélne distribuovanych smerovacoch sa zataz znizi tym, Ze kazda jednotka sme-
rovaca sa venuje len mensiemu poctu typov udalosti. Spracovanie je vel'mi rychle, ale je tu
limit na maximalny pocet jednotiek — tol'ko, kolko je typov udalosti. Vertikalne distribu-
ované smerovace su vlastne rozdelené hierarchicky. Znizuje sa tu pocet prijemcov spravy
na jednotku smerovaca. Nevyhodou je, Ze udalost prechadza cez viacero smerovacov
a narasta ¢as rozdelovania udalosti.

Bezpecnost. Jednotlivé typy udalosti a udalosti z réznych zdrojov mo6zu mat rézne
urovne opravnenia. Prijemcovia udalosti mézu ziskat len tie spravy, na ktoré maja oprav-
nenia.

Pouzitie vyrovndvacej pamite. ZvysSuje Sancu spracovania vsetkych udalosti ale spoma-
Iuje prdcu manaZzéra. Je potrebné definovat cas ,prezitia” udalosti, to znamena, po akom
¢ase uz nema vyznam na udalost reagovat.

Kuvalita sluzieb. Pod tymto nazvom st zahrnuté ostatné vlastnosti systému, ako je spo-
lahlivost dorucenia udalosti, rekonfigurovatelnost, automatické vyvazenie zataze smero-
vacov, moZznosti tpravy sprav a dalsie.

Vyhody a nevyhody systémov zaloZenych na udalostiach

Medzi vyhody patri vysoka rekonfigurovatelnost tychto systémov. Stciastky sa mozu
pripajat a odpajat bez toho, aby to funkcne ovplyvnilo zvysSok systému. Tieto systémy
vyrazne podporuju znovupouzitie. Od suciastky sa vyZaduje len spradvne rozhranie
na prijem alebo posielanie udalosti a nie je dolezité ako je vytvorena ani v akom prostredi
sa vykonava.

Vyhodou je tiez, Ze stiCiastka pozna len manazér udalosti a nemusi poznat nic iné.
Udaje prichadzajt vo forme akii pozné a odosiela ich rovnako. Pri vytvarani stiéiastky nie
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je nutné vediet, odkial tidaje prichadzajui, ani kam odchadzaju. Hlavnou nevyhodou tych-
to systémov je, Ze suciastka nevie, ¢i niekto na jej udalost vobec odpovie. Ak je potrebné
zareagovat na kazdd udalost, musi sa to realizovat inym typom systému. Sticiastka nevie,
ako dlho budt trvat jednotlivé odpovede, preto je to nevhodné pri pouziti napriklad zdie-
lanych datovych struktur, kde sa vyhody potlacia niitenou synchronizaciou.

Nevyhodou je, Ze komunikacia prebieha cez jedno hrdlo. Problémy nastavaju pri pre-
sunoch vac¢sieho mnozstva informacii vztahujucich sa k jednej udalosti. Toto nevie vyriesit
ani distribuovany smerovac. Na prenos velkého mnozstva tidajov sa potom pouziva ina
technoldgia, ale to uz vytvara zlozity systém s viacerymi technologiami.

3.5.3 Sprostredkovatelské (angl. broker) systémy

St urcené hlavne na prepojenie vzdialenych systémov. Jednotlivé objekty sti umiestnené
v roznych adresnych priestoroch a navzajom komunikujii pomocou vzdialeného volania
procedur (angl. remote method calls). K najznamej$im prostriedkom, nad ktorymi sa vytva-
raju takéto systémy, patria CORBA, OLE, DCOM, Java Remote method invocation.

Zastupca | Sprostredkovatel [ | Zastupca
u klienta uservera
Klient Prepojenie Server

Obrazok 3-15. Zjednoduseny vzor Sprostredkovatel.

Sprostredkovatelské systémy st zalozené na navrhovom vzore Sprostredkovatel, ktorého
zjednodus$ena schéma je na obrazku 3-15.

Klient aj server sa musia najskor zaregistrovat u sprostredkovatela, potom uz komu-
nikuju prostrednictvom svojho zastupcu (angl. proxy), ktory zabezpecuje komunikacné
sluzby. Pre klienta sa jeho zastupca sprava ako server a pre servera predstavuje zastupca
klienta. Zastupcovia medzi sebou komunikujui cez prepojenie, ktoré bolo vytvorené
pri zaregistrovani oboch tcastnikov komunikacie. Klient teraz mdze vyslat poziadavku
zavolanim obsluznej procedury servera. Poziadavka sa dostane cez cely komunikacny
kanadl az k serveru, ktory za¢ne pracovat na odpovedi. Klient sa medzitym moze venovat
inej ¢innosti. Ked server vytvori odpoved, posle ju naspat klientovi. Sprostredkovatel
zabezpedi, aby si klient odpoved prevzal.

Vyhody a nevyhody sprostredkovatel'skych systémov
Pouzitie sprostredkovatel'skych systémov prinasa tieto vyhody:

— systém je rozdeleny na oddelené procesy; kazdy proces mozno vyvijat a spravovat
nezavisle, ¢o znizuje zlozitost tychto tloh,

— server ma vyssiu sudrznost s klientmi,

— redukuje pocet prepojeni; medzi dvoma procesmi sa vytvara len jeden komunika¢ny
kanal,
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— zvysuje abstrakciu navrhu; mozno mat nezavisly pohlad na procesy, ¢im dalej zlep-
Suje moznosti znovupouzitia,

— zvysuje flexibilitu rieSenia; do existujiceho systému je mozné pridavat tak klientov
ako aj servery a zvySovat tak moznosti celého systému,

— jednoduchsia prenosnost; ked zmenime klienta, napriklad ho prenesieme na int plat-
formu, stac¢i len zmenif proxy a zvySok sa nemeni.

Nevyhody sprostredkovatelskych systémov:

— Limitovand efektivnost. Rozhrania musia byt vytvarané tak, aby korektne zvladli chyb-
né volania sluzby zo strany klienta. Istd kontrola chyb sa preto musi robit pri kazdom
volani sluzby.

— Nizky vykon. Transparentnost umiestnenia klientov aj serverov neumoznuje vybrat
najkratsie alebo najrychlejsie prepojenie medzi vybranym klientom a serverom.

— Nizka odolnost voci chybam. Systém obsahuje vela stcasti a kazda je dolezita. Chyba
v ktorejkol'vek casti spdsobi nefunkcnost celého systému.

Sprostredkovatelské systémy sa vyuzivaju vSade tam, kde je potrebné zabezpecit odozvu
na kazdu poziadavku. Dnes st ale postupne nahradzané webovymi sluzbami, ktoré maju
vadsinu vyhod uvadzanych pre sprostredkovatel'ské systémy anemusia mat Ziadnu
z uvedenych nevyhod.

3.6 Ulozisko

Databazové systémy alebo nazyvané aj systémy s tloziskom dat pouzivajua centralnu da-
tabazu na uloZenie informacii stivisiacich s problémom. Datové tlozisko poskytuje vhod-
ny pristup k informacidam, pricom zjednodusuje proces vyberu dat v réznych formatoch.
Napriklad data je mozné zobrazif formou zoznamu alebo v grafickej forme a pod. Obrazok
3-16. znazornuje vseobecnu Struktiru takejto architektary.

Klientsky Klientsky Klientsky
softvér softvér softvér

J

Klientsky Klientsky
softvér softvér
Datové
Ulozisko
Klientsky Klientsky
softvér softvér

Obrazok 3-16. Struktira systému s centralnym GloZiskom dat.

Najdolezitejsimi vyhodami architektury s centralnym tloziskom dat je:
— Ditovd integrita (angl. Data Integrity) — tidaj sa vlozi raz, kedykolvek; je odstranena
chybovost a duplicita tdajov.
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—  Znovupouzitie ndvrhu (angl. Design Reuse) — presné a spolahlivé idaje st v pripade po-
treby k dispozicii.

— Generovanie pohl'adov (angl. View Generation) — jediny zdroj idajov umozniuje genero-
vat rdzne pohlady.

— Flexibilita procesu (angl. Process Flexibility) — proces riadenia tidajov nie je viazany
na aplikaciu.

— Nezdvislost interakcie ddt od aplikdcie (angl. Data Interaction Independent of Application) —
data st pouzivatelovi pristupné z viacerych aplikacii.

— Skalovatelnost (angl. Scalability) — databaza mdze narastat v stilade s potrebami apli-
kacie a domény.

3.6.1 Databdzové systémy

Databaza predstavuje mnozinu dat, ktoré sii navzajom v urcitom vztahu. Databaza ma
nasledujice vlastnosti (Elmastri, 2003):

— je to logicky sudrzna mnozina dat s istym vnttornym vyznamom,

— je navrhnutd, vytvorena a naplnena datami s urcitym cielom, pre cielova skupinu
pouzivatelov a aplikaciu,

— reprezentuje isté aspekty realneho sveta tzv. minisveta (angl. Universe af Discourse),

— zmeny Vv ,minisvete” sa odrazaji v databaze.

Systémy riadenia databazy
Systémy riadenia databazy (angl. Database Management System; DBMS) poskytuju tloziska
(angl. repository) pre skladovanie a riadenie dat. DBMS poskytuje operdcie pre pracu
s ulozenymi datami a zvycajne realizuje paradigmu abstraktnej datovej Struktury, ktorej
zakladnym predpokladom je oddelenie logickej definicie dat od samotnej fyzickej imple-
mentacie. Samotna logicka Struktiira databazy predstavuje koncept logického datového
modelu (angl. logical data model).

Tieto systémy predstavuju tiCelové softvérové systémy navrhnuté s ciefom spravovat
velké mnozstvo udajov. Poskytuju:

— perzistenciu — data spravované v DBMS maju byt perzistentné,

— ochranu ddt pred neautorizovanym a chybnym pristupom — DBMS by mali podporovat
mechanizmy, ktoré zabrania naruseniu konzistencie dat, mechanizmy na znovuna-
dobudnutie a zalohovanie pred pripadnym zlyhanim hardvéru a bezpecnostné me-
chanizmy, ktoré zabrania neautorizovanym pristupom,

— sekundarny manazment dit — DBMS spravuje velké objemy tidajov. Preto pouziva roz-
ne techniky na ich organizaciu ako indexaciu (angl. indexing), klasterizaciu (angl. clus-
tering) a alokdciu zdrojov (angl. resource allocation),

— kompiliciu a optimalizdciu — DBMS musia poskytovat mechanizmy na prenos medzi
aplikdciami a externymi a logickymi tiroviiami,

— rozhrania, ktorymi definuju Struktaru dat (DDL - Data Definition Language) a mani-
pulaciu s nimi (DML - Data Manipulation Language),
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— distribiiciu — transparentny pristup k lokalnym zdrojom.

Pristup k datam aich ziskavanie sa uskutocnuje prostrednictvom transakcii. V jednodu-
chom pripade poradie aktualizacie databazy udava poradie transakcii. Moderné databa-
zové systémy ako DB2, Oracle, Sybase a MS SQL Server podporuju stbezny transakény
proces.

Objektovo orientované databazové systémy

Objektovo orientované databazové systémy (angl. Object-Oriented Database System;
OODBS) boli vyvinuté s cielom podporit funkcionalitu niektorych tried aplikacii, ktora si
vyzaduje pokrocilejsi sposob struktiry dat ako pri relacnych databazovych systémoch.
Vyskum OODBS sa zacal v 80. rokoch a viedol k vyvoju takého systému ako je O2. Podpo-
ruje datovy model zaloZeny na mnozine objektov (instancie s vlastnou identitou a stavom).
Naviac (vod¢i funkcionalite tradicného DB systému) musi OODBS obsahovat nasledovné
objektovo-orientované ¢rty (Atkinson, 1992):

— Zlozené objekty (angl. Complex Objects): OODBS musia podporovat tvorbu zloZenych
objektov z jednoduchych aplikovanim vhodnych konstruktorov. Zaroven jednoduché
operacie ako kopirovanie alebo mazanie musi byt mozné aplikovat na tieto zlozené
objekty.

— Identita objektu (angl. Object Identity): Datovy model musi podporovat identitu objektu
tak, aby objekt existoval nezavisle od hodnoty jeho stavu. Dva objekty mozu byt
identické (st jednym a tym istym objektom) alebo rovnaké (hodnota ich stavu je rov-
naka).

— Zapuzdrenie objektu (angl. Object Encapsulation): Objekt zapuzdruje oboje program aj
data. Objekt v OODBS ma teda aj datovu aj operacnu cast.

— Typy atriedy (angl. Types and Classes): V zavislosti od zvoleného pribliZzenia by
OODBS mali podporovat bud’ pojem typu alebo triedy.

— Hierarchie typov alebo tried (angl. Type or Class Hierarchies): OODBS musia podporovat
dedenie.

— Prekonanie, pretaZenie a neskoré viazanie (angl. Overriding, Overloading and Late Binding):
OODBS musia umoznovat predefinovat operacie urcitych typov (prekonanie), pouzit
rovnaké mena pre rézne implementdcie (pretaZenie) a vybrat vhodna implementaciu
pocas vykonavania programu (neskoré viazanie).

— Uplnost vypoctu (angl. Computational Completeness): Jazyk pre manipulaciu s datami,
ktory sa pouziva v ramci OODBS, musi umoznovat vyjadrit akiikolvek vypoctovu
funkciu.

— Rozpinavost (angl. Extensibility): OODBS musia umoznovat definovat nové typy, ktoré

pochadzaju z preddefinovanych typov anesmu rozliSovat typy definované systé-
mom a typy definované pouzivatelom.

Objektovo orientované databazové systémy mozu obsahovat dalSie rozsirenia ako napri-
klad kontrola typov, zlozené transakcie, mechanizmy pre podporu verziovania.
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Zapuzdrenie Identita objektov

Polymorfizmus

Objektovo
orientované
programovanie

Integrita Archivécia

Bezpeénosﬂ'

Databazové
schopnosti

Obnova

Verzionovanie

Sucinnost

Transakcie Dopytovanie

Perzistencia

Obrazok 3-17. Charakteristické Crty objektovo-orientovaného programovania a databazovych
technoldgii.

Aktivne databazové systémy

Tradicné relacné a objektovo-orientované databazové systémy su pasivne: vykonavaju
akcie prostrednictvom explicitnych operacii dopytu a aktualizacie (angl. query and update).
Podla (Dittrich, 1995, Widom, 1996) databazovy systém nazyvame aktivnym, ak okrem
,normalnej” databazovej funkcionality je schopny samostatne reagovat na situacie defino-
vané pouzivatelom a nasledne vykonavat pouzivatelom definované cinnosti. Zaklad ak-
tivnych databazovych systémov (angl. Active Database System; ADBS) tvoria ECA-pravidla
(angl. event-condition-action rules), tiez nazyvané spustace (angl. triggers), ktorymi sa Speci-
fikuje spravanie systému. Vo vSeobecnosti ECA-pravidlo znamena:

Ak sa definovand udalost vyskytne a definovand podmienka je platnd, potom vykonaj defino-
vanii ¢innost.

Najvaésim rozsirenim voci funkcionalite tradi¢nych databdzovych systémov je vloZze-
nie definicie udalosti a pravidla ako aj vykonanie tohto pravidla. Pravidla ADBS pozosta-
vaju z troch cast:

— udalost (angl. event) — zapriciniuje spustenie pravidla,

— podmienka (angl. condition) — je overena pri spuistani pravidla,

— cinnost (angl. action) — vykona sa pri spusteni pravidla a zaroven kladnom vyhodno-
teni podmienky.

ADBS obsahuje bazu pravidiel. Ak st pravidla definované, potom ADBS monitoruje rele-
vantné udalosti. Pre kazdé pravidlo, ktorého udalost sa vyskytne, ADBS vyhodnoti jeho



Architektury softvéru 101

podmienku; ak je podmienka splnena, vykond sa ¢innost. Pre jednu udalost moéze byt vy-
konanych viac pravidiel.

3.6.2 Tabulové systémy

Tabulova architekttira napodobruje odbornikov okolo tabule s kriedou. Odbornici riesia
problém napisany na tabuli pripisanim vlastnej informacie. Niektori prispievaju hned, ini
musia ¢akat, aby nadviazali na iného. Kazdy prispevok mdze a nemusi umoznif ostatnym,
aby sa vyjadrili a tak posuntt problém k vyrieSeniu. Proces pokracuje pokym vSetci neod-
suhlasia, Ze sa podarilo dosiahnut riesenie.

Tabula predstavuje databazu a odbornici softvérové procesy. Kazdy proces dokaze
¢itat tabulu a informadcie na nej. Ak ma proces dostatok informadcii na vykonanie vypoctu,
vykona ho a vysledok zobrazi na tabulu. Jeden alebo viac procesov priebezne testuje ob-
sah tabule, ¢ uz bolo dosiahnuté rieSenie.

Technoldgia tabulovych systémov (angl. Blackboard System) bola vyvinuta zaciatkom
70-tych rokov. Strukttira tabulového systému je znazornend na obrazku 3-18.

Baza znalosti 1

Baza znalosti i
Baza znalosti i+1 |«

Baza znalosti n

A

Tabula
(zdielana pamét)

A

Aktivacia
Riadenie » nevyrieSenych
baz znalosti

Obrazok 3-18. Schéma tabufového systému.

Bazy znalosti (angl. knowledge source) predstavuju nezavislé procesy, obsahujtice pocitaco-
vy kod aSpecificki znalost. Baza znalosti reaguje na zmeny obsahu na tabuli. Tabula
(angl. blackboard) je zdielanou pamaftovou Strukttrou, ktora obsahuje vntiitorna reprezen-
taciu problému alebo stav aplikacie. Baza znalosti komunikuje s tabulou posielanim a zis-
kavanim informacii. Zmenu dat na tabuli zachytava Riadenie (angl. control), rozlisuje danti
bazu znalosti a vytvdra z nich rad, v akom budu aktivované na sucinnost s tabulou.

3.7 Architektary sabezného softvéru

Rozne architektary st aplikovatelné na rozli¢né triedy problémov. Niektoré problémy, ¢i
uz z hladiska svojej povahy alebo z dévodov vyplyvajacich z prostredia, do ktorého budu
nasadené, si vhodnymi kandidatmi na stibezné spracovanie vo viacerych vlaknach ¢i pro-
cesoch.
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Stibezny systém je z pohladu jedného z (jeho) procesov viditeIny ako dalSie procesy,
s ktorymi proces komunikuje, ale nevie o nich ni¢ — ako rychlo a kedy sa sptstaju. Takyto
subezny systém ma teda viacero casti (procesov) vykonavajucich sa sicasne.

Stuperi siibeznosti je pocet paralelnych operdacii vykonatelnych naraz. Je zalozeny
najednotkach granularity. Pri skutocnom paralelizme je limitovany poctom fyzickych
procesorov. Cinnosti, ktoré sa mdzu v ¢ase prekryvat vo svojom vykonavani, predstavuja
mozny paralelizmus, tzv. sibezné cinnosti. Sibezné ¢innosti sa mdzu, ale nemusia vykona-
vat sticasne. Z hladiska granularity pritom rozoznavame:

— granularitu jemnozrnnud — napr. na drovni prikazov,

— granularitu hrubozrnnt1 — napr. na trovni procesov.

3.7.1 Paralelizmus na tirovni prikazov

Pri jemnej trovni granularity m6Zeme hladat optimalizaciu spracovania tidajov paraleli-
zovanim vykondavania programu, ¢im sa dosiahne spracovanie viacerych instrukcii prog-
ramu za kratsi ¢as. Prikladom mo6zu byt nasledovné riadky kédu (pozri priklad 3-3).

X 1= 2; :P
Y := A = B; :Q
Z := 8in(30.0) ; :R

Priklad 3-3. Séria inStrukcii vhodna na paralelné spracovanie.

Jednotlivé riadky programu — P,Q,R od seba navzajom nezavisia a mézu byt spracované
paralelne. Ak by sa kazdy vykonaval za rovnaku jednotku casu, pri ich subeznom spraco-
vani by klesla ¢asova narocnost tohoto programu na tretinu.

3.7.2 Paralelizmus na tirovni procesov

Pri hrubej granularite sa zameriavame na paralelizmus vo vykonavani programu na arov-
ni samostatne vykonavanych postupnosti instrukcii, o ¢com pojednava tato podkapitola.

Proces, vlakno

Proces je artefaktom opera¢ného systému. Jeden proces vSak moze prebiehat vo viacerych
vlaknach (angl. threads). Vyhodou tychto vlakien je niZSia rézia pri ich prepinani, pretoze
sa spustaju v spolocnom adresnom priestore. Na zaklade tychto vlastnosti sa vlakna zvyk-
nd nazyvat aj odlahcené procesy. Na druht stranu vyplyva z pouzitia spolocného pama-
tového priestoru mensie vzajomné zabezpecenie vlakien.

Na zaklade paralelizacie vykondvania pozname:

— multiprogramové systémy — systémy, na ktorych je spustenych viacero programov na-
raz, napr. Unix — programy sa spustaji ako samostatné procesy.

— multivldknové systémy — samotny program sa vykonava pomocou viacerych vlakien
naraz.

Pri multiprogramovych systémoch sa najcastejsie vykonavanie viacerych programov (pro-
cesov) naraz realizuje prerusovanim a prepinanim vykonavania tychto procesov na proce-
sore. Cielom je dosiahnut, aby sa procesu javilo, akoby sa vykonaval na procesore jediny
a zaroven, akoby sa vykonavali viaceré vlakna naraz, pricom vdaka prepinaniu sa vyko-
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nava v jednom okamihu v skutocnosti len jedno — pseudoparalelizmus. V stvislosti s pre-
pinanim vlakien (resp. procesov) je potrebné riesit aj pristup k zdrojom systému vzajom-
nym vylaéenim a synchronizacnymi mechanizmami, ktoré majt rdzne jazyky rozpracova-
né na rdéznej Grovni.

Vldkna sa pouzivaju v ramci vykondvania procesu napr. pri ¢akani na vstup, zapis
na disk a pod. Svoje vyuzitie maju napr. na serveroch, kde sa méze pre kazdého pouziva-
tela vytvorit samostatné vlakno. Pozname nasledujice typy vlakien (Robbins, 1996):

— pouzivatel'ské vlikna — jadro operacného systému (OS) o nich nevie; manazment vla-
kien je vykonavany pomocou kniznic; maja vlastné planovanie a na prepinanie nie st
potrebné privilégia jadra,

— vldkna jadra — komunikuje sa s nimi cez API (angl. Application Programming Interface),
udrziavaju informdcie o kontextoch; maju na starosti aj planovanie, prepinanie
a blokovanie vykonavajucich sa vlakien,

— hybridné vldkna — vytvaraju sa v pouzivatelskom kontexte, ale spractiva ich jadro.

3.7.3 Paralelné programovanie

Pri paralelnom programovani sa autori programov pokusaji vyuzit paralelizmus (stbez-
nost) na zefektivnenie innosti programov, priom sa vyuZzivaja napr. zmeny Struktary
rieSenia, zisk z mapovania softvérovej architektiry na hardvér, ¢i paralelizacia vzhfadom
na povahu vykonavanych cinnosti — ¢akanie na vstup a pod.

Z hladiska paralelizmu spracovania a idajov rozliSujeme nasledujtice tradicné archi-
tektury (obrazok 3-19).

Toky udajov

Jeden Viacero
>
o) C
5 2 SISD SIMD
n 9
q) il
(&)
o
S0
38 MISD MIMD
o 8
o >

Obrazok 3-19. Tradi¢na klasifikacia architektuar.

Jednotlivé architektry maju nasledujucich typickych predstavitelov, resp. typické riesené
ulohy:

— SISD (angl. Single Instruction Single Data) — tradi¢né PC,

— SIMD (angl. Single Instruction Multiple Data) — vektorové PC,

— MISD (angl. Multiple Instruction Single Data) — viaceré ¢innosti nad jednymi tidajmi,

— MIMD (angl. Multiple Instruction Multiple Data) — rieSenie nezavislych tloh, resp. tloh
rozdelitelnych do samostatnych procesov.

Jednoduché paralelné problémy, nazyvané az trividlne, ¢i ,trapne”, sa velmi dobre nasa-
dzuji na paralelné spracovanie. Maju totiz sibezné riesenie pomocou sady nezavislych
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tloh. Jedinou tlohou navrhu je rozdelit tlohy, aby skoncili priblizne naraz a rovnomerne
pokryt zataZenie procesorov.

Takmer ,trapne” problémy maju o 2 kroky navyse — distribucia inicializa¢nych tuda-
jov na procesory a zozbieranie vysledkov do konec¢ného vysledku.

V sticasnosti je znacnym trendom pre narocné ci rozsiahle paralelizovatelné tlohy
zavedenie vypoctov v sieti (angl. grid computing). KedZe sa vyuziva aj na vypocty na pouzi-
vatel'skych staniciach, na ktorych ich majitelia dobrovolne poskytnt vypocétovy cas, kladie
sa doraz na bezpecnost. Nezanedbatelnymi su aj kritéria rychlosti a zopakovatelnosti vy-
sledkov. Okrem uvedenych spdsobov existuju aj rozne variacie, napriklad:

— akumulacia pomocou zdielanej tdajovej struktury, ked procesy potrebuju tdaje

z Ciastocnych rieSeni, napriklad spracovanie bankomantovych transakcii nad uctom

klienta,

— iné ako uplné rieSenie — rieSenie bez splnenia vSetkych tloh; pouziva sa v pripade, ak
nie je mozné urcit, Ze existuje tiplné rieSenie a treba urcit, kedy rieSenie postacuje,

— Cciastocna definicia problému — nie je mozné urcit vsetky tlohy na zaciatku, tvoria sa
dynamicky. Tazko je uréit podmienku ukoncenia.

3.7.4 Udajovo paralelné systémy

Pri tidajovo-paralelnych systémoch ide o systémy, v ktorych sa vykonavaju rovnaké ope-
racie nad vsetkymi elementmi tidajovej Struktary. Komunikacia a synchronizacia pritom
zostavaju implicitné (neviditeIné). Napr. pri nasobeni matic: C = A x B sa zdrojové matice
nemenia a vykonava sa stale ten isty program pre rézne prvky matice.

Pri tldajovo-paralelnom modeli vSetky procesory vykonavaju ten isty program. Vset-
ky udajové Struktury st priradené do obdiZnikovej mriezky virtualnych procesorov. Vir-
tualne procesory st namapované na fyzicku strukttiru, na jeden fyzicky procesor moze byt
namapovanych viacero virtudlnych procesorov.

Udajovo-paralelné jazyky
Na paralelné programovanie slizia programovacie jazyky, ktoré obsahuju dodato¢né roz-
Sirenia pre pracu s paralelizmom a paralelnymi vypoctami. Zastupcami st napr.:
— High Performance Fortran — sada rozsireni do Fortran-u 90. Specifikuje, ako st tidaje
rozdelené medzi procesory. Nespecifikuje sa nizkotiroviiova komunikacia.

— Data Parallel C Extensions (DPC) — pouziva Sablony (tvar, angl. shape). Kazda Stan-
dardna premenna v jazyku C sa da $pecifikovat cez DPC. Sabléna musi mat stuperi
(pocet rozmerov), rozmery a rozloZenie (ako je paralelny objekt distribuovany), pozri
nasledujticu ukazku programu pre paralelné spracovanie v DPC.

shape [20] [20] S;

main ()

{
int sum;
int:S a;
a = 1;
sum +=a ;
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— Parallel Extensions to .NET — paralelné rozsirenia pre .NET (verzia 4.0) o.i. pridavaja
do jazyku C# koncept malych blokov nezavislého kédu tzv. aloh (angl. fask), ktoré je
mozné vykonat subezne pomocou prikazu paralelného cyklu (angl. parallel for). Tiez,
rozsirenia obsahuji sadu datovych Struktir pre subezné spracovanie.

3.7.5 Systémy zasielajiice spravy
Do tejto kategodrie patria sekvencné, pokial mozno nezavislé programy, ktoré komunikuji
pomocou volani send a receive, ktoré byvaju synchronne alebo asynchrénne. Obycajne sa
realizuje jeden program n-krat, t,j. ide o SPMD (jeden program, viacero udajov, angl. single
program, multiple data) programovanie. Komunikacia prebieha podla modelu zasielania
sprav:

— mnozina procesov pouziva lokalnu pamat,

— procesy komunikuji posielanim a prijimanim sprav,

— prenos udajov vyzaduje spolupracu (poslanie a prijatie).
Najpopuldrnej$imi verziami systémov zasielajiicich spravy sa stali rozhranie zasielania
sprav a paralelny virtualny stroj, lebo nevyzadujii modifikaciu hostitel'ského programova-
cieho jazyka.

Rozhranie zasielania sprav (angl. Message Passing Interface — MPI)

Je to definicia portovatelnej kniZnice na zasielanie sprav. Tato Specifikdcia ma aj svoju
implementdciu v programovacom jazyku C. Aplikaciu napisand pomocou tejto kniznice
treba vidiet ako zbierku stubeznych komunikujicich programov, ktoré sa vykonavaju
na jednom alebo viacerych procesoroch. Kazdy program ma stupen a ID tlohy.

Programy zalozené na MPI st programy napisané v tradi¢nych jazykoch (C, ...) rozsi-
rené o prikazy definicie prostredia a komunikacie. Komunikacia v rdmci aplikacie je ria-
dend pomocou konceptov komunikatorov. Komunikator (angl. communicator) vytvara
komunika¢ny kanal medzi skupinami tloh:

— intrakomunikdtor (angl. intracommunicator) — prepaja ulohy jednej skupiny. Predvole-
nym typom je MPI COMM_WORLD (MPI komunikator pre svet) na komunikaciu
so vSetkymi dostupnymi tlohami,

— interkomunikdtor (angl. intercommunicator) — komunikacia medzi tlohami dvoch alebo
viacerych skupin.

Vramci komunikdcie sa pouZivaju typované spravy zasielané synchrénnymi aj asyn-
chronnymi spdsobmi. Pouzivaju sa virtualne topolégie — mapovanie uloh na problém
a algoritmy.

Paralelny virtualny stroj (angl. Parallel Virtual Machine — PVM)
Je to programovy systém zasielajuci spravy. Je ureny na vyvoj a prevadzku velkych su-
beznych aplikacii, ktoré pozostavaju z interagujucich nezavislych suciastok.

Pozostava z kniznice funkcii a démona (pvind — PVM daemon). Jeden program sa
spusti rucne a vola ostatné (maju ID). Komunikacia potom prebieha asynchrénnym zasie-
lanim, pricom prijem moze byt blokujuci. PVM potrebuje explicitna distribu¢nu
a komunikacnti schému.
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Programovacim jazykom tohto stroja je Fortran D s podporou viacerych nastrojov
na vyvoj aladenie paralelnych programov, napr. D Editor poskytuje spatnti vazbu
o paralelizme a komunikacii; dPablo Performance Browser zobrazuje a spracovava nazbie-
rané informacie o vykone.

3.7.6 Metodolégia paralelného programovania

Paralelné programovanie je ¢innost velmi naro¢na na autorovu tvorivost a predstavivost.
Postupom casu bola vytvorena metodoldgia, ktora ulahcuje vykonanie niektorych cinnos-
tl. Idedlnym zavedenim paralelizmu by bolo jeho pouzitie bez ohladu na hardvérovu ar-
chitektaru a programovaci jazyk. V praxi vsak treba brat vsetky tieto faktory do tvahy
a preto je dolezity aj vyber programovacieho jazyka a k nemu najvhodnejsej architektury.
— Prvou etapou navrhu je vyber modelu paralelného programovania. Opisuje mapova-
nie jednotiek stibehu (paralelne vykonatelnych sekvencii operacii) na vykonné jed-
notky. Treba pritom brat ohlad aj na obmedzenia cielovej platformy. V navrhu treba
pouzit dobry paralelny algoritmus — abstraktny, efektivny, adaptovatelny.

— Dekompozicia problému a implementacia algoritmu — pri dekompozicii sa snazime
o vytvorenie takych pradov instrukcii, ktoré budu mat medzi sebou ¢o najmensiu in-
terakciu. Pre vzajomny pristup k informaciam stanovit pravidla a zabezpecovacie
mechanizmy. Dekompozicia pozostava z dvoch hlavnych ¢asti:

o dekompozicia tloh — tlohou je zoskupit operacie do vykonnych entit — procesov,
uloh a distribuovat pracu po ulohach za tcelom dosiahnutia najvyssej vytaze-
nosti,

o dekompozicia udajov - preskumanie Struktdr a vzorov pouzitia udajov
v programe. Urcenie logickych hranic medzi podmnozinami.

— Vyber strukttry algoritmu — vykona sa na zaklade poctu uloh, ich poradia a spdsobu
zdielania idajov. Hlavné struktiry algoritmov:

o organizacia podla poradia — dobre definovana interakcia skupin tloh, rozhoduja-
ce je ich vzajomné poradie, napr. MVC,

o organizacia podla tloh — aktivna je naraz iba jedna skupina a interakcie st v nej.

3.8 Vyzvy softvérovej architektary

Vedecka komunita a komercné firmy sa problematike architekttry softvéru venuju uz
niekol'ko rokov. Tato téma je teda znacne rozsiahla a dobre zdokumentovana. Avsak velka
¢ast vyskumu bola zamerana predovSetkym na modelovanie a opis architektury softvéru.
Problematika vyhodnocovania a porovnavania jednotlivych architekttr bola zatial pokry-
ta len v obmedzenej miere. To znamena, Ze sme schopni navrhntt a namodelovat zloziti
architekturu, ale nie sme schopni exaktne vyhodnotit vhodnost pouzitia navrhnutej archi-
tektary.

Rozvoj v ramci ndvrhu a modelovania architektary softvéru viedol k vyvoju softvéru
vedenému architekttirou (angl. architecture-driven software development). Vyvoj softvéru
vedeny architektarou mal vSak za nasledok, ze softvér sa stal velkym a zlozitym. Mame
teda velky pocet implementdacii vychadzajucich z rdznych architektir avSak bez moznosti
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vyhodnotit tspesnost a vhodnost jednotlivych implementacii vzhladom na pouzita soft-
vérovu architektiru. V dalSom texte sa teda budeme venovat problematike vyhodnocova-
nia softvérovej architekttry.

3.8.1 Opis softvérovych architektiir

P6vodne sa na kreslenie architektiry systému pouzivali jednoduché kresliace ndstroje.
Softvérovy architekt zakreslil architektiru systému pomocou niekol'kych skatuliek a diar,
ktoré reprezentovali jednotlivé stciastky a prepojenia. Opisanie architektiry tymto sposo-
bom sa obmedzuje len na syntaktické vyjadrenie architektiry a neobsahuje sémantiku
jednotlivych stciastok a prepojeni. Tieto neformalne diagramy vSak nemohli byt formalne
analyzované s ciefom posudit konzistentnost, iplnost a spravnost architektury.

Tento stav bol vychodiskom pre hladanie novych moznosti, ktoré boli zamerané bud
na definovanie opisnych jazykov pre architektdru alebo na rozsirenia existujticeho jazyka
UML (Unified Modelling Language). Opisné jazyky pre architektiiru (angl. Architecture des-
cription languages — ADLs) sa vSak v komercnom sektore zatial nerozsirili a v ramci rozsire-
ni UML jazyka nie je zatial k dispozicii modul, ktorym by bolo mozné plnohodnotne archi-
tekttru softvéru opisat.

3.8.2 Jazyky na opis architektir

Existuje viacero snah o vytvorenie vSeobecne akceptovatelného jazyka na opis architekta-
ry. Aj organizacia DARPA financovala snahy o vytvorenie ADL podporujiceho syntax aj
sémantiku v ramci navrhu architektary. Existuje niekolko zakladnych poziadaviek
na ADL. A to, Ze by mal opisovat vysokoturovnovu struktiru systému, mal by umoznit
opis statickych vlastnosti a tiez podporovat formalnu analyzu. Ako priklady mozno spo-
menut opisné jazyky ako Acme, C2, Wright, ArTek a mnohé dalsie ako to je mozné vidiet
v tabulke 3-1.

Tabulka 3-1. Priklady opisnych jazykov pre architektury.

ADL Developer Pouzitie
Acme Carnegie-Mellon Podporuje integraciu viacerych modelov napisanych
University v rozdielnych ADL jazykoch.

C2 USC ISI Vyvinuty $pecialne pre prikazové a riadiace architektary.
MetaH Honeywell Podporuje opis funkcionalnych systémov.
ArTek Umozriuje opis Struktury velkych systémov, ktoré pod-

Teknowledge Corp. poruju koordinaciu a komunikaciu v ramci velkych pro-
jektov.

Darwin Magee Zameriava sa na opis dynamickych, konkurentnych

a distribuovanych systémov.
Ide o vykonatelny ADL jazyk pre prototypovanie, simu-
lovanie a analyzu softvérovych systémov.

Podporuje opis Struktury a sémantiky prostrednitvom
explicitného mapovania.

Podporuje vytvaranie architektary prostrednictvom pre-
pajania pouzivatelom definovanych suciastok.

Carnegie-Mellon Zameriava sa na formalne modelovanie typov konekto-
University rov a ich prepojenia v ramci architektury.

Rapide Stanford University

SADL SRI

UniCon Carnegie-Mellon

Wright
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Velky pocet roznych opisnych jazykov je spdsobeny tym, Ze jednotlivé timy vytvarali
jazyk pre urciti sadu architektir avsak nikdy sa nepodarilo dostatocne pokryt vsetky
architektury. Preto bolo potrebné vytvorit dalsi opisny jazyk, ktory by bol vhodny pre
konkrétnu architektaru.

Ako to bude vidiet na konkrétnom priklade opisného jazyka, v niektorych pripadoch
sa opisny jazyk v znacnej miere podoba na programovaci jazyk. S tym stvisi problémo-
vost Standardizdcie a kombinovania vysledkov. Bolo teda vytvorené velké mnoZstvo
opisnych jazykov, ktoré nie je mozné vzajomne prepojit.

3.8.3 Priklad opisného jazyka architektiry

V tejto kapitole uvedieme jednoduchy priklad jazyka pre opis architektary klient-server.
Najprv opiSeme rozhrania servera, potom rozhrania klienta a nakoniec prepojenia medzi
nimi.

Server

V opisnom jazyku je najprv uvedeny opis rozhrani, potom opis obmedzeni a nakoniec opis
spravania. Opis servera obsahuje Ziadosti o inicializaciu, ktorti je mozné prijat prostrednic-
tvom operacie Initialize (). Prijatie Ziadosti o vypocet je zrealizovatelné prostrednic-
tvom operdcie Compute (). Suciastka server vrati vysledok prostrednictvom operacie
Result (). Server ma definované jedno obmedzenie a na konci v rdmci prikladu 3-4 je
opis spravania. Pri inicializacii sa vytvori prislusny objekt. Pri ziadosti o vypocet server
vrati vysledok.

type Server is interface

action in Initialize();

in Compute (Value: Float) ;
out Result (Value: Float) ;

constraint
match Start -> Initialize’Call -> (Compute’Call *);

behavior

NewValue : var Float;
begin

(?x in Float) Compute(?x) => Result ($NewValue) ;;
end Server;

Priklad 3-4. Priklad ADL kédu pre server.

Klient

Klient ma rozhranie na prijatie vysledku Result (). Klient dokaze inicializovat pripojenti
suciastku a zaroven moze poziadat o vykonanie vypoctu Calculate (). Spravanie klienta
je definované ako ziadost o vypocet.

type Client is interface
action in Result (Value: Float) ;

out Initialize();

out Calculate(Value: Float) ;
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behavior
Initialvalue : var Float := 0.0;
Begin

Start => Initialize;
Calculate($SInitialVvalue) ;;

end Client;

Priklad 3-5. Priklad ADL kédu pre klienta.

Prepojenie
Vyssie sme opisali stuciastky Server a Klient. Nakoniec je potrebné oba sticiastky prepojit.
Prepojenie definuje tito postupnost udalosti:

1. Kklient posle poziadavku,

2. server vykona operaciu,

3. server vrati vysledok,

4. Klient prijme vysledok.
Jednotlivé kroky st formalne zapisané v opisnom jazyku architektiry v ramci prikla-
du 3-6, ktory je uvedeny nizsie.

architecture ClientServer () return root is

C : Client;
S : Server;
Connect

(?x in Float) C.Calculate(?x) => S.Compute (?x) ;
(?y in Float) S.Result(?y) => C.Result(?y);

end ClientServer;

Priklad 3-6. Priklad ADL kédu pre prepojenie.

3.8.4 Dokumenticia

Velké mnozstvo softvérovych projektov byva nedostatocne zdokumentovanych. Nedos-
tatky je mozné najst v pouzivatel'skej dokumentdcii ako aj v technickej dokumentacii pre
vyvojérov. Standardizacia dokumentécie na tGrovni architektury by mohla prispiet
v moznosti porovnat jednotlivé architektury.

3.8.5 Navrh

Pri navrhu architekttry softvéru existuje vyskumnd snaha zamerat sa na zname atributy
kvality softvéru, akymi st napriklad:

Skalovatelnost,

— transparentnost,

— integrovatelnost suciastok,
— rozSirovatelnost,

— flexibilita.
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Je zrejmé, Ze nie je mozné dosiahnut v3etky atributy kvality naraz. Atribaty kvality,
na ktoré sa kladie pri navrhu doéraz, vychadzajua z poziadaviek, ktoré st kladené na vyvi-
jant architektaru.

V poslednych rokoch je mozné pozorovat odklon od vyvoja monolitického softvéru
smerom k softvéru zaloZenom na stciastkach. Prepojenie suciastok v ramci zloZzitého sys-
tému vychddza z navrhnutej architektary. Aby vsak jednotlivé sti¢iastky mohli spolu ko-
munikovat je potrebné mat k dispozicii monoliticky spajajtci softvér. Problematike spaja-
juceho softvéru sa venuje kapitola 2.2.

Ako bolo spominané v tivode, jednou zo zakladnych vyskumnych vyziev je vytvore-
nie postupov pre porovnévanie architektir. CiZe existuje snaha o vytvorenie reflektivnej
architektury.

3.8.6 Analyza softvérovych architektiir

Dal$im krokom pri vytvarani architektiry softvérového systému je analyza navrhnutej
architektary. Pri ndvrhu boli stanovené zakladné atributy kvality. Nie vSetky s vSak pre
konkrétny systém rovnako dolezité a niektoré si vzdjomne odporuju a preto kazdy navrh
vyzaduje kompromisy.

Je mozné teda navrhnuat niekolko alternativnych architekttr, ktoré by boli vhodné
pre vyvijany systém. Kazda z navrhnutych architektur je vSak zamerand na iné atribtuty
kvality. Pre vyber findlnej architektary je potrebné rozhodovat sa medzi navrhnutymi
alternativami. Na podporu volby medzi navrhnutymi architektirami je mozné pouzit
niekolko druhov analyz:

— strukturalna analyza,
— analyza systémovych atribatov,

— analyza vykonnosti.

Strukturalna analyza

Strukturalna analyza architektdry sa zameriava na analyzu funkciondlnych casti vyvijané-
ho systému. V prvom kroku sa celkova funkcionalita systému rozlozi na mnoziny jednot-
livych funkcii. Strukttru systému moZeme chapat ako stibor ¢asti a prepojeni medzi nimi.
KedZe funkcionalita systému ma byt realizovatelna na navrhovanej architektiire, musi
existovat prepojenie medzi Strukturdlnymi castami architektary a funkcionalitou, ktoru
ma systém poskytovat. Je potrebné namapovat funkcionalitu systému na Strukturalne casti
systému.

Strukturalna analyza predstavuje staticky pohlad na architekttru, kde nés zaujima
topoldgia architekttry a nie spravanie systému. Touto statickou analyzou je mozné skon-
trolovat konzistenciu medzi suciastkami a ich konektormi. Strukturdlnou analyzou je
mozné skontrolovat uplnost navrhu architektiiry a to na zaklade analyzy mapovania
Strukturalnych casti architektiry a funkcionality systému. Ocakava sa, Ze kazda suciastka
implementuje aspon jednu funkciu a tiez, ze kazda stciastka ma aspon jeden konektor
na int suciastku. Tymto spésobom je mozné nielen odhalit nepresnosti a chyby v ramci
Strukturalnych casti architektury, ale je tiez mozné odhalit chybajticu funkcionalitu systé-
mu.
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Analyza systémovych atribatov
Dalsim typom analyzy architektiry je analyza systémovych atribttov. Systémové atributy
modzeme rozdelit do troch zakladnych skupin: topologické atributy kvality, atribaty kvali-
ty tykajlce sa spravania sa systému a atributy vztahujlice sa na systém ako celok verzus
jednotlivé Casti systému.
Medzi topologickeé atributy kvality moZeme zaradit:

— modifikovatelnost,

— prenosnost,

— integrovatelnost,

— testovatelnost,

— znovupouzitelnost.
Medzi atribtty kvality spravania sa systému moZeme zaradit:

— vykonnost,

bezpecnost,

dostupnost,

pouzitelnost,
— funk¢nost.

Tretim typom analyzy je analyza systémovych atribtitov Casti systému vzhladom na sys-
tém ako celok. Ako sme spominali vyssie, dosiahnutie niektorych atribtutov kvality sa vza-
jomne vylucuje. Napr. v pripade zniZovania pamatovej zlozitosti typicky narastaju ¢asové
naroky vypoctu a naopak. Moze vSak nastat situacia, Ze len niektoré moduly zlozitého
systému maju Specidlne naroky na ¢as vypoctu. Pritom cely systém by bol koncipovany
pre minimalne pamétové naroky.

Analyza vykonnosti

Dalgia moZnost analyzy architektiry je analyza vykonnosti navrhovaného systému. Vy-
skumnd vyzva sa zameriava na overenie spravnosti volby dizajnu vzhladom na pozia-
davky vykonnosti. Cielom je porovnat rozdielne architektonické dizajny vzhladom
na vhodnost ich pouzitia v konkrétnych implementaciach. Aj v tomto pripade narazame
na problém porovnavania architekttr a absenciu vhodnej referencnej architekttry.

3.8.7 Analytické techniky
Existuje viacero technik, ktoré umoznujt analyzovat navrhnutu architekttru:
,ha servitke”,
— UML nastroje,
— ADL.

Prvy spdsob je mozné nazvaf analyza ,na servitke”. Tento sposob analyzy vychadza
zo skusenosti softvérového architekta, ktory je expertom v danej doméne. Architekt na-
kresli architektiru pomocou obrazkov a diagramov. Problém je, Ze interpretovat tieto
diagramy vie len dany softvérovy architekt, ktory vychadza so svojich sktisenosti.
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UML nastroje predstavuju dal$iu moznost analyzy architektary. Pouzitie UML na-
strojov je v tomto pripade pomerne jednoduché a rychle. Nedostatkom je vsak, Ze pomo-
cou UML néstroja nie je mozné pokryt vietky moZnosti interakcie medzi stéiastkami. Dal-
$im nedostatkom pouzitia UML nastrojov pri analyze architekttry je obmedzena moznost
vyjadrenia sémantiky jednotlivych casti architektury.

Dal$ou moznostou pri analyze architekttry je pouZitie jazyka uréeného na opis archi-
tektiry (ADL). Tento sposob opisu zatial nie je celkom rozsireny v komercnej sfére. Opis-
ny jazyk umoznuje presne opisat jednotlivé casti architektury tiez prepojenia medzi nimi.
Nad navrhnutou $truktdrou je nasledne mozné uskutocnit rozne simulacie. Hlavnym ne-
dostatkom tejto metddy je jej narocnost a zlozitost.

Metdda analyzy kompromisov

Architektura je, zda sa, dolezitejSia ako samotné algoritmy a datové strukttry, lebo presa-
huje vykonavanie na tirovni danej stciastky a zavisia od nej atribtty ako vykonnost, do-
stupnost ¢i modifikovatelnost. A ako uz bolo spominané niekolkokrat v tejto kapitole,
navrh vhodnej architektary silne zavisi od poziadaviek na konkrétny systém a nie je moz-
né dosiahnut stcasne vsetky atributy kvality aje nevyhnutné najst vhodny kompromis.
Metéde hladania kompromisov pri navrhu architektiry sa venuje (Kazman, 1998).
Na identifikaciu kompromisov autori navrhuji pouzit 6-krokovy Spiralovy model, ktory
zahrnia nasledovné kroky:

— zozbieranie scenarov (angl. use cases),

— zozbieranie poziadaviek a obmedzeni,

— vyber moznych architektur a ich atributov,

— porovnanie atributov architektar,

— identifikovanie citlivosti na zmeny atributov,

— identifikovanie kompromisov.

Analyza Zber scenarov
kompromisoy, a poziadaviek
Identifikacia | Zozbieranie
kompromisov| scenarov
P Zozbieranie
Identifikacia s .
ons . poziadaviek a
citlivosti a
obmedzeni
Popis
architektonickych
Analyza pohladov
vzhFgdom na
tribaty Realizacia
scenarov
Tvorba modelu Architektonické
a analyza pohlady a
realizacia scenarov

Obrazok 3-20. Analyza kompromisov.
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3.8.8 Zhrnutie

Architektura softvéru je pomerne novy pojem, ktory so sebou nesie viacero vyskumnych

vyziev. Do popredia vramci vedeckej komunity sa dostavaju snahy onavrh jazyka

pre opis architekttr, ktory by umoznil jednotlivé architektary softvéru vyhodnotit a vzajo-

mne porovnat.
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RAMCE

Tvan Kisac, Marian Simko

Znovupouzitie softvéru sa stalo stale pouzivanejsim sposobom rychleho vyvoja kvalitnych
aplikacii. Presunulo sa zo znovupouzitia jednotlivych stciastok na opédtovné vyuzitie ce-
lych navrhov systémov alebo Struktary aplikacii. Softvérovy systém, ktory sa da znovu
pouzif na vytvorenie uplnych aplikacii, sa nazyva rdmec (angl. framework).

Princip pouzitia ramcov je zaloZeny na myslienke, Ze bude jednoduchsie vytvorit
mnozinu Specifickych ale podobnych systémov v ramci urcitej domény tak, Ze sa zacne
vyvojom z urcitej generickej struktiry aplikdcie. V tom sa ramce lisia od r6znych balikov
nastrojov — zddraznuju znovupouzitie navrhu oproti znovupouzitiu kédu (pricom aj kod
modze byt znovupouzity). Ide tu o znovupouzitie na omnoho vécSej trovni zrnitosti (gra-
nularity).

4.1 Zakladné koncepty ramcov

Ramec opisuje supravu objektovych tried a ich interakcii medzi sebou, t.j. Specifikuje pro-
tokol pre vymenu informacii medzi supravou tried. Samotny rdamec méze obsahovat pod-
ramce, ktoré reprezentuju podsystémy, moduly systému. Pri vyvoji vyslednej aplikacie
potom treba rozvinuf tato zakladnu kostru, napr.: rozsirit abstraktné triedy, doplnit vlast-
né triedy a podobne.

Riadenie medzi aplikaciou a infrastrukttiirou sa pri pouziti ramcov obrati. Infrastruk-
tara vola casti aplikacie, ¢ize pri vyvoji sa implementuju len konkrétne moduly, ktoré rea-
guju v pripade, ked ich infrastruktara aktivuje, na rozdiel od stylu, kedy pouzivatel'ska
aplikacia vola podla potreby infrastruktiiru. Uplatiiuje sa tzv. hollywoodsky princip —
,Nevolajte nam, my sa Vam ozveme”, pozri obrazok 4-1.

Aplika¢ne-$pecificky kod Podtriedy tried ramca

Aplikacia

AN

~_ 1 7
~_

Aplikaény ramec

Triedy a podtriedy Znovupouzitelny kéd
Obrazok 4-1. Kniznica v porovnani s ramcom.
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Rozdiely medzi klasickym pouzitim kniZnic a vyvojom aplikdcie pomocou ramcov

mozno vidiet v nasledujicom porovnani:

Kniznica tried:

inStancie tried vytvara klient,
klient vola funkcie v triedach,
tok riadenia nie je preddefinovany, stanovuje ho klient,

nie je preddefinovana interakcia medzi klientom a kniZznicou tried, rozhodnutie je
ponechané na klient,

nie je stanovené preddefinované spravanie.

Ramec:

prisposobenie tried sa uskutocriuje vytvaranim podtried,
ramec vold funkcie v kliente,

ramec urcuje tok riadenia vzhladom na problém,

vzor interakcie je zaloZeny na rieSeni problému,

poskytuje preddefinované spravanie alebo rieSenie.

4.1.1 Klasifikdcia ramcov

Existuju viaceré klasifikacie ramcov podla réznych kritérii. Uvadzame tri spdsoby klasifi-
kacie. Dva vytvorili Fayad a Schmidt (1997), dalej FS, a tretiu spolo¢nost Taligent (1994).

Prvou Kklasifikaciou podla FS je klasifikacia pre ramce orientované na jednotlivé

Strukturalne suciastky systémovej architektary. Pouzivaji sa na vystavbu podnikovej sys-
témovej architekttry.

ramce systémovej infrastruktiry — zjednodusenia vyvoja prenosnych a efektivnych sys-
témov infrastruktary (OS, komunika¢né ramce a pod.),

ramce spdjajiiceho softvéru — slizia na integraciu distribuovanych aplikacii a sticiastok,
rozsiruju schopnosti softvéru na modularitu, dalSie rozsirovanie a pod.,

ramce podnikovyjch aplikicii — slizia na vyvoj aplikacii a produktov pre koncového po-
uzivatela. Pouzivaju sa aj pri vyvoji doménovo-Specifickych aplikacii, napr. pre vedu,
letectvo a pod.

Druhym sposobom klasifikacie podla FS je klasifikacia, kde je ako kritérium stanoveny

sposob, akym sa ramec mdze adaptovat alebo upravovat, aby spitial poZiadavky na zme-
ny v doméne:

Ramec biela skrinka (angl. White-Box Framework) — ide o ramec riadeny architekttirou.
Zaklada sa na dedeni a dynamickom naviazani, z ¢oho vyplyva jeho rozsirovanie
pomocou dedenia a pretazovania metdd. Na jeho pouzivanie treba poznat, ako triedy
spolupracujt, ako spristupnit verejny a sukromny kdd, ako prefazovat existujtice
triedy a spristupriovat rodicovské metddy.

Vyuziva sa dvoma spdsobmi: najdenim najvhodnejSej triedy ajej ipravou alebo
upravou vhodného prikladu.
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— Rdmec Cierna skrinka (angl. Black-Box Framework) — ide o rdmec riadeny udajmi. Kon-
Struuje sa kompoziciou a delegaciou sticiastok a pouzitim parametrizacie. Rozsiruje
sa novou kompoziciou suciastok a zavedenim novej funkcionality. LahSie sa pouziva,
ale je naroc¢nejsi na vyvoj.

— Rdmec Sedd skrinka (angl. Gray-Box Framework) — je hybridom predoslych pristupov.
Pouziva sa napriklad pre komplexnejsie aplikacie.

Druhu klasifikaciu vytvorila firma Taligent Corp., ktora rozdeluje ramce do 3 kategorii:

— aplikacné ramce — poskytuju plny rozsah funkcionality, napr.: MFC (Microsoft Founda-
tion Classes, JEC (Java Foundation Classes),

— doménové ramce — sltizia na implementaciu pre Specificki doménu (bankovnictvo, le-
tectvo apod.). Casto st Sité na mieru pre konkrétnu organizaciu a vytvarané
,,Z nicoho”,

— podporné ramce — st zamerané velmi Specificky, v doménach suvisiacich s pocitac¢mi,
napr. sprava pamati pre systémy stborov.

4.1.2 Proky ramcov

Aj samotné rdamce maju svoju architektiru. Existuje vela réznych architektur na tvorbu
ramcov. Priklad jednej z moznych architektir zobrazuje obrazok 4-2 a bude sa nim zaobe-

rat aj tato podkapitola:

Funkcia Aplikacna vrstva Funkcia
Objekty P F3
doménovej logiky Doménova logika s
o
m <
1
83
> 3
® 5 ) ——
F) Vrstva doménovej logiky
Formulare Vrstva domén. suciastok Roly
Vrstva pracovnej plochy Kg::::;'g:,'a
Grafika | | SyStémové Jadro Komunikacia
rozhranie

Obrazok 4-2. Vrstvova architektura ramca.

— jadro — poskytuje zakladnt funkcionalitu, vSeobecné sluzby; architektiira biela/Cierna

skrinka,
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— pracovnd plocha — zabezpecuje spolo¢né spravanie sa aplikacii — zakladnt architekturu,
vzhlad, konzistentnost; biela skrinka,

— doménové suciastky — zakladné koncepty domény, zaklad pre aplikdcie domény, do-
ménovo-Specifické triedy a typy; biela skrinka,

— doménovd logika — vznikd dedenim tried z vrstiev Doménové suciastky a Pracovna
plocha,

— aplikdcia — samotna aplikacia poskytujtica vyslednt funkcionalitu.
Kazdy ramec poskytuje priestor na implementaciu sluzieb, ktoré st vSak uz aplikacne
Specifické a roznia sa v zavislosti od vyvijanej aplikacie.
Existuju viaceré navrhy prvkov, ktoré by mali tvorit vyvojové ramce. Medzi zakladné
sa radia napr. tieto (Mattson, 1996):

— abstraktné triedy — netvoria instancie a podla pravidla ASR (pravidlo abstraktnej nad-
triedy, angl. abstract superclass rule) by mali byt abstraktné vsetky nadtriedy. Tvoria
tak vSeobecny koncept:

o trieda na tvorenie instancii — konkrétna trieda,
o trieda na vytvorenie podtriedy — abstraktna trieda,
— ndvrhové vzory — Specifikuju suciastky ramca; nacrtaju rieSenie,
— dynamické nadvizovanie — vyber najvhodnejsej sticiastky pocas vykonavania,

— kontrakty — kazda suiciastka ma Specifikaciu (konkrétne aj abstrakiné triedy).

4.1.3 Prdca s ramcami

Pri pouzivani ramcov sa vyskytuju viaceré roly na oboch stranach — na strane vyvoja ram-
ca aj na strane jeho pouzivania. Pre pouzitie rdamca na vyvoj aplikdcie treba poznat ciele
vyvijanej aplikacie a mat prehlad v dostupnych ramcoch a ich vlastnostiach. Vyber ramca
pre projekt realizuje osoba s potrebnymi znalostami, ktora sa potom moze stat aj pouZivate-
lom rdmca. Pouzivatel ramca sa priamo podiela na produkcii aplikdcie. Musi vediet ako
(nemusi vediet, preco prave tak) pouzivat ramec. Vykondva tpravy ramca na hortcich
bodoch (angl. hot spots) — dedenie, pretazovanie funkcii, pridavanie kodu.

Dalou osobou podielajticou sa na préaci s ramcom je tdrzbir rimca, clovek, ktory sa
stard o pravy ramca na pokrytie poziadaviek domény. Musi disponovat pozadovanymi
znalostami samotného rdmca aj domény. O vyvoj novych alebo alternativnych rdmcov sa
stard vyvojdr rdmca.

Implementacia ramcov

Rémce st implementované na zaklade dvoch pristupov — kontraktov a horticich bodov:

— kontrakty — funkcionalita je zahrnuta v kontraktoch a urcuje, ktoré ¢asti sa maju znovu
pouzit. Takto urcuje Strukturu. Implementacia kontraktu byva pred pouZzivatelom
ukryta.

— hortice body — umoznuju pouzivatelovi zapojit aplikacne Specifickt triedu alebo pod-
systém vyberom z dodanych ramcov typu cierna skrinka alebo naprogramovanim
v ramcoch typu biela skrinka.
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Vyhody a nevyhody ramcov

Pouzivanie ramcov v mnohom ulahcuje tvorbu softvéru. Ide vSak o dost rozsiahle a zlozi-
té nastroje, ktoré sa daju efektivne vyuzivat az potom, ¢o sa s nimi pouzivatel oboznami.
Potreba rozsiahlejSieho ucenia sa praci s ramcami je hlavnou nevyhodou pri ich pouZzivani.
Naproti tomu, hlavnymi vyhodami su:

— znovupouzitelnost — navrh kostry systému opakovatelne pouzitelny pre viaceré prob-
lémy z tej istej oblasti,
— spolocné vlastnosti — ramce zachytavaju spolocné vlastnosti softvéru, ktoré je dobré
spoznat a vyuzit pri vyvoji,
— Standardizdcia — s jej vyuzitim vyvijané aplikacie m6zu pouzivat existujiice overené
suciastky a tym sa zniZujui naklady a zvécésuje sa robustnost aplikacii,
— inZinierska zdkladra — vdaka Standardizacii, otvorenej architekttire a rozsirenému pou-
Zivaniu ramca sa vytvara dobra zakladna trénovanych pouzivatelov,
— tréning — zvysenie vykonnosti pouzivanim ustaleného rozhrania ¢lovek-pocitac a do-
kumentacie,
— interoperabilita — aplikdcie, ktoré pouzivaju ten isty ramec st skor kompatibilné,
— skdlovatelnost — pouzitim architektonickej infrastruktary sa zlepSuje Skalovatelnost
systému,
— prenosnost — pouzitim otvorenych konceptov a standardov,
— bezpeCnost — je vstavana a nie len pridana,
— Cas vyvoja —je po nauceni sa pouzivania ramca podstatne kratsi,
— oyspelost' — ramce sa zlepsuju pouzivanim a d'alsimi vylepSeniami.
Rémce vSak prindsaju aj svoje nevyhody. Nevyhody zacinaju uz pri #sili na vijvoj znovupo-
uzitel'ného ramca. Potom pred zacatim pouzivania je potrebné sa naucit' vlastnosti a moznos-
ti ramca. Ramce ukryvajii svoju architektiiru pred pouzivatefom, ¢o stazuje porozumenie
a nestandardné pouzitie ramca. Prechod medzi typmi ramcov je naro¢ny (Cierna skrinka na

bielu a naopak). V rdmci vniitornej architektiiry rdamce mozu rozlicne spracovavat udalosti,
o stazuje vzajomné pouzitie rAmcov.

Navrh ramcov

Ide o iterativny proces na zaklade doménovych expertiz. Problémom je, kol'ko funkcionali-
ty ,nadrdtovat” napevno a kolko riesit cez hortice body; aky bohaty ma byt ramec, aby
nebol prili§ zlozity na ucenie, a pod. Trendom je spajanie mensich rdmcov, pricom vyvoj
ramcov ide zdola nahor. Navrh rdmca by mal byt pruzny, aplny, rozsiritelny a zrozumi-
telny. Pri identifikovani entit nepostacuju len metédy objektovo-orientovanej analyzy.
Ststredif sa treba najma na sluzby a nie na objekty.

Dalej treba stanovit spravanie sa rdmca — ako su entity aktivované a ako prispievajt
ku spravaniu systému. Spravanie suciastok ma byt pre kazdy klient rovnaké. Ak je aplika-
cia komplexnd, bude vyZadovat aj pouzitie komplexnych entit, ktoré su realizované pouzi-
tim zloZenych objektov. Pri tychto typoch objektov ako aj pri samotnom paralelizme
v aplikacii je potrebné zabezpecit riadny chod aplikacie z hladiska stibeznosti.
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Pri ndvrhu ramca treba mysliet na to, Ze je ¢asto jednoduchsie vytvarat aplikdciu in-
Stanciovanim existujtcich Standardnych objektov, ¢im sa dosiahne, Ze casti aplikacie je
mozné vytvorit bez programovania, napriklad cez grafické rozhranie ramca.

KedZe v mnohych organizaciach sa stale pouziva kvalitny hoci zastarany softvér, tre-
ba pri navrhu mysliet aj na moZznosti jeho integracie ako aj na integraciu aplikacii vytvore-
nych v rozdielnych ramcoch.

Navrh ramcov by mal byt vykonavany az po riadnom pochopeni doménovej oblasti,
pricom by mal byt ¢o najlahsie pochopitelny. Z hladiska struktary sa odportca navrhovat
ramce tak, aby podporovali najmd zamenitelnost, dokonca este pred znovupouzitelnos-
tou. Kazdy dobry navrh by mal obsahovat aj moznosti testovania.

Problémy s ramcami

Ramce sa zaloZené na urcitych zakladnych Strukttrach rieseni problémov a vychadzaji
z mnohych predpokladov, na ktoré reaguju vlastnymi spdsobmi. Tieto vlastnosti vsak
mozu spdsobovat viaceré problémy, ¢i uz ide o vyvoj ramcov so zapracovavanim zmien
v doménovej oblasti alebo rozsahom pokrytia domény alebo kompoziciou, kedy moézu
vznikat napriklad problémy s riadenim, ak spojime dva ramce, ktoré aktivne riadia tok
aplikacie. Dal$imi problémami byvaju napriklad kompozicia so zastaranymi komponen-
tmi, ktora sa zvykne riesit pomocou adaptéra, ¢i pokazenie ramca, kedy v ramci vyvoja
ramca prestand byt funkéné starsie aplikacie.

Ramce predstavuju zna¢nti pomoc pri vyvoji softvéru. Predstavuju posun v znovu-
pouziti a zefektivneni prace. Maju vyssie vstupné naklady (najmé z hladiska naucenia)
a svoje nevyhody, ale pontkaju aj podstatné vyhody, ktoré umoznuja vyvijat kvalitné
aplikacie.

4.2 Ramce GUI

Rémce sa kratko po svojom vzniku zacali spajat aj s tvorbou grafického pouzivatel'ského
rozhrania (angl. graphical user interface, GUI). S postupnym rozvojom aplikacii disponuju-
cimi inym ako konzolovym pouzivatelskym rozhranim sa zacali vyvijat aj ramce pokroci-
lejsieho GUI. Ramec GUI moéZeme definovat ako softvérovy systém znovupouzitelny na
urovni ndvrhu systému a jeho struktiry pre tvorbu aplikdcii zaloZenych na GUI .

4.2.1 Histéria

Zaciatkom 70-tych rokov sa zacali objavovat prvé stciastky znovupouziteIné pri tvorbe
GUI. Neslo zatial o plnohodnotné ramce, ale otzv. sipravy nastrojov (angl. toolbox).
Vo svojej podstate to boli len kolekcie knizni¢nych funkcii, ktoré implementovali nizkot-
roviiova funkcionalitu (napr. Motif Toolbox alebo Macintosh Toolbox). Rozsirite[nost
tychto nastrojov bola obmedzena na tpravu zdrojovych kédov. Neposkytovali ziadnu
architektonickt podporu pre zostavenie aplikacii pouzivajucich zlozitejsie GUI.

V roku 1980 vznikd programovacie prostredie Smalltalk-80, v ktorom sa prvykrat ob-
javuje koncepcia vzoru Model-Pohl'ad-Ovladac (angl. Model-View-Controller; MVC; obra-
zok 4-3).

Pouzitim tohto vzoru st na tirovni ndvrhu oddelené tri aspekty vytvaranej aplikacie.
Pohlad reprezentuje prezentdciu aplikacie, jej vizualnu podobu. Ovldda¢ interpretuje pou-
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zivatel'ské vstupy z klavesnice alebo mysi a meni pohlad a model. Model reprezentuje do-
ménovo-Specifické data, s ktorymi pracuje aplikacia. Jednou znajvacsich vyhod vzoru
MVC je moznost pridania alebo vymeny pohladov pri zachovani doménového modelu.
Ramcovost prostredia Smalltalk-80 je tak chapana aj v kontexte moznosti jednoduchej
implementécie novych typov grafickych klientov.

-———-——->1 Ovlada¢

Pohlad Model

Obrazok 4-3. Vzor Model-Pohlad-Ovladac.

V druhej polovici 80-tych rokov prichadza na scénu programovacie prostredie MacApp
sliziace na vyvoj aplikacii pre operacny systém Apple Macintosh. Stavia na existujtcej
suprave nastrojov Macintosh Toolbox a predstavuje akusi pracovna kostru pre tvorbu
aplikdcii, ktord moze byt jednoducho upravovana. Aplikacie vytvorené pomocou ramca
vyuzivaju vzor Rozkaz spolu s udalostno-sluckovym modelom (angl. event-loop model).
Vyvoj ramca, ktory sa stal zakladom dalSich rieSeni (Microsoft MFC, Borland OWL), sa
zastavil v roku 2001.

S nastupujiicou dominanciou platformy Microsoft Windows bol spojeny ramec Mic-
rosoft Foundation Classes (MFC), ktory sa pouziva az dodnes. Jemu najvac$im konkurent-
om s dnes ramce rodiny Java.

4.2.2 Microsoft Foundation Classes

Microsoft Foundation Classes (MFC) je kniZnica, ktora obaluje ¢asti Windows API do tried
programovacieho jazyka C++. MFC predstavuje podporu pre spravu sprav, spracovanie
vynimiek, typovu identifikaciu pocas vykonavania, serializaciu a dynamickt instanciaciu
tried. KniZnica sa o.i. da chapat aj ako pracovny ramec pre tvorbu GUI, nakolko obsahuje
rozsiahlu podporu nastrojov pre tvorbu pouzivatelskych rozhrani (obrazok 4-4) a ma
podporu priamo v integrovanom vyvojovom prostredi Visual Studio. V sticasnosti MFC
tvori integralnu stcast platformy .NET.

4.2.3 Java Foundation Classes

Java Foundation Classes (JFC) je pracovny ramec pre tvorbu prenosnych GUI zalozenych
na jazyku Java. JFC tvoria tri komponenty: Abstract Window Toolkit (AWT), Swing
aJava2D.
AWT je platformovo-nezavisla graficka, na oknach zaloZena stuprava nastrojov pre
tvorbu pouzivatelskych rozhrani. SGprava AWT je chadpana v dvoch rovinach:
1. ako zakladné rozhranie medzi jazykom Java a pé6vodnym systémom,

2. ako suprava grafickych vizudlnych prvkov (stuciastok).
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CContextMenuManager

CDockManager
CDockingManager &
CDrawingManager *
CKeyboardManager
CMFCBaseVisualManager
CMFCVisualManager
CMFCVisualManagerOfficeXP ¥
CMFCVisualManagerQffice2003 %
CMFCVisualManagerOffice2007 %
CMFCVisualManagerVS2005%
CMFCVisualManage rwindows *
CMenuTearOffManager %
CMouseManager
CPaneContainerManager #

CShellManager %
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Other Controls
CMFCAutoHideButton
CMFCCaptionButton
CMFCCaptionButtonEx
CMFCCaptionMenuButton
CMFCTasksPanePropertyPage &
CMFCTasksPaneTask &
CMFCTasksPaneTaskGroup
CMFCToolBarButton
CMFCOutloockBarPaneButton
CMFCToolBarComboBoxButton
CMFCToolBarFontComboBox &
CMFCToolBarFontsizeComboBox #
CMFCToolBarDateTimeCtrl*
CMFCDropDownToolBarButton
CMFCToolBarEditBoxButton®
CMFCToolBarSpinEditBoxButton®
CMFCToolBarMenuButton

CSmartDockingGroupGuidesManager &
CSmartDockingManager &

CMFCColorMenuButton
CMFCCustomizeButton
CMFCCustomizeMenuButtan
CMFCShowAllButtons
CMFCRibbonGalleryMenuButton
CMFCToolBarSystem MenuButton

CTagManager #
ClTooltipManager

CUserToolsManager

Menus CMFCToolBarMenuButtonsButton
CMenu

CMFCQutlookBarToolBar
Ribbon Controls CMFCPopupMenuBar#
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Obrazok 4-4. Vysek hierarchie tried pre podporu pouzivatelského rozhrania v MFC demonstrujuci
rozsiahlu podporu GUI nastrojov (Microsoft, 2009).

AWT ako zakladné rozhranie medzi jazykom Java a pévodnym systémom obsahuje pod-
poru pre tvorbu okien, zadkladny udalostny subsystém, manazment rozlozenia prvkov
arozhrania pre vstupné zariadenia. Na druhej strane obsahuje mnozinu rozsiritelnych
zakladnych grafickych vizualnych prvkov, akymi sua tlacidld, textové polia, menu. Dispo-
nuje tiez rozhranim, ktoré umoznuje povodnému kédu vykreslovat na povrch AWT su-
ciastok.

Swing ja dalsia suprava grafickych vizualnych prvkov pre jazyk Java a nastupca su-
pravy AWT. Obsahuje dal$ie GUI stciastky a pridava podporu platformovo-nezavislého
vzhladu (angl. look and feel). Vytvorené aplikacie tak mozu mat vzhlad zodpovedajaci
povodnej platforme, v ktorej st sptistané (obrazok 4-5). Na rozdiel od svojho predchodcu,
suciastky ramca Swing s oznacované ako tzv. odlahcené (angl. lightweight), nakolko ich
vykres[ovanie nie je zavislé od pdvodnych systémovych funkcii. Swing je komponentovo-
orientovany ramec zalozeny na pouziti navrhového vzoru MVC. Stédiastky maju defino-
vané vlastné modely a pohlady. Ramec Swing je rozsiritelny, casti stuciastok (napr. model)
su do velkej miery definované rozhraniami, pre ktoré je zaroven vytvorena aj referencna
implementdcia. Stuciastky podliehaju Specifikacii modelu JavaBeans, ¢im je garantovana
podpora pre vizualne autorské zostavovacie ndstroje.

Trojicu komponentov ramca JFC uzatvara kniznica Java 2D. Ide o aplikacné progra-
movacie rozhranie pre vykreslovanie dvojrozmernej grafiky v jazyku Java.
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Obrazok 4-5. Ukazka rozdielneho vykreslenia tej istej aplikacie. Vzhlad Motif (vfavo) a vzhlad
Windows Classic (vpravo).

4.2.4 Dalsie ramce GUI

Medzi dalsie vyznamné ramce GUI patri Object Windows Library (OWL) fy. Borland.
Vznikol zaciatkom 90-tych rokov a bol konkurentom MFC. Ramec OWL umoznuje pouzi-
vat jedno-/viacdokumentové rozhrania, podporuje internacionalizaciu, koncept tzv. Po-
tiahni&Poloz (angl. Drag&Drop). Poskytuje nastroje pre tlac, ako aj jej nadhlady. Vyhodou
ramca je rychlej$i a mensi spustac aplikacie oproti tradicnym rieSeniam od firmy Micro-
soft. Ramec bol neskoér postupne nahradeny ramcom VCL (Visual Component Library),
ktory sa dodnes pouziva na tvorbu aplikacii pre Microsoft Windows vo vyvojovych pro-
strediach zaloZenych na jazykoch C++ a Delphi.

Alternativou k JFC pre platformu Java je Java SWT (Standard Widget Toolkit). Ramec
je tizko spojeny s vyvojovou platformou Eclipse. Pre vykreslovanie pouziva priamy pri-
stup k pévodnym knizniciam operacného systému prostrednictvom tzv. Java Native Inter-
face (JNI). Aplikacie obsahujice suciastky ramca SWT su prenosné, ale implementacia
samotnych suciastok je platformovo-zavisla. Sposob realizacie grafickej podoby stciastok
obalenim pdvodnych objektov v konecnom dosledku ovplyviiuje rychlost aplikacii. Apli-
kacie vyuzivajice SWT v porovnani s JEC vykresluju grafické suciastky rychlejsie, ale st
pomalsie, ked medzi nimi a inymi objektmi jazyka Java dochadza k prenosu dat.

4.2.5 Webové ramce GUI

V sti¢asnosti maju nepopieratelne dolezité postavenie webové aplikacie. S ich rozvojom sa
rozsirili aj tzv. webové ramce GUI Aj ked Cas zZivota webu je len zlomkom zo zivota apli-
kacii samych osebe, aj v oblasti webového inzinierstva vznikli viaceré ramce GUI, oznaco-
vané tiez ako prezenta¢né ramce. Tieto rdmce adresuju poziadavky na vytvaranie aplikdcii
v Specifickom prostredi webu. Riesia podporu bezstavovosti aplikdcie, su previazané
s webovym prehliadacom ako vykreslovacom webového obsahu, st prispdsobené hyper-
textovému charakteru webu. Medzi najpouzivanejsie takéto ramce patria Google Web
Toolkit (GWT), Sun Java Server Faces (JSF), Apache Wicket alebo Adobe Flex.
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4.3 Vyvojové ramce
Vyvojové ramce su softvérové systémy znovupouzitelné v procese vijvoja celych aplikacii.
Su to v podstate nasledovniky GUI ramcov zameranych ,len” na vyvoj vizudlnej casti
aplikacie.

V stcasnosti medzi najznamejsie vyvojové ramce patri Java Enterprise Edition
a .NET. S rozvojom webovych aplikacii vznikaju aj tzv. webové vyvojové ramce, akym je
napriklad rdmec Spring.

4.3.1 Java Enterprise Edition
Java Enterprise Edition (JEE) je suprava sSpecifikacii, z ktorej kazda opisuje podporu urcitej
technoldgie v jazyku Java. JEE je kompletny ramec pre navrh, vyvoj, zostavenie a nasade-
nie aplikdcii jazyka Java postavenych na viacvrstvovom distribuovanom aplika¢cnom mo-
deli. Primarne je orientovany na vyvoj a nasadzovanie podnikovych, webovo-orientova-
nych aplikacii.

Zakladné architektonické prvky ramca su:

— Enterprise JavaBeans — komponentovy model jazyka Java, ktory definuje rozhranie pre
perzistenciu, vzdialené volania met6d, kontrolu stibeznosti a kontrolu pristupu dis-
tribuovanych sudiastok nazyvanych ako tzv. podnikové boby jazyka Java (angl. En-
terprise JavaBean; EJB). Pre viac informacii pozri kapitolu 2-4.

— Java Transaction API (JTA) — rozhranie pre realizaciu transakcii pre zdroje Specifiko-
vanych standardom X/Open XA (dalej XA). Cielom XA je umoznit v ramci jednej
transakcie pristupovat k rdznym zdrojom, akym je napr. databaza alebo aplikacny
server, a zarucit pritom tzv. ACID vlastnosti transakcii (atomicita, konzistencia, izo-
lacia a odolnost; z angl. Atomicity, Consistency, Isolation, Durability). JTA reprezentuje
rozhranie pre vyuzitie dvojfazového odoslania transakcie, ktorou je zabezpecené, ze
transakcia je bud odosland alebo navratend. JTA predstavuje ramcova podporu tak
pre aplikacny server, ako aj samotné sticiastky.

— Java Messaging Service (JMS) — rozhranie pre komunikdciu medzi dvoma a viacerymi
klientmi, resp. ich softvérovymi stciastkami. JMS definuje zakladné koncepty tzv.
volne zviazanej formy komunikacie. Elementmi st1 poskytovatele sprav, klienty, pro-
ducenty, konzumenty, spravy, rady a témy.

— JavaServer Faces (JSF) — webovy prezentacny ramec (ramec GUI) pre vyvoj a tvorbu
grafickych pouzivatelskych rozhrani v podnikovych aplikdciach Popri rdmcoch vy-
chadzajtcich zo vzoru MVC, JSF pouziva pristup zalozeny na vlastnych vizualnych
suciastkach. Stav vizualnej suciastky je ulozeny, ked si klient vyziada novu stranku,
a je obnoveny, ked je poziadavka vratena. JSF umoziuje pouzitie viacerych zobrazo-
vacich technoldgii, napr. JSP (JavaServer Pages), XUL (XML User interface Language)
i dal$ich. Okrem rozhrania pre opis stciastok, manazmentu ich stavu, sprav, kontroly
vstupu a pod., JSF poskytuje tiez supravu zakladnych stciastok a tzv. kniznice Stit-
kov (angl. tag libraries), ktoré reprezentuju deklarativny spdsob programovania vizu-
alnych prvkov, resp. ich logiky.

— Java Persistence API (JPA) — podpora pre spravu perzistentnych dat v aplikaciach JEE.
JPA predstavuje nasledovnika tzv. entitnych bobov jazyka Java, ktoré v skorSich ver-
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ziach tohto vyvojového ramca reprezentovali distribuované objekty, ktoré mali per-
zistentny stav uloZeny v datovom ulozisku. Okrem rozhrania definuje JPA tieZ vlast-
ny dopytovaci jazyk (Java Persistence Query Language; JPQL) a Specifikuje podobu
objektovo-relacnych metadat. KIicovym architektonickym prvkom ramca JEE je tzv.
EJB kontajner, ktory sa stara o zivotny cyklus bobov (pozri obr. “Schematicky nacrt
kontajnera EJB v architektire modelu EJB“ v kapitole 2-4).
Vyvojovy ramec JEE je robustny systém pre podporu vyvoja komplexnych aplikacii pomo-
cou jazyka Java. Prostrednictvom definovanej architektiry umoznuje oddelenie prezen-
tacnej a doménovej logiky. Ramec podporuje distribuované nasadenie a integraciu s inymi
platformami nezavislymi od jazyka Java. Koncept suciastok prevadzkovanych
v kontajneri, ktory riesi dalsie aspekty vyvoja aplikacie, akymi st napr. bezpecnost, spra-
covanie transakcii, spracovanie viacerych vlaken, alokacia vlaken, vyrazne ulahcuje pracu
programatora, vyvojara aplikacie.

4.3.2 .NET

Druhym vyznamnym vyvojovym ramcom je platforma .NET z dielne firmy Microsoft. Ide
o distribuovany architektonicky koncept hostenia aplikdcii v siefovom (internetovom)
prostredi. Platforma .NET predstavuje vyvojové a podporné softvérové prostredie zaloZe-
né na operacnom systéme Windows a programovacich jazykoch fy. Microsoft.

Fundamentmi ramca st kniznica BCL (Base Class Library) a spolocné jazykové pro-
stredie pre vykonavanie programu (angl. Common Language Runtime; CLR). BCL je zaklad-
na kniznica rdmca a poskytuje rozsiahle mnozstvo funkcii zahfmajic pouzivatel'ské roz-
hranie, jednoduchu grafiku, pristup k datam, databazové spojenie, kryptografiu, numeric-
ké algoritmy, siefovia komunikaciu a pod.

CLR definuje prostredie pre vykonavanie programového kodu. Ide o implementaciu
standardu CLI (Common Language Infrastructure), na ktorej sa vykonava forma bajtového
kédu CIL (Common Intermediate Language). Vyvojari tak maji moznost napisat progra-
movy koéd v [ubovolnom z podporovanych jazykov. Pocas kompilacie kompilator skompi-
luje takyto kéd do bajtového kédu CIL. Pocas vykonavania programu, tzv. ,prave-nacas-
kompilator” (angl. just-in-time compiler) CLR premeni kéd CIL do pdvodného kédu ope-
racného systému (pozri obrazok 4-6).

Zdrojovy kéd Bajtovy kod Pévodny kéd
o,
VB.NET jaz“yi’;"fjg‘fﬁfg KodoIL | Pf’l‘(’gg”y
Iny jazyk iny
NET kompilator "
< Cas kompilacie > Cas vykonévania >

Obrazok 4-6. Proces prekladu programového kédu.
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Uvedena koncepcia dovoluje abstrahovat od konkrétneho prostredia, kde bude apli-
kacia nasadena. CLR poskytuje sluzby tykajlice sa manazmentu pamaéti, manazmentu vla-
ken, spracovania vynimiek, tzv. ¢istenia pamaiti (manaZzment odstranovania nepotrebnych
entit z paméti) a bezpecnosti.

Okrem BCL a CLR medzi dalsie kltucové vlastnosti rdmca patri interoperabilita. Ra-
mec .NET obsahuje podporu pre realizaciu funkcionality stciastok, ktora je vykondvana
mimo ramec (poskytuje stpravu sluzieb pre pristup k stciastkam modelu COM a obsahu-
je podporu pre iné modely prostrednictvom metdédy P/Invoke). Ramec dalej obsahuje
podporu pre nasadzovanie softvéru, ktora zahfna kontrolu bezpecnostnych poziadaviek
a integrity voci predchddzajicim verzidm. Ramec poskytuje spolo¢ny bezpecnostny model
pre aplikacie a vlastny manazment pamati. Ten zabezpecuje zbera¢ odpadu, ktory je spuis-
tany periodicky v samostatnom vlakne, aby identifikoval nepouzité objekty a ziskal spat
nimi alokovantl pamat.

Autori ramca deklaruja aj platformovt nezavislost. Ta je vSak limitovana na komer¢-
né implementacie ramca, ktoré pokryvaja platformy Windows, Windows CE a Xbox 360.

4.3.3 Rdmec Spring

Alternativou pre vyvoj webovych aplikacii v jazyku Java je rdmec Spring, ktory vznikol
v roku 2002 ako odpoved na zlozitost ramca JEE (v tom case vo verzii 1.2, oznacovany tiez
ako J2EE). Sluzby, ktoré ramec pontika vyvojarom, st nasledovné (Johnson, 2005):

Princip tzv. obrdtenia kontroly (angl. Inversion of Control; 1oC). Zakladom je tzv. kontaj-
ner IoC, ktory reprezentuje konceptudlny prostriedok pre konfigurovanie a manazment
zivotného cyklu objektov jazyka Java. Objekty st vytvarané na zaklade konfiguracie pro-
strednictvom XML stiborov alebo anotacii. Zostavovanie objektov prebieha prostrednic-
tvom tzv. vstreknutia, resp. vyhladania zavislosti (angl. dependency injection, resp. depen-
dency lookup). Ide o vzory, pri ktorych samotny kontajner posiela (vstrekuje) objekty inym
objektom na zaklade ich poziadavky alebo konfiguracie.

Aspektovo-orientované programovanie (angl. Aspect-Oriented Programing; AOP). Ramec
Spring obsahuje podporu pre aspektovo-orientované programovanie prostrednictvom
vlastného ramca SpAOP, ktory modularizuje pretinajiice zalezitosti v aspektoch. Ramec
SpAOP bol vytvoreny so snahou priniest do vyvoja webovych aplikacii zakladné vlastnos-
ti AOP bez zbytocnej zloZitosti v navrhu, implementacii alebo konfiguracii. Ramec SpAOP
je zalozeny na tzv. zachycovaniach (angl. interceptions), ¢o redukuje potrebu kompildcie
aspektov alebo ich vtkania (angl. weaving) v ¢ase natahovania. V porovnani s ramcom As-
pect], de facto standardom AOP pre platformu Java, ma ramec SpAOP mensiu vyrazovu
silu, ale zaroven je menej komplikovanym. Ramec Spring ma priamu podporu pre konfi-
guraciu aspektov priamo v kontajneri.

Pristup k ditovej vrstve. RAmec Spring obsahuje rozsiahlu podporu pre existujtice ram-
ce pristupu k datovej vrstve pre jazyk Java. Pokryva manazment zdrojov (automatické
ziskavanie a uvolfiovanie databazovych zdrojov), riesenie vynimiek (preklad nizkodrov-
novych vynimiek do vlastnej hierarchie), sledovanie transakcii, rozbalovanie databazo-
vych zdrojov (z vyrovnavacich paméti databaz) a podporu pre spracovavanie velkych
binarnych alebo znakovych objektov. Samostatnou kapitolou je manazment spracovania
transakcii.
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Manazment transakcii. Okrem prace s lokalnymi, globalnymi a vnorenymi transakcia-
mi obsahuje aj podporu pre tzv. bezpecné body transakcii (angl. transaction safepoints).
Spolu s ramcom pre pristup k datovej vrstve je mozné transakény systém vyslednej aplika-
cie definovat bez previazania na JTA a EJB.

Vlastny ramec MVC. Centrdlnym konceptom je frontalny kontrolér Dispatcher-
Servlet, ktory poziadavky posiela na konkrétne kontroléry, ktoré si obycajné objekty’
implementujiice jednoduché rozhranie Controller. Medzi vyhody patri explicitné
ajasné definovanie roli jednotlivych stuiciastok pre validaciu, spracovanie formuldrov, ma-
povanie kontrolérov, volby pohladu, atd. Ramec MVC poskytuje moznost konfigurova-
telnosti pomocou rozhrani zalozenych na navrhovom vzore Stratégia. VoIné zviazanie
navrhu celého ramca umoznuje pouzitie viacerych prezentacnych technologii.

Ramec Spring obsahuje aj podporu dalsich aspektov vyvoja softvéru (vzdialeny pri-
stup, davkové spracovavanie, autentizacia a autorizacia, testy, atd.), ¢o len dokazuje jeho
ramcovost ako znovupouzitelného systému pre tvorbu aplikacii.
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ZNOVUPOUZITIE NAVRHOVYCH VZOROV
NA UROVNI MODELU

Lubomir Majtds

Zavedenie vzorov znamenalo prinos pre viaceré discipliny. Myslienky publikované v pra-
ci Christophera Alexandra [1] o urbanistickych rieSeniach nasli rychlo uplatnenie aj
v ramci informatickych vied. Kedze tspech procesu tvorby softvéru je casto zavisly od
spravnych rozhodnuti vyvojarov, idea moznosti aplikovania overenych vzorovych rieseni
na opakujuce sa problémy nasla rychlo svoje uplatnenie. Po zavedeni pojmu vzor v odbore
softvérového inzinierstva zacala jeho popularita prudko stupat. Vzory sa uplatnili v r6z-
nych fazach zivotného cyklu vyvoja softvéru: boli definované analytické vzory [9], navr-
hové vzory [12], vzory pre integraciu [13], testovanie [2] a mnoho inych (nasadenie vzorov
v réznych odvetviach informatiky sa analyzuje napr. v praci [16]). S ich pouzitim doslo
k skvalitneniu procesu vyvoja v rdznych ohladoch: zjednodusila a zefektivnila sa komuni-
kacia medzi vyvojarmi, vzrastla informovanost nielen o réznych rieseniach, ale aj nastra-
hach, ktorym je vhodné sa vyhnut.

Asi najznamejsie uplatnenie pojmu vzor v softvérovom inZinierstve priniesla praca
GoF [12], v ramci ktorej autori identifikovali a podla definovanej Sablény podrobne opisali
23 navrhovych vzorov. Stucastou opisu kazdého vzoru je slovny opis jeho hlavnej myslien-
ky, priklad jeho vhodného pouzitia (vratane ukazky zdrojového koédu), opis rieSenia, ktoré
vzor poskytuje a diskusia o jeho ddsledkoch ¢i alternativach. Hlavnou castou opisu rieSe-
nia je zobrazenie jeho modelu pomocou standardnych OMT/UML diagramov. Tie vhodne
slizia na zachytenie prikladu pouzitia vzoru, no nedokazu plne zachytit jeho celti struktu-
ru ani myslienku.

Praca GoF vytvorila velky ohlas medzi odbornou verejnostou, myslienky v nej pre-
zentované si osvojili mnohi autori, ktori na nich dalej stavali a postupne ich obohacovali.
Nasledujtica kapitola sa taktiez zaobera touto problematikou, pricom sa z velkej casti sus-
treduje na moznosti znovupouzitia navrhovych vzorov na trovni modelov. Opiera sa
pri tom o poznatky opisané vo viacerych publikaciach, v ramci ktorych sa ich autori okrem
iného snazili zodpovedat na mnohé otazky, ktoré zostali v praci GoF otvorené. Zaobera sa
problematikou zivotného cyklu instancii navrhovych vzorov, formami opisu vnutornej
Struktary navrhovych vzorov a ich kompozicii. V zavere prinasa vlastny pohlad na moz-
nosti modelovania s vyuzitim navrhovych vzorov.
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5.1 Zivotny cyklus intancii navrhovych vzorov

Podobne ako mozeme v procese vyvoja softvéru identifikovat fazy jeho zivotného cyklu,
mozeme tak urobif aj v pripade navrhovych vzorov aich inStancii. V ramci kapitoly bu-
deme rozliSovat medzi pojmami navrhovy vzor a instancia navrhového vzoru.

— Za navrhovy vzor povazujeme celkovii vSeobecnti myslienku rieSenia definovana
prislusnym katalégom. Definicia navrhového vzoru v sebe spdja opis problému, jeho
odporucaného rieSenia a konsekvencie, ktoré toto rieSenie so sebou prinasa. Stcastou
opisu byvaju aj priklady jeho konkrétnej inStancie na drovni navrhu a zdrojového
kodu.

— Za inStanciu navrhového vzoru povazujeme konkrétne rieSenie vychadzajuce
z moznosti znovupouzitia vSeobecného rieSenia definovaného v ramci opisu daného
vzoru. InStancia ndvrhového vzoru je priamou stcastou navrhu, resp. implementacie
vytvaraného konkrétneho softvérového systému. Je vytvorena zo Standardnych sta-
vebnych prvkov objektovo-orientovaného vyvoja softvéru akymi su triedy, objekty,
atribtity ¢i metody. InStancia vzoru nebyva fyzicky spata so vzorom, podla ktorého
bola vytvorena. Identifikacia prislusnosti instancie k samotnému vzoru byva casto
ponechana na schopnosti vyvojarov, ktori s fiou pridu do kontaktu.

Zivotny cyklus indtancif navrhovych vzorov pozostava z dvoch etap. Prvé z nich zachyta-
va proces vytvorenia korektnej inStancie navrhového vzoru, nazyva sa tiez inStanciacia
vzoru. Druhd etapa, nazyvana tiez evolucia inStancie, opisuje proces zmien po vytvoreni
inStancie vzoru.

5.1.1 Vytvorenie instancie ndvrhového vzoru

Procesom vytvarania inStancie ndvrhového vzoru prechadzame pri aplikacii rieSenia po-
nukaného vzorom do vytvaraného softvérového systému. Medzi vstupy vytvarania in-
Stancie patri aktualny stav vytvaraného systému a vSeobecny opis navrhového vzoru.
Zavystup povazujeme pozmeneny stav vytvaraného systému, ktory je rozsireny
o korektne vytvorent instanciu navrhového vzoru.

RozliSujeme dve c¢innosti [31], ktoré je potrebné vykonat pri tvorbe instancie vzoru:
abstraktnti a vSeobecnt inStanciu vzoru je potrebné konkretizovat a vySpecifikovat. Tieto
¢innosti sa mo6zu na prvy pohlad javit ako totozné, no nie je tomu tak. Kazda priblizuje
prvotnd myslienku vzoru k findlnej inStancii, pricom je potrebné vykonat obe, aby bolo
mozné instanciu prehlasit za korektne vytvorend. OdliSnosti medzi tymito ¢innostami st
prezentované na obrazku 5-1, v ramci ktorého st miery vSeobecnosti a abstrakcie prezen-
tované v dvojrozmernom priestore (miera vSeobecnosti horizontalne, miera abstrakcie
vertikalne.).

Vytvarana instancia sa stava konkrétnejsou, ked obsahuje viac stavebnych prvkov
tvoriacich korektnu instanciu. Z pociatocnej abstraktnej myslienky pouzitia vzoru sa pri-
davanim tried, ich atributov a metdd postupne stava konkrétna instancia.

Specifikovanie indtancie znamena pribliZenie vieobecného opisu vzoru do kontextu
vyvijaného systému. Za vSeobecné mozno povazovat priklady instancii vzorov prezento-
vané v katalégu GoF [12]. Tie obsahuji hracov vsetkych roli (takzZe ich mozno povazovat
za konkrétne), ale tito hradi nezodpovedajti Ziadnej doméne. Specifikovanie predstavuje
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upravy inStancie vzoru, na zaklade ktorych sa stava doménovo Specificka, az Specificka
pre potreby konkrétnej aplikacie. Medzi priklady krokov procesu Specifikacie mozno po-
vazovat definovanie volitelnych poctov hracov jednotlivych roli, ¢i adekvatne pomenova-
nie hracov roli v kontexte vyvijaného systému.

abstraction level a
of a pattern

concept —— X abstract & general

design ——

code

B X‘ concrete & specif/"c ‘ -
I l T >
smgles-azglfliatlon- domain-specific general  generality level
pectt of a pattern

Obrazok 5-1. Dvojrozmerny priestor zachytavajuci mieru vSeobecnosti a abstrakcie [32].

5.1.2 Ewolicie instancii vzorov

Druhou etapou zivotného cyklu instancii vzorov je ich evoltcia, ktora znamena zmeny
v ramci uz raz vytvorenych instancii. Zmeny st neoddelitelnou sticastou vyvoja softvéru
aje problémom, ked si jedna mald zmena vyZziada sériu zmien v celom systéme. Preto je
potrebné navrhovat a tvorit systémy tak, aby ich zmeny v budtcnosti vyZadovali ¢o moz-
no najmenej fudského usilia. Jednym z prinosov navrhovych vzorov je moznost elegan-
tnejSich zmien v systéme. V ramci Struktary instancii navrhovych vzorov mdézeme rozlisit
fixné Casti a menite[né casti, ktoré sii okamzite pripravené na zmeny. Isté zasahy vsak
mdzu viest k poskodeniu Struktiry instancii, ¢o moze mat negativny vplyv na dalsi rozvoj
systému. V pripade potreby zmien je preto nutna dobra znalost problematiky navrhovych
vzorov: je potrebné rozpoznat, ktoré casti st jednoducho modifikovatelné a s ktorymi sa
naopak manipulovat neodporuca.

Praca [5] sa zaobera problematikou evolu¢nych zmien instancii vzorov. Definuje dve
hlavné drovne zmien implementdcii vzorov:

1. Primitivne (Primitive level) — zakladné operacie nad triedami. Mnozina primitivnych
operacii obsahuje: pridanie / odobratie triedy, atribttu, operacie, asociacie, generali-
zacie, agregacie, kompozicie, zavislosti.

2. Vzorové (Pattern level) — charakterizujii zmeny, ktoré je mozné uskutocnit nad vzor-
mi, pozostavajuce zo sekvencie primitivnych operacii. Autori definovali 5 r6znych
vzorovych operdcii (ich pocet sa mdze v bududcnosti rozsirit). Nad jednotlivymi
vzormi sa daji vykonat len niektoré operacie (nie vsetky).

a. Nezavisla (Independent) zmena — jednoduché pridanie alebo odstranenie triedy
a k nej prisluchajacich vazieb. Napriklad rozsirenie vzoru Mediator o novy Con-
creteCollegue (obrazok 5-2).
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Colleague

Mediator

ConcreteColleague1

ConcreteMediator

ConcreteColleague2

Colleague

Mediator

ConcreteColleague1 |

ConcreteMediator |<

ConcreteColleague2 |

ConcreteColleague3

Obrazok 5-2. Nezavisla zmena na vzore Mediator [5].

b. Balickova (Packaged) zmena — dochadza k pridaniu alebo odobratiu nezavislej
triedy a k nej prislichajtcich vézieb a sucasne k pridaniu (odobratiu) atributov
alebo operacii danej triedy. Napriklad pridanie ConcreteObserver do vzoru Ob-

server (obrazky ¢. 5-3 a 5-4).

Subject i— Observer
ConcreteSubject ConcreteObserver1 ConcreteObserver2
+1() +1() +1()
+2() +2() +2()

Obrazok 5-3. Pévodna Struktara vzoru [5].

Subject I— Observer
ConcreteSubject ConcreteObserver1 || ConcreteObserver2 || ConcreteObserver2
+1() +1() +1() +1()
+2() +2() +2() +2()

Obrazok 5-4. Balickova zmena na vzore Observer [5].

¢. Zmena skupiny tried (Class Group) — dochadza k pridaniu (odobratiu) atriba-
tov/operacii vo viacerych triedach stuc¢asne. Napr. pridanie atribatu k Observeru

(obrazky ¢. 5-3 a 5-5):
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Subject Observer
ConcreteSubject ConcreteObserver1 ConcreteObserver2
+1() +1() +1()
+2() +2() +2()
+30 +3() +30)

Obrazok 5-5. Zmena skupiny tried na vzore Observer [5].

d. Zmena korelovanych tried (Correlated Classes) — pridanie (odobratie) jednej triedy,
ktoré vedie k pridaniu (odobratiu) dalsich tried. Napriklad pridanie ConcreteFac-
tory do Abstract factory znamena pridanie dalsich produktov (tych, ktoré generu-

je nova fabrika; pozri obrazky 5-6 a 5-7).

| AbstractFactory |
VARV

s
s

AbstractFactory

ConcreteFactory1 ConcreteFactory2
+createProductA() +createProductA()
+createProductB() +createProductB()

7 ~

7
s

L™

-7 N

- A

N

~ S
~ N

| ProductA1 | | ProductA2 || ProductB1 | | ProductB2 |

g y ¢

| AbstractProductA | | AbstractProductB |

Obrazok 5-6. Pévodna Struktura vzoru Abstract factory [5].

AbstractFactory
\V/ \V/

ConcreteFactory1 ConcreteFactory2 ConcreteFactory3
+createProductA() +createProductA() +createProductA()
+createProductB() +createProductB() +createProductB()

-

_ -~

~. ~o \

<~
ProductA1 | | Produ

/ctA2 | | ProductA3 | | ProductB1 | | ProductB2 | | ProductB3

7\ /X
AbstractProductA

/\ /X
AbstractProductB

Obrazok 5-7. Zmena korelovanych tried na vzore Abstract factory [5].

e. Zmena korelovanych atribatov/operacii (Correlated Attributes/Operations) — pri-
danie (odobratie) triedy, ktoré si vyziada pridanie (odobratie) atributov/operécii aj
v povodnych triedach vzoru. Napriklad pridanie nového typu produktov v Ab-
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stract factory vedie k pridaniu metdd vytvarajicich produkty daného typu (ob-
razky 5-6 a 5-8).

AbstractFactory
V| \<

ConcreteFactory1 ConcreteFactory2
+createProductA() +createProductA()
+createProductB() +createProductB()
+createProductC() +createProductC()

- -
~ -
-7 =7\

- \ / ~ ~

[~ - ~~_ <
| ProductA1 | | ProductA2 || ProductB1 | | ProductB2 | | ProductC1 | | ProductC2 |

< > < > < >

AbstractProductA AbstractProductB AbstractProductC

Obrazok 5-8. Zmena korelovanych operacii na vzore Abstract factory [5].

Nie kazdy typ zmeny je vykonatelny na kazdom vzore. Tabulka 5-1 obsahuje zoznam
vzorov a k nim prislichajiice zmeny, ktoré na nich mozno vykonat. Len vykonavanim
korektnych zmien mozno zabezpecit dlhotrvajicu pritomnost korektnej instancie navrho-
vého vzoru v systéme aj po jeho zna¢nych modifikaciach. Preto je potrebné poznat, ako st
jednotlivé vzory modifikovatelné a tomu prisposobit aj zasahy vykondvané v ramci zmien

softvéru.

Tabulka 5-1. Zmeny prisluchajuce k jednotlivym vzorom [5].

Navrhovy vzor op:g) cie Navrhovy vzor op1¥§ cie
Abstract Factory 4.5 Reggc?rimr;iggli ty 2
Builder 4,5 Command 4
Factory Method 4 Interpreter 2
Prototype 2 Iterator 4
Singleton - Mediator 1
Adapter 4.5 Memento 3
Bridge 2 Observer 2,3
Composite 2 State 2
Decorator 2,3 Strategy 2
Facade 1 Template Method 2,3
Flyweight 2 Visitor 2,5
Proxy 4

5.2 Opisy navrhovych vzorov

Sucasny vyskum sa snazi najst prostriedky, ktoré by umoznili automaticky podporovat
rozne aktivity vzorov v troch hlavnych aspektoch: aplikovani instancii navrhovych vzo-
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rov, verifikacii ich implementacii a ich vyhladavani v existujticich systémov za tucelom ich
porozumenia a zdokumentovania. Aby bolo mozné zautomatizovat tieto aktivity, je po-
trebné podrobne zachytit opakujticu sa struktiiru a spravanie vzorov, ktoré st casto ozna-
cované ako leitmotif vzoru [8]. Leitmotify vzoru mozno chapat ako abstrakiné navrhové
modely v navrharovej mysli. Zachytavaju najddlezitejsie invarianty, ktoré generuju kon-
krétne rieSenia Specifického navrhového problému. Struktira vzoru nepredstavuje riee-
nie, ale generuje rieSenia [3]. Prave tato flexibilita oddeluje vzory od navrhovych modelov,
Sablon tried ¢i OO frameworkov. Nanestastie modelovaci jazyk, ktory by dokazal presne
Specifikovat nemenné cCasti leitmotifov vzorov, zatial neexistuje.

V nasledujutcich kapitolach budu podrobnejSie opisané vybrané pristupy opisu leit-
motifov navrhovych vzorov.

5.2.1 Metamodelovaci jazyk zaloZeny na roliach

Praca [10] predstavuje jazyk urceny na Specifikaciu vzorov: Metamodelovaci jazyk zaloze-
ny na roliach (Role Based Metamodeling Language — RBML). RBML umoznuje autorom
Specifikovat navrhové vzory z viacerych perspektiv: statickej Struktury, interakcie, stavo-
vého spravania sa. RBML pouziva na Specifikaciu vlastnosti vzorov vizudlnu notaciu zalo-
zenu na UML [33] atextové obmedzenia zaznamenané vjazyku OCL [26]. Ide
o Specifika¢ny jazyk opisujuci skupiny UML modelov. Samotna Specifikacia vzorov je
zalozend na baze roli, ktoré st asociované s UML metatriedami. Role Specifikuju vlastnos-
ti, ktoré musia spifiat elementy modelu hrajtice danti rolu. To znamena, Ze model, ktory
zodpoveda Specifikacii vzoru, pozostava z elementov hrajticich role tejto Specifikacie. Mo6-
Ze obsahovat aj iné aplikacne Specifické elementy, ak sa tym nedostava do konfliktu
s metamodelovou Specifikaciou vzoru.

Zakladnym modelom RBML je Staticka Specifikacia vzoru (Static Pattern Specification
— SPS) predstavujuca obmedzenia UML metamodelu, ktoré spresiiuju priestor rieSenia
vzoru zo strukturdlneho aspektu. SPS pozostava z klasifikatorov (classifier) a vztahov (re-
lationship), ktoré vychadzaju z metatried Classifier a Relationship UML metamodelu. Rola
definovana v ramci SPS moze byt asociovand s obmedzeniami definovanymi pomocou
OCL. Priklad SPS specifikacie vzoru Visitor sa nachadza na obrazku 5-9.

Na zachytenie dynamického spravania sa tcastnikov vzoru sluzi Interakcéna Specifi-
kacia vzoru (Interaction Pattern Specifications — IPS). IPS pozostava z interakénej role, ktora
je Specializaciou triedy Interaction UML metamodelu. Interakéna rola je Struktiirou lifeline
a spravy (message), ktoré st zaloZené na metatriedach Lifeline a Message UML metamode-
lu. Z vizualneho hladiska sa IPS je obdobou sekvenéného diagramu UML.

Na opis stavového spravania sa tucastnikov vzoru RBML definuje Stavovu Specifika-
ciu vzoru (StateMachine Pattern Specifications — SMPS), ktora vychadza zo stavového dia-
gramu UML.

5.2.2 Precizne modelovanie vzorov na zdaklade UML metamodelu

Alternativu k predchadzajucemu pristupu predstavuje praca [21]. Jej hlavnym ciefom je
opat podrobne zachytit leitmotif vzoru do modelu pozostavajiceho z navzajom spolupra-
cujucich roli pomocou UML metamodelu.
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Obrazok 5-9. SPS model vzoru Visitor (vfavo) a k nemu prislichajuca instancia (vpravo) [11].

Tento pristup vsak kladie vacsi déraz na pracu srolami, pricom podrobnejsie definuje
vlastnosti ich pouzitia a stiCasne vyuZziva mieru abstrakcie, ktorti tento pojem umoznuje.

Pri praci s rolami uplatiiuje nasledovné pravidla:

1. Rola predstavuje bud Strukturalnu entitu (zodpoveda jej napr. trieda, objekt) alebo
entitu spravania (zodpoveda jej napr. metoda). Leitmotif vzoru je opisany ako mno-
zZina spolupracujucich roli oboch typov.

2. Kazdej roli moze zodpovedat niekol'ko konkrétnych hracov reprezentujticich instan-

ciu role. Niektoré su definované tak, aby im zodpovedal iba jeden hra¢, iné st urcené

tak, aby im zodpovedalo viac (0 - N) hracov. Hovorime o pocetnosti role.

3. Role mézu mat viac dimenzii: napriklad vo vzore Abstarct factory kazdy hrac role

ConcreteProduct zodpoveda urcitému typu produktu (AbstractProduct) a sticasne

rodine produktu (= produkty vytvarané rovnakym hracom ConcreteFactory). V tom-
to pripade je rola ConcreteProduct definovana ako dvojrozmerna, pretoze pocet hra-
¢ov role je viazany na pocty hracov dvoch nezavislych roli.

4. Vztahy medzi rolami sa nie st mapované jedna k jednej k vyslednym hracom:

a. Jedna relacia na drovni modelu roli moéze byt mapovana do viacerych vztahov

na arovni navrhu. Napriklad vo vzore Abstract factory je kazdy hrac role Concre-
teFactory zodpovedny za inStancidciu hracov role ConcreteProduct. To, akym
sposobom sa to deje, nie je definované: moze to byt lokalne na baze Factory met-

hod (klasicky) alebo delegovanim pomocou vzoru Prototype (vznika vzor Plugab-

le Factory [35]).
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b. Vztahy medzi vzormi m6zu byt mapované na iné typy vztahov na tirovni navrhu.
Napriklad vo vzore Observer je vztah medzi rolami Observer a ConcreteObserver
definovany ako realizacia rozhrania. Ak vSak spojime role Observer a Concrete-
Observer dojedného hraca, vztah medzi rolami nebude zodpovedat ziadnemu
vztahu na trovni navrhu.

Modelovanie strukttry leitmotifu je realizované na baze meta-turoviiovej spoluprace, pres-
nejSie ako spolupracujtice elementy UML metamodelu. Mapovanie entit z domény navr-
hovych vzorov do UML metamodelu sa nachadza v tabulke 5-2.

Tabulka 5-2. Mapovanie entit z domény navrhovych vzorov do UML metamodelu [21].

Doména vzorov UML doména
Specifikacia vzoru Collaboration
In§tancia vzoru CollaborationlnstanceSet
Rola ClassifierRole
Hrac role Instance
Vztah medzi rolami AssociationRole

Na obrazku 5-10 je zachyteny leitmotif vzoru Visitor na baze UML metamodelu. Pre kazdu
rolu je v pravom hornom rohu zachyteny pocet hracov, ktori k danej roli prisluchaja.
V pripade role VisitConcreteElement je pocet definovany ako m*n, ¢ize pocet hracov role
ConcreteVisitor krat pocet hracov role VisitElement. Ide o priklad dvojrozmernej role,
kedZe pocet hracov zodpovedajtcich tejto roli je zavisly od poctu hracov dvoch nezavis-
lych roli.

m o mxn
/ConcreteVisitor: Class H NisitorConcreteElement:
Method
E
<< realize >> << implement >>
<< associate_1 >> E
1 1 n
/Client: Classifier WNisitor: Class, Interface ————— > [VisitElement: Operation
E
<< associate-one >> << argument >> << invoke >>
<< associate_* >> E
. ! . ! << implement >> "
/ObjectStructure: Class /AcceptOp: Operation /Acceptimpl: Method
1 . n
/Element: Class, << realize >>

/ConcreteElement: Class
Interface

Obrazok 5-10. Leitmotif vzoru Visitor na baze UML metamodelu [21].
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5.2.3 Modelovanie zaloZené na OWL

Iny sposob modelovania Struktiry vzorov je predstaveny v praci [4]. Jej pristup sa na roz-
diel od predchadzajicich nezaklada na modelovani pomocou UML, ale pouziva nastroje
vyvinuté v rdmci iniciativy Webu so sémantikou (Semantic Web): RDF (Resource Descrip-
tion Framework) [29] a z neho vychadzajuci jazyk OWL (Web Ontology Language) [27].
Dovodom pouzitia tychto rieSeni je volnost, ktortt poskytuji. Neboli vyvinuté na uklada-
nie znalosti o vzoroch ¢i softvérovych rieSeniach, ale na zachytavanie informacii o akych-
koIvek zdrojoch, ktoré st jasne identifikovateIné pomocou svojich URI (Uniform Resource
Identifier). Z toho vyplyvaja Siroké moznosti, ktoré jazyky RDF a OWL poskytuju. Napri-
klad triedam mozno definovat vlastnosti presne v takej forme, ako je potrebné (napr. isAb-
stract, isStatic, isSubclass-Of).

Na modelovanie vzorov a ich struktary bola pouzita hierarchia OWL tried nachadza-
juca sa na obrazku 5-11. V hierarchii sa nenachadzaji konkrétne prvky modelov ako triedy
¢i metddy, ale len ich Sablony (ClassTemplate, MemberTemplate). Dévodom toho je fakt,
Ze tato hierarchia neobsahuje konkrétne stavebné jednotky navrhovych vzorov, ale role,
ktoré byvaju najcastejSie realizované prave tymito stavebnymi prvkami. Takze napriklad
ak pre vzor Abstract factory je ConcreteFactory instanciou triedy ClassTemplate, znamenda
to, ze ide o rolu, ktora je Standardne realizovana triedou.
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" _‘___‘__‘-—-.
= ———
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(:'_'El agaTempla tg:D (:i_\h‘IemberTempl até_:‘i

(:M; thodTempl ate e:::) (j:’c;:;_ structorTemp 1;_t__€) C:;‘i e 1dTemp1at; :)

Obrazok 5-11. Zakladna hierarchia OWL tried ontoldgie (vrstva ODOL) [4].

Autori definovali vlastni metamodelova architekttru, ktora sa odliSuje od standardnej
Stvorvrstvovej OMG architektary (MO — instancie, M1 — model tried, M2 — metamodel, M3
— metametamodel MOF). Schéma tejto architektiry sa nachadza na obrazku 5-12. Dolné
dve vrstvy zodpovedaju Standardnym OMG modelom MO a M1. Najvyssia vrstva pred-
stavujuca jazyk OWL zodpoveda modelu M3. Vrstva ODOL (Object Design Ontology Lay-
er) je metamodelova vrstva zodpovedajica vrstve M2 (obrazok 5-11). Obsahuje definicie
zakladnych pojmov potrebnych na opis vzorov, napr. triedy *Template, Participant, Pat-
tern a iné. Vrstva PDL (Pattern Description Layer) obsahuje tvrdenia o vzoroch vytvorené
pomocou konceptov z vrstvy ODOL, napriklad definicie roli a vztahov medzi nimi.

Priklad opisu navrhového vzoru Abstract factory sa nachadza na obrazku 5-13. Zdro-
je modelu (zobrazené ako elipsy) predstavuju role vzoru, ktoré st v ramci OWL opisu
definované ako instancie tried definovanych vo vrstve ODOL.
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OWL vrstva
napr. owl:Class, owl:ObjectProperty

ODOL (object design ontology layer)
napr. ClassTemplate, MemberTemplate, Pattern

PDL (pattern description layer)
napr. AbstractFactory.Creator, Singleton.StaticField

abstrakcia
inStanciacia

triedy aplikacie (OMG M1)
napr. Transactions, Customers, Window

objekty aplikacie (OMG MO0)
napr. transactions, customers, window

Obrazok 5-12. Pouzita metamodelova architektura [4].
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Obrazok 5-13. OWL opis navrhového vzoru Abstract factory [4].

Rozsirenie o znalosti tykajtce sa roli
Predchéadzajuci pristup predstavuje zaujimavé rieSenie z hladiska pouzitych technoldgii.
Ulozenie znalosti o vzoroch pomocou jazyka definovaného vramci iniciativy Webu
so sémantikou ddva predzvest ich dalSieho mozného vyuzitia. V stvislosti s Webom so
sémantikou dochadza k rozvoju odvodzovacich nastrojov, ktorych tlohou je umoznit
spracovanie ulozenych znalosti. Tym sa otvdra moznost vyuzitia znalostného pristupu
pri zakladnych operaciach so vzormi ako st vytvaranie, modifikacia alebo verifikacia in-
Stancif.

Nedostatkom opisaného pristupu zaloZenom na OWL v porovnani s predoslymi opi-
sovanymi pristupmi je mensie mnozstvo informacii, ktoré o vzoroch poskytuje. Tie sa ty-
kajii najma informacif o roliach ako st napriklad ich pocetnost ¢i dimenzia. Pre spominany
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potencial, ktory so sebou prinasa pouzitie technolégii Webu so sémantikou, bolo vytvore-
né rozsirenie ontologického modelu o tieto chybajtce znalosti, ktoré je podrobne opisané
v praci [20]. Okrem doplnenia chybajicich informacii o roliach boli pridané aj informacie
o moznych evoluciach vzorov podrobnejsie opisanych v kapitole 5.1.2 Evoltcie instancii
vzorov. Priklad rozsireného opisu navrhového vzoru Abstarct factory sa nachadza na ob-
radzku 5-14. V pripade Abstract factory mozno identifikovat dve hlavné role, od ktorych
pocetnosti zavisi pocetnost ostatnych: AbstractProduct a ConcreteFactory. Pocet hracov
roli ConcreteProduct a ConcreteFactory.Creator je od nich priamo zavisly.

Rozsirenim povodného opisu vzorov doslo k odstraneniu jeho hlavného nedostatku
spocivajuceho v nemoznosti uchovavania dostatocného mnozstva informacii. Po odstra-
neni tohto nedostatku moZzno povazovat obsahovt hodnotu tohto pristupu za porovnatel-
nu s pristupmi zalozenymi na UML.

isLeader

Abstract
Factory

isSubclassOf TRUE overrides

isLeader

M
Concrete
Factory

declaredReturnType isSubclassOf

Concrete
Product

changeType

orrelatedOperatoins
Change

relatedRole

AbstractFactory
MultipledRoles1

changeType

CorrelatedClasses
Change

Obrazok 5-14. Diagram rozSireného OWL modelu vzoru Abstract factory.

relatedRole.

relatedRole relatedRole

5.2.4 Grafickd notdcia

Pristup [31] bol vytvoreny na pdde Katedry informatiky a vypoctovej techniky FEI STU,
ktora bola predchodcom dnesnej FIIT STU. Predstavuje grafickti notaciu zachytenia leit-
motifu vzorov, ktord je doplnena o pravidla zaznamenané v textovej forme. Neopiera
o existujticu technoldgiu ako tomu bolo predchadzajucich pripadoch (UML, OWL), ¢o dalo
autorom viac volnosti a priestoru, kedze nemuseli brat v ivahu obmedzenia, ktoré by
plynuli z jej pouzitia.

Leitmotif vzoru je zachyteny pomocou tzv. metaschémy. Ta pozostava z tzv. frag-
mentov a vztahov medzi nimi. Fragmenty zodpovedajti jednotlivym roliam vzoru (repre-
zentujucim Strukturdlne entity aj entity spravania), vramci diagramu su zobrazené
v obdiznikoch. Okrem fragmentov zodpovedajucich roliam obsahuje diagram aj jeden
Specidlny fragment vzoru, reprezentujici vzor ako celok. Vztahy medzi vzormi st zobra-
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zené v kosostvorcoch. Okrem pomenovania vztahu obsahuje opis vztahu aj definiciu mi-
nimalnej a maximalnej kardinality vztahu, ¢im dochadza k definicii pocdetnosti zticastne-
nych roli. Priklad metaschémy zachytavajtcej struktiru vzoru Observer sa nachadza na
obrazku 5-15.
Sucastou opisu vzoru su aj textovo definované pravidla. Priklad takého pravidla pre
vzor Observer je:
for each ConcreteObserver

cardinality of (Subject.observer) =
cardinality of (ConcreteObserver.implements)

1 ObserverPattern !

Subject observers
~ RO
declares
1:1

Update

SO invokes
is refined @

1:1
SetState

v SN Y
ConcreteSubject ‘-‘- -"“’;’fr"f } ConcreteObserver ‘
II Il Update

GetState

Obrazok 5-15. Metaschéma vzoru Observer [31].

5.2.5 Pristup zaloZeny na formdlnych metédach

Préca [6] predstavuje pristup zahfnajaci formalnu Specifikaciu a verifikdciu navrhovych
komponentov a vzorov (pristup pracuje so vzormi ako s komponentmi na tirovni navrhuy).
Poskytuje systematicky prostriedok konstrukcie formalnych modelov navrhovych vzorov,
ktoré s generické (nezavislé od aplikacnej domény) a vo vhodnej forme pre strojové od-
vodzovanie. Okrem toho definuje vlastnosti tykajtice sa ako jednotlivych vzorov tak aj
celych systémov strojovo spracovatelnym spdsobom, ¢im otvdra moznosti formalnej veri-
fikdcii.

V rdmci pristupu sa pre navrhové vzory definujt Strukturalne kontrakty zachytava-
juce Strukturu vzoru, Kontrakty sprdvania zachytdvajice spravanie vzoru a vlastnosti
zachytavajuce pravidla, ktoré identifikuji problémy vramci celkového navrhu.
V nasledujucich podkapitolach budu tieto casti opisu ndvrhovych komponentov podrob-
nejSie opisané.
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Strukturalny kontrakt

V ramci Strukturalneho kontraktu vzoru je definovana struktdara vzoru a operacie umoz-
nujace vykondvat instancidciu a evoltciu instancie vzoru a integraciu viacerych inStancii
vzorov. Opis Struktiry komponentu pozostava z tychto casti :

Konstanty — predstavujui mnozinu tried C, mnozinu atribttov tried AV, mnozinu metod M,

mnozinu typov T a mnozinu pristupovych prav AR.

Predikdty

Predikaty roli RP (Role predicates) tvoria mnozinu informacif o roliach.

Predikaty vztahov CP (Connection predicates) tvoria mnozinu definicii vztahov medzi
jednotlivymi rolami a spdsob ich prepojenia.

Predikaty akcii AP (Action predicates) tvoria mnozinu obsahujticu opisy akcii, ktoré
moze vykondavat rola ndvrhového vzoru.

Mnozinové predikaty SP (Set predicates) tvoria mnozinu prezentujucu informacie
o IubovoInom pocte inStancii role.

Kvantifikacné predikaty QP (Quantification predicates) tvoria mnozinu definujucu
sposob kvantifikacie mnoziny elementov.

Priklad Strukturalneho kontraktu vzoru Observer:

C = {Subject, Observer, ConcreteObserver, ConcreteSubject}

AV = {subject, observers, subjectState, observerState}

M = {attach, detach, getState, update, notify, append, remove}
T = {void, DataType}

AR = {public, protected, private}

RP =

}

abstractclass (Subject),
abstractclass (Observer) ,
class (ConcreteObserver)
class (ConcreteSubject),
variable (Subject, private, observers, Observer),

variable ( ConcreteObserver, private, subject, Subject),
variable (ConcreteSubject, private, subjectState, DataType),
variable (ConcreteObserver, private, observerState, DataType),
method (Subject, public, attach, void),

method (Subject, public, detach, void),

method (Subject, public, notify, void),

method (ConcreteSubject, public, GetState, DataType),

method (Observer, public, update, void),

method (ConcreteObserver, public, update, void)

’

cp = {

}

inherit (Observer, ConcreteObserver),
inherit (Subject, ConcreteSubject)

AP = {

invoke (Subject, attach, observers, append),

invoke (Subject, detach, observers, remove),

invoke (Subject, notify, Observer, update),

invoke (ConcreteObserver, update, subject, GetState),
return (ConcreteSubject, GetState, subjectState)
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sp = {
element (ConcreteSubject, ConcreteSubjectSet),
element (ConcreteObserver, ConcreteObserverSet)

}

QP =
forall (element (ConcreteSubject, ConcreteSubjectSet), CS),
forall (element (ConcreteObserver, ConcreteObserverSet), CO)
}
cs = |
class (ConcreteSubject),
inherit (Subject, ConcreteSubject),
variable (ConcreteSubject, private, subjectState),
method (ConcreteSubject, public, GetState),
return (ConcreteSubject, GetState, subjectState)
}
co = {

class (ConcreteObserver) ,

inherit (Observer, ConcreteObserver),

variable (ConcreteObserver, private, subject, Subject),
variable (ConcreteObserver, private, observerState, DataType),
method (ConcreteObserver, public, update, void),

invoke (ConcreteObserver, update, subject, GetState),

invoke (ConcreteObserver, ConcreteObserver, subject, attach),
invoke (ConcreteObserver, destructor, subject, detach)

}

Tabulka 5-3 obsahuje opisuje spdsob realizacie operacii, ktoré st definované nad opisa-
nym modelom Strukturalneho kontraktu.

Tabulka 5-3. Operéacie vykonavané nad Strukturalnym kontraktom.

Operacia Sposob realizacie operacie

InStancie definovanych navrhovych vzorov sa vytvaraju nahradenim vse-
InStanciacia obecnych konstant reprezentujicich role vzoru nazvami konkrétnych
intancii.

Evolucie definovanych instancii navrhovych vzorov sa realizuju doplnenim

Evollcia alebo odstranenim konstant a predikatov.

Integracia inStancii je realizovana zjednotenim mnozin vSetkych konstant
Integracia a predikatov integrovanych inStancii. Na to, aby mala integracia zmysel je
potrebné, aby prienik tychto mnozin nebol prazdny.

Kontrakt spravania

Kontrakt spravania opisuje dynamické informacie ako kooperacia medzi objektmi zucast-
nenymi v ndvrhovom vzore ¢i vytvadranie novych objektov. Modeluje sa pomocou kolabo-
racii skupin objektov hrajtcich rdzne role a pracujtcich na vykonani spolocnej ¢innosti.

Na vytvaranie formalneho sémantického modelu Kontraktu spravania autori zvolili
procesny kalkulus pre jeho moZnosti modelovat spravanie a subezné spracovanie. Proces-
ny kalkulus umoZznuje hierarchicky opis procesov, ktory je mozné verifikovat, analyzovat
a odvodzovat nad nim. Ako konkrétny procesny kalkulus bol zvoleny CCS [24], pre silu
jeho modelovacieho jazyka a dobrti podporu nastrojov urcenych na kontrolu modelov.
Pre potreby pristupu je CCS syntax nasledovna:
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P::=0 | aP | P+P | PP |P\A| PIE] | x

kde P predstavuje proces, a.P sekvencénti kompoziciu, P + P nedeterministickt volbu, P|P
paralelné spracovanie, P \ A obmedzenie, P[f] preznacenie, 0 prazdny proces a x premen-
nu. Pri definovani kontraktu spravania je potrebné definovat:

— P —koneént mnozinu procesov,

— IP - kone¢nd mnozinu vstupnych portov pripojenych k procesom. Proces prijima
vstupné spravy cez svoje vstupné porty,

— OP - konecnii mnozinu vystupnych portov pripojenych k procesom. Proces vysiela
vystupné spravy cez svoje vystupné porty,

— IM - konecnti mnozinu vstupnych sprav procesov,

— OM - konecntt mnozinu vystupnych sprav procesov,

— IMi - kone¢n mnozinu vstupnych sprav procesov pochadzajiicich mimo komponen-
tu.

— OMI - konecnit mnozinu vystupnych sprav procesov smerovanych mimo komponen-
tu.

— A -konecnti mnozinu akcii, ktoré mézu byt vykonané procesom.
Priklad Kontraktu spravania navrhového vzoru Observer:

P = {aConcreteSubject, ConcreteObserverai, ConcreteObserverB}

1P = {028, S20, Ntfy, Input}

opP = {028, S20, Ntfy}

IM = {Attach, Detach, SetState, GetState, Update, Notify, Change}
OM = {Attach, Detach, SetState, GetState, Update, Notify}

IM; = {Change}

OM; = { }

CCS opis vzoru:

OberverBehavior ::= Subject (aConcreteSubject) |
Observer (ConcreteObserverd) |
Observer (ConcreteObserverB)
Observer (Name) ::= out (02S, Attach) .Observer
out (028, Detach) .Observer +
in(Input, Change) .action (Change) .
out (028, SetState) .Observer +
in(S20, Update) .action (Update) .
out (02S, GetState) .Observer
Subject (Name) ::= in(02S, Attach).action(Attach).Subject +
in (028, Detach) .action(Detach) .Subject +
in (02S, SetState) .action(SetState) .
out (Ntfy, Notify) .Notifying

Notifying ::= in(Ntfy, Notify) .action (Notify).
out (S20, Update) .Updating
Updating ::= in(02S, GetState) .action (GetState) .Subject

Podobne ako pri Strukturdlnom kontrakte, aj pri Kontrakte spravania st definované ope-
racie inStancidcie, evolucie a integracie. V ramci kontextu tejto kapitoly sa nimi nebudeme
podrobnejsie zaoberat.
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Verifikacia kontraktov
Vysledkom operacii instanciacie, evolucie ¢i integracie mozu byt pri nespravnom vykona-
ni nespravne instancie navrhovych komponentov. Aby sa zabranilo takymto désledkom,
boli definované vlastnosti, ktoré identifikuji chybné miesta vo vytvorenych instanciach.
Vlastnosti st koncipované tak, Ze st pravdivé v pripade pritomnosti problému. Ku kazdej
vlastnosti st definované sady pravidiel, ktoré identifikujti jednotlivé konkrétne problémy.
Tabulka ¢& 5-4 opisuje vlastnosti identifikujtice chyby v Strukturalnych kontraktoch.
Obdobnym sp6sobom st definované aj vlastnosti tykajtce sa Kontraktov spravania.
Sacastou prace [6] je aj ukazka realizacie verifikacného nastroja, v ramci ktorej bol
ako implementacny jazyk pre modely a verifikacné vlastnosti zvoleny jazyk XSB Pro-
log [37].

Tabulka 5-4. Vlastnosti identifikujuce chyby v modeloch Strukturalnych kontraktov.

Vlastnost’ Opis vlastnosti + priklad

Vlastnost je pravdiva, ak sa v modeli Strukturalneho kontraktu nachadza nekon-
Konzistencia zistencia.
Priklad problému: Trieda dedi sama zo seba.

Vlastnost zabezpeduje, Ze atribut alebo metdda nemézu byt definované bez
Integrita roli definicie triedy, do ktorej patria.
Priklad problému: Atribut nie je priradeny ani abstraktnej ani oby¢ajnej triede.

Vlastnost zabezpecuje, Ze predikaty akcii si vykonavané na dobre definova-
nom zaklade

Priklad problému: Ak metéda B definovana v triede A vola metédu D v triede C,
niektora z metéd B,D alebo tried A,C nie je definovana

Integrita akcii

Vlastnost zabezpeduje, Ze v ramci definicie Strukturalneho kontraktu nie su zle
definované vztahy medzi elementmi.

Priklad problému: Vo viacndsobnom dedeni obsahuju obaja predkovia metédu
s rovnakym nazvom.

Vztahy

5.2.6 Porovnanie pristupov

V predchadzajacich kapitolach bolo prezentovanych 5 roznych pristupov urcenych
na zachytenie leitmotifov ndvrhovych vzorov. Dva z nich st zalozené na UML metamode-
li, jeden na baze Webu so sémantikou, jeden predstavuje Cisto grafické riesenie a jeden sa
opiera o metddy formalnej logiky implementovateIné pomocou Prologu. V nasledujtcich
kapitolach porovname tieto pristupy medzi sebou.

Porovnanie z hl'adiska pouzitych technologii

Technologie, o ktoré sa tieto pristupy opieraji, maju vplyv na moZznosti, ktoré so sebou
prindsaju. V nasledujiicej casti st porovnané moznosti plyndce z vyuzitia jednotlivych
technologii.

UML metamodel umoznuje velmi dobre definovat opis pozostavajici z pravidiel
pre moznt kompoziciu objektovo orientovanych stavebnych elementov, pomocou ktorych
sa daju opisat vzory. Okrem toho mo6Zeme rozsirit tento opis o obmedzenia vo forme OCL,
ktorymi sa daja presnejsie vySpecifikovat pravidla spoluprace OO elementov. Spolu tvoria
tieto technoldgie komplexné rieSenie schopné zachytit zna¢nu cast leitmotifu vzorov.
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Vyhodou tohto pristupu je pouzitie Standardnych rieSeni pre opis OO softvéru, ¢oho
dosledkom by mohla byt dostupnost nastrojov umoziujtica pracovat s takto uchovanymi
informaciami, podobne ako existencia pridruzenych standardov, napr. standard XMI [36]
urceny na vymenu a zdielanie takto ulozenych znalosti.

Nevyhoda pristupu rovnako tkvie v pouziti UML. UML je totiz velmi komplikovany
a elementy jeho metamodelu komplexne prepojené, ¢o vyrazne znizuje jeho pochopitel-
nost a rozsirovatelnost. Problém nastava, ak by sme potrebovali ulozit do leitmotifu zna-
losti, ktoré sa pomocou Standardnej kombinacie UML+OCL zachytit nedaja. V tomto pri-
pade sa javia dve moznosti: pouzit vstavané rozsirenie UML, ¢im ddjde k vytvoreniu
vlastného UML Profilu (také rieSenie vyuziva jeden z pristupov) alebo rozsirit samotny
UML metamodel v pripade, ak by sme ani UML Profilom nedokazali zachytit nase poZia-
davky. Vzhladom na komplexnost UML metamodelu je vSak jeho rozsirenie velmi prob-
lematické, takZe takéto rieSenie mozno povazovat za jedno z krajnych. Za mierny problém
mozno povazovat aj vymenu takto uloZenych informacii. Sice existuje Standard XMI defi-
novany skupinou OMG, ktory je zalozeny na Stvorvrstvovej MOF [23] architekttre, existu-
je a pouziva sa vsak uz aj jej klon v podobe Ecore od skupiny Eclipse. To by mohlo byt
varovanim pred moznym hroziacim efektom Babylonskej veze, ked by napriek jednému
Standardu existovalo niekolko paralelnych, ¢o by vyrazne zredukovalo moznosti znovu-
pouzitia takto ulozenych znalosti.

Ako alternativu k UML pristupu mozZno uvazovat pristupy zaloZené na iniciative
Webu so sémantikou a formalnych logickych metoédach. Tie poskytuju vacsiu volnost pri
definovani spdsobu uchovavanie znalosti, ktora moze byt uzitotna pri pokusoch
o zachytenie atypickych znalosti. Obe techniky so sebou prindsaju aj nastroje schopné od-
vodzovat nad definovanou bazou znalosti, ktoré mozno vyuzit pri operaciach s danymi
znalostami. V pripade formalnych logickych metdd je vhodnym néstrojom jazyk Prolog,
v pripade Webu so sémantikou mozno pouzit odvodzovacie nastroje vytvorené v ramci
tejto iniciativy, akymi st napr. Racer alebo FaCT++. Jednym z primdrnych cielov iniciativy
Webu so sémantikou je umoznit zdielanie znalosti v strojovo spracovatelnej forme, takze
tato schopnost je mozné plne vyuzit aj v tomto pripade.

Poslednt skupinu tvori ¢isto graficky pristup. Tym, ze sa neoperia o ziadny Standard
alebo technolégiu, sa sice otvarajd moznosti zachytenia velkého mnozstva znalosti, na
druhej strane je vSak pouzitelnost takto ulozenych znalosti z pohladu moznosti strojového
spracovania velmi nizka.

Porovnanie z hl'adiska obsahu

Z hladiska mnozstva znalosti, ktoré je mnozné pomocou opisanych pristupov zazname-
nat, mozno medzi nimi identifikovat rozdiely. Velkym prinosom pristupu Precizne mode-
lovanie vzorov na zdklade UML metamodelu je podrobné rozpracovanie problematiky
roli, v ramci ktorej doSlo okrem iného k zavedeniu pojmu dimenzia role. Kladom inych
pristupov je zase opis nielen z hladiska statickej Struktary, ale aj dynamického spravania
sa vzoru z pohladu interakcie jeho tucastnikov astavového opisu. Pristup zalozeny
na formdlnych metddach so sebou prinasa nielen uchovanie informacii o vzore ale aj moz-
nosti zachytenia konkrétnych instancii, ¢o mu nasledne umoziuje vykonavat zmeny pod-
l'a evolucnych pravidiel nad tymito inStanciami a verifikovat ich struktaru.
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Podrobnejsie informacie o moznostiach, ktoré jednotlivé pristupy umoznuji sa na-
chadzaja v tabulke 5-5. Z nej vyplyva, Ze najviac informacii zachytavaju pristupy Precizne
modelovanie vzorov na zaklade UML metamodelu, Rozsireny OWL pristup a Pristup
zalozeny na formalnych metddach. Rovnako vSak ztabulky vyplyva, Ze ani jeden
z pristupov nema vyraznejsie navrch oproti ostatnym, kazdy ma svoje sice svoje prednosti,
ale vinom naopak zaostava. Preto sa zrejme v budiicnosti nevyhneme modifikacidm nie-
ktorého z pristupov, ak by sme chceli, aby poskytoval vSetky schopnosti, ktoré poskytuji
aj ostatné pristupy.

Tabulka 5-5. Porovnanie pristupov z hladiska obsahu.

UML 1 UML 2 P6évodné | OWL po Graficka Formalne
OwWL rozsireni notacia metody
Pristup zaloze- . . . . . .
ny na roliach ano ano ano ano ano ano
. ano ano
Zachytenie
d ickéh (pomocou . . . . (pomocou
ynamického nie nie nie nie )
spravania sa IPS procesného
a SMPS) kalkulu)
Podpora
pre evoluciu nie nie nie ano nie ano
inStancii vzorov
Existujuca
priama podpora . . . . . .
pre verifikciu nie nie nie nie nie ano
inStancii
Zachytenie
informacie ano ano nie ano ano nie
o kardinalite roli
Zachytenie
informacie
o kardinalite roli . . . . i .
v zavislosti od nie ano nie ano ano nie
kardinality
inych roli

Pozn. UML 1 — Metamodelovaci jazyk zaloZeny na roliach (Role Based Metamodeling Language),
opisany v kapitole 5.2.1; UML 2 — Precizne modelovanie vzorov na zdklade UML metamodelu,
opisané v kapitole 5.2.2.

5.3 Kompozicia vzorov

Myslienka kompozicie viacerych vzorov za ucelom dosiahnutia pozadovaného ciela bola
prezentovana uz autorom celej iniciativy nasadenia vzorov Christopherom Alexandrom.
Vo svojej praci A Pattern Language [1] diskutuje o spésoboch kompozicie vzorov. "It is
possible to make buildings by stringing together patterns, in a rather loose way. A building made
like this, is an assembly of patterns. It is not dense. It is not profound. But it is also possible to put
patterns together in such a way that many patterns overlap in the same physical space: the building
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is very dense; it has many meanings captured in small space; and through this density, it becomes
profound." Autor identifikuje dva spdsoby kompozicie vzorov: zretazenie, v ramci ktorého
su vzory umiestnené volne vedl'a seba a pevné spojenie, v ramci ktorého sa jednotlivé casti
spolupracujacich vzorov prekryvajt.

Praca GoF [12] sa tiez zaobera problematikou spoluprace navrhovych vzorov. Kata-
logizovany opis vzorov obsahuje sekciu ,Pribuzné vzory”, ktora informuje o moznosti
pouzitia daného vzoru v spolupraci s inym. Mo6Zeme to povazovat za zaklady interakcie
medzi navrhovymi vzormi, aj ked praca GoF neodpoveda na otazku, ako presne by jed-
notlivé vzory mali byt spolu prepojené aako by mali spolupracovat. Pokusy
o zodpovedanie podobnych otdzok mo6zeme najst v pracach viacerych autorov.

Vseobecne existuju dva hlavné pristupy ku kompozicii vzorov:

— Kompozicia spravania je zaloZzena na elementoch hrajacich urcité role v roznych vzo-
roch. Pristup pouziva modely zalozené na roliach, ktoré zachytavaju statické a z casti
aj dynamické aspekty vzorov v jednom diagrame. UML nepodporuje taky sposob in-
tegracie, ¢o znamena mensiu podporu pre tento pristup. Tento spdsob kompozicie
vzorov bol pouzity napr. v [17].

— Strukturalna kompozicia je zaloZena na spojeni vzorov podla ich diagramov tried.
Tento pristup vyuziva UML diagramy, takze sa vyhyba problémom s podporou vy-
skytujicou sa v predoslom pristupe. Na druhej strane maju diagramy tried mensiu
expresivitu v porovnani s diagramami zaloZenymi na roliach. Prikladom tohto sp6-
sobu kompozicie je praca [30].

Nasledujuce kapitoly obsahuju podrobnejsi opis vybranych pristupov ku kompozicii na-
vrhovych vzorov.

5.3.1 Vzorovo orientovand analyza a ndvrh

Praca Vzorovo orientovana analyza a navrh (Pattern Oriented Analysis and Design - PO-
AD) [38] [39] predstavuje systematicky pristup ku kompozicii navrhovych vzorov. Vycha-
dza pritom z myslienky, ze zakladnymi stavebnymi blokmi softvéru by mali byt spolupra-
cujuce instancie navrhovych vzory, ktoré dokazu poskytnut funkéne overené riesenia. Aby
sa zjednodusil proces vyvoja obdobnym spdsobom, praca POAD predstavuje metodolé-
giu, ktora vedie vyvojarov od pociato¢nych analyz k optimalizovanému OO navrhu, ktory
je zalozeny na pouziti kooperujacich instanciach navrhovych vzorov.
V ramci POAD sa pozerame na navrhovy vzor ako na komponent navrhu, ktory je
s ostatnymi komponentmi ¢i inymi elementmi navrhu spojeny pomocou rozhrani. Vzor
ma teda definované rozhrania, pomocou ktorych moze spolupracovat sinymi vzormi.
Taky pristup so sebou prinasa nasledujtice vyhody:
— skrytie detailov navrhovych vzorov, ktoré nie st relevantné vo vyssej trovni ab-
strakcie,

— odliSenie tych casti navrhovych vzorov, ktoré su klucové pre kompoziciu,
— flexibilita umoznujuca aplikovat r6zne implementacie vnutornych ¢asti vzorov.

Pre vizualnu podporu metodolégie, POAD definuje tri nové modely, ktoré st pouzivané
pri kompozicii indtancii vzorov. Ulohou tychto modelov je sprehladnit a ulahéit proces
navrhu softvéru pozostavajuceho z komponentov. Problémom beznych UML modelov je
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nedostatocné vyjadrenie pritomnosti inStancie vzoru v navrhu, o je v pripade, ked je po-
trebné pracovat s viacerymi inStanciami vzorov, znaény nedostatok. Modely definované
v ramci POAD tento problém odstranuji, ¢im sa stavaji vhodnejsie na vytvaranie kompo-
zicil inStancii navrhovych vzorov.

Prvym modelom je Model na tarovni vzorov (Pattern Level Model), ktory zachytava
spolupracu vzorov na vysokej irovni abstrakcie. Obsahuje instancie navrhovych vzorov
a vztahy opisujice sposob, akym budi navzajom instancie spolupracovat. Priklad Modelu
na urovni vzorov sa nachadza na obrazku 5-16.

Handle Events

—————————————— > ; it
Scheduler: Reactor |®--——-—-————-—————— SerV|ceFa<_:|I|ty.
Composite
1 = \‘ T~
Generate Customer ; T \:1\ =~ __Schedule Events
Generator: Handle Events ™~ ~a QueuingFacility:
Template Method Composite

Obrazok 5-16. Priklad Modelu na urovni vzorov [39].

Rozsirenim Modelu na trovni vzorov je Model na trovni vzorov s rozhraniami (Pattern-
Level with Interfaces Model). Oproti prvému modelu obsahuje rozsirenie instancii vzorov
oich rozhrania. Vztahy medzi inStanciami st v tomto modeli realizovane vylucne cez
rozhrania. Priklad Modelu na trovni vzorov s rozhraniami sa nachadza na obrazku 5-17.

Scheduler:Reactor

ServiceFacility: Composite
EventHandler

Component

Generator :TemplateMehtod QueuingFacility: Composite

AbstractClass: TemplateMethod c
“omponent

Obrazok 5-17. Priklad Modelu na drovni vzorov s rozhraniami [39].

Poslednym modelom je Podrobny model na trovni vzorov (Detailed Pattern-Level Model).
Predchadzajtici model rozsiruje o interné casti vzorov, ktoré zostavali doposial skryté.
Okrem toho priddva prepojenia medzi internymi ¢astami vzorov a rozhraniami komuni-
kujtcimi s okolitymi komponentmi. Priklad Podrobného modelu na tirovni vzorov sa na-
chadza na obrazku 5-18. Samotna metodoldgia pozostava z troch hlavnych krokov:
1. Analyza — Pocas analyzy sa ziskavaju poziadavky kladené na vyvijany systém.
Z pohladu POAD je hlavnym vysledkom zoznam vzorov, ktoré budii navzajom spo-
lupracovat.
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2. Navrh na vysSej trovni — V tejto faze sa definuje spdsob spoluprace medzi vzormi.
Postupne sa vytvori Model na trovni vzorov, Model na tirovni vzorov s rozhraniami
a Podrobny model na trovni vzorov. Vysledkom kroku je navrh pozostavajtci
z inStancii vzorov, ktory nie je optimalizovany.

3. Zdokonalenie navrhu - V poslednom kroku dochadza k optimalizacii navrhu.
Pri prepajani instancii mohlo dojst napr. k vzniku duplicitnych rozhrani, pripadne
tried, ktorych vyznam je minimalny. V tomto kroku su také nedostatky odstranené,
¢oho vysledkom je vysledny optimalizovany navrh systému pozostavajuci zo spolu-
pracujucich inStancii ndvrhovych vzorov.

Scheduler: Reactor ‘ Generator: Composite

Component

EventHandler Event Handler

HandleEvent()
HandleClose()
GetHandle()

/N

ConcreteEventHandler Reactof
+Dispatch() !

_|Operation()

— — 7 |Add()
onent Remove()

Leaf Composite

Dlspatc h

Generator: TemplateMethod QueuingFacility: Composite

AbstractClass

Component
TemplateMethod() | Template Metho Operation()
PrimitiveOp1() —|— _ —— " addg
PrimitoveOp2() onent Remove()
ConcreteClass Leaf f/ \KCQm osite
PrimitiveOp1() p
PrimitoveOp2()

Obrazok 5-18. Priklad Podrobného modelu na urovni vzorov [39].

Praca POAD definuje metodolégiu tvorby softvéru na zaklade vzorov pouzitych ako
komponenty navrhu, nedefinuje vSak konkrétne spdsoby prepojenia vzorov. Spolieha sa
na vedomosti a skisenosti vyvojarov, ktori majui sami identifikovat vhodné spojenia me-
dzi vzormi. Jedinou konkrétnou pomdckou pre vyvojarov je mini katalég 10 navrhovych
vzorov (Strategy, Observer, Composite, Reactor, Template method, Proxy, Abstract facto-
ry, Builder, Mediator, Command) obsahujaci Specifikacie rozhrani tychto vzorov pre in-
terakciu s inymi vzormi.

Na to, aby sa pristup presadil v praxi, je potrebna jeho podpora CASE nastrojmi,
vdaka ktorej by bolo mozné efektivne vytvarat vsetky stivisiace modely, ¢im by sa zjedno-
dusil proces navrhu od definicie komponentov az po optimalizovany navrh. CASE nastroj,
ktory by to umoziioval, doposial neexistuje, ¢o vyrazne redukuje potencial aplikovania
POAD pristupu v redlnom prostredi.

5.3.2 Hybridizdcia vzorov

Hybridizacia vzorov (Pattern hybridization) [28] predstavuje iny pristup, ktory prinasa viac
formalizmu do procesu kompozicie vzorov. Jeho cielom je na zdklade formalnych met6d
urcit, ¢i su dva vzory vhodné na kompoziciu. V terminoldgii tohto pristupu sa kompozicia
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dvoch vzorov nazyva hybridny vzor, z ¢oho vyplyva aj pomenovanie pristupu. Vzory sa
v tomto kontexte reprezentované pomocou trojice vlastnosti klasifikacnych kritérii:

Vzor [Aplikované na, USel, Jedinedny vyznam],

kde jednotlivé kritéria maju nasledovny vyznam:

— Aplikované na — reprezentuje entitu, na ktort sa vzor aplikuje. M6Ze mat nasledovné
kategorie: objekty (objects), rodiny objektov (object-families), prepojené rodiny ob-
jektov (related-object families).

— Uéel - reprezentuje tcel aplikacie vzoru. Kategoérie kritéria st definované v [15]:
funkcionalita (functionality), rozhranie (interface), stav (state), pristup (access), komu-
nikacia (communication), ulozenie (physicality), inStanciacia (instantiation).

— Jedinecny vyznam — poskytuje kratky verbalny opis jednoznacného spravania, ktoré
vzor poskytuje.

Napriklad vzor Singleton je pomocou trojic opisany nasledovne:
Singleton[objekty, insStancidcia, trieda potrebuje byt inStanciovana
max. jednou inStanciou].
Pristup definuje dva odlisné sposoby interakcie, podla ktorych mo6zu byt vzory hybridizo-
vané: Pouziva (Uses) a Kombinuje (Combines)

Pouziva

Vzor pouziva iny vzor na rieSenie niektorého zo svojich podproblémov. Vzory mézu byt
hybridizované tymto spdsobom, ak je hodnota ich kritéria Uéel rovnaké. St definované
exaktné pravidla urcujtice za akych podmienok a ako mdzu byt vzory podla tohto kritéria
hybridizované:

—  Vzorl[spojené rodiny objektov, UCEL, A] pouziva Vzor2[objekt, UCEL, B], ¢im vznika no-
vy vzor HybridnyVzor[spojené rodiny objektov, UCEL, A + AB], kde UCEL predstavuje
spolocny ucel pre oba vzory a A + AB predstavuje vyznam prvého vzoru doplneny
o cast vyznamu druhého vzoru.

— Vzorl[spojené rodiny objektov, UCEL, A] pouziva Vzor2[rodiny objektov, UCEL, B], &m
vznika novy vzor HybridmjVzor[spojené rodiny objektov, UCEL, A + AB].

— Vzorl[rodiny objektov, UCEL, A] pouziva Vzor2[spojené rodiny objektov, UCEL, B], ¢im
vzniké novy vzor HybridnyjVzor[rodiny objektov, UCEL, A + AB].

— Vzor1[rodiny objektov, UCEL, A] pouziva Vzor2[rodiny objektov, UCEL, B], &im vznika
novy vzor HybridnyVzor[rodiny objektov, UCEL, A + AB].

— Vzorl[objekty, UCEL, A] pouZiva Vzor2[objekty, UCEL, B], ¢im vznikd novy vzor Hyb-
ridnyVzor[objekt, UCEL, A + ABJ.

Priklad hybridného vzoru podla interakcie Pouziva je Prototype pouZzivajici Singleton:
Prototype [objekty, instancidcia, klonovaniel
pouziva

Singleton[objekty, instancidcia, trieda potrebuje byt
instanciovand max. jednou inStancioul
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¢im vznika
Hybridny vzor [objekty, inStancidcia, klonovanie s vyuzitim
jednej insStanciel]

Kombinuje

Vzor sa kombinuje s inym vzorom, aby sa dosiahlo zmieSané spravanie. Na rozdiel inter-
akcie PouZiva, interakcia Kombinuje spaja vzory s rozliénou hodnotu kritéria Ucel. Po-
dobne ako v predoslom pripade, aj pre tito interakciu st definované formalne pravidla
urcujuce, ktoré vzory a ako mozu spolu tvorit hybridny vzor.

Na arovni navrhu st definované tri spdsoby kompozicie: zdielanie hierarchie, vézba
medzi vzormi a interakcie podtried. Vyberom spdsobu kompozicie sa pristup nezaobers,
opat je ponechany na schopnosti a sktisenosti vyvojara. Pristup bol spesne implemento-
vany v ramci prace [18].

5.3.3 Zhodnotenie pristupov ku kompozicii vzorov

Oba predchadzajtice pristupy sa snazia riesit problém kompozicie vzorov univerzalnym
sposobom. Prvy znich predpokladda komponentovy spdsob vyvoja, pricom prepojenie
komponentov nechdva plne v zodpovednosti vyvojara bez toho, aby riesil, ¢i je dané spo-
jenie vhodné, alebo nie. Druhy pristup sice definuje pravidl4, ktoré naznacia, ¢i sa dva
vzory vhodné na vzajomnu kompoziciu, no opit nedefinuje, akym spésobom by sa kom-
pozicia mala realizovat. Je zrejmé, ze oba pristupy sa spoliehaju na znalosti vyvojarov,
ktori ich maji pouzivat, priCom im pomahaju len ciastocne. KedZe spravna kompozicia
vzorov je zlozity problém, nie je mozné ocakavat, Ze by sa dal hned plne automatizovat.

Pristupy st tvorené tak, aby viedli k o mozno najcastejSiemu pouzitiu vzorov v rie-
Seniach. Najma prvy ich predstavuje ako overené riesenia, ktoré je vhodné pouzit ihned
pri prvej prilezitosti. Taky sposob sa moze javit na prvy pohlad vhodny, no neskér sa mo-
Zu prejavit jeho nedostatky. Tym, Ze sa vyvojar snazi umiestnit do softvéru ¢o mozno naj-
viac vzorov, softvér sa stdva zbytocne univerzalnym, komplikovanym a tazko pochopitel-
nym. Jednym z ddvodov aplikdcie navrhovych vzorov je priprava softvéru na mozné
zmeny v budtcnosti.

Napriklad, ak st takéto zmeny malo pravdepodobné a dlhodobo nenastavaji, pouzi-
tie ndvrhového vzoru v aplikacii moéze byt zbytocné. Pouzitie zbyto¢nych navrhovych
vzorov so sebou prinasa problémy. Prvym je potreba uchovania informacii o pouziti vzo-
rov, aby v budticnosti pri zmenach nedoslo k poskodeniu ich vnuatornej struktary. Dru-
hym je zniZena efektivita zdrojového kédu, ktora je castym dosledkom nasadenia vzorov.
Preto by sa malo pristupovat k aplikacii vzorov obozretne. Aj podla nazorov E. Gammu
[34] by sa mali pouzivat len v pripadoch, ked to vyplyva zo situdcie.

KedZe opisané univerzalne pristupy nehovoria ni¢ o tom, ako by mali byt vzory
kombinované na drovni navrhu, rieSenim by mohlo byt vytvorenie katalégu korektnych
kompozicii navrhovych vzorov. Taky kataléog by mal vysvetlit vyznam spojenia vzorov
a definovat sposob, akym dané vzory korektne prepojit na trovni navrhu. Myslienka ta-
kého katalogu bola podrobnejsie opisana v praci [19].
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5.4 Modelovanie s navrhovymi vzormi na vyssej arovni abstrakcie

Pri pouzivani navrhovych vzorov v praxi sa spravidla stretdvame iba so Standardnymi
UML modelmi. Obsahuji konkrétne inStancie vzorov vo forme spolupracujiacich OO prv-
kov, pricom informaciu, Ze ide o pouzitie nejakého vzoru, naznacuju len pomenovania
tychto prvkov. Presna informacia o tom, aku rolu hra dany prvok diagramu, chyba. Potom
sa moze Tahko stat, Ze vyvojar spdtne nerozpozna, ze ide o pouzitie urcitého vzoru, ¢o
v kone¢nom doésledku moze znamenat stratu vyznamu jeho nasadenia, ¢i iné komplikacie.
Tym, Ze v diagramoch Standardne neuchovavame explicitné informéacie o vzoroch, ¢asto sa
v navrhu stracajd, ¢im sa sami pripravujeme o mnohé vyhody, ktoré plynt z ich pouzitia.
Nasledne vyvojari pracuju opat na OO urovni navrhu, zatial ¢o by mohli pracovat
s vysSou uroviiou abstrakcie, ktort vzory prinasaju.

5.4.1 Moznosti prdace na vyssej sirovni abstrakcie

Existuje niekolko rieSeni, ktoré sa snazia pridat informacie o aplikovanych instanciach
vzorov do modelov zachytavajucich navrh systému. V ramci prace POAD podrobnejsie
opisovanej v kapitole 5.3.1 su prezentované tri nové modely, ktoré sltizia tomuto tcelu.
Pristup pocita sa postupnym vytvaranim modelov od najvyssej trovne abstrakcie
na urovni komponentov az po optimalizovany OO navrh. Ten je vSak zachyteny vo forme
bezného UML diagramu, takze informacie o aplikovanych navrhovych vzoroch
vo findlnom modeli opét chybaju.

V préci [7] st opisané rdzne rozsirenia UML diagramov, ktoré dopliajui informacie
o pritomnosti inStancii vzorov. Tie sice predstavuju prinos pri modelovani softvérového
navrhu s pouzitim vzorov, stale vsak kladd doraz na rozmiestnenie a spolupracu tried,
pricom informacie tykajtice sa vzorov su az druhoradé. Znamena to, Ze navrhar pracujuci
s takymito modelmi robi stale na nizsej irovni abstrakcie, nez umoznuju vzory. Samotné
znacky tykajtce sa vzorov su do diagramov pridané az po vytvoreni modelu tried. To
znamend, ze navrhar musi najskér sam pochopit vzor, manualne vytvorit jeho inStanciu
v navrhu a ti oznackovat tak, aby bolo mozné vzor spatne rozpoznat.

Ovela zaujimavejsi pristup by bol, keby bolo mozné priamo pracovat na vyssej trov-
ni abstrakcie - na trovni vzorov. Navrhar by definoval, aky vzor chce pouzit a ako ho chce
pripojit do kontextu rieSeného systému. Nastroj by nasledne zabezpecil vytvorenie inStan-
cie vzoru, ktort by korektne napojil k ostatnym castiam navrhu podla Specifikacie pouzi-
vatela. Na to, aby bolo mozné nad nie¢im podobnym uvazovat, je potrebné zadefinovat
dve zakladné techniky:

— formu modelovania, pomocou ktorej by bolo mozné modelovat na vyssej tirovni ab-
strakcie vzorov,

— metddy, ktoré by transformovali modely na vyssej trovni abstrakcie do modelov na
klasickej OO trovni.

Pri uvazovani o takomto spdsobe rieSenia je mozné vyuzit vysledky stivisiace s iniciativou

Modelom riadena architekttra (Model Driven Architecture — MDA) [25]. MDA pristup

umoznuje modelovat na vysSej tirovni abstrakcie nezavisle od platformy, na ktorej by mal

byt vysledny systém nasadeny. Nasledne by malo byt mozné po dodani specifikacii jed-

notlivych platforiem transformovat takto vytvorené modely do modelov, ktoré st posta-
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vené pre konkrétne platformy. Z nich by sa nasledne malo dat vytvorit konkrétne, v ramci
platformy pouzitelné rieSenie (napr. zdrojové kody, konfiguracné sabory a pod.).

Pre nase potreby definovania navrhu na vyssej irovni abstrakcie vzorov sa javi MDA
pristup ako vhodné riesenie. Za platformovo nezavislé modely (PIM) povazujeme modely
na urovni navrhovych vzorov. Za platformovo Specifické modely (PSM) mdzeme povazo-
vat klasické UML modely obsahujtice konkrétne aplikované instancie vzorov, z ktorych je
neskér mozné vygenerovat zdrojové kédy. Za platformu mozno povazovat definicie
Struktar navrhovych vzorov z pohladu OO navrhu. Zostava dospecifikovat formu zapisov
platformovo nezavislych modelov (PIM) a nastroje, ktoré budu pouzité na transformaciu
z PIM do PSM.

Pred vyberom jazyka PIM je nutné uviest poziadavky, ktoré budu od neho vyZzado-
vané. NajdolezitejSou je mozZnost modelovania na drovni vzorov, pricom je nutné mat
moznost pripojit prvky modelu na drovni vzorov do kontextu ostatného OO navrhu. Tu
sa javi ako najvhodnejSia moznost pouzivat rozsirené UML modely, pricom samotné prv-
ky na trovni vzorov budu odliSené od ostatnych pomocou vlastného UML Profilu.

5.4.2 Modelovanie vzorov

V ramci Struktary navrhovych vzorov mozno identifikovat role, ktoré vykonavaja urcitt
doménovo Specifickti funkcionalitu a role, ktorych cinnost je z vacSej Casti nezavisla od
doménovej oblasti. Takéto role st viac-menej vramci vzoru implicitné, vyplyvaju
z pouZitia vzoru, no pri priblizovani vzoru doménovej oblasti sa nimi nemusime zaoberat.
Touto myslienkou je motivovany aj predstavovany sposob modelovania vzorov. Jeho
princip tkvie v definovani pouzitia samotného vzoru aroli, ktoré st doménovo zavislé.
Doménovo nezavislymi rolami sa nemusime pri modelovani zaoberat, nakolko ich pri-
tomnost je definovand uz pritomnosfou samotnej inStancie vzoru, a teda mozu byt auto-
maticky doplnené v ramci transformaécie vzoru do finalneho OO navrhu.

V nasledujicej Casti st prezentované ukazky modelovania na vyssej trovni abstrak-
cie pre vzory Composite a Decorator vratane ukazky ich moznej kompozicie.

Composite

Ciefom vzoru Composite je umoznit zhromazdovanie objektov do stromovych Struktur,
pricom by malo byt mozné pracovat s jednym objektom rovnako ako so skupinou.

Ked sa pozrieme na vzor z pohladu, ako by sa mal modelovat, mézZeme si vSimnut,
ze jediné, co potrebujeme definovat, je trieda (pripadne skupina tried), ktora ma byt ulozi-
telna v stromovej hierarchii. Ostatné informadcie, ako napriklad konkrétna forma vytvara-
nia stromovej Struktdry, nie je pre nas pri modelovani na vyssej urovni podstatna. Takéto
informacie by mali byt obsiahnuté v konfiguracii vytvarania in$tancie vzoru a nie neodde-
liteInou sticastou modelu.

Z tohto dovodu sa javi vhodné modelovat vzor Composite pomocou dvoch prvkov
modelu: prvku reprezentujiiceho samotny vzor a triedy, ktord ma byt pomocou vzoru
ukladana. Na obrazku 5-19 sa nachddza ukazka modelovania vzoru na vysSej trovni.
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MyComposite
{CompositePattern = true}
myQperation(){sequential, CompositeOperation = true}
I

|
MyLeaf
{CompositeLeaf = true}

ClassWorkingWithCompositePattern

ClassWorkingWithLeaf

Obrazok 5-19. PIM so vzorom Composite.

Pomocou UML Profilu (a pre prehladnost taktiez Sedym podfarbenim) st odliSené
prvky vzorov od ostanych OO prvkov. Prvok MyComposite predstavuje inStanciu vzoru
ako celok. Jeho sticastou je aj metdda myOperation predstavujica metddu, ktorti dokaze
vykonavat cela hierarchia a rovnako kazdy jej ¢len. Trieda MyLeaf predstavuje triedu,
ktora moze byt pomocou vzoru uloZend. Model zachytava okrem prvkov na trovni vzoru
aj triedy na urovni bezného OO navrhu, pricom tie dokazu navzajom spolupracovat: mo-
del obsahuje jednu triedu pracujiicu s celou hierarchiou poskytovanou vzorom a jednu
triedu, ktora dokaze pracovat len s triedou predstavujicou list v hierarchii vzoru.

Opisany model moZe byt transformovany do modelu klasického OO navrhu, vysle-
dok transformacie pre predchadzajiici model sa nachadza na obrazku 5-20. Ten obsahuje
korektne vytvorent instanciu vzoru Composite spolu s triedami, ktoré so vzorom spolu-
pracuju tak, ako to definuje model na obrazku 5-19.

ClassWorkingWithCompositePattern

MyComposite

myOperation()

I

MyCompositeComposite

amdyd(?)peration() MyLeaf
children remove() myOperation()

getChild()

ClassWorkingWithLeaf

Obrazok 5-20. PSM so vzorom Composite.

Pri praktickej realizacii transformadcie je vhodné oznacit elementy vysledného navrhu hra-
juce role vo vzoroch vybranym mechanizmom z [7], ¢im by sa zachovali informacie
o aplikacii vzoru aj v ndvrhu na nizsej tirovni, ulahcila by sa moznost generovania zdrojo-
vého kédu z modelu a sucasne sa by sa zjednodusila moznost spdtného vytvorenia mode-
lu PIM z PSM.
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Decorator

Vzor Decorator sltizi na dynamické pridavanie zodpovednosti triedam. Predstavuje flexi-
bilnu alternativu ku klasickému rozsirovaniu systému pomocou pridavania potomkov do
hierarchii dedenia. Jeho idea spociva v definovani tried, ktorych objekty maja byt dekoro-
vatelné a dekoratorov, ktoré maju rozsirovat funkcionalitu tried (dekorovat triedy). Prin-
cip dekorovatelnosti spociva v postupnom volani metdd rozsirujucich dekoratorov v ram-
ci volania pévodnej metody.

Ked sa opdtovne pozrieme na vzor Decorator z pohladu modelovatelnosti, mozeme
si vSimnut, Ze prioritou je v rdmci modelu definovat dekorovateIné triedy a ich dekorato-
ry. Forma, ako tieto triedy konkrétne spolupracuji za iicelom dosiahnutia svojho ciela, pre
nas nie je v danom momente podstatna.

Modelovat vzor sme sa rozhodli podobnym spdsobom ako v pripade vzoru Compo-
site: definovanim prvku predstavujicim instanciu vzoru a triedami predstavujicimi deko-
ratory a dekorovatelné triedy. Prvok predstavujtici samotny vzor navyse obsahuje defini-
ciu metoddy, ktorej funkcionalita moze byt v ramci instancie vzoru dekorovatelna. Obrazok
5-21 zachytava ukazku vyssieho modelu vzoru Decorator pracujuceho s jednou dekorova-
telnou triedou ConcreteComponent a dvomi dekoratormi DecoratorA a DecoratorB.

MyDecorator
{DecoratorPattern = true}

myOperation(){sequential,DecoratorOperation = true}

|
ConcreteComponent DecoratorA DecoratorB
{DecoratorConcreteComponent = true}| |{DecoratorConcreteDecorator = true}| |{DecoratorConcreteDecorator = true}

Obrazok 5-21. PIM so vzorom Decorator.

Obrazok 5-22 zachytava vysledok transformécie modelu z obrazku 5-21 do bezného mode-
lu na arovni OO navrhu.

MyDecorator
myQOperation()
| | component
ConcreteComponent MyDecoratorDecorator
myOQOperation() myQOperation()
DecoratorA DecoratorB
myOperation() myOperation()

Obrazok 5-22. PSM so vzorom Decorator.
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Kompozicia viacerych vzorov

Podobne ako sme pristupovali k modelovaniu jednoduchych instancii vzorov, mdzeme
pristupit aj k ich kompozicii. Predviest moznosti modelovania na vyssej irovni mozeme
na spolupraci uz opisanych vzorov Composite a Decorator, ktorych spojenie umoznuje
vytvarat hierarchické struktiry dekorovatelnych objektov.

Kompoziciu vzorov modelujeme podobne, ako sme v predchadzajiicich prikladoch
modelovali samostatné instancie vzorov. Opit definujeme jeden prvok modelu, v tomto
pripade predstavujici kompoziciu viacerych vzorov. K tomuto prvku pripojime triedy
hrajuace role jednotlivych vzorov. Priklad takto definovanej kompozicie je na obrazku 5-23.

MyCompositeDecorator
{CompositePattern = true,
DecoratorPattern = true}
myOperation(){sequential, CompositeOperation = true,

DecoratorOperation = true}

I
ConcreteComponent | DecoratorB
{CompositeLeaf = true, | {CompositeLeaf = true,
DecoratorConcreteComponent = true} | DecoratorConcreteDecorator = true}
I

DecoratorA
{CompositeLeaf = true,
DecoratorConcreteDecorator = true}

Obrazok 5-23. PIM s kompoziciou vzorov Decorator a Composite.

Model moézeme transformovat podobne ako v predoslych pripadoch do klasického OO
navrhu. Jednym zo sp6sobov, ako to moézeme urobit, je transformovat ho po castiach —
najskor vytvorit inStanciu jedného vzoru a nasledne druhého. Priklad priebehu takejto
postupnej transformacie sa nachadza na obrazku 5-24.

MyCompositeDecorator
{CompositePattern = true}

myOperation(){sequential, CompositeOperation = true}

e N
e N

e N
A |
ConcreteComponent MyDecoratorDecorator component
{CompositeLeaf = true} {CompositeLeaf = true} K> |
myOperation(){sequential} myOperation(){sequential}
DecoratorA DecoratorB
myQOperation() myOperation()

Obrazok 5-24. Model s kompoziciou vzorov Decorator a Composite po tranformacii vzoru Decorator.
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Ten predstavuje krok po vytvoreni inStancie vzoru Decorator, ale eSte bez inStancie
vzoru Composite. Obrazok 5-25 obsahuje vyslednt kompoziciu inStancii vzorov.

MyCompositeDecorator

myOperation()

T

component
ConcreteComponent MyDecoratorDecorator
myOperation() myOperation()
children %
MyCompositeDecoratorComposite
myOperation()
add()
remove()
getChild() DecoratorA DecoratorB
myOperation() myOperation()

Obrazok 5-25. PSM s kompoziciou vzorov Decorator a Composite.

5.4.3 Transformdcie medzi modelmi

Délezitou castou, ktort je potrebné riesit, si transformacie medzi modelmi. Ich tilohou je
na zaklade Specifikacie definovanej v rdmci vyssieho modelu vytvorit korektné insStancie
vzorov a prepojit ich Casti s ostatnymi prvkami modelu, ¢im vznikne navrh na OO drovni.

Ulohou transformacie nemé byt len vytvorit "nejakd" instanciu vzoru. Kazdy vzor je
mozné navrhnut a implementovat viacerymi korektnymi sposobmi, illohou transformacie
je aplikovat v danej situacii najvhodnejsi variant vzoru a v takej podobe pripravit jeho
instanciu. Ako priklad moéZeme definovat rézne varianty inStancii opisanych vzorov
Composite a Decorator.

Composite

Najcastejsie opisované varianty vzoru na urovni navrhu sa liSia v umiestneni metdéd pre
pridanie alebo odstranenie prvkov hierarchie. Tieto metédy moézu byt umiestnené bud
v ramci najvyssej triedy celej hierarchie (hrac¢ roly Component) alebo len v ramci triedy
sliziacej na zoskupenie ostatnych tried (hrac¢ roly Composite) [14]. Ak sa metdédy umiest-
nia do najvyssej triedy hierarchie, zjednoti sa sice celé jej rozhranie, ale na druht stranu sa
tieto metddy stant bezvyznamné pre triedy, ktoré neobsahuju dalSie podtriedy (listy).
Urcit, ktory zo spdsobov je vhodnejsi, nie je jednoduché, pretoze zavisi od toho, akym
sposobom si vyvojar zela pracovat so vzorom. Preto rozhodnutie o variante v pripade
samostatnej instancie vzoru Composite by malo byt definované pouzivatelom, napriklad
v konfigurdcii transformdcie.

Decorator

V pripade vzoru Decorator mozno identifikovat alternativy vo forme pouzitia ¢i nepouzi-
tia rozhrania zastreSujiiceho konkrétne dekoratory. V tomto pripade sa moze javit volba
alternativy jednoduchsie: ak je definovanych viac dekoratorov, pouzit toto rozhranie,
v pripade jedného dekoratora rozhranie straca vyznam, a preto ho mézeme vynechat.
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Kompozicia vzorov Composite a Decorator

Pri vytvarani kompozicie viacerych vzorov je nutné vybrat také alternativy jednotlivych
spajanych vzorov, aby bolo mozné zabezpecit ich vzajomnu spolupracu ¢o mozno najjed-
noduchsie. V ramci prikladu doslo k pouZzitiu vzoru Decorator so samostatnym rozhranim
pre dekoratory, pretoZe instancia obsahuje viac dekoratorov. Sticasne bol pouzity variant
vzoru Composite s metédami na pridavanie a odoberanie objektov len v ramci kompozit-
nej triedy, nakolko pridanie met6éd do celej hierarchie by znamenalo pridanie tychto me-
tod aj do tried definovanych vzorom Decorator, ¢o by zbyto¢ne komplikovalo navrh.

Realizacia transformacii

Existuje viacero jazykov urcenych na transformaciu medzi modelmi. Jednou z alternativ je
jazyk QVT (Query View Transformation), ktory bol definovany pre potreby MDA skupi-
nou OMG. Jeho Specifikacia je vSak natolko zlozita, Ze momentalne neexistuje implemen-
tacia, ktora by uplne vyhovovala tomuto jazyku. Preto je vhodné priklonit sa k niektorému
z jazykov, ktoré sa svojou funkcénostou blizia ku QVT, ale na rozdiel od neho uz maju
funkéntt implementaciu. Prikladom takého jazyka je ATL, ktory bol vytvoreny v ramci
Eclipse Modeling Framework. V tvahu pripadaju aj jazyky definované v ramci existuju-
cich vyvojovych prostredi, akymi s napr. Borland Together alebo Rational Software Ar-
chitect.
Nasledujtci priklad je ukazkou transformacie vzoru Singleton, ktora pridava triede
statickt metédu urcenti na vytvorenie instancie.
rule SingletonClass {
from s : UML2!uml::Class (
if thisModule.inElements->includes(s) then
s->0clIsTypeOf (UML2!uml: :Class) and
s->getAppliedStereotypes () ->

exists (m|m.qualifiedName="'MyProfile::Singleton')
else false endif)

to t : UML2!uml::Class (name <- s.name + 'Singleton'),
op : UML2!uml: :Operation (
name <- 'getInstance',
class <- t,
visibility <- #public,
isStatic <- true),

p : UML2!uml::Property (
name <- 'instance',
type <- t,

visibility <- #private,
isStatic <- true)

}

V priklade bol prezentovany pevny sposob transformacie, ked transformacné pravidla
priamo definujd, ako sa maja jednotlivé elementy modelu transformovat. Proces transfor-
macie by vSak mohol byt riadeny vybranym opisom Struktary vzorov (napr. niektorym
z opisanych v ramci kapitoly 5.2 Opisy navrhovych vzorov), pomocou ktorého by sa vy-
tvarali inStancie vzorov. V takom pripade by bolo mozné zapojit do procesu transformacie
moznost vyberu vhodného variantu vzoru ¢i vykonania verifikacie vytvaranych instancii,
ktorej vysledkom by mohlo byt upozornenie vyvojara na nekonzistencie navrhu.
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5.4.4 Pristup k tvorbe instancii navrhovych vzorov

Podkapitola 5.1.1 opisuje dva odlisné procesy, ktoré je potrebné vykonat pri vytvarani
korektnej inStancie vzoru: konkretizaciu a Specializaciu. Konkretizaciou sa do abstraktnej
inStancie postupne pridavaju hraci vSetkych roli, ktoré je potrebné v ramci instancie reali-
zovat. Specializécia znamena pribliZenie vzoru zo véeobecného opisu do konkrétnej do-
ménovej oblasti vyvijaného softvéru (napr. korektné pomenovanie roli). V ramci nasho
pristupu sa snazime zautomatizovat oba procesy v ¢o mozno najvacsej miere. Viac priesto-
ru sa objavuje v procese konkretizacie, nakol'ko od pouzivatela dostaneme iba opis niekto-
rych hracov roli, zvySnych hracov doplni proces automatickej transformacie. V pripade
Specifikacie inStancie vzoru sa velka ¢ast ponechava na pouzivatela, ktory definuje domé-
novo zavislych hracov roli a sucasne Specifikuje napojenie vzoru do kontextu zvysného
softvéru. V tomto smere si moznosti automatickej transformacie znacne limitované, na-
kolko je prave tulohou pouzivatela Specifikovat ako priblizit inStanciu vzoru
do doménovej oblasti.

5.4.5 Zhodnotenie pristupu

Cielom pristupu je poukazat na moznosti modelovania navrhu softvéru na réznych trov-
niach abstrakcie s pouzitim navrhovych vzorov. Vychadza pritom z iniciativy MDA, ktora
je postavena na myslienke pouZzivania modelov na r6znom stupni nezavislosti od pouzitej
platformy. Prinosom takého spdsobu modelovania je moznost pracovat, uvazovat a ko-
munikovaft na drovni vzorov podla idei autorov, ktori vzory definovali. S vyuzitim MDA
pristupu mdzeme nielen modelovat na tirovni vzorov, ale nase modely transformovat do
beznych OO modelov a nasledne do zdrojovych kédov.

Podkapitola poukazuje na moznosti modelovania na vyssich tirovniach abstrakcie, no
nepokusa sa rieSit tato komplexnt problematiku ako celok. Za jej primarny ciel moZno
povazovat identifikaciu problému a prezentacie prikladov formy riesenia, pomocou ktorej
by mal byt podobny problém eliminovany. Pri vytvarani prikladov sa vynarali dalSie
otazky, na ktoré bude potrebné v buduicnosti zodpovedat. Mozno ich zhromazdit do uz
spominanych dvoch skupin: otazky ohladom Specifikacie spdsobu modelovania prace so
vzormi a otazky ohladom transformacii medzi modelmi.

5.5 Zhodnotenie

Kapitola sa zaobera problematikou modelovania navrhovych vzorov a moznostami prace
s navrhovymi vzormi na urovni modelov. Prezentuje opisy problematiky z viacerych po-
hladov, ¢im poskytuje komplexnejsi nadhl'ad na aktudlny stav poznania.

Prvy z opisovanych pohladov je opis zZivotného cyklu instancie nadvrhového vzoru
pozostavajuci z vytvorenia a evoldcie inStancie. Vytvaranie inStancie tvoria dve navzajom
nezavislé ¢innosti. Casto si to neuvedomuje, nakolko ich obe vykonavame intuitivne, bez
toho aby sme sa nad tym doslednejsie zamyslali. Prvou je postupna dekompozicia vzoru,
ked od prvotnej myslienky pouzitia vzoru postupne pripdjame do vznikajiceho rieSenia
hracov jednotlivych roli, az pokial nevytvorime kompletnt OO Struktiru instancie. Dru-
hou ¢innostou, ktord musime vykonat, je priblizenie vSeobecného opisu vzoru do domé-
novej oblasti. Ked' sa na dany stav pozrieme z pohladu moznosti automatizacie procesov,
mozno vidiet potencial v podpore dekompozicie vzoru, nezZ doménového pribliZenia.
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Druhym nemenej dolezitym opisovanym pohladom je problematika modelovania
vnutornej Struktary vzorov nazyvanej tiez leitmotif. Dokladny formalny opis navrhovych
vzorov je nutnou podmienkou, ak sa chceme zaoberat automatizaciu procesov, akymi st
napr. vytvaranie inStancii vzorov, ich verifikovanie ¢i identifikovanie v uz exitujucich rie-
Seniach. Problém sa snazi riesit viacero pristupov, no ziaden z nich neziskal status vSe-
obecne uzndvaného Standardu. Z tohto dévodu predkladana praca obsahuje opisy roz-
nych pristupov, ktoré medzi sebou porovnava a zachytava ich potencidl v stvislosti s ich
dals$im vyuzitim.

Moznosti spoluprace navrhovych vzorov predstavuju dalsi opisovany pohlad. Ku
kompozicii vzorov mozno pristupovat intuitivne alebo identifikovat pravidla, podla kto-
rych sa d4 vykonavat systematicky. Ak chceme uvazovat o automatizacii procesov, je po-
trebné sa zamerat na systematicky pristup. Opisané pristupy POAD a Hybridizacie vzorov
predstavuji dva odlisné pohlady na dant problematiku.

Posledny pohlad, ktory kapitola zachytdva, predstavuje vizia moznosti modelovania
OO navrhu na trovni navrhovych vzorov. Ide o pristup, ktorym by sa zjednodusil navrh
softvéru s vyuzitim vzorov. Medzi jeho hlavné prinosy patri:

— moznost vytvarat navrh na vyssej trovni abstrakcie, ktort vzory poskytuju,

— zachovanie informdcii o pouzitych vzoroch v navrhu. Tym sa okrem iného zjednodu-
Suje pochopitelnost navrhu ako celku a zvysSuje sa kvalita dokumentacie rieSenia.
Vdaka tomu klesa riziko hrozby poskodenia navrhu chybnymi zasahmi vykonava-
nymi pocas udrzby a navySe mozno uvazovat o automatizacii realizovania evoluc-
nych zmien v inStanciach vzorov.

Ako vyplynulo z mnohych prac, stale zostava vela nevyjasnenych otdzok, ktorych zodpo-
vedanim by sa zvysil potencidl vyuzitia navrhovych vzorov ako vhodnych praxou overe-
nych rieseni. V podkapitole 5.4 Modelovanie s navrhovymi vzormi na vyssej urovni ab-
strakcie bola prezentovand vizia, ktord by zefektivnila proces modelovania navrhu
s pouzitim vzorov. Na to, aby bolo mozné presuntt tato viziu blizsie k realite, je potrebné
najst riesenia tychto problémov:

— Urd¢it vhodny sposob ako modelovat softvér tak, aby sa vjednom modeli zIucili in-
formacie o nasadenych instanciach vzorov (v podobe hracov roli danej inStancie spo-
lu) s ostatnymi elementmi navrhu, ktoré nie s sucastou ziadnej instancie. To zname-
na presne zadefinovat metamodel, ktory bude opisovat sémantické moznosti vytva-
ranych modelov. Okrem toho je vhodné definovat vhodny spdsob grafického zachy-
tenia modelu, ktory by v kone¢nom dosledku umoznil prehladne zmieSat dve rdzne
urovne abstrakcie obsiahnuté v modeli.

— Vytvorit vhodné transformacie, ktoré by presunuli elementy modelu z tirovne ab-
strakcie vzorov na vhodné elementy modelu OO trovne. Vzhladom na moznos-
ti variability vzorov aich instancii mozno predpokladat, Ze nebude mozné vytvorit
jednoduché transformacné pravidla z jedného modelu do druhého. RieSenim by mo-
hol byt znalostny sp6sob realizacie transformacii, ktory by sa opieral o bazu znalosti
o vzoroch, ich variabilite a moznostiach vzajomnych kompozicii. Tu sa javi vhodné
pouzit a vhodne rozsirit niektory zo zapisov vnutornej struktary vzorov prezentova-
nych v kapitole 5.2 Opisy navrhovych vzorov.
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SEMANTIC WEB SERVICES

Peter Bartalos

From the beginning of Web existence a huge evolution of it is observed. We see this from
different points of view. There is a progress of the Internet technologies which are the bases
for making the Web working. The research in communication and data store brought new
approaches to transport and collecting huge amount of data. This caused that the Web is
enlarging in volume of resources available and also in number of users. The Internet and thus
also Web is now available for a big number of people from all over the world. It has extended
into households and is increasingly used not only in business-to-business interaction. There
are also new types of resources available on the Web. It has moved forward from a network
of documents. Now it offers also functionality and operation performance. Altogether
are called services. Here belong for example online e-shops, various reservation systems,
e-banking applications and others.

Web possibilities allow developing applications where the basic building components
are services, i.e. service oriented architecture (SOA) based applications. SOA allows cre-
ating applications from loosely-coupled, distributable, platform independent services. The
prominent technology to implement these services is web services. Web services are software
systems we can interact with through the Web (more detailed definition is presented later).

Web services are mainly used today in practice to integrate applications. Different
systems are wrapped into a web service and this way other systems can benefit from their
functionality not caring about the platform it is working on. However, this kind of utilization
of web services is effective, they are intended to be used in more sophisticated way too.

There is a vision to use services for almost any kind of operation, not only for those which
can be performed using applications preprogrammed for certain area and thus limited. The
aim is to recognize the users’ goal, solve the problem by using available services and to bring
a solution. The intention is to exploit wide opportunities of the Web to automatically deal
with various user’s objectives. It is not clear which of the approaches are matured enough
to do this.

One initiative which wants to bring a solution is the Semantic web services approach.
The basic idea is to add additional meta-data to web services’ description. This should allow
working with them in automatic manner. This includes the discovery of web services to
find the usable ones. Based on the available meta-data we are able to find more relevant
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services for our goal. Although, a lot of services realizing different functions exist, it is not
guaranteed that we find such one for solving our problem. This can have several reasons.
One is that there are no available services for the problem domain. Another reason is that
the given user’s goal is very complex and no individual service can solve it. Here, Semantic
web service composition tries to bring resolution. The aim is to combine several services
and arrange them in such a way, that these services deal with certain parts of the problem,
to create intermediate data and to bring together a solution.

The idea of Semantic web service composition is nice and there already exist methods and
implemented tools to realize it. Despite of this, current solutions for automatic composition
are unmature to be used in practice for variety of problems in different domains. These
problems are also discussed in this document.

The aim of our work is to deal with Semantic web service composition problem. We
want to examine how a user can help when solving them. There already exist approaches
including the user in this process. Our focus is to extend these approaches and investigate
the benefit of user collaboration to define its goal, compose and execute the service. This
document presents an overview of the interested area. This includes primary the Semantic
web service composition and related topics.

6.1 Towards Semantic Web Services
6.1.1 Service Oriented Architecture

Service oriented architecture (SOA) is an architectural design pattern relying on service-
orientation as its fundamental design principle [31, 32, 33]. There exist numbers of domains
where systems benefit from the advantages of SOA. In [27] the authors describe an application
and explains how SOA helped to meet the business needs of a credit card issuer with
particular challenges. In [25] an framework for developing a component-based distributed
simulation and executing the simulation in service-oriented architecture on the GRID is
proposed.

One of the most characteristic advantages of SOA is the principle of loosely coupling
between the service provider and a consumer. SOA allows building systems from compo-
nents providing their encapsulated functionality in services to each other and have minimal
dependencies between themselves.

Services can be divided into two categories: stateless and stateful. Stateless services do
not store state information between requests. This makes the service more reliable because
the recovery from partial failure is relatively easy. Stateful services require both the customer
and the provider to share the consumer-specific context. This reduces the overall scalability
of the services and increases the coupling between the consumer and provider.

Figure 6-1 presents the stack and the elements of SOA. The stack is divided into two
parts. First, it contains the functional aspect and second, the quality of services aspect. The
functional aspect includes the transport component responsible for transferring the messages
between the service consumer and the requester. The service communication protocol is an
agreed mechanism for interaction. Service description is used to define what the service is
and how it should be used. The service describes an actual service which is made available
for use. Business process is a collection of services invoked in a particular sequence to meet
the business requirement. The service registry is a place where the providers can publish
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their services and consumers can find the available ones. The quality of service part of the
SOA stack includes the following elements. Policy is a set of rules under which the service
provider makes the service available to consumers. Security is the set of rules that might be
applied to the identification, authorization, and access control of service consumers invoking
services. Transaction is the set of attributes that might be applied to a group of services to
deliver a consistent result. Management is the set of attributes that might be applied to
managing the services provided or consumed.
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Business Process

> Service -
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e sl 13| ¢
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Figure 6-1. SOA stack (retrieved from [31]).

The main advantages of SOA can be summarized as follows:

— SOA provides loosely coupled services which can be thus very easily distributed. This
contributes to its effective usage in distributed, grid computing [18].

— SOA provides an effective way for software application integration.

— SOA uses platform independent building elements contributing to higher flexibility
of the software application.

Despite of that SOA offers several advantages there are cases when it is not suitable. First,
if the application is already built, its modification to SOA requires redesigning and reimple-
mentation. This means that there will be additional costs. The access to certain functionalities
has also disadvantages. If some modules are closely related and they communicate exten-
sively, the use of web services may be an unreasonable trade off. Web services are not
suitable also when the component is highly bound to a user interface. In each situation
concrete circumstances and requirements need to be analyzed.

6.1.2 Web Services

The term web service [3, 24] is nowadays a very often used word, although not always
in the same meaning. Even though there exist a lot of definitions of web services, there
exist discussions which attributes must the service have [41]. For us, the most appropriate
definition is the one, given by W3C:
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” A Web service is a software system identified by a URI, whose public interfaces
and bindings are defined and described using XML. Its definition can be discovered
by other software systems. These systems may then interact with the Web
service in a manner prescribed by its definition, using XML based messages
conveyed by Internet protocols.”

Web services are one of the implementations of SOA. They play an important role in B2B
(business-to-business) integration. It is assumed that the companies will expose the func-
tionality they offer as a service. It means that they will publish an interface via which this
service can be invoked. The invocation is done by a program. Thus, requesting and executing
a service involves a program calling another program. There occur confusions because there
are a lot of services available through the Web which are not web services. An example is
a fly ticket booking system. A web service is a software application with a published a stable
programming interface, not a set of Web pages.

Web services are used to make some utility available through the Web. They wrap
a functionality of an internal system and make it available for other applications, see Figure
6-2. Web services are developed as loosely coupled application components using any
programming language, any protocol, and any platform.
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Figure 6-2. Web services provide an entry point for accessing local services (retrieved from [3]).

The web service framework is divided into three areas [28]:

— the simple object access protocol (SOAP, www.w3.org/TR/soap/) which enables com-
munication among Web services,

— Web Services Description Language (WSDL, www.w3. org/TR/wsdl.html), which pro-
vides a formal, computer-readable description of Web services,

— Universal Description, Discovery, and Integration (UDDI, www.uddi.org) directory,
which is a registry of Web services descriptions.
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SOAP

SOAP [52] is a protocol for exchanging XML-based messages over computer networks. It
normally uses existing transport protocols HTTP/HTTPS. SOAP is fundamentally stateless,
one-way messaging, but by combining the one-way exchanges, more complex communi-
cation patterns can be created. A core SOAP has a very simple structure. It is an XML
element with two child elements for the header and the body. One of the most common
messaging patterns in SOAP is the RPC (Remote Procedure Call). In this pattern the client
sends a request message to the server which sends immediately the response.

WSDL

SOAP offers a basic communication pattern for web services. To be able to successfully
interact with a service, we need to know which messages must be exchanged. For this
purpose we use WSDL, an XML based language for description of the interfaces of Web
services.

UDDI

UDDI is a way how to find a web service. It is a centralized registry of web services. It has
three components:

— White pages: name and contact details.
— Yellow pages: categorization based on standard taxonomies.
— Green pages: technical data about services.

UDDI can be accessed using SOAP API Using it, one can perform querying and updating
of the registry. In Figure 6-3, you see how the SOAP, WSDL and UDDI work together to
provide means for using web services.
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Figure 6-3. Web service standards’ collaboration.
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6.1.3 Semantic Web Services

The Web is primarily designed for use by humans. Nevertheless, there is an effort to automate
its use and bring the Web more accessible for machines. This has brought forward the need for
machine processable representations of semantically rich information: a vision at the heart
of the Semantic web [17]. Nowadays, approaches based on giving additional information —
semantics, to the content of the Web are researched. The semantic description focuses both on
the content information and services available on the Web. In the case of Web services having
meta-data about their semantic, we talk about Semantic web services [22, 23, 29, 55, 66, 74].
Semantic web services are the result of the evolution of the syntactic definition of web
services and the Semantic web [23]. There exist approaches for the design and development
of applications employing Semantic web services [20]. In [76], a MusicBrainz project is
described, which aims to be the first using semantic web services. It’s a large database of
music meta-data which is accessible via a web service. Based on these meta-data it is easier
to search the music repository and find a relevant song. The meta-data are described using
RDF (Resource Description Framework).

Semantic web service can be considered as a result of the Web evolution (see Figure 6-4).
At the beginning, the Web was only a collection of documents, i.e. it offered static content.
This has evolved to an environment offering also different functionalities through services, i.e.
dynamic elements were appended. The popularity of the Web led to its enormous expansion
of documents and services available. This has been causing problems when searching for
a relevant information or service.

Semantic

Dynamic Web services .
> web services

s

SEMANTIC WEB

——
=~

Static WWW Semantic
web content

Syntax Semantics

Figure 6-4. Web evolution to Semantic web services.

There is also change in the aspect of the Web user. Not only humans are considered as the
users of the Web. There are initiatives which aim is to bring the Web accessible for machines
- software agents. These can use methods which are more resistant to the problem of Web
expansion than humans are. The performance of the software agents is limited due that
the Web was initially intended for human interaction only. The main problems are weak
structuring and hard machine interpretation of the Web resources. The initiative which tries



Semantic Web Services 173

to bring solution to this problem is a Semantic web. Its aim is to ad additional semantic
meta-data to the resources available on the Web, i.e. it moves from pure syntactic level to
richer semantics level. This means that the Web resources are bound to meta-data describing
the meaning of the data. Hence, we are moving to the Semantic web including Semantic web
content and Semantic web services.

6.1.4 Developing Semantic Web Portals: without SOA versus SOA Based

The Web is a place where different information and services are available. There are several
cases when these are focused on a certain community of people with close interests. For these
groups different Web portals are suitable providing an entry point for accessing information
and services.

The Semantic web technologies offer means to support searching, organizing, processing,
and presenting information. These can be applied in the context of Web portals resulting in
Semantic web portals [48]. Semantic web portals are web portals collecting information and
functionalities for a community and are based on Semantic web technologies.

Semantic web portals can be built using different software development approaches. In
the next, we discuss the differences between building Semantic web portals without SOA
and based on SOA. We use a job offer portal (JOP) developed in the context of research project
NAZOU! [61] as an example to show the differences. First we describe the way this portal
was developed. Then we concentrate on how SOA can change this.

JOP offers its users several ways of navigation through the information space of job
offers using different presentation tools working with the ontological database produced by
a chain of data harvesting tools acquiring and processing data from the Internet. The main
requirements to JOP were:

— Adaptivity and adaptability of the system’s presentation and functionality.

— Built-in automatic user modeling based on user action logging with semantics and
automatic user characteristic estimation.

— Reusability and generic design suitable for multiple application domains.

— Extensibility with additional tools for specific tasks and overall flexibility with respect
to tool orchestration.

— Tolerance towards changes in the domain and user ontologies.

JOP [7, 8] was developed using an MVC based framework built on the pipes and filters
architectural pattern — Cocoon?. We have used the available portal block provided by Cocoon
to build JOP. It offered us a basic infrastructure which was configured and into which our
modules were put into. Figure 6-5 depicts an overview of the portal architecture that extends
the basic functionality of Cocoon with additional software components in order to fulfill the
aforementioned requirements.

! Project NAZOU, http://nazou.fiit.stuba.sk/
2 http://cocoon.apache.org/
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Figure 6-5. JOP architecture overview.

At the bottom of the architecture the corporate memory is placed which stores the domain,
user and event ontologies. As storage, the Sesame® ontological repository is used. To access
it, the offered sesame API is used by modules which need to work with it. The second layer
includes the common modules for configuration, security, user management and portlet
management. These modules are provided by the portal block of the Cocoon framework.
The next layer contains different functional modules. First, the SCRUD support component,
which performs the persistent operations over the domain data entities [11, 13]. Second, the
domain model tools with various functionality required in the particular domain. Third, the
user modeling tools for the acquisition, analysis of the user model. The top layer contains
the presentation tools.

The first two layers of the architecture together with the SCRUD support are domain
independent and can be used in different Semantic web portals (highlighted parts in the
figure). The rest components include tools tailored or configured to a given job offer domain.
This includes for example tool Factic, SemanticLog, and JDBSearch. Factic is a personalized
semantic faceted browser. Its aim is to navigate the user in large information space to find
relevant information. The user can restrict the information space using facets to search

3 http://www.openrdf.org/
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for such information he is interested in. SemanticLog is used for logging different events
occurring during user interaction with JOP. JDBSearch is a full text indexer and allows
querying to search in the information space. Each of these tools is integrated in the Cocoon
and thus deployed on the server where Cocoon is running (see Figure 6-6). This means that
they are centralized into one execution point.

Physical server

Cocoon

JOP

Factic

HTTP

C
Browser [ " C JDBSearch
C

HTTP

—

SemanticLog

Figure 6-6. Classic job offer portal.

If JOP is build using SOA concepts, web services wrap application parts of various granu-
larity. It is not enough to just transform some of them to web services. If an application uses
web services it still does not mean that it is SOA based. Also other concepts must be applied.
This includes for example the use of enterprise service bus (provides a messaging bus and
content-based routing between service providers and consumers) and distribution of the
services. Those parts of JOP which can be built as web services can be whole modules, tools
or only some methods offered by tools. For example each module in the boxes from Figure
6-5 can be transformed into a web service. We have mentioned that JOP is built using the
pipes and filters architectural patterns. Here, we have a chain of processing elements where
the output of an element is the input of the next. Each element performs some processing of
the input data resulting in output data. When moving to SOA, each of these elements should
be realized as web service.

The benefits of web services include the possibility of use the wrapped elements not only
from the user interface of JOP but also programmatically by other applications. For example
in the case of Factic, we can wrap the method which cut of the information space based
on given facets. Similarly, JDBSearch searching method can be used via web service call.
Transforming the logging method of SemanticLog into web service brings the possibility
of calling it also from other systems. This way, user activities not only from JOP can be
gathered. Also other systems the user is working with can effectively log the events. After
this, by analyzing the logs, we can obtain much more information about the user than if only
those activities realized in JOP are captured. This results in richer user model and better
personalization. If the mentioned methods are wrapped as web services, their execution
does not need to be performed on the same physical server the JOP is running on (see
Figure 6-7). Hence, distribution of the execution may take place. This is required when
higher computation power is in demand.
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Figure 6-7. SOA based job offer portal.

SOA based JOP has also weaknesses. One of them may be the transformation of the Factic tool
into web service. This causes problems from the point of view that in Factic the definition
of the facets is realized by a user in the graphical user interface and there is intensive
interaction with him. Other cases are components which are intensively called, for example
SemanticLog. It is overextended if several thousands of users work with the system. The
realization of the logging as web service is convenient but it may slow down the application.
However, this depends on the concrete implementation and service distribution over physical
servers.

SOA is not universally the best way how any system can be built. We presented JOP,
a Semantic web portal for job offer domain to discuss different aspects of SOA. From this
it arises that SOA brings benefits but its usage has also disadvantages in some situation.
These positive and negative aspects must be taken into account before we decide to develop
application based on SOA.

6.2 Semantic Web Services Description

The vision of Semantic web services brought a need of additional meta-data to the description
of WSDL based services. This meta-data must contain enough information for understanding
what the service does and how it should be used. All of this must be described in such a way
that machines can process it.

There exist several formalisms for Semantic web service description [77]. They annotate
elements of services with terms from domain models, including industry standards, vocab-
ularies, taxonomies, and ontologies. The most know approaches are WSDL-S [1], OWL-S
[63] and WSMO [70]. Each of these allows adding semantic information to services to be
able to perform effective discovery, composition, execution, and monitoring. They differ in
the complexity and expressivity of their construction elements. Nevertheless, there are some
similarities [65]. Even though existing approaches are a step forward in semantic annotation
of web services, [47] argues that they are insufficient for the efficient usage in SOA. The
problems occur mainly when composition of web service is required.

Web service description is performed manually or using (semi)automatic approaches.
In [37] a tool for annotating Semantic web service is presented. This tool provides a user
interface for manual annotation, as well as machine-learning assistance for semi-automatic
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annotation. The tool uses WSDL for description but offers also the possibility to export them
to OWL-S.

6.2.1 WSDL-S

WSDL-S [1] is one of the possible formal descriptions of services. It defines the meaning
of the inputs, outputs, preconditions and effects of the operations described in a service
interface.

WSDL-S does not define a language that spans across the different levels of the web
service stack, rather it is limited to WSDL simplifying the task of providing semantic repre-
sentation of services. WSDL-S makes a low commitment to OWL and it provides a general
annotation mechanism which could be used in conjunction with any meta language includ-
ing UML. This allows to annotate web services with concepts from multiple ontologies from
different sources.

6.2.2 OWL-S

OWL-S (also known as DAML-S) [63] presents an OWL [54] ontology of services motivated
by the need of providing knowledge about a service. Figure 6-8 shows the core of the OWL-S.
The base is the Service class which has three main properties:

— presents, which range is a ServiceProfile: class defining what does the service require
from the consumers and what it offers them.

— describedBy, which range is a ServiceModel: class defining how the service works.

— supports, which range is a ServiceGrounding: class defining how is the service used.

provides
ServiceProfile

supports

ServiceGrounding

presents

describedBy

What the How tq
service access it
does ServiceModel
How it
works

Figure 6-8. OWL-S core (retrieved from [63]).

Each instance of a Service class present a descendant class of a ServiceProfile, be describedBy
a descendant class of ServiceModel, and support a descendant class of ServiceGrounding.
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The service profile contains information usable by a seeking agent to search and find
a service which meets its needs. The profile can be used also by a service seeking agent to
express its needs, so the match-maker has a convenient dual-purpose representation.

The service model describes what happens when the service is carried out. This can be
used for deeper analysis of whether the service meets the requirements. Other usage is in
the situation when the service is a part of a composed service. Model is also used to monitor
the execution of the service.

The service grounding specifies the details how an agent can access the service. It
specifies the communication protocol, message formats, serialization techniques, and other
service specific details.

In [53] other details about OWL-S are presented. The paper discusses the benefits of the
richer service description supported by OWL-S. It describes how OWL-S is used in context
of other standards, such as WSDL, UDDI and BPEL (Business Process Execution Language).
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Figure 6-9. Top level of the OWL-S process ontology (retrieved from [63]).

OWL-S defines a subclass of the ServiceModel called ProcessModel. It is used to describe the
service as a process. The process ontology adopts two views of processes. First, a process
transforms input data into output data. Inputs specify the information required for the
execution of the process. The outputs specify the information which is produced by the
execution of the process. Second, the process transforms a world’s state from one into
another, what is described by preconditions and effects. The process model identifies three
types of processes, see Figure 6-9:

— Atomic process: a directly executable process. It has no sub-processes and executes
in one step. The requester has no visibility into the service’s execution. For each
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atomic process, a grounding that enables the requester to construct input and output
messages must be provided.

— Simple process: is not executable and is not associated with grounding, but like atomic
process, it is executed in one step. It can be used as an element of abstraction of an
atomic process using the realizedBy property or as a simplified representation of
a composite process using the expandsTo property.

— Composite process: is decomposable into other non-composite or composite processes.
The decomposition is specified using the control constructs by a composedBy property:
SEQUENCE, IF-THEN-ELSE, REPEAT-UNTIL and others. Each control construct
is associated with a property called components to indicate the ordering and the
conditional execution of the sub-processes.

An XML fragment of OWL-S ontology describing composite process of airline ticked booking
is presented below*.

<process:CompositeProcess rdf:ID="BravoAir_Process">
<rdfs:label> This is the top level process for BravoAir</rdfs:label>
<process:composed0f>
<process:Sequence>
<process:components rdf:parseType="Collection">
<process:AtomicProcess rdf:about="#GetDesiredFlightDetails"/>
<process:AtomicProcess rdf:about="#SelectAvailableFlight"/>
<process:CompositeProcess rdf:about="#BookFlight"/>
</process:components>
</process:Sequence>
</process: composed0f>
</process:CompositeProcess>

6.2.3 WSMO

WSMO [70] provides ontological specifications for the core elements of Semantic Web Ser-
vices. It has its conceptual basis in the Web Service Modeling Framework (WSMF). WSMO
is meant to be a meta-model for Semantic web service related aspects. It uses the MOF (Meta
Object Facility) [62] to define such a model. The MOF metadata architecture defines four
layers for models, see Figure 6-10:

— information layer is comprised of data we want to describe.
— model layer is comprised of the metadata that describes data in the information layer.

— the metamodel layer is comprised of the descriptions (i.e., meta-metadata) that define
the structure and semantics of metadata.

— The meta-metamodel layer is comprised of the description of the structure and se-
mantics of meta-metadata.

* Retrieved from http://www.daml.org/services/owl-s/1.0/examples.html
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WSMO corresponds to the meta-model layer of the architecture. A WSMO description
of a concrete web service is related to the model layer. The concrete web service is placed in
the information layer.

MOF
metametamodel
metamodel M2 Layer WSMO
model / M1 Layer \ <—— WSMO descriptions

\ Concrete Web Services, Domains
-

information / MO Layer and Data to be described

Figure 6-10. The relation between WSMO and MOF (retrieved from [70]).

WSMO identifies four top-level elements which define the semantics of the web service:

— Ontologies: provide a vocabulary to describe different aspects of web services.

—  Web services: represent computational entities able to provide access to services. Web
service is in WSMO described from three points of view: non-functional, functional
and behavioral. The functionality is described by one and only one capability. The
behavior may be described by multiple interfaces.

— Goals: describe aspects related to user desires with respect to the requested function-
ality. It is characterized in dual way. The goal’s description includes the requested
capability and requested interface.

— Mediators: describe elements that handle interoperability problems between different
WSMO elements. They describe elements aiming at overcoming structural, semantic
and conceptual mismatches between them.

To express the WSMO model, WSMO uses the WSML language [30].

6.3 Semantic Web Service Coordination

Semantic web service coordination aims at satisfying the users’ goals using Semantic web
service discovery, composition and execution [45]. Figure 6-11 presents an overview of the
utilization of web service composition by a user. The user can be a human, an agent or an
application invoking the service. The first step of this process is gathering the information
about the goal. For this goal, taking the input data and considering preconditions, the
composition process starts including web services discovery. The discovery is responsible
for searching for the web services in the available registries. During composition the domain
knowledge is exploited to enhance the used methods. The domain knowledge is stored
in ontologies linked to the Semantic web services” descriptions. When the composition is
constructed, it is executed. This results in output data and effects in which the user is
interested in.
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Figure 6-11. Web service composition utilization.

6.3.1 Semantic Web Service Discovery

To make the web service accessible for the users, service providers create web service reg-
istries. In these registries the available web service can be found. The initial intend of the
UDDI specification was to work with a UBR (Universal Business Registry), a directory for all
public web services. Later, the UDDI specification recognized the need of multiple registries
and interactions among them. The existence of multiple registries brings new challenges in
web service discovery. The problem is now first found the appropriate registry and then the
suitable web service.

To discover the web service which matches the requirements, semantic based methods are
used. In [78] a scalable, high performance environment for federated web service publication
and discovery among multiple registries method is presented. It is called MWSDI (METEOR-
S Web Services Discovery Infrastructure). It uses an ontology-based approach to organize
registries, enabling semantic classification of all Web services based on domains. MWSDI
makes accessible multiple registries provided by different registry operators.

Next approach based on semantic is presented in [2]. First, it describes an extension to
the UDDI inquiry API specification to enable requesters to specify the required capabilities
of a service. Second, it enhances the service discovery of UDDI by performing semantic
matching and automatic service composition using planning algorithms. In [72] an algorithm
for search in UDDI based on OWL-S is presented. OWL-S is used to semantically describe
web service in terms of capabilities. Using logic inference offered and requested capabilities
are matched to find the relevant web services. The paper includes also a review of other
approaches to web service discovery.
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Another approach to web service discovery is presented in [81]. The authors state that
the existing web service definition languages have lack of the particular specification to
the function of web services. From this reasons they define a functional semantic of web
services. The functional description is expressed in a functional ontology. It helps the user to
understand the function of the web service unambiguously. For semantic annotation of web
service a mechanism presented by authors is used.

The results of the web service discovery is a set of services, which are assumed to be
helpful. From this set we need to select the most suitable one. Most approaches for web
service discovery offer as a result an ordered list of services based on their relevance. To
select the most relevant web service we exploit any additional information describing also
non-functional properties of web services. In [64] a method for evaluation of the semantic
composability of Semantic web services is presented. This approach tries to completely utilize
the semantic aspect and use ontological description of the services and their properties to
measure the relevance.

The effective and successful web service discovery is one of the basic aspects of the
Semantic web services vision. If we do not have methods to efficiently find required web
services, the whole vision falls down. However, there are approaches to find relevant web
services, the discovery problem is still not solved. The main problems are:

— Insufficient description of services: The web service descriptions are often not precise
and complete. Hence, it is hard to determine the usefulness of the service.

— Credibility of descriptions: The web service descriptions offers information about the
functionality, required input data, pre and post conditions, output data. Despite that
these information may be relevant, there is no guarantee that the description absolutely
corresponds with the reality. The descriptions may contain incorrect information.
This causes problems when the execution of the service does not achieve the expected
results. The detection of this presents a serious problem if no checking is available.

— Computational strenuosity: The sophisticated web service discovery approaches may
require a lot of computation to find a set of candidate services and determine their
relevance. The required resources do not have to be available in each situation.

In [5] the problems of web service discovery are discussed. The paper deals with the
reasons why the brokerage aspect of the web service vision has proven so difficult to realize
in practice. It also describes a pragmatic approach to web service brokerage based on
automated indexing and discuss the required technological foundations. Ideas for improving
the existing standards are presented too.

6.3.2 Semantic Web Service Composition

Although, a variety of different web services are available, there often occur situations when
no service can satisfy our needs. This can be because there is no service which can fully
achieve our goal, but only its part. Between the available services may exist such one, which
is able to solve the rest of the problem and bring a solution.

One of the most appealing attribute of the web service is the ability to aggregate with other
services and thus create a composite one, called also Web process. Taking this advantage, we
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can organize more services together into one composite. This way we can offer more complex
services realizing more complex workflows. These composite services are also called web
processes. Our opinion is that this term may have much wider meaning, thus we do not use
it. Each step of the workflow is realized by a service, which can by atomic either composite.
Atomic services are those which can not be decomposed and are immediately executable. We
denote the services from which the composite is built, i.e. the union of atomic and composite
services as sub-services.

The process of arranging the structure of the complex service from other services is
called composition of web services. Its aim is to create a scheme which describes how the
sub-services are organized. More precisely, it unambiguously describes:

— when the sub-service will be called — what is the previous called sub-service (if it is
not one of the first), i.e. control definition,

— which previously called sub-service will give the input data — to which next called
sub-service will the output data be provided, i.e. data flow definition.

Each sub-service must be executable. One sub-service can be called more times during
execution of the composite web service (the input data may be different), if required. The
web service composition can be described using the same languages (mentioned in section
6.2), which contain constructs to do this. The composition scheme may contain controls like
sequence, repeat-until, decisions. The individual step depicted in the composition presents the
sub-services which will be called at the corresponding execution point. Figure 6-12 presents
an example of a web service composition which goal is to create meteorological forecast
maps. The problem is that we do not have a web service which does this. However, we
have other services which can be combined to achieve the goal, because we have services for
partial tasks. The whole composed process has three steps. First, the meteorological model
from the gathered data is created. Second, the forecast is computed. Third, based on the
forecast from the previous step, the meteorological maps are created.

Create meteo Compute Create meteo @
model forecast forecast maps

Figure 6-12. Web service composition example.

Web services are specified by preconditions, effects, input and output parameters. The pre-
condition defines the propositions for the state of the world which has to be satisfied. Effects
are the postconditions which will be true after successful execution of the web service. Input
and output parameters define the input data for the web service and the data produced by
the service. The goal we want to reach can be related to the output parameters, effects or
both. In the example above, the goal is the data of meteorological forecast maps and we do
not care about the effects. There are situations when our aim is not to get data, but to affect
the world. These two cases divide the services to data-centric and state-centric. Although,
there are also cases, when we are interested in resulting data and also state.
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The aim of web service composition is to solve problems like the creation of the meteo-
rological forecast maps described above. We have no service to achieve our goal, but we can
compose it from sub-services. There are two ways in web service composition. In first, the
composition is created manually, i.e. somebody creates it. The second way is the automatic
composition of services. Here, the composition method automatically creates a composed
service based on a defined goal. These approaches use Al (Artificial Intelligence) planning
techniques [68].

The approaches based on Al planning convert the web service composition problem to
Al planning problem [67]. Then several existing approaches can be used to solve it. Using
these approaches we can create a plan which determines the action sequence leading from
the initial state to the goal state. The creation of the plan does not solve the whole problem.
The found sequence does not need to bring the desired results. We are successful only if we
get the required output data by execution of this sequence. This means that also the data flow
between the actions must be correct, i.e. the successive services are compatible on I/O data
level and input data for each service has defined source. To summarize, we are looking for
a composite service which execution in the initial state leads to the goal state and desired data.

The composers work with different formalisms to encode and solve the planning problem
[58]. Here belong the pure backward chaining, any of the search space algorithms or the
most trivial shortest path search. Real semantic web service composers usually combine and
enhance these algorithms. Their aim is to reduce the search space to find a plan in acceptable
time. In the following we take a brief overview of the approaches formalizing the web service
composition problem or are used to find its solution.

State-Space Based Planning

The web service composition problem based on state-space planning is described by a five-
tuple (S, so, G, A,T"), where S is a set of the possible states of the world, sy is the initial state,
G denotes the goal state which we want to reach, A is the set of actions the planner can use
to change one state to other, and I' is the set of translation relations I' C .S x A x S defining
the preconditions and effects for the execution of each action, it maps one state into another.

The goal of the planning is to find such a sequence of actions which when are applied
to the initial state, will lead to the goal state. Formally, we look for a sequence aq, ..., an,
where a; € A,Vi =0, ...,nwhich generates a state trajectory s, . .., Sp+1, Where s; € S, Vi =
0,...,n+1and s,4+1 = G. In each step, there must exist v; € I',y; = (s;,ai,8i41), Vi =
0,...,n.

The transition relations can by related to a cost function c¢(a,s) > 0. This function
measures the cost of execution the action «a in state s. The aim is to find the plan with the
lowest cumulative cost computed from the costs of each state transition of the plan.

State-space based search can use any of the space search algorithms. The aim of these
algorithms is to reduce the search space which has 27 states, where p is the number of
propositions. To find a state transition path a simple shortest path algorithm can by used
solving the problem in O(m log m) time, where m = 2P [21]. Considering a problem where we
have 20 propositions, the search space consists from 22° = 1048 576 states. In reality, we often
have more hundreds of propositions. This seriously increases the number of states. Hence,
the simple algorithms are not usable. A lot of known algorithms try to reduce the search
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space. These use different heuristics or approaches utilizing evolution algorithms such as
hill climbing. Different approaches tailored to the web service composition problem dealing
with the space searching are discussed later. The correspondence between Al planning and
web service elements is depicted in Table 6-1.

Table 6-1. Correspondence between web services and space—base planning elements.

Al planning element Web service element
So initial state
G desired goal state
A available web services
r web service state change function

OWL-S is the language containing elements directly corresponding with state-space based
Al planning. The state change produced by the execution of the web service is described by
the preconditions and effects of the OWL-S ServiceProfile.

Graph Based Planning

In this approach graph structures are used when solving the planning problem. This structure
is called planning graph [21]. It is a directed leveled graph consisting of two types of nodes:
action nodes and proposition nodes. These nodes are organized into altering levels (one level
includes nodes only of one type). The first level of the planning graph contains proposition
nodes describing the initial situation. It is then followed by a level of action nodes. This level
contains nodes for each action whose preconditions are satisfied by the proposition nodes of
the first level. Next level is again proposition level. It contains each node from the precedent
proposition level and nodes representing the effects of the actions from the precedent action
level. The construction of the planning graph stops when the successive proposition levels
are identical. If the goal is not reached either in the last proposition layer or in previous
layers, the plan can not be constructed and the given problem is unsolvable.

In Figure 6-13 a planning graph example is depicted. It presents a situation, when Eva
and Adam are in room number one (R1) and they want to move into the room number two
(R2). To do this, the room R1 must be opened and only a man can open a room. We have the
following predicates:

(at ?who ?r) - true if who is in a room r (opened ?r) - true if r
is opened (man ?m) - true if m is a man

At the beginning, the following propositions hold:

Eva is in the room R1

— Adam is in the room R1

— Adam is a man

The room R1 is closed



186 Selected Studies on Software and Information Systems

Po Ao P A P
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Figure 6-13. Planning graph example.

The following actions are available:

open() Parameters: ?r, ?who Preconditions: (room ?7r), not(opened
?r), (man ?who), (at ?who ?r) Effects: (opened 7r)

move() Parameters: ?who, ?from 7to Preconditions: (at ?who 7from),
(room ?from), (room 7to), (opened ?from) Effects: (at ?who 7to),
not (at ?who ?from)

In this example, the goal (Eva and Adam are in room R2) is achieved in the last, second layer.

In [19] a mutex relation (Mutual Exclusions) between planning graph nodes is defined.
The possible mutex relations between two action nodes are: inconsistent effects — one action
negates the effect of the other, inference — one of the effect of one action negotiates a precondi-
tion of another, competing needs — one of the precondition of one action is mutually exclusive
with the precondition of the other. In [19] also GRAPHPLAN is presented. It is an algorithm
consisting of two stages altering in a loop: graph expansion and solution extraction. Graph
expansion grows the graph until the reached proposition level includes goal propositions
without mutex links. In solution extraction stage, backward-chaining strategy is used to look
forward a potential plan.

Backward Chaining

One of the simplest methods used in web service composition is backward chaining. Its
basic principle is to begin with the goal and search for services which produce its parts.
This is used to reach the goal propositions and also the output. We take the set of goal
propositions and look for services which produce them as effects. These services may have
preconditions which are not satisfied. For this set of unsatisfied propositions we again
look for services which produce them. This backward search is performed until we have
service with unsatisfied preconditions. Similarly, this method is applied to get the required
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output. Here we look for services producing the required output data. The goal is to achieve
a situation that each service has defined a source for its input data. If it is possible to compose
a service from the available ones, backward chaining is a method which always finds it.
Despite this, pure backward chaining is unusable effectively because of the computational
complexity of this approach.

Planning Based on Logical Programming

There exist approaches which uses logical programming to solve the planning problem. In
these, the planning problem is encoded as logic program composed by a set of Horn clauses.
The plan is created using reasoning. In [75] it is shown that the planning problem can be
converted to a logic program in linear time.

Hierarchical Task Network Planning

HTN (Hierarchical Task Network) provides a hierarchical abstraction to deal with the com-
plexity of the planning problem. HTN like other planning techniques assumes a set of
operators applicable when preconditions are satisfied to achieve defined effects. In addition
it assumes also methods prescribing how tasks can be decomposed into subtasks. These
prescriptions are a part of the domain knowledge. The decomposition is applied recur-
sively until the resulting set of tasks consists only from executable ones. After each step of
decomposition it is tested whether given conditions are violated. The goal is to achieve de-
composition consisting of executable tasks without violating any given condition. A variant
of HTN planning is an ordered task decomposition planning. Here the tasks are planned
in the same order that they will be executed. This reduces the complexity of the planning
problem.

Temporal Planning

Temporal planning is not a planning technique, but it rather refers to the ability of planners
to deal with temporal aspects of the planning problem. It takes into the consideration the real
duration of the actions and allows their parallel execution. Concerning also these aspects
makes the problem more difficult but better reflects the real conditions of the problem that
the planner solves.

6.3.3 Web Services Execution

The result of the web service compositors is a plan describing a sequence of actions which
need to be performed to achieve a goal. Each sequence is bound with a corresponding
executable web service. To execute a composed web service an engine interpreting the
composition is required [43, 44]. The execution can be performed in distributed manner [59].
In the case of services with high computational requirements, the execution is distributed
in Grid environment. There exist approaches for description, construction and execution of
Semantic web services in Grid [6, 36, 38]. Project K-Wf Grid® has brought results in this area.

% http://www.gridworkflow.org/snips/gridworkflow/space/K-Wf+Grid/
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A language GWorkflowDL for Grid workflow description and execution environment GWES
were developed.

Before this, the composition must be transformed into a form the interpreter works with.
The web service execution process can interleave with the planning. Based on this, we divide
the approaches to static and dynamic. Static means that during the planning no service is
executed. Dynamic approaches execute some services to examine the state of the world or
the availability of data.

One solution for web service execution is offered by WSMX® [26]. It provides an envi-
ronment for discovery, selection, mediation, invocation, and interoperation of web services.
WSMX is based on the conceptual model provided by WSMO. The main components of
WSMX are:

— Core component: central part of WSMX which coordinates all other components.

— Resource manager: manages the repositories of WSMO entities (web services, goals,
ontologies, and mediators) and other data.

— Service discovery: locates the web services that fulfill the user’s requirements.

— Service selection: selection of the best or optimal Semantic web service from the list of
those satisfying matching service.

— Data and process mediator: takes care about mediation when two entities are not able to
communicate or interact.

— Communication manager: supports communication between service requestor and
provider.

— Choreography engine: makes sure that the requestor’s and provider’s communication
patterns match.

—  Web service modeling toolkit: supports the creation and deployment of tools for Semantic
web services for the developers.

— Reasoner: provides reasoning for the validation of composite services and checking if
it is executable in a given context.

WSMX presents a complex solution for all web service execution related concerns, however
not fully implemented at this time. Another instrument for web service execution is offered
by BPELAWS’ [4]. It is of the leading notation describing executable web service compo-
sitions. The processes — workflows described in BPEL4WS can be executed with engines
working with this language. One of the existing, available implementations are BPWS4J®

® Web Service Execution Environment, http://www.w3.org/Submission/WSMX/

7 Business Process Execution Language for Web Services,
http://wuw.ibm.com/developerworks/library/specification/ws-bpel/

8 http://www.alphaworks.ibm.com/tech/bpus4j/
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and ActiveBPEL’. These two provide means to execute composite web services. BPELAWS is
not so complex solution as WSMX, but it is already implemented and also used in practice.
Business processes can be described by BPEL4WS in two ways:

— Executable business processes: model actual behavior of a participant in a business
interaction.

— Abstract business processes: describes the mutually visible message exchange behavior
of each of the parties involved, without revealing their interior behavior.

BPEL4WS is meant to describe both kinds of these processes [80]. It provides an XML
language for formal specification and extends the web service interaction model and enables
it to support business transactions. It is itself a flow-chart where each element is a primitive
or structured activity. The primitive activities include the following:

— invoke: invocation of web service operations,

— receive: waiting for an message from external source,
— reply: replying to an external source,

- waiting: waiting for a certain time,

— assign: copying data,

— throws: indication of errors in execution,

— terminate: terminate the process,

— empty: does nothing.

The structured activities contain the control constructs like sequence, switch, while. BPEL4WS
contain also elements for fault and exception handling. Using the primitive and structured
activities complex, executable workflows can be described.

Before execution of composite web services it is suitable to analyze it. The aim is to
examine the correctness of web services. This include checking the pre and postconditions,
input and output data compatibility between successive services, infinite loops or deadlocks
detection. The compatibility of successive services is checked by a simple algorithm. It
verifies if for each service the preconditions are satisfied and input data are available as
a result of the previous services or as initial data. More complicated is the infinite loop of
deadlock detection in the created composition. OWL-S and BPEL4WS do not offer ways to
verify this. We need other means to do this [58]. Approaches based on Petri nets, II-calculus
exist to perform this.

Petri nets are used for controlling the execution of the workflow [79]. Petri net is
a mathematical representation of discrete systems. It can be seen as a graphical notation

° http://www.active-endpoints.com/active-bpel-engine-overview.htm
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based on directed bipartite graphs. There are two types of nodes: places and transitions.
Directed arcs exist only between different types of nodes (it is a bipartite graph). The
places from (to) which an arc runs to (from) a transition are called input (output) places.
Places contain tokens which are distributed over them. This distribution is called marking.
Transitions act in such a way that they take input tokens, process them and put the output
tokens into output places (the input tokens are consumed, i.e. will not be found far in the
input places). This is called firing. A transition is enabled if all input tokens are available. In
this situation it automatically fires.

Using the elements of Petri nets we describe compositions of web services [39, 60]. In
Table 6-2 the correspondence between Petri nets and web services” elements is shown.

Table 6-2. Correspondance between Petri nets and web service elements.

Petri net Web service
Tokens in input places Input data
Tokens in output places Output data
Transitions Web services
Firing Web service method execution
Marking State of the execution

More detailed overview of how Petri nets formalize the elements of web services is available
in [60]. It also discusses how Petri nets are used for simulation, validation, verification,
composition, and performance analysis of web service compositions. From the web service
execution point of view the most important is the verification. It deals with the question if
it is possible to achieve a goal with available services. If a Petri net depicts the behavior of
available services, this problem is transformed to a reachability question. It is that if it is
possible to reach a marking which depicts the user’s goal. This question can be answered
for example by searching the state-space with breath-first search, however this approach is
in reality unpractical from computation reasons. Rather linear temporal logic with tableau
method is used to decide if the goal state can be reached. Petri nets are also used to check
the occurrence of deadlocks. A marking is a deadlock if it enables no transitions. We want
to avoid this situation. There exist algorithms which solve the reachability and deadlock
problem [60].

One of the most important topics within web services is the security [69]. In [35] a process
for web service security — PWSec is presented. This process specifies how to define security
requirements for web services-based systems describes logical security services-based ref-
erence security architecture and explains how to instantiate it to obtain a concrete security
architecture based on the current web service security standards. In [50], they propose a uni-
form format to describe communications and computer security through security objects
and coherent integrations of this format into WSDL as a proper extension and also into an
ontology framework for security knowledge representation and reasoning.

6.3.4 Semantic Web Service Composition Problems

The automatic composition of web services has shown to be a challenging task and it is not
clear which techniques serve the problem best [73]. There are several problems in different
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phases of web service composition. It is important to know that not each real problem can
be described and solved using planning. Examples are environments where the future state
can not be determined before it is reached. For instance, the n-body problem belongs into
this category. It deals with the finding of motions of n bodies determined by Newton's
laws of motion and Newton’s law of gravity. The first contribution to the solution of n-
body problem has been done by Poincaré in 1892 [40]. The first version of his contribution
contained an error, described in [34]. The problem was finally solved by Karl Fritiof Sundman
(for n = 3) [42]. The result is that it is not possible to solve the n-body problem analytically.
Only numerical methods can be used to find a solution with arbitrary precision (greater than
zero). Consider a planning problem where we want to the fly to Mars and land on an exactly
specified point. The existence of the n-body problem proves that there can not be found
a plan which solves this problem.

The subset of problems solvable by planning techniques is restricted. Consider all
domains solvable using a common computer, more precisely by a Turing machine with
final tape. These domains are also solvable using a STRIPS-like or HTN-like planners, whose
expressiveness is equivalent [49]. Hence, the set of problems which can be solved by planning
is restricted at least to this domain. Based on the concrete technique used, other restrictions
can occur.

Now we focus on more concrete problems we must deal with in Semantic web service
composition. The first problem of the utilization of web service composition appears already
at the first step. This is how to gather information about the initial situation and the goal state
from the user. The web service composition methods already work with specific formalisms
like OWL-S. Descriptions in these languages can not be directly obtained from the user.
Different user-computer interactions can take place here.

One example of a user interaction tool is described in [56, 57]. The gathering of the
information is based on context detection. The context was detected based on user’s textual
input of a note. A tool EMBET analyzes this input and finds relation between parts of this
note and ontological concepts. After this a list of context suggestions are presented to a user
who can select the relevant ones. Based on the context, those services which are closely
related to it are suggested to be those producing the desired output for the user.

Another approach to gathering information about the user’s goal is presented in [71].
The described system is a smartphone interface to the Semantic web — SmartWeb. It consti-
tutes from a PDA client, dialog server, and the Semantic web access system. In the PDA client
aJava-based control unite takes care about the inputs and outputs. The dialog server includes
modules for speech interpretation, natural language generation, and user context detection.
The Semantic web access system contains modules for question-answering sub-system, se-
mantic web service composer, semantic web pages, and knowledge server. The aim of the
system is to make the Semantic web accessible for the user in convenient way. It assists the
user during finding information taking into account its context and exploiting also Semantic
web services. When web service composition is required, the system generates questions to
acquire the necessary information for construction and execution of the composite service.

It is not clear if the approach used in SmartWeb is sufficient to be used universally and
how dependent it is on the domain. Very important role in this system plays the ontological
knowledge base. Building a sufficiently large, consistent ontology which can be effectively
processed by machines still presents a problem. Automatic approaches using for example
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wrappers are often insufficient to perform this task. The problem of having high quality
ontologies influences the Semantic web generally. Hence, this is not only the problem of
using SmartWeb in different domains and situations. Some problems concerning this topic
are discussed in [9] which deals with creation of ontological test bases for experimental
evaluation of Semantic web applications.

Even if we have already described the goal in an acceptable form, there are still other
problems. Despite of existing web service composition tools, the construction of an optimal
composite web service can not be always achieved in sufficiently short time even if the
necessary sub-services are available. This is due the complexity of this task (discussed in
section 6.3.2).

When composite web service is constructed, other services are required to be organized
into one. Only available web services which are able to be executed can be taken into
account. Here the problems of discovering suitable services mentioned in section 6.3.1 must
be considered. The composition method must also deal with situation when it is not possible
to build a composite service, which fully satisfies the user goal.

The web services can be considered as transformations, which taking a set of input pa-
rameters, produce a set of output parameters. These can be described as ws : (i1, ...,i,) —
(01,...,0m). Before the constructed composite web service can be executed, the input pa-
rameters must be provided. The problem is that the user only defines the output parameters.
It is not clear how to define the input parameters if we have described only the outputs. In
example from Figure 6-12 the goal is to create forecast maps for a defined area and term.
Based on this the presented composite service is constructed. This service composition is
only the scheme which says in which order the services will be called and how will they shift
the data between themselves.

It is clear that the input for the Compute forecast service is the output of the Create meteo
model service. The input for the Create meteo forecast maps service is the output of the Compute
forecast service. The problem is that the inputs of the first, Create meteo model service are
not provided by other service(s). From the description of the service only the type of the
input parameters are known. The concrete input data for this service must be defined and
provided other way. Automatic definition of these data presents a hard problem. There is
no universal method how to do this. It is a domain dependent problem and often domain
expert knowledge is required for this task. In the meteorological forecast map example,
a meteorologist must define different parameters required to create a meteorological model
from which the forecast for the specified time and area can be generated. Hence, the definition
of the input data is hard to realize in automatic manner or even impossible.

One possible solution may be the description of the data transformation the service
performs. This means that we know what output parameters will be produced by a service if
we know the input. For example a description of the web service which multiplies the input
with two must explain that this service doubles the input. This stillnot solve the problem. The
problem is solved only if we know also the inverse transformation ws™!:
(41,...,%»). In our example it means that the service description stands that the inverse
transformation is the division by two. If this information is available, we are able to determine
the required input parameters based on the output parameters. Problemis thatitisnotalways
possible to define the inverse function. An example is the service realizing addition of two
numbers. The addition has no inverse function. Solutions for this case are not known.

(017~~- ;Om) —
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We have discussed several approaches used to compose web services. Now, we present
a new category of problems which can not be solved using these approaches. We extend the
example from section 6.3.2 to describe the problem. In this example the goal is to move Eva
and Adam from one room the other. This situation can be described by simple propositions,
i.e. the goal is to reach a state in which certain propositions are true. Described Al planning
techniques are able to solve this problem and determine the sequence of actions which need
to be performed to achieve the goal state. We change now a little bit the problem. Consider
that in room one is a bottle of wine (bottle one). In room two, there is an empty bottle (bottle
two). The goal is to carry the wine from the bottle one into the empty bottle two. To do this
a goblet is available. We can fill the goblet with wine from bottle one, carry it to room two
and pour it into bottle two. This is being done until the whole bottle of wine is carried.

This extension of the example causes that we are not able to describe and solve the
problem using the discussed approaches. The problem is that we introduce operations with
effects that can not be described by simple propositions with true and false values. The
fill and pour operations have effects that the bottle is fillet at certain level. This can not be
described using true and false values. We need to capture the amount of wine in the bottle.
To describe the effects of the fill and pour operation arithmetic needs to be employed.

The solution of the wine carrying problem is simple. It is depicted in Figure 6-14 where
simplified process solving the problem is shown. In a loop we are carrying the wine in goblets
until the bottle one is empty. Discussed approaches to problem description and solving are
unmatured to handle this problem. First, there are no constructs to use arithmetic. Second,
the methods to find the plan — sequence of actions which lead from the initial to goal state, do
not work with constructs like conditional loops. Discussed planning methods create a plan
from which it is clear what the sequence of actions to achieve the goal is. In the wine carrying
problem, this can not be known without the information about the amount of wine in bottle
one. Concretely, the number of loops depicted in Figure 14 is dependent on the amount of
wine in bottle one, i.e. parameters decides what the sequence of actions required is. To deal
with this category of problems, new methods working with arithmetic means and complex
constructs have to be developed.

We have presented several problems related to Semantic web service composition. Discussed
problems present issues we have to deal with. Until these problems will not be solved, the
utilization of Semantic web services in practice will be limited.

6.4 Conclusions

Adding semantics to the web services description has shown to be useful in different contexts.
The additional metadata describing the meaning of the different elements of web services
makes more effective several processes. The most important are web service discovery
and composition. The exploitation of the available semantics makes these processes more
effective and the results are more relevant.

The research in the context of web service discovery is nowadays focused to solve the
problem of service matchmaking. The aim of the discovery is to find services producing
semantically suiting outputs. The suiting outputs are those which are semantically the same
as the required data or are sufficiently close to it.

The automatic semantic web service composition has shown to be a challenging prob-
lem. A lot of research focuses on web service composition to bring solutions moving this
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Figure 6-14. Wine carrying problem.

technology closer to the usage in practice. One of the most discussed topics are scalabil-
ity of composition approaches from performance point of view and the evaluation of the
aggregated QoS characteristic of the resulting solution. These aspect of the problem are
necessary to deal with. There already are presented promising results regarding these topics
[10,12, 14, 15, 16, 46, 51].
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SPRiISTUPNOVANIE INFORMACII
POMOCOU GRAFOV

Jdn Suchal

Spristuptiovanie informacii (angl. information retrieval) zahfia algoritmy, ktoré umoznuja
efektivnejsie a kvalitnejsie vyhl'addvanie a odporti¢anie informdcii v rozsiahlych databa-
zach. Spristupriovanie informécif spaja Siroké spektrum problémov, od strojového urcéova-
nia vyznamu dopytov pouZivatel'a a sémantickt analyzu dat, cez efektivne reprezentécie
informécii a zloZitost’ algoritmov az po distribuované systémy a paralelné algoritmy:.

V sticasnosti sa nemaly doraz kladie na moZnosti personalizécie ako aj kolaboracie v od-
portcacich a vyhl'addvacich systémoch, ktoré umoZziuju cielenejsie a tym aj kvalitnejsie vy-
sledky. Pri momentalnom masovom komerénom vyuZziti systémov vyuzivajicich takéto al-
goritmy st vSak nezanedbatel'né aj otazky, venujtice sa moznostiam a zamedzeniu ich tmys-
leného zneuZitia ¢i neimyselného poskodenia.

Uvazujtc strdnky na webe st poprepdjané odkazmi, vedecké publikdcie pomocou cita-
cii ¢i I'udia pomocou priatel'stiev. Informécie a objekty vo vSeobecnosti malokedy existujti
samostatne, ale majti prepojenia na iné objekty. Takto prepojené objekty je moZné pouZitim
roznych transformacii modelovat’ grafmi.

Pomocou grafov je tak napriklad mozné modelovat’ vzt'ahy medzi l'udmi (socidlne siete)
na zadklade emailovej komunikacie, ¢i ich spolo¢nych zaujmov. Stranky na webe sti medzi
sebou poprepdjané odkazmi ¢im predstavujii neustédle sa meniaci graf obrovskych rozmerov.
Takéto modelovanie vzt'ahov objektov grafmi otvdra nové moZnosti vyuzitia algoritmov
a znalosti z teérie grafov pri odhal'ovani skrytych zavislosti z vel' kého mnoZzstva dét.

Této préca sa zameriava na algoritmy, ktoré sltzia na ohodnocovanie takychto grafov
a ich nasledné vyuzitie pri zlepSeni spristupfiovania informécii.

Pre aplikdciou ohodnocovacich algoritmov je najskodr potrebné problémovi doménu
vhodne transformovat’ na graf. Kapitola 7.1 predstavuje rdzne typy grafov a definuje ich
vlastnosti.

Prehl'adu vybranych ohodnocovacich algoritmov s ich vlastnostami a $pecifikami ako
aj ich vzajomnému porovnaniu sa venuje kapitola 7.2. Spdsoby zneuZitia jednotlivych ohod-
nocovacich algoritmov ako aj moZnosti obrany vo¢i takymto zneuzitiam sa nachadzajui v ka-
pitole 7.3.

201
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7.1 Modelovanie tidajov grafmi

Udaje je mozné modelovanie réznymi sposobmi, pri¢om jednym z nich st aj grafy sustre-
d’ujtce sa na vzt'ahy medzi logickymi jednotkami. Tato kapitola sa venuje niektorym typom
grafov, ktoré je mozné vyuzit’ pri vyhl'addvani a odportc¢ani informacif.

7.1.1 Graf ako vyjadrenie vzt'ahu objektov

Udaje modelované grafom st z pravidla konstruované tak, ze vrcholy grafu predstavujt
objekty a hrany vzt'ahy medzi nimi. Typickym prikladom je graf prepojenia stranok na webe,
kde vrcholy predstavujui stranky a orientované hrany predstavuji odkazy medzi nimi. Ak
napriklad strdnka a odkazuje na stranku b, potom v grafe musi existovat’ hrana z vrcholu a
do vrcholu b.

Vo vSeobecnosti mdzu byt hrany ako aj vrcholy obohatené typom, ktoré reprezentuji
dodato¢ny vyznam hrany. V stivislosti s odkazmi medzi strankami je moZné hrany grafu
oznadit’ textom, ktorym sa na dant stranku odkazuje.! Hrany v grafoch moézu byt ového-
vané, ¢im sa otvaraji nové moznosti rozsirenia. V kontexte odkazov medzi strankami je tak
mozné napriklad priradit’ vyssiu vahu odkazom, ktoré st v nadpisoch a maji vyssiu vahu
v rdmci stranky.

Obr. 7-1. Ukazka vSeobecného grafu s typovanymi a ohodnotenymi hranami.

7.1.2 k-partitné grafy

k-partitné grafy st Specidlnou podmnozinou grafov, pre ktoré plati, Ze ich vrcholy je mozné
rozdelit' do k disjunktnych mnoZin, pricom existujti len hrany medzi jednotlivymi mnoZi-
nami. Ukazka k-partitného grafu, kde k = 3 je na obrdzku 7-2, pri¢om vrcholy rovnakej farby
patria do rovnakej mnoziny.

7.1.3 Vrstvené grafy
Vrstvené grafy st Specidlnym typom k-partitnych grafov, pre ktoré je mozné vytvorit' viac
vrstiev, pricom existuji iba hrany medzi vrcholmi v jednej vrstve, hrany medzi dvoma
vrstvami a zdroveri ak existuje hrana z vrstvy a do vrstvy b a z vrstvy b do vrstvy ¢, tak
neexistuje Ziadna hrana z vrstvy a do c.

Takéto grafy st vdcsinou konstruované tak, ze kazda vrstva vicsinou reprezentuje ten
isty graf, kde v kazdej vrstve st hrany len vybraného typu.

! VHTML sa odkaz v minimélnej forme zapisuje ako <a href=‘‘url’>>text odkazu</a>.
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Obr. 7-2. Ukazka k-partitného grafu, kde k£ = 3 a farba vrcholu oznacuje prislusnost do mnoziny.

\/{

o

Obr. 7-3. Ukazka vrstveného grafu s dvomi vrstvami.

7.1.4 Kontextové siete
Kontextova siet’ je jednoduchd reprezentacia dat (k-partitnym) grafom. Typicky sa pouZzi-
vaju bipartitné grafy, v ktorych st dva typy vrcholov. Napriklad pre doménu vyhl'addvania
v dokumentoch moézu byt vrcholy grafu dvoch typov: dokument a slovny vijraz.

Tabul'ka 7-1 obsahuje ukazkovt kolekciu dokumentov s ozna¢enim vrcholov. Tabul'ka 7-
2 obsahuje slovné vyrazy, ktoré sa v kolekcii nachddzajt vo viac ako dvoch dokumentoch.

Tabulka 7-1. Ukazka kolekcie dokumentov [14].

Vrchol Obsah dokumentu

Glacial ice often appears blue.

Glaciers are made up of fallen snow.

Firn is an intermediate state between snow and glacial ice.
Ice shelves occur when ice sheets extend over the sea.
Glaciers and ice sheets calve icebergs into the sea.

Firn is half as dense as sea water.

Icebergs are chunks of glacial ice under water.

N OOt s W N
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Tabulka 7-2. Vyrazy nachadzajlce sa aspon v dvoch dokumentoch z tab. 7-1.

Vrchol Slovny vyraz

glacial ice
ice
glacier
snow

firn

ice sheet
sea

water
iceberg
sheet

S e T O 00O &0 o9

Ak sa potom dany slovny vyraz nachddza v danom dokumente, zodpovedajice vrcholy
sa v grafe spojené hranou. Graf (kontextovd siet’) ukdzkovej kolekcie dokumentov je na
obrazku 7-4.

Obr. 7-4. Kontextova siet ukazkovej kolekcie dokumentov.

Sémantika vzt'ahov v grafe je implicitne dand typom vrcholov, ktoré hrany spédjaji a ich
smerom. Pre uvedentt doménu fulltextového vyhl'addvania mé hrana smerujtca z vrcholu
typu dokument do vrcholu typu slovny vjraz vyznam <dokument> obsahuje <slovnyj vyjraz>.
Opacny smer hrany ma inverzny vyznam <slovny vjraz> sa nachddza v <dokumente>.

7.1.5 Grafy v maticovom pocte

V d’alsom texte budti vyuzivané a vyZadované niektoré Specidlne vlastnosti grafov, ktoré sti
charakterizované vyuZitim maticového poctu. Tato kapitola v kratkosti definuje nevyhnutné
pojmy maticového poctu z hl'adiska tedrie grafov.
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7.1.6 Incidencnd matica grafu a jej vlastnosti

Inciden¢nd matica M grafu G je definovand ako

M, = Wij :ak existuje hrana z vrcholu ¢ do vrcholu j 7.1)
0 inak
kde w;; je vaha hrany z vrcholu ¢ do vrcholu j.
Matica M grafu G je stochastickd, ak pre kazdy vrchol plati, Ze stcet vah hran vystupujt-
cich z vrcholu je 1.

> My =1;Vi (7.2)
J

Matica M grafu G je ireducibilnd, ak existuje cesta z vrcholu ¢ do vrchola j, pre kazda
dvojicu vrcholov 4, j. Takyto graf sa nazyva silne prepojeny.
Matica M grafu G je aperiodickd, ak vSetky vrcholy grafu G su aperiodické. Vrchol i je

aperiodicky, ak najvacsi spolo¢ny delitel’ v8etkych ciest vedticich z vrcholu i naspat’ do vr-
choluije 1.

7.2 Prehl'ad algoritmov ohodnocujticich grafy

Této kapitola sa zameriava na algoritmy ohodnocujtice grafy zaloZené na iteraénom ndso-
beni priamo inciden¢nych matic alebo ich transformdcii. Itera¢ny algoritmus nasobenie ma-
tic vyuZzivany vo vacsine popisovanych algoritmov je velmi podobny mocninovej metéde
hl'adania vlastného vektora matice znamej z linedrnej algebry.

7.2.1 Mocninovd metéda hl'adania vlastného vektora

Nech inciden¢nd matica A grafu G je ireducibilnd, aperiodicka a stochastickd, potom vlastny
(staciondrny) vektor r., matice A je mozné vypocitat’ iteratnou mocninovou metédou defi-
novanou ako

re = I‘k_lA (73)

a plati, ze
lim rp =ro = oA (7.4)

k—o0

7.2.2 PageRank

Asi najpopulédrnej$im algoritmom na ohodnocovanie grafu je prave PageRank. Algoritmus
vychéddza z rekurzivne definovaného predpokladu, Ze stranka je tym lepsia, ¢im lepsie stranky
na 1u odkazuja.

Vypocet PageRank ohodnotenia si je mozZné predstavit’ pomocou modelu ndhodného sur-
fera, ktory prehliada stranky a ndhodne nasleduje odkazy na tychto strankach. Ohodnotenie
jednotlivych strdnok je potom ustélené rozdelenie poc¢tu navstev na jednotlivych strankach.
Problémovym miestom st stranky, ktoré neobsahujt odkazy a cykly v odkazoch. Nahodny
surfer by v prvom pripade uviazol na jednom mieste a v druhom pripade dokonca mohol
naakumulovat’ nekone¢ne vel'ké ohodnotenie na strankach v cykle. Tento problém je mozné
odstranit’ zavedenim malej pravdepodobnosti opustenia aktualnej stranky a pokra¢ovaniu
na tplne ndhodne vybranej stranke [15].
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Formalne je moZzné tento proces zapisat’ ako

M= (1-— d)% +dA (7.5)

kde d € (0,1) je tlmiaci faktor, £ je matica pravdepodobnosti skoku na tplne nahodnt
strdnku a A je matica pravdepodobnosti skoku na susedné stranky. Takato tiprava matice A
zarucuje, Ze vysledna matica M je ireducibilna a aperiodicka.

Mocninovou metédou je pre takto upravent maticu moZzné néjst’ staciondrne rozdelenie
rj, ktoré predstavuje ohodnotenie stranok (vrcholov) PageRank algoritmom.

rey = I‘kflM (76)

Zaujimavym rozsirenim tohto algoritmu je vypocet tematického ohodnotenia stranky, pri-
¢om jedna stranka moze obsahovat viac tém [9, 22]. Ukazuje sa, Ze takéto tematické rozdele-
nie ohodnotenia stranky je moZné vyuzit' na boj proti spamu a dosahuje lepsie vysledky pri
vyhl'addvani. Inym pristupom je rozdelenie ohodnotenia stranky na viaceré logické bloky,
pre ktoré sa vypocita ¢iastkové ohodnotenie [10].

7.2.3 HITS

HITS (angl. Hypertext Induced Topic Selection) taktieZ patri medzi najznamejsie algoritmy a je
povodne urfeny na zistovanie autority stranok na webe [11, 12]. Vychadza z predpokladu,
Ze stranky je moZné ohodnotit’ dvoma hodnotami. Prvd z nich oznacuje mieru autority
(angl. authority) a druhd mieru rozcestnosti (angl. hubness). Tieto dve hodnoty st zadefino-
vané rekurzivnym vzt'ahom vychéddzajtc z predpokladu, Ze na kvalitné autority odkazujt
kvalitné rozcestniky a kvalitné rozcestniky odkazuja na kvalitné autority.

Nech A je inciden¢nd matica grafu odkazov medzi strdnkami, potom pre vektor ohod-
notenia autorit a a vektor ohodnotenia rozcestnosti h musi platit

a=ATh (7.7)

h=Aa (7.8)
Vypocet tychto hodnoét je mozny pomocou mocninovej metédy hl'adania vlastného vek-
tora matice po tiprave vzorcov 7.7 a 7.8 na

ap = ak_lATA (79)

h, =h,_1AAT (7.10)

pricomag = ho = (1,1,...,1).

7.2.4 Sirenie aktivdcie
Sirenie aktivécie (angl. spreading activation) je jednoduchy rekurzivny algoritmus ingpirovany
teoretickym modelom spravania sa sémantickej pamaéte ¢loveka [18].

Na zaciatku algoritmu Sirenia aktivdcie je aktivovany jeden vrchol grafu energiou e.
Tato energia sa iri cez hrany vystupujtce z tohto vrchola do susednych vrcholov, pricom
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Algorithm 1 STRENIE-AKTIVACIE(v, ¢, ¢ < 0)

Require: Zaciatotny v
Require: Aktiva¢nd energiu e > 0.
Require: Doteraz naakumulovand energiu ¢ na vrcholoch grafu.

C,&<=c¢Cy, + e
e/ < e/STUPEN-VRCHOLU(v)
if ¢/ > 0 then
for all vrcholy t také, Ze z v do t existuje hrana do
c < SIRENIE-AKTIVACIE(t, ¢, c)
end for
end if
return c

sa rovnomerne rozdeli medzi nich. Energia, ktord sa presiri cez hrany, tak aktivuje susedov,
¢im sa cely proces Sirenia energie rekurzivne opakuje. Zastavovacou podmienkou je prahova
hodnota miniméalnej energie ¢, ktora sa eSte bude prendsat’ na susedov. Mierou podobnosti
vrcholov grafu je stiCet energif, ktorymi boli v tomto procese postupne aktivované. V zapise
algoritmu 1 je sticet vyslednych energii vektor c.

Prepisanim algoritmu Sirenia aktivacie do maticového poctu dostdvame vzt'ahy

e, =Ty (I‘k_lA) (711)
k
= 1 (7.12)
1=0

kde cy, je vysledny vektor ohodnotenia vrcholov grafu a 7y je prahova funkcia s prahom 6
definovana ako

r; akr; >0

(To(r)); { 0 inak (7.13)

Sirenie aktivacie ma vel'mi pestré spektrum moznosti aplikécii. Bolo vyuZité pri poloauto-
matickom rozsirovani vzt'ahov v ontoldgiach [13], obohacovani klacovych slov uzivatel-
skych dopytov [1], zist'ovani vyznamu slov [19], odportcani [3], vyhl'adavani [4, 5, 6, 23]
a sireni dovery [24].

7.2.5 NodeRanking

Ohodnocovanie grafu NodeRanking [17] je vo svojej podstate vel' mi podobné sireniu aktiva-
cie a PageRank algoritmu.

Pravdepodobnost’ toho, Ze z vrcholu i sa presko¢i na tdplne ndhodnd stranku je vSak
zavisld od pottu o (i) vystupujtcich hran vrcholu i.

Ji=— (7.14)



208 Studie vybranych tém programovych a informaénych systémov

Takato tprava implicitne zabezpecuje to, Ze z vrcholu, ktory nema Ziadne vystupné
hrany, sa presko¢i na tiplne ndhodnt stranku s pravdepodobnost'ou 1.
Upravou inciden¢nej matice M grafu, ktord splita prechadzajuci predpoklad dostdvame

E
M :Jg +(E-J)A. (7.15)
Vypocet vysledného ohodnotenia grafu je opat’ mozné realizovat’ mocninovou metédou.

7.2.6 Model deravého kondenzdtora

Model deravého kondenzatora (angl. leaky capacitor model) je d’alSou varidciou $irenia akti-
vécie.

Vysledna energia akumulovana na vrcholoch sa v tomto modeli neukladé bez strét, ale
v kazdej iterdcii sa jej Cast’ definovand konstantou v < 1 strati [16]. Je zrejmé, Ze ak v > 0,
tak model nutne konverguje k stavu, kde sa vyslednd aktivacia strati tplne. Do modelu sa
kvoli zamedzeniu tohto neziadticeho spravania v kazdej iterdcii "pumpuje"d’alSia energia
ro. Model deravého kondenzatora je mozné zapisat' pomocou vzt'ahov

ry=r9+r,_1M (7.16)

M=(1-vI+aA (7.17)

kde « je pomer mnoZstva energie, ktoré sa presiri na vrchol od susedov. Zakladny algo-
ritmus Sirenia aktivacie (kapitola 7.2.4) je Specidlnym pripadom modelu deravého konden-
zatora, kde o = 1, v = 0 a do grafu sa energia "napumpuje"len v prvej iterdcii.

7.2.7 Porovnanie spésobov vyjpoctu ohodnotenia

V tabul'ke 7-3 je uvedeny prehl'ad postupov vypocétu ohodnotenia grafu jednotlivymi al-
goritmami. Pre uvedené algoritmy (s vynimkou modelu deravého kondenzatora) je zrejmé
vyuzitie vypoétu hl'adania vlastného vektora matice itera¢nou mocninovou metédou.?

V uvedenych algoritmoch je z hl'adiska vypoctu este jeden zasadny rozdiel. Zatial' ¢o al-
goritmy PageRank, HITS potrebujti na vypocet poznat celti inciden¢nti maticu grafu, tak pri
algoritmoch $irenie aktivicie a NodeRanking je pre vypocet potrebné iba okolie jednotlivych
vrcholov. Druhé skupina algoritmov sa ukazuje byt vhodnejsia na distribuovany vypocet,

pretoZe nemusi dochddzat’ k synchronizdciam po kaZdej iterdcii.

7.3 Zneuzitel'nost’ algoritmov ohodnocujtcich grafy

Ohodnocovacie algoritmy sa vo vyhl'addvani a odportcani vyuZzivaji vaésinou ako doda-
to¢nd miera, ktord v kone¢nom dosledku urcuje, ako silne je objekt vzhl'adom k dopytu
pouzivatela relevantny. V kontexte internetového vyhl'addvania stranok je logické, Ze na-
priklad stranky firiem sa budt snaZzit' dosiahnut’ vyssiu mieru relevancie ako ich konku-
rencia. Ziskajt vyssiu poziciu vo vyhl'adavaci a tym pravdepodobne aj viac navstevnikov
a potencidlnych zdkaznikov.

Doélezitou otdzkou v algoritmoch ohodnocujtcich grafy (stranky) sa stava ich robustnost’
vodi imyselnému zneuZitiu, ale aj neimyselnému poskodeniu.

% Pre algoritmus HITS sa hl'adaji dva vlastné vektory pre matice A" A, AA™.
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Taburka 7-3. Porovnanie algoritmov na vypocet ohodnotenia grafu.

Algoritmus Inicializdcia Iteracny krok Ohodnotenie
Mocninova ro ry =rp_1A r
metdda
/—B/I%
PageRank (1-— d)E + dA ry =ry—1 M T
o
HITS ag, h a; = a;1ATA an, hy
h, = hkflAAT ’
k
Sirenie aktivacie ro ry =rip_1A Z r;
bez prahu i=0
k
Sirenie aktivacie ro rp =79 (rg—14A) Z r;
s prahom 6 =0
M
E
NodeRanking Jﬁ +(E-J)A ry =rp,_1M ry
Jii = a(sﬂ
ro
M
Model deravého (1-9E+aA r, =r9+r,_1M T
kondenzatora ro

7.3.1 Umelé rozcestniky

Zneuzitie HITS algoritmu na umelé zvysenie autority I'ubovol'ného vrcholu je pomerne jed-
noduché. Z definicie HITS algoritmu je zrejmé, Ze kvalitny rozceststnik odkazuje na vel'a
kvalitnych autorit. Takyto rozcestnik je v8ak do istej miery mozné urobit’ jednoduchou ké-
piou existujiceho rozcestnika. Do tohto umelého rozcestnika je nasledne mozné vloZit' od-
kaz aj na akykol'vek iny (aj irelevantny) vrchol, pri¢om jeho autorita bude vd'aka vysokému
ohodnoteniu rozcestnika umelo zvy$ena [12]. Na obrazku 7-5 je zobrazeny umely rozcestnik
hx a stranka ax, ktorej je umelo zvySovand autorita, kde h predstavuje relevatny rozcestnik
a al, a2, a3 relevantné autority autority.

7.3.2 Odkazové farmy

PageRank nie je nachylny na taktto formu ttoku, pretoZe nie je mozné vytvorit' umely roz-
cestnik a tak ani umelo zvySovat' autoritu vrcholu, na ktory takyto rozcestnik odkazuje.
Ohodnotenie algoritmom PageRanke je vSak tiez mozné umelo zvysit' vytvaranim odkazo-
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Obr. 7-5. Vytvorenie umelého rozcestnika h+ pouzitim relevantného rozcestnika h smerujiceho na
relevantné autority a1, a2, a3 za U¢elom posilnenia autority vrcholu asx.

vych fariem (angl. link farm), ktoré automaticky generuja vel'’ké siete prepojeni na irelevantné
vrcholy a vytvaraju tak iltziu toho, Ze je populérny.

ZneuZiva sa vlastnost PageRank algoritmu, kde aj vrcholy, ktoré by nespliiali podmienku
ireducibilnosti, maja ur¢ité malé ohodnotenie. Tato vlastnost’ je ddésledkom zavedenia né-
hodného skoku na I'ubovol'ny vrchol, ktory zabezpecuje malti vdhu kazdému vrcholu grafu.

Na obréazku 7-6 je zobrazeny priklad odkazovej farmy, ktora umelo zvysuje ohodnotenie
vrcholu w.

Obr. 7-6. Odkazova farma pozostavajuca z piatich vrcholov f1, f2, ..., f5 umelo zvySujucich PageRank
vrcholu wsx.

Takéto odkazové farmy v kontexte vyhl'addvacov st vSak pomerne jednoducho odha-
liteI'né, pretoZe sti va¢sinou aZ prili§ pravidelnych tvarov a na takto generované stranky
vacsinou neodkazujt iné stranky [2, 7, 8, 20, 21].

7.3.3 Odkazovy spam

V kontexte vyhl'addvacov vznikla d’al$ia forma odkazovej farmy, ktord nie je moZné ana-
Iyzou Struktiary grafu jednoducho odhalit'. Takyto ttok je zaloZeny na vkladani odkazov
do uz existujucich stranok (napriklad formou komentarov), pricom odkazovana irelevantna
strdnka parazituje na ohodnoteni uz existujtcich redlnych stranok.
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Odhalit/, ktory odkaz je v kontexte danej stranky relevantny, je z algoritmického hla-
diska netrividlny problém. Prvym pribliZzenim je zavedenie tematického ohodnotenia stra-
nok [22], ktoré rozdel'uje vysledné ohodnotenie stranky na viaceré zlozky — témy. Zda sa,
Ze takéto rozdelenie méa navyse tplne raciondlny zéklad, pretoZe autorita v jednej téme by
nemala mat’ rovnako vel'ky vplyv v téme tplne inej. Pridanou hodnotou tohto tematického
rozdelenia ohodnotenia je zvySenie obrany vo¢i odkazovému spamu. Umelo vkladané od-
kazy vacsinou nestvisia priamo s témou stranky, na ktorej parazitujd, ¢im je vaha odkazu
zniZovand a nésledne aj tematické ohodnotenie irelevantnej stranky.

7.34 ZneuZitel'nost’ ako oslabenie predpokladu

Vo vseobecnosti je moZzné ttok na ohodnocovacie algoritmy chapat’ ako snahu o zneuZitie
predpokladu, z ktorého algoritmus vychadza.

Napriklad HITS predpokladd, Ze na kvalitné autority odkazuja kvalitné rozcestniky
a kvalitné rozcestniky odkazuji na kvalitné autority. Vytvorenim umelého rozcestnika, ktory
odkazuje na nekvalitn (irelevantnt) stranku, je umelo oslabovany predpoklad algoritmu.
Oslabenie predpokladu ma za nésledok oslabenie dosledku. V tomto pripade kvalitu ohod-
notenia autoritativnosti a rozcestnosti stranok.

Podobne aj PageRank predpokladd, Ze ¢im viac stranok odkazuje na jednu stranku, tym
je tato stranka populdrnejsia. Odkazova farma umelo zvysuje pocet odkazov na stranky, ¢im
oslabuje predpoklad, Ze viac odkazov znamend vacsiu popularitu. Dosledkom je oslabenie
kvality ohodnotenia popularity.

Tematicky PageRank obsahuje predpoklad, Ze tematickd popularita strdnky sa zvysuje
s po¢tom odkazov rovnako tematicky orientovanych stranok. Novou formou titoku by mohla
byt snaha o oslabenie tohto predpokladu, napriklad vytvorenim tematicky rovnakych stra-
nok a odkazovanim na tematicky irelevantni stranku.
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8

USER MODELING
FOR PERSONALIZED
WEB-BASED SYSTEMS

Michal Barla

It seems that the fact that the Web should be able to reflect and adapt to user needs is
commonly accepted nowadays. In order to do so, adaptive web-based systems need to have
some prior knowledge about its users. Acquisition of such knowledge is a task of user
modeling. User model can hold user characteristics related to user’s interests, knowledge,
background etc., according to actual used domain. However, it may take some time to
populate correctly the user model of a new user, so the system could provide meaningful
adaptation. This pose a risk, that user, unsatisfied by the system, leaves it and goes elsewhere
before it can prove its utility. Lack of information about a new user in adaptive systems is
called cold-start problem.

This chapter presents an overview of a domain of user modeling for web-based system,
with focus on sources for user modeling useful for cold-start problem solving. The first
section describes the basics of user modeling, introduces the modeling process and user
model representations, while second section describes various sources for user modeling
and discuss them from the cold-start problem point of view.

8.1 User Model Representations
Current adaptive web-based systems use mostly the following two types of user models [12]:

— stereotype model — is the simplest form of user model, which maps the individual user
onto one of (usually) predefined groups. All members of the same group would
experience the same “personalized” system. Even simpler form of stereotype model
is the scalar model [15]. Itis usually used to capture the level of user domain knowledge
by a single value on a particular scale (e.g., good, average, none), usually set by the
user itself prior to using the system. Adaptation is then tailored to individual values
of the scale.

— overlay model — is currently the most popular user model representation, where the
model reflects user characteristics related to individual concepts of a domain model.
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The system based on overlay model thus provides “real” personalization based on
characteristics of each individual user.

The advantage of stereotype model is its ease of use and relatively simple initialization. User
can be assigned a stereotype according to answers of few questions or eventually according
to the initial behavior in the system (e.g., based on a rule: “user with a stereotype X will
perform Y as a first action”). Stereotypes can be organized hierarchically and initially
assigned stereotype can be thus further refined as new information about user become
available.

Disadvantage of a stereotype model lies in limited personalization possibilities if the system
does not concern the user as an individual and stereotypes are rather coarse grained (which is
often the case if we define stereotypes manually). This results in “one-size-fits-all” problem
of personalization for all users within one stereotype.

An overlay model deals with this kind of a problem. It creates a separate user model for
each user by creating additional layer with user characteristics above the domain model.
A problem of overlay model lies in increased demand for system resources as the number
of user increase. It is necessary to use a specialized approach in case of a large or even
open information spaces. The solution could be to create an overlay only in such parts of
information space, which are related to the particular user (which were already visited by the
user). Another solution is to create a more loose coupling of user and domain model, where
characteristics relate to types and/or attributes of concepts, not the concepts themselves. For
example, in the domain of job offers, user model does not hold characteristics related to each
and every job offer, but rather characteristics related to attributes of a job offer, which are
certainly shared among several job offers.

User model used in adaptive web-based systems can be represented in multiple ways [2].
Representations differ in level of expressivity and flexibility they provide as well as in share-
ability between several adaptive applications or possibilities of further work with character-
istics.

8.1.1 Vector

The simplest way to represent user’s characteristic is to represents user’s attitudes to all
concepts of used domain in multiple vectors, each representing particular information about
a user (whether the user visited a concept, understood the concept, liked the concept etc.).
However, this solution is applicable only on closed and non-changing information spaces.
Such user model representation is easy to implement and work with, but lacks direct share-
ability feature.

8.1.2 Relational database

Many systems use relation databases [12] to represent user models. Since most of the
domain-related information of web-based systems is already stored in a relational database,
itis straightforward and easy to add user-related information as well. Compared to the vector
representation, it allows us to store attribute-value pairs which are not directly connected to
used domain.

Even if use of relational databases usually does not require additional resources and
brings several advantages (performance, security, overall mature of used technologies), it



User Modeling for Personalized Web-Based Systems 217

is not necessarily the best option for representing user model in a web-based system. User
model must be able to store semi-structured data representing various domain-related user
characteristics. Moreover, relational databases currently lack the direct support for reasoning
mechanisms.

813 XML

Another approach to user model representation is to employ XML technologies (e.g., in
AHA! system [22]). XML provides good enough expressivity allowing, similarly to relational
databases, to store attribute-value pairs as values and attributes of XML tags.

Because building and maintaining user model is a non-trivial task, there is an effort to
alleviate the design of adaptive web-based systems and pull the user modeling part out of the
system into the form which would allow for its sharing across multiple adaptive applications.
Both relational databases and XML-based approaches fail to provide a good-enough support
for shareability. Relational databases are platform-dependent and an application needs
to know the exact used relational model (database schema) to be able to work with it.
While XML is a platform-independent and “web-ready” technology, it requires the definition
of a common vocabulary and agreement on syntax to serve for sharing purposes among
different adaptive applications.

8.1.4 Ontology

Ontology (in computer science) is defined as an “explicit formal specification of shared
conceptualization” [58]. By a term conceptualization we mean a formally represented, abstract
and simplified view of the world. Because term ontology encompasses a whole set of different
models with different degrees of semantic richness and complexity [52], we specify that by
using a term ontology, we mean a model expressed in OWL language!, based on RDF>.
Ontologies expressed in OWL language form ontological layer of the Semantic Web [54] and
OWL has a key role in realizing the Semantic Web vision [11].

OWL language can be expressed using XML and thus fulfills the basic preconditions
for shareability of models expressed with it. The language defines, along with RDF (more
precisely RDF Schema), a way how to describe resources using common dictionaries. The
basic concept of the language is a class, which has properties, instances and prescribes
relations to another classes (and their instances).

As adaptive web-based systems start to use ontology-based domain and user models,
we look for such model expression which would allow for the greatest possible reusability
and shareability. Directly shared models facilitates reuse of knowledge about domain and
user by multiple applications, but we can not assume that, in such a dynamic environment
as the Web is, one common universal model acceptable by all adaptive web-based systems
would emerge. That is the reason why OWL language defines means for ontology mapping
(owl:equivalentClass, owl:equivalentProperty).

I OWL, Web Ontology Language, http://www.w3.org/2004/0WL/
2 RDF, Resource Description Framework, http://www.w3.org/RDF/
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Examples of user models represented by ontologies

GUMO. General User Model Ontology (GUMO) [29] is an effort to build commonly ac-
cepted user model ontology. GUMO ontology is developed within Ubiquitous User Modeling®
project, which had a significant impact on ontology design. Authors were focused on build-
ing relatively broad taxonomy of classes representing concepts of actual user’s context (e.g.,
actual movement, emotional state). Model provides classes for capturing static user charac-
teristics (name etc.) and characteristics such as interests or goals.

However, ontology does not prescribe properties of individual classes nor relations
between them. Authors did not employ any conditions and restrictions provided by OWL
language. GUMO has a potential to become a top-level (upper) ontology in the field of user
modeling, serving as a point of term unification. Individual specialized ontologies could
define mapping of their own classes to classes of GUMO ontology.

gumo:Person.110003

ubis:identifier =

110003

ubis:website = ‘ http://ubisworld.org/show.php?subject=11...
ubis:image = ‘ http://u2m.org/UbisWorld/img/man-small.g...
gumo:UserModelAuxiliary.600020 | Any*
;umo:HasProper‘ty.60010d Instance* i
gumo:Hasinterest.600110 | Any*
gumo:HasKnowledge.600120 | Any*
gumo:HasPlan.600130 | Any*

gumo:HasProperty.600100*

gumo:BasicUserDimensions. 700002

//'\\\

gumo:AbilityAndProficiency. 700011 gumo:Motion. 700018 gumo:EmotionalState. 700014|

gumo:AbilityToSee.801002 ‘ gumo:AbilityToSmell.801 004|

gumo:Contactinformation. 700008

isa \sa

gumo:FamilyName.80041 2‘

gumo:FullName.800414

Figure 8-1. Visualization of selected parts of GUMO ontology. Basic concept Person is connected to
a broad classification of basic user dimensions.

User model in NAZOU project. Several tools responsible for acquisition, organisation and
presentation of knowledge from heterogeneous sources (e.g., the Web) are developed within
NAZOU project*. Its presentation layer is based on ontological representation of domain
data (job offers) as well as user model.

The model is divided into two parts: domain independent and domain specific. Each
part defines various types of user characteristics, which contain respectively either generic
information about a user or information related to domain content (interests on properties,
values of various attributes of job offer). Each characteristic has a timestamp, holds a number of

* Ubiquitous User Modeling, http: //www.u2m. org/
* NAZOU project, http://nazou.fiit.stuba.sk/
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its updates and a source which contributed the characteristic to the model. Each characteristic
contributes to certain user’s goal with certain relevance.

Because characteristics stored in a model are only estimations of real user features based
on analysis of user’s behavior [6], each characteristic has a confidence, informing about quality
of the estimation.

Complete description of the model can be found at http://nazou.fiit.stuba.sk.

User model in OntoAIMS system. Ontology-based Adaptive Information Management
System (OntoAIMS) provides environment for navigation in and searching for information.
This environment recommends its users (students) the most suitable tasks and helps them
in exploration of the domain [23]. System represents the typical example of employment of
ontologies representing a domain as well as user model. User model, created and maintained
by a specialized component OWL-OLM, is forming a layer on the top of a domain model and
adds user’s perspective to it. This approach is suitable in this case, as the information space
defined in domain model (OS Linux course) is closed and static enough. User model is built
using an interactive dialogue with a user and contains information about each individual
concept like number of concept’s usage, number of correct usages, number of times user
declared concept as understood etc. The model is consequently used to recommend content.

Conclusions on User Model Representation

Ontology is clearly the most promising alternative to represent user model. The basic ide
of ontological modeling is very similar to the way how human think about things in the
world. This allows for inclusion of domain experts into to the process of domain and user
model creation. OWL language is expressive enough to capture even complex relationships
present in reality. Ontologies are the basis for inference mechanisms, which could not only
verify model consistency, but are also able to use conditions, restrictions and rules to infer
new relationships and knowledge. Advantage of ontologies is its shareability, supported by
mapping means provided by OWL.

Disadvantage of ontology based representation is currently the lack of tools and tech-
nologies, (editors, mappers, repositories etc.) in the production-grade quality, which would
provide the same efficiency of work as it is with relational databases and XML-based tech-
nologies.

8.2 User Characteristics

When designing adaptive web-based system (and its user modeling part) we need to consider
which features of users will be used for adaptation and thus should be modeled. Five most
popular and useful features are [15]: knowledge, interests, goals and tasks, background and
individual traits.

Knowledge is used mainly in adaptive educational systems, which keep track of user’s
knowledge of the domain as a whole as well as of smaller fragments. Interests (keyword or
concept-based) are becoming important as volume of information space increases and new
information-oriented systems (encyclopedias etc.) are being developed.

Goals and tasks represents the immediate purpose for a user’s work within an adaptive
system [15]. It can be a learning goal or immediate information need.
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8.2.1 Categorization of User Characteristics

User characteristics being modeled in user model can be categorized using several different
points of view.

The way of their acquisition divides user characteristics into those which can be acquired
automatically and those which can be acquired only in cooperation with the user. An example of
such information, which can not be gathered automatically in the domain of job offers is the
list of all previous user’s employments.

Characteristics can be further divided according to their crispness. Some characteristics
are naturally fuzzy, e.g. preferred salary. Whether a salary is acceptable or good depends also
on other attributes of a job offer. Sometimes even a user can not easily express the desired
salary. However, the user is capable to express a value which is certainly unacceptable (such
a low salary can not be compensated by other attributes of a job offer) and a value of total
acceptance (this and any higher salary is certainly good). Two mentioned values present
borders of a fuzzy set. Some characteristics are on the other hand strictly crisp, e.g. a gender.

An important point of view is domain dependency of user characteristics. Domain indepen-
dent characteristics describes a user generically by attributes such as age, gender, education
etc. These characteristic could be used by multiple applications from different domains. Sec-
ond group of domain dependent user characteristics express user’s relations to the concepts of
a particular domain (research area in publication domain, preferred profession in job offers
domain etc.). Domain dependent characteristics are of little use in other domains, their usage
is however not restricted.

Finally, user characteristics can be divided into long-term and short-term. Characteristics
from the former group are more stable, i.e., their change frequency is low enough and are
used to represent user’s core features and interests. Short-term characteristics are valid only
for few sessions, sometimes they can be changed several times during one session.

8.2.2 Representation of User Characteristics

When considering user characteristics, it is important to think about their representation in
a user model. Some models are designed to store only the value of a characteristic [21]
(boolean value, string etc.), other systems are storing also a reference to a source, which
provided a characteristic [36].

Generally, it is suitable to be able to store,apart from its value, some additional informa-
tion about a characteristic (metadata). Such information could be relevance or confidence of
a characteristic [6].

Relevance of a characteristic allows to capture an importance of a characteristic to the
user. We can take preferred duty location in a domain of job offers as an example. If this
characteristic would have a high relevance, adaptive system should present them in the first
result set presented to the user. On the other hand, if a duty location has low relevance,
system could omit this attribute when searching for suitable offers.

Confidence of a characteristic is related to the way how the characteristic was acquired.
In [33] authors assign the highest confidence to characteristics provided by the user, lower
confidence is assigned to inferred characteristics. Even lower confidence can be assigned to
such a characteristic, which originates in another adaptive system and was stored in a shared
user model.
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8.3 User Model Life Cycle — User Modeling Process

User Model life cycle is defined by a sequence of actions performed by an adaptive web-based
system during user’s interaction with a system. The process is depicted in the Figure 8-2,
adopted from [13]. It separates the process into three distinct stages:

1. collection of data about user,
2. user modeling,
3. adaptation (use of user model).

In the first stage, system collects data about user and use them to create and update user
model in the second stage. Created user model is successively used in the third stage for the
adaptation itself, so the desired effect is achieved.

Data about
user

User
modeling

1. Collects
data

Adaptive
web-based
system

Adaptation

Adaptation
effect

Figure 8-2. User model life cycle according to [13].

The process has a cyclic character, as an adaptive system continuously acquires new data
about the user (influenced by already performed adaptation and thus already filled user
model) and continuously refines the user model to better reflect reality and thus to serve as
a better base for personalization.

8.4 User Modeling Servers

In the beginning of user modeling, it was performed by the application systems, without
a clear distinction of user modeling components and components performing other tasks [39].
However, as user model construction and maintenance is a complex process which ends up
in a hard-to-develop, complex applications, research was oriented on the creation of generic
user modeling systems, called also user modeling shell systems or more recently user modeling
servers.

Apart from the primary effect of alleviating application developers from “re-inventing
the wheel”, designing their own representations of user model, characteristics and modeling



222 Selected Studies on Software and Information Systems

processes, there is also a secondary, but probably even more important effect: the centralized
user model gives an opportunity to share the same user model between several adaptive
applications, where each one could take advantage of knowledge acquired by others.

84.1 CUMULATE

CUMULATE [16, 65] is an example of a generic user modeling server in the domain of
e-Learning (so we call it also student-modeling server). It is based on the KnowledgeTree
architecture [14]. This architecture assumes that server receives information about each
important student action from the external adaptive applications. The server processes
this information into a student model and provides student information by request to any
adaptive applications that wants to adapt to the student.

Information about student is represented in two levels:

— The Event Storage — stores events reported by external adaptive applications. An
application can store not only events, but also the student’s progress as well as any
additional, application-specific information. CUMULATE adds a timestamp to each
received event;

— Inferred User Model — the event storage is open to a variety of inference agents that
process this data and convert it into a form of attribute-value pairs that form inferred
user model.

Authors of CUMULATE created a topic based inference agent which is responsible for
topic-based knowledge modeling. CUMULATE provides a form-based authoring interface
allowing for definition of topics and their relationships to activities. Implementation of the
inference agent that exploits these relationships is then straightforward. However, it is not
clear why these relationships belong to CUMULATE and not to the agent itself, i.e., the fact
that CUMULATE, being a user modeling server, has to deal with form-based interfaces seems
like a flaw in the design.

Another point is that authors do not mention the flexibility of created user model. Does
CUMULATE allows for use of an ontology based user model?

8.4.2 MEDEA

Methodology and Tools for the Development of Intelligent Teaching and Learning Envi-
ronments (MEDEA [60]) is a complex platform in the e-Learning domain allowing for the
creation of intelligent systems offering domain-independence, extensibility and resource
reusability and interoperability. MEDEA could enhance existing tutoring systems by user
modeling and adaptivity feature, under condition that the tutoring system can be encapsu-
lated as a web service that accomplishes a communication protocol. MEDEA is composed
of a domain-independent kernel and set of instructional resources (see Figure 8-3).

Instructional resources are external educational systems which perform an individual,
well defined pedagogical task (e-books, simulation systems, assessment tools, etc.). Each
instructional resource has its own domain model, content authoring interface, student in-
terface and may have its own student model (which contain information to be passed to
MEDEA). MEDEA defines three types of instructional resources:
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Kernel

. Instructional . Instructional Resources
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Connection Manager
[ 2
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Figure 8-3. The architecture of Medea (according to [60]).

Instructional
Resources

Estimation IR

— Diagnostic Intelligent — use a particular diagnostic process to establish the student
knowledge level (i.e. a test systems);

— Estimation Intelligent — use heuristics to estimate student knowledge level;

— Non Intelligent — do not have a student model and have no need of inferring it.

Kernel services

The kernel is responsible for guiding a student through the curriculum, and selecting ad-
ditional educational tasks for domain learning. This functionality is provided by these
modules:

— Environment —represents user interface and allows the student to execute pedagogical
task, request instructional plan and scrutinize the student model;

— Domain Model - stores knowledge about the subject in semantic network model rep-
resentation. Domain is modeled for pedagogical purposes and therefore contains
only four relations: prerequisite_of and subtopic_of (pedagogical relations) and sub-
concept_of and part_of (classical ontological relations).

— Student Model - is composed of a Student Knowledge Model and Student Attitude
Model. Student Knowledge Model is an overlay model consisting of four layers:

o Estimated mode - represents system’s guesses about student’s knowledge based
on his or her interaction;

o Verified model — contains data obtained from evaluative components
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o Inferred mode from the prerequisite relationships and

o Inferred model from part-of relationships, both based on independent Bayesian
networks.

— Instructional Planner — responsible for guidance during learning process (selecting
concept to be studied and the most adequate instructional resource).

— Connection Manager — manages the requests and responses between MEDEA's ser-
vices (actually implemented as Web Services). The integration needs to deal with se-
mantic perspective of the communication problem. Relationships between MEDEA’s
domain models and its components must be established. Therefore, MEDEA imple-
ments methods for automatic type conversion of different representations of student
knowledge (binary, discrete, real, etc.).

The student model includes the student model updating service, that updates the student model
whenever the student performs a pedagogical task (i.e., every time that an instructional re-
source is executed). When Diagnostic Instructional Resource evaluates (accurately) student’s
knowledge about some domain topics, MEDEA adds this information to the verified knowl-
edge model. As Estimate Instructional Resources provide evaluation based on student obser-
vation, the available information is used to update the estimated knowledge model. Non
intelligent Instructional Resources do not evaluate students in any way, so the student model
updating service just informs that the student has executed that task.

It is unclear why authors of MEDEA decided to use Ontology eXtensible Markup Lan-
guage (OXML) to represent domain model instead of widely used RDF/OWL approach.
Moreover, authors do not describe this language, so we have no idea how the domain model
is expressed. Current version of MEDEA forces authors to manually define mappings be-
tween MEDEA domain model and domain model of a particular Instructional Resource. As
ontologies are used to represent the domain models, it is possible to apply semi-automated
ontology mapping approaches to support authors in the mapping task.

Personis

Personis [37] is another generic user modeling server. It is distinct from others by emphasiz-
ing the scrutability of the user model [35].

Figure 8-4 depicts integration of Personis server with individual adaptive systems. Inter-
esting feature is a specific scrutability interface of each system as an addition to the common
one. This allows users to explore their models within a context of the particular application.
This could simplify user’s control of her model, which is used for personalization and thus
indirectly significantly improve user’s experience with the system.

Each application has its own view of the central user model, which decides which data
should be accessible to the application. The view is set by the user, allowing her to decide
upon availability of her (often) personal data to individual applications, thus preserving her
privacy.

User model is represented in triples component — evidence — source, where component
represents user’s attribute, evidence its value and source identifies an application, which
contributed this attribute to the user model.
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Figure 8-4. Integration of Personis server with adaptive systems, according to [37].

SemanticLog

SemanticLog [5] is a user modeling server based on OWL ontologies. It accepts notifica-
tions about occurrence of semantically defined events from multiple adaptive applications
(informing about an action performed by an individual user) and stores these events as an ev-
idence. Subsequently, it notifies registered user modeling inference agents about new event
to process. After its processing, inference agents may update the user model in a central
repository, where it is available to the adaptive applications.

The idea of SemanticLog is similar to CUMULATE. However, the representation of events
in the log using semantics based on ontologies allows for better separation (and thus better
reusability) of the log processing from the presentation tools and the server itself (responsible
mainly for log acquisition and storage). Inference agents work with semantics of the events
defined in the shared event ontology and do not need to know about the applications which
supplied the events [6].

8.5 Sources for User Modeling

Disadvantage of an overlay user model representation is its complicated initialization. When
user logs into the system for the first time, the system does not have enough information
to provide efficient personalization (if it does not have any access to user modeling server
holding information about the new user). This lack of new user characteristics is called
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cold-start problem. However, personalization could be crucial if we want to attract the user
and motivate him or her to use the system [61].

In fact, the adaptation is probably of highest benefit exactly to a new user of the system,
which is not at all familiar with the domain nor the graphical user interface of the system and
can not express clearly her requirements. System should pay a special attention to such user
and should try to facilitate her first experience or it could easily happen that the user would
get lost, confused and never returns again. Cold-start problem is generally being solved by:

initializing the model by pre-defined values;

acquiring needed information directly from the user or from user’s behavior;

using the knowledge from user models of users already present in the system;

bootstrapping the user model from external sources.

8.5.1 Initializing the Model by pre-Defined Values

This is probably the most simple form of user modeling. For example, a great number of
educational systems assume that a new student knows nothing (or that all users have some
standard prior knowledge) about the domain and thus initialize the knowledge on all domain
concepts to one pre-defined value [61]).

This category encompasses also the stereotype-based approach. According to [34] (as
cited in [61]) a stereotype consists of three main components:

1. aset of trigger conditions;
2. aset of retraction conditions;
3. aset of stereotype inferences.

Trigger and retraction conditions are boolean expressions that activate or deactivate an active
stereotype. Stereotype inferences of the particular stereotype serve as default assumption
for the user, used for adaptation. However, stereotype-based approach is often considered
static, meaning that the stereotype is assigned at the beginning of the user’s work and is
not changing ever after (in fact, the stereotype can be “forgotten” when it is used only for
initialization of an overlay user model).

8.5.2 Acquiring Information from the User and from User’s Behavior
Approaches to acquisition of information from the user can be discriminated into two cate-

gories:

— explicit, where user is providing information explicitly, by some special type of inter-
action (usually by filling-in a form);

— implicit, where system tracks user activity within the system and use this as a base for
estimating and/or inferring the desired information.
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Explicit User Modeling

Explicit user modeling consists of letting a user to fill-in a prepared set of forms and is the
most basic approach used by the majority of adaptive systems. The system asks the user
for all information needed for successful adaptation (or at least information to initialize the
user model). This approach is used on almost every system to acquire at least some basic
information about a user (see Figure 8-5).

gﬁ@s Episodic Learn
el M The Adaptive .
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ELM-ART is a new, inteliigent system that allows for interactive learning via WWW. The development of the system is just in an experimental phase investigating different ways of k
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Figure 8-5. Part of a registration form of an adaptive educational system ELM-ART.

The advantage of this approach is the possibility to acquire practically any kind of information
about user — even such information which can not be acquired automatically.

It is easy to believe that a substantial advantage is a high credibility of acquired informa-
tion. It is natural, as the source of information (the user) is, in the same time, the subject the
information is related to. However, it can easily happen that a user does not know the exact
answer to given questions, she does not know a value of some required characteristic.

Another complication of credibility of information supplied by users comes from sub-
jective point of view when they should evaluate their skills. User can easily overestimate
or underestimate the real value of a characteristic (e.g., user might think she has a good
knowledge on particular programming language even if it is not true).

Yet another severe drawback of classical form approach is the complexity of graphical
user interface. For example to provide preferences on movies, the Internet Movie Database
provides a Power Search mode® which allows users to combine several criterion to get
more precise movie retrievals. For example, users can require certain cast or keywords in
the plot summary and filter by genre, year, and other options. The search user interface

> IMDB Power search, http://us.imdb.com/list/
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consists of 17 text fields, 20 choice boxes, 6 check boxes, and requires vertical scrolling before
a query can be submitted [31]. Despite the interface complexity, users search preferences
are limited in several ways (e.g., only two genres can be combined together). Moreover,
form-based graphical interface have difficulties capturing all possibilities including negation,
quantification etc. Some believe [31] that a solution could be a natural language processing
engine which is communicating with the user in a dialogue form similar to human-to-human
communication allowing the user to express any kind of preferences.

Last but not least, it is important to mention that the form-based methods force the users
to spend too much time with activities which are not part of the user’s goals and are not the
reason why the user came to use the system (e.g., filling the forms instead of learning). User
might easily get discouraged to use the system, or might lose the concentration etc.

In [23] authors use the explicit user modeling approach in an interesting way. The
user model is built with the active user’s participation (“interactive user modeling” also
called “user model elicitation”) in the educational domain. They create a system called
OntoAIMS which uses OWL-OLM (OWL based framework for open user modeling) to
elicit user (learner) model. It uses a dialogue-based approach where user composes com-
poses statements by constructing diagrams using basic graphical operations such as “create”,
“delete” or “edit” a concept or a relation between concepts and defining his intention, e.g.
to “answer”, “question”, “agree”, “disagree”, “suggest topic”. OWL-OLM processes these
answers to build user’s conceptual model based on the domain concepts. When the required
aspects of the user’s conceptualization have been covered, the dialog can be terminated.

Implicit User Modeling

While explicit acquisition of information can be with no doubt used to alleviate cold-start
problem (as user fills-in the form before the actual usage of the system), this is not necessarily
the case in implicit acquisition information and thus implicit user modeling. It depends on
the speed, how fast the user model converges to something useful, reflecting reality (i.e., how
many actions (clicks) and/or sessions are necessary for the system to estimate a correct user
model).

Implicit user modeling can be divided into three categories, depending on the complexity
of the process:

— Monitoring Access to Resources;
— Monitoring User Feedback;

— Monitoring User Behavior.

Monitoring Access to Resources Users visit the web-based system in order to achieve a
goal and what they actually do to achieve it is the formulation (visual or textual) of queries for
system’s resources and subsequent processing (i.e., reading) of those resources. Web-based
system can hold evidence of individual accesses to the resources and provide adaptation
upon this evidence.

This approach is used successfully in educational adaptive systems. For example, AHA!
system [21] creates two records for each user’s access to a page (resource): one record for the
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beginning and one for the end of an interval, during which the system presumes that a page
was displayed on user’s screen. The system uses this information to infer user’s knowledge
on a related concept(s). The approach presumes that if the page was displayed, the user read
it and hopefully understood it. This presumption can not be guaranteed to be true all the
time, but the approach is achieving good results anyway, when system is used intensively
enough.

Monitoring access to resources can be used also in other domains, e.g., in scientific
publication domain we would acquire records about displayed publications. However, the
interpretation of these records needs to be more complex than in educational domain. We
can presume, that while searching for suitable publication user will find such papers, which
are not of her interest. In this case, the simple list of displayed publications does not give
a complete information, which could be used in the characteristics discovery process. We
need to know the way how the user navigated to the results and/or user’s feedback to
individual items.

Monitoring User Feedback This approach is an extension of the above mentioned one,
which processes user’s feedback on the proposed content. We can divide user’s feedback
according to the nature of its acquisition, in the same way as the general acquisition of
information from the user, into explicit and implicit feedback.

Explicit Feedback. This type of feedback is acquired when the user explicitly utter her
attitude to the displayed content. This is usually done by rating it on a given (often Likert)
scale [63].

Explicit feedback is considered to be a good source of user preferences, but one need
to design it carefully from the HCI perspective, otherwise the results could be biased. We
can apply the HCI key constructs to questionnaires such as Perceived ease of use, Perceived
usefulness, Disorientation or Flow. These constructs may depend on the presentation (response
format and questionnaire layout) as well as interaction mechanisms that are employed in the
administration of scale items [63].

Especially important are Perceived usefulness which is defined as the degree to which a user
believes that making a rating would give her some benefits and Flow which is a psychological
state in which a person feels cognitively efficient, motivated and happy. When people are
in the state of flow, they become absorbed in their activities and irrelevant thoughts and
perceptions are screened out (as cited in [63]). It is important that questionnaires do not
break this flow but rather become a part of it.

Implicit Feedback. Because explicit feedback acquisition is not reliable (user oversees
the rating widget or is not motivated to rate items) research is oriented also on implicit
feedback which is derived from the usage of the system. It is an estimation how would user
explicitly rate the particular item.

Observable behavior for implicit feedback is stated in [51]. Authors define three main
categories of behavior: examination, retention and reference. The most interesting category,
from the perspective of web-based systems, is examination which encompasses following
behavior:
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— Selection — web-based information systems often display a list of results, each with
only a brief description. Selection of one particular result for further examination
provides information about user’s interest.

— Duration - as positive correlation was found between reading time and and explicit
rating in USENET applications (as cited in [51]), we can consider duration as another
aspect determining user’s interests.

- Read wear - extends the duration aspect by including the idea of “computational
wear”, which informs us about reading history of the document (e.g., which parts
were read and which were just scrolled) [30].

— Repetition — repetitive behavior in exploring information space.

— Purchase —represents user’s decision to perform some additional action with the item
such as purchase, print, add to bookmarks etc. It is a strong indication of a positive
feedback.

An example of work with implicit feedback is [17] in which authors were creating a model
of a museum visitor to provide personalized reports about a particular museum visit. Each
visitor possesses an electronic guide during the visit. Implicit feedback is represented by
pressing keys “More” (positive feedback) or “Enough” (negative feedback) during the com-
mentary. By pressing “More”, user gets further, more detailed information about particular
exhibit. As a side effect, system is informed about user interests. By pressing “Enough”,
user can interrupt the commentary on particular exhibit (which is interpreted as a negative
feedback). Also the fact, that the user did not interrupt the commentary can be considered as
rather positive feedback. The “More” button represents Selection from the above mentioned
classification. Usage of “Enough” button is related to Duration.

Implicit feedback was used also in project Casper [56] in the domain of job offers. Authors
use three metrics to estimate implicit feedback: re-visiting an offer, time spent reading an
offer and further activities related to an offer (applying for a job, sending an offer via e-mail).
Focus is given on log preprocessing, to leave out unwanted events such as multiple clicks on
one offer, which should not be considered as a re-visit if it was caused by user’s impatience
or correction of an offer reading time according to mean reading time.

The analysis of user behavior is discussed also in [38]. Authors examine time related
information (implicit feedback Duration) in an e-Learning course, where students have pos-
sibility to listen to the lectures and watch handouts.

Monitoring User Behavior This approach covers the implicit feedback acquisition ap-
proach, but is not restricted to feedback related behavior and tracks a complete behavior of
the user within a system. The main difference is that the system records as many actions
as possible such as the time the user spent viewing a particular page, the way the user
navigates on a web site, clickstreams, list — detail transactions, page reading (i.e., scrolling
down the page), eventually usage of active page element (e.g., hover) or additional system’s
functionality (e.g., adding a publication to Favorites).
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The acquired data are not necessarily used to compute a feedback value as it is in the
implicit feedback approach. The system could use the data to estimate other types of user
characteristics.

The nature of acquired data implies that this approach is especially useful for open and
ever-changing information spaces and non-linear navigational model. Many e-Learning
courses are “forcing” the user to follow a predefined “optimal” route through the content
(usually a linear sequence of pages without any branching). This could lead to uninterest-
ing data of no use for further analysis as user’s characteristics and background could not
influence user’s browsing behavior (as the user follows the route predefined by a course
author) [40].

The approach is appropriate considering user involvement into the user modeling pro-
cess. User is actively using the system (e.g., is taking an electronic course), which is exactly
the reason why the user visited the system. Whole data collection and processing tasks are
performed in the background, without user’s intervention.

Majority of systems collect user behavior data on a server side in a form of log file. This
results in lack of records for actions which do not reach the server. A typical example is
usage of back button in the web browser which does not re-request the page from the server
but use the cached copy instead. Server is thus not aware of the exact time user spent by
viewing the page. Another example is user interaction with active page elements (e.g., using
javascript) which are not communicating with a server.

The data collection part of user modeling (user action monitoring) is independent of the
actual modeling process. In fact, it is identical to e.g., data collection for purpose of web
sites usability evaluation. In [53] authors note that usability evaluation performed only on
the server side is ineffective as it is too coarse grained, not providing enough details. They
note that to acquire comprehensive data about web application usage, one need to employ
client side monitoring. This was recognized also in the community of adaptive web-based
systems [42, 18, 28, 38].

However, client side data availability can not be guaranteed because we have no control
on logger execution, as it is on a server side. Therefore, the most suitable approach is to use
the combination of the two logging approaches: use a server side logging and complete it
with data from client side logging [4].

Software Solutions for Data Collection. Several software tools were developed for the
purpose of web sites usability evaluation. Some representatives of such tools are WebVIP®,
WET [26], UAR [59] or Click [5]. WebVip (Web Variable Instrumenter Program) is a tool to
augment traditional user testing on a given set of tasks. It allows for setting of actions to
be logged, generates Javascript scripts and embeds them into the target pages. The scripts
(executed on a client side within user’s browser) creates a FLUD (Framework for Logging
Usability Data) records. WebVip needs to thoroughly modify every HTML page of a web
site and thus needs a static snapshot of a website apriori to its execution, which is obviously
a severe disadvantage.

WET (Web Event-logging Tool) is also based on JavaScript technology. When using it, is is
sufficient to add a reference to a script file into a header part of every HTML page, so we do not

6 WebVip, http://zing.ncsl.nist.gov/WebTools/WebVIP/overview.html
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need to have a static snapshot available as it is with WebVip. WET is based on principle of pro-
cessing of events generated by web browser. The disadvantage of such an approach could be
an overhead of records because what we would define as one user interaction could fire a vast
amount of events. E.g., a simple click on a hyperlink could result in a sequence of mouseover,
mousedown, mouseup a click. To address this issue, WET allows for setting explicitly which
types of actions are to be logged. That means that we can trace only clicks, page loads etc.

The problem of WET is its tight connection to the domain of web sites usability evaluation.
In fact, it creates an additional layer above the displayed page, providing control buttons to
manage the monitoring process. The Click tool (Client side action recorder) is inspired by
the logging part of WET (simple reference in a header part, optional types of events etc.) and
sends acquired data asynchronously using SOAP messages to the server side, to a specialized
web service.

UAR tool (User Action Recorder) is a standalone desktop application for Microsoft Win-
dows environment. It allows for monitoring not only user’s work within a web application
but whole user — computer interaction by tracking keyboard and mouse usage in individual
windows. These practically unlimited monitoring possibilities represents a significant dis-
advantage of this standalone desktop application approach as many users would feel this as
a privacy threat.

8.5.3 Bootstrapping the User Model by Exploting Communities

We, people, are naturally integrated into several social communities (our relatives, friends,
colleagues etc.) and are strongly influenced by these communities. If one needs to solve
a “never-seen before” kind of a problem, she will very likely ask her friends for some hints
and help. We rely on other people if we are in some new and unknown situation, where we
are not sure about the most suitable action (e.g., “I will take the same food as others on the
conference dinner”). We are behaving socially.

The idea and advantages of social aspects in the real life is being transformed to the
web and its applications, namely to the Web 2.0. In fact, the models of social networks are
suppressing and replacing the traditional role of user model in web-based systems [3]. It is
becoming the community which has ever evolving characteristics and a helpful adaptation
can be provided on their basis (the system is performing community-based personalization
instead of user-model-based one).

The idea is taking advantage of the fact, that users are humans and humans tend to have
a lot in common. Use of social relationships in computer systems is not new. We know
collaborative filtering and history-enriched environments [30] as the results of pioneering
work from the early 90’s [27].

In fact, the cold-start problem got its name in the field of recommender systems based on
collaborative (social) filtering. User is rating the content and system is using these ratings to
compute user’s similarity to other users of the system. Then the system is able to recommend
new content which got high ratings from similar users. A recommender system can produce
good recommendations only after it has accumulated a large set of ratings, which is obviously
not the case for the new user, hence the cold-start problem arises.

The solution is to combine pure collaborative filtering with a content-based filtering
techniques, which selects items based on the correlation between the content of the items
and the user’s preferences [62] and to bootstrap the user model by other means.
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An example of a user model bootstrap based on social relationships can be found in [45].
Authors consider trust relationships between users and its propagation. A trust statement
made by user A towards user B means that user A consistently finds the reviews and ratings
of user B valuable. Trust statements from all users form a web of trust, or trust (social)
network (this trust network is always personalized, from the point of view of an individual
node (subject)).

The whole idea is to replace similarity between users (computed according to their
ratings of the same item) in the recommendation algorithm by the trust between users
(which is propagated as soon as new user defines her trust to one already existing user and
is further refined as the user trust or distrust others).

We believe that the approach could benefit from the exploit of classical studies of human
social interactions — social network analysis. Its goal is determining the functional roles of
individuals in a social network and diagnosing network-wide conditions or states. Different
individuals in a social network often fulfill different roles. Examples of intuitive roles
include leaders, followers, regulators, “popular people” and early adopters [44]. These
roles can influence the computation of the trust in the community and its spreading (e.g.,
trust of a leader towards a particular user is of greater value than a trust between ordinary
users).

As we mentioned, models of social networks could overtake the role of the user model,
which shrink to one information expressing membership in a network. We can find similarity
of an approach built upon social networks with stereotype-based approach. However, where
stereotypes are usually statically defined and users are assigned a stereotype only once, at
the very beginning of their work with the system, the communities are usually discovered
“on-the-fly”, have their proper characteristics and memberships of the user to the community
is decided automatically.

An example of a system which employes community-based personalization is Communi-
ty-based Conference Navigator [27]. It uses social navigation support to help conference atten-
dees to plan their attendance at the most appropriate sessions and make sure that the most
important papers are not overlooked.

The system provides additional service as an adaptive layer over AACEE conference
planning system, which allows the conference attendees to browse the conference program
and plan their schedule. Community-based conference navigator tracks different activities of
the community (such as paper scheduling) and allows users to add comments to papers.
All activities result in updates of the community profile, which accumulates over time the
“wisdom” of the community. The community profile and “wisdom” is used in the adaptation
of the original system by adding adaptive icon annotations.

The selection of the community is done manually by each user. If the user does not find the
suitable community, she is allowed to create a new one. Moreover, user can switch between
communities anytime during the usage of the system, which gives instantly the annotations
for a different community. However, it seems that user can act only as a member of one
community at a time, so all actions contribute only to one community profile. However, many
people belong to several communities and act as “bridges” between different communities,
so it would not be easy for them to choose strictly one. It would be interesting to combine
the community-based adaptation with the traditional personalization based on user model
(which can nevertheless provide detailed characteristics).
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The approach could also benefit from the “classical” social network analysis. Papers
scheduled by somebody who is considered as an authority in the network could be considered
as more interesting to see (so they could have yet distinct annotation so the user does not
overlook them).

The ISM framework [61] is a mix of several approaches to cold-start problem solving: it
employs explicit user modeling by letting the user to pass an interview as well as a pre-test.
The knowledge acquired from the user is used to assign her a stereotype. However, this
stereotype is not used directly to initialize the student model. The default assumptions of
each stereotype are refined by taking into account the actual behavior of the other students
belonging to the stereotype. Moreover, the contribution of these students to the initialization
of the new student model is weighted based on their similarity with the new student [61].

The information acquired from both the interview and the preliminary test (see Figure
8-6) is represented as a feature vector, which contains student code, name, stereotype and
a set of N characteristics (student’s attributes). The initial information that has been acquired
directly from the student, as well as information from existing students is then used in order to
produce a second vector that represents the system’s estimations of certain domain dependent
attributes of the new student. The second student model vector contains student code and
a set of M domain-related characteristics. While the first vector contains information such
as mother tongue or level of carefulness, the second vector contains information referring to
domain concepts: the degree of knowledge and error proneness for each concept.
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Figure 8-6. ISM Architecture, according to [61].

The second vector is computed using the distance weighted k-Nearest Neighbors (k-NN)
algorithm. The actual number of neighbors is the number of students within a stereotype.
The system presumes, that users belonging to different stereotypes do not have similar
knowledge of the domain.
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The actual classification function takes the new user instance (which should be classified)
and the k nearest neighbors. The value of the degree of knowledge and error proneness of the
new student (s,) is computed as a distance weighted mean value of the degree of knowledge
and error proneness of the k students that belong to the same stereotype with the new student
(s1,82,...,8k). So the knowledge level for each concept is computed as:

Zle w; KnowledgeLevel(Concept,,, s;)
k
D i1 Wi
where w; is the weight of the contribution of each student and is calculated as an inverse
square of its distance from s:

KnowledgeLevel(Concept,,, sq) = (8.1)

-
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8.5.4 Acquiring Information from External Sources

In [47] authors propose the idea of a cold-start problem solving by providing some initial
knowledge about users and their domains of interest from shared ontologies. It should
thus be possible to bootstrap the initial learning phase of a recommender system with such
knowledge. They created the Quickstep recommender (Figure 8-7) which implements the
idea in the domain of scientific publications.
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Figure 8-7. The Quickstep recommender system according to [47].

The ontology used to bootstrap the recommender was developed by Southampton’s AKT
team (Advanced Knowledge Technologies). It models people, projects, papers, events and
research interests, was populated with information extracted automatically from a depart-
mental personnel database and publication database. The ontology consists of around 80
classes, 40 slots, over 13000 instances [46].

When new user arrives, the recommender system retrieves an initial set of her publi-
cations from the ontology. These publications are then correlated with the classified paper
database and a set of historical interests are compiled for that user. These historical interests
form the basis of an initial profile, overcoming the new system cold-start problem. Moreover,
system is trying to find out communities of practice for the current user (i.e., group of people
who share some common interest in a particular practice — a social network) in the ontology
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and provides a ranked list of similar users from the very beginning of user’s work with the
system (so the system is able to provide also collaborative filtering based on users similarity).
During the usage of the system, user browsing behavior is monitored via a proxy server,
where each URL browsed during normal work activity is logged. A classifying algorithm is
used to classify browsed URL’s based on a training set of labeled example papers, storing
each new paper in a central database. The profiling algorithm performs correlation between
paper topic classifications and user browsing logs. Whenever a research paper is browsed
that has been classified as belonging to a topic or an explicit feedback on recommendation is
provided, it accumulates an interest score for that topic. This is the way Quickstep contributes
back to the bootstrap ontology.

The weak point of the approach is the assumption that ontology used for bootstrap con-
tains knowledge about the new user and that this user has already written some publications
which could be compared with publications in the information space.

User Model Mediation

The concept of mediation of partial user models between several adaptive systems was pro-
posed in [8]. The basic idea is that different applications would benefit from enriching their
UMs through importing and aggregating user models which were built by other, possibly
related applications. It is different from the centralized user model approach using user
modeling server, where each application extracts the required data from the central UM
and updates it later. The described approach is designed to be decentralized and providing
ad-hoc (for a specific purpose) generation of user model for the target application through
translation and aggregation of partial UMs built by other applications. It is therefore useful
for solving cold-start problem.

The mediation to be successful needs to solve several issues among which is user’s
privacy, the structural heterogeneity and incompleteness of the user models content, since
every application refers to a specific application domain only.

The mediation process is partitioned to the following stages (see Figure 8-8):

1. A target application, required to provide personalization to a user, queries the medi-
ator for the user model related to the application domain.

2. The mediator identifies the required personalization domain and the user model
representation in the target application.

3. Themediator determines a set of other applications that can potentially provide partial
domain-related user models of the given user and queries them.

4. Applications, actually storing the needed data, answer the query, and send to the
mediator their partial user models of the given user.

5. The mediator translates and aggregates the acquired partial user models (using the
knowledge base (KB)) into a single domain-related user model, represented according
to the target application.

6. The generated domain-related user model is sent to the target application, which is
capable of providing more accurate personalized service.
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Figure 8-8. Architecture and stages of the user model mediation, according to [8].

For the purpose of mediator, the user model is considered as an aggregation of partial
domain-related user models: UM = aggr(UM,, UM, ..., UM}). The domain-related user
model is then defined as an aggregation of domain-related user models built by applications
exploiting different personalization techniques: UM, = aggr(UMY, UM3,... UM}), where
UM, denotes the partial UM referred to application domain d, built by an application
exploiting personalization technique .

Authorse can therefore divide all applications, which could potentially provide helpful
partial user models into three distinct groups:

— applications from d that also exploit ¢,
— applications from d that exploit another technique t’,
— applications from another, relatively similar, domain d” that also exploit .

Applications are apriori organized in a hierarchical semantically demarcated structure, where
upper level of the hierarchy represents different application domains. The domains are
represented by the nodes of an undirected graph, where the weights of the edges reflect
the similarity between the respective domains. The bottom layer represents specific ap-
plications within the domains, grouped according to the personalization techniques they
exploit.

The actual translation and aggregation of the acquired partial user models is driven by
arich inter- and intra- domain knowledge base that allows for identification of commonalities
between partial user models.

Three distinct types of translations are defined:

— simple concatenation of partial user models.

— cross-technique translation [9] — for example from collaborative to content-based
movie recommender. The translation exploits a KB of movies data (e.g., genres,
directors and actors), which allows the mediator to generalize a set of collaborative
ratings into the content-based user model, containing a list of genres, directors and
actors liked /disliked by the user.
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— cross-domain translation [10] — for example from book recommender to movie rec-
ommender. The translation exploits a KB of books and movies genres that facilitates
the translation through identifying the correlations between the contents of the user
models (e.g., liked /disliked genres, common to movies and books).

The authors did not address completely the issue of actual aggregation of partial user models.
We believe, that this step could be facilitated by exploiting OWL ontologies and its inherent
mapping features, which allows for definition of equivalency between classes and properties.
In [57] we can find a preliminary work on using ontological cultural user modeling to
overcome the cold-start problem, however authors are more focused on the ontology itself
rather than on the mapping problem.

Ontology Mapping Probably the most natural way of solving cold-start problem for
ontology-based systems is to exploit user model ontologies published on the web. On-
tologies were conceived to do so and sharing is one of their main benefits. However, in
order to use data from other ontology, the system needs to “understand” them, i.e. it has to
put it in relation with its own ontology — ontology mapping needs to be done manually or
(preferably) automatically.

It is a process whereby two ontologies are semantically related at conceptual level, and
the source ontology instances are transformed into the target ontology entities according to
those semantic relations. This results in three dimensions of ontology alignment:

— Discovery — manually, automatically or semi-automatically defining the relations be-
tween ontologies

— Representation — a language to represent the relations between the ontologies

— Execution — changing instance of a source ontology to an instance of target ontology

Another point of view takes into consideration the types of mapping process:

— Mapping between an integrated ontology and local ontologies — ontology mapping
is used to map a concept found in one ontology into a view, or a query over other
ontologies (e.g. over the global ontology in the local-centric approach, or over the local
ontologies in the global-centric approach) [19].

— Mapping between local ontologies — the process transforms the source ontology enti-
ties into the target ontology entities based on semantic relation. The source and target
are semantically related at a conceptual level. This is the mapping which is (or is to
be) used on the Semantic Web, because of its de-centralized nature.

— Ontology mapping in ontology merge and alignment — the process establishes corre-
spondence among source (local) ontologies to be merged or aligned, and determines
the set of overlapping concepts, synonyms, or unique concepts to those sources. This
mapping identifies similarities and conflicts between the various source (local) on-
tologies to be merged or aligned [19].



User Modeling for Personalized Web-Based Systems 239

Glue GLUE is a system that employs machine learning techniques to find ontology
mappings on the Semantic Web [24]. Given two ontologies, for each concept in one ontology,
GLUE finds the most similar concept in the other ontology. It calculates joint probability
distribution of the concept using multiple learning strategies, each of which exploits different
type of information present in data instances and ontology schema.

GLUE consists of Distribution Estimator, Similarity Estimator, and Relaxation Labeler. The
Distribution Estimator takes as input two taxonomies O; and O, together with their data
instances and compute the joint probability distribution for every pair (A € Oy, B € O3) of
concepts, i.e. it computes P(A, B), P(A,-B), P(-A, B), P(-A,-B).

To achieve it, it uses three distinct learners:

— The Content Learner — takes into account the frequencies of words in the fextual content
of an instance.

— The Name Learner — makes predictions using the full name of the input instance, instead
of its content.

— The Meta Learner — combines predictions of individual based learner via a weighted
sum.

Results of Distribution Estimator are passed to Similarity Estimator, which applies a user-
supplied similarity function to compute a similarity for each pair of concepts

<A601,BEOQ>.

The Relaxation Labeler takes the similarity matrix and domain-specific constraints and heuris-
tics to find the best mapping configuration.

GLUE was evaluated on several real-world domains and proved to accurately match
66-97 % of the nodes. The disadvantage of the approach is that it operates upon taxonomies,
which are only a subset of ontologies.

Mafra MAFRA [43] stands for Ontology MAapping FRAmework for distributed on-
tologies in the Semantic Web. The framework consists of five horizontal modules describing
the fundamental phases of a mapping process. Four vertical components run along the entire
mapping process, interacting with horizontal modules.

The horizontal dimension consists of following modules:

- Lift & Normalization — assures that all data to be mapped are at the same repre-
sentation level. It copes with with syntactical, structural and language heterogeneity.
Elimination of syntax differences makes semantics differences between the source and
the target ontology more apparent.

— Similarity — establishes similarities between entities from the source and target ontol-
ogy, thus, it supports mapping discovery. MAFRA adopted a multi-strategy process
that calculates similarities between ontology entities using different algorithms (lexical
similarity, property similarity, bottom-up similarity and top-down similarity [43]).



240 Selected Studies on Software and Information Systems

— Semantic Bridging — similarities computed in the previously described phase are used
in the semantic bridging phase to establish correspondence between entities from the
source and target ontology, so that each instance represented according to the source
ontology is translated into the most similar instance described according to the target
ontology. It is performed in five steps:

1. Concept bridging step — selection of pairs of entities to be bridged, according to
the similarities found in previous phase. The same source entity may be part of
different bridges.

2. Property bridging step — specification of the matching properties for each concept
bridge.

3. Inferencing step — specification of bridges for concepts that do not have a specific
counterpart target concept.

4. Refinement step — improve quality of bridges between a source concept and sub
concepts of target concepts.

5. Transformation specification step — intends to associate a transformation procedure
to the translation, in a way that source instance may be translated into target
instances.

— Execution — actually transforms instances from the source ontology into target ontol-
ogy by evaluating the semantic bridges defined earlier. It could operate in two distinct
modes:

o offline static one time transformation) and

o online dynamic, continuous mapping between source and the target.

— Post-processing — takes the results of the execution module to check and improve the
quality of the transformation results.

MAFRA is not a fully automated solution and requires a domain expert to drive the creation
of semantic bridges. This requires an extensive graphical support, as deep understanding
of conceptualizations on both sides (source and target ontology) is required on human side.
Moreover, it is not clear whether a generic semantic bridges could lead to fully automatized
solution or it would be useful to define domain-dependent bridges, which contain domain
specific knowledge.

Information Extraction from Available Documents

Many approaches are employing user models to provide personalized information extraction
(IE) which would significantly impact the web search experience [25, 1]. There are also efforts
to use IE techniques to retrieve information about users, but usually for other purposes than
to populate user model with data suitable for personalization. We can find approaches that
are trying to automatically identify social networks around a particular user. We discussed
in the section 8.5.3 that resulting social network can be used to bootstrap user model.
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The IE techniques could be applied to user-supplied documents (such as CV, from which
a system could deduce user’s age, education or previous employments [41] or scientific
paper the user submitted to a particular conference, from which a system could deduce
user’s domain of interests and further focus within the domain) or documents found on the
web, where it can be inspired by classical IE techniques.

User Information Extraction

Web Appearance Disambiguation. Paper [7] proposes the Web appearance disam-
biguation methods (Link Structure Model, Agglomerative/Conglomerative Double Clustering and
their combination) and uses a social networks of users as a background knowledge. The
Web appearance disambiguation in general is inferring a model that ultimately provides
a function f answering whether or not a Web page d refers to a particular person h, given
a model M and background knowledge K.

Authors attempt to use as little background knowledge as possible and decided user’s
social network to be such knowledge. Therefore, instead of solving one problem, they solve N
interrelated problems: for each person h; in the group H (a group of people H = {h1,...,hn}
who are related to each other), they find Web pages that refer to h;. The group of people was
defined manually based on e-mail correspondence.

The basic idea of Link Structure Model is that Web pages of a group of acquaintances
are likely to be interconnected, while pages of their namesakes would not. However, the
existence of a direct hyperlink from one relevant page to another may be rare. Two pages can
be considered as linked if both contain a hyperlink to the same page, or both are hyperlinked
from one page, or one page can be reached within three hyperlink hops from the other. Yet
another approach can also be considered, for example, two pages are linked if both mention
the same organization. Authors decided that for their purposes, two Web pages are linked to
each other if their hyperlinks share something in common.

Their set of Web pages D is constructed by providing a search engine with queries
thy,- .- tuy (Where ¢y, is a name of person h; in user’s h social network) and retrieving top K
hits for each one of the query, so that N x K Web pages are retrieved overall. Every page d is
already associated with a personal name ¢;,, however, it is yet unknown whether the page d
refers to the actual person h or to his/her namesake (or to neither).

Based on a set D, the model M is constructed. Authors defined a Link Structure Graph
over a set of Web pages D as Grs = (V, E) if nodes of the graph are the Web pages (V = D)
and there exists an edge between any pair of nodes d; and d; iff d; and d; are linked to each
other. Than the the Link Structure Model M, is defined as a pair (C, d), where C is the set of
all connected components of the graph G ¢ (note that C, € C, where C, is the central cluster,
the largest connected component in G g that consists of pages retrieved by more than one
query) and ¢ is a distance threshold.

Finally, the discrimination function is defined:

1 ifdeC: | Ci—Co| < 6,i=0.M

0 otherwise (8.3)

fid.nia ) = {

The intuition behind this definition is that the pages of the central cluster and of a few clusters
that are close to the central cluster are considered to be relevant, while others are irrelevant.
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Paper [64] similarly deals with ambiguity problems in person information mining on the
Web. Authors propose five distinct features and a cascaded multiple-clusterer approach for
name disambiguation using personal titles, community chains, contextual terms, temporal
expressions and hostnames.

Web Object Extraction. Web object extraction/retrieval is a new approach to infor-
mation retrieval on the Web being invented at Microsoft Research. Current search engines
are working at a document-level, ranking documents by their relevance to a set of key-
words (query). However, these documents embed various kinds of objects along with their
attributes such as people, products, papers’, organizations, etc. Web object extraction is
aiming at extracting such objects to create an object-level vertical search engines (specialized
on a particular domain). Such a search engine gives a list of object with explicit properties
instead of list of URLS, which costs user’s significant efforts to decipher for needed informa-
tion [49]. Moreover, authors of web object extraction method deal also with integration of
the same object retrieved from multiple sources into one “real-world” object.

Figure 8-9 depicts architecture of scientific papers extraction system. It is able to extract
four types of objects (papers, authors, conferences and locations) and relationships between
them. The architecture follows the method, where web crawler and classifier automatically
collectall relevant webpages/documents that contain object information for a specific vertical
domain. The crawled webpages/documents will be passed to the corresponding object
extractor for extracting the structured object information and building the object warehouse.
The task of aggregators is obvious: they aggregate information about the same object from
multiple different data sources.

The key point is object extraction itself. The problem is that webpages are generated by
tens of thousands of different templates. One possible solution is to distinguish webpages
generated by different templates, and then build an extractor for each template (called
template-dependent solution). This solution is of no use in real world applications: firstly,
it is practically impossible to collect all possible templates (even webpages from the same
website may be generated by several different templatesO. Secondly, it would be impossible
to train and maintain of all required extractors for each template.

Authors in [50] conducted an analysis of webpages across web sites and extracted some
template-independent features from it:

— Information about an object in a web page is generally grouped together as an object
block, which can be further segmented into object elements, providing information
about individual attributes.

— Strong sequence characteristics exist for web objects of the same type across different
web sites. For example, a person’s name is always ahead of contact information
(telephone, postal address) in all the pages.

Based on template-independent features authors propose template-independent method of
Web Object Extraction based on linear-chain Conditional Random Fields (CRFs) and achieved

7" A working object-level search engine for scientific papers can be found at http://1libra.msra.cn/.
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Figure 8-9. Architecture of Scientific Papers Extraction System (according to [50]).

good results in scientific papers domain. If applied to multiple domain, the system could
possibly provide enough information about user to overcome the cold-start problem.

Social Networks Discovering The paper [55] proposes the idea, that each recommender
system naturally fosters communities of users. It is exactly the community which drives the
recommendation once enough users are engaged and modeled (see Figure 8-10).

However, as an implicit user modeling does not make the social network identification
salient, authors propose to employ other techniques to discover social networks:

— Link Analysis and Cyber-Communities — evidence of community existence is often im-
plicit in data, such as communications logs and webpages. These are fertile reflections
of natural connectivity among people. Some recommender systems require users to
create and maintain profiles. On the other hand, approaches which model people con-
nections or social organization result in representations which are likely to be more
accurate reflections than a user’s perception of his own connections [55].

— Mining and Exploiting Structure —social networks also can be formed by applying trans-
formations on other, typically bipartite, graph representations identified in datasets.
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Figure 8-10. Formation of a social network by explicitly collecting ratings or profiles (left). Identification
and discovery of a network by exposing self-organizing communities implicit in user-generated data
such as communication or web logs (right), according to [55].

Typically, a ratings dataset can be modeled as a bipartite graph rather than a matrix
(bipartite graph is often called affiliation network in social network theory). For ex-
ample, if we consider an affiliation network formed by people and publications they
(co)authored, we can bring people together via their relationships with publications.

— Small-World Networks — are networks naturally modeling the small-world phenomenon
(a Harvard social psychologist Stanley Milgram conceived an experiment in the late
1960’s which revealed that any two randomly picked individuals residing in the
US were connected by no more than six intermediate acquaintances and thus that
a human society is organized as a small world type network). According to [55],
small-worlds present opportunities for recommender systems. If identified, not only
do they help model users and communities implicitly by revealing social structure
(via the structure of the connections between documents which members of those
communities manually created), but also help connect people via short chains. For
example, if search engines could take advantage of the web’s small-world property,
then users with only local knowledge of the web may actually be able to find and
construct short paths between pairs of web pages.

ReferralWeb. An example of link analysis approach can be found in [32]. Authors
propose a system which supports users in searching for a piece of information by searching
the social network for an expert on the topic together with a chain of personal referrals from
the searcher to the expert. The social network is constructed automatically, querying the Web.
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The approach uses the co-occurrence of names in close proximity in any documents
publicly available on the Web as an evidence of a direct relationship. Such sources include:

Links found on home pages

Lists of co-authors in technical papers and citations of papers
— Exchanges between individuals recorded in netnews archives

— Organization charts (such as for university departments)

The network model is constructed incrementally. When a user first logs into the system, it
uses a general search engine to retrieve Web documents that mention him or her. The names
of other individuals are extracted from the documents. Authors claim that they achieve a high
degree of accuracy (better than 90%), using information extraction techniques, however, they
do not provide additional details. The process is applied recursively for one or two levels,
and the result merged into the global network model.

Jumping Connections. Paper [48] presents an example of Mining and Exploiting Struc-
ture approach. It describes a study algorithms for recommender systems from the perspective
of the combinations of people and artifacts that they bring together. They named the ap-
proach jumping connections.

A recommender dataset R consists of the ratings (e.g., of movies) by a group of people.
It can be represented as a bipartite graph G = (P|J M, E), where P is the set of people, M
is the set of items (movies) and the edges in E represent the ratings. Let Np and Nj; be
a number of people/items respectively.

A jump is a function J : R — 5;5 C P x P that takes as input a recommender dataset
R and returns a set of (unordered) pairs of elements of P. This means that the two nodes
described in a given pair can be reached from one another by a single jump. Obviously,
jumps are made using the items in the set M. Authors defined the skip jump, which connects
two members in P if they have at least one movie in common.

A jump induces a graph called a social network graph of a recommender dataset R. It is
a unipartite undirected graph Gg = (P, Eg), where the edges are given by Eg = J(R). The
graph could be disconnected based on the strictness of the jump function.

Extracting Social Networks from Communication Evidence Paper [20] proposes an
end-to-end system that extracts a user’s social network and its members’ contact information
given the user’s email inbox. Social links are created by extracting mentions of people from
Web pages and creating a link between the owner of the page and the extracted person. The
system is called recursively on each newly extracted people, which result in a large “friends
of friends of friends” network.

The process of social network extraction is depicted in the Figure 8-11. The bootstrapping
set of names is extracted from email headers in user’s inbox. Name coreference resolves
multiple mentions of the same person in different format. Subsequently, the system attempts
to find person’s homepage by submitting queries based on the person’s name and likely
domain to Google search engine. The results are filtered according to URL features and
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word distribution metrics. Then a probabilistic information extraction model is employed to
find contact information and person names in the homepages. Newly extracted people who
are coreferent to already discovered people are determined. Links are placed in the social
network between a discovered person and the owner of the web page on which the person
was discovered. The extraction was done using conditional random fields.

L Keyword

extraction

/

Contact
Person name Name Homepage Information and
. - - . .
extraction coreference retrieval person name
Extraction
\ / Social Network
names Analysis

Figure 8-11. Overview of a system performing social network extraction, according to [20].

The approach suffers from names and web appearance ambiguity problems. In some cases, it
can recursively extract social network of a namesake of people from original social network.
This issue can be fixed as shown in [7].
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PERSONALIZED COLLABORATION

Jozef TvaroZek

Our highly networked and computerized society facilitates effortless contact among dif-
ferent people, people that did not meet before and perhaps never ever meet in person, and
they communicate with one another simply because it is easy and mutually beneficial.
Research studies indicate that numerous tasks are achieved more effectively by collabora-
tion of a group of people toward a common goal.

In this chapter, we explore individual components of computer-supported collabora-
tion systems, namely we first examine typical types of collaboration and the system’s ar-
chitecture. Then we look at the group formation process from assembly of groups to evolu-
tion into effective virtual teams, and aspects of incentives and reputation mechanisms.
Finally, we review algorithmic approaches to modeling human-computer relationships
and describe an activation network-based mechanism that can be used to perform effective
human-computer social dialogues.

We are interested in methods and processes that make the collaborative experience
user-centered and beneficial for the individual user i.e. personalized. The principles are
demonstrated here mainly on computer-supported collaborative learning systems (educa-
tional domain), however the same principles of collaboration can be successfully used in
other contexts such as in workplace setting, and we try to mention similarities and differ-
ences to these systems through the text.

9.1 Collaborative Systems

We define the concept of collaboration very broadly as a joint activity of a group of entities
toward a shared common goal. Next, we analyze collaboration on different dimensions
and present exemplary instances of each type.

9.1.1 Types of Collaboration

Face-to-face vs. Computer-mediated

Approaches to face-to-face collaboration have been used since a long time with activities
such as role playing, simulations, and small-group projects. For example, in the Jigsaw activity,
a group of students receives several topics for research. Next, the group is divided into
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smaller “expert” groups that explore a single topic. Once the work in expert groups is
completed, they get back together to share the new expertise.

In computer-mediated collaboration, the communication is altered compared to the face-
to-face setting, and by using technology social cues in communication are reduced. The
level of anonymity, the way status in the group is perceived, the level of miscommunica-
tion, and the conformity pressure from others changes.

Synchronous vs. Asynchronous

Communication in network environment is facilitated through the use of tools; both syn-
chronous and asynchronous tools can be used, each having its advantages and disadvan-
tages. Asynchronous collaboration includes blogs, document sharing, electronic mail (e-mail),
social bookmarking, threaded discussions, and wikis. Asynchronous mode enables everyone to
participate at their own will, not requiring rushed actions; it fosters reflective responses.
On the other hand, in synchronous collaboration such as A/V conferencing, instant messag-
ing, and working in shared workspaces, the pressure to answer quickly increases. Therefore,
the size of a collaborative group which is appropriate for synchronous environment de-
creases as following the thread of conversation of a sizable group of people is difficult.

Human vs. Artificial

Usually only human entities collaborate, both in face-to-face and computer-mediated envi-
ronments. Today however, artificial agents can be easily put behind constrained channels
such as text messaging, or controlling game characters in role-playing games. By imple-
menting sophisticated relational strategies, artificial group members are (to the extent
of the interface) almost human-like and are capable of a very caring and supportive beha-
vior which is ironically not very human-like. Previously unthought-of questions arise as to
whether exercising behavior, usually deemed inappropriate, such as egoism, flaming, or
jealousy might be in any way beneficial for the human in consideration.

Under the notion of personalized collaboration we see a collaborative experience which
is tailored to an individual not necessarily to her liking, but to achieve the best overall effect,
by:

— manipulating the collaborative mode, group’s size and structure (role-playing),
— picking appropriate collaborative peers,
— selecting appropriate tasks to work on, and

— supporting interactions by cognitively and socially skilled artificial agent.

Explicit vs. Implicit

We distinguish explicit collaboration when participants are well aware that they are in fact
collaborating, and receive direct benefits out of it, examples include direct communication
(face-to-face activities, A/V conferencing, instant messaging, etc.), and wikis. In implicit
collaboration the benefits are indirect and not at all straightforward. For example, in
Google’s Translate (used for automated web-page translation), users can suggest a better
translation than the automatically generated one, effectively producing a better training
dataset for the underlying machine learning algorithms, which in turn also benefits others.
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Not everything is so clear cut and social bookmarking and social tagging systems presumably
are somewhere in between.

Structured vs. Unstructured

Collaborative activities generally begin as an unstructured collaboration which is a free flow-
ing interaction, in computer-mediated setting usually in the form of free textual conversa-
tion. To understand and reason about such an unstructured flow of data, it needs to be
analyzed into higher level indicators such as topics discussed, depth of knowledge shared,
and relationships among the participants.

In structured collaboration a specific structure is imposed on the way participants are
allowed to interact, such as in brainstorming which should ideally proceed in stages that do
not get in the way of idea generation early on, thus allowing to build on one another's
ideas later, and finally producing possibly novel solutions to the problem at hand. In com-
puter-mediated environment the interaction can be structured by the use of shared work-
spaces (Figure 9-1), which provide a problem-related learning material for synchronous
interaction. In shared workspaces the interactions of individual users are analyzed on the
level of actions upon the objects in the workspace. Even inherently unstructured interac-
tion types such as textual conversation can be unobtrusively structured, in this case for
example by the use of sentence openers (Figure 9-4).
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Figure 9-1. Shared workspace application CardBox (Mihlenbrock, 2001).
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Size — Dyads, Small Groups, Communities, Masses

Different scales of collaborative interaction are appropriate in different situations.
The smallest collaborative unit is a dyad in which two peers work on a common task. In
a learning context, dyads enable learners to develop and refine their ideas together with
a single peer, a process normally requiring a whole-class discussion. Growing in size, small
groups of 3 to 7 members have more resources available to attempt dealing with more diffi-
cult problems that a simple dyad cannot solve. In contrast, when the group grows in size
fewer members are given the opportunity to express themselves hindering group's overall
creativity.

As people spend more time online they form virtual communities, groups of people
organized around a specific interest. Within virtual communities people interact usually
by the use of computer technology rather than face-to-face. Typically arranged around
a restricted area of subjects, virtual communities facilitate exchange of experiences within
the field of interest be it fishing or linear algebra; general-purpose communities are not
seldom too, e.g. Flickr, Facebook.

At the largest scale, mass collaboration is a joint effort of a very large number of people
toward a common goal usually coordinated by internet tools such as wikis, blogs, or cus-
tom-made ones, with examples such as Wikipedia, Open Source Initiative in software devel-
opment, citizen science projects e.g. Clickworkers, Startdust@home, and distributed compu-
ting projects e.g. SETI@home in search for extra-terrestrial intelligence.
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Figure 9-2. Comments in the OurWeb system (Miettinen, 2005).

As an example of a collaborative learning system, in OurWeb system (Miettinen, 2005) col-
laboration opportunities are provided asynchronously using annotations (highlights,
comments) and threaded discussions (Figure 9-2). By the use of annotations, users engage
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in artifact-centered discourses which may be so small that they would have never hap-
pened in a detached thread discussion forum. The system follows the openness and trans-
parency as design principles, openness in using all available material on the Internet, and
transparency in that all students should see, benefit, and participate in activities happen-
ing in the system. OurWeb works as a proxy to the Internet. Every visited page can be
added to the shared document pool for others to search. Also, students prepare projects for
collaborative document writing using an integrated Wiki in which others can participate.

Following our dimensions of collaboration processes, computer-supported collabora-
tive learning systems typically use computer-mediated synchronous explicit collaboration
of dyads and small groups that can be both structured (e.g. by the use of symbolic actions
in workspace work) and unstructured (e.g. free flowing dialogue). Additionally, some
degree of asynchronicity is involved as many synchronous tools are also often "abused" for
asynchronous work, e.g. instant messaging.

9.1.2 System Architecture

Collaborative-learning systems support and manage learners in various ways; they pro-
vide performance indicators, appropriate feedback, etc. In collaboration management cycle
framework (Jermann, 2001), the process of managing collaboration compares the current
state of interaction to the desired state at every point during the collaboration process
(Figure 9-3).
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Figure 9-3. The Collaboration Management Cycle (Soller, 2005).

In phase 1, users' actions are observed and recorded for later processing in phase 2 where
the set of one or more high-level indicators representing the current state is computed.
Indicators represent a quantitative analysis of the observed interactions such as level
of participation, social presence, and agreement between peers.

Next, in phase 3, the current state is compared to the desired state of interaction de-
scribed as ideal values of different indicators. For example, we might want students to
maintain high level of participation with enough symmetry between learners. Finally, in
phase 4, remedial actions are proposed to minimize differences between the current and
desired state of interaction.
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Following this cycle, we distinguish three types of systems that differ in the locus of
processing i.e. location where decisions about quality of interaction are made (Figure 9-3):

1. Mirroring systems aggregate data about the collaborative interactions and reflect this
information back to the user for analysis (phases 1 and 2). These systems are designed
to raise students' awareness about the actions and behaviors happening in the sys-
tem. They place the locus of processing to the students or teachers, who must com-
pare the reflected information with their own mental models of desired interaction
and devise their own remedial actions as needed.

2. Metacognitive tools in addition to displaying the current state of indicators provide re-
ferential values of indicators in the desired state of interaction (phase 3). It is left up to
the user to diagnose this information and decide about what interventions to under-
take.

3. Guiding systems, furthering previous types of systems, propose remedial actions to aid
learners in collaboration (phase 4) and thus bring the locus of processing to the sys-
tem itself. The model of interaction used, and system's assessment of the current state
are used by the system to moderate the interaction, and are usually left hidden from
students.

Although these types of systems provide gradually more functionality they are in certain
cases not that different. For example, in mirroring systems by displaying participation
indicators students easily identify cases where more participation would be appropriate,
having the effect comparable to an advice from a guiding system. Coaching advices be-
come important only when non-trivial inference is required to devise the remedial action
needed.

Computer-supported collaborative learning (CSCL) systems typically employ low-
bandwidth communication facilities such as text-based discussions because the interac-
tions need to be tracked and analyzed, and methods for analyzing text are currently in
a relatively mature state. Video-conferencing and other high-bandwidth streams are, on
the other hand, typically used in workplace collaboration — Computer-Supported Cooperative
Work (CSCW) systems.

In addition to text-based interfaces, structured approaches for collaboration are also
used. Shared workspaces, as an electronic version of paper that is jointly used by a group
of people for writing and drawing, can provide graph-oriented visual representations
for synchronous interaction (Mithlenbrock, 2003). In this context, building and maintaining
shared workspace representations is regarded as helpful for the externalization of possibly
conflicting problem-related conceptions (Roschelle, 1995).

Discussions can be structured by the use of sentence openers (Baker, 1996) that auto-
mate the analysis of peer interaction. (Soller, 2000) propose a communication tool based
on their Collaborative Learning Model that contains groups of sentence openers organized
in categories of the model (Figure 9-4). To contribute to the group’s conversation, the stu-
dent selects a sentence opener from one of the subskill categories displayed around the
chatting box.
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E%’j[:omel: A Collaborative Object Modeling Environment
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Figure 9-4. Sentence openers in text-based communication (Soller, 2000).

After selecting the opener, the student fills in the rest of the sentence. Students observe
the group conversation as it progresses in the large window above the text box displaying
the students’ names and utterances. The sentence opener interface structures the group’s
conversation, making the students actively aware of the dialog focus and discourse intent.
Sentence openers provide a natural way for users to identify the intention of their contri-
butions without fully understanding the significance of the underlying communicative
acts. Peer interaction is evaluated into performance indicators on the basis of the types
of conversation acts used to communicate. As a kind of learning, a student who uses
a structured sentence opener interface for a period of time internalizes the structure of the
activity, and will continue to use the phrases from the interface even after it is removed.

9.2 Group Formation

Group formation is a broad concept involving allocating participants into groups, evolu-
tion of the group throughout the course of collaborative activities, and a possible dissolu-
tion after the group project ends. It is believed that to form an effective team time is
needed, with the group of people pursuing several developmental stages of team forma-
tion (Tuckman, 1965).

Nevertheless, researchers believe that an opportunistic model in which groups form,
break and recombine during the process as needs and goals of the participants change may
uncover opportunities for collaborations that might otherwise go unnoticed (Moreno,

2003) and thus may lead to a higher level of collective responsibility and flexible collabora-
tion.

9.2.1 Group Creation

Several approaches to allocating participants into groups currently exist depending on the
amount of work that needs to be done. The easiest job in creating groups is when they are
already in place and thus no further work needs to be done. This is the case of web com-
munities which are in a sense self-emerging.
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(Backstrom, 2006) analyzed the evolution and growth of communities on huge Live-
Journal community of more than 10 million users with a significant fraction of the users
being very active with about 300,000 profile updates in 24-hour period, and arrived at an
interesting observation that not only the number of existing ties — friends that are already
members — determines the probability of joining the community but also by how these
friends are connected to one another with strong ties between these friends to be more
favorable.

If the groups are not yet established they can be created trivially either randomly or
self-selected by students according to learner profiles. Another way is to use computer-
supported approaches. The research on algorithms for creating groups seems to divide
into two principally different strands:

1. One-time formation methods produce a single assighment of participants into groups
according to pre-defined criteria. Groups are created in this process only once and
thus it cannot possibly take future collaboration outputs into account during
the group creation process. Different methods of this type are used:

a. constraint-based, where the allocation problem is expressed as a Constraint Satisfac-
tion Problem (Kumar, 1992) and the negotiation problem can then be handled by
a constrain satisfaction solver,

b. statistical methods which represent students’ features using a vector-based ap-
proach and generate assignments into groups employing various statistical or op-
timization algorithms.

2. Repeated formation methods assume that multiple rounds of collaboration will happen
and take feedback on previous assignments into account during the creation of next
assignment of students into groups. In effect, these methods are self-optimizing as the
creation process is set up in such a way that the benefits of the current allocation are
evaluated after the collaboration completes and further reused, thus rewarding a bet-
ter allocation next time.

The actual process of setting up an individual group is usually a three stage process
(Wessner, 2001): (1) initiating the formation manually by the learner or triggered automati-
cally by the system, (2) identifying peer learners that meet certain requirements, and (3)
negotiating with potential participants.

Collaborative tasks are often executed in a structured way and involve a certain
amount of role-playing which further imposes skill and ability demands on possible ac-
tors. Demands for different roles are usually different so that even actors with sharply
contrasting skill sets may find the collaborative experience of working together rewarding.

For example, in an early collaborative effort, the COSOFT project (Hoppe, 1995) when
the learner encounters a problem he (phase 1) initiates the formation of a so-called learner-
helper group by pressing the “Ask” button. System displays a list of potential peers (phase
2) based on the learner model. The learner can then select the helper who is subsequently
asked if she wishes to help the learner with the current topic (phase 3). After this learner-
helper group is successfully negotiated a shared communication channel between them is
established.

In OurWeb system (Miettinen, 2005), group formation is supported by identifying
students with shared interests; authors suggest that a suitable way of supporting group



Personalized Collaboration 259

formation might be to augment documents in the system's pool with information about
people who have been actively utilizing them. Interest profiles would then emerge from
the activity patterns of the students and the overlap in the navigation of students.

Constraint-based Group Creation

Suppose that for students in the class, instructor wants to partition them into groups for
a collaborative course activity. Not only do we need to maximize the students” individual
benefits from participating but we are also concerned with balancing the capabilities and
resources each group has available, so that everyone has roughly the same chances. These
additional constraints may be arbitrary provided they admit an efficient computational
procedure; take balancing groups on average members’ grades as an example.

Constraint-based methods have been researched in conjunction with the Semantic
Web approaches, since students’ characteristics and types of group formation constraints
can be meaningfully described by ontologies.

Students’ features are usually modeled by extending a standard ontology used to
hold additional information that is required. In (Ounnas, 2008) the FOAF (friend-of-a-
friend) ontology for social relationships is enhanced by additional student’s personal, so-
cial, and academic data (i.e. preferred learning styles) into a so-called Semantic Learner Pro-
file (SLP) holding a large range of information used for group formation.

Next, semantic information is put in from both sides (Figure 9-5): (1) by students
submitting their FOAF + SLP profiles, and (2) by the instructor selecting appropriate con-
straints to be imposed. The framework enables instructor to specify two types of con-
straints: strong that have to be met in all resulting group assignments, and weak that need
not be met necessarily at all times but the more weak constraints are met the better
the resulting assignment. In addition, priorities can be assigned to weak constraints to
facilitate generating more appropriate group formations when a perfect formation is not
possible.

The group generation process itself is done by a DLV solver, an implementation
of disjunctive logic programming, used for knowledge representation and reasoning. In-
structor specifies the constraints in DLV’s native language — Disjunctive Datalog extended
with constraints, queries and true negation (Leone, 2006). Depending on the students” data
and instructor constraints, DLV outputs more than one grouping of the students, and the
best one considering the number of violated constraints and their priorities is selected.
Authors claim that this formation process does not leave any students unselected — so-
called orphan problem. This is achieved by the virtue of weak constraints, in such a way that
students are assigned to groups in all cases; at worst some constraints are violated produc-
ing an imperfect solution.

With groups selected, we are interested in evaluating the quality of the selection.
Evaluations are usually done subjectively by students and the use of questionnaires
on team efficacy, peer rating, and individual satisfaction, and objectively by the demon-
strated performance. Specific methods vary. In the case of semantic group formation
framework outlined previously, authors propose various numerical metrics for evaluation
(Ounnas, 2007) such as how well the constraints are satisfied, how is the group satisfied
(depending on individual satisfaction), how well the group is formed (depending on all
goals set by the instructor), etc. More or less all proposed metrics boil down to aggregating
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previous simpler metrics by the use of mean or standard deviation, and without providing
any relevant empirical results on these measures the utility of computing these numerical
measures remains largely unanswered.

In addition, constraint-based group formation assumes that instructor knows exactly
what constraints are good for making the groups collaborate effectively. However, know-
ing what exactly makes collaboration effective is still unclear and currently is the focus
of intensive research. Therefore, methods that attempt to optimize further decisions based
on previous possibly imperfect choices seem to be a more suitable alternative.
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Figure 9-5. Semantic group formation framework (Ounnas, 2008).

Statistical Group Creation

Statistical methods compared to the constraint-based ones do not dwell into detailed con-
straint or rule selections but rather process students in a more data-driven way. Students’
features are usually represented by a multidimensional vector-space model of attributes;
i.e. a student is represented by an n-dimensional vector where the value in i-th dimension
corresponds to the student’s value for i-th attribute.

Having a vector-based representation in place, we can easily compare two different
students on the basis of differences in respective dimensions of their vector representa-
tions. (Gogoulou, 2007) propose a group creation method that groups students with simi-
lar personality features. Learner’s personality and performance attributes are represented
by a n-dimensional vector whose values are from a five-level Likert scale, the difference
between two students is the sum of differences on respective dimensions of their vectors,
and group quality is evaluated with respect to attributes as the difference of the lowest and
highest value for members of the group. Total group quality is the sum of group quality
across all attributes, and the groups’ assignment quality is the sum of group qualities
across all the groups. Next, the proposed group formation method is analogous to the k-
means clustering and assigns students into M groups of K students as follows: As a first
step, M centers (points in the n-dimensional space) of clusters are chosen at random. Then,
for each center, K closest (by Euclidean distance) students are assigned to the appropriate
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cluster. Afterwards, for each cluster new center is calculated as the average of values of its
member students. Given the new centers, students are re-assigned to the now closest clus-
ters accordingly, etc. This process is repeated until the assignment into groups converges
and no more students change their group during the final iteration. The method was eva-
luated on a set of 52 learners, and for the presented experimental data it outputs a rather
good assignment with quality of 94 out of 101 possible.

Gogoulou further improves the group formation by using a genetic algorithm that for
the given dataset produces an assignment having the quality of 96. These methods seem
nearly perfect in respect to the proposed quality measures, and thus naturally posit a ques-
tion of utility and appropriateness of their measures given that no breakthrough outputs in
collaboration were achieved. A genetic algorithm is an optimization method that starts with
a set (population) of randomly selected solutions and tries to modify (mutate) individual
solutions and/or combine (crossover) different solutions to produce another possibly better
(according to a pre-specified fitness function) set of solutions. Iteratively producing better
sets of solutions it converges to the optimal solution. By having multiple solutions simul-
taneously the method is robust against falling into local optima. Besides devising the algo-
rithm itself, which is rather straightforward, the input parameters such as mutation and
crossover probabilities, number of generations, and population size with which the algo-
rithms perform effectively are important. In this case though, authors do not mention the
values of these important parameters that produced their results, and thus it is not clear if
they can be recreated. Either way, authors demonstrated this to be a viable method for
group formation, slightly outperforming the basic clustering method.

The use of statistical and/or optimization methods is not seldom, and other methods
have been proposed such as repeated hill-climbing optimization with weighed constraints
(Cavanaugh, 2004), Fuzzy C-Means clustering (Christodoulopoulos, 2007) and an interesting
Ant Colony Optimization method (Graf, 2006).

Statistical methods represent students’ characteristics in a coarse-grained way. There-
fore statistical group formation methods that produce one-time assignments suffer from
similar deficiencies as constraint-based methods, namely they simply generate an assign-
ment of students into groups and evaluate its quality by how many rules are satisfied (or
broken), all under the assumption that the proposed method might somehow improve the
probability of successful collaboration; never receiving any feedback whether it really did.
In the next section, we examine methods that generate group assignments repeatedly, each
time hopefully better than the previous one driven by the feedback on the previous as-
signment.

Repeated Group Creation

Repeated group formation assumes that groups are created dynamically or need to be
created for several successive occasions so that payoffs for individual students can end up
more balanced compared to a single allocation methods described previously. In other
words, possibly disadvantaged students in one round of collaboration might get a more
favorable assignment in following runs.

In Opportunistic Group Formation (OGF) framework groups are formed dynamically at
appropriate situations with the help of personal agents that negotiate and manage colla-
borative learning activities the students can engage in (Inaba, 2000). Agents in OGF sup-
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port individual learning, propose shifting to collaborative learning, and negotiate to form
a group of learners with suitable role assignment, based on the learners' information from
individual learning. Authors devise the Learning Goal Ontology (LGO) that accommodates
learning goals of several learning theories such as learning by observing others, learning by
self-expression, learning by teaching, and learning by diagnosing. Furthermore, LGO describes
dependencies between individual a whole-group goals, and thus is used as a rationale for
forming appropriate groups.

Another interesting method of repeated group formation is described in (Supnithi,
1999) where students represented by agents bid in an iterative Vickrey auction to join their
favorite group. Agents utilize virtual currency earned from previous collaborative activi-
ties. After each completed activity, agents are rewarded with virtual currency depending
on their individual and group performance based on peer evaluations. Better achieving
students receiving more are thereby capable to bid for the future membership in their fa-
vorite groups more successfully. This auctioning group-formation mechanism is also uti-
lized in the I-MINDS system (Soh, 2006).

9.2.2 Group Evolution

Once the group participants are selected they can engage in a collaborative activity. In this
section we describe how the interactions within the group affect the participating users
and the group itself.

It is widely recognized that during their lifetime groups undergo an evolutionary
process in which they become efficient teams. More than 100 theories of group develop-
ment exist to date, the most prominently cited one being the Tuckman and Jensen's stages
of group development (Tuckman, 1977) consisting of five stages:

1. Forming — group members get to know each other and the task to be solved. They can

feel uneasy not knowing what is required and how the group will function.

2. Storming — when things get “stormy”, individual differences surface and conflicts
emerge, and roles of the participants and the group structure is put to question.

3. Norming — after resolving these problems the group starts to function harmoniously,
establishes rules, and group members start to support each other.

4. Performing — at this stage rules are well in place, group is doing the work on the
common task the way it is supposed to do.

5. Adjourning — group retires as the project ends, feedback on the group performance fa-
cilitates learning.

Different groups may spend different amounts of time in each of the stages but the theory
suggests that all groups pass sequentially through all these stages.

Face-by-face vs. Computer-mediated Groups

Group evolution is the subject of extensive study in psychology and social sciences; called
group dynamics that is examining how people work in small groups. For an up-to-date
treatment of group dynamics and teamwork see (Forsyth, 2006; Levi, 2007). We briefly
mention main differences between face-to-face groups and computer-mediated groups.
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In computer-mediated setting, people communicate via e-mail, videoconferencing,
discussion boards, social networking software, etc. This has led to the notion of virtual
team, denoting any team whose members’ interactions are mediated by time, distance, and
technology (Driskell, 2003), i.e. that the team works together on a common task while
physically separated. The effects of computer-mediated communication technologies are
twofold. Positive effects include better access to and diffusion of information, and easier
connection with others, and negative effects as information overload, less face-to-face
communication, and increased isolation of individual members.

Earlier research showed that in a student group the differences in personal status are
reduced in virtual setting (Parks, 1999). In face-to-face discussions few dominant members
with higher status talk most of the time, and many group members limit their contribu-
tions to supporting the main positions that emerge. In computer-mediated setting on the
other hand, social cues are reduced, and people communicate on the basis of their opinions
and knowledge rather than their social status. In some tasks this proves counterproduc-
tive, and virtual groups perform poorly on decision-making and negotiation tasks where
a consensus on issues is required. Then again, due to more effective and focused commu-
nication tasks such as brainstorming and problem-solving are better suited to virtual
groups (Hertel, 2005). In organizational setting however, members of a virtual team re-
main aware of the status of others regardless of the technology used (Driskell, 2003).

Virtual groups also provide effective social support to people in need. Members of
self-help groups instead of leaving their homes and travelling to the meeting are brought
together by computer technology (Tate, 2004). When anonymous, members are not identi-
fiable and reveal more intimate details about their experiences and respond more emo-
tionally to others than in a face-to-face meeting. Members praise the quality and quantity
of information they receive; more factual and practical advice is exchanged while instances
of inappropriate behavior and hostile postings are rare (Houston, 2002).

Incentives & Reputation

Success of an interaction largely depends on the amount of effort invested and the reliabili-
ty of the parties involved. By participating in large communities the potential for possible
interactions is enormous, and before entering into relations with some unknown others we
need to verify their credibility.

For this purpose, reputation as an aggregated record of previous interactions is col-
lected, maintained and disseminated to others by the use of reputation systems. The history
of entity’s past interactions accounts for its ability and reliability, allowing others to make
informed choices about how and whether to work together with that entity. Furthermore,
the expectation that current performance will be made visible in the future discourages
cheating and exerting poor effort, and thus creates incentives to perform well and reliably.

Reputation systems process (1) objective feedback such as time spent solving
a particular task, agreed sale price, and (2) subjective feedback such as satisfaction ratings of
working with others. Reputation is computed by aggregating previous reports across users
and time, and often relies on transitivity of trust in that reports originating from more re-
putable users are weighted more that those from users having a lower reputation.
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The presence of subjective feedback inherently generates problems. In the remainder
of this section we examine the vulnerabilities of reputation systems and methods that were
proposed to tackle them.

First problem, so-called whitewashing (Lai, 2003), arises when an entity can start over
with a new pseudonym that is not associated with the interaction history of the previous
pseudonym, effectively disposing of the evidence of past (possibly malicious) activities.
Unbounded whitewashing can effectively disable any reputation system, while having
a sufficiently high starting fee does indeed prevent this behavior, collecting fees is not al-
ways viable.

Therefore, indirect payments in the form of degraded service for newcomers were
proposed (Resnik, 2001). In their model, the pay-your-dues (PYD) strategy distinguishes
between newcomers and veterans, veterans being the users that have interacted positively
at least once. Analogous to mistrust to newcomers in common social situations, in PYD
veterans do not collaborate with newcomers until they have proved themselves enough to
allow for a mutually beneficial interaction. Authors further proved that an extended sto-
chastic version of this algorithm executes the highest fraction of cooperative outcomes and
therefore is the socially most efficient strategy (in game-theoretical terms) in the presence
of whitewashing.

Second major problem of reputation systems is dealing with the lack of objective
feedback or so-called phantom feedback generated using false pseudonyms (sybils) created
for the sole purpose of providing this phantom feedback. This problem can be modeled in
systems based on transitive trust, i.e. the input is represented as a trust graph whose vertic-
es are the entities, and directed (one-way) edges have associated trust value — nonnegative
real value summarizing the feedback that one edge’s vertex (entity) reports on the other
one. Aggregation mechanism computes the reputations of the vertices based on the trust
values. Entities are not directly affected by the feedback they provide, only from the rat-
ings they receive from others, and therefore an entity has no incentive to provide relevant
feedback.

On the contrary, a less credible entity has every reason to provide dishonest feedback so
as to undermine the credibility of (possibly negative) incoming feedback. Thus, a robust
reputation mechanism must ensure that an entity cannot increase its reputation by mani-
pulating its own feedbacks. In the second major class of attacks studied, the Sybil attacks
(Douceur, 2002), malicious entity creates fake pseudonyms to boost the reputation of its
primary pseudonym. In the trust graph model, the attacker can specify arbitrary trust val-
ues originating from sybil nodes, and can divide incoming trust edges among the sybils
provided that the total sum of trusts is preserved.

Several methods were proposed. The simple version of PageRank algorithm (Brin,
1998) as described below can be applied:

R) = e+ (1 = &) Xyjwawyes[R(V) - t(v,u)]

where R(u) is the reputation of web page u, directed edge (v,u) corresponds to the hyper-
link from page v to page u, and trust values are #(v,u) = 1/OutDegree(v). Analogously, u € V
can be an entity, directed edge (v,u) € £ shows that entity v has interacted with u, and
t(v,u) is the degree of trust that v has in u. This simple version of PageRank is symmetric
and therefore is prone to dishonest feedback; it is also prone to Sybil attacks (Cheng, 2006).
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Trust aggregation method PathRank (Friedman, 2007) computes the reputation of
entity v as the length of the shortest path (edges have length equal to inverse trust values)
from some start node vo € V. This allows for personalized reputation functions where each
node uses itself as the start node. PathRank algorithm is robust against both dishonest
feedback and Sybil attacks since it is asymmetric and sybils cannot manipulate the length
of a shortest path between legitimate entities.

The list of above mentioned types of attack is by no means complete and reputation
systems are under constant attack by previously unknown types of attack, requiring them
to continuously tweak their ranking mechanisms.

9.3 Human-Computer Relationships

Interpersonal relationships were found to be useful in many contexts. Even in education,
relationships between students are important in peer learning situations, and collaboration
between friends was found to be more effective than collaboration between acquaintances
(Hartup, 1998), as friends engage in more extensive discourses and are more supportive
and critical at the same time.

People react to computer agents in fundamentally social ways (Reeves, 2003). The
provisions of human relationships such as emotional support, group belonging, and social
network support, can be made available by the use of intelligent computer technology.
Embodied in various physical forms (e.g. toys, jewelry), or even purely software agents,
relational agents are computational artifacts designed to build long-term social-emotional
relationships with human users (Bickmore, 2003). Language is the primary modality in
constructing human relationships, and even though many relational strategies are nonver-
bal, relational agents need to implement at least simple text interfaces. Animated humano-
id agents employing speech, gestures, intonation and other nonverbal modalities that
emulate face-to-face interactions are currently being studied in human-computer interac-
tion community.

Typically, relationships span from the micro level of face-to-face relational conversa-
tion to the macro level of long-term maintenance, and thus relational agents must employ
strategies for maintaining and developing relationships, just as people do.

Several interesting relational effects in non-embodied text-only human-computer in-
terfaces were demonstrated (Reeves, 2003), such as computers which praise rather than
criticize their users are liked more, users prefer the computer to match them in personality,
and users prefer computers that become more like them over time over those which main-
tain a consistent level of similarity.

9.3.1 Relational Strategies

In social psychology, the concept of relationship is referring to the interaction between two
people whose behavior is mutually dependent in that a change in the state of one produces
a change in the other (Kelley, 2002). Furthermore, relationship is not defined by generic
patterns of stereotypical interactions (e.g. buyer—seller) but rather by the unique patterns
for a particular pair (Berschied, 1998).

In relationship, friends are expected to provide various provisions for each other
(Duck, 2007) such as the sense of belonging, anchor points for opinions and beliefs, oppor-
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tunities for self-expression and self-disclosure, physical support, and reassurance of worth
and value. Different models of relationship were proposed.

In social exchange models, costs, benefits and investments in "relationship business" are
modeled (Burke, 2006), i.e. the perceived costs and benefits of providing and receiving
provisions respectively, and whether suitable alternatives are available affect the relation-
ship's duration. In dimensional models, features that characterize different stereotypical inte-
ractions are used. (Svennevig, 1999) proposes an extension of earlier models into four di-
mensions of relationship as follows:

1. Power. The person's ability to control the behavior of the other. Typically, occurs
when the distribution of rights and obligations resulting from the relationship roles is
asymmetric, e.g. institutional roles and positions.

2. Solidarity. The degree of like-mindedness, e.g. political membership, religion, gender,
birthplace. Rights and obligations are usually symmetrically distributed.

3. Familiarity. Mutual knowledge of personal information, i.e. breadth (number of top-
ics) and depth (public or private) of information disclosed.

4. Affect. Mutual attraction, i.e. the degree of liking for each other.

These dimensions are usually interrelated, though it needs not to be the case. For example,
high levels of solidarity based on group membership need not to elicit high levels of either
familiarity or affect, and pure affect arises in some situations (e.g. love at first sight).

People engage in different relational strategies for maintaining relationships. Five
strategic maintenance behaviors that are used intentionally to keep up the relationship were
identified (Haas, 2005): positivity (e.g. cheerfulness, positive comments), openness (e.g. self-
disclosure, meta-relational communication), assurances (e.g. verbal or nonverbal expres-
sions of love and comfort), shared tasks (e.g. household duties), and social networks (e.g.
communicating with mutual friendships). In addition to these, different routine mainten-
ance behaviors that are regular or habitual behaviors that serve to maintain the relationship
were identified, such as joint activities, affection, avoidance of conflict, and focus on self
(e.g. watching weight, furthering career). Finally, people expect relationships to change
over time (Duck, 2007) i.e. the content, quality and diversity of interactions and activities
change, reciprocal behavior decreases and complementary behavior increases, among
others.

With language being the principal means for developing relationships, relational
agents need to implement the relational strategies outlined above in dialogues with their
users. Pioneering work in this area is the computational model of mixed social-and-task
dialogue addressing some of these strategies (Bickmore, 2003) evaluated within the REA
system in which an embodied conversational agent (ECA) performs the role of a real-estate
salesperson. Within this domain, the real-estate agent pursues several goals in parallel:
determining clients' housing preferences (e.g. size, location), establishing trust and reduc-
ing clients' fear about such a big purchase, establishing agent's expertise and credibility.
Although REA has a fully articulated graphical body, senses the user through cameras and
microphones in real-time, and is capable of speech with intonation, facial display and ges-
tural output, it is her conversational properties that are interesting to us. Indeed, later in
evaluation it was found out that REA's nonverbal behavior was utterly insufficient (even
inappropriate), and specifically her conversational properties exhibited in a second phone-



Personalized Collaboration 267

only evaluation were deemed more successful. Except task-oriented conversational moves,
REA can engage in social dialog moves analogous to forms of small talk — questions ("It’s
a nice morning, isn't it?"), statements, and stories not relating to the task.

Small talk, also referred to as phatic communication (Malinowski, 1923), is a talk in
which interpersonal goals are emphasized and task goals deemphasized (e.g. social chat,
conversational stories). Besides its transitional function of moving into a conversation that
might otherwise be uncomfortable, it helps people establish expertise and credentials (Ja-
worski, 2006). Small talk avoids face threat by using safe topics, establishes common
ground by topics that are clearly in the current context, increases coordination between
participants by allowing them to synchronize short units of talk and nonverbal acknowl-
edgments, and allows for reciprocal appreciation of each other's contributions, therefore
maintains solidarity and increases familiarity and affect (Bickmore, 2003).

9.3.2 Modeling Social Dialogue

In the remainder of this section we describe REA's approach to modeling mixed social-
and-task dialogue, some computational details are simplified due to brevity, and a full
account can be found in the original work (ibid, p. 64-70).

REA's relationship model is based on the Svennevig's model described earlier, and
uses three of its relational dimensions: familiarity depth, familiarity breath, and solidarity.
Each dimension is normalized to unit scalar (ranging from zero to one), and is updated
dynamically during the interaction with the user. REA maintains conversational topics
that she can engage in, for each the minimum and the maximum value of social invasive-
ness are specified. Then, as conversation progresses (topics are introduced) familiarity
depth is updated as the degree of social invasiveness of topics that were already intro-
duced (i.e. the more intrusive topics are introduced, the higher familiarity depth gets),
familiarity breadth corresponds to the ratio of how many of the available topics were al-
ready introduced, and solidarity increases gradually (linearly) with each dialogue move as
the number of dialogue moves is limited and they cannot be repeated.

Each available REA's dialogue move corresponds to a speech act (e.g. story, query,
statement) and is about a predefined set of topics; thus the coherency of two sets of topics
can be easily computed. Then, the value of face threat of introducing a particular dialogue
move is computed according to the current relational state as weighted sum of: threat due
to familiarity, intrinsic face threat of a corresponding speech act, and amount of threat due
to topic incoherency. The weights in this sum provide a flexible mechanism for implement-
ing different agent personalities, normal, goal-oriented, and chatty agents were consi-
dered.

With the ability to evaluate a single step in dialogue (as described in previous para-
graphs), REA's discourse planner is capable to interleave small talk and the task using an
activation network-based approach based on Maes' Do the Right Thing architecture (Maes, 1989).
Nodes in the network represent conversational moves and edges between them represent
various enabling and disabling conditions among the moves (Figure 9-6).

Dialogue planning is seen as a spreading activation process that uses information
from the current state, relational model and task goals to determine which moves are more
likely to succeed. Dialogue plans correspond to paths in the network. Activation process is
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two-way; energy is moved backward from task goals to moves which directly lead to their
achievement, from there to moves which enable those moves, etc. Simultaneously in
the forward direction, energy is pushed into moves which can be immediately performed
given the conversation state and relational model, from there to moves which are enabled
by those moves, etc. In this way, REA's planner achieves task goals, conversational moves
obey logical preconditions, while moves expected to cause face threat to the user are de-
ferred, and topics are introduced gradually and coherently.

Discourse planner

-

Conversation
state

User model

Figure 9-6. REA’s conversational moves in the activation network.

Although REA's relational modeling is relatively simple, and could engage only in a sys-
tem-initiative dialogue it produced interesting results. In evaluation, 4 experiments were
conducted, TASK vs. SOCIAL conditions crossed with EMBODIED vs. PHONE condi-
tions. In the TASK conditions (i.e. TASK+EMBODIED and TASK+PHONE) only task-
oriented dialogue moves were used, in the SOCIAL conditions identical task-oriented di-
alogue moves along with social dialogue were used. In the EMBODIED conditions full
embodiment capabilities as described earlier were employed, in the PHONE conditions
only 3D renderings of apartments were shown and the agent conversed with subjects over
phone. For the purpose of the experiment, REA speech recognition was controlled by
a wizard-of-oz setup. Interestingly, only a single positive result was achieved, namely that
some evidence was found that small talk can lead to an increase trust. In this case howev-
er, it was observed only for one group of users (extroverts) and in one medium (face-to-
face), while it was hypothesized that it may be due to other reasons (e.g. inherent impul-
sivity of extroverts). Other than that, the EMBODIED conditions clearly demonstrated that
REA's visual was very cold and uninviting, and her nonverbal behavior was insufficient.
Subjects generally preferred to conduct small talk with her over phone, while preferring
task-only talk face-to-face. Finally, the system-initiative approach was unable to carry on
with user-initiated social dialogue moves, and subjects simply believed that REA has
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failed to understand what they were saying, and study authors concluded that unless
a general intelligence can be utilized the dialogue context must greatly limit what can be
said in social dialogue, without destroying the natural and relaxed feel.

9.4 Summary and Open Problems

Collaborative learning tools currently do not really understand the underlying users’ inte-
raction. Support is predominantly on the structural level (e.g. symbolic actions within
a workspace), and tools attempt to "understand" unstructured interactions such as natural
language dialogues by the use of information extraction and machine learning methods,
which unfortunately are rather inaccurate for high-level natural language tasks. The main
differences between individual systems thus correspond to the level of analysis they per-
form, and thus the amount of "reasoning" they engage into.

There are several open problems in the area of collaborative support. As for group
formation strategies, previous attempts on group creation focus largely on satisfying pre-
set conditions determined before the actual collaboration occurs, or utilize only shallow
statistical measures of previous collaborations’ successes.

To make the whole collaborative experience for the user personalized and more soci-
able we have to ensure that in the group creation process we take more advantage of pre-
vious user’s experiences with other collaboration partners which, in fact, devise an overall
profile of what the specific user awaits from the collaboration, and thus should be looked
upon in the first place. Furthermore, analyzing time-related data of how users interact
with each other inside the group and with outsiders, and how the group evolves through
the several developmental stages, provides interesting avenues for further research.

In the area of analyzing collaborative interaction, contemporary Web 2.0 social envi-
ronments systems facilitate the creation of vast amounts of user-generated discourse. Ana-
lyzing this interaction content and extracting knowledge from it assists in building struc-
tured knowledge bases for improving the dialogue capability of artificial agents that can
be further used to elicit additional interactions. Researches try to build computational
models of discourse.

To extract relevant knowledge from textual conversations an integral approach for
identifying both semantic and pragmatic features is required. Fully-automated annotation
methods seem to fail in this respect and semi-automated methods, in which statistical
and/or machine learning algorithms pre-process the annotation in the first step while users
make final adjustments in the second step, are proposed. The problem here is: why, what
and how to annotate to enable personalized and more sociable interactions for an effective
collaboration to happen.
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SEMANTIC-BASED NAVIGATION
IN OPEN SPACES

Michal TovaroZek

The Web is a large open information space, where large means that the information space
contains many — millions or even billions of information artifacts, while open means that
virtually anyone can modify its contents in a more or less unrestricted, syntactically correct
way.

In general, navigation can be defined as movement and orientation in an information
space. Web navigation can be defined more specifically as “the activity of following links
and browsing web pages” (Levene & Wheeldon, 2004), where movement corresponds to
the following of links, and orientation corresponds to the knowledge of one’s position and
selection of links to follow. In practice, the navigation problem (i.e., users getting lost) and
issues concerning information overload significantly impair search and navigation expe-
rience for many users.

Due to these problems and properties of the Web, truly effective navigation means
for the web environment have yet to be realized. Adaptive navigation aims to address
these issues by adapting the hyperlinks and their associated visualization. For example, it
may add new links to related pages, annotate links with additional information, highlight
relevant links or remove broken or unimportant links.

We describe the similarities and differences between Web and Semantic web naviga-
tion also from the graph perspective, and introduce navigation as means for search. Next,
we outline the concept and goals of adaptive navigation, while also providing an overview
of existing navigation types, navigation and orientation tools, and visualization options
and approaches. Lastly, we conclude this section with a comparative overview of existing
navigation and visualization solutions.

10.1 Web Navigation vs. Semantic Web Navigation

Since the Web can be seen as a network of documents linked via hyperlinks, it can be
represented as a directed graph where nodes represent documents (information artifacts)
and edges represent hyperlinks. Similarly, the Semantic Web is a network of resources
linked via relations, which can also be represented via a directed graph. Thus, web naviga-
tion is the process of moving via edges from one graph node to another.
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Typical web navigation involves the presentation of a single graph node (web page)
at a time. However, in the Semantic Web, the presentation of multiple resources at once
seems more practical due to the different granularity of information and the availability of
both data and metadata as opposed to the Web. For example, a job offer page contains all
data about the specific job offer, while in the Semantic Web, the job offer would be
represented as several related instances, e.g. one for the job offer, one for the employer,
one for each requirement, and one for contact information.

Consequently, in Semantic Web navigation we move or modify a window, which de-
fines the presented resources. In the trivial case this can be reduced to moving the center of
the window, between graph nodes via edges. In the job offer example, the window would
be centered on the job offer instance and also contain other directly associated instances
(see Figure 10-1). Exploring the properties of, e.g., the employer instance would center the
window on the employer instance.
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Figure 10-1. Window movement in the Semantic Web, window centers shown in grey.

If however we consider a set of job offers presented simultaneously (e.g., search results),
there is no clear node, which might be the window’s center (see Figure 10-2).

Furthermore, the Semantic Web effectively contains both data (e.g., job offer in-
stances, employers, requirements) and metadata (e.g., the class JobOffer, Employer and
Requirement), and a set of inference rules that can be used to reason on the available in-
formation and infer new information. Thus, relations between resources need not be expli-
citly asserted but can be inferred based on available metadata and rules enabling addition-
al navigation options compared to traditional web navigation.

Hence, we define Semantic Web navigation as the movement and modification of
presentation windows containing resource visualizations, based on the following of em-
bedded links corresponding to relations between resources.
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Figure 10-2. Presentation window without a specific center.

10.2 Searching by Means of Navigation

Query-by-example (Geman, 2006) and view-based approaches enable users to search by
means of navigation. More specifically, they allow users to construct search queries via
navigation with the immediate evaluation of the query and optional query modification
and/or refinement.

Faceted browsers as examples of view-based search allow users to navigate the asso-
ciated faceted classification of the information space. Their link (i.e., facet and restriction)
selection is transformed into a search query effectively leading to visual query construc-
tion. This approach requires the existence of a (manually) predefined faceted classification
scheme that is used to construct the faceted browser interface.

Due to the availability of metadata in a Semantic Web scenario, a faceted classifica-
tion scheme can be (semi)automatically derived from the used ontology scheme(s). More-
over, even greater expressive power can be achieved by using the entire set of available
metadata and its possible aggregations for view-based search. Ultimately, this allows users
to visually construct and evaluate semantic queries (e.g., in SeRQL or SPARQL), which are
otherwise difficult to write even for experienced users, thus negating one principal disad-
vantage of semantic search.

10.3 Navigation Models

Navigation models correspond to the specific organization of navigation in a particular
information space such as a web site. Presently, different navigation models or their com-
binations are employed based on the application domain and the respective application
goals (Rocketface Graphics, 2007).

Furthermore, no clear classification of individual navigation models seems to exist, as
many sources use the same names for different models. Based on different sources, we
devised the following classification of navigation models:

— Linear navigation — the successive browsing through a list of pages, such as search re-
sults returned from a search engine.

— Hierarchical navigation — the browsing through a hierarchical (tree) structure of a site
using the main menu in large web sites or online shops.



276 Selected Studies on Software and Information Systems

— Faceted navigation — the browsing via a view-based interface employing a faceted clas-
sification of the information space (effectively a forest), such as searching for job of-
fers or products in an online shop.

In practice, individual navigation models correspond to different navigation types and are
realized using different navigation and orientation tools (see Section 10.5), which when
placed on a web page allow users to choose from a variety of navigation options.

10.3.1 Navigation Types
We distinguish different navigation types within an information space:

— Local navigation, which links nodes in the current information subspace (e.g., a cluster
of similar nodes) and allows users to navigate in the nearby vicinity of their current
position.

— Global navigation, which is persistent throughout all views (e.g., web pages) and links
the current view with landmark nodes in the web graph thus providing quick access
to all major hubs in the information space.

— Contextual navigation, which links related nodes throughout the information space
and is often realized as contextual links within the text or as lists of “see also” links.

—  Supplemental navigation, which includes other navigation tools such as site maps, in-
dexes and guides. These include special nodes with high out degrees as well as spe-
cially created sequences of nodes (trails).

10.3.2 Linear Navigation

Linear navigation is a straightforward navigation approach used mainly for local naviga-
tion in unstructured information spaces, when browsing lists of data (e.g., search results)
or when following (pre)defined navigation trails (e.g., guides). This translates to local na-
vigation along a path in the web graph, which has few outgoing edges, “ideally” only one
per node (or two for reciprocal navigation).

During linear navigation, users successively browse one page after another. “Straight
line” linear navigation allows users to proceed to the next page in the sequence (see Figure
10-3), whereas reciprocal linear navigation also supports backward links to previously vi-
sited pages (see Figure 10-4).

Page 5

Figure 10-3. The linear “straight line” navigation model supports one-way linear movement
in an information space.

The disadvantage of linear navigation is that it takes too long to examine all available data
and the user usually has little information about the content of the following pages. For
example, during search results browsing most users view only the first page, while only
few go beyond the second or third page. One possible advantage of linear navigation is its
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simplicity, universal usage and perhaps the unavailability of complex navigation options,
which lessens information overload (i.e., the user is unlikely to get lost).

Figure 10-4. The linear reciprocal navigation model supports two-way linear movement
in an information space.

10.3.3 Hierarchical Navigation

Hierarchical navigation is based on a hierarchical classification of an information space
(e.g., of the pages within a web site). It is often used for global navigation around large
web sites with a predefined structure, where it enables users to search on the site by select-
ing items from the classification. The main menus (i.e., the navigation bar) of web sites
often correspond to the hierarchical structure of the sites and thus the hierarchical classifi-
cation of information provided.

From the graph perspective, hierarchical navigation somewhat corresponds to navi-
gation in hierarchic clusters — the homepage represents the entire top-level cluster, while
its children and descendants represent the main divisions and subdivisions. Figure 10-5
depicts the classical hierarchical navigation model, which corresponds to a tree. Different
sources also call this model the database or the grid navigation model.

Home Page - E]
Main Divisions ————»
Subdivisions -

Figure 10-5. The hierarchical navigation model effectively subdivides the information space
into smaller independent subspaces.

An advantage of hierarchical navigation is that it provides users with information about
the content of other pages and thus enables them to find relevant information quicker. For
example, by following the link “notebooks” in a hierarchical navigation model in an online
shop, one might expect that the following page will contain information about notebooks.
The obvious disadvantage is the necessity of a hierarchical classification scheme and
the fact that navigation paths are predefined by the respective classification. Furthermore,
in the case of large or complex classifications, the understanding of what path to take and
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what the content of the following pages might be is difficult as is the maintenance of the
classifications themselves.

Some practical applications (e.g., larger web sites) require smoother navigation expe-
rience with both hierarchical and lateral navigation in the information space in order to
make relevant nodes easily accessible from other branches of the tree. Figure 10-6 depicts
the Web navigation model, which combines hierarchical and linear navigation into a com-
plex interlinked model, which allows easy access from the root (i.e., homepage) to all other
sections and/or databases. Some sources also reference this model as hierarchical navigation
or site-wide navigation.

Home Page > E]

Main Sections ——»

--0000 0000|0000
- —— (000 0000

Figure 10-6. The web navigation model provides quick access by combining hierarchical
and lateral navigation.

10.3.4 Faceted Navigation

The faceted navigation model is based on a faceted classification scheme (The Knowledge
Management Connection, 2006) of an information space. Originating in library sciences,
“a faceted classification differs from a traditional one in that it does not assign fixed slots to subjects
in sequence, but uses clearly defined, mutually exclusive, and collectively exhaustive aspects, prop-
erties, or characteristics of a class or specific subject. Such aspects, properties, or characteristics are
called facets of a class or subject, a term introduced into classification theory and given this new
meaning by the Indian librarian and classificationist S.R. Ranganathan and first used in his Colon
Classification in the early 1930s.” (Wynar & Taylor, 1992, p. 320). For online information
retrieval and navigation however, the library definition of faceted classification can be
somewhat relaxed, e.g. the exhaustiveness is not strictly necessary.

Faceted navigation is widely used by faceted browsers in practical applications (Ad-
kisson, 2005). Example applications include many online shops or information retrieval
systems built around databases, e.g. for job search. As opposed to hierarchical navigation,
faceted navigation is almost exclusively used for dynamic systems, which generate all
views at runtime, due to the exponential number of possible facet and restriction' combi-
nations.

1 Each facet consists of a (hierarchical) set of its values — restrictions. For example, New York or
Washington are restrictions in a facet describing location.
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In practice, users can easily select the desired information by accessing one or more
facets available in the used faceted classification and selecting one or more restrictions in
those facets. Users actually create faceted queries by navigating and selecting metadata (i.e.,
facets and restrictions respectively), thus specifying the data (i.e., results) that should be
retrieved (see Figure 10-7).

Metadata views Data view

Facet} ' Resultss
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Figure 10-7. The faceted navigation model provides effective access to information via navigation
in multiple metadata views (facets) whose combination describes the global browsing state.

This effectively translates into multidimensional hierarchical navigation in metadata de-
scribing a particular information domain or, in graph terms, simultaneous navigation in
multiple tree hierarchies (i.e., a forest) as individual facets are often hierarchically orga-
nized. The combined navigation state from all facets then defines the global navigation
state and the presentation window, which shows the faceted query results.
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Advantages of faceted navigation include its flexibility and expressivity — users can
navigate the information space in many different ways and combine elements from vari-
ous facets to specify their information need.

Disadvantages of faceted navigation originate mostly from properties of faceted clas-
sifications, which do not provide quick access to popular topics and at first might be diffi-
cult to understand due to their scope. Furthermore, a faceted browser interface is some-
what more complex which might results in cognitive overload if too much information is
available.

The true strength of faceted navigation lies in the fact that it corresponds to view-based
search — it natively provides users with integrated search and navigation capabilities thus
alleviating several disadvantages of traditional search approaches (e.g., difficult query
construction, unsuitability for open-ended tasks).

10.4 Adaptive Navigation

The goal of “good” navigation would be to prevent users from getting lost, inform them
about their current position, and suggest useful options for future navigation while pro-
tecting users from information overload. To accomplish this goal, adaptive navigation
takes advantage of personalization based on user context and customizes existing or gene-
rates entirely new navigation and orientation tools according to current adaptation goals
and estimated user needs.

This section provides a high level view of adaptive navigation with respect to specific
adaptation goals and adaptive navigation techniques.

10.4.1 Adaptation Goals

All of the aforementioned navigation types can be adapted and/or personalized via specif-
ic adaptation techniques with respect to the adaptation goals relevant for a particular ap-
plication (Brusilovsky, 1996):

— Local guidance which helps users with the selection of the next link to follow via link
sorting and recommendation.

— Global guidance which guides the user towards his global information goal by recom-
mending an optimal trail (path through the web graph) through the information
space. For example, in an educational system this would mean learning only the ne-
cessary concepts omitting unnecessary distractions.

— Local orientation support which provides users with information about their current
position and the nearest surroundings. It often employs link annotation, which de-
scribes the suitability of links for further navigation, and hides less relevant links thus
preventing information overload.

— Global orientation support which provides the user with a global overview of his/her
absolute position in the information space and its structure, mostly using link annota-
tion.

10.4.2 Adaptation Techniques

Current adaptive navigation approaches take advantage of these techniques:
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Direct guidance is a technique that recommends the next link or sequence of links,
which should be visited by a user, usually via a “next” button. It is often used in edu-
cational systems, where the next link to be visited is determined based on user know-
ledge about specific concepts.

Adaptive link sorting changes the order of existing links. Until now, it was mostly used
in closed information spaces but was not very well accepted by users who were con-
fused by the constantly changing order of links, which the users expected at their
original locations. However, adaptive link sorting might be employed in open infor-
mation spaces, which often change by their sole definition. Moreover, in large infor-
mation spaces, sorting is the only sensible means of finding the required information
and is used by all search engines. Consequently, adaptive link sorting and link genera-
tion should not have adverse affects on user experience in large open information
spaces.

Adaptive link generation adds new links to related resources, e.g., based on the results
of data mining techniques.

Adaptive link hiding can be subdivided into these techniques:
o Link hiding, when links are clickable but look like normal text.

o Link disabling, when links are not clickable yet look like normal text; used for con-
textual links.

o Link removal, when links are physically removed; used for non-contextual links.

Adaptive link annotation, as perhaps the most used technique, adds additional informa-
tion to selected links, whose purpose is to more closely describe the target web pages
thus helping the user to decide which link to follow next.

Map adaptation adapts the local or global sitemap respectively.

We devised a method for adaptive faceted browsing in the Semantic Web and developed
a prototype adaptive faceted semantic browser — Factic (Tvarozek & Bielikova, 2007). Fig-
ure 10-8 illustrates examples of common adaptation techniques on a sample GUI from
Factic. We focused on the adaptation of facets and restrictions (left), which includes

direct guidance via recommended restrictions (green background).
link generation — all links for restrictions are generated (left).

link sorting — individual facets are sorted by relevance, restrictions are sorted alpha-
betically (left).

link annotation via tooltips and traffic light colors for individual restrictions and back-
ground color for facets (left).

link hiding by hiding irrelevant facets, which are available on demand (left).

10.5 Navigation and Orientation Tools

The most common means for navigation on the Web is the web browser, which retrieves,
renders and displays web pages, and allows users to navigate the Web by means of follow-
ing links.
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Current browsers support a list of features which aid users during browsing. These
can be divided into:

— Browser-based tools, which are implemented in the browser itself and are thus inde-
pendent from the viewed information space and its contents (e.g., bookmarks or the
forward and back buttons).

— View-based tools, which are contained in individual views and originate from and/or
are provided by the information space itself (e.g., link annotation on a web page).
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Figure 10-8. Examples of adaptation techniques used by our adaptive faceted browser Factic.
Adaptation, annotation and recommendation of facets (left), adaptation and annotation
of search results (center).

10.5.1 Browser-Based Navigation Tools

Several browser-based navigation tools have already been developed and successfully
implemented in practical solutions. Other tools were proposed and evaluated with promis-
ing results, yet are still unavailable in mainstream web browsers:

— Back button, which enables users to backtrack their path through the information
space. It is actually one of the most used navigation tools accounting for about 14 %
of clicks, being second only to following links that account for about 43 % of clicks
(Weinrich et al., 2006). Two paradigms for the back button were explored — stack
based and history based, though studies indicate that there is no significant difference
between the two for common users (Levene & Wheeldon, 2004).



Semantic-Based Navigation in Open Spaces 283

Forward button, which works together with the back button but is used only marginal-
ly in practice since users mostly return to previously visited pages.

Home button, which is used only marginally in practice and enables users to return to
a known location in the information space (e.g., a search engine).

History list, whose use is extremely limited as it only offers a simple list of recently
pages (e.g., today, last week or last month). Since it contains many pages, is not orga-
nized in any sensible way and does not support searching, it cannot be effectively
used to revisit pages.

Bookmarks, which allow users to mark a page for future reference and thus work as
a selective history list, which can be organized into folders and subfolders. While
some users use bookmarks to store already visited pages not suitable for further na-
vigation, bookmarks are good for future page revisits as they allow users to “search”
based on a hierarchical classification of folders. However, the number of bookmarks
greatly increases over time thus making effective bookmark management difficult,
and their overall usage and usefulness limited.

History tree, which organizes recently visited pages in a tree instead of a list and pro-
vides users with a good overview of their recent browsing history. Different ap-
proaches exist, which may visualize the whole history for multiple sessions or only
the history of the current navigation session or domain. In (Nadeem & Killam, 2001)
the authors compare two tree based approaches (GlobalTree — shows the current ses-
sion, and DomainTree — shows individual domains) with the history list approach of
common web browsers and conclude that users prefer tree based history behavior in-
stead of history lists.

10.5.2 View-Based Navigation and Orientation Tools

Typically different navigation and orientation tools are employed in order to simplify user
access and improve user experience (Levene & Wheeldon, 2004):

Link markers or embedded links are the basic means of navigation by means of inserting
and highlighting links directly into the presented information via text or images thus
corresponding to contextual navigation (Figure 10-9, D).

Navigation bars contain a list of links and are often used for global navigation — site
menus on the left/top/right side of the page (Figure 10-9, A).

Bread crumbs simplify the organization of information and display the user’s current
position in the information space together with the path that brought him/her there
(Figure 10-9, B). They improve user orientation and can be effectively used both for
global and local navigation.

Tabs effectively subdivide the content into multiple parts and can be used for linear
local navigation (Figure 10-9, C).

Site maps, as means for supplemental navigation, provide a global overview on the
main link and content structure of the information space (see Figure 10-10). A fisheye
view for sitemaps displays only the most relevant part of the map around the current
user position.



284 Selected Studies on Software and Information Systems

0 Items (%

newegy----

seancn M D

COMPUTER HARDWARE | ELECTRONICS PCS & NOTEBOOKS | DIGITAL CAMERAS NETWORKING GAME SPHERE | SOFTWARE DVDS

Home > Categories > Processors / CPUs > Processors > AMD > [tem # E16819103747
— —
AMD Athlon 64 X2 4200+ Windsor 2.2GHz 2 x 512KB L2 Cache Socket AM2 Processor - Retail C
REVI ITEM INTELLIGENCE

$182.00 Multitasking leaps to a new high with the AMD Athlon 64 X2 4200+ AM2! With
dual processor cores each running at 2.2GHz, this Socket AM2 processor can
manage two streams of data simultaecusly while running multiple programs
and the new generation of multi-threaded software. This advanced
development, once seen only in "supercomputers” allows you to switch
between programs without annoying delays, resulting in major performance
jumps! It's integrated with a high-bandwidth, low-latency memory controller

@] enabling support for up to DDR400 memory.

AMD has significantly reduced power consumption for these chips, allowing

Free 3 Business Day Shipping
(Not available in HI, AK and PR)

In Stock

Image Viewer ADD TO WISH LIST % your system to run cooler even at higher speeds. Other features including
9 EMAIL THIS PAGE Q support for 3DNow! Professional technology and SSE3 accelerate multimedia
[ applications and enable stellar performance when working with audio, video
5 PRINT THIS PAGE @ and photography snf‘tw_are. This is an excellent value when you look at
performance for the price; you can't do much better!
PRICE ALERT %
5 | 92% imnlatief .
Protect Your Investment @ A o Read More Reviews - Write a Reviewl
Select An Optional Extended Warranty Plan D 3l 1%
Extended warranty is not available for items combined with a free gift. 5 0% D
o

Special Offers 1 0%
Mo Payments for 6 Months on purchases of $500 or

more with your Newegg.com Preferred Account!

Click hers for imparsant diz:losures AMD>Intel for sure

# Reviewed By: Franz on 7/5/2006 e
HE:IH N\I:thas.flll'nEnts furgﬂ Days On purchases over $250 B Tech Level: high - Ownership: 1 week to 1 month
with Bill Me Later™!
Click here for impartant disclosures Pros: AMAZING. EXCELLENT. GREAT. THE FUTURE IS HERE TODAY. Dual core is

the future. And it's here. People. AMD is great. This is my first AMD and i am

Figure 10-9. Examples of navigation and orientation tools — the navigation bar (A), bread crumbs (B),
tabs (C) and link markers (D).

— Landmark nodes are prominent nodes within an information space or the respective
subspace the user is browsing. They are best identified by the high number of nodes
that can be reached within two links from the landmark node and which can reach it
within two links.

— Guided tours or trails aid users in navigation by suggesting whole trails (sequences of
links) to follow usually via local linear navigation. They are often used in educational
systems where teachers can author them based on the recommended order of learn-
ing for individual concepts. More advanced trails would include automatically
created trails or collaborative trails.

10.5.3 Faceted Browsers

Faceted browsers provide advanced navigation and orientation means, which can be used
to provide access to information spaces via faceted navigation. While all of the aforemen-
tioned navigation and orientation tools would work for an entirely static web site, faceted
browsers are dynamic by their very nature and thus may only be used in web-based appli-
cations. For example, online shops often employ faceted browsers for navigation in the
products they offer.
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iPod + iTunes

Apple.com Site Map
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Where to Buy

can I buy a Mac

About Apple

Contacting Apple

Where

Agent Program

Privacy Information

Maco®

Considering a Mac QuickTime
Y love a Mac

QuickTime

g a Wac Feedback CQuickTime Pro

Figure 10-10. Example of a simple sitemap.

Figure 10-11 outlines the typical browsing process in a faceted browser, which corresponds
to the steps performed during view-based search:

1.

Query — users typically select facets and restrictions as long as they match their per-
ceived (and known) information needs.

Selection — once the set of available options is exhausted or the users cannot think of
any more criteria, they examine the search results and select promising results for fur-
ther navigation.

Navigation — detailed information about “good” results can be retrieved and a naviga-
tion session via their properties or associated resources can be initiated (e.g., showing
associated resources or comparing similar ones).

Query modification — users can relax the query by removing restrictions and repeating
the process from step 1.

In addition to faceted navigation, contemporary faceted browsers support additional fea-
tures for simple “processing” of the displayed data (search results):

Simple sorting of instances based on one given attribute (e.g., name, price or weight,
screen size, popularity).

The comparison of several selected instances and their attributes in a table.

Different views which are either more or less detailed, with or without images and
with a selectable number of simultaneously displayed results.
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— Different actions with search results, such as bookmarking, adding to the shopping
cart or rating.

[No suitable facets/restrictions]

.

[Suitable facets/restrictions available]

Select facet
Result: tisfact e
[Results unsatisfactory] Remove

unsuitable restrictions
[Need satisfied]
Select facet restriction

Figure 10-11. The navigation process in a simple faceted browser.

Browse results

n

Figure 10-12 shows an example graphical user interface of our faceted browser Factic in the
domain of job offers. As such, it is a faceted browser employing primary and secondary
facets with multilevel content. It supports both nominal and ordinal facet values — enume-
rations and intervals respectively (Adkisson, 2005).

Individual facets for the type of the offered position, location, industry sector, start
date, job term and contract type are shown on the left. The current query is shown at the
top, while the results of its evaluation are displayed in the center. For each search result,
the title of the job offer and its main attributes are shown. Additional operations with re-
sults include their sorting, rating and optionally editing.

10.6 Navigation Visualization and Content Presentation

The visualization and presentation aspect of web-based applications plays a major role in
their success and user acceptance. This concerns the overall layout and graphical design of
applications, the use of color, styles, fonts etc., which have a major impact on whether us-
ers will like or hate an application. Much can be accomplished by following “tried and
true” usability guidelines (Nielsen, 2007) and taking advantage of research performed by
the HCI community.

In our work however, we do not focus on the design of specific user interfaces, but ra-
ther on their conceptual functionality and behind the scenes processing with relation to
navigation, user understanding and personalization of information with respect to large
open information spaces.

From the navigation perspective it is important to understand how links are visua-
lized and how the users interact with them. “Classical” navigation used only simple links,
which were placed at specific locations in the presented document, whose visualization
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was less important. In the Semantic Web context, the data and metadata are “more equal”
and proper metadata (i.e., navigation) visualization approaches are desirable. Especially if
many generated links should be presented to the user, they must be organized in a sensi-
ble and easy to understand way.
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Figure 10-12. Sample GUI of our faceted browser Factic. Facets are shown on the left (green and
blue backgrounds), results in the center (white background), current restrictions and available actions
at the top (pink and blue background).

— Classical “text-based” visualization is most often used in simple interfaces, where
links are represented via text or images (see Figure 10-13).

Designing Large-scale Web Sites
By Louis Rosenfeld, Peter Morville
First Edition February 1998

Fages: 224 (More details)

ﬁﬁﬁﬁ r (swerage of 9 Customer Reviews)

Figure 10-13. Example of classical text-based navigation visualization. Links are implemented as text
(blue) or images respectively.

— Visual navigation uses interactive visualization approaches, which might depict the
structure of the information space to provide users with a better description of the in-
formation domain (Figure 10-14). For example, graph visualization approaches (Al-
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IIKnow?) or hierarchical clustering approaches can be implemented via Java applets,
using images or via SVG. Proper algorithms for the layout and abstraction level are
required as user interfaces can quickly become overloaded with information for large
or complex information spaces.

Netherlands
Alartic Ocean
containg Spain
is close by
__laly
hordersto—
is similarto S
relates

Figure 10-14. Example of visual navigation using graph visualization techniques in project AlllKnow.
Links are realized as graph nodes.

— Spatial visualization is often implemented via plug-ins, which enable users to move
freely in a two- or three-dimensional space and optionally interact with the objects it
contains. The most common visualization approaches are virtual maps, such as
Google Maps?® (2D) or Geonova* (3D) (see Figure 10-15). However, the use of spatial
(3D) visualization on the Web is as of today not very common.

Other visualization approaches, which focus on the presentation of metadata can also be
successfully used to visualize link structures and thus navigation.

CropCircles is a topology sensitive approach to visualization of OWL class hierar-
chies inspired by treemaps (Wang & Parsia, 2006). Since it visualizes (class) hierarchies, it
might be ideally suited for the visualization of facets, which contain restriction hierarchies
(see Figure 10-16). CropCircles provide quick overview of the topology (i.e. the size, depth
and complexity of a hierarchy), while also providing a visually pleasing nested presenta-
tion of individual nodes.

2 AlllIKnow: http://alliknow.net/ (last viewed 16.11.2006)
3 Google Maps: http://maps.google.com/ (last viewed 18.8.2009)
4 Geonova: http://www.geonova.ch/gvista/pages/ch/GVista.htm (last viewed 18.8.2009)
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Figure 10-15. Example of spatial visualization in the GVista system by Geonova.

Circles represent nodes, their size corresponds to the size of the respective subtree rooted
at a particular node. Child nodes are sorted in descending order based on their size. Dif-
ferent layout strategies are employed based on the size distribution of child nodes (e.g.,
dominant child node, equal sized children).

Figure 10-16. Topology sensitive visualization via CropCircles, taken from (Wang & Parsia, 2006).
Layout strategies from left to right — single child, equally sized children, dominant child, no dominant
child.

Figure 10-17 shows TagSphere — an approach to tag visualization for augmented content-
based image retrieval using collaborative tagging (Aurnhammer, Hanappe, & Steels, 2006).
The white circle in the center denotes the user’s image collection yet also a query-by-
example. Next, the Tag sphere — sets of search results corresponding to tags from the query
are drawn. Their size denotes the number of images, distance to the white circle denotes
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the number of overlapping images and the circles in their respective centers denote the
overlap returned by an image classifier, which evaluates low-level image properties
against the query. The outer Classifier sphere works the same way, yet describes a differ-
ent set of results, which are returned by the classifier instead of a tag search. E.g., for sets
leaves and park the tags seem to match the low-level image properties quite well, while
having high overlap with the user’s collection.

e ©
L 2 . ©
® ©
o ® farm
@ fall tree & fedl
& autumn harvest
leaves &
) . fall
& nature park e autumn
. L ]
. L ]
. [ ]
* \_
° . Tag sphere
& * W (lassifier sphere

Figure 10-17. Tag visualization via TagSphere,
taken from (Aurnhammer, Hanappe, & Steels, 2006).

10.7 Existing Navigation Solutions

Based on our prior analysis we identified faceted browsers and view-based search as suit-
able navigation means for large information spaces based on the Semantic Web, mainly
due to their user friendly GUI, high expressivity via faceted classification and overall sui-
tability for large data collections. Consequently, we examined the properties of several
existing faceted browsers:

— Factic: Adaptive faceted semantic browser (Tvarozek & Bielikova, Personalized Fa-
ceted Navigation for Multimedia Collections, 2007).

— Ontoviews: A tool for creating Semantic Web portals (Makela et al., 2004).
— BrowseRDF: Faceted RDF browser (Oren, Delbru, & Decker, 2006).

— /facet: Browser for heterogeneous semantic repositories (Hildebrand, van Ossenbrug-
gen, & Hardman, 2006).

— IGroup: Image search engine (Wang, Jing, He, Du, & Zhang, 2007).
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— Flamenco: FLexible information Access using MEtadata in Novel COmbinations (Yee,
Swearingen, Li, & Hearst, 2003).

— Relation Browser++ (Zhang & Marchionini, 2005).

Section 10.7.6 provides an overview of the main properties of individual solutions.

10.7.1 Factic: Adaptive Faceted Semantic Browser

We devised a method for personalized faceted navigation (Tvarozek & Bielikova, Persona-
lized Faceted Navigation for Multimedia Collections, 2007) and implemented a prototype
faceted browser Factic (Tvarozek & Bielikova, Personalized Faceted Navigation in the Se-
mantic Web, 2007). Factic is an adaptive faceted semantic browser for OWL which sup-
ports semiautomatic configuration of the underlying faceted classification based on the
used domain ontology.

The GUI of Factic copies the standard faceted browser layout with facets on the left,
current query at the top and search results in the center (see Figure 10-12). Users can navi-
gate the available facet hierarchy via view-based search and examine the details of indi-
vidual instances, for which the respective properties are displayed recursively (see Figure
10-18).

Back

Manpower Professional,San Diego, CA US

@ Duty location: California

& offered by: Manpower ProfessionalManpower Professional
Offers salary: 29.0 - 36.0 (Sala
= :
\;I Prerequisites: = XMLODBC?2 plus years of experience in TIBCO Business Works and WorkFlow developmentPL/SQLOracle ERPS to 8 years of

software development experience

@ Bachelor of Science degree in a technical field (i.e. Computer Science, Information Technolegy, Engineering or related )
requiredPosition available to new or recent college graduates? NO

All details

Apply information: Text: Manpower Professional, San Diego, CA US

path to the source of original offer in the cache: 01062.html
has source of path to the source of the offer from which the offer was acquired: http://jobs.collegegrad.com/JS/General/Job.asp?id=5320122
offer: URI of the converted document:

Acquisition date:

XML
ODBC
2 plus years of experience in TIBCO Business Works and WorkFlow development
PL/SQL
Prerequisites: Oracle ERP

5 to 8 years of software development experience

Bachelor of Science degree in a technical field (i.e. Computer Science, Information Technology, Engineering or related )
Text: required

Position available to new or recent college graduates? NO

Text: Salary: $29/HOURLY To $36/HOURLY
Offers salary: Base: 29.0

Maximum: 36.0

Figure 10-18. Example of the Factic GUI for presentation of instance details. Main attributes are
shown at the top, other attributes are recursively expanded (bottom).
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The main advantage of Factic is personalization support based on an automatically
acquired user model also via external user modeling tools (Andrejko et al., 2006). Persona-
lization includes the adaptation of facets and facet restrictions (e.g., active facets, inactive
facets, disabled facets) their annotation with additional information and recommendation
via ordering or background color.

Important is also the adaptation, annotation and recommendation of search results
with support for external personalized evaluation tools. Moreover, view adaptation can
customize the presentation of search results based on instance type (e.g., images in an im-
age matrix with thumbnails, job offers in a table).

Currently one important disadvantage is the slow performance of the underlying da-
tabase engine with semantic queries for larger datasets, which results in high response
times. Another possibly limiting performance factor might be the use of the Apache Co-
coon framework® and XML/XSLT transform view design pattern for presentation render-

ing.

10.7.2 Ontoviews: A Tool for Creating Semantic Web Portals

OntoViews (Mékela et al., 2004) is a comprehensive tool for the creation of Semantic Web
portals based on the Apache Cocoon framework and a service oriented architecture using
Ontogator as a view-based search service (Mékeld et al., 2006). Ontoviews supports faceted
navigation over RDFS ontologies and link recommendation services via Ontodella.
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Figure 10-19. Example of the OntoViews GUI, facets shown on the left,
search results shown on the right.

5 Apache Cocoon: http://cocoon.apache.org/ (last viewed 18.8.2009)
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A demonstration application of OntoViews is publicly available in the domain of dig-
ital libraries (museums) as MuseoSuomi®. Figure 10-19 shows the user interface of Onto-
Views, which copies the typical faceted browser layout with facets on the left and content
on the right. Search results are presented in groups corresponding to the last used facet.
The detailed instance view (see Figure 10-20) shows instance attributes at the top, followed
by a list of faceted categories to which the instance belongs. Recommended links to related
instances are shown on the right.
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Figure 10-20. Example of the OntoViews GUI for presentation of instance details with Instance

attributes (top), other facet categories (center) and related instances (right).

Furthermore, OntoViews has a mobile user interface, which retains the functionality of the
original desktop interface albeit with minimal screen size.

Link generation is based on predicates in the form p(subjectURI, targetURI, explana-
tion), which succeed when two resources (subjectURI, targetURI) should be linked together
with label explanation. Individual rules/predicates are processed by the Ontodella service
for link generation.

¢ MuseoSuomi: http://www.museosuomi . £i/ (last viewed 18.8.2009)
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The use of XSLT in the user interface and query transformations provide high inter-
face flexibility, yet resulted in complicated templates that are tied to a specific RDF/XML
representation. Moreover, OntoViews does not take advantage of OWL metadata and
must be manually configured to use facets and link recommendation (e.g., via aforemen-
tioned rules). It also has no support for personalization based on user preferences.

10.7.3 BrowseRDF: Faceted RDF Browser

BrowseRDF (Oren, Delbru, & Decker, 2006) is a faceted browser for Semantic Web data in
RDF format. BrowseRDF can automatically generate a faceted interface from arbitrary RDF
data with little manual configuration.

BrowseRDF extends typical faceted queries with RDF semantics, e.g. existential selec-
tion, inverse selection, non-existential selection. Furthermore, it defines statistical metrics
for automatic facet ranking and adaptation, such as predicate balance, object cardinality
and predicate frequency.

Figure 10-21 shows the GUI of BrowseRDF in the domain of wanted FBI suspects. In-
dividual facets with new selection types are shown on the left, instance details are shown
in the center.

Similarly to OntoViews, BrowseRDF does not take advantage of OWL data and au-
tomatically generates facets for all available RDF predicates, even those with little sense for
the end users. Moreover, it only employs statistical metrics computed from the supplied
RDF data and thus supports no personalization, nor link recommendation.
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Figure 10-21. Example of the BrowseRDF GUI with existential facet restrictions (left),
taken from (Oren, Delbru, & Decker, 2006).
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10.7.4 /facet: Browser for Heterogeneous Semantic Repositories

/facet (Hildebrand et al., 2006) is a faceted browser for heterogeneous information spaces
consisting of distributed semantic repositories represented in RDFS. It takes advantage of
both the rdfs:subClassOf property and the rdfs:subPropertyOf property in order to process
facet restriction hierarchies.

Furthermore, /facet supports multi-type queries and runtime facet specification thus
greatly increasing flexibility and support for heterogeneous repositories. The multi-type
capability effectively translates into an additional facet, which is used to specify the target
data type. Based on the selection in the type facet, other facets are made available.

Figure 10-22 shows the /facet GUI. The selected type vra:Work corresponds to facets
Creator, Date and Material. Medium. Moreover, /facet supports semantic keyword search,
which allows users to perform keyword-based search on

— all instances (helps find a suitable instance type),
— individual facets (improves movement and restriction selection),
— and across all facets (improves orientation).

Lastly, /facet supports the grouping of search results based on individual properties and
timeline visualization of dates. However, it does not support personalization nor advance
link generation and recommendation techniques.

806 MultimediaN E-Culture Facet Browsing =)
Select Type Select Facets for: Work search facets of wond
| Contributorv Coverage¥ Creatory Formatv Subject and Keywordsvy Title v
Y.Aa. VisaIa source Creator x Date x Material.Medium X
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Figure 10-22. Example of the /facet GUI with multiple facets (top), constrained search results (center)
and timeline display (bottom), taken from (Hildebrand, van Ossenbruggen, & Hardman, 2006).
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10.7.5 IGroup: Image Search Engine

IGroup (Wang et al., 2007) is a typical keyword-based search engine in the image domain.
However, it presents search results in semantic clusters that users can use for search via
query-by-example thus effectively expanding their query options.

Figure 10-23 shows the IGroup GUI, with a list of identified clusters on the left. These
correspond to different “tigers” identified in the use collection and allow users to select
specific subspaces of the information space as in view-based search. Individual search
results are presented in a matrix in the center of the GUI with some descriptive informa-
tion.

The clustering algorithm takes as input the results of a standard keyword-based
search and gives a list of annotated clusters as its output. It takes advantage of text, which
is available for individual images and selects top-ranked phrases via n-gram analysis
(phrase frequency, document frequency, phrase length, etc.).

Advantages include a wider coverage where some minor, previously hidden, subsets
are now visible. Furthermore, individual clusters are annotated while allowing users to
refine the query based on the displayed images instead of writing keywords.

Disadvantages include no support for personalization and link generation and no di-
rect support for Semantic Web data as the source data results from a traditional keyword-
based query to some other search engine.

MAGES
=l! GROUP tiger -———

11  tiger |
1 tiger woods a

F -,
ﬁ \
2 tiger cub
ger_Woods_Photo.jpg Tiger%2520Cub jpg

e

Figure 10-23. Example of the IGroup GUI with identified clusters (left),
taken from (Wang et al., 2007).

10.7.6 Comparison of Navigation Solutions

We compared seven existing navigation solutions with focus on faceted navigation and
view-based search (Table 10-1). Most of the examined solutions offered limited support for
Semantic Web data in the form of RDF/RDEFS ontologies, though several had no support at
all.
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Several solutions provided support for link generation though this was limited to
links between instances related via predefined properties or clusters. None of the ex-
amined solutions apart from our faceted browser Factic supported personalization, al-
though there was limited support for content-based adaptation — linking to related in-
stances and sorting based on statistical metrics.

The most used visualization approach seems to be textual visualization in tables. No
solution employed any kind of advanced visual/graph-based presentation approach for
navigation, or for actual content though /facet employed timeline visualization to show
temporal distribution of instances.

Table 10-1. Overview of navigation solutions.

Semantic Lmk. Adaptivity Personalization | Visualization
support generation
Adaptation,

Factic annotation and Yes, automatic | Text/images
(faceted OWL Yes recommendation use’r modelin and tables
browser) of facets, restric- 9

tions, results
OntoViews Yes, re- . .
(faceted RDFS lated in- Related in- No Textfimages
browser) stances stances and tables
Br(of;V:;EEF RDF Yes Statisticgl facet No Test and
browser) ranking tables

[facet Text/images
(faceted RDFS Yes No No and tables,
browser) timeline

IGroup
(keyword- Yes, clus- Text/images

based, No ’ No No
query-by- ters and tables
example)

Flamenco Text/images
(faceted No Yes No No 9
browser) and tables

RB++

(view-based No No No No T;x;lzgd
search)

10.8 Looking Ahead

We identified several problems in the previous sections, such as the size and dynamics of
open information spaces, which current information retrieval systems must deal with.
While existing search engines are definitely not ideal, they are still pretty good at what
they do — gathering metadata and building indices. Although, there is steady progress in
keyword-based search engine improvement, we believe that this area is not interesting
enough to warrant further attention and thus leave it to others. Furthermore, additional
approaches already exist that can classify documents (web pages) and create metadata
where they are unavailable (albeit they are not used much in practice and of somewhat
questionable quality).
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What current solutions seriously lack is usability and support for advanced inte-
grated search and browsing interfaces that support typical usage scenarios (e.g., not only
search, but also generic browsing or overviews). It was shown that users today cannot
effectively use the possibilities offered by today’s full-text search engines, which leads us
to believe that the more complex semantic search engines will be even more underused (in
terms of possible search options). Thus advanced approaches which combine searching
and browsing with navigation appear to be a promising and very relevant field of further
research, which includes the:

— Design of methods and models for search and navigation in large (open) information
spaces based on the Semantic Web.

— Design of user interfaces (in terms of functionality) for these methods.
— Design of models and methods for user collaboration and communication.

— Design of methods and models of user adaptation of the respective methods to the
specific requirements of users based on user contexts.

— Design, preparation and execution of experiments and case studies aimed at evaluat-
ing the proposed methods.

More specifically, visual construction of (semantic) search queries via a faceted browser
seems interesting; however a more complete information retrieval interface seems neces-
sary. This would likely include:

— A visual depiction of the available information space for visual navigation based, e.g.
on a graph of clusters or relationships between concepts.

— An adaptive graph-/tree-based history browser, which might even replace the book-
mark system of current web browsers, as it would be sensitive to current user re-
quirements. History items might possibly be displayed in “full resolution” for a se-
lected number of clicks.

— Trail navigation support in addition to links.

— Collaboration options that would make users aware of the actions or overall trends in
navigation and content usage and/or credibility.

While semantic versions of faceted browsers were already proposed and experimented
with, to our best knowledge, limited (if any) work was done on the possibilities of faceted
browser adaptation with optional extensions of the faceted browser navigation model.
Thus faceted browsers as means for integrating view-based search and navigation are
another promising field of research.

Extending and formalizing the navigation process for different stages such as the
opening, middle game, endgame outlined in (Yee et al., 2003) is of interest:

— Metadata navigation first identifies what metadata should be used.
— Data navigation then identifies what instances should be examined.

— Data processing and exploration ultimately facilitate the learning and understanding
of the found information/knowledge.
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Moreover, these facet and restriction related enhancements seem promising:

Extending the navigation model with nested facets that enable users to define restric-
tions on properties of information space instances.

Dynamic facet generation based on a domain ontology, the query and the user model.

Adaptation, annotation and recommendation of facets and restrictions based on the
global user statistics, user context (environment and device properties), social net-
works and long-term, short-term and in-session behavior for different user profiles
(e.g., at work, at home).

Aggregate (meta)facets based on data derived from the domain ontology. These can
be based on simple aggregations (e.g., COUNT or SUM) or more complex aggrega-
tions such as hierarchical clustering based on different clustering functions (e.g., se-
mantic similarity).

Generation of annotations for aggregate (meta)facets and their restrictions based on
data in the domain ontology and the selected aggregation function. Individual anno-
tations can be generated based on representative instances or as enumera-
tions/summarizations of most frequent instance properties.

Since the browsing, understanding and quick interpretation of target information is cru-
cial, we propose improved visualization for faceted browsers and integration with concept
visualization solutions displaying detailed information about individual instances using
graph or domain specific visualizations:

Dynamic generation of the entire faceted browser interface and adaptation of views
for different content and user preferences.

Graphical visualization of facets using existing approaches for e.g., geographic loca-
tions (maps) or hierarchical clusters (graph), which may improve user understanding
of facets and thus orientation support.

Graphical visualization of search results using graph visualization techniques with
support for successive query refinement (e.g., by selecting a cluster of instances) in-
stead of the table/matrix of search result attributes.

Integration with external concept browsers with support for:

Visualization of instance neighborhoods using graph visualization of instances where
graph edges denote similarity. Hierarchical clustering can be used for similarity and
abstraction level evaluation.

Visualization of instance properties with support for the browsing of associated in-
stances and their properties, associated via graph edges corresponding to object
properties of instances.

Domain specific visualization showing multiple related instance simultaneously, or
in several parts with direct navigation guidance based on the user model. For exam-
ple, in the e-learning domain of programming, several concept explanations might be
shown in sequence and/or simultaneously, such as a sequence of statements, branch-
ing, procedures with their respective fragments — definitions, tasks, questions and so-
lutions.
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While many information retrieval methods can be evaluated statistically, e.g., by
computing precision and recall statistics, in many cases such exact evaluations cannot be
performed for approaches dealing with user interaction and user interfaces for adaptive
systems. The evaluation of such approaches can be done via experiments thoroughly de-
scribed in case studies, such as (Yee et al., 2003) or (Wang et al., 2007).

Since evaluation is crucial, it must be well defined beforehand and performed on sev-
eral variants of the test system against a baseline system which might either by an existing
system suitable for benchmarking or a system made using the best or most common fea-
tures of comparable systems (Yee et al., 2003).

Furthermore, layered evaluation principles should be employed to effectively sepa-
rate evaluation of individual stages of the information processing process — data collection,
data interpretation, user modeling, adaptation selection and adaptation application (Pa-
ramythis & Weibelzahl, 2005).

In order to counteract possible errors due to user preferences, users can be divided in-
to multiple groups which perform the same test scenarios in different orders so that the
results between the groups can later be compared to identify potential bias. Furthermore,
different usage scenarios should be employed exploiting different user work styles, such
as search for a specific set of items (goal oriented, structured), or search for something you
like (more creative, unstructured). Individual experiments may or may not be time limited
and accompanied by questionnaires aimed at gathering subjective user feedback.
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ZiSKAVANIE INFORMACII Z WEBU
METODAMI INSPIROVANYMI
SOCIALNYM HMYZOM

Anna Bou Ezzeddine

Uz v roku 1945 Dr. Vannevar Busch v ¢lanku As We May Think napisal o potrebe zriade-
nia multimedialnej digitalnej kniznice, ktora by zhromaZzdovala poznatky celého Iudstva.
Jednotlivé poznatky mali byt poprepajané prostrednictvom spojeni. Koordinoval vyskum
viac ako 6000 vedcov a Ziadal o vytvorenie vztahu medzi vedcami a sumou nahromade-
nych poznatkov.

Preslo skoro polstorocie a Bushova futuristicka predstava sa ¢iastocne naplnila v po-
dobe celosvetovej pavuciny (World Wide Web dalej web). Jeho predstava bola naplnena
vznikom dokumentov v digitalnej podobe a ich vzajomnym poprepajanim hypertextovy-
mi spojeniami. Predstava jednoduchého pristupu k poznatkom celého Tudstva vsak este
stale nie je naplnena.

Web je v sticasnosti najvacsi a najznamejsi informacny zdroj. Obsahuje biliony medzi
sebou prepojenych dokumentov nazyvanych webové stranky, ktorych autormi st miliény
Tudi. V stcasnosti je najvac¢sim problémom v obrovskom mnozstve dat najst kvalitni
a relevantna informaciu. Vyhladavanie uzitocnych informacii je pre pouzivatela internetu
naroc¢na uloha. Hoci sa pouzivatel dostane priamo k velkému mnoZstvu informacii neexis-
tuje sprievodca, ktory by mu pomohol vybrat najvhodnejsiu informaciu.

V poslednom obdobi sa venuje velka pozornost vyvoju novych inteligentnych tech-
nik, ktorych ciefom je transformovat data na pouziteInt informdciu. Vyhladdvanie rele-
vantnych informdcii je zlozZity proces, pri ktorom vznika mnozstvo problémov. Na rieSenie
vznikajucich problémov vznikaju stale novsie a lepsie pristupy, ktoré st zalozené na roz-
nych principoch a tedriach.

Socialny hmyz zijaci v koléniach ako mravce, vcely, termity, osy je znamy svojimi or-
ganizaénymi schopnostami bez akéhokolvek centralneho riadenia (Gordon, 1996).
Na organizaciu celej koldnie vplyva interakcia medzi individuami navzajom, interakcia
medzi individuami a prostredim a spravanie sa samotnych individui (Bonabeau, 1999).

V tejto kapitole sa budeme zaoberat problematikou ziskavania informacii z webu,
pricom sa z velkej Casti stistredime na metddy inSpirované spravanim sa socialneho hmy-
zu. Jej cielom je prezentovat priebezné vysledky, ktoré st zaloZené na aktudlnom stave
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vedeckého poznania v tejto oblasti. Opiera sa o poznatky opisané vo viacerych publika-
ciach a stustred’uje sa na popis moznych vylepseni jednotlivych pristupov.

11.1 Ziskavanie informacii z webu

Web je podla (Bing Liu, 2007) definovany ako Siroka oblast multimedialnej informaciu
ziskavajucej iniciativy s ciefom poskytnaf univerzalny pristup k velkému mnozstvu in-
formacii. Jednoduchsie povedané web je pocitacova siet, ktora umoznuje pouzivatelom
jedného pocitaca pristup k informacidm uloZzenym na inom poéitaci prostrednictvom celo-
svetovej pocitacovej siete nazyvanej Internet.

11.1.1 Historia webu

Tim Berners-Lee objavil web v roku 1989. V tom ¢ase pracoval v CERNe (Centre European
pour la Recherche Nucleaire) vo Svaj¢iarsku. Na zadiatku sa jeho projekt, v ktorom sa vyu-
zivala hierarchicka organizacia informacii nestretol s podporou vedenia. V roku 1990 zis-
kal podporu vedenia pre svoj projekt, v ktorom prezentoval vyhody hypertextového sys-
tému. Tento systém podla (Bing Liu, 2007) umoznoval:

— pozadovat informaciu uloZzent na vzdialenom pocitaci cez siet,
— vymienat informacie v beznom formate,
— prepojenie dokumentov jednotlivca s inymi dokumentmi prostrednictvom odkazov.

V jeho navrhu bol v podstate nacrtnuty distribuovany hypertextovy systém, ktory sa stal
zakladnou architektiirou webu.

Vo februari roku 1993 Marc Andreesen a jeho skupina z Illionskej univerzity NCSA
(National Center for Supercomputing Applications) predviedli Mosaic for X, graficky we-
bovy prehliada¢ (browser) pre UNIX. Dalsie verzie systému boli vélenené do systémov
Macintosh a Windows. Toto grafické prostredie umoznovalo pouzivatelovi jednoducht
obsluhu.

V roku 1994 Jim Clark, zakladatel Silicon Graphics, sa spojil s Marcom Andreesenom
a vytvorili spolo¢nost Mosaic Communitations neskoér premenovanti na Netscape Com-
munications. Po predstaveni prehliadaca Netscape zacal obrovsky tispech webu. Internet
Explorer z Microsoftu prisiel na trh v auguste 1995 a zacal konkurovat Netscapu.

Objavenie celosvetového webu Timom Bernersom-Leeom nasledované predvedenim
prehliadaca Mosaic st ¢asto povazované za dva najvyznamnejSie faktory, ktoré prispeli
k tspechu a popularite webu.

Web by nemohol existovat bez Internetu, ktory poskytuje komunikacna siet pre
funkénost webu. Vyvoj internetu zacal pocitacovou siefou ARPANET v case studenej voj-
ny. Této siet vznikla v USA kvoli kontrole raketovych striel. Prvé spojenia prostrednic-
tvom ARPANETu boli vykonané roku 1969. V roku 1972 bol ARPANET predstaveny na
prvej medzinarodnej konferencii pocitacov a komunikacie, ktora sa uskutocnila vo Wash-
ingtone. Na tejto konferencii boli prepojené pocitace zo 40-tich r6znych miest.

So vzrastajucim poctom prepojenych dokumentov vznikla potreba efektivneho vy-
hladavania informacii. Prvy vyhladavajici systém EXCITE bol predstaveny v roku 1993
Studentmi Stanfordskej univerzity. Jerry Yang a David Filo vytvorili v roku 1994 YAHOO
systém. Systém GOOGLE vznikol v roku 1998. Jeho tvorcovia s Sergey Brin a Larry Page.
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11.1.2 Neviditelny — hlboky web

Termin hlboky web zacala pouzivat spoloc¢nost Bright Planet (http://www. brightplanet.com).
V stadii (Bergman, 2001) sa uvadza, ze hlboky web je 500-krat vacsi ako tzv. povrchovy
web. Mimoriadne doélezita je kvalita obsahu hlbokého webu, ktora je 1000 az 2000 krat
vacsia ako pri povrchovom webe. Podla autora st to stovky milidrd dokumentov pristup-
nych pomocou databaz. Priemerné webové sidlo hlbokého webu ma iba za mesiac o 50 %
vacsiu hustotu navstev ako sidla na povrchovom webe. Hlboky web je v sticasnosti naj-
rychlejsie rasttica kategdria s novymi informaciami na webe. Viac ako polovica obsahu
hlbokého webu sa nachadza v Specializovanych predmetovych databazach. Az 95 % in-
formacii v hlbokom webe patri k verejne pristupnym informaciam, ktoré st pristupné bez
poplatkov.
Podla (Sherman, 2001) existuja Styri druhy neviditelného webu.
1. Neprehladny, nejasny web. Nie je zverejnené do akej hibky vyhladévade jednotlivé
stranky indexuja a ako casto indexacia prebieha. Vyhladavace casto zistia informaciu
o obrovskom mnozstve vyhladanych stranok, ale zobrazia iba ich cast. (V roku 2007
najznamejsie vyhladavace zobrazili najviac 1000 stranok.). Ak na stranku neexistuje
odkaz z inej stranky robot takuto stranku nedokaze najst a stranka sa stava stucastou
nevidite[ného webu.

2. Stikromny web. Tvoria stranky, ktoré imyselne ich spravcovia nezaradili do vyhlada-
vania a m6zu byt pristupné pomocou hesla.

3. Web pristupny za urcitych podmienok. VacSinou su to rozsiahle databdzy, ku ktorym je
obmedzeny pristup napriklad digitdlne kniZnice. VyZaduje sa registracia, alebo za-
platenie poplatku, takze vyhl'adavacom je cely obsah nedostupny.

4. Skutocne neviditel'nyj web. Tvoria ho stanky, ktoré sa nedaji zaindexovat z technickych
pricin. Vyhladavace sa spociatku zameriavali iba na spracovanie textovych stborov.
V sticasnosti mnohé spractivaju netextové informacie ako obrazky a videa. Informacie
su Casto nepresné, pretoze neobsahuju priamo ich obsah, ale iba informacie ziskané
z textovych dokumentov umiestnenych v ich okoli.

11.1.3 Metody na vyhladdvanie informadcii

Uz z predchadzajtcich charakteristik webu je zrejmé, Ze v sticasnosti je najvacsim problé-
mom najst na webe kvalitnt1 a relevantnti informaciu. S rastom poctu webovych stranok
a sluzieb klesa tispesnost hladania relevantnych informacii. Objavovanie novych informa-
cii je zlozitou zalezitostou. V stcasnosti sme svedkami intenzivneho vyskumu a vyvoja
novych indexovacich technik, vyvoja novych Specializovanych informac¢nych agentov,
novych technik filtrovania, zhlukovania a klasifikacie (Bing Liu, 2007; Sherman, 2001; Bal-
di, 2003; Witten, 2005, Webb, 2002; Chakrabarti, 2003).

S narastajucim mnoZstvom informdcii vznikaji nové metddy na vyhladavanie infor-
macii, takZe od pociato¢ného prehliadania dokumentov sa dostavame k nédstrojom umoz-
nujacim objavovanie znalosti. Podl'a metéd pristupu k informaciam delime nastroje pri-
stupu do tychto tried:

— nastroje umoznujace jednoduché prezeranie dokumentov (browsing),

— vyhladavacie, prieskumové stroje (search engines).
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Tieto stroje vyhladavaju informéacie na zaklade kltac¢ovych slov a ich kombin4cii po-
mocou vyrokov Boolovej algebry.
— inteligentni agenti — na zaklade vopred stanovenych podmienok hladaju a filtruja in-
formacie; k znamym aplikaciam tohto agenta patri porovnavanie cien tovarov na in-
ternete,

— nastroje na objavovanie znalosti (web mining).

11.2 Meto6dy inSpirované spravanim sa socialneho hmyzu

Socialny hmyz je hmyz Zzijuci vo viac, alebo menej organizovanych spolocenstvach s nasle-
dujtcimi ¢rtami:
— spolupraca v starostlivosti o mladé pokolenie,

— reprodukéné rozdelenie prace so sterilnymi jedincami pracujiicimi za jedincov za-

mestnanych reprodukciou,

— prekrytie aspon dvoch generacii vyvojovych stadii schopnych pracovat v koldnii.
Medzi hmyz, ktory sa vyznacuje socidlnym spravanim patria mravce, vcely, osy a termity.
Socialny hmyz zaujima v oblasti umelého zivota klticové postavenie najmé kvoli relativnej
jednoduchosti spravania sa jedinca v spojeni so zlozitym kolektivnym spravanim. Spolo-
¢enstva socidlneho hmyzu st schopné vyvinut prostriedky na kolektivne rieSenie tloh.
ZloZitost tychto tloh o mnoho radov prevysuje schopnosti jednotlivca. Dokazu rieSit tlo-
hy bez centralneho vedenia bez existencie dopredu danych fixnych Struktir aj napriek
existencii vyraznych vnttornych sumov.

Napriklad mravce maja schopnost vytvarat dynamicky sa meniace Struktiry a st
schopné najst najkratSiu cestu od zdroja potravy do hniezda bez pouzitia zraku. St schop-
né prispOsobit sa na zmeny prostredia, napriklad najst nova najkratsiu cestu v pripade ak
stard je nepouzitelna kvoli zataraseniu prekazkou. Hlavnym prostriedkom, ktoré mravce
pouzivaji na formovanie a udrzanie spojenia je feroménova stopa. Mravce zanechavaju
urcité mnozstvo feroménov a uprednostriuju smer, na ktorom je ich viac. V tomto pripade
mravce, ktoré si zvolili kratSiu cestu rychlejsie zrekonStruuju novu cestu ako tie, ktoré si
vybrali dlhsiu. Kratsia cesta ziska vys$ie mnoZstvo feromonov za jednotku casu.

Pochopenie emergentnych schopnosti kolonii mravcov, kolektivneho spravania sa
spolocenstva bolo inspiraciou pri navrhu novych metéd distribuovanych vypoctov.

Vcely v pripade hladania potravy vdaka pouzivaniu vzdusnych ciest nemaji moz-
nost oznackovat si cestu ako mravce. V tomto pripade si véely odovzdavaju informéacie
o vzdialenosti zdroja potravy tancom.

V roku 1973 raktisky zooldg Karl Ritter von Frisch dostal Nobelovu cenu za objavenie
jazyka tancujacich vciel (Gadagkar, 1996). Ak sa zdroj nachadza blizko ula, vcela tancuje
tzv. kruhovy tanec, ktory neobsahuje informaciu o smere potravy. Pri vzdialenejSom zdroji
vcely zakomponuju do tanca aj informaciu o smere a vzdialenosti potravy. Tanec sa zacne
roztahovat a nadobtida tvar osmicky.

V tejto kapitole bude predstavenych niekolko prac v ktorych autori opisuju spravanie
sa vciel a moznosti vyuzitia metafory vciel na ziskanie informdcii. V tychto pracach vcely
predstavuju multiagentovy systém. Hlavnym problémom v tychto systémoch je sposob
dorozumievania sa agentov (v pripade vdiel je to tanec). Agenti nemaju globalny pohlad
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na rieSeny problém, vidia iba svojim lokdlnym pohladom. Systém by mal byt schopny
vysporiadat sa s obmedzeniami, ktoré si jednotlivi agenti kvoli svojmu lokdlnemu pohla-
du neuvedomujt. Od agentov sa vyzaduje, aby spolu rozumne kooperovali. Jednou z ciest
spoluprace medzi agentmi bez explicitnej komunikdcie je vyuzitie inteligencie roja (Bona-
beau, 1999; Vries, 1998).

11.2.1 Samoorganizdcia v biologickych systémoch

V knihe (Camazine, 2003) v kapitolach 12, 15, 16 sa autori zaoberaju popisom samoorgani-
zacie sa vcelieho spolocenstva. Spolocenstvo si pomocou jednoduchych pravidiel vybera
najlepsi zdroj nektaru. Vcely vylietavaju do okolia a hladaja potravu pre spolocenstvo.
Ked vcela najde potravu, vracia sa s iou do ula a pritom prinasa pre ostatné vcely aj spra-
vu o zdroji potravy. V tomto procese hladania potravy ma véela nasledujice moznosti:

— pokracovat v zhanani potravy bez lakania ostatnych vciel,

— zdielat informaciu o zdroji potravy tancovanim, pritom im oznamuje smer, kvalitu
a vzdialenost zdroja — na tento zdroj sa snazi zlakat aj ostatné vcely,

— opustit zdroj potravy a nechat sa zlakat inou vcelou, ktora propaguje kvalitnejsi zdroj
potravy.

11.2.2 Ako si spolocenstvo vyberd medzi zdrojmi potravy

V praci (Selley, 1991) autori experimentalne dokazali, Ze rozhodovanie vcely v procese
hladania potravy je zalozené na velmi obmedzenych informaciach ziskanych z fiou na-
vstivenych zdrojov. Napriek takémuto jednoduchému spravaniu sa kazdej vcely spolocen-
stvo si vyberie najlepsi zdroj potravy. Tento zdroj si vybera na zaklade miery tancovania
za lepsi zdroj a opuiStania nekvalitného zdroja.

Vo vyssie spomenutej praci autori vykonali experiment zamerany na preskiimanie
ako si vcelie spolocenstvo vybera medzi zdrojmi potravy. Experiment vykonali na pusti.
V blizkosti vcelieho spolocenstva umiestnili dva zdroje potravy. Prvy bol umiestneny 400
m juzne od kolénie a druhy 400 m severne od kolonie. Zdroje mali rdznu koncentraciu
nektaru. Severny, menej kvalitny mal koncentraciu 1.0 jednotiek, juzny bol kvalitnejsi
s koncentraciou 2,5 jednotiek. Experiment prebiehal v ¢ase od 8:00 do 16:00. O 12:00 boli
zdroje vymenené, bola zmenena kvalita zdrojov, takze severny mal koncentraciu 2,5 jedno-
tiek a juzny iba 0,75 jednotiek. Na zaciatku experimentu bolo 12 v¢iel vytrénovanych, aby
leteli k severnému zdroju potravy a 15 vciel aby letelo k juznému zdroju potravy.

Pri pozorovani bolo zistené, Ze pocet vciel znasajicich potravu z kvalitnejSieho zdroja
sa Casom zvacsoval a pocet vciel znasajucich potravu z menej kvalitného zdroja sa postup-
ne znizoval. Po zameneni zdrojov sa zmenila aj situacia. Severny, po zamene kvalitnejsi
zdroj navstevovalo postupne coraz viac vciel, juzny, menej kvalitny zdroj zacali vcely
opustat.

Na obrazku 11-1 je znazorneny vysledok tohto experimentu. Na horizontalnej osi je
znazorneny cas (8:00-16:00), na vertikalnej osi je znazorneny pocet vciel, ktoré nosia potra-
vu z vyznaceného zdroja.
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Obrazok 11-1. Experiment: Ako si v€elie spoloenstvo vybera medzi zdrojmi potravy (Selley,1991).

11.2.3 Modelovanie kolektivneho hladania potravy

V préci (Vries, 1998) sa autori zaoberaju modelovanim kolektivneho zbierania potravy

prostrednictvom v¢iel. Individualne orientovany model je skonstruovany tak, aby simulo-
val kolektivne spravanie sa vciel pri zbere. Kazda vcela sa riadi rovnakym sttborom pravi-
diel spravania. Cielom autorov v tejto praci bolo vytvorit simulacny model, ktory by do-
sahoval podobné vysledky ako boli pozorované v praci (Selley, 1991). V tomto modeli
existuje niekol'ko kategorii vciel:

zamestnand vcela — véela, ktora poznd poziciu vynosného zdroja, nosi z neho potravu
a nenasleduje tancujtce vcely,

nezamestnand vcela — vcela, ktora nenosi potravu,
vcela zaciatocnicka,
vlela prieskumnicka — nepozna zdroj potravy a zacne ho hladat spontanne,

zldkand vcela — zacne hladat zdroj potravy potom ako pozoruje tancujice vcely; pozna
priblizna poziciu zdroja, ale nepozna jeho kvalitu,

skiisend véela — vcela, ktora pozna poziciu a kvalitu zdroja potravy,

vcela inspektor — spontanne sa reaktivuje, vykondva prieskumné lety a navstivi znamy
zdroj, aby znovu zistila jeho kvalitu,

reaktivovand vcela — reaktivuje sa potom, ako odpozoruje od tancujucich v¢iel potvr-
dzujicu informaciu,

vlela prieskumnicka — spontanne zacne hladat novy zdroj potravy potom, ako sa jej
predchadzajtci vycerpal,

zldkand vcela — zacne hladat novy, doteraz neznamy zdroj potravy potom, ako pozo-
ruje tancujtice vcely.

Vcela svoju kariéru zacina ako nezamestnana zaciatocnicka. Nema ziadne znalosti o zdro-
joch potravy. V tomto pripade mdze spontanne zacat hladat zdroj potravy a stava sa z nej
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vcela prieskumnicka, alebo po pozorovani tancujicich véiel sa stava zlakanou vcelou, kto-
ra ma priblizna informaciu o polohe zdroja. Ked vcela najde zdroj potravy, zapamata si
jeho polohu a kvalitu a zacne z neho znasat potravu. Takto sa vcela stava zamestnanou
vcelou. Vcela sa opét moze stat nezamestnanou vcelou v pripade, Ze sa zdroj potravy vy-
cerpa. Ak si vcela v pamiti uchovava informacie o zdroji nazyvame ju skisenou neza-
mestnanou véelou. Ak véela vykona prieskumny let ku zdroju, ktory kedysi opustila na-
zyvame ju inSpektorom. Ak nezamestnana sktsend vcela odpozoruje od tancujucich véiel
poziciu zdroja, ktory sa podoba na nou zapamaétany zdroj, stava sa reaktivovanou vcelou.
Ak nezamestnana skusena vcela odpozoruje od tancujicich véiel poziciu predtym nezna-
meho zdroja, stdva sa odvedenou vcelou. Véela mdze zacat spontanne hladat nové zdroje
potravy v pripade, Ze nebude nasledovat ziadnu tancujicu vcelu. Tieto pravidld sprava-
nia sa vcely st schematicky znazornené na obrazku 11-2.
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Obrazok 11-2. Spravanie sa vcely podla (Vries, 1998).

11.2.4 Model ziskavania potravy z dvoch zdrojov

V praci (Camazine, 1991) uvedeny je matematicky model popisujici dynamicku interakciu
medzi véelami v procese nosenia potravy z dvoch zdrojov (zdroj A, zdroj B).
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Modelovanad situdcia je zndzornena na obrazku 11-3, kde je vyznacenych sedem rdz-
nych casti. Kazda cast predstavuje jeden z moznych stavov, v ktorom sa vcela moze na-
chadzat.

Unloading Unloading
from A (Ha) from B (Hg)
A
rs " ———=1 Rate of bees leaving the compartment Ha I fs r7
X

N

Watching
dancing bees (F)

Dancing Dancing
for A (D) for B (Dg)

(1-Pa®)(1-Px®)

I

Foraging at Foraging at
source A source B

P8
Obrazok 11-3. Matematicky model ziskavania potravy z dvoch zdrojov (Camazine, 1991).

Predpokladajme Ze, A a B st dva rozne zdroje:

— cast H ,, Cast Hy: vyloZenie potravy zo zdrojov 4 a B ,

— dast D, Cast Dy :tancovanie za zdroje potravy 4 a B,

— cast F: pozorovanie tancujtcich vciel.
Na rozloZenie celkového poctu vciel nosiacich potravu z dvoch zdrojov na sedem réznych
casti vplyvaju dva faktory:

— itenzita, s ktorou sa véela pohybuje medzi jednotlivymi ¢astami (r_; ),

— pravdepodobnost, s ktorou si vcela vyberie jednu z dvoch ciest v rozhodovacich bo-

doch (na obrazku st znazornené ako ¢ierne body).

V nasledujiicom priklade si popiSeme spravanie sa vcely, ktora priniesla potravu zo zdro-
ja B.
Potom, ako vcela vylozi v ali potravu prichadza k prvému rozhodovaciemu bodu,

kedy sa rozhoduje ¢i opusti zdroj B(Pf ), alebo bude pokracovat v zbierani potravy zo
zdroja B(l-PE).
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Ak sa rozhodne pokracovat v noseni potravy zo zdroja B(l—P)? ), moze sa rozhod-
ntit, 7e pre tento zdroj zlika dalsie véely (P2 (1-PZ)).

Ak sa vcela rozhodne nepokracovat v noseni potravy zo zdroja B, ide pozorovat
tancujtce vcely a rozhodne sa, ktort z tancujucich vciel bude nasledovat (Plf )

Pravdepodobnost Py sa vypocita:

Dydp

pf—-_ —B"B
T Dydy+D,d
pdptD,d,

kde
— d4 a dp su casy tancovania vcely za zdroj 4 alebo zdroj B ; ¢as tancovania je pria-
moumerny kvalite zdroja, teda, ¢im je zdroj kvalitnejsi, tym je vacsia pravdepodob-
nost, Ze pozorujuce véely odpozoruju vabny tanec a nechaju sa zlakat na zdroj potra-
vy,
— D, a Dy je pocet vciel tancujucich za zdroj 4 alebo zdroj B .

Jednotlivé pravdepodobnosti sti:
— P{ a P{: pravdepodobnost opustenia zdroja 4 alebo zdroja B ; tato pravdepodob-
nost sa vypocita pri kazdom vylete vcely,

— P;j' a P}: pravdepodobnost tancovania za zdroj 4 alebo zdroj B,

— P{ a PZ: pravdepodobnost nasledovania véely tancujticej za zdroj 4 alebo zdroj B .

11.2.5 Multi-agentovyj odporicajiici systém
Na zdklade matematického modelu z (Camazine, 1991) bol v praci (Lorenzi, 2005A) na-
vrhnuty a prezentovany v (Lorenzi, 2005B), (Lorenzi, 2005C) prototyp multi-agentového
odporucajiiceho systému, s vyuzitim metafory spravania sa spolocenstva socialneho hmy-
zu - tancujucich medonosnych vciel. Vychadzali z prac (Schafer, 2001) a (Resnick, 1994),
aplikujuc rozdielny pristup k rieSeniu problému. Tato problematika bola spracovana aj
v (Lorenzi, 2004).

Model z (Camazine, 1991) rozsirili tak, aby bolo mozné pouzit viecero zdrojov potra-
vy. Kazdy agent predstavuje vcelu s nasledujticimi vlastnostami:

— P{" pravdepodobnost opustenia zdroja potravy c;,
— Py pravdepodobnost tancovania za zdroj c;,
— P pravdepodobnost nasledovania inych véiel na zdroj ¢ Iz

Pri dopyte od pouzivatela sa vcely-agenty snazia najst v baze pripadov (zdrojov ¢, ,,)
najlepsi zdroj potravy. Na obrazku 11-4 je znazorneny model prezentovany v (Lorenzi,
2005C).

Ul je zloZeny z dvoch oddeleni, tanéiarne a pozorovatelne tanciarne. Baza pripadov
reprezentuje pristupné zdroje nektaru (1...m). Kosostvorce reprezentuji moznosti rozho-

dovania vdiel.



312 Studie vybranych tém programovych a informaénych systémov

User Query

O )

Dancing for
Caseq

" Case, |

" lCaseBase O
1- P \,j_/
|

P Case: |«
b5
Case; — J:

Casey |<—

A

A

Observing
a Dancer

\_

Obrazok 11-4. Model multi-agentového systému.

V odportcdajicom systéme je pouzivate[ova poziadavka porovnand so vSetkymi pripadmi
v béze pripadov. Pripad, ktory najlepsie spiiia poZiadavku je pontkany pouZivatelovi.

V tomto pripade podobnost je pouzita na to, aby sa vcela rozhodla ¢i bude pokraco-
vat v noseni potravy zo zdroja, alebo prejde na iny. Vcela navstivi bazu pripadov, porovna
pouzivatelov dopyt s navstivenym pripadom c; na zdklade ¢oho vypocita pravdepodob-

nost Py . Pripad s najmensou vzdialenostou od pouzivatelovho dopytu je najpodobnejsi
pripad, teda pripad, ktory reprezentuje najlepsi zdroj. Pripad ¢; je zdroj, ktory vcela mo-
mentdlne navstevuje. Pripad c¢; predstavuje zdroj, ktory bol navstiveny tancujicou vce-

lou, ktort sleduje vcela z pozorovatelne a rozhoduje sa ¢i ju bude nasledovat, alebo nie.
Kosostvorce predstavuju miesta, kde sa véely rozhoduju. Vcela sa moze rozhodnut,
ze bude pokracovat v noseni potravy zo zdroja (zostava pri zdroji c; ), potom moze pre

tento zdroj lakat iné vcely (navstivi oddelenie tanciaren), alebo bude pokracovat v noseni
potravy zo zdroja c¢; bez pomoci inych vciel. Ak sa rozhodne Ze zdroj c; opusti, navstivi
oddelenie pozorovatelna tanciarne odkial pozoruje tancujtice vcely a rozhoduje sa, ktort
z tancujucich vciel bude nasledovat.

Vyhoda odporucajuceho systému zalozeného na opisanom principe je, Ze systém
vzdy nieco odporudi. Niekedy je vSak lepSie neodporucit ni¢, ako odporucit velmi nepre-
sne, o v tomto pripade predstavuje nevyhodu takéhoto systému.

Autori na rozsirenie a aktualnost bazy pripadov navrhujua pouzit dalsiu vrstvu agen-
tov, ktori by hladali aktualizované informacie a zaradovanim do bazy pripadov by ju roz-
Sirovali.

V experimentoch, ktoré autori s tymto systémom vykonali bolo dok4zané, ze ¢im je
zdroj kvalitnejsi (¢im viac sa zhoduje s dopytom pouzivatela), tym viac vciel ho navstevu-
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je. Autori nechceli poukdazat iba na schopnost zhlukovania sa v¢iel okolo najlepsieho zdro-
ja, ale aj na dynamicku reakciu celého spolocenstva pri objaveni lepSieho zdroja. Skimali
aj rychlu reakciu systému pri zmene pouzivatelovho dopytu.

11.3 Upravy a vylepsenia modelu (Lorenzi, 2005C)

Praca (Navrat, 2006) bola inSpirovana modelom predstavenym v (Lorenzi, 2005C). Autori
zistili niektoré nedostatky modelu, z ktorého vychadzali a ich hlavnym cielom bolo ich
odstranenie s prihliadnutim na to, aby sa nenarusil model vcelieho spolocenstva.
K hlavnym nedostatkom predtym popisaného systému bolo pociato¢né priradenie
jednej vcely na jeden zdroj potravy. Pri takomto priradeni vznikaji nasledujtice problémy:
— na dosiahnutie prijatelnych vysledkov je potrebné pouzit tolko vciel-agentov, kolko
je zdrojov, takze pri velkom pocte zdrojov by boli naroky na systém neprijatelné,
— ak je vcele na zaciatku priradeny zdroj, ktorého kvalita je vysoka (napriklad 95 %),
napriek tomu existuje pravdepodobnost (hoci iba 5 %), Ze bude zldkana inou vcelou.
V tomto pripade ak vcela tento zdroj opusti, neexistuje moznost navratu k tomuto
zdroju. Existuja iba dva spdsoby, ako sa vcela dostane na zdroj a to na zaklade pocia-
tocného priradenia, alebo v pripade zlakania inou vcéelou. Tymto sa moze velmi kva-
litny zdroj stat nepristupnym pre celé spolocenstvo.
Hlavné poziadavky pri vytvarani modelu boli:
— zmenSenie potrebného poctu vciel,

— zmenSenie pravdepodobnosti trvalého opustenia kvalitného zdroja.

Dopyt od
pouzivatela

Dispecerna

» zdroj;

i

Tanciaren

zdroj;

Py

Obrazok 11-5. Model spravania sa v€elieho spolo¢enstva podla (Navrat, 2006).
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Oproti pé6vodnému modelu bolo do casti ul' pridané oddelenie nazvané dispecerna.
Z tohto oddelenia vcely vylietavaju nahodne do bazy zdrojov, kde hladaju zdroje potravy.
Pri pouzivatefovom dopyte vcela cez dispecerniu vyleti k nahodnému zdroju.

Dalsou zmenou v modeli bolo usmernenie nerozhodnych véiel, ktoré v predchadza-
jucom modeli mohli neobmedzene dlho zostat v pozorovatelni tanciarne, ¢im sa zmen3o-
val pocet vykonnych v¢iel. V tomto modeli vcely, ktoré sleduju v pozorovatelni tancujtce
vcely a do urcitého casu si nevyberua vcelu, ktorti budd nasledovat, prechadzaji do dispe-
Cerne a odtial na nahodny zdroj potravy.

V modeli bol pridany aj informac¢ny Sum pri komunikacii medzi v¢elami (odovzda-
vanie informacie o zdroji tancovanim). Miera informacného Sumu urcuje ako nepresne
tancujuca vcela oznami polohu zdroja pozorujticej véele. Kedze véely neuvazuju priesto-
rova polohu zdrojov, informac¢ny Sum predstavuje pravdepodobnost s akou tancujica
vcela oznami nepresnu adresu zdroja pozorujtcej véele. V pripade zvyseného informacné-
ho Sumu sa zvysuje pravdepodobnost, Ze vcela bude poslana na nahodny zdroj potravy.

Poslednou zmenou v modeli bolo pridanie chyby vyhodnocovania zdroja ERR .
Chyba nadobtiida hodnoty z intervalu (0,1). Tato chyba sa berie do tvahy pri vypocte po-
dobnosti pouZzivatelovho dopytu a zdroja. Kvalita Q sa urc¢uje zo vztahu Q=0+ Q*ERR.
V pripade, Ze v uvedenom vztahu dostaneme hodnotu vacsiu ako 1, hodnota Q bude na-

stavena na 1.
Parametre modelu:

— celkovy pocet véiel v modeli N(BIOR+ BISB).

— pociatocna distribtcia vciel: BIOR predstavuje pocet vciel v pozorovatelni, BISB po-
Cet vciel, ktoré vyletia do bazy zdrojov.

— maximalny cas tancovania za urcity zdroj potravy MDT, konkrétny cas tancovania je
zavisly na kvalite zdroja (MDT * kvalita).

— maximalny cas, ktory vcela stravi v pozorovatelni OT , je nemenny, ale vcela pred
uplynutim tohto ¢asu moze byt zlakana inou vcelou.

— informacny Sum NOICE, presnost pri vymienani informdcie medzi tancujiicou a po-
zorujucou vcelou.

— chyba vyhodnotenia kvality zdroja ERR.

11.4 Experimenty s modelom (Navrat, 2006)

Boli vykonané viaceré experimenty podobné ako v (Selley, 1991) (vyber z dvoch zdrojov
potravy pri skutocnom vcelom spolocenstve), s tym Ze sa sticasne sledovali nastavenia
novych parametrov systému.

Pri zvySovani parametra MDT (maximalny cas tancovania ) sa znizovala dynamika
systému — vcely dlhSie tancuju, ¢im sa zvySuje pravdepodobnost zldkania inych vdiel,
z ktorych nasledne viaceré tiez budu tancovat, teda rozhodovanie celého spolocenstva je
pomalsie.

Pri zniZovani Casu pozorovania OT na obrazku 11-7 sa zvysuje dynamika systému
ako celku, pri hodnotach blizkych nule vsak nastavaju casté vykyvy spravania sa spolo-
Censtva, pretoze vcely casto vylietavajii na nahodné zdroje.
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Obrazok 11-6. Experiment s parametrom MDT.
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11.4.1 Experimenty s homogénnymi a nehomogénnymi vcelami

Homogénne vcely st véely, ktoré vyhodnocujua kvalitu zdroja ako celok. Nehomogénne
vcely su vcely, ktoré vyhodnocuju kvalitu iba urcitej zlozky zdroja. Ak ma zdroj viacero
zloziek je potrebné aby existovalo viacero druhov vciel. Kazdy druh vciel bude vyhodno-
covat kvalitu konkrétnej zlozky zdroja. Za najkvalitnej$i zdroj sa bude povaZzovat ten,
z ktorého na konci simulacie bude nosit potravu najviac vciel bez ohladu na to z akého st
druhu.

V experimente bol pouzity trojzlozkovy zdroj, ktory pozostaval z dvoch slov a jedné-
ho ¢isla. Zdrojom bola hladana pracovna pozicia, ktorej prvou zlozkou bolo mesto, dru-
hou pracovna pozicia a tretou plat. Postupne bolo pouzitych 10, 100, 1000 a 2500 v¢iel
a roznych 1000 zdrojov.

Uz pri pouziti 10 véiel bol vyhladany najlepsi zdroj avsak pomalsie. Dobré vysledky
sa dali dosiahnut uz pouzitim 10 krat mensieho poctu v¢iel ako bol pocet zdrojov, vynika-
juce vysledky boli dosiahnuté pri pouziti 4 krat mensieho poctu vciel ako zdrojov.

V pripade nehomogénnych vciel boli pouzité tie isté zaciatoéné podmienky ako
v predchadzajiicom pripade. V tomto pripade vsak neboli dosiahnuté najlepsie vysledky.
V pripade, ze boli viaceré zdroje, ktoré obsahovali niektortt zo zloziek napriklad rovnaké
mesto, véely sa rovnomerne rozdistribuovali medzi zdrojmi a postupne sa navzajom blo-
kovali.

Vysledky experimentov boli popisané v praci (Navrat, 2007A).

11.4.2 Experiment s parametrami NOICE a ERR

Cielom experimentu bolo ukazat vplyv zavedenia Sumu do modelu. Boli vykonané expe-
rimenty, pri ktorych boli parametre modelu menené:

— NOICE nastaveny na 15 % (tancujuca véela ozndmi nepresne polohu zdroja pozoru-
jucej vcele 0 15 %) a ERR na 0,

— ERR nastaveny na 15 % (kvalita zdroja je £15 % z realnej kvality zdroja) a NOICE
na 0.

Zavedenie Sumu sa moze javit ako zamerné vnasanie nepresnosti do modelu. Pri experi-
mentoch sa ukazalo, ze zavedenie Sumu mozZe mat priaznivy vplyv na rychlost objavova-
nia novych zdrojov. Pri vi¢Som Sume vcely Castejsie vylietavaji a objavuji nové zdroje.

11.4.3 Model vciel s pamitou

Model v¢iel s paméatou vychadza z predchadzajiuceho modelu. Pamait vcely je velmi jed-
noducha a okrem naposledy navstiveného zdroja si pamata poziciu a kvalitu doteraz naj-
kvalitnejsieho zdroja, ktory dovtedy navstivila. Ak je kvalita nového zdroja vacsia ako
kvalita zapamataného zdroja, najkvalitnejSim sa stava novy zdroj. Oproti predchadzaju-
cemu modelu nastdva zmena spravania sa véely v pozorovatelni tanciarne. V pripade, ze
vcela v tanciarni propaguje kvalitnejsi zdroj ako najkvalitnejs$i zdroj zapamatany vcelou,
moze ju nasledovat, alebo sa mo6ze rozhodnut vratit sa k zapamétanému zdroju, pripadne
prechadza do dispecerne.

V experimentoch sa overila predpokladana skutocnost, ze takouto tipravou sa vcely
tak ako predtym sustredovali okolo jedného zdroja potravy, avsak vysledky odporticania
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boli mierne kvalitnejSie a na kvalitné odportcanie vystacoval mensi pocet vciel. Experi-
menty s véelami s pamétou boli publikované v (Navrat, 2007A).

11.4.4 Pouzitie modelu véiel pri pocitani PageRanku

Algoritmus PageRank je zaloZzeny na ¢innosti imaginarneho surfera, ktory nahodne klika
na linky. Po kazdom kliknuti sa surfer rozhoduje ¢i klikne znova. Pravdepodobnost, ze
surfer bude pokracovat sa nazyva faktor atlmu. Viaceré stadie sa zaoberali roznymi fak-
tormi ttlmu, podla (Page, 1998) tento faktor nadobuida vo vSeobecnosti hodnotu pribliz-
ne 0,85.

VSeobecny vzorec na vypocet PageRanku je podla (Page, 1998) nasledujuci:

PR(p ')
PR(p;)=1-d+d _(_Tj
P/E%(P/) L pj

kde p; je stranka, ktorej PageRank pocitame, M(p;)je mnozina stranok, ktoré odkazujt
nastranku p; a L(p j) pocet vychadzajtcich liniek zo stranky p ;.

Na vypocet dostatocne presnej hodnoty PageRanku kazdej stranky je potrebnych
niekolko iterdcii. Pocas kazdej iteracie sa prepocita PageRank kazdej stranky v kolekcii.
Pocet iteracii zavisi od poctu stranok v kolekcii a od zlozZitosti prepojenia jednotlivych
stranok.

Na obrazku 11-8 webové stranky predstavuju vrcholy grafu a orientované hrany gra-
fu prepojenia medzi strankami.

®»  ©
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@
© ®
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Obrazok 11-8. Jednoduchy graf prepojenia webovych stranok.

Pri iterativnom pristupe sa vypocita PageRank stranky 4, potom postupne PageRank
stranok B,C,..M .

Najidealnejsie by bolo vypocitat PageRank stranok, od ktorych st ostatné stranky za-
vislé.

Ak uvazujeme situdciu, ktora je zobrazena na obrazku 1-8 a chceme vypocitat Page
Rank stranky E . V tomto pripade potrebujeme poznat PageRank stranok B,D,H,F
a nasledne Page Rank stranok J,K a L, M.
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Uvazujme pouzitie vciel s mierne modifikovanym spravanim. Ak vcela prileti na
zdroj E ( vrchol E') zisti kvalitu zdroja, teda PageRank E, ale sticasne by zistila, Ze na
presnejsie urcenie PageRanku E je potrebné urcit PageRank vrcholov D,B,F,H .

Ak by bol zdroj £} kvalitny vcela pri navrate do ula by s velkou pravdepodobnos-
tou isla do tanciarne, kde by vSak netancovala za zdroj £, ale za jeden zo zdrojov odkazu-
jucich na E (zdroje D,B,F,H ). Vyber jedného zo zdrojov je nahodny. Tymto sa vcela
v tanciarni snazi zlakat iné vcely na zdroje, ktorych Page Rank je potrebny na presnejsie
urcenie Page Ranku vrcholu, ktory navstivila. Po ukonceni tancovania sa vrati vcela na
vrchol E a ak zldkala iné vcely na odkazujice vrcholy, moze presnejSie urcit PageRank
vrcholu E . V pripade, Ze po aktualizdcii je kvalita zdroja vysokd, existuje vysoka pravde-
podobnost, ze vcela bude propagovat v tanciarni jeden z odkazujtcich zdrojov. Cely cyk-
lus sa teda opakuje a Page Rank vrcholu E sa postupne priblizuje k teoretickej hodnote.

Podobné pravidla platia pre vSetky zdroje.

Experimenty publikované v (Navrat, 2007B) ukazali, Ze pouzitie v¢iel na vypocet Pa-
ge Ranku moZze byt vyhodné a v mnohych pripadoch rychlejsie ako klasicky iteracny pri-
stup.

Na rozdiel od klasického pristupu metdéda vypoctu PageRanku pomocou vciel ne-
poskytuje vzdy presné vysledky, co je spdsobené povahou modelu — nie je zarucené, ze
vcely navstivia vSetky zdroje. Tento nedostatok mozeme odstranit zvySenim poctu véiel.

Vyhodou je moznost kontinualneho vypoctu PageRanku v prevadzke. Napriklad
Google prepocitava vzdy za urcity ¢as PageRank celého nim indexovaného webu. Pri pou-
ziti modelu v¢iel by vcely nepretrzite lietali nad webovymi strankami (vrcholmi grafu)
a aktualizovali by PageRank jednotlivych stranok (vrcholov grafu).

11.4.5 Vyhladdvanie webovych stranok

V stcasnosti pracuje vacsina vyhladavacov nad off-line databazou, ktora obsahuje inde-
xované stranky z casti Internetu. Obsah tychto stranok sa neustala aktualizuje a pribudaji
nové stranky.

Rozsah Internetu je obrovsky a nie je mozné prehladat vsetky stranky, preto je nutné
on-line vyhladdvanie usmernit iba na najslubnejsie cesty. Kazdy pouzivatel ma pri vyhla-
davani svoje preferencie. Tie moZe vyjadrit vybratim skupiny stranok, ktoré sa venuju
oblasti, ktort preferuje. Z tejto skupiny stranok sa zacina vyhladdvanie. Webova stranka
teda predstavuje zdroj a dosiahnutelnost iného zdroja predstavuje hypertextovy odkaz na
int stranku (zdroj).

Povodny model (Navrat, 2006) bol doplneny o spravanie sa v¢ely mimo tla. Vcela si
po vyleteni z ula vyberie nahodny zdroj x, urci jeho kvalitu a s pravdepodobnostou ¢, sa

vrati do tla, alebo s pravdepodobnostou 1—-¢, si nahodne vyberie iny zdroj, dostupny zo
zdroja x . Proces sa opakuje, pokial vcela nenarazi na zdroj z, z ktorého uz ziadny iny
zdroj nie je dostupny. V tomto pripade sa vcela s pravdepodobnostou ¢, vrati do ula
s kvalitou zdroja ¢, , inak s kvalitou 0. Navrat vciel s nulovou kvalitou je zavedeny kvoli
tomu, aby tento zdroj nebol zvyhodneny oproti ostatnym, pretoze z neho vcely automatic-
ky leteli do fa a mohli tento zdroj propagovat viac oproti ostatnym. Tym, Ze sa vcely
vratia spat do ula a propaguju kvalitné stranky, alebo ak také stranky nenajdu mézu po-
zorovat a nasledovat iné vcely vyhladavanie sa usmerniuje na kvalitnejSie zdroje. Za stran-
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ku, ktora 4l odporucil sa povazuje stranka, ktora bola dlhodobo najviac propagovana
v tandiarni.

Urcovanie kvality zdroja

Kvalita zdroja je z intervalu <0,1> pricom 0 je najnizsia a 1 najvyssia kvalita.

Kvalita vzdialenosti

Vzdialenost dvoch stranok definujme ako pocet krokov, ktoré vcela potrebuje, aby sa
zjednej domény dostala na druht. Cim je pocet krokov mensi, tym je vacsia pravdepo-
dobnost, Ze dané stranky st obsahovo pribuzné. Na kvantifikdciu vzdialenosti boli navrh-
nuté vztahy:

DIST s = 0= Gy = Qisr

d> DISTmax = 4hist = 0

QDIS T

d<DIST .. =q, ., = —d
max Gaise = Opist DIST,,y

kde DIST,,,, je maximdlna vzdialenost doletu vcely, Qp;; je maximalna hodnota ciastko-
vej kvality a d je vzdialenost od povodnej stranky.
Kvalita poctu vyskytov

Aby sa rozlisil pocet kolkokrat sa vyraz na stranke objavil bola navrhnuta funkcia, ktorej
hodnota na zaciatku rychlejsie rastie, potom sa rast spomali a asymptoticky sa blizi k defi-
novanej maximalnej hodnote kvality. Funkcia je tvaru:
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z(“l
20count

kde nje pocet vyskytov daného slova a Qcyyny je maximalna hodnota definovana pre

qCOllVI[ =

] +Ocounr

tato c¢iastkovu kvalitu.

Kvalita vyskytu v nadpise

Pri vyhladavani sa da ocakavat, Ze vyraz vyskytujici sa v nadpise je zaujimavejsi ako ten
isty vyraz vyskytujuci sa v ¢ldnku. V takomto pripade je ddleZité sledovat ako hierarchic-
ky vysoko sa slova v nadpisoch vyskytuji, nie celkovy pocet vyskytov. HTML definuje
nadpis celej stranky ako (title) a <h1> az <h6>pre nadpisy a podnadpisy stranok. Kazdej

urovni bolo priradené ¢islo 0(<title>)a2 6(<h6 )) Bola navrhnuta funkcia:

% O HEapEr

= —-h
9 header = QHEADER HEADER ¢ +1

kde 4je minimum zo vSetkych hodnét nadpisov, v ktorych sa hladané slovo vyskytuje;
Oueappr je maximdalna hodnota tejto Ciastkovej kvality; HEADER,,,y je najvécsia hibka

v hierarchii nadpisov zobrana pri vypocte do avahy.
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V praci (Navrat, 2007C) boli prezentované experimenty, ktoré on-line tispesne vyhla-
davali stranky s podobnou tematikou ako vopred zvolené stranky.

11.4.6 Zhodnotenie analyzovanich metéd

V tejto kapitole boli popisané viaceré modely vcelieho spolocenstva. Vo vSetkych pracach
autori vykonali experiment popisany v (Selley, 1991) na demonstraciu toho, Ze navrhova-
ny model urcitym spésobom kopiruje spravanie sa vcelieho spolocenstva.

Dovody, ktoré viedli autorov k vytvaraniu modelov boli rozne. Pokial v praci (Ca-
mazine, 1991) ide o snahu autorov matematicky vymodelovat a popisat experiment z (Sel-
ley, 1991), model navrhnuty v (Vries, 1998) je prepracovany ovela detailnejsie. Autor venu-
je velkti pozornost popisu vciel a prostredia v ktorom sa pohybuju. Tak, ako v prirode, aj
v jeho modeli existuje viacero druhov véiel s roznym vlastnostami. Aj v tomto pripade ide
o snahu vytvorit ¢o najpresnejsie simulaciu biologického spolocenstva.

Dalsie préce st uZ orientované trochu inak.

Autorom uz ne ide iba o simuléciu vcelieho spolocenstva, ale 0 moznost vhodnym
sposobom pouzif metaforu véelieho spolocenstva na praktické ucely — odportcanie, vy-
hladavanie informécii.

Pociatocna, takto zamerana myslienka sa objavila v pracach (Lorenzi, 2005A), (Loren-
zi, 2005B), (Lorenzi, 2005C). Bol navrhnuty a prezentovany prototyp multi-agentového
odporucajiceho systému.

Upravy a vylep$enia tohto modelu boli prezentované v (Navrat, 2006). Autori velmi
dobre postrehli nedostatok modelu a to pociato¢né priradenie jednej vcely na jeden zdroj
potravy. Navrhli oddelenie dispecerna, pociatocnu distribticiu vciel, parametre MDT, OT,
NOICE, ERR. Tymito tpravami dosiahli zmensSenie potrebného poctu vciel a zmensenie
pravdepodobnosti trvalého opustenia kvalitného zdroja.

V Experimentoch s takto upravenym modelom sa pokracovalo v pracach (Navrat,
2007A), (Navrat, 2007B). Bolo vykonanych viacero experimentov s parametrami modelu,
vyhladavanie relevantnych informacii v databaze dokumentov, pocitanie PageRanku we-
bovych stranok.

Rozsirenie modelu bolo prezentované v (Navrat, 2007C). Experimentalne bolo doka-
zané, Ze pomocou tohto modelu je mozné on-line vyhladavanie podobnych webovych
stranok.

11.5 Otvorené problémy, moznosti optimalizacie modelu
Nasledujuca kapitola opisuje problémy, ktoré sa moézu vyskytnut pri pouzivani modelu
véiel na vyhl'adavanie informacii na webe a nacrt moznych rieSeni problémov.

11.5.1 Opis problému
Uz v predchadzajacej kapitole boli popisané rozne modely, vyuZzivajtice spravanie sa vciel.
Z nasho pohladu ide o vyvoj tychto modelov od popisnych (modely, ktorych ciefom je
zachytit a popisat spravanie sa vciel) na modely sltiziace k urcitému ucelu (vyuzit charak-
ter spravania sa vciel na urcity ucel).

Pri tispeSnom pouziti uvedenych modelov na vyhladavanie na webe je potrebné ve-
novat sa dvom zakladnym problémom:
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— Optimalizdcii vniitornej casti modelu. Pod pojmom vnutorna cast budeme rozumief sle-
dovanie vSetkych aktivit vykondvanych vcelami vo vnutri ula.

— Optimalizicii vonkajsej Casti modelu. Pod pojmom vonkajsia cast modelu budeme ro-
zumiet sledovanie vsetkych aktivit, ktoré vykonavaju véely mimo ula.

Opis vnutornej casti modelu

Prvy parameter, ktory budeme v praci sledovat je celkovy pocet vciel v modeli
N(BIOR + BISB), pociatocna distribtcia véiel: BIOR predstavuje pocet véiel v pozorova-
telni, BISB pocet vciel, ktoré vyletia do bazy zdrojov.

Jeden z hlavnych cielov v predchadzajicom modeli bolo zniZovanie poctu vciel.
Na prvy pohlad je znizovanie poctu vciel vyhodné, avSak nadmerné zniZenie poctu vciel
vedie k predlZzovaniu vyhladdvania a moZnosti, Ze najlepsi zdroj potravy nebude vyhla-
dany vobec. Idedlny model by mal byt schopny reagovat na vonkajSie zmeny (mnoZzstvo
a kvalita zdrojov) a dynamicky regulovat pocet potrebnych vciel.

V predchadzajtcej praci nebol venovany velky priestor skimaniu pomeru pociatoc-
ného rozdelenia vciel. Hoci toto rozdelenie nema na vykonnost modelu taky vplyv ako
urcenie poctu vciel, bolo by vhodné urcit pociatocné optimalne rozmiestnenie. Nadmerny
pocet BISB vciel zaisti zistenie kvality viacerych zdrojov, nedostato¢ny pocet BIOR vciel
sposobi pomalt konvergenciu k najlepsiemu zdroju. Naopak nadmerny pocet BIOR vdiel
kombinovany s vysokou hodnotou parametra OT (maximalny cas, ktory moze vcela stra-
vit v pozorovatelni) spdsobi narast mnozstva vciel, ktoré st nevyuzité.

V nasledujticej praci bude potrebné overit nutnost pouzitia parametra MDT (maxi-
malny cas tancovania). Pri optimalnom nastaveni ¢asu tancovania, ktory je priamoamerny
kvalite propagovaného zdroja sa moze javit tento parameter ako nepotrebny, alebo nepre-
sny, pretoze moze skreslovat kvalitu propagovaného zdroja.

Pouzitie parametrov NOICE (nepresnost pri vymieniani informacie medzi tancujiicou
a pozorujucou véelou) a ERR (chyba vyhodnotenia kvality zdroja) je vhodné nielen kvoli
podobnosti modelu so skuto¢nym spravanim sa vciel, ale aj pre moznost zvysenia dyna-
miky systému (v pripade zlého vyhodnotenia je viacero vciel posielanych na nahodné
zdroje, ¢im sa zvysuje pravdepodobnost nachadzania novych zdrojov).

Opis vonkajsej casti modelu

V tejto Casti budeme venovat pozornost zistovaniu kvality zdrojov a ndvrhu, akym sposo-
bom nasmerovat vcely, aby vyhladavanie stranok na webe bolo organizované a dosahova-
lo ¢o najlepsie vysledky.

Zistovanie kvality zdroja. Zistovanie kvality zdroja je dolezitda cast modelu, od ktorej
vo velkej miere zavisi relevantnost vyhladavania. V doteraz znamych pracach autori pre-
zentovali spdsob, podla ktorého jedna vcela zistuje kvalitu zdroja (Kovacik, 2006).

Autor prezentoval myslienku homogénnych a nehomogénnych vciel. Homogénna
vcela bola vcela, ktora vyhodnocovala kvalitu zdroja ako celku, nehomogénna vyhodno-
covala ciastkovu kvalitu zdroja. Pri nehomogénnych vcelach existovalo tolko typov vciel,
kolko bolo sledovanych zloZiek zdroja a ako najkvalitnejsi bol vyhodnoteny zdroj, ktory
navstivilo najviac vciel bez ohladu na typ vcely. Experimentalne sa dokazalo, ze pri ta-
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komto vyhodnocovani zdrojov sa dosahovali horSie vysledky ako pri pouZziti homogén-
nych vciel.

V praci (Navrat, 2007C) je popisany sposob urc¢ovania kvality zdroja. Hoci je kvalita
zdroja vyhodnocovana podla troch parametrov, vsetky tieto parametre vyhodnocuje jedna
vcela. Ako doplnujtci sposob zistovania kvality zdroja moéze byt pouzita metdda z (Na-
vrat, 2008).

Pohyb véiel medzi zdrojmi. V predchadzajtcich castiach boli uvedené dva podobné sposoby,
akymi sa vcely pohybujii medzi zdrojmi. V nasledujticej praci budeme vychadzat z tychto
prac a kedze v pripade prepojenia webovych stranok ide o obrovsky priestor, navrhnuat
moznosti vyhladdvania pomocou viacerych ulov a ich centralne riadenie pomocou hlav-
ného ula.

11.5.2 Matematicky model

Modelovanie je jedna z metdéd poznavania. Roznymi prostriedkami — slovnym opisom,
graficky, pomocou matematickej symboliky, fyzikalnymi a technicky realizovanymi mo-
delmi ¢lovek opisoval javy, ktoré vo svojom okoli pozoroval.

Dolezitym aspektom pri vyvoji modelu je, aby sa s modelom dalo experimentovat.
Proces experimentovania s modelom nazyvame simuldcia. Simula¢né experimenty nam
umoznuju hladanie alternativ a vhodné nastavenie parametrov modelu. Pokial nepozna-
me realizovatelny algoritmus najdenia optima, simuldcia neumoznuje priame urcenie op-
timalneho rieSenia — optimalnych parametrov. Tie musime hladat metédami optimaliza-
cie, ako su linedrne alebo dynamické programovanie. Pri definovani akéhokol'vek systému
rozliSujeme v nom dva druhy mnozin:

1. mnozinu objektov prvkov, Casti,
2. mnozinu reldcii, zobrazeni, funkcii.
Systém Sje dvojica S =(4,R), kde 4 je mnozina prvkov systému a R je mnozina rel4cii
medzi nimi.
Casto sa systém znazornuje v tvare orientovaného grafu, v ktorom vrcholy grafu

znazornuju prvky systému a hrany grafu znazornuju interakcie v systéme. Dynamicky
systém (Neuschl, 1998) je definovany pomocou symbolov:

S:(T,U,Y,V,Z,X,f,g)
kde:

T — mnozina ¢asovych okamihov 7,

U - mnozina hodn6t vstupnych veli¢in u,

Y — mnoZina vstupnych velié¢in (funkcii y(z)),
V' — mnozina stavovych veli¢in,

Z — mnozina hodndt vystupnych veli¢in,

X - mnozina vystupnych veli¢in (funkcii x(¢)),
F — prechodova funkcia,

g — vystupné zobrazenie.
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Velké mnozstvo modelov vychadza zo systémov, ktorych hlavnymi zlozkami su:
vstupny prud, rad, obsluzny kanal, vystupny prad. Takéto systémy sa nazyvaju systémy
hromadnej obsluhy SHO.

Vstupny pruad je postupnost prichodov poziadaviek, ktoré nasleduja za sebou v neja-
kych ¢asovych okamihoch. Casové intervaly medzi po sebe nasledujcimi prichodmi mé-
zu byt pravidelné, alebo ndhodné. V pripade ndhodnych prichodov potrebujeme pravde-
podobnostné charakteristiky vstupného prudu.

Pravidlo, podla ktorého vyberame poziadavky z radu na obsluhu sa nazyva discipli-
na c¢akania (front, inverzny front, prioritny front).

Obsluha v SHO mdze byt poskytovana jednym, alebo viacerymi obsluznymi kandl-
mi. Cas trvania obsluhy méZe byt pevny, alebo nahodny.

Vystupny prad je tvoreny postupnostou okamihov odchodov poziadaviek zo systé-
mu. Vystupny prad sledujeme hlavne v pripade, ze je vstupnym prudom do dalSieho
SHO . Ak pouzijeme na modelovanie SHO, vo vSeobecnosti nas zaujima efektivnost ¢in-
nosti systému.

Vstupny prad

Pocet prichodov poziadaviek do systému od zaciatku sledovania po nejaky pevny cas t je
nahodna veli¢ina (Andel, 2003), ktorti ozna¢ime N(¢). Pri ndhodnych veli¢inach je ddlezité
sledovat ich pravdepodobnostné charakteristiky, teda rozdelenie, distribu¢na funkciu,
hustotu rozdelenia.

Homogénny proces
Prichod poziadaviek do systému je pravidelny. Pravdepodobnost toho, Ze v intervale diz-
ky t pride k poZiadaviek nezavisi od zadiatku intervalu, ale iba od jeho dizky

P(N(s+1)-N(s)=k)=P(N(t)=k)

pre vietky s>0a ¢>0. Hodnota veli¢iny N(¢) je teda pocet poziadaviek, ktoré prisli
do systému v intervale (0,#>, pricom N(0)=0. Vstupny prud popisujeme ndhodnymi

veli¢inami N(r) pre t =0, preto tento proces nazyvame nahodny (stochasticky).

Nezavislé prirastky prichodov

Uvazujme intervaly (a;,b; >,(a,,b, >,...,(a,,b, >. Néhodny proces {N(t)}., nazyvame
procesom s nezavislymi prirastkami (N(b,)—N(a, ), N(b,)-N(a,)...., N(b,)-Nla,)), ak in-
tervaly (a,b, >,(a,,b, >,...,(a,,b, >sa disjunktné.

Ordinarny proces

Ordinarnost znamena, ze vo velmi kratkom casovom intervale pride viac ako jeden za-
kaznik so zanedbatelnou pravdepodobnostou, radovo mensou ako je dizka tohto interva-
lu. Je teda nepravdepodobné, Ze sticasne pridu viaceri zakaznici.

Mozeme dokazat, Ze homogénny ordinarny proces s nezavislymi prirastkami je ne-
vyhnutne Poissonovym procesom.
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Kendallova klasifikacia

Ulohy teérie hromadnej obsluhy vykazujt viacero podobnosti. Pre ich vzajomné rozliSenie
bola Kendellom zavedena symbolika popisana (Uncovsky, 1980). Typ ulohy sa oznacuje
symbolmi:

X/Y/nlm

kde

X — oznacuje typ nahodného procesu prichodu poziadaviek,

Y — zakon rozlozenia dizky doby obsluhy,

n — pocet obsluznych miest — kanalov,

m — maximalny pocet zakaznikov v systéme (nie vZdy uvedené).
V praxi ¢asto pouzivame za symboly X,Y oznacenie M - Poissonov proces, alebo D —
deterministicky prichod, alebo obsluha. Za » a m dosadzujeme prirodzené ¢isla, v pripa-
de m aj e (nekonecny front).

Stavy systému, intenzity prechodov

Nakolko problematika SHO je pomerne obsiahla budeme sa zaoberat a detailne analyzo-
vat iba stavy konkrétneho modelu. Popisanie stavov a intenzity prechodov medzi jednot-
livymi stavmi bude matematicky zapisané. V tejto faze rieSenia uvedieme hruby navrh
modelu.

Vnatorna cast modelu (al) bude pozostavat zo Styroch casti (stavov, v ktorych sa
kazdé vcela mbze nachadzat):

— sklad - v¢ely prichddzajii ndhodne do tla s informdaciou o polohe a kvalite zdroja,

— tandiaren — miesto, kde vcely propaguju posledny ndjdeny zdroj a tancom lakaja
na tento zdroj iné vcely,

— pozorovatelnia tanciarne — miesto, kde véely pozoruju tancujtce vcely, pri inicializacii
modelu obsahuje informaciu o pocte pozorujucich vciel,

— dispecerna — miesto, kde prichadzaju vcely, ktoré neboli zlakané na zdroje propago-
vané v tanciarni, pri inicializacii obsahuje informaciu o pocte vciel, ktoré odchadzaju
na nahodné zdroje.

Ako je vidiet na obrazku 11-3 medzi tymito stavmi existuju rozhodovacie body, v ktorych
sa vCely na zaklade kvality navstiveného zdroja rozhoduju. Intenzita prechodov medzi

jednotlivymi stavmi bude zavisla od kvality navstivenych zdrojov. Stavy si m6zeme pred-
stavit ako vrcholy a interakcie medzi nimi ako hrany orientovaného grafu.

11.6 Optimalne riadenie

11.6.1 Stochastické dynamické programovanie

V realnom zivote sa Casto vyskytuju tlohy, v ktorych na chod systému pdsobia nahodné
vonkajsie vplyvy (v nasom pripade kvalita zdrojov). Hodnoty tychto vplyvov vopred ne-
pozname, napriek tomu potrebujeme optimalny vykon celého systému s minimalnymi
stratami. Teodria, ktord sa zaobera problematikou rieSenia tychto systémov je uvedena
v (Brunovsky, 1980).
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Predstavme si v naSom pripade situdciu: Vcela prichadza do ula so zdrojom potravy,
ktory ma urcita kvalitu. Pri vstupe do tla mame véelu nazvime kontrolor, ktora kontroluje
kvalitu prineseného zdroja a urcuje, ktora vcela vstipi do tla a ktora sa vrati na lubovolny
zdroj (v realnom uli takéto vcely existuju). Nasim cielom bude optimalizovat pocet vciel
vzhladom na kvalitu prinasanych zdrojov a moznosti dalSieho spracovania zdrojov. Stra-
tou v tomto pripade bude nadmerny pocet v¢iel, ktoré s posielané spét na zdroje, alebo
nadmerny pocet vciel vchadzajucich do la, ktory ich kapacitne nestiha obsluhovat a pre-
dlzuje sa cas obsluhy.

Uloha néjst riadenie tohto systému tak, aby straty boli minimalne nemé v tomto pri-
pade zmysel, pretoze hodnota poctu vyuzitych véiel, (teda aj straty) zavisia od kvality
zdrojov, ¢o je ndhodna premennd. Spravanie systému je popisané rovnicami:

Xjp = Fi(xiou;.2;)

ir“i

pre i =0,...,k—1, kde x,charakterizuje stav systému, u; riadenie a z; navzajom nezavislé
nahodné premenné. Zadefinujme ucelova funkciu, ktora predstavuje celkovt stratu za &
jednotiek casu:

k-1
o
Zf, X;,U;,2;)

i=

Na prvy pohlad sa javi najprirodzenejSie dodefinovat optimalne riadenie tak, aby minima-
lizovalo stredntt hodnotu ucelovej funkcie vzhladom na ndhodnti premennt (zdroje).

V pripade ndhodného systému je situacia ind. Riadenie definujeme v tvare spatnej
vazby V = (vy,...,v;_ ) (stratégia) a icelovt funkciu vyjadrime vztahom:

Ma teda zmysel definovat optimalnu stratégiu ako stratégiu, ktora minimalizuje strednt
hodnotu tiéelovej funkcie J(V, Z) pri danych ohrani¢eniach.

V pripade prepojenia viacerych ulov by sa informécie o riadeni l'a prenasali do cen-
tralneho ul'a, kde by sa na zaklade vyhodnotenia efektivnosti jednotlivych tlov rozhodlo
o premiestneni ufov, v pripade celkove nizkeho alebo vysokého nachddzania kvalitnych
zdrojov menil spdsob vyhodnocovania zdrojov (menili by sa hranice kvality zdrojov).

11.7 Sietové spojenie modelov

11.7.1 Obsluzné siete

Siete systémov hromadnej obsluhy st tvorené systémami hromadnej obsluhy, pricom po-
ziadavka, ktorej obsluha skoncila v jednom systéme moze vyzadovat dalSiu obsluhu.

Ak poziadavka vyzZaduje obsluhu v systéme v ktorom uZz bola, hovorime o systéme
so sluckou. Siete, do ktorych mézu poziadavky prichadzat z ich okolia a odchadzat z nich
nazyvame otvorenymi. V opa¢nom pripade su to zatvorené siete.

Na obrazku 11-9 je znazornena siet Styroch pocitacov. Pocitace 1 a 3 prijimaju tlohy,
pocitace 2 a 3 odosielaju vysledky spracovania tloh.
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2

Ta2

3

3 4

23 34

30
Obrazok 11-9. Siet’ Styroch pocitacov.

Obojstranna komunikdcia je iba medzi pocitaémi 1 a 3. Priemerna dlzka medzier medzi

prichodmi tuloh do pocitaca 1 je 1, do pocitaéa 3 je 1 . Priemerna doba spracovania

A A
tilohy na pocitaci j je L . Pre pravdepodobnosti prechodu tloh medzi pocitaémi platia
H;
vztahy:
ty +13 =1
r20 =1

130 T3 T3y +r3, =1
ryp =1

Hoci tento priklad je iba ilustrac¢ny ciastocne ukazuje moznost prepojenia pocitacov
pri spracovani velkého mnoZstva poziadaviek.

V nasom pripade by malo ist o siet, v ktorej by jednotlivé pocitace na nizSej drovni
pracovali nezavisle — vyhodnocovali kvalitu zdrojov ziskanych z webovych stranok a zis-
tovali najlepsi zdroj podla optimalizovaného modelu (Navrat, 2006). Kazdy tento pocitac¢
by predstavoval Ul a nasledne by najlepsie zdroje z kazdého z nich tancom propagovali
v centrdlnom pocitaci.

Ak si centralny pocita¢ predstavime tiez ako ul, v ktorom okrem ukladania najlepsich
zdrojov mozu iné pocitace zistovat kvalitu a polohu inych kvalitnych zdrojov, mdze cen-
tralny poéitaé ovplyviiovat hibku a irku prehladavania a okolie najlepsich zdrojov bude
detailnejSie prehladané v kratSom case.

11.8 Zhodnotenie

V tejto praci vychddzame z poznatkov ziskanych z analyz o problematike vyvoja modelov
spravania sa socialneho hmyzu. Sledujeme spOsoby a moZnosti urcitého napodobenia
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spravania sa tohto hmyzu za tcelom ziskavania informacii z webovych stranok. Vyhla-
davanie informadcii z webovych stranok predstavuje novy pohfad na moznosti a spésoby

vyhladavania. Zaujala nas jednoduchost celého principu vyhladavania a aj napriek tomu
boli experimentalne dosiahnuté tispesné vysledky vyhladavania.

K zlepSeniu vysledkov vyhladdvania bude potrebné v budtcnosti realizovat nasledu-

juce tlohy:

Matematicky popis modelu (Navrat, 2006).

Na optimalizaciu modelu je nevyhnutné poznat a matematicky popisat pouzivany
model. Vychodiskovym modelom bude model z prace (Navrat, 2006). Na popis jed-
notlivych stavov modelu (objektov) a reldcii medzi nimi ndm poslazi tedria SHO.

Optimalizacia modelu, navrh na zmenu v modeli (Navrat, 2006).

V predchadzajtucich modeloch bola zaujimava ich jednoduchost. Navrhnuté myslien-
ky sa mo6zu na prvy pohlad javit ako komplikovanie predchadzajiiceho modelu,
na druhej strane mozu zvysit dynamiku a vykonnost systému. Je dolezité uvedomit
si rozdiel medzi modelom skuto¢nych vciel a nami navrhnutym modelom. V prirode
vcela po najdeni vyhodného zdroja prichddza do tla pre pomoc, aby spolocne s iny-
mi vcelami odniesli mnozstvo potravy z jedného zdroja do tla. Pri kvalitnom zdroji
je potrebné velké mnozstvo v¢iel, teda zdroj sa povazuje za kvalitny, ak ho navstevu-
je vela vciel. V naSom modeli informaciu o kvalite potravy je schopna preniest jedna
vcela. V pripade kvalitného zdroja sa vSak da predpokladat, ze aj okolie zdroja bude
kvalitné a vcela v tanciarni pri vdbnom tanci (dizka tancovania je priamotimerna kva-
lite propagovaného zdroja) zvabi viac vdiel, ktoré budu skimat okolie kvalitného
zdroja.

Navrh pouzitia a prepojenia viacerych modelov (tl'ov) s ciefom kvalitnejsieho vyhla-
davania informacii na webe.

Efektivne vyhladavanie v obrovskom priestore ako je webovy priestor vyzaduje pou-
zitie systému, ktory spracuje informacie na viacerych pocitacoch a centralne riadi vy-
hladavanie.
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