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Systémy (polo)automatického hodnoceni studentskych praci*
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Abstrakt Stoupajici tlak z komeréni sféry na okamZitou
pripravenost studentiu implementovat redlnd TeSeni vede
k posunu charakteru vyucovangch predmétu smeérem k prak-
tickym dovednostem. V disledku toho se vijznamné zvysuji
persondlni ndroky na vedeni vjuky, zejména vyhodnocovdni
studentskych praci a testovani nabytych znalosti a doved-
nosti. Vzniklou situaci edime pouZitim poloautomatickych
nastroju. pro zaddvdni a wvyhodnocovdni praktickych pro-
gramdtorskych uloh. Nds prispévek shrnuje dlouholeté zku-
Senosti s masazenim téchto ndstroju pti vijuce celé Tady
predméti na MFF UK v Praze.

1 Uvod

V poslednich letech nartustda podil praktickych pred-
métu ve vyuce informatiky. Aby si studenti mohli pro-
birané néstroje, programovaci jazyky a technologie po-
drobnéji vyzkouset (a zaroven k tomu byli i nuceni), je
vhodné u téchto predmétu zadavat praktické domaci
tkoly. S ohledem na pocet takovych predmétu jiz neni
nadale udrzitelny stav, kdy jednotlivi studenti dosta-
vaji individualni ukoly, které pak individualné ode-
vzdavaji. Jako vychodisko se postupné stale vice pro-
sazuje TeSeni, kdy v§ichni studenti fesi stejnou tlohu
a o vyhodnoceni jejich feSen{ se stard (polo)automa-
ticky systém.

Vyzkum v tomto oboru jiz néjakou dobu pro-
bihd [1,3,5] a jiz bylo navrzeno a implementovéno né-
kolik vyhodnocovacich systému [2,9,10,11]. Bohuzel
vétsina téchto systému je navrzena pouze na jednu
tlohu nebo tzkou tiidu loh. To sice muze postacovat
pro mnoho kurzu, napiiklad zékladniho programovéni,
muze byt predmét Principy prekladaci na MFF UK,
kde je pro opraveni doméci tlohy potifeba postupné
pustit nékolik ruznych ndstroju (Flex, Bison, prekla-
da¢ C++), ¢imz vznikne novy piekladaé, ten je tieba
spustit na testovacich datech a vystupy — programy
v jazyce podobném Pascalu ptelozené do specidlné na-
vrzeného assembleru — spustit pomoci simulatoru. Vy-
stup simulace je nakonec porovnan s vystupem vzoro-
vého feSeni. Tento scénéi obvykle presahuje moznosti
poskytované jiz existujicimi nastroji.

V ¢éésti 2 je podrobnéji zduvodnéna potieba auto-
matické kontroly studentskych zapocétovych praci;

* Clanek byl sponzorovan grantem SVV-2010-261312.

¢ast 3 podrobnéji popisuje stavajici praxi poloauto-
matické kontroly domaécich tloh v pfedmétu Principy
prekladacéu. Hlavni ¢dsti textu je ¢ast 4, ktera popisuje
systém pro automatickou kontrolu praci CodEx.

2 Vyuka informatiky na MFF UK

Vyuka informatiky na MFF UK byla zasadnim zpu-
sobem reformovédna v roce 2002, nové akreditované
obory pak =zacaly byt platné od akademického
roku 2003/2004. Béhem piipravy studijnich plénu byl
kladen velky duraz na pfeménu vyuky z isté teoretic-
ké hladiny s nékolika praktickymi predméty do formy
praktické vyuky s pevnymi teoretickymi zaklady.

Bakalarsky studijni plan Informatika se déle déli na
t¥i studijni obory Obecna informatika, Programovani
a Sprava pocitacovych systému. Z pohledu studijniho
planu jsou vyucované piedméty rozdéleny do tif sku-
pin:

e Povinné predméty — 26 predmétn, které kazdy
student musi splnit pro ptihlédseni ke statnim za-
vére¢nym zkouskam

e Povinneé volitelné predméty — skupina 24 pred-
métu (rozsifend o dalsf specializované povinné vo-
litelné predmeéty pro kazdy studijni obor), z nichz
student musi absolvovat predmeéty, soucet jejichz
kreditu dosahuje pfedem nastavené hranice

e Vybérové predméty — libovolné predméty vy-
ucované na UK, jejichz absolvovani doplni ziskany
pocet krediti na pfedem stanovenou minimalni
droven nutnou pro piihldseni ke statnim zavérec-
nym zkouskdm

Pokud budeme uvazovat pouze predméty povinné
a povinneé volitelné, pak z 50 predmétu je 19 predmeétu
ryze praktickych, tj. pro jejich absolvovani je zapotiebi
ziskat zapocet obvykle formou néjaké praktické odbor-
né-informatické prace.

Zpocatku vétsina téchto predméti pouzivala k zis-
kani zapoctu tradicni formu zapoctového programu.
To ve vétsiné piripada vyzaduje individudlni domluvu
mezi cvicicim a studujicim. Faze udéleni zapoctu je
pak obvykle tvorena nékolikandsobnou osobni demon-
straci zapoctového programu, dokud neni cvicici spo-
kojen s odevzdanou praci. Tento postup lze rozumné
realizovat pro malé pocCty studentt spadajicich pod
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jednoho cvic¢iciho. Se vzrustajicim poc¢tem studenti se
v8ak tento postup zacind stavat pro cvic¢ictho velmi
¢asové naroénym.

Zaroven zacal byt se zavedenim nového studijniho
planu kladen stale vétsi duraz na prubéznou préci stu-
denta béhem vyuky v semestru. Jako jedni z prvnich
jsme pfi vyuce informatiky na MFF UK zacali vyuzi-
vat systém domaécich tloh (viz kapitola 3) jako jednu
z moznych forem prubézné prace studentu. Tim vSak
naroky na cvi¢ictho takového predmétu neklesly, na-
opak se proti puvodnimu systému znédsobily poctem
zadanych domaécich tloh.

Situace se zacala stdvat netinosnou a bylo nutné
pristoupit k néjakému aspon ¢astecné automatizova-
nému testovani vysledka domaécich uloh. Ac¢koliv jsme
zpocatku hledali néjaky jiz existujici systém [8,2], z4d-
ny z nich nevyhovoval nasim pozadavkum.

3 Mlaskal

Jednim z prvnich ptedmétu, kde byl proveden ptrechod
od individualnich zapoctovych programu k jednotnym
domécim tuloham s poloautomatickym vyhodnocenim
byl predmét Principy prekladaci. Jeho cilem je sezné-
mit studenty s tvorbou front-endu prekladace jazyka.
K tomu jsme zvolili zjednodusenou verzi jazyka Pascal,
pojmenovanou Mlaskal.

Celkem odevzdavaji studenti Sest domécich ukolu,
které na sebe inkrementalné navazuji, tedy kazda tlo-
ha v sobé obsahuje i vSechny pfedchozi. S nartustajici
slozitosti narusta i pocet soubort, které studenti s kaz-
dou tlohou odevzdavaji — jeden soubor pro prvni dvé
tilohy, dva soubory pro tieti a pét souboru pro ¢tvrtou
az Sestou.

V prvnim roce odevzdéavali studenti feSeni pomoci
e-mailu, takze uz pouze pripravit soubory k testovani
(nahrat je do pifslusnych adresait na disku) byla pro
cvicictho ¢asoveé naro¢na iloha. Béhem dalsiho roku se
podafilo prosadit do studijniho informaéniho systému
nové rozsiteni, diky kterému jiz studenti odevzdavali
feSeni pres tento systém, ktery pak vyucujicim umoz-
nil jejich hromadné stazeni.

Jako néastroje pro tvorbu prekladace jazyka
Mlaskal jsme studenttim urcili nastroje Flex a Bison[6]
To znamena, ze kompilace zdrojovych kédu probihala
ve tfech krocich (Flex, Bison, C++). Pro posledni krok
je navic nutné pridat jesté sadu zdrojovych a hla-
vickovych souboriu dodanych z nasi strany. Ty reali-
zuji vstupy a vystupy ve vysledném programu a tim
zajistuji, Ze i pfes rtizné implementace samotného pie-
kladu bude vysledny program poskytovat stejné roz-
hrani a poskytne vysledky v jednotném formatu.

Kromé piekladu zdrojovych kédu je tieba jesté
otestovat takto vznikly prekladac¢ — spustit jej na sadé
zdrojovych kédu jazyka Mlaskal a v piipadé tloh 5 a 6

jesté prelozeny testovaci program spustit na simulato-
ru (virtudlnim stroji) a srovnat vystupy se vzorovymi.

Vsechny tyto kroky jsou realizovany pomoci sady
Makefile (defini¢ni soubory pro systém Make [7]), je-
jichz udrzovani a pouzivani neni pfili§ jednoduché,
ale v idedlnim pfipadé na vstupu dostanou adresar
se zdrojovymi kédy studentu a jako vystup poskytne
sadu webovych stranek, které pro kazdého studenta
ukézou vysledek prekladu, pripadné i vysledky spusté-
ni prelozenych testovacich zdrojovych kédu Mlaskalu.
Vysledky jsou zobrazeny jako rozdil mezi vystupem
daného studenta a vzorovym vystupem. Na zdkladé
téchto vystupt jsou studentim vyucujicimi bez pod-
pory v software pridéleny body za jednotlivé domaci
ukoly.

Oproti béznému systému individualnich zapocto-
vych tloh lze tento systém povazovat za spravedlivéjsi,
diky jednotnému zadani pro vSechny studenty a jed-
notné stanovené metodice bodovani. Celkova zatéz na
vyucujici je také nizsi, avsak stéle je kompletni vyhod-
noceni jedné domdci tlohy otdzkou nékolika (mélo)
hodin. Pro vyhodnoceni byt jen jedné tlohy od jed-
noho studenta je nutné provést slozitou posloupnost
operaci od stazeni souboru z informac¢niho systému,
ptes jejich ptripravu pro testovaci systém a jeho spus-
téni, po publikovani vysledku na strankach predmétu.
To znemoznuje poskytovat studentum prubézné vy-
sledky a k vyhodnoceni dochéazi pouze v nékolika méalo
kolech s odstupem nékolika dnt.

I pfes jisté nevyhody aktudlné pouzivaného systé-
mu splnila nové forma domaécich tdkolu svij cil — zadat
studentum vétsi mnozstvi domaécich loh, které diky
rozdéleni problému na lépe zvladatelné mensi celky
se tak 1épe sezndmili s problémem a vlastnorucéné si
vyzkouseli praci s nastroji Flex a Bison.

4 Vyhodnocovaci systém CodEx

Hlavni nevyhodou poloautomatickych systému vyhod-
nocovani je potieba zasahu vyucujictho pfi vyhodno-
covani kazdé tlohy. Snaha odstranit tento problém
vedla k ndvrhu systému umozinujiciho automatické vy-
hodnocovéni tloh, jehoz hlavni cile jsou:

e Snizit rezii vyucujiciho na opravovani uloh, avsak
zaroven mu ponechat moznost libovolné ovlivnit
hodnoceni.

e Snizit prodlevu mezi odevzdanim a vyhodnocenim
dlohy.

e Nabidnout studentim moznost opravit své chyby
a odevzdat feSeni tlohy opakované, aniz by tim
vyrazné vzrostla rezie vyucujiciho.

e Vytvofit prostfedek pro snadné sdileni vytvore-
nych tloh mezi vyucujicimi.





Vytycené cile byly zohlednény pii implementaci
webové aplikace CodEx [4] (The Code Examiner), kte-
rd nyni slouzi k testovani domécich praci studentu
v rdmci fady praktickych predmétia na MFF UK.

4.1 Popis systému

CodEx je spole¢nym rozhranim pro studenty i vyucu-
jici. Studenti skrze néj ziskdvaji zadani uloh a ode-
vzdavaji sva feseni. Vyucujici v ném mohou vytvéret
a zaddvat nové tlohy, ¢ist odevzdand Feseni studentu
a pripadné upravovat jejich hodnoceni.

Pro lepsi prehlednost jsou uzivatelé rozdéleni do
skupin. Jedna skupina logicky odpovidd jednomu vy-
ucovanému predmétu, piipadné jedné studijni skupiné
(kruhu) jednoho predmétu. Studenti jsou béznymi ¢le-
ny téchto skupin, vyucujici pak vlastni a spravuji sku-
piny, jejichz studenty ué¢i. Snadné orientace je zajis-
téna tim, ze studenti vidi pouze skupiny, do kterych
patii, a vyucujici pouze skupiny, které vlastni.

Student si po prihldSeni vybere a otevie nékterou
ze skupin, ve kterych je clenem. Tim se mu zobrazi
seznam uloh z dané skupiny a u kazdé tlohy pocet
bodu, které ziskal. Pfi pohledu na detaily tdlohy se
zobrazi jeji zadani, formulai pro vlozeni zdrojového
souboru feseni a také prehled odevzdanych feseni. Jak
jiz bylo naznaéeno, student muze odevzdat vice feseni
jedné tlohy (jejich maximdln{ pocet zdvisi na nas-
taven{ dlohy) a do hodnoceni se pak zapoé¢itavéd nej-
lepsi odevzdané feSeni.

Pribéh vyhodnocovani. Vyhodnocovani probiha
v nékolika krocich. Nejprve je odevzdané feSeni pielo-
zeno dle nastaveni pro piislusny programovaci jazyk.
Nékteré tlohy povoluji, aby si uzivatel vybral z vice
jazyku, a v takovém piipadé se jazyk feSeni urci podle
koncovky nahraného souboru. Proces piekladu muze
byt navic detailné nastaven v konfiguraci tlohy, takze
je mozné testovat také implementace knihovnich funk-
ci apod.

Po prekladu je odevzdané teSeni otestovano. Pfi
tom je postupné spusténo pro kazdou testovaci sadu
dat, kratce oznacovanou jako test. Pfi spusténi ma
feSeni nastaven ¢asovy a pamétovy limit, ktery nesmf{
prekrocit, jinak je test automaticky povazovan za ne-
uspésny.

Na konci kazdého testu se vysledky spoc¢itané ode-
vzdanym feSenim (které ulozi do souboru nebo vypise
na standardni vystup) zkontroluji rozhodéim — judge.
Judge muze byt v zasadé libovolnd aplikace, ale zpra-
vidla se jedna pouze o skript, ktery porovna vysledky
feSeni se vzorovymi vysledky dle ur¢itych parametru
(napf. bez ohledu na bilé znaky). Vysledkem judge
je pouze binarni hodnota, zda feSeni v daném testu
uspélo ¢i nikoli.
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Kazdy test ma procentualni vahu, ktera urcuje, jak
moc je dany test dulezity v ramci celé tlohy. Soucet
vah vSech testu je 100% a bodové hodnoceni Fesenf
se spocita jako pomérnd ¢ast souctu vah uspésnych
testtl z maximalniho po¢tu bodu. Pokud bychom méli
napiiklad ilohu hodnocenou nejvyse 7 body se ¢tyimi
testy, jejichz vahy by byly po fadé 10%, 20%, 30%,
40%, a fFeSeni, které uspéje pouze ve 3. a 4. testu,
pak by takové feseni dostalo 70% bodu z maxima, coz
je 4.9. Body se v systému navic zaokrouhluji nahoru
na celd ¢isla, takze skuteény vysledek by byl 5 bodu.

Koncept vice testu pFindsi $irsi moznosti testovani.
Zékladni myslenka pouziti byla otestovat jedno feseni
na ruzné vstupy, zejména okrajové piipady (prazdny
vstup, extrémné velkd data, apod.). U nékterych uloh
je ale také mozné timto zpusobem otestovat efektivi-
tu pouzitého algoritmu z hlediska ¢asové a pamétové
asymptotické slozitosti. Jednotlivé testy predstavuji
problémy ruznych velikosti a ¢asové (pfipadné pame-
tové) limity jsou nastaveny tak, aby na nejvétsich
vstupech prosla jen nejlepsi mozné feSeni. Horsi algo-
ritmy pak projdou pouze na mensich testech a dosta-
nou tak i méné bodu.

Vytvareni a zadavani tloh. Dalsim velkym piino-
sem centralizované aplikace pro zadavani a vyhodno-
covani praktickych ukolu je sdileni pfipravenych 1loh.
V této otazce se stavi do opozice dva pozadavky. Na
jednu stranu bychom radi, aby jednu vytvorenou tlohu
mohli fesit studenti v riznych skupindch, aniz by ji
vyucujici musel slozité kopirovat nebo jinak dupliko-
vat. Na druhou stranu by bylo vhodné, aby pfi zadani
mohl zménit nékteré parametry, jako napt. maximalni
pocet bodu nebo termin odevzdani. Z toho duvodu
rozlisujeme dvé entity:

e Uloha je prototyp, ktery sidli v centrélni databézi
a obsahuje informace spolecné pro vSechny zadané
dlohy. Zejména pak konfiguraci testu, sadu testo-
vacich dat a text zadani.

e Zadand uloha je logickou instanci ulohy pevné sva-
zanou s konkrétni skupinou. Obsahuje pouze do-
date¢né informace k tloze, konkrétné ¢asovy ter-
min od kdy do kdy je mozné tlohu fesit, maximél-
ni pocet bodu, povoleny pocet odevzdani a seznam
programovacich jazyku, které smi fesitelé pouzit.

Vytvéafeni uloh je navic usnadnéno piehlednym
uzivatelskym rozhranim, kde autor pouze vyplni para-
metry ulohy a vlozi soubory s testovacimi daty. Pfipra-
venou ulohu pak snadno otestuje na vzorovém feseni
a podle naméfenych ¢asu a tdajich o spotifebované
paméti muze nastavit limity pro jednotlivé testy.

Hodnoceni vyucujicim. Zatim jsme popsali, jak
probiha automatické hodnoceni odevzdanych feSeni,
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tudiz ndm zbyva upfesnit moznosti hodnoceni, které
maji vyuéujici. Z technickych duvoda bylo upusténo
od toho, aby vyucujici mohli editovat pifimo body udé-
lené systémem automaticky. Misto toho mohou udélo-
vat bonusové body, které se pricitaji k bodum ziskanym
od systému CodEx. Body mohou byt i zdporné (tedy
trestné), takze pomoci nich muze vyucujici upravit
vysledek hodnoceni libovolné. Kromé toho mé vyucuji-
ci opravnéni mazat studentum odevzdand feSeni, ¢imz
muze odstranit napf. feSeni, kterd nevyhovuji dodatec-
nym kritériim, nebo odstranénim nepovedenych feseni
dét vybranym studentum vice pokusu k odevzdani.

Tento kombinovany systém bodu ddvé vyucujicimu
maximéalni svobodu v mife ticasti na hodnoceni — napf.
zda bude kontrolovat kazdé odevzdané feseni, jen fese-
ni, kterd prosla prekladem, nejlepsi odevzdané feseni
od kazdého studenta nebo se do hodnoceni nezapoji
vibec a v8e nechd na automatickém systému.

VylepSeni nastaveni tloh. Praktické zkusenosti
z provozu systému vedly k piiddni dvou dalsich prvka
do nastaveni tloh — prah 1spésnosti pro prijeti tilohy
a systém dvou terminu odevzdani.

Préh tspésnosti slouzi jako ochrana pted pokusy
ziskat netrividlni mnozstvi bodu bez nutnosti fesit sa-
motnou tlohu. I’Jlohy7 které maji velmi malou doménu
moznych vysledku (v extrémnim piipadé pouze dva —
ano/ne), mohou vybizet k ,,tipovani“ spravnych rese-
ni. Vezméme napiiklad rozhodovaci tlohu, zda exis-
tuje v daném grafu Hamiltonovska kruznice. Mazany
student by mohl odevzdat pouze dvé trividlni feseni
(jedno, které odpovidd vzdy ,,ano“ a druhé, které
odpovida ,mne®) a zajistil by tak, ze ziskd nejméné
polovinu bodu z dané lohy. Préh dspésnosti je nej-
mensi{ pozadovand spravnost (vyjadiend v procentech),
které musi feSeni dosahnout, aby mélo narok na néjaké
body. Pokud feseni nedosdhne na tuto hladinu je auto-
maticky ohodnoceno jako zcela Spatné — tedy za 0 bo-
du. Procentualni ispésnost se ovSem feSitelim zobra-
zuje stejné jako u tloh, které nemaji tento prah nas-
taven. Poctivi student, ktery ulohu skutecné tesi, ale
nepovede se mu piekrocit prah napoprvé, tak ma stale
prehled o tspésnosti svého feSend.

Druhé vylepseni se tykalo nastaveni terminu ode-
vzdéni (deadlines). V prvni verzi nabizel CodEx moz-
nost nastavit pravé jeden termin odevzdani. Studenti
mohli své feSeni odevzdavat i po tomto terminu, avsak
body ziskali pouze pokud poslali feseni vcas. Tento
koncept se v fadé piipadu ukdzal jako prili§ striktni,
a proto byl do systému implementovan mechanismus
dvou terminu odevzddni (a dvou bodovych limita).
Resen{ odevzdand pied prvnim terminem jsou hod-
nocena prvnim bodovym limitem. Reseni odevzdans,
mezi prvnim a druhym terminem jsou hodnocena dru-
hym (zpravidla snizenym) bodovym limitem. A teprve

feSeni odevzdand po druhém terminu nedostanou zad-
né body.

Mechanismus dvou termint nabizi §ir§{ moznosti
motivace studentu. Studenti, ktef{ dlohu vytesi vcas
(dokud je latka aktudlni) jsou za svou dochvil-
nost odménéni vétsim poctem bodu. Opozdilci jsou
potrestani snizenym bodovym limitem, ale maji stéle
jesté motivaci danou ulohu fesit. Dalsim piikladem
pouziti muze byt pfiddni ndpovédy k feseni, ktera je
zvefejnéna tésné po prvnim terminu. Studenti, ktefi
napovédu nepotiebovali, byli odménéni vice nez ti,
ktefi ji vyuzili. Systém terminu by Sel jesté dale rozsitit
(pfiddnim vétstho mnozstvi termint, piipadné ruzny-
mi mechanismy vypoctu bodovych limitu z délky
opozdéni), avsak praktické zkuSenosti naznacuji, ze
dva terminy nabizi jiz dostate¢né moznosti vyuziti.

Plagiatorstvi. V automatickych systémech (vic nez
kde jinde) je nezbytné fesit otdzku plagidtorstvi a opi-
sovani teSeni. U tloh opravovanych bez zdsahu vy-
ucujictho hrozi zvysend tendence studentu spolupraco-
vat na feSenich, nebo dokonce piimo opisovat. Detekce
plagidtorstvi je pomérné komplikovana a i v ptipadé,
ze se podafi spravné urcit opsand feSeni, byva témér
nemozné tuto skutec¢nost prokazat.

Prestoze dnes jiz existuji aplikace, které dokazi po-
rovnat dva zdrojové kody na sémantické irovni, odha-
lovéani plagidtorstvi ponechavame plné v rukou vyucu-
jicich. Praktické zkuSenosti ukazuji, ze nejlepsi meto-
dou je detekce podeztelych feseni vzhledem ke znalosti
profilu uzivatelu. Pokud extrémné slaby student ode-
vzda obzvlasté vydarené feseni obtizné tlohy na prvni
pokus, je velmi pravdépodobné, zZe jej nenapsal sdm.
Nésledné rychlé prezkouseni z technik pouzitych v fe-
Seni zpravidla prokaze, zda student je, nebo neni jeho
autorem.

Druhou velmi uispésnou heuristikou pro odhalovani
plagiatorstvi je detekce shodnosti §patnych vystupt.
Pokud dvé odevzdand feSeni vykazuji pii pfekladu
stejné chyby nebo varovani, nebo se pii spousténi testu
chovaji identicky, je zde velkd pravdépodobnost, ze
tato dvé odevzdana feseni maji hodné spole¢ného.

V neposledni fadé je nutné podotknout, ze odha-
lovéani plagiatorstvi neni prioritou automatickych vy-
hodnocovacich systému. Systémy jako CodEx slouzi
predevsim tomu, aby si mohli studenti probranou lat-
ku dostatecné prakticky vyzkouSet. Podvadénim se
pripravuji o cenné zkusenosti, které jim budou pozdéji
chybét. Proto také CodEx v tuto chvili neimplemen-
tuje zadné automatické ani poloautomatické mecha-
nismy detekce duplicit a vSe nechava pouze na vyucu-
jicich.





4.2 Pohled pod poklicku

Pro lepsi predstavu, jak CodEx funguje, si dovolime
pridat kratky pohled pod systémovou poklicku.
CodEx je webové aplikace, ktera se sklada ze tii ¢asti.
Predni ¢éast je napsand v PHP a prezentuje uzivatelské
rozhrani formou Kklasickych prvki HTML a Java-
scriptu. Stfedni ¢ast predstavuje datové ulozisté, kte-
ré se sklada z MySQL databdze a nékolika adresaiu
na sitovém souborovém systému. Koncova ¢ast ma na
starosti vyhodnocovani feSeni a pracuje nezavisle na
predni ¢asti.

klient klient klient
web server
(PHP)
souboroveé
databaze ulozisté
(MySQL) - odevzdana feseni
- testovaci data
Qman 4;' datové fronty j
adresare in a out
worker worker worker

Obr. 1. Blokova struktura systému CodEx.

Stiedni ¢ést slouzi jako spojujici mezi¢ldnek mezi
uzivatelskym rozhranim a vyhodnocovaci ¢asti. Da-
tové 1lozisté striktné oddéluje souborova data od re-
laénich dat. Souborova data (odevzdand feseni, sou-
bory se vstupnimi daty, logy s vysledky, apod.) jsou
ulozena samostatné v souborovém systému. Hlavnim
duvodem je, ze zadni ¢dst tato data vyzaduje ve formé
souboru (napf. zdrojovy kéd je potieba predlozit pie-
kladaci jako soubor) a bylo by zbytecné je neustéle
nacitat z databaze a soubory z nich vytvaret.

Zadni ¢dst pracuje asynchronné vuci ostatnim
komponentam. Jeji centralni jednotkou je sprévce
front (Qman), ktery periodicky monitoruje vstupni
frontu (adresar ‘in’) a rozdéluje pfichozi Feseni na vy-
hodnoceni. Koncové vyhodnocovace (workers) maji na
starosti preklad feSeni, spusténi vSech testu a sestaveni

Systémy hodnoceni studentskych praci 7

zdveérecné zpravy o vyhodnoceni (logu). Tato zprava je
predana zpét procesu Qman. Qman ptipravi vyhodno-
cené fesen{ do vystupni fronty (adresif ‘out’) a ozné-
mi predni ¢asti, ze vyhodnocovani skoncilo.

Integrita dat mimo databazi je zajisténa pouzitim
atomickych operaci na souborovych systémech garan-
tovanych normou POSIX (napf. pfesun adresiie) a ta-
ké verzovanim dat. Verzovani zajistuje, Ze data ne-
jsou nikdy modifikovdna piimo, ale v piipadé zmén
se vytvori modifikovana kopie, pticemz puvodni verze
zustava jesté urcitou dobu dostupna.

Zajisténi bezpecnosti. Systém, jehoz primarni
funkci je spoustét kod vlozeny cizimi uzivateli, musi
byt extrémné odolny vuéi utokim nejruznéjsiho typu.
Prvni vlnu ochrany predstavuje registrace a pfihlaso-
vani uzivatelu. Do systému maji pfistup pouze stu-
denti a vyucujici fakulty a jejich ¢innost je logovana.
Umyslny ttok na systém je proto velmi nepravdépo-
dobny.

Jadrem ochrany celého systému je pak sandbox,
ktery se pouziva pro spousténi potencidlné nebezpec-
ného kédu. Sandbox pouziva tii ochranné prvky:

e uzamceni testovaného procesu do virtualniho adre-
safového prostoru (linuxovym néstrojem chroot)

e omezen{ souborovych prav na nezbytné minimum

e monitorovani systémovych volani bézictho procesu
pomoci sluzeb jadra

Tyto techniky zaruci, ze testovany zdrojovy koéd
nema piistup k zadnym prostiedkium ani sluzbam, kte-
ré nepotiebuje k vyteseni zadané dlohy. Kdyz se proces
pokus{ o nekalou ¢innost (pifstup k chranénym sou-
bortim, sifovym sluzbdm, apod.), sandbox jej okamzZité
ukonéi. Sandbox navic monitoruje spotfebovanou pa-
mét a po skonéen{ testu také zjisti od jadra operaéniho
systému spotfebovany procesorovy ¢as.

Monitorovéni systémovych volani s sebou piinasi
jedno v dnesni dobé pomérné zasadni omezeni — testo-
vané aplikace musi byt pouze jednovldknové. U vi-
cevlaknovych aplikaci by bylo nutné béhem kontroly
kazdého systémového volani zastavit vSechna ostatni
vldkna. Jinak by mohlo cizi vlakno prepsat parametry
systémového volani tésné po tom, co jeho parametry
prosly kontrolou, ale jesté nebyly predany jadru.

Poslednim moznym typem utoku, ktery by mohl
uzivatel provést, je Denial of Service (itok na dostup-
nost sluzby). Jako ochrana byly pouzity ¢asové lim-
ity, které se aplikuji jednak na kazdy test jednotlivé
a jednak na vyhodnoceni celé tlohy. Pii prekroceni
nékterého limitu je test automaticky ukoncen. Uziva-
telé maji navic omezeny pocet odevzdani, takze ani
pii velké snaze nedokazi vytizit systém dlouhodobé.
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5 Zaveér

Systém CodEx se s tspéchem pouzivd na Matema-
ticko-fyzikdlni fakulté jiz nékolik let. Jeho nasazeni
umoznilo zkvalitnéni vyuky praktickych predmétu
a usetfilo vyucujicim velké mnozstvi prace. Redlny
dopad na zkvalitnéni vyuky bohuzel neni mozné expe-
riment4lné ovéfit, nebof v dobé plosného nasazeni
CodExu byly zaroven zruseny piijimaci zkousky, coz
zpusobilo nemalé zmény ve statistickych ukazatelich
vyuky. Neformalni prazkum mezi uzivateli z fad stu-
dentt i vyuc¢ujicich vSak dopadl velmi pozitivné a sys-
tém je kvitovan témeét vyhradné s kladnymi ohlasy.

S ohledem na prozatimni dobré zkuSenosti s nasa-
zenim systému CodEx planujeme postupné rozsirovani
spektra predmétu, ve kterych je pouzivan. Konkrétné
i v oblastech neprocedurdlniho programovani, XML
technologii nebo koneénych automatu. Protoze vsak
pro kazdy piedmét je tfeba pfinejmensim vytvofit
vhodnou sadu testovacich tloh, bude tento proces né-
jakou dobu trvat.

I pres své klady ma CodEx sva omezeni a nelze
jej pouzit napiiklad pro predmét Programovdni v par-
alelnim prostredi, protoze tam je pro vyhodnoceni ne-
zbytné spustit ilohu ve vice vlaknech, coz ve stavajici
verzi systém CodEx neumoziiuje.

Dalsi vyvoj systému se zaméii zejména na rozsiteni
typu tloh, které umi CodEx zpracovat (napf. o tzv.
open-data tlohy, u kterych fesitel neodevzdé zdrojovy
kéd svého programu, ale pouze jeho vystup), a také
na upravu rozhrani pro judge, aby bylo mozné jemnéji
hodnotit spravnost jednoho testu. V neposledni fadé
planujeme uzsi integraci CodExu se studijnim infor-
macénim systémem.
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Abstract. The paper deals with Surveillance Network
Augmented by Retrieval (SUNAR) system — an informa-
tion retrieval based wide area (video) surveillance system
being developed as a free software at FIT BUT. It con-
tains both standard and experimental techniques evaluated
by NIST at the AVSS 2009 Multi-Camera Tracking Chal-
lenge and SUNAR performed comparably well.

In brief, SUNAR is composed of three basic modules — video
processing, retrieval and the monitoring interface. Com-
puter Vision Modules are based on the OpenCV Library for
object tracking extended by feature extraction and network
communication capability similar to MPEG-7. Information
about objects and the area under surveillance is cleaned,
integrated, indexed and stored in Video Retrieval Modules.
They are based on the PostgreSQL database extended to be
capable of similarity and spatio-temporal information re-
trieval, which is necessary for both non-overlapping surveil-
lance camera system as well as information analysis and
mining in a global context.

1 Introduction

Nowadays, there is a lot of data produced by wide area
surveillance networks. This data is a potential source
of useful information both for on-line monitoring and
crime scene investigation. Machine vision techniques
have dramatically increased in quantity and quality
over the past decade. However, the state of the art
still doesn’t provide the satisfactory knowledge, except
some simple problems such as people counting and left
luggage or litter detection.

Justin Davenport in Evening Standard [6] showed
statistics of crime-fighting CCTV cameras in Great
Britain. The country’s more than 4.2 million CCTV
cameras caught (in 2007) each British resident as
many as 300 times each day. BBC News [1] informed
that half a million pounds a year was spent on talking
cameras helping to pick up litter. Yet 80% of crime
is unsolved. Well, we agree that high quality crime
investigation is the best prevention.

* The work presented in this paper was funded
in part by the FP7 project TA2: Together Any-
where, Together Anytime ICT-2007-214793 and the
BUT FIT grant FIT-10-S-2 and the research plan
MSM0021630528.

Fig. 1. An example of a successful camera pair handover.

The idea was to create an automated system for
object visual detection, tracking and indexing that
can reduce the burden of continuous concentration on
monitoring and increase the effectiveness of informa-
tion reuse by a security, police, emergency and firemen
(or military) and to be useful in the accident investiga-
tion. The task is to perform the analysis of the video
produced by a camera system with non-overlapping
field of views. The analysis, based on cleaned, inte-
grated, indexed and stored metadata, is of two types
— on-line used for identity preservation in a wide area,;
and off-line to query the metadata of the camera
records when an accident, crime, a natural or human
disaster (war) occurs.

In 2006, we have started to develop an IR-based
multi-camera tracking system to be at the top of the
state of the art. We have taken part in several projects
(CARETAKER [4]) and evaluations (TRECVid [19])
concerning similar problems. However, the AVSS 2009
Multi-Camera Tracking Challenge [20] was the first
evaluation campaign that wused the annotated
Multiple-camera Tracking (MCT) Dataset from the
Imagery Library for Intelligent Detection Systems
(i-LIDS) provided by Home Office Scientific Develop-
ment Branch (HOSDB) of the UK [16]. We have used
the MCT video data and annotations to train and
evaluate the SUNAR performance and it performed
comparably well.

The paper is organized as follows. The introduction
presents our motivation and ideas. An overview and
design of the SUNAR system is described in the follow-
ing section. Computer vision methods are described
in section 3. Object identification, search and analy-
sis techniques are described in section 4. The NIST
performance evaluation of the SUNAR system is in
section 5. State of the art is situated at the beginning
of each section. The paper is concluded in section 6.
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Fig. 2. Illustration of the multiple camera tracking process
including the manual annotations

2 System design

Although there are many multi-camera surveillance
systems [10, 7,12, 13], we believe our approach outper-
forms the others, because those described in literature
were not evaluated successfully [10,12], while those
in praxis make many simplifying presumptions (e.g.
traffic monitoring). Moreover, in there is no need for
a central or primary module [7] or some special hard-
ware such as camera sensors [13]. Moreover, it is able
to derive various useful information concerning the en-
tire area under surveillance.

From the schematic perspective, SUNAR consists
of the following modules, as illustrated in figure 2:

0. Source of video (any provider)

1. Computer Vision Modules (CVM)
2. Video Retrieval Modules (VRM)

3. Human Monitoring Interfaces (HMI)

The video source might be e.g. a camera or a video
server and it is not a generic part of the system. Each
module except the Human Monitoring Interface is re-
sponsible for capturing, analysis and retrieval in an
appropriate part of the wide area under surveillance.
Modules communicate basically only with their neigh-
borhoods using the IP protocol. In this way, we can
build a considerably large system, because no special
central unit is necessary.

The input of the Computer Vision Module (CVM)
is a video stream. We use OpenCV [8] for tracking
and 3D calibration especially (if feasible). We have
extended the OpenCV Blobtrack to be capable of fea-
ture extraction, object (and event) recognition and IP
based video stream capability. The output of the CVM
module is metadata of objects and the environment.
It includes local identification of objects, its spatio-
temporal location and changes (speed) and a descrip-
tion of objects — dimensions, shape, color, texture or
other special features (e.g. license plate and face de-
scriptor) similarly to MPEG-7 [9]. The description is
complemented with a recognition of basic ob-
ject classes (e.g. cars, trolleys, people and groups)
and events (e.g. opposing flow and left luggage).

The main contribution of the proposed wide
area system is in the Video Retrieval Module (VRM).

The input of the module is metadata produced
by CVMs. This metadata is cleaned and nor-
malized in time and space (lighting, color bias
and 3D parameters) and stored in the PostgreSQL
database (www.postgresql.org). The primary function
of the VRM is to identify objects — to integrate identi-
fiers (ID) of objects in the wide area, based on the pre-
vious occurrence of an object and its appearance. This
is accomplished by the use of information retrieval and
video search methods based on metadata produced by
CVMs as further described in section 4.

The Human Monitoring Interface is then capable
not only of a simple monitoring the area, but also
querying monitored objects based on their previous
occurrences, visual properties and behavior. The be-
havior is derived from an object’s trajectory, its inter-
actions with the environment and mutual interactions
based on statistical and data mining methods. This is
illustrated in figure 1b.

3 Computer vision techniques

There are two major spheres we would like to eval-
uate — computer vision and surveillance information
retrieval. The computer vision part is further divided
in the object tracking, feature extraction and 3D cal-
ibration as illustrated in figure 2.

The computer vision is a broad but still underde-
veloped area summarized by Sonka, Hlavac and Boyle
in [14]. We concern on visual surveillance methods, es-
pecially on distributed surveillance systems, reviewed
by Valera and Velastin [15] and CARETEKER deliv-
erables [4].

The 3D camera calibration [14] is an optional tech-
nique in the IR based approach, when an exact 3D
calibration is required, we use CARETAKER’s Kali-
broU a camera calibration program, based on Tsai’s
method [4]. Thus we concentrate more on tracking,
feature extraction and object recognition.

3.1 Object tracking

Object tracking [14] is a complex problem and it is
hard to make it working well, in real (crowded) scenes
as illustrated in figure 3. Discussed approach is based
mainly on proved methods of object tracking imple-
mented in the Open Computer Vision Library [8]. The
tracking process is illustrated in figure 2. Background
is modeled using Gaussian Mixture Models [8] as an
average value of color in each pixel of video and the
foreground is a value different to the background. We
have been inspired by the approach developed by Car-
mona et al. [3].





Foreground is derived from background, which is
modeled using Gaussian Mixture Models [8] as an av-
erage value of color in each pixel of video and the fore-
ground is a value different to the background based
on segmentation of the color in RGB color space into
background, foreground and noise (reflection, shadow,
ghost and fluctuation) using a color difference Angle-
Mod cone with vertex located in the beginning of the
RGB coordinate system. In this way, the illumination
can be separated from the color more easily.

The other two modules blob entrance and track-
ing are standard OpenCV Blobtrack functions [8]. The
blob entrance detection tracks connected components
of the foreground mask. The Blob tracking algorithm
is based again on connected components tracking and
Particle filtering based on Means-shift resolver for col-
lisions. There is also a trajectory refinement using Kal-
man filter as described in section 4.

The trajectory generation module has been com-
pletely rewritten to add the feature extraction and
TCP/IP network communication capability. The pro-
tocol is based on XML similarly to MPEG-7 [9]. The
objects’ ID and trajectory is in this way delivered to
a defined IP address and service (port 903).

3.2 Feature extraction and object recognition

There are more possibilities how to make a multi-
camera surveillance system [7,12,13]. Because of our
goal — to acquaint as much information about objects
as possible, we use visual surveillance information re-
trieval instead of (multi-)camera homography or han-
dover regions as in [7]. Moreover, the area might be
large and objects will occlude in those regions.

Although there are many types of features to be
extracted [14], primarily we use descriptors based on
the visual part of MPEG-7 [9]. We try to avoid color
descriptors only, as in [13], because most of airport
passengers (at least on British Isles) wear black coats
and there is a lot of dark metallic cars there.

However, we have adopted color layout concept,
where each object is resampled into 8 x 8 pixels
in Y’Cb-Cr color model. Then, the descriptor coeffi-
cients are extracted zig- zag from its Discrete cosine
transform similarly to JPEG. Other (texture) descrip-
tor is based on extraction of energy from (Fourier)
frequency domain bands defined by a bank of Gabor
filters [9].

For the object classification we use also local fea-
tures (such as SIFT and SURF) and a simple region
(blob) shape descriptor. The shape together with pre-
viously described object metadata then acts as an in-
put of a classification algorithm in the recognition pro-
cedure of the CVM. The object recognition process
is based on 2 popular machine learning methods —
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AdaBoost and Support vector machines (SVM), the
OpenCV [8] implementation. The system has a sim-
ple training GUI to mark an object by a simple click
while holding a key to associate a blob to its appro-
priate class or to change the class of a misclassified
sample.

To avoid this, CVM may use AdaBoost object de-
tection based on Haar features, similarly to
the OpenCV face detection. Unfortunately, there are
just a few faces to be detected in the standard
TV resolution video and camera setup similar to the
MCT dataset. The detector is followed by MPEG-7
Face recognition descriptor [9]. Other face recogni-
tion approaches will be compared in the future to al-
low a more precise and consistent object tracking and
recognition in low-resolution images and video. Thus,
we concentrate more on retrieval methods at the mo-
ment.

4 Surveillance information retrieval

Although there were published basics of wide area
surveillance systems with non-overlapping fields
of view [10], these systems suffer from multiple defi-
ciencies caused by the curse of dimensionality —
e.g. they allow only simple handover regions [7]
or they are unable to act in a crime investigation
process [12,13], because the real recordings are too
massive and of low quality to be analyzed efficiently
(as in CSI NY series).

The metadata coming from CVMs local IDs, tra-
jectories and object description must be cleaned, inte-
grated, indexed and stored to be able of querying and
analyzing it, as illustrated in figure 2.

4.1 Metadata cleaning

The preprocessed data is supposed to be incomplete
or duplicate, biased and noisy. Thus, moving objects
are modeled as dynamic systems in which the Kalman
filter optimally minimizes the mean of error [5] and it
can fill in the missing information (position and ve-
locity) for a few seconds in case the object has been
occluded, for instance®.

At the cleaning step, SUNAR stores metadata rep-
resenting moving objects and information about the
environment under surveillance.

4.2 Indexing and storing

The database model consists of three database
schemes in the SUNAR database Process, Training

L Available at www.fit.vutbr.cz/research/view_
product.php.en?id=53
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Fig. 3. i_LIDS multiple camera tracking scenario definition
provided by HOSDB.

and Evaluation according to their purpose. All
schemes contain three main tables that correspond to
the fundamental concepts Object, Track and State (as
in our former work [5]). Object is an abstract represen-
tation of a real object (having a globally unique ID),
it is represented by its states. A state consists of two
types of features visual properties (as described in sec-
tion 3) and spatio-temporal features. The latter are
represented by location and velocity of an object at
a moment. A track is a sequence of such states in
a spatio-temporal subspace of the area under surveil-
lance followed by one camera.

The training scheme contains also tables contain-
ing statistics and classification models according to
the method used. For instance, a simplified Bayesian
model table contains columns for source and destina-
tion camera IDs, in which objects are passing through.
Next columns represent the number of training sam-
ples, a prior probability, averages and variances of han-
dover time, trajectory states and visual features. Tra-
jectories are summarized as a weighted average of
cleaned states, where the weight is highest at the end
of the trajectory. If cameras are overlapping, the han-
dover time may be negative. The average and variance
of different feature descriptors acts as the visual bias
removal (illlumination, color, viewpoint and blob size
calibration) for the integration step.

4.3 Multiple camera integration

The training schema described before is rather simpli-
fied. In fact, we use Gaussian Mixture Model and Sup-
port Vector Machine [14,8] models of the (inverted)
Kalman filter state as described in our previous
work [5]. The inverted state is computed using Kalman
filter in the opposite direction the object moved
through one camera subspace followed by one camera.
The goal of this trick is the classification of the previ-

ous subspace (camera) in which it was seen last time
most probably.

The object identification then maximizes the
(prior) probability of a previous location (camera)
multiplied by the normalized similarity (feature dis-
tance without bias) to previously identified objects ac-
cording to average time constraints and visual features
in the database [5, 10]. More formally an optimal iden-
tifier (k*) of the object in the wide area is based on its
previous occurrence (spatio-temporal, o) and its state
(appearance, s):

kx (0,8) = argmazi P(k|o, s) = P(o|lk)P(s|k) (1)

Because of this, we must (approximately) know the
camera topology. The figure 3 is suitable enough for
the learning step. We have used annotations provided
by the HOSDB on i-LIDs MCT dataset. There are
5 cameras and several areas from where a new object
can enter.

The object appearance and bias is automatically
learned (or summarized) using Gaussian mixture mod-
els [8] or optionally SVM. The probability P(s|k) is
then determined by a similarity search (the distance
is normalized using the sigmoid) with respect to the
expected bias, which is simply subtracted.

4.4 Querying

The SUNAR queries are of two types — on-line used
for instantaneous condition change and especially for
identity preservation as described above; and off-line
queries, able to retrieve all the metadata from pro-
cessed camera records in the wide area after an acci-
dent, crime or a disaster happens.

We can distinguish two types of operations: en-
vironmental and trajectory operations. Environmen-
tal operations are relationships of an objects trajec-
tory and a specified spatial or spatio-temporal environ-
ment, such as enter, leave, cross, stay and bypass [2, 5].
Trajectory operations look for relationships of two or
more trajectories restricted by given spatio-temporal
constraints, such as together, merge, split and visit.

We have also implemented? similarity queries
based on MPEG-7 features in the PostgreSQL
database as a vector (array) distance functions
— Eukleidean (Mahalanobis), Chebyshev and Cosine
distance.

4.5 Analysis

We perform several types of video analysis, mainly
classification and clustering as illustrated in figure 1b.

2 Avaiable at www.fit.vutbr.cz/research/view_
product.php.en?id=73





Fig. 4. Illustration of the multiple camera tracking pro-
cess of the SUNAR system including manual ground truth
annotations provided by HOSDB and NIST

The first type is the modeling based on visual appear-
ance of an object (color layout, blob) using Gaussian
Mixture Models (GMM, [8]).

Second, we perform trajectory classification based
on Gaussian Mixture Models as needed for the mul-
tiple camera identification as in section 4 and Hidden
Markov Models (HMM). In the article [11] we selected
few scenes, where some easily recognizable human be-
havior occurs. For example, one concept represents if
people go through turn pikes or not. The HMM are
trained on such classes. The trajectory which doesn’t
fit any HMM model (with respect to some threshold) is
considered to be abnormal. In addition, SUNAR uses
velocity and acceleration as training features, which
describe and discover some abnormalities better (jump
over).

Moreover, using the spatio-temporal queries, we
can discover splitting and merging objects, opposing
flow (together with GMM and aggregate functions) or
an object put (operations enter, split, leave and stay).

5 Evaluation

The previous evaluations such as Performance Evalu-
ation of Tracking and Surveillance (PETS [17]) dealt
with other aspects of computer vision than multiple
camera surveillance with non-overlapping camera
fields of view. They either dealt with classical single
camera tracking or they have concerned more on the
event detection as Classification of Events, Activities,
and Relations. For instance, events so-called left bag-
gage, split, hug, pointing, elevator no entry are de-
tected in the TRECVid Surveillance Event Detection
evaluation [19].

The AVSS 2009 Multi-Camera Tracking Chal-
lenge [20] was the first evaluation campaign that used
the annotated Multiple-camera Tracking (MCT)
Dataset from the Imagery Library for Intelligent De-
tection Systems (i-LIDS) provided by Home Office Sci-
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entific Development Branch (HOSDB) in the UK [16].
We have used the MCT video data and annotations
to train and evaluate the SUNAR performance. The
data set consists of about 44 hours of video recorded
by five cameras at the London Gatwick Airport.

The task is defined as: Given 5 in situ video frames
with bounding box data specifying a person to be
tracked, track the person in 5, 2 or 1 camera views
by outputting bounding boxes [20].

We have participated in the compulsory Multi-
Camera Single Person Tracking (MCSPT) and Cam-
era Pair Single Person Tracking (CPSPT). The illus-
tration of the data and the area under surveillance is
in figures 2, 3 and 1. For more details see [20].

According to Johnatan Fiscus’s and Martial
Michel-s’s presentation at the 2009 AVSS con-
ference, [20] and received evaluated submissions, they
used especially the Multiple Object Tracking Accu-
racy (MOTA, [18]) metric. The correct detection here
is when it states:

e (e (m®) + e (fp))

MOTA=1—
Nyframes
Spdpemes N

(2)

The GZ(-t) is the ground truth bounding box of an
object i at (frame or) time ¢, the DY is a (SUNAR)

1

system detection accordingly. Else the detection is
false positive fp), or missed m(®) if there is no sys-
tem detection at time ¢. Then the MOTA is defined
as 2. Where ¢,,, and ¢y are weights (=1 this time) and
N¢ is the number of ground-truth objects at time t.
The perfect MOTA is 1, but it may go down to —oo
because of false alarms [20]. The (median) MOTA re-
sults for single camera and multiple cameras are il-
lustrated in the figure 5. There the camera pair run
(BrnoUT_5.cpspt) was better than our multiple cam-
era run (BrnoUT_5.mcspt) because of the state space
to be searched. Thus the single camera (scspt) runs
are incomparable to multiple camera runs. In table 1,
only MCSPT results are depicted.
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MOTA Brno [KuDir
Test Set Average -1.183|-1.400
Track Averaged Mean |[-2.052|-2.072
Track Averaged Median|-1.770|-1.517

Tab. 1. Multiple camera tracking results - MOTA.

The table 2 also shows that using standard preci-
sion/recall metrics, our results are slightly better than
other results [20]. Moreover, using the multiple cam-
era (summarized binar) metric the (primary to) Sec-
ondary Camera subject Re-Acquisition (SCRA, [20])
shows that SUNAR slightly outperformed the other
systems in absolute numbers, which may be seen in
table 2. The CPSPT task results were similar to the

Sec. RA - GT|Sec. RA Brno|Sec. RA KD
12345 12345 12345
gl 9 1 0
12 8 2 0
=13 7 0 0
El4] 1 0 0
&5 0 0

Tab. 2. The primary to Secondary Camera subject Re-
Acquisition (SCRA) metric table.

table above, but we have been the only participants
there. The illustration of the task is in figure 1. In both
figures 1 and 4 (an illustration of a MCSPT tracking
trial), the bounding boxes and trajectories are of five
colors. Blue means non- occluding reference (ground
truth), yellow an occluding reference. The Green box
and trajectory shows a correct detection, red repre-
sents a missed detection and the orange color is for
false alarms.

6 Conclusions

This paper presents a state of the art SUNAR surveil-
lance system based on visual information retrieval in
praxis (using free software). In contrast to other ap-
proaches, we try to collect and index as much informa-
tion as we can acquaint and manage efficiently to avoid
a continuous human CCTV monitoring and analysis
of massive and low quality 3 recordings in case of an
accident.

The FIT, Brno University of Technology has taken
part in many projects and evaluations concerning the
public safety and visual surveillance, however the
AVSS 2009 Multi-Camera Tracking Challenge [20] was
the first public evaluation campaign concerning object

tracking in a wide area under surveillance containing
both camera setups — overlapping and non-overlapping
field of views.

Although we are convinced the system works really
good under certain circumstances and it outperformed
the others especially in the Secondary Camera subject
Re- Acquisition (SCRA) metric at the AVSS confer-
ence, there are some issues. Especially those concern-
ing computer vision techniques. It dwells in the object
detection, tracking and recognition performance in low
quality video and the achievement of the real-time
operation.
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Abstract. The scientific world of XML database systems
has been experiencing significant boom of competitive
indexing optimizations in the last decades. Rather than cre-
ating another tailored indexing method, we aim to launch
a development of a new indexing framework that will enable
integration of most common types of indices. This work
takes the initiative step to advance the development of the
ExzDB database of our department by including index opti-
mization techniques. Our work is based on a comprehensive
research of commonly used indexing methods. Throughout
the analysis we coined new terms including index coverage,
query coverage. We have developed specific structures for
expressing the index coverage by step-tables and the query
coverage by query coverage graph. To our recent knowledge,
there is no such research that explicitly combines index cov-
erage and query coverage to form a compact theory.
Keywords: XML, indezring framework, index coverage, in-
dexing pattern, step-tables, query coverage, ExDB.

1 Introduction

Investigating and improving indexing algorithms
is still a favorite topic in the field of database sys-
tems. Despite of wide range of existing methods, there
are still many novel ones originating and the old ones
being improved. While working on ExDB [6], a na-
tive XML database system, we have reached the point
where we were required to introduce indexing sup-
port into the system. Our goal is to develop a general
methodology how to plug such indexing algorithms
into a database system in a convenient way. Hence,
we have designed a configurable framework that eases
the integration of indexing algorithms into the ExDB
database system. However, the concept of the frame-
work is not bound to the ExDB database, but it is
designated to be utilized generally.?

In this paper we present two fundamentals of the
modularity of the indexing framework. The first one,

3 The main parts of our work have been published in
a master’s thesis of one of the authors [4].

index coverage, is a unified interface for expressing
different indexing capabilities. The second one, query
coverage, is a method for building an execution plan
for a given query according to the index coverage.

2 Motivation

The query evaluation enhanced with index optimiza-
tions must be able to decide how to answer a given
query with particular indices. The query retrieval pro-
cess encompasses the following key phases:

— Index coverage: indexing capabilities are inter-
preted for a given query.

— Query coverage: the processor decides which parts
of the query are be answered (covered) by indices,
which parts are covered by direct traversing of the
source database, and finally, how the results are
merged together.

— Construction of execution plans: different execu-
tion plans are created. One execution plan is rep-
resented by a particular query coverage.

— Best plan selection: based on the cost of execution
plans, the best one is chosen.

— Adaptive feedback mechanisms: adaptive indexing
techniques are utilized upon the query statistics,
the cost estimation of indexing framework is ad-
justed.

dfd Indexing framework

Adaptive
mechanisms

v t

[P Query coverage C of

execution plans
Query

Index coverage

L | Best plan selection — ]

Result

Fig. 1. The process of query evaluation.
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The whole process is depicted on data-flow dia-
gram in Figure 1. In this paper we focus on the first
two phases: index coverage and query coverage.

3 Related work

The XTC database implements an indexing frame-
work that provides dynamic support for the most com-
mon types of indices. The indexing framework is built
on these foundations [5]:

— DeweylDs: source data nodes are labeled and
stored with Dewey labels. OrdPath encoding is
used.

— DataGuide index: utilizes searching for indices by
providing statistics of paths in document [2].

— Path class reference (PCR): each node in
DataGuide encompasses PCR which identifies
a path from the node to the root node. This is
used for storage mapping and index matching.

A query is transformed to inner representation of log-
ical space represented by XML Query Graph Model.
This is the algebra the framework is built on. The
query optimizer, based on XQGM, uses heuristic func-
tions to scan only top-k execution plans in order to
find the cheapest combination. The index manager
in XTC framework is based on self-feedback control
mechanism known as MAPE-K [3,5]. Based on the
self-feedback mechanism is the query optimizer dy-
namically evolving depending on workload character-
istics of indices.

The open-source XML native database system
called Timber is designed to provide the database
functions by algebraic rewriting of a query, query opti-
mization techniques and cost-based optimizer [7]. The
database implements following elementary indices:

— Value index for attribute values.

Value index for content of elements that is recog-

nized as a number.

— Inverted file index on keywords from element con-
tent.

— Label index for element names.

All indices are stored in BT -tree structure that is facil-
itated by Shore system [1]. Timber has its own algebra
for manipulating XML data, referred to as TAX. This
algebra supports both XPath and XQuery languages.
Before evaluating, all queries are parsed into algebraic
operator trees and the trees are optimized. Query op-
timizer creates an execution plan according to cost
estimations.

Our work is similar to the XTC in the concept of
universal support for the common indices. However,
to our latest knowledge, the index coverage and the

query coverage, which we identified as the fundamen-
tals of the modularity of an indexing framework, are
not explicitly defined by the XTC authors. Hence, our
work provides both formal definitions and solutions for
these two key areas.

Being a system that supports only a fixed set of
indices, the Timer database is not akin to our con-
cept of a universal framework. However, the Timber
represents broadly used approach by XML databases.

4 Index coverage

An essential requirement for assuring the universality
of the indexing framework is the unified interface for
indices. The interface allows indices to express queries
that they are able to answer and to express the input
and output parameters as well. We refer to such ex-
pression as index coverage. Now, let us formally define
the essentials of index coverage:

Subquery ¢; is an ordered set {l;|j =1...m} of one
or more lexical tokens retrieved from lexical pars-
ing of a query: ¢;={l;|j=1...m}C{ly,la...Ix},
where L = {ly,15...1;} is lexically parsed query L.

Evaluation: Subquery ¢; can be evaluated with an
index or directly in a source database. We denote
evaluation of subquery as EV(g;) which we rep-
resent by idx(g;) in the case of index index eval-
uation and in the case of database evaluation we
represent the evaluation by DB(g;).

Indexing pattern is an expression which defines lex-
ical part of a query L. Part of the query that
matches the pattern is called a subquery ¢;, where
gi C {L}, where {L} = {l1,l2,...,1,} is a set of
tokens from lexical parsing of the query. We say
that an index covers the subquery g;.

Parameter coverage denotes an expression specify-
ing input and output parameters of an index.

Index coverage is grouping of both indexing pat-
tern and parameter coverage into one expression
or structure.

In other words, index coverage is used to test
whether an index is capable of answering part of the
given query. Indexing pattern, a part of the index cov-
erage, is a pattern that is compared to a given query.
Parameter coverage, another part of the index cover-
age, describes how to operate with I/O parameters of
an index.

The index coverage is an exhaustive specification
of the interface of an index. With the purpose of sup-
porting complex indices we utilize regular expressions
in indexing pattern expressions.

For instance, indexing pattern of DataGuide is
[/identifier]*, where wildcard denotes zero or more





repetitions. The pattern [/identifier]* is compared
to a given query, for instance

/book/chapter/name=’Philosophy’,

and the subquery that DataGuide is capable of an-
swering is /book/chapter/name.

We express the index coverage in XPath language
along with regular expressions. The XPath semantics
imply that an output parameters of an index are very
tightly related to the steps of a query which is being
answered. We say that an output leads to a step. An-
other important fact is that when an output of more
evaluations leads to the same step, then the input for
the next step is be an intersection of the outputs.
A predicate expression filters the output of XPath
node-test. These are the core principles for building
parameter coverage.

We will represent the index coverage temporarily
by specific regular expressions and more sophisticated
form, a step-table, will be declared later.

Examples of index coverage expressed by regular
expressions follow:

— A-D index:

[ident] .out (NodeID) [//ident] .out (NodeID)
— DataGuide:

[/identifier]* [/identifier].out(NodeID)

The output parameters are assigned to XPath steps.
XPath steps are enclosed in square brackets [ | and
a type of output parameter is defined by the out op-
eration. Regular expression selectors such as wildcard
can be defined for a whole step or within a step. The
DataGuide index coverage says that it receives series
of identifiers with child axis relationship and in the
last step it outputs set of NodelDs.

4.1 Step-tables

Regular expressions are simple but they get rapidly
complicated when we consider that there are indices
indexing not only elements, but also attributes and
namespaces, or moreover, some indices return very
specific relative paths. In order to preserve the clarity
of expressing index coverage we employ a sophisticated
form, sequence of step-tables.

Step-table is a table structure designated to express
index coverage. The structure has the form spec-
ified in Figure 2. Each index represents its index
coverage by a sequence of step-tables. One step-
table is related to one step in XPath query.

We present the step-table for index coverage in Fig-
ure 2. Each step-table is comprised of two rows: value
row and indexing pattern row. The first row is filled
with specific values defined for each column:
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node-test
expression

node-test
expression

node

Value
type

Indexing
pattern

Regexp selector
Input parameter
Axe name
Node-test
Output

Fig. 2. Index coverage representation of one step of XPath
query.

— Regexp selector: the cell is filled with one of the
following symbols {e, *,+}. The symbol € stands
for empty cell. Regexp selector represents whether
the step is required (¢), or the step can be repeated
zero or one time (+), or the step can be repeated
zero or multiple times (*).

— Input parameter: is filled with the type of an input
parameter. Empty cell represents no need for input
parameter.

— Auxis name: is one of the 13 XPath axes. If the cell
is empty, no axis is required.

— Node test: columns are comprised of two types of
cells:

e One cell node type that is filled with one of the
following terms
{element, attribute, namespace}.

e One or more node-test expressions that
are filled with lexical tokens. Node-test expres-
sions can contain regular expressions.

— Predicate cell: is a reference to another sequence
of step-tables.

— Output parameter: the cell is filled with the type
of output parameter. Because of the step-table is
related to a particular step in XPath query, the
output parameter always leads to that step.

Fach index specifies its index coverage by a se-
quence of step-tables. One index can provide more se-
quences representing different index coverages. From
the cells regexp selector, axe name, node-test and pred-
icate is derived a regular expression that serves as
a pattern which is used to decide whether an index
is capable of answering the query. The pattern is com-
pared to the given query.

Indexing pattern row is filled with one of the fol-
lowing {e, X'}, where e stands for empty cell. An empty
cell signifies that the lexical token from above cell is
not part of indexing pattern and is required only for
input/output parameter purposes. If the indexing pat-
tern cell is filled with X mark, it signifies that particu-
lar lexical token from upper row is part of the indexing
pattern specification. Gray cells are never filled.
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Fig. 3. Index coverage for DataGuide represented by step-
tables.
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Fig. 4. Index coverage for path text index represented by
step-tables.

An example of index coverage represented by step-
tables for DataGuide is presented in Figure 3. A spe-
cific example which demonstrates the capability of
step-tables is a text path inder in Figure 4. The text
path index covers subquery = text, and it returns all
absolute paths that reach given keyword/text. Thus,
the first two step-tables specify steps with absolute
path relationship only for describing the output pa-
rameters (indexing pattern cells are empty), and part
of the query that is really covered, just = text, is de-
fined in the third table.

We provide rules for handling I/O parameters in
case of utilization of step-tables:

Output parameters of evaluations lead to particu-
lar step of a query.

— Output parameters can lead also to steps which
are not lexically covered by the indexing pattern.
Each evaluation must have at least one output.

— If an evaluation defines outputting to more than
one step, then the set of outputs is considered as
a tuple of NodelDs. Relation between nodes in the
tuple is defined by a respective axis. When the
output is filtered by an intersection operation in
one step, the filtering discards entire tuples. By
placing this rule we force indices to output only
a set of NodelDs leading to one step or tuple of
NodelDs.

Benefits of step-table representation are:

— It expresses input/output parameters assigned to
particular step.

— It utilizes regular expressions within node-test ex-
pressions and regular expression selectors defining
steps repetitions.

— Indices are enabled to define relationships between
output parameters by filling axis cells in consecu-
tive step-tables (see example in Figure 4).

— Step-table supports different types of the input,
output parameters.

— The most common indices are supported by this
representation of index coverage.

Drawbacks of the step-table representation are:

— The step-table representation of index coverage is
tight to a very specific form that is not intuitive
for a common reader.

— Indices storing information which is not achievable
of being represented by XPath language, are not
supported.

Because of the wide spectrum of indices and their in-
dexing capabilities, extensive logic for specifying in-
put/output parameters is required. We represent index
coverage by step-tables that are designated to employ
XPath language with the support of most common in-
dices. The step-tables encompass expressing of both
indexing patterns and parameter coverages.

5 Query coverage

In order to properly evaluate a query, the query engine
requires a representation that defines which parts of
the query will be answered by particular indices and
how input/output parameters are passed. We refer to
such representation as a query coverage. First we will
define formally a query coverage. Then we introduce
a data structure that is capable of representing the
query coverage. We establish a name for the structure
— a query coverage graph. Finally, we specify rules how
to handle the query coverage graph.

Notice that there is an essential difference between
the index coverage and the query coverage. The in-
dex coverage defines indexing capabilities by specify-
ing both an indexing pattern and a specification of in-
put/output parameters. The query coverage says how
different parts of a given query are answered (by in-
dex search or database search) and also how the in-
put/output parameters are passed between indices and
the database search.

Formal definitions follow.

Execution plan P is a combination of evaluations of
subqueries:
P :=(EVi(q1) © EVa(g2) © ... © EVi(gp)), where
operation ® denotes a passing of results between
subquery evaluations. If the results of subquery





evaluation are simply passed as input parameter
to the next evaluation we denote it EV;(q;) —
EVi11(¢i+1). If we need to perform an intersec-
tion operation with the results of evaluations we
denote it EV;(¢;) N EV;(q;).

Query Q is lexically covered by an execution plan
Piff {g1NgaN...Ng,} ={liUlaU...Ulg}, where
¢; is a subquery from the set of query evaluations
{EVi(¢;)|i = 1...n} from the execution plan P,
and {l;UlU...Ulg} is the set of all lexical tokens
of the query Q = l1,l5...l;. In other words, all
lexical tokens from the query are covered.

Full overlapping: the evaluation EV;(g;) fully over-
laps the evaluation EV;(q;) if {¢;} 2 {g;}. In other
words, all lexical tokens that are covered by the
evaluation EV;(g;) are also covered by the evalu-
ation EV;(q;).

Query () is properly covered by an execution
plan P = {EV;(¢;)|i =1...n} if and only if

— the query @ is lexically covered,

— no evaluation from the execution plan P fully
overlaps other evaluation,

— all input and output parameters are passed
between the evaluations so that the resulting
output correctly answers the query.

We will show examples of lexical covering, full over-
lapping and proper covering on the query

/bib/book/name=’Truth and Method’.

The query is lexically covered by an execution plan
P, = (DB(q1),VOC(¢2)) if database search (DB)
evaluates a subquery ¢q; = “bib/book/name”, and
combined vocabulary (VOC) [8] evaluates a subquery
q2 = “name=’Truth and Method’”. For a given ex-
ecution plan P, = (VOC(gq3),TXT(q4)) the evalua-
tion VOC(q3) with combined vocabulary fully over-
laps the evaluation with text index TXT(q4) if g5 =
“name=’Truth and Method’” and ¢4 = “’Truth and
Method’”. The execution plan P, does not lexically
cover the query. The query is properly covered by ex-
ecution plan P, = (DB(q1),VOC(gz)) if the output
of database search, a set of NodelDs, is intersected
with the output of combined vocabulary evaluation,
obviously a set of NodelDs as well.

The only part of the definition of the full coverage
that is not formally specified is the passing of input
and output parameters. This comes due to the fact
that the logic for passing I/O parameters highly de-
pends on the query language. Even if we restrict the
definitions to sole XPath language, the number of dif-
ferent combinations of XPath expressions and index
evaluations is too high to define it formally. In or-
der to compensate the lack of the formal definition we
provided in Section 4.1 set of rules for handling I/0
parameters when the step-tables are utilized.
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5.1 Query coverage graph

For a given query the query processor tries to find the
least expensive and proper coverage of the query. In
order to perform such functionality the query proces-
sor needs a data structure that will represent the query
coverage of an execution plan. The data structure is
used also to test whether the execution plan properly
covers the query.

A query coverage is represented by an oriented
graph G =<V, E>, known as query coverage graph,
where V is set of vertices and E is set of edges. The
query coverage graph has this properties:

1. Vertices V are of lexical or I/O type: V' = ViegicarU
VI/O:

(a) Lexical vertex Viegicai-

(b) 1/0 wertex Vi o represents type of the input,
output parameter and corresponds to particu-
lar step in query.

2. Edges E are of four types F = Ejezical U ErjoU
Econn U Etuple~
(a) Lexical edge Eiczical maps: Ejegical = Viezical X

Viewical-

(b) I/O edge Erjo maps: Erjo — Vijo X Viezical,
or Er/0 = Viezicat X V170, ot Erj0 = Vijo X

(c) Connection edge Econn maps: Eeonn — Vijo X
Vvlea:icah or Econn — ‘/lexical X Vvlezical-

(d) Tuple Edge Etuple maps: Etuple — ‘/I/O ><‘/I/O'

3. Each lexical edge represents one lexical token [;
from lexically parsed query L = lj,ls...1l,. The
left vertex incidenting with edge
Eievical — [Vlem’cala ‘/lexical]a which represents first
lexical token [y, is denoted as starting vertex. In
other words, the starting vertex is the first vertex
on the lexical path of the query.

4. Last step must have one I/O vertex with only in-
coming edges. This vertex is denoted as final ver-
tex.

5. When the graph is initialized, it contains only lex-
ical vertices and final vertex.

6. All edges in the graph are labeled by an identifier
of an evaluation.

7. Graph can contain cycles.

Before providing rules for handling the coverage
graph, we show in Figure 5 an example of such graph
for the query /a=’text’/b="text1’//c which is cov-
ered by A-D index and then by database search. Lex-
ical vertices are in the upper row and I/O vertices are
in the bottom row. First and final vertices are filled
with gray color. The edges are colored, red edges be-
long to A-D evaluation and blue ones to DB evalu-
ation. The example contains all types of edges. The
output of DB evaluation leads to step so, particularly
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/ a = “text” |/

blue: DB search
red: A-D index

“text2” I c

Fig. 5. Coverage graph of query for DB search and A-D index.

to I/O vertex so.ID. Type of the DB output is de-
fined as the ID suffix in label of vertex so.ID; ID it
stands for a set of NodelDs. The output of A-D index
is a set of tuples, pairs of NodelDs. This is specified by
having more than one output edge. The A-D evalua-
tion outputs to both steps so and s3. Connection edge
AD¢onn points from so.ID to the first lexical vertex
of step s3. Tuple edge ADyypie connects both outputs
of A-D evaluation.

Particular edges and vertices are created in query
coverage graph for each evaluation E'V; from the exe-
cution plan. Notice that edges are labeled by an identi-
fier of its evaluation E'V;. The edges in query coverage
graph have these functions:

— Lexical edge represents lexical coverage of a query
by a particular evaluation EV;.

— I/0 edge represents passing of I/O parameters. If
the I/O edge of an evaluation EV; points to a I/O
vertex in particular step s;, then the evaluation
EV; outputs in the step s; and the type of the
output parameter is defined by the type of the
I/0O vertex. In the example from Figure 5 both
DB evaluation and A-D evaluation output a set
of NodelDs to sq. If the I/O edge is coming out
of a I/O vertex, then it is an input parameter for
an evaluation. The input receives an intersection
of all outputs of that vertex. In the example there
are no input parameters of any evaluation.

The output edge connects last covered lexical ver-
tex with I/O vertex. Each output is related to par-
ticular step.

— Tuple edge. As we declared before, some of the in-
dices return tuples of NodelDs representing paths
or relationships. In such situations all consecutive
outputs that are part of the tuple need to be con-
nected by tuple edges. This creates a path of the
tuple edges starting from the first I/O vertex to
the last I/O vertex. The example from Figure 5
contains such path between vertices ss.ID and

ss.ID. This path represents a tuple that is out-
putted from A-D index. If there are more inputs
to the I/O vertex associated with tuple edge, the
tuple is filtered by an intersection of the inputs.
In the example, the answer of the whole query is
set {AD2.ID} filtered by intersection operation of
results: {(AD1.IDNDB.ID,AD2.1D)}.

— Connection edge serves for traversing of all lexi-
cal edges of one evaluation. The connection edge
is created always when an evaluation proceeds to
next step and the last created edge is not associ-
ated with the first lexical vertex of the next step.
By doing this, all lexical and I/O vertices of eval-
uations can be reached in one path.

Now, we can define the main motivation of building
the query coverage graph. The way of testing whether
a query is fully covered shows the intention of the
query coverage graph.

Last vertex of an evaluation is the vertex v, that
was associated with the last created I/O edge
er/o — (vz,vy) of the evaluation.

A query is fully covered iff two conditions are ful-
filled:

— Query is lexically covered: there exists a path
consisting of lexical edges from the first lexical
vertex to the last lexical vertex.

— Correct passing of 1/0 parameters: for each
evaluation there exists a path from the last
vertex of the evaluation to the final vertex of
the coverage graph and the path is comprised
of lexical, parameter or tuple edges (connec-
tion edges are excluded).

An execution plan is created by combination of dif-
ferent evaluations. Adding an index evaluation to the
execution plan requires covering the query coverage
graph by the evaluation. After a combination of index
evaluations is added to the execution plan, the un-
covered rest of the query needs to be covered by DB





evaluation. We provide a logic that must be followed
in order to properly build the query coverage graph:

— Adding an index evaluation to the coverage graph:
if an indexing pattern matches part of a given
query q;, then the index can be considered as one
of the evaluations EV; of the execution plan.
Adding of the evaluation EV;(g;) starts from the
first step that matches first step-table of the se-
quence.

— Covering the rest of the query coverage graph with
DB evaluation. When an index creates a lexical
edge then a particular lexical token is covered.
Uncovered parts of the query must be evaluated
directly by the source database. However, the un-
covered chunks of tokens do not represent seman-
tically valid queries. Imagine that A-D index cov-
ered a//b part of the given query /a//b. Only one
token is uncovered: the first slash representing ab-
solute location path. In order to properly cover the
query in the coverage graph, the DB evaluation
has to cover not only the first token (/) but also
the following nodetest a. Hence, the algorithm for
covering with the DB evaluation depends on the
semantics of the query language.

Query coverage graph facilitates formal computa-
tion of query coverage. We are able to express full cov-
erage within the query coverage graph as well. This is
the basis for building formal algorithms to compute
query coverage. We explained basics for utilizing the
query coverage graph. In the future work we aim to
elaborate more detailed algorithms.

6 Conclusion

The scientific world of XML database systems has
been experiencing significant boom of competitive in-
dexing optimizations in the last decades. Rather than
creating another tailored indexing method, we aimed
to launch a development of a framework that will pro-
vide a modular platform supporting the most common
indices.

The modularity of the framework relies on provid-
ing a unified interface for expressing types of queries
that indices are able to answer. We began the anal-
ysis by coining a new term index coverage for such
interface, which we hope that will serve the scientific
community as a ground for further discussions. We
have developed a specific approach for expressing the
index coverage in XPath language by step-tables. The
utilization of regular expressions in step-tables ensures
that broad range of indices are supported.

Our research continued with another topic which is
crucial for creating different execution plans, namely
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query coverage. As with the index coverage, we believe
that the terms that we have defined for query coverage
will generally contribute to the common recognition.
We put together lexical coverage and parameter pass-
ing into one structure, query coverage graph, which we
consider a major contribution to the query coverage
subject. Moreover, to our recent knowledge, there is
no such research that explicitly combines index cover-
age and query coverage to form a compact theory.

The theory requires another iterative analysis and
improvement in words of crystallizing the formal def-
initions of execution plans and passing of the index
parameters. Future work includes also building a pro-
totype for demonstrating and testing index coverage
and query coverage ideas. Then the cost estimation
methods and heuristics for best plan selection will be
researched. Further research could also include ana-
lyzing the XQuery language integration.
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Poznamka o Shannonovom-Fanovom kdédovani*
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Abstract. Shannonovo-Fanovo kédovanie je jednou z me-
téd kompresie ddt. Je to $pecidlne zobrazenie, ktoré vstup-
nym symbolom s rozdelenim pravdepodobnosti P priradi
proky bezprefitovej mnoZiny slov 2-znakovej abecedy.
V tomto éldnku ukdZeme, Ze cena tohto kédovania nepre-
stahne 2-entropiu rozdelenia P o viac nez 1 — p, kde p je
najmensia z pravdepodobnosti z tohto rozdelenia. Ddsled-
kom tohto turdenia je jemné zlepSenie horného ohranicenia
v zndmej Shannonovej vete o bezstratovom kédovand.

1 Uvod

Claude Shannon v roku 1948 [4] a Robert Mario Fano
v roku 1949 [1] nezdvisle na sebe publikovali ¢lénky
popisujtce algoritmus na kédovanie dat. Preto sa pren
ustalil nazov Shannonovo-Fanovo koédovanie. Ide
o bezprefixové (niekde nazyvané aj prefixové) kédova-
nie, ktoré zavisi na znalosti frekvencie vyskytov zna-
kov v kédovanej sprave. Aj ked sa onedlho ukézalo,
ze Shannonovo-Fanovo kédovanie nie je optimélne (na
rozdiel od kédovania, ktoré v roku 1951 na Fanov pod-
net vyvinul jeho student David A. Huffman [2]), jeho
vyhodou je jeho jednoduch4 a lahko implementovatel-
na myslienka. Aj napriek svojej neoptimalite sa dote-
raz pouziva v praxi, a to napriklad ako siéast jednej
z met6d pri kompresnom forméte .zip [5].

V préci [4] je (nie velmi priamo) ukizané, 7e v tom-
to kédovani sa dlzka kédového slova zodpovedajiceho
sprave o pravdepodobnosti p od svojho teoretického
idedlu — log, p lisi najviac o 1. To znamen4, ze jeho
cena presahuje prislugnu 2-entropiu menej nez o 1 (nie-
kedy sa tato vlastnost nazyva i suboptimalita).

V nasom prispevku dokazeme, ze tento rozdiel je
v skutoénosti eSte mensi, a rovnaké tvrdenie z toho
vyplynie i pre kédovanie optimalne.

2 Zakladné definicie

Definition 1. Pod rozdelenim pravdepodobnosti bu-
deme rozumiet n-ticu kladnyjch redlnych c¢isel z inter-
valu [0,1] so sictom 1, pre nejaké kladné prirodzené
éislo m.

* Tento ¢ldnok vznikol s podporou grantu VEGA
1/0131/09 a s podporou v rdmci OP Vyskum a vyvoj pre
projekt: CaKS - Centrum excelentnosti informatickych
vied a znalostnych systémov (ITMS: 26220120007),
spolufinancovany zo zdrojov Eurépskeho fondu re-
giondlneho rozvoja.

Definition 2. Nech P = (p1,...,pn) je rozdelenie
pravdepodobnosti. Nech r je kladné redlne éislo vicsie
nez 1. Potom pod r-entropiou rozdelenia P budeme
rozumiet hodnotu

H,(P) == pilog, p;.
=1

Cislo 7 obvykle zodpovedd mohutnosti abecedy kédo-
vych slov. Pri Shannonovom-Fanovom kédovani ide
o abecedu {0,1}, v nasom ¢ldnku teda budeme pra-
covat s 2-entropiou.

Definition 3. Nech A je abeceda. Definujme funkciu
length : A* — N tak, Ze length({ci,...,c,)) =n.

Definition 4. Kddovou postupnostou dl/zvky n budeme
nazgval n-ticu {c1,...,c,), kde c1, ..., ¢, si slovd
z abecedy {0,1}.

Definition 5. Ak P = (p1,...,pn) je rozdelenie prav-
depodobnosti a C = (cy,...,c,) je kédovd postupnost.
Cenou postupnosti C za rozdelenia P budeme rozumiet
hodnotu

price(P,C) = Zpilength(cl-).

i=1

Cena postupnosti je vlastne stredna dizka slova z kédo-
vej postupnosti.

Definition 6. Nech P = (pi1,...,pn) je rozdelenie
pravdepodobnosti. Potom kédovi postupnost C dl/zvky n
nazyvame optimdlna, ok pre kaZdu kodovi postup-
nost B dl,Zky n plat?

price(P, C) < price(P, B).

Theorem 1 (Shannon, [4]). Nech P = (py,...
je rozdelenie pravdepodobnosti a C' = {cy,..
optimdlna kédovd postupnost. Potom plati

s Pn)
Sy Cn) je

Hy(P) < price(P,C) < Ha(P) + 1.

V dalsej casti ¢lanku ukézeme, ze horné ohranicenie
v tejto vete sa dé o nieco zlepsit.

Definition 7. Kédovi postupnost C = {(c1,...,cp)
nazveme bezprefizovd, ak neexistuju rézne indexy i, j
€ {1,...,n}, Ze ¢; je prefizrom c; (¢ize c; = c;w pre
nejaké slovo w).
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3 Shannonovo-Fanovo kédovanie

V kratkosti pripomenme podstatu Shannonovho-Fa-
novho kddovania. Ide o rekurzivnu proceduru, ktorej
kazdy krok mozno popisat takto (vid napr. napr. [3]):
Ako jeho vstup slizi rozdelenie pravdepodobnosti
(P1,---,Dn), kde n > 1, pricom navyse predpokladdme
p1 > pg > -+ > pp. Vystupom bude bezprefixova
kédova postupnost (ci, ..., cy). T ziskame takto:

e Ak m =1, tak za ¢; vezmeme prazdne slovo.
e V opatnom pripade vezmeme index k taky, ze hod-
nota

|(p1 +"'+pk) - (pk—i-l +"'+pn)|

je minimélna (&ize snazime sa rozdelit postupnost
na dve podpostupnosti tak, aby sucet kazdej z nich
bol ¢o najblizs{ polovici). (Ak je takych ¢isel viacej
(zrejme dve), vezmeme najmensie z nich.) Oznag-
mer =p;+---+pg, takze pgr1+---+pp=1—7.
(Uvedeny rozdiel je potom |1 — 2r|.)

Potom tento algoritmus spustime rekurzivne — ako
pre vstup (E-, ... &) tak pre (B-EL 0 P (vie
diet, ze v oboch pripadoch ide o rozdelenia pravde-
podobnosti, pricom obe postupnosti zostavaji ne-
klesajuce).

Nech je vystupom prvej podilohy bezprefixova ko-
dové postupnost (ey,...,ex) a druhej tiez bez-
prefixova kédova postupnost (exy1,...,em). Pre
cleny vyslednej kdédovej postupnosti potom bude

platit
Oe;,
C; =
! 161',

Lahko vidiet, ze aj vysledna postupnost bude bez-
prefixova.

akie{1,... k),
akie{k+1,...,m}.

Tento algoritmus ilustrujme na jednoduchom pri-
klade: Nech P=(0,25,0,20,0,20,0,15, 0,10, 0,08, 0,02).
Kedze n = 7 # 1, najprv ndjdeme vhodné k:

k| r (|1 —2r|
0/0,00] 1,00
110,25| 0,50
2|0,45| 0,10
3|0,65| 0,30
4/0,80| 0,60
5/0,90| 0,80
610,96 0,96
7|1,00] 1,00

Tu si uvedomme, #e nemé vyznam skumat pripady
k € {0,n}, vtedy je rozdiel |1 — 2r| vzdy 1, a to bude
vzdy vicsie nez pri ktoromkolvek k € {1,...,n — 1}.
Podobne nemé vyznam rozoberat dalsie pripady, ked

uz 7 v danom pripade presiahlo 0,5, pre zvySujice sa
k bude prislusné r tiez rést, a teda aj |1 —2r| = 2r —1
bude rast. V naSom priklade teda stacilo rozoberat
pripady k € {1,2,3}. Hodnota |1 — 2r| je najmensia
v pripade k = 2, vieme teda, ze kédové slova ¢ a ¢y
sa budi za¢inat na 0, kym slové cs, ..., c; na 1.

V dalsom kroku by sme mali hladat kédové po-
stupnosti pre rozdelenia

<0,25 0,20> a<0’20 0,15 0,10 0,08 0,02>,

lahko vsak vidiet, ze koeficienty r = resp. 1 —r =

0%57
07% st pri hladani prislusnych deliacich indexov ne-
podstatné. (dolezité je iba dostat sa ¢o najblizsie k %,
resp. 157).

V pripade prvej postupnosti je hladanym deliacim
indexom zrejme 1, takze vysledné c; sa bude zaéinat
na 00 a ¢y na 01. V dalgej iterdcii st vsak ich postup-
nosti uz iba jednoc¢lenné, takze c¢; = 00 a ¢y = 01.

Analogicky postupujeme pri druhom rozdeleni.
Algoritmus mézeme zhrnit do tabulky (Stfpce zodpo-
vedaju iterdcidm):

¢110,25][o[00
¢]0,20/[0[01

¢5/0,20([1]10
¢4|0,15||1[11[110
¢5|0,10||1|11[111[1110
cs|0,08]/1]11(111|1111(11110
cr|1,02||2]11|111]1111[T1T11

4 Odhad ceny Shannonovho-Fanovho
kédovania

Proposition 1. Nech P = (p1,...,pyn) je rozdelenie
pravdepodobnosti také, Ze pre vietky i € {1,...,n}
plati p; > 0. Nech k € {1,....,n} ar= Zle pi. Nech

dalej
P0:<pi,...,@>
r r
a
Pr+1 Pn
P = .
! <1—r7 ’1—7‘>
Potom

HQ(P) :THQ(Po) + (1 — ’I“)HQ(Pl) —
—rlogyr — (1 —7)logy(1 — 7).

Proof. Py a Py su zrejme tiez rozdelenia pravedpodob-
nosti, lebo S 2 =1 a ik i = 1, a navy-
Se pre kazdé i € {1,...,k} plati 2 > 0 a pre kazdé
ie€{k+1,...,n} plati £ > 0.





Potom mame

Hy(P) +rloger + (1 —7)logy(l —7) =

1 1
=Hy(P) —logy, — - r — logy —— ] (1 —r)=
r —
= - pilog,pi -
i=1
k

DWE

i=k+1

—logy — sz logy ——

1=1
k
Z—Zpi

i=1

1
(log2 - + logy pz‘) -
Yo (mgz
i=k+1

:77‘2171 1
n

—(1-7) Z llﬁr

i=k+1
= THQ(PO) + (1 - T)HZ(Pl)'

+ log, pz)

O

Proposition 2. Nech P = (py,...
pravdepodobnosti také, Ze py > --- > p, > 0. Nech
C = {c1,...,¢,) je postupnost kédovijch slov ziskand
Shannonovym-Fanovym kédovanim pre rozdelenie P.
Nech k je (najmensie) kladné prirodzené céislo také, Ze
hodnota

,Pn) je Tozdelenie

[(pr 4+ +Pk) = (Pes1 + -+ pn)

je minimdlna. Nech r = Zle pi. Nech

P0_<p—1 pi>
T T

Pn
”’1—7“ .

Nech Cy, resp. C je postupnost kédovijch slov ziskand
Shannonovym-Fanovym kdédovanim pre rozdelenie Py,
resp. Py. Potom

price(P,C) =

= r - price(Py, Co) + (1 — ) - price(P;,Cy) + 1
Proof. Nech ey, ..., e, su kodové slovd také, ze Cp =
(e1,...,ex) a Cp = (€gt1,-..,€n). Podla definicie
Shannonovho-Fanovho kédovania pre i € {1,...,k}
plati ¢; = Oe; apre i € {k+1,...,n} plati ¢; = le;.
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To znamena, ze plati

price(P,C) = Zpilength(ci) =
i=1
k n
:Z pilength(0Oe;) + Z pilength(1e;)
=1 i=k+1
k n
= Zpi(l + length(e;)) + Z pi(1 4+ length(e;))
=1 i=k+1
= sz + Z pilength(e Z pilength(e;)

1=k+1

=1+r Z %length(ei) +
i=1
n

+(1-7) Z

i=k+1
=1+ r - price(Py, Co) +

p_ " length(e;)

(1 —r) - price(Py, Ch)
O

Proposition 3. Nech P = (p1,...,pn) je rozdelenie
pravdepodobnosti také, Ze py > --- > p, > 0. Nech
C je postupnost kédovijch slov ziskand Shannonovym-
-Fanovym kédovanim pre rozdelenie P. Nech dalej

PO_<p1 lﬂ>
T T

P1:<pk+17 71p_nr>.

1—r
Nech Cy, resp. C1 je postupnost kédovijch slov ziskand
Shannonovym-Fanovym kédovanim pre rozdelenie Py,
resp. Py. Potom

price(P,C) — Ha(P) =

= r(price(Py, Cy) — Ha(Py)) +
+ (1 — r)(price(Pl, 01) — HQ(Pl)) +
+1+4rlogyr+ (1 —r)logy(1 —7).

Proof. Je to priamy désledok predchadzajucich dvoch
tvrdeni. O

Proposition 4. Nech P = (p1,...,pn) je rozdelenie
pravdepodobnosti také, Zepy > -+ > p, > 0. Nech k je
(najmensie) kladné prirodzené éislo také, Ze hodnota

(D1 + -+ o)

|(p1+ - +pk) —

je minimdlna. Nech r = p1 + - -+ + pg. Potom

pr > |1 —2r|.





28 Stanislav Krajc¢i, Ladislav Mikes

Proof. Rozlisime dva pripady:

e Nech r < % 7 optimality vyberu k vyplyva, ze

1 1
5—(p1+~-~+pk)S(p1+-~-+pk+pk+1)—§7

Cize
1

§—T§ (r 4+ prs1) —

z ¢oho po tprave

1
27

D > Pey1 > 1 —2r=|1-2r|

e Nech r > % 7 optimality vyberu k vyplyva, ze

1 1
5—(p1+-~-+pk_1)>(p1+---+pk)—5,

z ¢oho po tprave

pp>2r—1=11-2r|

Proposition 5. Ak r € (0,1), tak
1+rlogyr + (1 —7r)logy(1—r) <|1—2r|.

Proof. Nech f je funkcia definovand vztahom
f(@) =zlogyx + (1 — x)logy(1l — ) + 2z

na intervale (0, 3]. Tato funkcia je zrejme spojité a di-
ferencovatelnd (na tomto intervale). Zistime jej de-
rivaciu:

J'(@) = (@logy @ + (1 — @) logy(1 — @) + 20)' =

1 ;01 .
= m(wlnx} + m((l —z)In(l—=x)) +2=

—11—|—1+
" In2 nmmx

(—ln(l—x)+(1—x)

! -(—1)>+2:

T e -

1
= E((lnx—i— 4+ (-In(l—z)-1)+2=

1
— — (Inz—1In(l— 9 —
1nQ(mac n( x)) +

1 x

=—1In
In2 1-—=x

Lahko vidiet, ze jediny nulovy bod f’ na tomto inter-
vale je 1, pricom pre z < & plati f/(z) <Oaprex > 1
plati f'(x) > 0.

To znamend, ze f je na intervale [%, %} rastica,
takze jej maximum v fiom je f(%) = 0. To teda zna-
mend, ze f(z) < 0 pre kazdé z € [£, 1].

Na druhej strane je vSak f klesajica na intervale
(O,%], takze jej suprémum na nom je lim, o f(z)=0.
To teda znamend, ze f(z) < 0 plati aj pre kazdé
z € (0, 1].

Rozlisme dva pripady:

e Nech r < % Potom

1+rlogyr+ (1 —r)logy(l—1r) =
=1+ (f(r)—2r)<1—-2r=11-2r|

e Nech r > % Potom

1+rlogyr+ (1 —r)logy(l—1r) =
=14+ (1—r)logy(l —r)+
+ (=1 =r))logy(1—(1—r)) =
=1+ (f(l-r)-2(1-r) <
<1-21-r)=2r—1=11-2r|
O

Proposition 6. Nech P = (p1,...,pyn) je rozdelenie
pravdepodobnosti také, Ze py > --- > p, > 0. Nech
C je postupnost kédovijch slov ziskand Shannonovym-
-Fanovym kédovanim pre rozdelenie P. Nech dalej

P0:<pi,...,pi>
T T

Pn
T )
Nech Cy, resp. C1 je postupnost kédovijch slov ziskand

Shannonovym-Fanovym kédovanim pre rozdelenie Py,
resp. Py. Potom ak plati

Pk+1
P = .
1 <1_r7

price(Py, Cp) — Ha(Fp) < 1 — p%

Pn
1—7r’

pI‘iCG(Pl,Cl) — HQ(Pl) S 1 —

tak
price(P,C) — Ha(P) < 1 —py,.

Proof. Podla predpokladov a predchadzajicich tvrde-
ni méme
price(P,C) — Ha(P) =
= r(price(Py, Cp) — Ha(FP)) +
+ (1 —r)(price(Py, C1) — Ha(P1)) +
+14rlogyr+ (1 —7)logy(l—1)) <

Sr(1p:)+(1r)<1 En >+(127’)

1—r
= —p)+((1=7)=pu) +[1-2r|=
=1—pr—pn+[1-2r<1—pp.





Theorem 2. Nech P = (p1,...,pn) je rozdelenie
pravdepodobnosti také, Ze py > --- > p, > 0. Nech
C je postupnost kédovijch slov ziskand Shannonovym-
-Fanovym kédovanim pre rozdelenie P. Potom

price(P,C) < Ha(P) + 1 — py,.
Proof. Dokazeme to matematickou indukciou:

1° Ak P = (p;), tak podla definicie Shannonovho-
-Fanovho kédovania je C tvorena jednym ¢lenom,
a to prdzdnym slovom. Potom vsak price(P,C)=0,
Hy(P) =1-logl =0ap, = p1 = 1, takze tvrdenie
plati.

2° Predpokladajme, ze tvrdenie plati pre vSetky klad-
né prirodzené ¢isla mensie nez n. Nech k je (naj-
mensie) kladné prirodzené éislo také, ze hodnota

l(p1r+ -+ pr) = (Prs1 + -+ + pn)

je minimélna. Ozna¢me r = py + - - - + pg, potom
1—7=pk41+ -+ pn. Nech

P0:<"£,...,pi>
T T

DPn
’,1—’/‘ .

Nech Cy, resp. C je kédova postupnost ziskans
Shannonovym-Fanovym kdédovanim pre rozdele-
nie Py, resp. P;. Pretoze k < n an—k < n, podla
indukéného predpokladu méame

P1:<pk+1,..
1—r

price(Py, Co) — Ho(Py) <1 — L%
.
4 p
pI‘iCG(Pl,Cl) - HQ(Pl) S 1-— 1 n .
—-Tr

Tvrdenie potom vyplyva 2z predchadzajiceho
tvrdenia.

0O

Corollary 1. Nech P = (p1,...,pn) je rozdelenie
pravdepodobnosti také, Ze py > --- > p, > 0. Nech C
je optimdlna postupnost kédovych slov (napr. ziskand
Huffmanovym kdédovanim) pre rozdelenie P. Potom

price(P,C) < Ho(P) + 1 — py,.

5 Zaver

V éldnku sa podarilo zlepsit horné ohrani¢enie ceny
Shannonovho-Fanovho, ale i optimalneho kédovania
prislichajiceho rozdeleniu pravdepodobnosti P. Kym
doteraz bolo zname, Ze jeho cena je mensSia nez
Hy(P) + 1, tu sa podarilo ukdzaf, ze je mensia alebo
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rovnakd ako Hy(P)+1—p, kde p je najmensia z pravde-
podobnosti z rozdelenia P.

Otédzkou ostdva, ¢i toto ohraniCenie (¢i uz pre
Shannonovo-Fanovo, alebo pre optimélne kédovanie)
mozno zlepsit este viac. Specidlne by bolo zaujimavé
zistit najvicsiu hodnotu ¢ takd, Ze tito cenu mozno
ohrani¢it hodnotou Ha(P) + 1 — ¢p. Do tvahy vsak,
samozrejme, prichddzajd aj iné ohranic¢ujuce funkcie
nez také, kde sa p vyskytuje linedrne.
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Comparison of approximation capabilities of neural networks
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Abstract. Neural networks offer a higher flexibility in
function approximation than traditional linear regression,
where merely coefficients of linear combinations of sets of
functions (such as orthogonal polynomials or Hermite
functions) are adjustable. However, some useful proper-
ties of linear approximators (such as uniqueness, homo-
geneity, and continuity of best approximation operators)
are not satisfied by neural networks. Moreover optimiza-
tion of parameters of neural networks becomes more dif-
ficult than in the linear regression. Experimental results
indicate that these drawbacks of neural networks are com-
pensated by substantially smaller model complexity needed
for a satisfactory accuracy of approximation, in particular
in high-dimensional cases. In the paper, we theoretically
investigate requirements on model complexity for two types
of approximators: the traditional linear ones and so called
variable-basis ones or approximation from a dictionary,
which include neural networks, radial and kernel models.
We compare worst-case errors in variable-basis approzi-
mation with such errors for any linear approximator.
Using method from nonlinear approximation and integral
representations tailored to computational units, we describe
some cases when neural networks outperform any linear
approximator.

1 Introduction

In traditional linear regression, coefficients of linear
combinations of given functions are searched for so
that a desired functional relationships between inputs
and outputs is suffuciently well approximated. Typi-
cally, a linear approximating scheme is formed by
a nested family of sets, where the n-th set is gener-
ated by the first n elements of a given set of functions
with a fized linear ordering (e.g., a set of some ortho-
gonal polynomials or Hermite functions). In contrast,
in neural-networks learning besides of coefficients of
linear combinations (called output weights), also
inner parameters of computational units are optimi-
zed. The parameterized family of functions comput-
able by network units is sometimes called a dictio-
nary [4] and has no fixed ordering. During learning,

* This work was partially supported by the Ministry of
Education of the Czech Republic, project Center of
Applied Cybernetics 1M684077004 (1MO0567) and the
Institutional Research Plan AV0Z10300504.

potentially all n-tuples of elements of the dictionary
can be chosen together with the coefficients of their
linear combinations. This computational model is
sometimes called a wvariable-basis approximation
scheme [7,17-19]. Besides of neural and kernel net-
works, it contains, e.g., splines with free knots and
trigonometric polynomials. In both models, the linear
one and the variable-basis one, the number n can be
interpreted as model complezity. Its growth with in-
creasing accuracy of approximation can be estimated
from inspection of bounds on rates of approximation.

Variable-basis models with units from various dic-
tionaries have become a widespread tool for many clas-
sification and pattern recognition tasks [11]. In many
high-dimensional tasks, they obtained better accuracy
with considerably smaller model complexity. Experi-
mental observations of efficiency of variable-basis ap-
proximation models ask for a theoretical explanation.

Clearly, approximation by a linear combination of
n freely-chosen functions from a given dictionary guar-
antees better rates than approximation by the first
n elements from the same dictionary with some fixed
ordering. However, this does not exclude the possibi-
lity that a better rate might be achieved using the
first n elements from another dictionary with a fixed
ordering. Thus one may wonder whether for some sets
of functions approximation by variable-basis schemes
with widely-used computational units (such as per-
ceptrons, radial and kernel units) provides faster rates
than those achievable by any linear approzimator (in
particular, those induced by various ordered sets of
polynomials). This question is especially interesting
because using variable-basis approximation, one loses
useful properties of linear approximators (such as
uniqueness, homogeneity, and continuity of best ap-
proximation operators [8-10]) and optimization of pa-
rameters becomes more difficult, so one hopes that this
is compensated by substantially smaller model require-
ments on complexity.

Barron [2] initiated comparison of complexity of
neural-network and linear models. He compared
upper bounds in approximation by sigmoidal percep-
tron networks with lower bounds on the worst-
case error achievable by the best linear approximators
(mathematically formalized by the concept of Kol-
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mogorov n-width [12]). Barron’s estimates were
extended by Kurkovd and Sanguineti [18] to sets of
functions defined in terms of certain norms induced
by computational units from more general dictionaries
and applied to sigmoidal and trigonometric perceptron
networks.

In this paper on work in progress, we develop new
methods for comparisons of complexity requirements
in linear and dictionary-based approximation. We
combine several estimates from nonlinear approxima-
tion theory with our recent results on integral trans-
forms induced by computational units [6,15,16] to
obtain upper bounds on worst-case errors in approxi-
mation from a dictionary. Further we derive lower
bounds on worst-case errors by optimal linear approxi-
mators. Comparing these bounds, we obtain some con-
ditions on computational units and domains of their
inputs when approximation from a dictionary outper-
forms any linear approximator.

We use two methods to derive lower bounds on
a theoretically optimal worst-case errors in approxi-
mation from linear subspaces. The first method pro-
vides lower bounds in terms of orthogonal subsets of
large cardinality (so it utilizes geometrical properties)
and the second one in terms of s-numbers of
integral operators induced by computational units.
We describe conditions under which upper bounds on
worst-case errors in variable-basis approximation are
smaller than lower bounds on worst-case errors by
optimal linear approximators. Such sets depend on
the type of computational units and the volumes of
the d-dimensional domains where the functions are de-
fined. We sketch methods of such comparisons. The
proofs and more details can be found in submitted
papers [16, 3]

In section 2, basic concepts describing computa-
tional units, linear and variable-basis approximation
and worst-case errors are introduced. In Section 3,
upper bounds on variable-basis approximation are sta-
ted in terms of norms induced by computational units.
Section 4 is devoted to estimates of lower bounds on
worst-case errors in linear approximation. Section 5
states some comparisons of the bounds for these two
approximating types.

2 Variable-basis and linear
approximation

A wide class of computational models (e.g., one-
hidden-layer perceptron, radial or kernel networks)
can be formally described as devices computing input-
output functions from sets of the form

span,, G := {Zwigi |w; €R, g; € G},

i=1

where the set of functions G is called a dictionary [4].
The approximation by the nested family {span, G}
is referred to as wariable-basis approzimation [17-19]
or approximation from a dictionary. Typically, dic-
tionaries are parameterized sets of functions of the
form

Gy =Go(Y) :={o(,y)ly Y},

where ¢ : 2 XY — R is a function of two vector
variables, 2 C R? represents the set of inputs, and
Y C R? the set of parameters.

For suitable choices of ¢, span,, G4 models the sets
of input-output functions of one-hidden layer neural
networks, radial basis functions, kernel models, splines
with free nodes, trigonometric polynomials with vari-
able frequencies and phases, etc., where the number n
of computational units can be interpreted as the model
complexity. For example, if ¢ = d+ 1 and

o(+, (v,0)) == Y((v,-) +b),

then the dictionary G4 is formed by functions com-
putable by perceptrons with an activation function v :
R —R. If g=d+ 1, v is positive and even, and

o, (v, 0)) ==Y (0l —v|),

then Gy is formed by functions computable by radial
units with a radial function ¢ : R — R.

In contrast to variable-basis approximation, tra-
ditional linear models use as approximating families
nested set of the form

span{gi,...,gn} = {Zwigi |w; € ]R}

i=1

formed by linear combinations of the first n elements
from some set G = {g;|i € N} with a fized linear
ordering (typically, some ordered set of polynomials).

Let (X,] - ||x) be an ambient normed linear space
(in this paper, we consider (£2 , (£2), |- ”539 (2)), where
2 C R%). The error in approximation of a function
f € X by functions from a set A is measured by the
distance

—Allx = inf || f - .
15 = Al = int 15 = gllx

Approximation capabilities of whole sets of functions
can be studied in terms of worst-case errors, formal-
ized by the concept of deviation. For two subsets A
and M of X, the deviation of M from A is defined as

(M, A)=6(M,A; X) :=sup inf ||f —g|lx. (1)
feM 9eA
When the supremum in (1) is achieved, the deviation

is the worst-case error in approximation of functions
from M by functions from A.





Sometimes, the set of functions to be approximated
can be described in terms of a constraint that defines
a norm | - || on X or on its subspace, i.e., the set has
the form of a ball

B.(]

D=A{fex [ Ifl<r}

of some radius r, centered in the origin.

To describe a theoretical lower bound on worst-
case errors in approximation by optimal linear sub-
spaces, Kolmogorov [12] introduced the concept of
n-width (later called Kolmogorov n-width). Let S, de-
note the family of all n-dimensional linear subspaces
of X. The Kolmogorov n-width of a subset M of
a normed linear space (X, || - ||x) is defined as the in-
fimum of the deviations of M from all n-dimensional
linear subspaces of X, i.e.,

QM) i= il G(M, i (X, |- ).

If for some subspace the infimum is achieved, then
the subspace is called optimal. If the n-width of a set
is small, then such set can be viewed as “almost”
n-dimensional in the sense that it is contained
in a small neighborhood of some n-dimensional sub-
space. It follows from the definition that the n-width
does not increase when a set is extended to its closure
or its convex hull, i.e.,

dn (M) = dy(cly M) and d,,(M) = d,,(conv M), (2)

where conv denotes the convex hull and cly the closure
in the topology induced by the norm || - || .

For a dictionary G C X, we denote by S& the set of
all at most n-dimensional subspaces of X generated by
n-tuples of elements of G. Clearly, for every subset M
of X

(3)

In other words, the worst-case error in linear approxi-
mation by an optimal n-dimensional subspace gener-
ated by elements of G cannot be smaller than the
worst-case error in variable-basis approximation by
span,, G. However, the inequality (3) does not exclude
the possibility that among other linear approximators
than those generated by elements of GG, there exists one
that approximates the set M better than span,, G, i.e.,
such that

0(M,span,, G) < inf o(M,X,).

X, eS¢

dn (M) < §(M,span,, G).
Description of cases when either the opposite inequal-
ity
(4)

holds for all n greater than some ng or for every f € M
there exists some ng such that for all n > ng

0(M,span,, G) < d,(M)

If — span, Gllx < dn(M) ()
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is of a great interest. For such sets M, worst-case
errors in approximation by span, G are smaller than
worst-case errors in approximation from any linear
n-dimensional subspace.

Note that the conditions (4) and (5) are rather
strong as they state that worst-case errors in appro-
ximation by span, G are smaller than such errors in
approximation by any linear approximator. However,
approximation by span, G can be suitable even when
theoretically a better linear approximator might exist
as it might be difficult to find such an approximator.

3 Upper bounds for variable-basis
approximation

We take advantage of Maurey’s [22], Jones’ [5], Bar-
ron’s [2], and and Makovoz [20] upper bounds of the
form ¢n~'/? on approximation by networks with
n computational units and their recent improvement
of the form ¢(1 — 67)"~" with §; € (0,1] by Kuarkové
and Sanguineti [19]. We use reformulations of these
estimates formulated in terms of a norm induced by
a dictionary G.

For any nonempty bounded subset G of a normed
linear space (X, | - ||x), its symmetric convex closure
cly conv (G U —G) uniquely determines a norm for
which it forms the unit ball. It is called G-variation,
denoted || - [|g,x (shortly || - ||¢ when X is clear from
the context), and defined as

[ fllg.x :==inf {e>0[c™"f € cly conv (GU —G)} .
(6)
Note that G-variation can be infinite and that it is
a norm on the subspace of X formed by functions with
finite G-variation (for its properties see [14]). The gen-
eral concept was introduced in [13] as an extension of
variation with respect to sets of functions computable
by Heaviside perceptron networks defined in [1].
Recall that the n-th entropy number of a subset G
of a normed linear space (X,| - |lx) is defined as
en(G) == inf{e > 0| (G C U, U) & (Vi =1,...,n)
(diam(U;) <€)}, where diam(U) =sup, ,cp |z —yllx-
The next upper bounds are corollaries of estimates
from [2, 20].

Corollary 1. Let G be a bounded subset of a Hilbert
space (M, - |2) and sg = supyeq llglln- Then for
every r > 0 and every positive integer n

TSG.

vn'

\/ﬁsGeLn/QJ (G)r
vn '

(@) O(Br(ll - llg);span, G) <

(i) 0(Br(|l - l¢), span, G) <
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We also use a stronger result by Kurkova and San-
guineti [19] on approximation by n-fold convex com-
binations of functions from G, denoted by

conv, G :={> 1" aigi| >orjai =1,a; €[0,1]}.

Theorem 1. Let G be a bounded subset of a Hilbert
space (H, || - [|2) and s = supyeq |lglln. Then for
every f € conv G, there exists §; € (0,1] such that

| f — convy, GIIF, < (1= 69)" " (s& — 1 £115.)-

Worst-case errors in balls in G-variation are suit-
able for comparison with linear approximation as for
all positive integers n and all r >0, r d,(G) =
dn(B:(|| - |lg)). Thus combining upper bounds on
0(B1(|| - lle,span,,G) from Corollary 1 with suitable
lower bounds on d,(G) we can obtain some compari-
sons of linear and variable-basis approximation. We
derive such lower bounds on d,,(G) in the next sec-
tion.

4 Lower bounds on the Kolmogorov
width

We use two methods of derivation of lower bounds on
the Kolmogorov n-width. The first method of deriva-
tion of these lower bounds can be applied when balls
in G-variation contain sufficiently large orthonormal
subsets. It is based on the following theorem
from [18, p. 270].

Theorem 2. Let A and G be subsets of a Hilbert
space (H, ||-||n) such that G is bounded and A is finite
orthonormal with card A=k and ca,¢ :=maxysc 4| f|lc-
Then for every positive integer n < k,

1 n
A J1——.
CAG k

The second method is also based on estimates of
distance from suitable orthonormal sets. It uses ortho-
normal sets formed by eigenfunctions of compact self-
adjoint operators. It provides a characterization of
n-widths of sets of functions large enough to contain
images of unit balls mapped by compact operators.
The characterization is in terms of the singular num-
bers of these operators. Recall that a linear operator
T : H1 — Ha between two Hilbert spaces (H1, || - ||2,)
and (Ha, || - ||n,) is compact if the image under T of
every bounded set in H; is a precompact subset of Ho
(i.e., a set whose closure in the topology induced by
I |l%, is compact). For a compact operator T' between
two Hilbert spaces, its n-th s-number is defined as

VAR (TT™),

dn(G) = dn(Bi(]| - [lc)) =

sn(T) =

where T* is the adjoint of T (i.e., the unique opera-
tor satisfying for every f € H; and every g € Ha,
(f,T*9)1, = (Tf,9)n,) and A\, (TT™*) the n-th eigen-
value of the self-adjoint, non-negative, and compact
operator TT* (the eigenvalues are ordered in a non-
increasing sequence counting their multiplicities). If T
is self-adjoint (i.e., T'= T™*), then its singular numbers
are equal to the absolute values of its eigenvalues.

The following theorem from [21, p. 65] states the
equality between the n-width of the image of the unit
ball under a compact operator T' and the (n + 1)-th
singular number of T.

Theorem 3. Let (Hi,| - |la,) and (Ha, | - [|#,) be
Hilbert spaces and T : Hi1 — Ho a compact linear
operator. Then for every positive integer n < dim Ho,

dn(T(B1(ll - 13:)); (Has || - [#42)) = $n1(T) -

We apply Theorems 3 to integral operators with
kernels ¢ corresponding to computational units. Let
2 CR%and Y C R? with a measure wy . For a function
¢ : 2 xY — R and function spaces F(£2) and F(Y)
such that the integral on the right-hand side of (7)
exists for all z € 2, an operator Ty =T}, : F(Y) —
F(2) is defined as

T, (w)(z) = /Y w)ole. duy ). (1)

Note that Tj4(w) can be interpreted as an input-output
function of a one-hidden-layer network with infinitely
many units computing functions ¢(-,y) and output
weights w(y), y € Y.

For functions in images operators Ty, we use esti-
mates of variation tailored to G in terms of £;-norms
of output weight functions. Under various assumptions
on the hidden unit function ¢, the set of parameters Y,
and the ambient function space (X, | - | x), for a func-
tion f which can be represented as

f(z) = /Y w(y)dle, 2)dpuy () (8)

the estimate
I fllc, < llwllc 9)

holds. Proofs of this relationship were recently derived
using a variety of techniques, some of them quite so-
phisticated (e.g., properties of the Bochner integral [6],
characterization of G-variation in terms of linear func-
tionals [15, 16]).

5 Comparisons of worst-case errors

Combining lower bounds on worst-case errors by op-
timal linear approximators with upper bounds on ap-
proximation from a dictionary, we can describe some





cases when the lower bound are larger than the upper
ones. For a subset M of £2 (£2) we denote by

Ap(M) :=dp(M) — 6(M,span,, G)

the difference between its n-width and its deviation
from span,,G. When A,, (M) is positive, the worst-case
errors in approximation of M by span,, G are smaller
than worst-case errors in approximation of M by any
linear approximator.

As d,,(G) = dn(B1(]| - ll¢)), the same worst-case
error (or nearly worst-case error when the infimum
is not a minimum) as the one in approximation of
functions from the ball By (|| ||¢) must be achieved by
some function in G. Moreover, 6(G, span,G) = 0 and

thus
(Bi(ll - la))-

Corollary 2. Let 2 C RY, Y C RY, pugo and py be

Ap(G) =dn(G) =d,

a o-finite measure on {2 andY resp., ¢€‘Cu oy (12xY)
such that Gy = {¢(-,y) |y € Y} is a bounded subset
of (L3, (), I+ llcz,)) with sg, = supyeq 60, v)lez,

Then there exist an orthonormal set of eigenfunctions
{1;} and a sequence {\;} of corresponding eigenvalues
of Ty (ordered mon-increasingly in absolute values)
such that for all positive integers n,

N AL(G Sn-&-l(Td)).
() 4,60 2 2T

For the case when 2 =Y and ¢ is symmetric we get
for all k >n and ¢y q, = maxj—1, . ml|¥Yjlla,,

|)‘n+1‘ .
pa(£?)

L h-n
Ck,Gy k

Corollary 2 shows that for every € > 0 and every
linear approximator and every computational unit de-
fined by a function ¢ in L2, ., (£2x §2) for which the
set G is bounded, there exists a parameter y such that
¢(+,y) in linear approximation has an error larger than

[ Ant1] 1 [
—ntl ¢ or ——4/1 — 2. When for some n these
na(2) Ck.Gy k

values are large, such computational units cannot be
efficiently approximated by n-dimensional subspaces.

Note that the choice of the domain {2 leads to
radically different estimates. When the domain is the
d-dimensional ball, then the lower bounds from Corol-
lary 2(i) and (ii) grow exponentially fast with d. On
the other hand, for the cube [—~1,1]¢ they converge
exponentially fast to zero.

(i) An(Gy) = dn(Gy) >

(ZZl) An(G¢) = dn(G¢>) >

Corollary 3. Let 2 C R?, ug be a finite measure
on 2 and ¢ € L2, (02 x §2) be symmetric such
that G is a bounded subset of (L2, ,(£2), |- ”Lﬁn) with
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5G, = SUPycq |10 y)||£in. Then there exist an ortho-

normal set of eigenfunctions {1;} of Ty and a se-
quence {A\;} of corresponding eigenvalues of Ty
(ordered non increasingly in absolute values) such that
for all positive integers n,k with n < k and cx,q, =
max;—1,_..k [¥jllc,

(i) Au(Ba( - les) 2 G VI % -
(i) An(Bi(ll - lley) = oo v/1—

- CkGd)

_ V2sG, en/2)(Go) Iflla, |

)

n

Go

9

=3

9

Ant1]
) > Pal
(- lla,) > el
V2sa, eln/2(Ge) Ifllc,
_ v .

(iii) A, (B

Comparing lower bounds on the n-width with
upper bounds from Theorem 1 instead of the ones from
Corollary 1, we obtain description of cases when for
every f € Bi(]| - |l¢) there exist ng such that for all
n 2 no,

I = span, Gz, < dul(G) = du(Br(ll- ).
Corollary 4. Let 2 C R4, Y C RY, puo a o-finite
measure on {2, uy a finite measure on Y ¢ € /‘:unXuy
(2xY), and Gy ={¢(-,y) |y € Y} be a bounded sub-
set of (L2 ()| 3, ) with s, =sup,cy () 3,
Then for every f € L2, (£2) there exists 6; € (0,1]
such that for all positive integers n, every n-dimen-
stonal subspace X, and every e > 0,

If = Xullez = If —convn Ggllez =
Sn+1 T¢

T VO

For computational units for which s,41(T}) con-
verges to zero slower than a("~1/2 with any o € (0,1),
Corollary 4 shows that for every function f in the con-
vex hull of Gy and a sufficiently large n, approxima-
tion of f by conv,, G4 guarantees smaller errors than
approximation by any n-dimensional linear subspace.

— 0 sg, — I1f1122) —e-

6 Discussion

We have proposed several methods for comparison of
model complexity in linear approximation and appro-
ximation from a dictionary which includes many soft-
computing models such neural and kernel networks.
Further development of these results requires esti-
mates of eigenvalues of operators defined by various
computational units and calculations based on com-
parison with respect to the number of free parameters
which depend besides of the number of computational
units also on the input dimension.
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Abstract. In this paper we introduce methods of formal-
ization based on Transparent Intensional Logic (TIL) and
their applications in the area of multi agent systems. We
focus in particular on communication of agents and spec-
ification of agents’ knowledge base. TIL is a typed, par-
tial, hyperintensional lambda calculus. Typed, because all
the entities within TIL ontology receive a type; partial, be-
cause we work with partial functions and hyper-intensional,
because the \-terms of TIL language of constructions are
interpreted as denoting abstract procedures (known as TIL
constructions) rather than the products of these procedures.
Due to the top-down approach of TIL and its rich ontology
organized into the ramified hierarchy of types three kinds
of context are distinguished: extensional context of individ-
uals, numbers and functions-in-extension (mappings), in-
tensional context of properties, roles, attributes and propo-
sitions, and finally hyper-intensional context of procedures
producing intensional and extensional entities or lower-
order constructions as their products. We will demonstrate
the need for such a robust and highly expressive logical sys-
tem on the example of agents’ learning new concepts. Since
agents’ communication has to deal with attitudes (like, e.g.,
believing, knowing, being informed, seeking, finding) the se-
mantic of which is often a stumbling block of classical the-
ories, we also demonstrate TIL logic of attitudes.

1 Introduction

When building up a multi-agent system, agents’ com-
munication and learning by experience are fundamen-
tal as well as technically difficult features of the sys-
tem. In order to properly specify and implement these
features, the application of an expressive logic is de-
sirable. Transparent Intensional Logic (TIL) is such
a highly expressive logical framework apt for a fine-
grained natural language analysis, knowledge specifi-
cation, ontology and communication in general. The
foundations of TIL were laid down by Pavel Tichy
(see [8]). TIL is a robust logical framework within
which particular applications are developed. One of
the first successful applications of TIL was the HIT

* This research has been supported by the Grant Agency
of the Czech Republic, projects No. GACR 401/10/0792,
“Temporal Aspects of Knowledge and Information” and
GACR/401/09/H007, “Logical Foundations of Seman-
tics”.

data model, where TIL is applied in the area of con-
ceptual analysis and specification of the conceptual
schema of a given domain (see [4]). Currently TIL is
developed in particular by Duzi, Jespersen and Ma-
terna (see [3]).

In this paper we describe the application of TIL in
the area of multi-agent systems. We will concentrate
on ontology and knowledge base specification, com-
munication of agents and their learning by experience.
The paper draws on material and results of the project
“Logic and Artificial Intelligence for multi-agent sys-
tems”, the research pursued in our university within
2004 — 2008!. The paper is organized as follows. Ba-
sic tenets of ontology building and conceptual analy-
sis are introduced in Section 2. In the next Section 3
we provide a brief introduction to Transparent Inten-
sional Logic, the tool we are going to apply throughout
the paper. Section 4 tackles the phenomenon of a con-
cept occurrence in the three kinds of context. Section 5
demonstrates how logical operations on concepts differ
according to the context in which the concept occurs.
This is demonstrated on practical examples concern-
ing the system of road traffic that was the case study
of the above mentioned project. Our contribution to
the project results consisted in the proposal of ontol-
ogy and concept management. In particular we dealt
with the specification and implementation of agents’
learning new concepts by asking the other agents for
a refinement of an unknown concept. These capaci-
ties stand heavily on the hyper-intensional features of
TIL that make it possible not only use concepts for an
identification of objects but also manipulate concepts
as objects of predication sui generis.

2 Ontology and knowledge
representation

Ontology should constitute a background for the con-
ceptual analysis and play an integrating role in the sys-
tem. Thus it should be rather a stable part of the sys-
tem, the result of conceptualization of a given domain

! Project results can be found at:
http://labis.vsb.cz/labis/index.php?art=results
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of interest. Ontology serves not only as a terminologi-
cal vocabulary, but in particular it contains definitions
of the most important entities. Besides, these entities
form a conceptual hierarchy that should also recorded
in the formal ontology, together with the most impor-
tant attributes and relations between entities. John
Sowa points out the fact, that when we talk about
conceptualization we talk about organization, struc-
ture and relatedness in the storage and representation
of knowledge, so that there is a connection between
inference and conceptual structure. Sowa also noted
that “logic itself has no vocabulary for describing the
things that exist. Ontology fills that gap: it is the study
of existence of any type entities — abstract or concrete
— that make up the world” [7, p. 51]. It is a well-known
fact that ontology content depends not only on a spe-
cific observed domain, but also on user/designer point
of view. Thus the purpose of application and problems
which are to be solved within a given domain deter-
mine the level of granularity of a respective ontology,
in particular the choice of primitive concepts.

In principle we can say that the result of ontologi-
cal analysis is a conceptual hierarchy of the most im-
portant entities in a given domain, their attributes and
relations between them. The most important relations
to be observed are (a) the relation of necessary impli-
cation between intensions (in particular properties of
individuals) and (b) the part-whole relation between
individuals. The content of ontology should encom-
pass:

1. Conceptual (terminological) dictionary which con-
tains:
(a) primitive concepts
(b) composed concepts
(c) descriptive attributes
2. Integrity constraints
(a) empirical (part-whole relations)
(b) analytical (ISA hierarchy, definitions)
3. Rules
(a) analytic necessities
(b) nomic necessities
(¢) common necessities

Remarks.
Composed concepts are defined by means of the primi-
tive ones in the form of analytical integrity constraints.
Besides descriptive attributes (such as e.g. registration
number of a car) the so called relational attributes are
often contained as well. These relational attributes de-
termine the part-whole relation. They are defined by
empirical integrity constraints.

Ad (1). The first phase of an ontology building
should be the choice of primitive concepts which are
understood as known and not further refined. They

are used in definitions of composed concepts. As men-
tioned above, the level of ontological granularity de-
pends on the application. For instance, primitive con-
cepts in the ontology of an ordinary traffic system
might be roads, vehicles and crossroads. In terms of
these concepts composed concepts like itineraries
would be defined. However, when building a multi-
agent system of mobile and static agents who must
communicate and decide at any moment what to do
next, much more detailed ontology is needed. Primi-
tive concept will then be, for instance, traffic lane in
terms of which roads and crossroads are defined. At-
tributes are attached both to primitive and complex
concepts. In our case traffic lane has an attribute direc-
tion, roads and crossroads have their types (e.g. road
for motor vehicles, one-way road, highway, T-junction,
Y-junction, etc.).

Ad (2). Integrity constraints determine important
conceptual relations. It is useful to distinguish analyti-
cal and empirical constraints. The former are ISA hier-
archies and definitions of composed concepts in terms
of primitive concepts. ISA relations are sometimes con-
fused with part-whole relations. The latter are, how-
ever, of a completely different character. While ISA
hierarchy is induced by a necessary relation between
properties of individuals and it establishes inheritance,
the part-whole relation is a contingent relation be-
tween individuals.

ISA relations are defined by specialization and gen-
eralization. Specialization is used for the definition of
possible roles of elements of a given type (for instance
person can be a road-traffic participant, a driver, pe-
destrian, etc.). Specializations can overlap; for
instance person can be a student as well as an em-
ployee. The hierarchy of road signals is also an ex-
ample of specialization; the parent concept is a road
sign, which is specialized into horizontal and wvertical
sign. Vertical signs are specialized into command, pro-
hibitive, informative, etc. The refinement of horizontal
signs is similar. In this way the hierarchy of ISA re-
lations is formed at the bottom of which there is the
most specialized type of a sign (e.g. ordered direction
to the right). On the other hand generalization serves
to create a new parent type from lower types by drop-
ping away some special features of these lower types.
Usually it is required that the types being generalized
are mutually disjunctive and their union necessarily
covers a new parent type. For example, by generaliza-
tion of the concepts Traffic Signs, Traffic Lights and
Traffic Facilities a new concept Traffic Signals is in-
troduced. ISA relations then form a hierarchy of con-
cepts on the top of which there are concepts with the
highest degree of generalization within the given ap-
plication. The “parent-child” ISA relations are usually
extensionally defined by a set inclusion. This is possi-





ble due to the necessity of these relations. For instance,
necessarily, a set of cars is a subset of the set of vehi-
cles.

As mentioned above, ISA hierarchy gives rise to
inheritance. Elements of lower-order, more specialized
types inherit all attributes from the higher, more gen-
eral type. For instance, since car is a vehicle, it must
have besides its own special attributes also all
attributes of a vehicle.

However, this principle cannot be applied to the
part-whole relation. For instance, a car consists of an
engine, a chassis, and a body. Yet since chassis is not
a car, it does not inherit the attributes of a car, of
course.

Ad (3). Ontology should also contain the specifi-
cation of particular important rules. Here we again
distinguish the degree of necessity, from the highest
analytic necessity down to nomic and common neces-
sities. While analytic necessities are usually specified
in terms of analytic integrity constraints, nomic ne-
cessities are empirical, given by some obligatory laws.
Most frequently these laws are the laws of nature that
are supposed to be valid eternally. For example, no two
physical objects can be located at the same place at
the very same time. The weakest necessities are those
that stem from various conventions valid in a given
time and system. For instance, the rule of driving in
the traffic lane closest to the right (outside of town) is
such a common necessity. This rule is not valid eter-
nally and without exceptions; it is a kind of convention
(for example, in the United Kingdom of Great Britain
the opposite rule of driving on the left is valid). Why is
it important to specify the degree of necessity of par-
ticular rules? This is due to agents’ reasoning and deci-
sion making. If this information were lacking, an agent
would be left in dark which particular rule should be
applied in case of a conflict. Imagine a mobile agent
(vehicle) meeting an obstacle. Then the physical law
that no two objects can occur in the same place at the
same time must have a higher priority than the rule
of driving to the right and the agent makes a decision
to turn to the left-hand lane in order to execute the
activity of overtaking the obstacle. Thus the priority
of particular rules is of a great importance for agents’
reasoning.

Transparent Intensional Logic (TIL) with its high
expressive power provides the explicit specification of
the nomic and common necessities.

Current standard languages for ontology specifica-
tion are mostly based on the first-order predicate logic
(FOL) framework. Typically they make use of De-
scription logic (for details see [1]) which distinguishes
between definitional and incidental part of ontology,
the former containing concepts of attributes rather
than their values. Though FOL has become a conve-
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nient stenography of mathematics, it is not expressive
enough when applied in other areas such as ontology
specification. The main shortcoming of the FOL ap-
proach is this: in FOL we must treat higher-order in-
tensions and hyperintensions (concepts) as elements of
a flat universe. Due to this fact knowledge representa-
tion is not fine-grained and adequate enough. Typing
makes the specification of ontology much more com-
prehensible.

For these and other reasons we vote for TIL as
a specification language. TIL as a typed, hyperinten-
sional partial lambda calculus is an extensional logic of
(hyper-) intensions. Due to its great expressive power
it is a suitable framework in which logical specification
of ontology and knowledge base meeting the above
specified desiderata is smooth and transparent. For
instance, (extensional) classes and (intensional) prop-
erties of individuals are treated as objects of different
types than their individual instantiations. Similarly,
concepts are treated as objects sui generis; they are de-
fined in terms of TIL constructions as hyperintensional
procedures that are objects of higher-order types than
their products. Thus in general, unlike first-order sys-
tems, TIL is fully transparent and no meta-language
is needed.?

3 A brief introduction to TIL

TIL is an overarching semantic theory for all sorts of
discourse, whether colloquial, scientific, mathematical
or logical®. The theory is a procedural one, accord-
ing to which sense is an abstract, pre-linguistic pro-
cedure detailing what operations to apply to what
procedural constituents to arrive at the product (if
any) of the procedure. Such procedures are rigorously
defined as TIL constructions. The semantics is en-
tirely anti-contextual and compositional and it is, to
the best of our knowledge, the only one that deals
with all kinds of context in a uniform way. Thus the
sense of a sentence is an algorithmically structured
construction of the proposition denoted by the sen-
tence. The denoted proposition is a flat, or unstruc-
tured, mapping with domain in a logical space of pos-
sible worlds. Our motive for working ‘top-down’ has
to do with anti-contextualism: any given unambigu-
ous term or expression (even one involving indexicals
or anaphoric pronouns) expresses the same construc-
tion as its sense whatever sort of context the term or

2 For instance, in the Description Logic when one wants
to predicate a property of a concept, a separate “meta-
individual” must be created first that is then related to
the concept by some naming convention.

3 Parts of this section draw on material published in [3],
in particular Chapters 1 and 2, where more details on
Transparent Intentional Logic can be found.
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expression is embedded within. And the meaning of an
expression determines the respective denoted entity (if
any), but not vice versa. The denoted entities are (pos-
sibly 0O-ary) functions understood as set-theoretical
mappings. Thus we strictly distinguish between a pro-
cedure (construction) and its product (here, a con-
structed function), and between a function and its
value.

Intuitively, construction C' is a procedure (a gener-
alised algorithm). Constructions are structured in the
following way. Each construction C' consists of sub-
instructions (constituents), each of which needs to be
executed when executing C. Thus a specification of
a construction is a specification of an instruction on
how to proceed in order to obtain the output entity
given some input entities.

There are two kinds of constructions, atomic and
compound (molecular). Atomic constructions (Vari-
ables and Trivializations) do not contain any other
constituent but themselves; they specify objects (of
any type) on which compound constructions operate.
Variables x, y, p, q, ..., construct objects dependently
on a valuation; they wv-construct. The Trivialization
of an object X (of any type, even a construction), in
symbols °X, constructs simply X without the medi-
ation of any other construction. Compound construc-
tions, which consist of other constituents as well, are
Composition and Closure.

Composition [F' 4y ... A,] is the operation of func-
tional application. It v-constructs the value of the
function f (valuation-, or v-, -constructed by F') at
a tuple argument A (v-constructed by Ay, ..., A4,), if
the function f is defined at A, otherwise the Compo-
sition is v-improper, i.e., it fails to v-construct any-
thing.* Closure [Az; ...z, X] spells out the instruc-
tion to v-construct a function by abstracting over the
values of the variables x1, ..., z, in the ordinary man-
ner of A-calculi. Finally, higher-order constructions can
be used twice over as constituents of composite con-
structions. This is achieved by a fifth construction
called Double Execution, X, that behaves as follows: If
X v-constructs a construction X', and X’ v-constructs
an entity Y, then 2X v-constructs Y'; otherwise 2X is
v-improper, failing as it does to v-construct anything.

TIL constructions, as well as the entities they con-
struct, all receive a type. The formal ontology of
TIL is bi-dimensional; one dimension is made up of
constructions, the other dimension encompasses non-
constructions. On the ground level of the type hierar-
chy, there are non-constructional entities unstructured
from the algorithmic point of view belonging to a type
of order 1. Given a so-called epistemic (or objectual)

4 As mentioned above, we treat functions as partial map-
pings, i.e., set-theoretical objects, unlike the construc-
tions of functions

base of atomic types (o -truth values, t-individuals,
7-time moments/real numbers, w-possible worlds), the
induction rule for forming functional types is applied:
where «, f31,...0, are types of order 1, the set of
partial mappings from f$; X ... X B, to a denoted
“(afy...Bn is a type of order 1 as well.> Construc-
tions that construct entities of order 1 are construc-
tions of order 1. They belong to a type of order 2,
denoted ‘x;’. The type x; together with atomic types
of order 1 serves as a base for the induction rule: any
collection of partial mappings, type (af...5n), in-
volving *; in their domain or range is a type of order
2. Constructions belonging to a type %o that identify
entities of order 1 or 2, and partial mappings involving
such constructions, belong to a type of order 3. And
so on ad infinitum.

The sense of an empirical expression is a hyperin-
tension, i.e., a construction that produces a (possible
world) (a-)intension, where a-intensions are members
of type (aw), i.e., functions from possible worlds to an
arbitrary type a. On the other hand, (a-)extensions
are members of a type «, where « is not equal to (Sw)
for any f3, i.e., extensions are not functions whose do-
main are possible worlds.

Intensions are frequently functions of a type
((aT)w), ie., functions from possible worlds to
chronologies of the type « (in symbols: a.,,), where
a chronology is a function of type (a7). Some impor-
tant kinds of intensions are:

Propositions, type o,,. They are denoted by empirical
sentences.

Properties of members of a type «, or simply
a-properties, type (oa)mﬁ. General terms, some sub-
stantives, intransitive verbs (‘student’, ‘walks’) denote
properties, mostly of individuals.
Relations-in-intension, type (051 . .. Bm)rw. For exam-
ple transitive empirical verbs (‘like’, ‘worship’), also
attitudinal verbs denote these relations.

a-roles, also a-offices, type ar,,, where a # (0f3). Fre-
quently ¢-,. Often denoted by concatenation of a su-
perlative and a noun (‘the highest mountain’).

An object A of a type « is denoted ‘A/a’. That
a construction C'/x,, v-constructs an object of type «

5 TIL is an open-ended system. The above epistemic

base o, t, T,w was chosen, because it is apt for natural-
language analysis, but the choice of base depends on the
area and language to be analysed. For instance, possible
worlds and times are out of place in case of mathemat-
ics, and the base might consist of, e.g., 0 and v, where v
is the type of natural numbers.
We model a-sets and (a1 ... awn,)-relations by their char-
acteristic functions of type (o), (o1 ...an), respec-
tively. Thus an a-property is an empirical function that
dependently on states-of-affairs (7w) picks-up a set of
a-individuals, the population of the property.





is denoted ‘C —, a’. We use variables w, w1y, ... as
v-constructing elements of type w (possible worlds),
and t, t1, ... as v-constructing elements of type 7
(times). If C —, oy, v-constructs an a-intension,
the frequently used Composition of the form [[C w]t],
the intensional descent of the a-intension, is abbrevi-
ated ‘Cyy’.

We invariably furnish expressions with their pro-
cedural structured meanings, which are explicated as
TIL constructions. The analysis of a sentence thus con-
sists in discovering the logical construction encoded by
a given sentence. To this end we apply a method of
analysis that consists of three steps”:

1. Type-theoretical analysis, i.e., assigning types to
the objects that receive mention in the analysed
sentence.

2. Synthesis, i.e., combining the constructions of the
objects ad (1) in order to construct the proposition
of type o, denoted by the whole sentence.

3. Type-Theoretical checking.

To illustrate the method, let us analyse the sentence
“All drivers are persons”.

Ad (1) The objects mentioned by the sentence
are individual properties of being a Driver and being
a Person, and the quantifier All. Individual proper-
ties receive the type (((ot)7)w), otr, for short. Given
a world-time pair (w, t), a property applied to world w
and time t returns a class of individuals, its popula-
tion at (w,t). Yet the sentence does not mention any
particular individual, be it a driver or a person. It
says that the population of drivers is a subset of per-
sons. Thus the type of the (restricted) quantifier All
is ((o(ot))(or)). Given a set M/(o¢) of individuals, the
quantifier All returns all the supersets of M. Thus we
have [°All °M] — (o(0i)).

Ad (2) Now we combine constructions of the ob-
jects ad (1) in order to construct the proposition (of
type 0r,) denoted by the whole sentence. Since we
aim at discovering the literal analysis of the sentence,
objects denoted by semantically simple expressions
‘driver’, ‘person’ and ‘all’ are constructed by their
Trivialisations: °Driver, °Person, °All. By Composing
these constructions, we obtain a truth-value (T or F),
according as the population of people belongs to the
set of supersets of the population of drivers. Thus we
have, [[PAll °Driver,,] °Person,:] —, o. Finally, by
abstracting over the values of the variables w and ¢,
we construct the proposition:

Mwt [[PAll °Driver,;] °Person.,].

Ad (3). By drawing a type-theoretical structural tree,
we check whether particular constituents of the above

" For details see, e.g.,[5]
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Closure are combined in a type-theoretically correct
way.

Aw At [[°All °Driver,,] *Person,,]
((o(ov)(ov)) (o1
(o(ov)) (oy)
| o
(o7)
_—

((ot)w) the type of a proposition, 0., for short.

4 Three types of context and agents’
communication

TIL is an extensional logic of hyper-intensions and due
to its rich typing three kinds of context can be eas-
ily distinguished and logically manipulated. They are
the extensional context of individuals, numbers and
functions-in-extension (mappings), intensional context
of objects like properties, roles, attributes and propo-
sitions, and finally hyper-intensional context of proce-
dures producing intensional and extensional entities,
or lower-order hyper-intensions as their products.

Concepts are defined in TIL as closed constructions
modulo a- and n-transformation. More precisely, we
say that a- and n-equivalent constructions are proce-
durally isomorphic. The class of procedurally isomor-
phic constructions can be ordered in such a way that
the least element of this class is a construction C in
its normal form. Concept C' is defined as a closed con-
struction C' in its normal form. Concept C is defined
as a closed construction C in its normal form. The
other procedurally isomorphic constructions point to
the concept C.

Consider, for instance, the expression “the Pres-
ident of the Czech Republic”. Its meaning is a con-
cept of the president of the Czech Republic, and the
object denoted by this expression is an individual
office of the President of the Czech Republic, the
object of type tr,, constructed by the concept ex-
pressed by the expression. In order to discover this
concept, we apply our method of analysis. First, we
assign types to the objects mentioned by the ex-
pression: President_of/(tt),: an empirical function
(attribute) that dependently on world-time pairs as-
signs to an individual another individual, its president;
CR/v; President.of CR/ir,: an individual office.

Second, we compose constructions of these objects
in order to construct the office. But the empirical func-
tion is not a type-theoretically proper object to be
composed with an individual. The function must be
extensionalized first: [[°President_of w] t] —, (1t) or
OPresident_of.: for short. Applying the result to the
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individual C'R we obtain another individual, its pres-
ident: [“President_of,: “CR] —, ¢; Finally, abstract-
ing over the values of variables w and t we construct
the office:

Mwt [°President_ofu: "CR] — trg,.

This Closure is the concept of the president of
the Czech Republic. The other constructions
procedurally isomorphic with this one, e.g.,
2w\t [PPresident _of .y

°CR], MwAt [Ax [°President_ofy,: x] CR)(x —, 1),
point to this concept. An occurrence of this concept
in another closed construction can now be hyper-
intensio-nal, intensional, or extensional.

If hyper-intensional, then the concept itself is an
object of predication. It is not used to construct the
office, only mentioned as an object sui generis. As an
example, consider the sentence “Tom does not know
the concept of the President of the Czech Republic”.
Knowing here is the relation-in-intension of an indi-
vidual (T'om) to the concept itself, i.e., an entity of
type *1. Thus we have Know/(ot*1)r,. The meaning
of the sentence is then the Closure

Mt (D[P Know.w: “Tom Dwt [*President_of.. °CR]]].

Note that the concept AwAt [°President_of,: ‘CR]
is here mentioned, i.e. constructed by Trivialization.
We also say that the concept occurs in the hyper-
intensional context. Notoriously known example of
a hyper-intensional context is the context of attitudes
like knowing, believing. Carnap in (1947, Ch. 5) char-
acterized these contexts as neither extensional nor in-
tensional, and he was right, because they are hyper-
intensional.

If the concept is used to construct the office, then
it can be used either intensionally or extensionally. If
the former, then the office itself is an object of pred-
ication; its value (if any) in a given world-time pair
of evaluation is irrelevant. For instance, the sentences
of the Czech constitution like “President of the Czech
Republic is eligible by its parliament” are about the
office itself. Being eligible by parliament is a property
of the office rather than its holder (if any). The sen-
tence is true even if the office happens to be vacant.
The analysis of the sentence reveals this fact:

Mwt [PEligible,:[Mwt [*President_of,; “CR]]].

Additional type: Eligible/(0try)rw: the property of an
office.

An extensional context is the context of using
a concept to construct a function, here the office of
President of Czech Republic, and also the value of the
function at a given argument, here the value of the
office at a given word-time pair of evaluation. For in-
stance, in the sentence “The President of the Czech

Republic is a tennis player” the concept of the pres-
ident is used extensionally. The individual who occu-
pies the office is the object of predication. If the of-
fice is vacant, i.e. there is no such individual in the
world-time pair of evaluation, then the sentence has
no truth-value. It cannot be true, for sure. If it were
false then its negation “President of the Czech Repub-
lic is not a tennis player” would have to be true which
would also entail that the office is occupied, contra the
assumption. The analysis of the sentence comes down
to this construction:

AwAt [OTenm's,Playerwt [AwAt [OPresident,ofwt OCRHwt].

Additional type: Tennis_Player/(ot)r,: the property
of an individual. Since an office cannot play tennis
but its holder can, the office must be subjected to the
intensional descent in order to v-construct the holder
in a given (w, t)-pair of evaluation:

[AwAt [*President_of,; °CR]]w:. We also say that the
concept occurs here with supposition de re, unlike the
intensional occurrence which is de dicto.

In our case study of the traffic system we exploit
TIL capacity to handle hyper-intensional contexts in
order to implement agent’s learning by experience.
Agents are “born” with a minimal ontology. During
their life-cycle they learn new concepts and thus enrich
their ontology by asking the other agents. Whenever
an agent receives a message containing a concept that
is not contained in their ontology, the agent answers
by asking for the definition that is a refinement of the
unknown concept. This mechanism is described in the
next Section 5.

5 Learning new concepts

Current FIPA standard for agents’ communication
is ACL (Agent Communication Language) which is
an extension of KQML (Knowledge Query Manipula-
tion Language)®. FIPA standards provide basic mes-
sage types which concern message content. Basic types
are, e.g., Query, Request, Inform. The standard
(FIPA SC00037J) prescribes for each type of a mes-
sage a Feasible Precondition and message impact of
respective type to mental state of the receiver called
Rational Effect. This impact is expressed by a mea-
sure of sender certitude about the message content.
In FIPA standards there are also some specific mes-
sage types (called performatives) such as Querylf, In-
formlIf, QueryRef, InformRef, Confirm, Disconfirm,
etc., which complete the meaning of the message. For
instance, the message type QueryRef specifies a per-
formative that the sender asks a receiver for sending
an answer which is the content (extension) of the re-
spective concept.

8 More on FIPA standards can be found in [9)





Example. Agent i is asking agent j for its available
services.

query-ref
:sender (agent-identinfier :name i)
:receiver (set (agent-identifier :name j))
:content

"((all ?x (available-service j 7x)))"

)

Agent j replies that it can reserve trains, planes and
automobiles.

(inform

:sender (agent-identifier :name j)

:receiver (set (agent-identifier :name i))

:content

"((= (all ?x (available-service j 7x))
(set (reserve-ticket train)

(reserve-ticket plane)
(reserve automobile))))"

L)

However, none of these standard message types makes
it possible to specify the need of an agent to learn (the
definition of) a new concept that is not contained in
their ontology. To this end we introduced new higher-
order types Unrecognised and Refine that do not have
a FIPA standard counterpart. Unrecognised is the type
of a message with the request for refinement of an un-
recognized concept and Refine is the type of a message
that contains the respective definition of an unknown
concept. Thus these new types concern concepts them-
selves rather than their extensions and in order to use
them we need a logic of hyperintensions such as TIL.

As mentioned above, in our project we use the TIL
language of constructions as a specification language®.
Now we demonstrate using these new types by an ex-
ample.

Scenario. An agent a is sending a Querry_Ref mes-
sage asking an agent b for information on the kind of
an action being executed by b. The agent b replies to
a using an Inform message informing a that he (i.e. b)
is travelling. However, the agent a does not have the
Travel concept in its knowledge base. Thus he must
ask b for the definition of Travel(ling). To this end a
sends a message with the following content:

AWt [OUnrecogm'sedwt OOTrcwel]; Unrecognised/(0%n)rw
The agent b answers as follows:

[°Re finedS Travel] =
IwAtAx [[PMove,: z]A
Jp [p = [OStart_ofu: x]]A
Jq [q = [*Destination_of,: x]|A

Jy [y = ["Means_of Transport,; x]||]

9 More precisely, its computational variant the TIL-Script
language.
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Types:  Refine/(#p*p)rw:  function  that  re-
turns as its value the composed construc-
tion that is a refinement (i.e. a more de-
tailed equivalent) of the input construction;

Start_of, Destination_of, Means_of Transport/(it)r.;
Travel, Move/(ot)re.

Suppose now that the primitive concepts °Move,
OPlace and °Means_of_Transport are known to the
agent a, that is that a has these concept in his ontol-
ogy; if not then he again asks for refining definitions.
Being informed on the activity of b’ travelling, a can
now deduce that there are places p and ¢ such that b
is moving from p to g by means of something. Here is
how:

1. [Travel,; %)
2. Travel = DMwAtAz [[*Move,, z]A
Ip [p = [®Start_of wt x]|A
Jq [q = [*Destination_of,; x]|A
Jy [y = ["Means_of Transport,, z]]]] assumption
3. [[PMove,; BN
Ip [p = [*Start_ofw: B]|IA
Jq [q = [*Destination_of,: B]|A
Jy [y = ["Means_of Transport.,; ]|
Substitution of identicals and S-reduction (b/x)

assumption

4. 3p [p = [°Start_ofu %] EK 3
5. 3¢ [q = [°Destination_of.,{b]] EK 3
6. 3y [y = ["Means_of Transport,,; b] EK 3

Conclusion

In this paper we demonstrated the need for an expres-
sive logical framework in order to adequately spec-
ify agents’ ontology and communication. We also ar-
gued that TIL with its procedural semantics is such
a framework. It is an extensional logic of intensions
and hyper-intensions, which means that extensional
principles like Leibniz’s laws and existential general-
ization are valid in all kinds of context, whether exten-
sional, intensional or hyperintensional. These features
make TIL a logical system apt for the fine-grained on-
tology and knowledge specification. Hyperintensional-
ity of TIL has been exploited in particular in agents’
learning and reasoning.
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Abstrakt KazZdy den dostdvd vétsina akademickijch pra-
covniki mnoZstvi emaild typu Call for papers (CFP), neboli
ozndment o konferencich. Organizace téchto emaili zabird
stdle vice c¢asu a aktualizace udaji v kalenddri je casto
vice neZ ndroénd. V rdmci tohoto éldnku typu Work in
progress bychom chtéli prFedstavit systém pro extrakci infor-
mact z téchto ozndmeni. Pro dolovdni informact vyuZivdme
sadu jednoduchijch, ale efektivnich technik v nevsednim po-
jeti. Jde mnapt. o extrakci informaci (EI) na zdkladé
n-grami, nebo s vyuZitim vlastni implementace webového
rozhrani k populdrnimu ndstroji GATE [1].

1 Uvod

Cilem prace je vytvoreni néastroje, ktery umozni ziskat
lepsi piehled o budoucich konferencich. Jedné se hlav-
né o dulezité datumy, témata, misto a ¢as konani kon-
ference. Nastroj bude nejdfive vyuZzit pro potieby
konkrétnich vyzkumnych skupin, pozdé&ji je predpok-
ladano jeho vefejné zpiistupnéni.

Hlavni motivaci préace je fakt, ze v dnesni dobé je
vétsina konferenci oznamovana pouze emailem a neni
mozné ziskat celkovy prehled o jednotlivych udéalos-
tech. Casto se stava, Ze je néktera zajimava konferen-
ce opomenuta napf. z divodu promeskani dilezitého
terminu, nebo prehlédnuti zajimavého tématu. Tento
néstroj se snazi nejen ziskavat informace z vlastnich
oznameni, ale navic dohledava dalsi informace na we-
bovych strankich oznadmenych konferenci, nebo pifimo
sbird samostatna oznameni z prostifedi Webu. Tato
iloha kombinuje problematiku extrakce a klasifikace
informaci z prostého textu i Webu s technikami pro
sdileni informaci v ramci socialnich siti s vyuzitim
principt Webu 2.0. Pfistup k seznamu konferenci je
pro uzivatele umoznén pfes webové rozhrani a uzi-
vatelé mohou vyuZivat pokrocilého filtrovani a Stit-
kovani konferenci pro sebe i své socialni skupiny. Jiz
v prubéhu nastaveni omezujicich podminek se uzivateli
zobrazuje pocet vybranych konferenci. Této vlastnosti
je dosazeno s vyuzitim interaktivniho webového roz-
hrani zaloZeného na technologii AJAX. Tato webova
aplikace vyuziva existujici knihovnu jQuery [2] pro
podporu technik Webu 2.0.

* Tato prace byla Castecné podporovana z prostiedki

Narodniho Programu Vyzkumu II, projekt 2C06009
(COT-SEWing).

1.1 Obsah ¢lanku

V tomto ¢lanku budou vysvétleny pouzité existujici
i navrzené metody pro extrakci a klasifikaci informaci.
Dale budou prezentovany predbézné vysledky tykajici
se presnosti a tiplnosti extrahovanych dat.

Metody pro extrakei a klasifikaci informaci budou
predstaveny zvlast z davodu piehlednosti a vyuziti
paralelnich néstroju fesicich tyto tlohy oddélené. Pii
extrakci informaci se budeme zabyvat pouze vybérem
zajimavych bloku textu a v ramci klasifikace budeme
Tesit jejich kvalitu, hodnotu a spravnost vzhledem k ce-
lému informacénimu zdroji. Vybér zajimavych ¢asti
textu provadime s vyuzitim vlastni webové sluzby za-
lozené na néastroji GATE a paralelné is vyuzitim
extrakce zalozené na n-gramech. Extrakce informaci
zaloZen4 na n-gramech je velice rychla a pomérné spo-
lehliva, neobsahuje vSak tolik moznosti jako nastroj
Gate online. Gate online navic umoziuje vyuziti
gazetteerl, neboli seznamt pojmenovanych entit jako
napf. anglické nazvy mést a stati. Oproti extrakei za-
lozené na n-gramech dosahuje vyssi tiplnosti oznace-
nych dat, av8ak nizsi pfesnosti. Detailnéjsi porovnéani
bude provedeno v ramci popisu metod pro extrakci
informaci.

2 Gate online

Komponenta Gate online, jak jeji ndzev napovida, vy-
uziva nastroje GATE [1] a funguje jako webova sluzba.
GATE je open source software, ktery je pouZitelny
k feSeni témér vSech uloh tykajicich se zpracovani pii-
rozeného jazyka. GATE je obecny a univerzalni na-
stroj sloZzeny z mnoha plugint a nabizejici Java API
pro vytvareni aplikaci. Nastroj GATE je pouzivan po-
¢etnou komunitou predevsim pro extrakci pojmeno-
vanych entit. Konkrétnimi piiklady jsou i systém
MACE [3] nebo metoda BEIRA [4].

Gate online je dalsim néstrojem vyuzivajicim
GATE Java API. Na rozdil od jinych aplikaci, které
se pouzivaji k feSeni specifickych tloh, je Gate online
nastrojem vice obecnym. K obecnosti pfispiva vyuziti
zakladnich dvou pluginti, kterymi jsou ANNIE
a Montreal Transducer. Gate online vznika jako zno-
vupouzitelny nastroj postaveny na Java GATE API
pro extrakci informaci z textu.
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<Sentence gate:gateld="75">
<Date gate:gateld="85" rulel1="DateName" kind="date"
rule2="DateOnlyFinal">14 July 2010</Date>
<Location gate:gateld="86" rulel="Location1" locType="city"
rule2="LocFinal">London</Location>

’
<Location gate:gateld="79" rulel="Location1" locType="country"
rule2="LocFinal">United Kingdom</Location>
</Sentence>

Obr. 1. Cast XML vystupu ziskaného pomoci Gate online.

2.1 Zpisob vyuziti Gate online

Komponenta Gate online je nyni v aplikaci pro analyzu
emailt typu CFP vyuZivana ptes HTTP Post. Vstu-
pem komponenty je analyzovany text a parametry,
mezi které patii pozadované ¢ nezadouci anotace. Jed-
nim z moznych vstupi je také mnozina skriptt napsa-
nych v jazyce JAPE. Vystupem je XML dokument
s tagy a jejich parametry, které odpovidaji zadanym
anotacim. Cast ukazkového vystupu znazoriiuje Obr. 1L

2.2 Gate online ve vyvoji

Néastroj Gate online se postupné vyviji. Od verze
GATE 5.1 nen{ plugin Montreal Transducer dale pod-
porovan a je vyuZivana jeho novéi verze JCompiler.
Gate online pracuje z technickych divodu se starsi
verzi pluginu. Zpusob vyuziti pluginu Montreal Trans-
ducer je nastinén dale v textu.

V soucasné dobé je Gate online pouzivan k extrak-
ci anglicky psanych lokaci a jmen osob z texti emaila.
Extrakci umoziuje plugin ANNIE a seznamy klico-
vych slov (gazetteers). ANNIE dale umozije extrakei
datumu zapsanych v anglickém formatu, ¢esky format
neni podporovan. Anotace Ceskych datumu je reali-
zovana s vyuZzitim skripti napsanych v jazyce JAPE.

K rozsifeni moznost{ webové sluzby byl proto integ-
rovan plugin Montreal Transducer. Tento plugin
umoziuje prekladat skripty napsané v jazyce JAPE.
Gramatika jazyka JAPE neni sloZitad a umoziuje pra-
covat s anotacemi jako s regularnimi vyrazy. Navic lze
pouzivat i jazyk Java.

Plugin Montreal Transducer a v ném napsany
JAPE skript nyni umozZiuje i extrakeci ¢eskych typi
datumii (napf.: 22.10. 2009) nebo anotaci dulezitych
Fetézci predstavujicich typy udélosti (napf.: Paper
submission).

Pomoci JAPE skripti lze jednoduché anotace spo-
jovat do slozitéjsich a sémanticky vyznamné&jsich. Pro
pripad anotace emaili typu CFP by bylo vhodné k da-
tumtm piifazovat udalosti, se kterymi jsou spojené.
Tato moznost neni vSak jesté realizovina, protoze se
v komponenté Gate online zatim z neznamych divodua

nedafi vyuzit vSechny moznosti jazyka JAPE.
Konkrétné nefunguji jazykové konstrukce ,contains®
a ,within“.

3 Extrakce informaci z prostého textu

Jednim ze zakladnich pozadavkl na vyvijeny nastroj
je zvySeni komfortu pii zpracovani a planovani konfe-
renci. Aby bylo moZné tohoto cile dosdhnout, je tFeba
provadét automatické zpracovani ziskanych informaci.
Oznameni o konferenci miuzeme ziskat z emaili, nebo
z Webu. Ve vétsiné pfipadu se bude jednat o analyzu
nestrukturovanych textovych dat. P¥ipravujeme i we-
bového robota, ktery bude ziskdvat ozndmeni z vy-
branych stranek na zakladé statistickych metod i zna-
losti struktury stranky. Tyto metody budou v8ak vi-
ceméné ojedinélé a nelze na né spoléhat.

Prestoze extrakce informaci zahrnuje zaroven i kla-
sifikaci, v naSem piipadé bylo vhodné tyto dvé tulohy
oddélit. Pod pojmem extrakce informaci bude oznadco-
vano nalezeni zajimavych informaci odpovidajici Sab-
loné, nebo vzoru. Problematika klasifikace textd bude
v ramci této tlohy zaméfena na analyzu potencialné
zajimavych texti ziskanych v ramci extrakce infor-
maci. Jedna se o klasifikaci datumi, témat a dalsich
informaci.

Toto rozdélen{ problému prinasi moznost paraleli-
zace vypoctu a rychlejsi odezvu celého systému. Navic
se kazda z téchto Casti muze v Case ménit aniz by
omezila, nebo dokonce ohrozila provoz ostatnich kom-
ponent.

3.1 Vliv predzpracovani

Cilem predzpracovani je usnadnéni EI z prostého tex-
tu. Z tohoto divodu je vhodné ze vstupniho textu
odstranit vSechny html znacky, abychom mohli pouzi-
vat naprosto stejnych metod pro EI z emaild i we-
bovych stranek. Nez tak mizeme ucinit, je tfeba ziskat
z html znacek pouzitelné informace. Jedna se napft.
o odkazy, nebo informace tykajici se optické struk-
tury textu. Jestlize nalezneme napt. znac¢ku oznacujici
nékolik odradkovani nebo odstavec, je ziejmé, Ze se
autor dokumentu snazil provést optické oddéleni bloki
textu. Tato informace pro nas muze byt dilezita. Tuto
pozici v textu si oznac¢ime vlastni pomocnou znackou
oznacujici optické oddéleni textovych bloki. Nyni jiz
lze bez problémil provést odstranéni vSech html zna-
¢ek, nebot podstata informace z nich jiZ byla ziskana.

Pi analyze testovaciho korpusu s emaily typu CFP
bylo zjisténo, Ze vétsina textu je rozdélena do opticky
oddélenych textovych bloki. Mize to byt déleni s vy-
uzitim html znacek, nebo optické oddéleni s vyuzitim
napf. znakt hvézdicka, pomlcka apod. Kazdy opticky





blok obsahuje ve vétsiné pripadi pouze jeden typ infor-
mace. Napf. Gvodni informace, dilezité datumy, té-
mata konference, kontaktni tidaje a upresnujici infor-
mace o misté konani konference. Kazdy blok miZeme
predbézné analyzovat a rozhodnout, zda obsahuje né-
jakou uzite¢nou informaci a odhadnout kterou. Pokud
se nam podafi tspésné oznaclit blok textu obsahujici
dualezité datumy, neni t¥eba dalsi datumy vyhledavat
v ostatnich blocich. Vlastni extrakci udalosti s pomoci
n-gramu tak muizeme provést pouze nad timto jed-
nim blokem, coz nam velmi vyrazné zvysi efektivitu
celého systému. Vysledkem je analyza primérné jen
1/5 ptvodniho textu. Blok obsahujici témata konfe-
rence je mozné dale vyuzit pro automatické stitkovani
a usnadnit tak t¥idéni konferenci.

3.2 Vyuziti n-grami pro extrakci udalosti

Za udalost je v ramci této prace povazovana kratka
textova informace doplnéna o souvisejici datum.
Extrakce dulezitych udélosti je provadéna nad tex-
tovym blokem zvolenym v rdmci pfedzpracovani. Ten-
to blok obsahuje mnozstvi datumu a kratkych popis-
nych texti. Nejvhodnéjsi je zpracovavat textovy blok
v nékolika krocich. V ramci prvniho kroku se provede
hrub4 klasifikace slov, ktera by mohla oznacovat den,
mésic, rok nebo jejich kombinaci. Ve druhém kroku
se v ramci trigrami provede spojeni téchto slov do
jednoho celku a zaroven se provede prevod na jed-
notny forméat ve tvaru: YYYY-MM-DD. Tento tvar
nam usnadni dalsi zpracovani a ulozeni do databaze.
Nynfi jiz zbyva kratké texty pouze sparovat s datumy.
S vyuzitim této techniky lze velice Gspésné vyextra-
hovat vétsinu datumii zapsanych v jednom z mnoha
pouzivanych zapist véetné automatické opravy nejcas-
t&jsich chyb.

3.3 Porovnani EI dle n-gramt a GATE

V pripadé extrakce udélosti s vyuZitim n-gramu je
dosazeno velmi vysoké presnosti i aplnosti ziskanych
dat v ramci vybraného bloku. V pfipadé webové sluzby
Gate online je jako vstup vyuzit cely dokument, nad
kterym je provadéno automatické anotovani. Tento
pristup vSak neumoziuje oznaceni vybraného bloku
pro presnégjsi extrakci napt. dulezitych datumi, které
se v tomto bloku pravdépodobné vyskytuji. Webova
sluzba Gate online anotuje vSechny pravdépodobné
vyskyty datumi, jiz vSak nefesi jejich spravnost ani
prevod na jednotny formét, coz znesnadiuje dalsi
zZpracovani.

presnost ziskanych datumt, nikoliv dplnost. Dalsim
davodem pro vyuziti n-gramt pro extrakci datumi
byla vyrazné vyssi rychlost provadéné extrakce oproti
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sluzbé Gate online. Sluzba Gate online se z tohoto
divodu vyuziva hlavné pro kontrolu a potvrzeni da-
tumi a specializuje se na slozitéjsi ulohy, které by
nebylo mozné jinak efektivné tesit. Jednd se napf.
o extrakci zemépisnych lokaci, jmen osob apod.

4 Klasifikace udajti

V priubéhu klasifikace dochéazi k vybéru zajimavych
udaja, které budou pouzity pfi vyhledavani, katego-
rizaci a $titkovani konferenci. Ziskané tidaje jsou zara-
zovany do vybranych ti¥id dle jejich ohodnoceni urce-
ného pro kazdou klasifika¢ni t¥idu.

Nejdrive je tfeba nadefinovat klasifika¢ni t¥idy, vy-
tvorit vzorec pro klasifikaci kratkych textt a zavést
priority klasifika¢nich tiid.

4.1 Definice klasifika¢nich trid

Volba klasifika¢nich tiid zavisi na typech sledovanych
informaci. MiZe se jednat napf. o informaci tykajici
se zaslani abstraktu, odeslani ¢lanku, pfijeti pfispévku
nebo konani konference. Udaj spadajici do konkrétni
klasifika¢ni t¥idy muze i nemusi byt nalezen v ramci
oznameni o konferenci. Nalezené tdaje mohou casto
spadat do vice klasifika¢nich t¥id, coz velmi znesnad-
nuje tuto ulohu. V prabéhu klasifikaéni faze je snaha
0 co nejpresnéjsi zarfazeni informace do vhodné klasi-
fika¢ni t¥idy. Pokud je textova informace rozpoznana
a splhuje-li vS8echny omezujici podminky, je vzdy za-
fazena pravé do jedné klasifikaéni t¥idy. MoZnost za-
mény je feSena aZ v ramci grafického uZivatelského
prostiedi na zékladé priority a preferenci uzivatele.

Kazda Kklasifika¢ni t¥ida je definovidna mnozinou
klicovych slov, ktera byla automaticky ziskana z bloku
duleZitijch datumi v ramci bodu extrakce informaci.
Po odstranéni stop slov byla klicova slova sefazena
dle jejich vyskytu a nejfrekventovanégjsi slova byla ma-
nualné prifazena klasifikaénim tfiddm. Jedno klicové
slovo muze byt prifazeno nékolika klasifika¢nim tfidam
s kladnym i zapornym ohodnocenim. Kladné ohodno-
ceni t¥idu potvrzuje, zaporné vyvraci. Definice klasi-
fika¢ni t¥idy s vyuzitim mnoziny kli¢ovych slov se uka-
zala byt mnohem vhodnéjsi, nez vyuziti viceslovnych
frazi. Diky tomuto pfistupu dojde ke sniZeni ¢asové
i pamé&tové naroc¢nosti klasifika¢niho algoritmu bez mé-
fitelného vlivu na pfesnost a tplnost extrahovanych
dat. Vyuziti frazi dale nebylo moZné realizovat z du-
vodu nedostupnosti dostateéné velkého korpusu, ktery
by tyto fraze obsahoval. Nas soucasny korpus obsahuje
cca 1000 CFP a zptisob zapisu jednotlivych udélosti se
ukazal jako velmi rtiznorody.
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4.2 Volba klasifika¢niho algoritmu

Pro potfeby této tlohy by mohlo byt vyuzito mnoho
ruznych klasifika¢nich algoritmt jako napf. rozhodova-
ci stromy, kaskddové klasifikatory, nebo naivni Baye-
sovsky klasifikator.

Rozhodovaci stromy se ptivodné zdaly jako nejlepsi
volba. Od tohoto feSeni nas vSak odradila nutnost ma-
nuélni, pfipadné supervizované tvorby rozhodovacich
stromi. V naSem piipadé by se jednalo konkrétné
o pravdépodobnostni rozhodovaci strom. P¥i priachodu
stromem se vybiraji vétve s maximalnim pravdépo-
dobnostnim ohodnocenim. Cilovy stav je pak dan pou-
ze cestou od kofene k listu. V piipadé vyuziti této
metody nedochézi k iplnému priichodu rozhodovactho
stromu a mohlo by dojit k opomenuti cesty s lepsi
pravdépodobnosti.

V ramci této tlohy bylo vhodné&jsi vyuzit funkci,
ktera textu pfifadi ohodnoceni pro vsechny klasifika¢ni
tTidy na zaklad€ vSech nalezenych tdaji. Vybrana bu-
de t¥ida s nejlepsim ohodnocenim. Tomuto pozadavku
vyhovuje princip naivniho Bayesovského klasifikato-
ru [5]. Pro tuto ulohu je to v8ak p¥ili§ mocny nastroj,
ktery bude spotiebovéavat zdroje bez odpovidajicich
vysledkt. Tato tloha se zaméfuje pouze na klasifikaci
udalosti, tedy velmi kratkych texti. Z tohoto divodu
je zbyteéné pocitat podminénou pravdépodobnost slo-
va na klasifika¢ni t¥idé. Uplné si vystaéime s jeho exis-
tenci a celo¢iselnym ohodnocenim uréujicim jeho vy-
znam. Pro tyto ucely je vSak nutné klasifika¢ni funkci
upravit.

4.3 Volba klasifikaéni funkce

Tato tloha se zaméfuje na klasifikaci kratkych texti
do pfedem stanovenych t¥id. Z tohoto divodu lze sta-
novit nasledujici kritéria pro klasifika¢ni funkci:

1. Vytvorime funkci vracejici celo¢iselné ohodnoceni
textu pro kazdou klasifika¢ni t¥idu. Celkové ohod-
noceni textu je dano jako soucet ohodnoceni pro
vSechna vstupni slova. Kazdé slovo ma urcené
ohodnoceni dle jeho vyznamu ke klasifikaéni tidé.
Toto ohodnoceni bylo definovano v ramci definice
klasifika¢nich t¥id. Pozitivni ohodnoceni slova da-
nou klasifika¢ni tfidu potvrzuje, negativni vyvraci.

2. Text zaradime do tfidy ¢ s nejvyssim ohodnocenim
ur¢enym dle vztahu (1), kde T je mnoZina slov
vstupniho textu, s; slovo z T' a funkce v vraci ohod-
noceni slova dle jeho definice v ramci klasifika¢ni
tridy.

n
h(Te) =D v(silc).

i=1

(1)

Funkce v z (1) je definovana jako:

— ki1 proVs; €c

— ko pro Vs; € E, kde E je mnozina klicovych slov
vylucujicich t¥idu ¢

— ks pro Vs; : Jw; € ¢, kde w; je podfetézec s;

Konstanty byly experimentalné nastaveny néasledovné:
ki1 =1, ky = —10, k3 = 0.5. Konstanta k3 charakte-
rizuje pouze nalezeni klicového slova v podobé podfe-
tézce analyzovaného slova. V ramci dalstho vyzkumu
1ze pfedpokladat presnéjsi ohodnoceni charakterizujici
vyznam slova pro klasifika¢ni tfidu.

Vysledny klasifikator (2) splije vSechna stanove-
né kritéria.

classify(T) = arg max i v(s;le). (2)
i=1

4.4 Priority klasifikaénich t¥id

V pribéhu klasifikace kratkych texti muze pomérné
¢asto dojit ke stejnému ohodnoceni dvou a vice klasi-
fika¢nich t¥id. V tomto ptipadé by klasifikitor zvolil
prvni ze stejné ohodnocenych tiid. Na zakladé poctu
vyskytt jednotlivych klasifika¢nich t¥id v8ak lze zvolit
jejich prioritu, coz tento problém odstrani. Vysled-
kem je volba priority t¥id v tomto poradi, poc¢itano
od nejfrekventovanégjsi tfidy: udalost odeslani ¢lanku,
udalost odeslani abstraktu, informace o konani work-
shopu atd.

Po zavedeni priority t¥id doslo ke zvySeni pfesnosti
az o 8%.

5 Dolovani informaci z Webu

Nedilnou soucasti této aplikace bude i nékolik robot1,
ktefi budou chybéjici informace dohledavat na Webu.
MiZe se jednat o ziskéavani informaci pfimo z oficial-
nich stranek konference, shér ozndmenich o konferenci
napf. z WikiCFP [6], nebo sbhér dat z nekterého z po-
pularnich indexd — nap¥. DBLP [7]. Robot pro extrakei
informaci z DBLP je jiz ve zkuSebnim provozu.

Pro sbér informaci z indexu DBLP bude vyuZito
wrapperu, neboli znalosti struktury html stranky.
Oznameni o konferenci bude z webu extrahovano s vy-
uzitim jednoduché Sablony zaloZené na hledani napft.
nadpisu ,,Call for papers® v kombinaci s nékterymi
kli¢ovymi slovy jako napft. abstrakt, ¢lanek, odeslani.
Toto oznameni o konferenci bude ulozeno do databéze
MySql a déle zpracovavano stejnymi technikami, jako
by 8lo o oznameni ziskané z textu emailu.

6 Priabézné vysledky

Uzivateltim je umoznéno provést potvrzeni vyextraho-
vanych dat jednim kliknutim mysi. V pfipadé neshody





mohou nespravnou informaci opravit. Tyto udaje pak
lze v budoucnu pouzit pro trénovani systému. Systém
nenf na téchto informacich zavisly a funguje plné auto-
maticky i bez manualni anotace. Vyhodnoceni pfes-
nosti a uplnosti extrakce se v8ak bez manualni ano-
tace neobejde, a proto byla tato funkce zp¥istupnéna
béznym uzivatelim. Pfi pribézném vyhodnoceni pfes-
nosti a tplnosti extrakce byla vyuzita ndhodné mnozi-
na anotovanych konferenci obsahujici pfiblizné 1/5 ce-
lého testovaciho korpusu. Testovaci korpus obsahuje
priblizné 1200 emailt a z toho 1000 emailta je typu
CFP. V této fazi nebylo mozné z casovych divodi
ru¢né anotovat cely korpus.

Uspésnost extrakce informace o udalosti je zane-
sena v tabulce ¢. 1 a vyjadfuje presnost i iplnost extra-
hovanych dat. Tento idaj nevyjadiuje pouze spravnost
ziskaného datumu, ale zahrnuje i informaci zda je v da-
ném emailu tento typ udalosti obsazen ¢ niko-
liv. Uspéinost vyjadiuje pomér spravné vyextraho-
vané informace (spravny datum, nebo informace o ne-
nalezeni udalosti) ku vSem anotovanym emailim.
V tabulce je uvedeno pouze nékolik ilustra¢nich pii-
padu klasifika¢nich t¥id.

Dale byla porovnévana tplnost nalezenych udalosti
typu datum pouze v piipadé jejich existence v ramci
CFP. Tato uplnost nalezeni datumu je zanesena v tab-
ulce ¢. 2.

V tabulce ¢. 3 byla zaznamenéna pfesnost zjisté-
nych udalosti typu datum pouze pro pripady jejich

Udalost Uspésnost
Odeslat abstrakt (datum) 92%
Odeslat ¢lanek (datum) 7%
Camera-ready verze (datum) 91%

Tab. 1. Usp&snost EI vybranych udalosti.

Udaélost Uplnost
Odeslat abstrakt (datum) 93%
Odeslat ¢lanek (datum) 97%
Camera-ready verze (datum)  100%

Tab. 2. Uplnost nalezenych datumii.

Udalost Pfesnost
Odeslat abstrakt (datum) 76%
Odeslat ¢lanek (datum) 7%

Camera-ready verze (datum) 93%

Tab. 3. Pfesnost nalezenych datumi.
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zadadni v ramci textu CFP. Presnost extrakce t¥idy
tykajici se odeslani abstraktu je zkreslena relativné
malym poétem anotovanych konferenci s touto uda-
losti v testovacim korpusu. Lze oCekavat, Ze presnost
extrakce t¥idy tykajici se odeslani abstraktu bude na
vét§im anotovaném Kkorpusu o néco v&tsi.

7 Dalsi vyzkum

Dalsi vyzkum se bude vénovat dvéma hlavnim smé-
ram: extrakci informaci s vyuzitim nastroje Gate onli-
ne a pokrocilym metoddm Stitkovani v kombinaci
s principy linked data.

7.1 Zdokonalovani systému Gate online

Dalsich plant na rozsifeni vyuziti sluzby Gate online
je nékolik. Jednim z nich je umoznéni extrakce ceskych
lokaci a Ceskych jmen z textt rozsifenim Gate slovnikt
(gazetteers). Myslenka, kterou se budeme také zaby-
vat, je automaticky pfevod datumi do jednotného for-
matu jiz v néstroji Gate online. V neposledni fadé
zkoumame daldi moznosti extrakce informaci pomoci
JAPE skriptta naptiklad ke spojovéani dilezitych udé-
losti s datumy jejich konéni.

7.2 Napojeni stitka na linked data

Budeme se zabyvat dvéma metodami Stitkovani: auto-
matické a manualni. Manualn{ stitkovani by méli pro-
vadét sami uzivatelé dle oblasti jejich zajmu. Auto-
matické stitkovani bude provadét robot na zékladé za-
méieni konference. Automatickych stitka bude vyuZi-
to i pro oznaceni geografickych mist konani konferenci.

Stitky se pokusime pfevadét na URI zdroje a napo-
jovat na ostatni popularni URI zdroje ze svéta. Napft.
na entity z dbpedie [8]. Diky tomuto pfistupu nam
nic nebrani v dalsim odvozovani nad Stitky, tvorbé
synonym i hierarchické struktury stitkt. Na zékladé
tohoto pristupu bude vznikat mnozina RDF trojic, je-
jiz ¢asti mohou byt modelovany s vyuZzitim ontologie,
piripadné namapovany na nékteré existujici ontologie
napf. z oblasti informatiky.
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Abstrakt Fazetové prehliadace patria medzi najpopuldr-
nejsie ndstroje pri vyhladdvans, prikladom céoho si rozne
internetové obchody, ktoré vyuZivaji tento princip. Nevy-
hodou Fazetového prehliadaca je, Ze pri velkom mnoZstve
atribitov a ich réznych hodndt je Struktiura faziet nepre-
hladnd. Proces prehladdvania mézeme zefektivnit pomo-
cou tzu. odporucacich (recommendation) technik, ktoré na
zdklade analyzy spétnej vizby od pouzivatelov uréia stuper
dolezitosti objektov, na zdklade ¢oho si potom objekty odpo-
rucané pouZivatelom.

V tomto c¢lanku pouZijeme dobre zndmy model analyzy na-
kupného kosika na modelovanie sprdvania sa pouzivatelov
vo fazetovom prehliadaci, kde je transakcia reprezentovand
sedenim (session) a kliknutia na fazety predstavujd polozky
v danej transakcii. Tento model ndm umozni pouZitie roz-
nych algoritmov na dolovanie ¢astych vzorov, ktorymi rep-
rezentujeme pouZivatelove preferencie. Tieto vzory ndsled-
ne pouZijeme na dynamické generovanie (odporicanie) fa-
ziet pre daného pouZivatela.

V prdci je navrhnuté a implementované testovacie prostre-
die (tzv. proof-of-concept) pre tento model. Cldnok obsahu-
je vysedky bakaldrskej prdce prvého autora, ktoré povazu-
jeme za zdkladny model (baseline) pre nds d’alsi vijskum.

1 Uvod

Fazetové prehliadace patria medzi najpopularnejsie
néstroje pri prehladdvani velkej mnoziny objektov. Za-
kladaju sa na principe fazetovej klasifikacie, ktorej
hlavnou zlozkou su fazety reprezentujuce vlastnosti
objektov. Fazety su usporiadané do urcitej hierarchic-
kej struktiry, kde je kazdy prvok v logickom vztahu
s predchddzajicim prvkom (okrem prvku na najvyssej
hierarchickej drovni) a nasledujicim prvkom. FP sd
neoddelitelnou siéastou internetovych obchodov?
a informaénych portlov?*, kde pouzivatelia pomocou
vyberu faziet postupne prehladévaji priestor objek-
tov. Poradie vyberu faziet uréuje pouzivatel, na rozdiel
od taxonomii, kde s kategorie pevné a nemenné.
Nézorny priklad s vinom je uvedeny v [11], kde
rozne charakteristiky (ako napr. farba, typ, ro¢nik,

* Autori ¢ldnku boli ¢iastocne podporovani projektmi
VEGA 1/0131/09 a VVGS/UPJS/45/09-10.
www.amazon.com, www.bluenile.co.uk,
www.buzzillions.com
4 nobelprize.org, www.sciencedirect.com
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sladkost, cena, povod, rating, balenie) uréuji dani
flagu vina. Povedzme, Ze pouzivatel si chce zakupit
cervené, francizske vino s ratingom aspon 90 a ce-
nou nanajvys 10$. Ako prvy atribit si vyberie cenu.
Tento vyber uréitym spésobom obmedzi dalsie volby.
Ak v databdze nie su francizske vina od 10$, moZe si
vybrat z inych regiénov alebo ststredif prehladdvanie
na dalgie fazety.

Fazetové prehladdvanie je v podstate vizudlnym
néstrojom pre parametrické vyhladdvanie typu AND,
kde sa atribity a ich hodnoty postupne $pecifikuju
pouzivatelom.

Z hladiska ndvrhu sa fazetové prehliadace skladaji
z tzv. back-end a front-end vrstvy [11].

Back-end vrstva obsahuje metddy tykajice sa ma-
nipuldcie s datami ako st napr. vyhladédvanie, indexo-
vanie a iné databdzové operacie. V pripade velkeho
mnozstva dat potrebujeme efektivne metédy [5,11],
pretoze orezévanie priestoru podla aktuslne vybratych
faziet a ich hodnét sa musi pocitat on-line.

Front-end vrstva je zodpovedné za prezentaciu fa-
ziet pouzivatelom. V [8] st uvedené rozne techniky pre
organizovanie faziet na stranke, ktoré su integrované aj
v projekte Flamenco [7]. V pripade velkého mnozstva
faziet vSak potrebujeme adaptivne rozhrania, ktoré sa
dynamicky prisposobuji poziadavkdm pouzivatelov.

Na dynamicku adaptéaciu faziet potrebujeme spét-
nt vizbu od pouzivatela, ktort je mozné ziskat expli-
citne alebo implicitne [4]. Explicitne - napriklad ohod-
notenim urcitej vzorky objektov alebo atribitov, teda
priamym vstupom pouzivatela. Implicitne - pozorova-
nim pouzivatelovej interakcie so systémom, napriklad
na ktoré odkazy pouzivatel klikol, v akom poradi kli-
kal, ¢cas straveny na stréanke, ¢i tlac¢il stranku, ¢i z nej
kopiroval atd. Vsetky tieto informdcie nam davajd
ur¢iti predstavu o moznych objektoch jeho zaujmu.

V [6] je popisany model personalizovaného inter-
aktivneho fazetového vyhladdvania, ktory je pouZi-
telny pre Iubovolné sady dokumentov. Zskladom to-
hto modelu je vypocet najpravdepodobnejsich dvojic
(fazeta, hodnota), relevantnych pre daného pouziva-
tela, ktoré reprezentuji jeho preferencie. Pre vypocet
—na zaklade pravdepodobnostnych metdd — sa pouziva
explicitnd spitna viizba od pouzivatela.
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V [3] je uvedeny model dynamickej adaptacie faziet
podla preddefinovanych vzorov z implicitnej spétnej
vizby (z logov). Preddefinované vzory si reprezento-
vané v ontoldgii, ¢o — pomocou zabudovanych inferenc-
nych mechanizmov — umoziiuje aj odvodenie d'alsich
znalosti o pouzivatelovi.

V tomto ¢lanku prezentujeme metédu pre odporu-
¢anie faziet pouzivatelom. Problém odporti¢ania faziet
modelujeme problémom analyzy nakupného kosika
(Market Basket Analyzis), kde transakcia je reprezen-
tovand sedenim (session) a kliknutia na fazety pred-
stavuju polozky v danej transakcii. Tento model ndm
umozni pouzitie roznych algoritmov na dolovanie cas-
tych vzorov, ktorymi reprezentujeme pouzivatelove
preferencie. Tieto vzory nasledne pouzijeme na dy-
namické generovanie (odporicanie) faziet pre daného
pouzivatela.

Clanok obsahuje vysedky bakaldrskej prace prvého
autora, ktoré povazujeme za zdkladny model (base-
line) pre nds d'alsi vyskum.

2 Model preferencii pouzivatela

Existuje vela réznych moznost{ ako implementovat fa-
zetovy prehliadaé a ako zobrazit fazety (vid. [8,7,11]).
V tomto ¢lanku sa zameriame na stromovi struktiru
faziet, ako mozeme vidiet na nasledujicom priklade:

— Notebooky
e Uhlopriecka monitora
x 8¢ —107
* 10“ - 127
e Procesor
% Intel Core Duo

* AMD

e Pamit
* 1GB - 2GB
* 3GB - 4GB

Hlavnou ¢astou je doména objektu, ktord m4 urci-
té atributy s roznymi hodnotami. Mézu byt reprezen-
tované aj intervalom. Napriklad, vo vySsie uvedenej
stromovej struktire faziet je “Notebooky” hlavné ka-
tegéria (doména), ktord m4 atributy napriklad “Uhlo-
prie¢ka monitora”, ktord moze mat hodnotu 8“ — 10”.

Klasicky priebeh pouzivatelovho navstivenia stran-
ky s fazetovym prehliadacom obohatime o d'alsie dva
moduly: modul sluziaci na dolovanie ¢astych vzorov
a modul na odporuéenie faziet podla vhodného vzoru.

Kazdého pouzivatela reprezentujeme jednim sede-
nim. Zakladnd akcia, ktord pouzivatel vytvéra na
stranke s fazetovym prehliadacom su kliknutia.

Kliknutie (Click) na hypertextovy odkaz vo faze-
tovom prehliadac¢i je v nasom ponimani akcia, ktoru
v databdaze reprezentuju tieto parametre:

— idClick - identifikator kliknutia v sedeni

— idSession - identifikdtor sedenia, v ktorom sa, klik-
nutie uskutoé¢nilo

— timeStamp - ¢as, kedy sa kliknutie udialo

— order - poradie kliknutia v danom sedeni

Ostatné elementy, ako je napriklad ¢as straveny na
stranke, informécia o tom, & pouzivatel tlagil, kopiro-
val, zatial neuvazujeme.

Postupnosti (alebo mnoziny) kliknut{ pocas jedné-
ho sedenia reprezentuji spravanie daného pouzivatela
na stranke. Takéto postupnosti nazveme transakcie.
Takisto, viacero transakcii moze byt zaznamenanych
od jedného pouzivatela. Po uréitom ¢ase sa v systéme
ulozi dostatoéné mnozstvo takychto transakcii, z kto-
rych — pomocou metdd dolovania ¢astych vzorov —
mozeme odvodit typické vzory klikani, ktoré su cha-
rakteristické pre vacsinu alebo ur¢iti podmnozinu po-
uzivatelov.

2.1 Specifikicie kliknuti

Rozlisujeme viacero Specifikacii kliknuti, ktoré pouzi-
vatel vytvara vo fazetovom prehliadaéi, podla toho, &
sa jednd o implicitnu alebo explicitni spatnu vézbu:

— DomainClick reprezentuje kliknutie na doménu,
na hlavnui kategériu vo fazete s parametrami:
e domain - ndzov domény (typ String)

— FacetClick reprezentuje kliknutie do fazety
e domain - ndzov domény (typ String)
e atribute - ndzov atribitu (typ String)
e value - hodnota daného atribiitu (typ Object)

— SortClick reprezentuje kliknutie na usporiadanie
objektov
e domain - ndzov domény (typ String)
e atribute - nazov atribttu, podla ktorého pre-
biehalo usporiadanie (typ String)
e typOfSort - druh usporiadania, bud vzostupne
alebo zostupne

— StarClick reprezentuje kliknutie na ohodnotenie
urc¢itého objektu
e domain - ndzov domény (typ String)
e obejct - ndzov objekt v databdze (typ String)
e rating - hodnotenie objektu, je reprezentované
¢islom

— DetailClick reprezentuje kliknutie na objekt, teda
zobrazenie detailnych informacii o nom
e domain - ndzov domény (typ String)
e obejct - ndzov objektu v databéze (typ String)





— DetailClickPreference reprezentuje kliknutie na
objekt, ktory sme pouzivatelovi odporuéili
e vsetky vlastnosti dedené od DetailClick
e preference - reprezentuje, & pouzivatel klikol
na nami poniknuty objekt (typ boolean)

— FacetClickWithPreference reprezentuje kliknutie
na fazetu, ktord sme odporuéili pouzivatelovi ako
preferencénu

e vsetky vlastnosti dedené od FacetClick
e preference - reprezentuje, ¢i pouzivatel klikol
na preferen¢nu fazetu, typ boolean

Spominanych sedem typov $pecifickych kliknuti su
triedy odvodené od triedy Click, teda obsahuju tiez
parametre idClick, idSession, timeStamp a order. Kaz-
dé kliknutie (spolu so $pecifickymi parametrami po-
pisanymi vyssie) ulozime do tabulky, v ktorej jeden
riadok reprezentuje jedno kliknutie. Tieto kliknutia sa
do databézy ukladaji pocas jednotlivych sedeni.

Na stranke s Fazetovym prehliada¢om sa mozu vy-
tvarat aj d'alsie typy kliknuti, nielen na hypertextovy
odkaz, ktoré sme vSak v tejto préaci nedefinovali. Pre
nase potreby budeme zatial ratat len so spominanymi
siedmymi Specifickymi typmi.

2.2 Ucenie preferencii

Mnozinu v8etkych FacetClickov ozna¢ime
FC ={FCy,...,FCp},
mnozinu vSetkych transakcif

T:{Tla"'aTn}a

kdeE:{FC“,...,FCij}, FCy e FC, 1<k <iy.

Pre lubovolni mnozinu FacetClickov X C FC je
podpora v T definovana ako

supp(X) = T X €T

T
t.j., ako podiel transakcii, ktoré obsahuji danti mno-
zinu FacetClickov.

Ako sme spominali v uvode, tato praca je eSte
v poéiatoénom §tadiu, kde cielom bolo vytvorit za-
kladny model, ktory budeme d alej rozvijat. Teda v tej-
to prvej faze nasho vyskumu nerozlisujeme medzi jed-
nym kliknutim alebo viacerymi kliknutiami na fazetu
v jednom sedeni. Ratame len s tym, & pouZivatel klikol
na fazetu alebo nie.

Na hladanie éastych vzorov kliknut{ pouZijeme éast
dobre zndmeho algoritmu Apriori [2], ktory bol vy-
vinuty na hladanie frekventovanych mnozin produk-
tov v ndkupnych transakcidch. Chceme néjst vietky
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frekventované podmnoziny F'C, t.j. mnoziny X C FC
také, ze supp(X) = min,, kde min, je vstupnym
parametrom systému, ktorého hodnota zavisi najméa
od poctu roznych faziet. Takto ziskame casté vzory
kliknuti pouzivatelov, ktoré ndm urcitym spdsobom
reprezentuji ich preferencie vyberu faziet v procese
prehlad4vania. Vysledné vzory ulozime do databazy
na dalsie pouzitie.

V tomto modely predpokladdme, Ze pouZivatel vy-
tvara kliknutia s uréitym zamerom, lebo pri nédhod-
nych kliknutiach vzniknd vzory, ktoré nemusia niest
zmysluplnt informéciu.

Vysledkom algoritmu si frekventované mnoziny
kliknuti s réznou pocetnostou. Uréime si minimélnu
pocetnost prvkov v mnozine ¢astych vzorov min, a do
databdzy ¢astych vzorov (d'alej len vzory) ukladdme
len tie, ktoré maji pocetnost aspoin min.. Pozname-
najme, ze ak takato mnozina neexistuje®, tak nemame
vzor. V takom pripade mozeme znizit hodnotu min..
Pre kazdy ulozeny vzor ulozime aj jej “rating”, ¢o bude
v nasom pripade poéetnost daného vzoru, teda jej hod-
nota supp(X). Pre kazdy vzor si ulozime aj ¢as kedy
bol vytvoreny, ktory nam poslizi na kontrolu platnosti
vzoru.

2.3 Odporucanie faziet na zaklade ulozenych
VZOrov

Predpokladdme anonymnych pouzivatelov a tiez to, Ze
uz nejaké vzory v databize mame. Poznamenajme, ze
dolovanie castych vzorov prebieha off-line, v urc¢itom
pravidelnom intervale (podla ¢asu, kedy je aktivita
na serveri mald, a ked mnozstvo ulozenych aktivit je
postacujuce pre dolovanie). Model odporicania faziet
na zaklade tychto vzorov je nasledovny:

— Novy pouzivatel pride na stranku a zaéne prehla-
dévat objekty, t.j. komunikovat so systémom.

— Pouzivatelovii aktivitu postupne zachytdvame
a ukladame do databazy kliknuti.

— Po uréitom poéte min; kliknuti pouzivatela v da-
nom sedeni, ked mame zachytent uréitd mnoZinu
klikov K = {clicky,...,clickmnin, }, sa spusti mo-
dul pre vyhladanie tych vzorov v databéze, ktoré
obsahuji mnozinu K, t.j. si jej nadmnozinami.
7Z takto najdenych vzorov vyberieme ten najvhod-
nejsi (napr. s najvicsim ratingom) a zobrazime
z neho tie fazety, na ktoré este pouzivatel neklikol.
Odporucené fazety zobrazime v Specidlnej casti
obrazovky. Takymto sposobom méze pouzivatel
klikntt na “povodné”, ale aj na odporticané fazety.
Hodnota min; je vstupnym parametrom systému.

5 Je to typickd situdcia na zaciatku behu systému, ked
mamé zaznamenanych malo pouzivatelov ako aj sedeni.
Je to typicky priklad tzv. “cold-start” problému, dobre
znameho v oblasti odporiucacich systémov.
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Ziskané vzory ndm mozu poslizit aj na odvodenie
roznych novych informécii o doméne a pouzivateloch,
ako napr. o aky druh objektov (produktov) sa po-
uzivatelia zaujimaji, aky je priemerny pocet kliknuti
pouzivatelov, atd.

3 Aplikacia pre testovanie a prvé
experimenty

Na testovanie sme implementovali jednoduchy faze-
tovy prehliada¢ v Java prostredi Swing, ktory pozo-
stava z dvoch modulov: prvy je samotny fazetovy pre-
hliada¢, v ktorom sa zobrazuji aj odporucané fazety
a niektoré statistické ukazovatele, ako napr. pocet vy-
konanych kliknuti, zobrazenych automobilov a odo-
slanych sedeni do databdzy. Druhy modul slizi na
sptstanie algoritmu na uéenie ¢astych vzorov kde sa
— pre testovacie tucely — zobrazia aj vzory s fazetami,
ako aj Cas vypoctu vzorov, pocet sedeni v databaze,
aktudlny pocet vzorov a pocet kliknuti v databéze.
Pomocou tejto aplikdcie sme urobili jeden inicialny
experiment, v ktorom sme ako d4tovi mnozinu® po-
uzili 3339 automobilov ru¢ne anotovanych z webovych
stranok slovenskych autobazarov [4]. Ako domény pre
testovanie a pre jednoduchost boli pouZité jednotlivé
znacky automobilov. Je to neprava doména vyuzivana
len pre testovanie. Spravnou doménou by mal byt
automobil. Testovaciu databazu napiﬁali desiati po-
uzivatelia. Takto sme ziskali 886 klikani a 56 sedeni.

pocetnost|podpora|pocet vzorov|é. vypoétu

2 0,15 0 0

2 0,10 43 0,359
2 0,05 1130 40,039
3 0,15 0 0

3 0,10 10 0,375
3 0,05 832 39,704
4 0,15 0 0

4 0,10 1 0,375
4 0,05 456 39,500

Tab. 1. Charakteristiky vysledkov dolovania ¢astych
VZOIov.

Testy pre ucenie ¢astych vzorov sme robili pre roz-
ne hodnoty podpory a pocetnosti (min, a min.) a né-
sledne sledovali pocet vytvorenych vzorov. Vysledky,
ako ukazuje aj tabulka 1, koresponduji s dobre zna-
mymi vysledkami z oblasti dolovania ¢astych vzorov,
napr. ze zvysSovanim podpory pocet ndjdenych vzorov
ako aj ¢as vypoctu exponencialne klesa.

5 Déta si dostupné na adrese
http://www.ics.upjs.sk/~horvath v sekcii “Down-
load”.

pocet pocet vzniknuté
¢.|kliknuti|podpora|vzorov|poéetnost |nové vzory|rating
1. 273 0,22 8 3 8 0,88
2. 420 0,14 9 3 1 0,56
3.| 514 0,14 4 3 2 0,70
4. 571 0,14 7 3 0 0,65
5. 605 0,15 1 3 0 0,89
6. 886 0,10 10 3 6 0,60

Tab. 2. Priebezné merania sptsfania algoritmu na uéenie
VZOTOV.

Dalsie testy sme previedli na demonstriciu pos-
tupného ucenia vzorov. Pocas ziskavania kliknuti od
pouzivatelov sme dolovaci algoritmus spuistali priebez-
ne a zaznamenavali najdené vzory. Vynechali sme me-
rania, kde nevznikol ziaden vzor. Tento problém sme
vyriesili zadanfm niZsej hodnoty podpory. Pocetnost
vzoru (minimélny pocet faziet vo vzore) min, sme nas-
tavili na hodnotu 3. Podporu min, sme nastavili na
hodnotu 0.2 a znizovali sme ju postupne iba v pripa-
doch, ked’ sa ziaden vzor s danou podporou nenasiel.

Pocas ziskavania kliknut{ od pouzivatelov sme za-
znamenali Sest spusteni dolovacieho algoritmu, kedy
vznikol aspoii jeden vzor (vid'. tabulka 2). V tabulke 2
vidime niekolko stvislosti, napr.

— Pocet novych vzorov striedavo rastie a klesa. Toto
moze naznacovat, zZe pouzivatelia sa k prehliadacu
vracali s rovnakymi poziadavkami, alebo novi po-
uzivatelia mali striedavo rozne poziadavky.

— Ako vidime, nie kazdé meranie bolo uspesné s tou
istou podporou, napr. v poslednom merani sme
ziskali vzory len ked’ sme zniZili podporu na 0.10,
¢o znamend, 7e vzory musia byt “platné”
v 10%-ach vsetkych sedeni. Zaznamenali sme aj
situdcie, ked’ algoritmus uz niektoré vzory najdené
v predchédzajucich meraniach nenasiel. Toto moze
naznac¢ovat, ze nas model je efektivnejsi pri mensej
roznorodosti dét a pri véésom poéte pouzivatelov.

Ako sme uviedli, tento experiment je len inicidlny,
v ktorom vysSie rozoberané ukazovatele vykazuji
znaéni fluktudciu. Teda naSe zdvery moézeme zatial
povazovat len za akési inicidlne hypotézy, ktoré potre-
bujeme v budtcnosti este dalej skiimat, naco vsak
budeme potrebovat rozsiahlejsie experimenty. Postup-
ne pldnujeme nas model testovat pri réznych a vaésich
mnozindch dat, ktoré by sme ziskali z redlnych aplika-
cii fazetovych prehliadacov.

Zéroven, chceme v d'alSej praci umoznit, aby po-
uzivatel mohol ohodnotif fazety, ktoré sa mu pocas
prehladévania zobrazuji a tym vlastne ohodnotit uzi-
toénost zobrazenych vzorov pre pouzivatela. Takéto
informdcia by bola velmi uZitoénd pri vyhodnoten{
nasho modelu, ale aj ako d’alsi vstup pre dolovanie
frekventovanych vzorov.





4 Zaver

V élanku sme popisali model preferencii pouzivatela
vo fazetovom prehliadac¢i a metédu na vyuzitie toh-
to modelu pri odporicani faziet. Dany problém sme
namapovali na problém analyzy ndkupného kosika.
Spominany algoritmus na dolovanie ¢astych vzorov,
ktory sme upravili pre nasu potrebu, slizi najmé na
demonstréciu ziskavania vzorov. V buducej praci pla-
nujeme:

— Vyuzit a implementovat efektivnejsi algoritmus na
hladanie €astych vzorov, napr. Eclat [12].

— Prispdsobif nis algoritmus pre pripad, ked uva-
zujeme aj poradie klikov pocas sedenia, nielen ich
pritomnost. Okrem modifikicie algoritmu na dolo-
vanie Castych vzorov planujeme pre tento tucel
implementovat aj niektoré algoritmy z oblasti do-
lovania sekvencii (sequence mining).

— Rozsirit algoritmus o vietky druhy kliknuti a po-
uzit aj explicitnt formu ziskavania spétnej vizby
pomocou ohodnotenia zobrazenych objektov po-
uzivatelmi, teda vyuZit StarClick a zobrat do tva-
hy aj cas straveny prezeranim objektov.

— Uvazovat podobnost vzorov a ich zoskupovanie
do grip. To by ndm umoznilo urciti segmentéciu
pouzivatelov na zéklade ich spravania sa vo Faze-
tovom prehliadac¢i. Vyuzitim znalosti o “podob-
nosti” pouzivatelov by sme mohli aplikovat aj pri-
stupy zaloZené na kolaborativnom filtrovani [1].
V tejto préci sa casté vzory uc¢ime z dat ziskanych
od vsetkych pouzivatelov. Uvazujeme aj o tom,
ze by sme sa casté vzory ucili len z dat jedného
pouZivatela (alebo podobnych pouzivatelov) a tym
padom by nase odporicanie bolo viac personalizo-
vané.

Na ukladanie vzorov a ich reprezentaciu chceme
vyuzit indexy a stromové struktiry. To je dolezité
najmi pre velké mnoziny komplexnych dat, kde je
Struktura faziet velmi velka.

Vzdialenejsim cielom je vytvorif komplexni we-
bovu aplikaciu, ktord by fazetovy prehliadac zefektiv-
nila a poskytovala by pouzivatelom vhodné preferené-
né informécie pri interakcii so systémom.
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Abstrakt V souvislosti se strukturovanim a sdilenim znalosti Autoti v [6] definuji metriky zaloZzené na provazanosti,
Vv podol# ontologii se naskyta take otazka zhodnoceni jejigfystihujici souvislost prvk v OWL ontologiich. Pro-
prinosu, resp. finosu znalosti v nich obsazenych. Teniga;anost ontologie se tady vztahuje na souvislostLO

prispvek pedstavuje metodiku pro hodnocenfinosu
jednotlivych instanci v ontologii vyt%ené na bazi Topic
Maps. Vyhodnoceni vychazi ze stanoveni vah
a asociaci v ontologii a z vypiu celkové vahy pro kazdou

tiid, konceptualtn propojenych #kterymi vlastnostmi.

instandysoka mira provéazanosti ukazuje na silnou sousislo

entit. Navrzenymi metrikami jsou pet karenovych tid

instanci a jeji okoli. A vyhledavani mohou byt vysledky(tj. bez nasiazenych iiid), paset koncovych iid (nemajici

Fazeny podle této celkové vahy, vyjgtti informani pfinos
kazdé instance.

1 Uvod

V posledni dob vznikla celarada ontologii, jejichz hlav-
nim cilem je usnadnit sdileni znalosti Wit domésg
zajmu [1, 2]. Nejastji je citovana definice ontologie jako
“explicitni specifikace konceptualizace” [3]. Kazdatolo-
gie vzdy zahrnuje fiedevSim d¥ ¢asti, definice koncept
a vztahy mezi nimi.

V souvislosti s hodnocenim znalosti, resp. jejitingsu,

podrazené itidy) a péameérna hloubka stromu od ko-
fenovych ke koncovym udnn.

Huang a Diao [7] navrhuji na zakkadnitini struktury
ontologie s vyuzitim statistiky a teorie giafest ukazatél
k popisu jeji charakteristiky. Jsou to: mnozstvhéepti
(odpovidéa velikosti ontologie), tekavani vlastnosti kon-
ceptu (vystihuje mnozstvi vzthh mezi koncepty),
smeérodatna odchylkafiedchozi charakteristiky, rovnovaha
stromu (hodnoti podobnost struktury pddtjednotlivych
koncept), spojitost koncefiit (spa&iva v dophovani &tvi
mezi koncepty, které nemajitimou spoijitost, ale sdileji
alespé jednu spol&nou instanci), mnozstvi Kkibvych

a s posledni dobotasto diskutovanymi ontologiemi, sekoncepti (vyjadiuje paet dilezitych neboli kigovych

objevuje otazka, co vlastrontologie pinasi nap. oproti
standardnim vyhledavacim postup. Tento pispvek se
pokousi najit zfisob, jak informani piinos instanci
v ontologii kvantifikovat. Je navrZzena metodologiea
jejimz zaklad je pro kazdou instanci speno celkové
ohodnoceni jejiho informtaiho ginosu. Podle tohoto
celkového ohodnoceni se mohi@dlit nalezené instancéip
hledani v ontologii. Uvahy a vypty jsou provadny nad
ontologii vytvdenou v Topic Maps (TM).

Sekce 2 tohoto fiispsvku dava pehled o pracich sou-

......

konceptli charakterizovanych vysokym ¢em vztali
s jinymi koncepty).

V publikaci [8] je zaveden pojem Weight Mapping —
technika vypotu numerickych vah pro kazdou relaci,
zalozena na analyze struktury znalostni bazgéa®eni vah
relacim mezi koncepty ma pomoci lepSimu vysledku
vyhledavani. Nejsou brany v Gvahu jen koncepty
s vyskytem kikového slova, ale také dalSi koncepty
spojené vztahem s konceptem obsahujicimioié slovo.
Praw t¢tmto vztalim jsou girazeny zmiované vahy. Pro
vypocet vah jsou pouzita #itka:

Sekce 3 se a&nuje standardu Topic Maps, nasledujici

sekce 4 popisuje ffazeni vah instancim a asociacim
a obsahuje navrh celého postupu zhodnoceni. Pdsledn

sekce 5 obsahuje z#&y a Gvahy o dalSi praci.

2 Souvisejici prace
Zouaq [4] uvadi, Ze neexistuje zadna jedina spréasia
pro zhodnoceni ontologii. Je prak&Si zam¥iit se na
hodnoceni jednotlivych Udrovni ontologie, nez seZz@na
zhodnotit ontologii jako celek. Uro¥njsou definovany
rizné v zavislosti na autorech, nap lexikalni Grove;
hierarchie; sémantické vztahy; kontext, aplikadrovei;
syntaxe; struktura, architektura, design [5].

Metodika navrhovana v této praci vycharégevsim ze
struktury ontologie, nasleduje proto shrnutiispupu

Cluster measure reprezentuje procento koricegps
kterymi jsou oba zkoumané koncepty spojeny. Vychazi
z Uvahy, Ze koncepty, sdilejici mnoho sgofeh
vztahi s jinymi, jsou si vice podobné.&i hodnota
tohoto n#fitka tedy poukazuje na vysSi podobnost mezi
dv¢ma zkoumanymi koncepty.

Specificity measure nabyva timstsi hodnoty, ¢im
mére ¢asto se vyskytuje zkoumany koncept (itdr
relaci) také v dalSich relacich stejného typuerikko na
podobném principu bylo zavedeno i v [9], kde seétak
tikd, Ze speciinost lze interpretovat jako miru
relevance k dotazu uzivatele.

- Combined measure,
predchozich réitek.

slozené ze c&sow dvou

Autofi v [10] pojednavaji o sémantickych vztazich mezi

ne‘v:kolivka EUtOﬁck hodnoce:m’ on’tologiewz pohledu struktury 4 koncepty. Sémanticky vztah je zde reprezentovan
véetre prikladi zavedeni dznych nfitek a vah. Jsou | phpe grafu fiznymi cestami, zahrnujicimkitly a relace

pouzivany ﬁzné_terminy_y z4vislosti na autorecr,l a jazykiho i nimi. Kazdé cestjsou firazeny dva typy vah:
pro reprezentaci ontologii a podle kontextu monLIAKO e aini a definované uzivatelem. Univerzaltiages-

ekvivalentni vnimany pojmy relace, vztah, asocia®ile  so skjada z vah jednotlivychid lezicich na této cest
koncept, tida, entita.
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Vychazi z Gvahy, Zeéim nize se nachaziida v hierarchii, 4  Metodika zhodnoceni @Hnosu instanci
tim vice je specializovana a bude fidslena ¥tSi vaha. v ontologii

Vahy definované uzivatelem jsou:
- délka cesty — uZivatel touto vahowirzda preferuje 4-1 Maticova struktura ontologie

delSi nebo kratsi cestu. Ontologie v prosedi Topic Maps obsahuji hejdileZitsj-

- kontext — uzivatel stanovi vahy pro konkrétniasl Si prvky: témata, vztahy a vyskyty. V podstj mozné
zajmu (tj. pro skupinyitd a relace mezi nimi). Vaha nahliZzet na vztahy i vyskyty jako na atributy, Eermbyvaji
kontextu pro nalezenou cestu se pakitgopodle toho, urcitych hodnot a jsou iffazeny témadm. Hodnota
zda cesta&mito oblastmi prochazi a jakouilézitost atributu—vztahu je jiné ttma v TM (dale zde aleafgtjako
jim uzivatel griradil. atributy neuvaZzujeme). Hodnota atributu—vyskytizmbyt

- davéra — tuto vahu uZivatel zadava u vatasouvise- Nan- V,‘":j,bovy odkaz¢lanek, odkaz na konkrétdast textu,
jicich s informanimi zdroji. Vyjadi tak, ze wkteré SILENY & podrobny popis imo v tématu, obrazek, aj. Te-
zdroje povaZuje zaiteryhodrjéi ne jiné. mata mohog mit i dalSi atributy popisujici j,ejldhsan,Stl,

charakteristiky nebo parametry. Kazdy zé davedenych
VySe uvedené vahy lze jeStnasobit koeficienty zakladnich prvik mize mit swj typ a tyto typy se stavaji

s @ihlédnutim k dilezitosti jednotlivych vah. N&sledn dalgimi tématy ve stejné TM. \idledku to vede k tomu,

jsou v8echny vahy gteny. Tim je spttena jedna vysledna 7e vSechno v TM se stava tématem. Nicingm teba

vaha kazdé cesty, tedy je ohodnocen seémantickyhvztgyzliSovat mezi Topic Type a instanci. Instanc&gacovy
mezi d¥ma koncepty se zohle&imim jednotlivych tid  prvek, ktery v sob nemize zahrnovat dalsi instance. Na-

a relaci. opak Topic Type mit instancedire.

Tento gispsvek hovdi o zhodnoceni ifinosu instanci.

Uvazujeme jen vybrané (vyjmenované) vztahy (etencié

do kategorii — viz odstavec 4.2.2) a nikoli obgcn

(automaticky) zavedené (naphas cardinality’, ‘use edit

Mapy témat (TM) jsou ISO standardem (ISO/IEGy,gen Dostaneme tak seznam témat, mezi kterymy da
13250:2003 Information technology — SGML applicaio ;iap existuje. Navrhovana metodika se tyka jeroiogti

— Topic maps) pro popis znalostnich struktur acji s yelkym petem instanci, ve kterych je mozné takto

provazani s informmimi zdroji. Lze fici, Ze jde paie7en4 témata (nebo alespejich vetsinu) povaZovat za

o intuitivrjSi technologii nez RDEi OWL. Na rozdil od jstance.

jazyki ontologii sémantického webu je mozn€ v TM 3¢ yeha poznamenat, e pro algoritmické zpracovani

definovat i asociace s aritou vy3Si nez 2. Jazgloni pro (. pro vypaet vah a Opné propéitani po znang

strojové odvozovani, ale jen pro katalogizaci alegvani nekterych paramet) je vhodrjsi maticova podoba

zdroji, a proto neni vazan na forméliogicky aparat [11].  gnologie. Nahledem na ontologie jako na matice se

Zékladni myslenka TM sgdva na rozdleni do dvou  ,4p0vali nap. autdi v [12], kde vyuZili matice sousednosti

vrstev: spodni vrstva originalnich inforamich zdrofi 4 dostupnosti ke stanoveni @mv ontologii hem jeji

a horni znalostni vrstva. Znalostni vrstva obsaltéieata o,qjuce.

a vztahy mezi nimi. K propojeni informai a znalostni  \/gem tématm i asociacim jsou v XTM (format Topic

vrstvy dochazi pomoci tzv. vyskyt Zakladni stavebni Maps) automaticky iifazovanasiselna ID. V TM je mozné

prvky TM jsou: mit rizna témata se stejnym nazvem, jimz je &léapeno

- Téma (topic) — reprezentuje dity predmet, ktery rozdilné ID. Tato ID umakuji snadsji prevést ontologii
chceme zachytit v TM. Témata Ize seskupovat dé,typbud’ do matice anebo do sezn@anv nichZz se pak lépe
tedy typ tématu obsahuje dalSi témata. Téma #ina pritazuji vahy a probihaji vygty pro kazdou instanci.
zakladni charakteristiky: jméno, vyskyt a roliObr. 1 ukazuije fiklad propojeni instance ID#98 s okolnimi
v asociaci. Je dovoleno, aby jedno témalomvice instancemi. Z tohoto schématu vyplyva, Zergotjeme
naz\. matici vSech instanci a jejich atriliu{Obr. 2) a matici

- Vztah (association)— popisuje vztahy mezi tématy. VSech propojenych instancietrs typii vztahi, které je
Nejcastji jsou binarni, obeah mohou mit ale aritu Propojuji (Obr. 3). Takovato podoba ontologie umge
vyS8i neZ 2. Nejsou orientované, proto se orienta&@adno [ zmeng vah znovu propitat vSechny instance.
vztahu vyjaduje tzv. rolemi. 4.2 Vahy instanci a asociaci

- Vyskyt (occurence)- zachycuje vztah mezi tématem a
souvisejicim informénim zdrojem. Mohou byt interni 4.2.1 Dili vaha instance

(ulozeny gimo v mag témat) nebo externi (ve foém
odkaz).

3 Topic Maps

Dil¢i vadha kazdé instance = {1, 2,..};c ON vyplyva z
toho, jak dobe je v ontologii popsana, tj. kolik a jaké

N : . . . . atributy obsahuje (Obr. 2). UZivatel kazdému atribu
Ontologii v TM Ize vytvait nafr. pomoci sady nastivj piitadi ohodnoceni dle jehoilézitosti. Nap. atribut-

Ontopia stejnojmenné norske firmy. Jedna se o afilik \oo. v ohrazek bude mit w&i vahu ne? atribut-vyskyt

klient-server, skladajici se zé&kolika modufi, a to o . y Py
e . ,strucny popis“. Naopak atribut-vyskytexterni link na
Ontopoly pro samotnou tvorbu a editaci ontologi€e] “ bude mit vahu &i ne? oba jedchozi atributy

Oorgggago\;izrfr(;tgrrongig}i!ﬁgvfgfraggtﬁilog'e v textove protoze pepokladame, ze webovéa stranka bude obsahovat
P 9 prog : vice informaci nez obrazek strueny popis. Ty atributi





Hodnoceni ginosu instanci v ontologii vyt¥ené ... 61

Instance#34
atribity vahy
Instance#150 atribut #2 1
- - atribut #6 2
atributy vahy atribut #9 1
atribut #6 2 atribut #12 3
atribut #9 1
| Suma | 7 |
Suma | 3 |
asociace #46
(kategorie B)
asociace #23 Instance#259
(kategorie A) atributy vahy
Instance#9s asociace #15 atribut #1 ;
. - (kategorie C) atribut #3 1
atributy vahy | 5 | 3
uma
atribut #1 2
atribut #7 2
atribut #9 1
Suma [}

Obr. 1. Schéma propojeni instanci &fpzeni vah atribatn.

id atributy id instance
1 (23|67 ]9 [12 Buna 34|98 (190|258
o1 ool |1]7 | heslo|o
2 3
Sles|1]ololal1]|1]0]s 5lo8 jem|  |zmpsc
W w
Ehoolofofol1|o]1|0] 2 El190| 0 fam 0
= =
26| 1 o1 |o]ojo|o] 3 259| 0 fisic| 0
Obr. 2. Matice instanci a jejich atribiut Obr. 3. Matice instanci a jejich vztah

mize byt v zavislosti na velikosti a propracovanosti Bylo by také mozné ii¥adit kazdému typu vztahu vahu
ontologie mnoho a stanoveni vah Ize zjednoduSit &k podobr jako v pgipad atributi instanci a tyto vahy
kazdému atributu budefipazena vaha 1. To znamen4, Zzenasledd normovat do rozmezi O az 1. Asociace vSak
vSechny atributy vnimame jako st&jdilezité a di¢ti vaha nejsou pro stanoveni inforg@iho @inosu instance
instance bude nastat stejnorérné pouze v zavislosti na primarre tak dilezité jako atributy, proto sta asociace
poctu atribufi, nikoli v zavislosti na jejich typu. rozcklit do skupin a pidélit vahy po skupinach.

4.2.2 Vaha asociace 4.2.3 Celkova vaha instance

Véha kazdé asociaca 0(0,1);a OR je stanovena na Z vySe uvedenych vah sffeme pro kazdou instandi
zéklad toho, do jaké kategorie tato asociacetipalako V ontologii jeji celkové ohodnoceni podle vzorce
vhodné se jevi rozlit asociace doit kategorii (viz A,

B, C na Obr. 3): W =c + kDZaij e, (1)
J
- hierarchické — vyjadiji hierarchické uspadani, tj. o _ _ ] o _
vztah obec#si a més obecné instance, kde ¢ je diki vaha instancé, &; jsou vahy asociaci mezi

instanci i a okolnimi instancemij, ¢ jsou diki vahy

okolnich instancj. Koeficientk 00 (0, 1), k O R, vyjadtuje

_ . . N _ = " vahu, gikladanou vSem okolnim instancim (nezavisle na

- souvislostni — slouzi k vyjéeni souvislosti, kladi,  gjigich vahachachto instanci). Pokud nechceme, abyidil
poznamek a z uvedenyarech kategorii jsou to vztahy yany okolnich instanct; ovlivnily celkovou vahu instan-
nejslabsi. cew; piflis silng, volime nap. k = 0.5. Pokud jsou v3ak pro

Zarazeni vztah do kategorif je obtizné zobecnit, protozeas di¢i vahy okolnich instanci stejrdilezite jako diti

vzdy zalezi na konkrétni ontologii a na pohledwatdle. Vvaha instance centralni (instangepfiradimek = 1.

Napt. v ontologii 0 opee (obsahujici autory, jejich mista Jestlize v pikladu na Obr. 1 uvazujeme pro zjednoduseni

narozeni, dila atd.) Ize za hierarchicky vztah govat Stejné hodnoty vah vSech kategorii asociaciafj.= 1

Judil, tj. byl zakem/vitelem®, definujici vztah je nap @ kpeﬁuemk =05 (t]._ diki vahy _ok_olnich |_nstanC|' pro nr_Sls

,zalozen na“ ,zkomponovan kym‘a konéng souvislostni Maji poloveni  dileZitost oproti instanci centralni), je

vztah je nap ,ma typ hlasu® Pro jednoduchost je mozné celkova vaha instande= 98 dle (1)

priradit vSem kategoriim stejnou vahu, tj. zajima nészp, Wgg = Cog + K.[(8gg34-Cas) *+ (Qgg100-Cro0) + (Bgg250-Cos0)] =

zda existuje spojeni mezi &wa instancemi, nikoli o jaky =54 057 +3+3)=115.

typ vztahu jde.

- definujici — odkazuji na definice,iypod, vysétleni
a jsou to vztahy nejsiéjsi z uvedenychréch kategorii,
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Po vypateni celkové vahy kazdé instance v ontologi[7]
normujeme vSechny vysledky pomoci maximalnicspoé
hodnoty do intervalu (0,)1

[8]

4.3 Metodika zhodnoceni pinosu instanci

Pro kazdou konkrétni ontologii, kterou chceme hdidino
Ize vySe uvedeny postup po jednotlivych krocichneht
nasledova:

1. UzZivatel gifadi vahy vSem atribin, které se mohou [10]
u instance vyskytnout (zjednoduSeni: vaha vSech
atributi je rovna 1).

2. Uzivatel rozdli vztahy do ti kategorii uvedenych
v odstavci 4.2.2 aémto kategoriim firadi vahy
(zjednoduseni: vaha vSech asociaci je rovna 1).

3. Pro kazdou instanci v ontologii bude &gmo jeji
celkova vaha podle vzorce (1).

4. Spatené celkové vahy budou normovéany podle
maximalni hodnoty.

[9]

[11]

[12]

5

Uvedenym postupem jsme ziskali kvantifikaci infor-
maniho ginosu kazdé instance v ontologii. Jednotlivym
pojmim (instancim) i asociacim bylyipazeny vahy a na
zaklad souvislosti témat ies asociace bylo pro kazdou
instanci a jeji okoli spteno z &¥chto vah celkové
ohodnoceni. Jestlize fip vyhledavani odpovida vy-
hledavacimu kritériu vice instanciigemeradit vysledky
podle této vyp&tené hodnoty. Dosavadni analyzy byly
provadny na zkuSebni ontologii vytvené nad &kolika
dopravnimi normami a dale na ukazkové ontologii @pe
Z nastroje Ontopia.

DalSi prace bude soistina na prokazani fughosti
uvedené metody pomoci rozsahlejSich experitnent
v prostedi TM a na automatizaci celého procesu wpo
Bude také uvazovano ropshi relevantniho okoli kazdé
instance s tim, Ze by dil vahy instanci ve vzdalgsim
okoli byly pomoci dalSiho koeficientdimérens snizeny.

Zavér a navazuijici prace
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Abstrakt Cldnek se zabjvd problematikou segmentace
slov. Ukdze, k ¢emu lze znalosti o segmentaci slov pouZit,
a popise néekolik metod pro automatickou segmentaci slov.
Zavérem predstavi open source ndstroj Affisiz implemen-
tujici predstavené metody.

1 DMotivace

Mnoho modernich metod pro zpracovani ptirozeného
jazyka je zalozeno na statistickém piistupu, kdy na-
trénujeme jazykovy model na trénovacich datech pied
jeho pouzitim. V redlnych tlohach ale nelze piedpo-
kladat, ze se v trénovacich datech objevila vSechna
moznd slova. Zde nam znalost segmentace slov muze
pomoci. V piipadé, ze pii zpracovani redlnych dat
narazime na neznamé slovo, muzeme ho zkusit rozlo-
zit, a ziskat tak alespon néjaké informace o jeho mor-
fologickych vlastnostech.

Priklad 1 Konstruujeme automaticky tagger cestiny.
V redlngch datech se objevilo slovo rozpoznal, které
se ovsem nevyskytovalo v trénovacich datech. Systém
ale muze zjistit, Ze segmentace tohoto slova mize byt
roz-poznal. MiZe tedy zkusit ve slovniku nalézt slovo
poznal. Budeme-li predpokladat, Ze predpony nemeéeni
mluvnické kategorie, které se snaZime rozpoznat, mai-
Zeme pouZzit tag od slova poznal.

Piiklad 2 Konstruujeme systém pro automatické
rozpozndvdni mluvené reci a pouZivdme jazykovy mo-
del pro zpresnéni vystupu. Z rozpozndvace ziskdme,
Ze uzivatel pravdépodobné tekl eurostava. Druhé nej-
pravdépodobnéjsi slovo bylo euroustava. Ani jedno
z nich ovsem nebylo v trénovacich datech. Pokud ale
vime, Ze euro—- se chovd jako predpona, a v trénova-
cich datech bylo slovo dstava, muzeme rozhodnout, Ze
vystup euroustava je lepsi.

Priklad 3 Konstruujeme sdzeci program a chceme,
aby umél automaticky délit slova. Narazime-li na ne-
zndamé slovo, muzZeme se pokusit ze znalosti o segmen-
taci nalézt vhodné déleni a navrhnout ho uZivatels.

* Tento c¢ldnek prezentuje vysledky vyzkumu pod-
porovaného granty GACR P202/10/1333, GACR
P406,/2010/0875, GAUK 3000/2008 a Centrem kom-
putaéni lingvistiky, MSMT CR LC536.

V piikladech slo vzdy o lingvistické morfémy (pii-
klad 1 a 2 se tykal ptedpon, 3. piiklad morfému obec-
né), pii automatickém zpracovéni jazyka vsak nemusi
byt lingvistickd motivace déleni slov nutné. Proto pro
dalsi pouziti budeme definovat pfedpony a piipony bez
ohledu na lingvistické vlastnosti.

Definice 1 Posloupnost pismen je predpona, pokud

— se vyskytuje na zacdtku mnoha slov

— wve slovech, kde se vyskytuje, muze byt nahrazena
Jinou posloupnosti pismen tak, Ze vysledek také
tvori slovo

Ilustrace definice na ptikladé predpony euro-
(vSechny piiklady jsou z korpusu SYN [4]):

Prvni podminku dokumentuji napi. nésledujici
uryvky:

— Trindct kritiku evropské integrace sepsalo “komn-
traustavu” Evropské unie

— Hongkongskd sprdva chce dal prosazovat movou
miniustavu

Druha podminka je splnéna existenci slov:

— europolitika, eurotrh, euro-

expert

eurozastoupent,

Obdobné, jako jsme definovali predpony, budeme
definovat i piipony:

Definice 2 Posloupnost pismen je pripona, pokud

— se vyskytuje na konci mnoha slova

— wve slovech, kde se vyskytuje, muze byt nahrazena
jinou posloupnosti pismen tak, Ze vysledek také
tvori slovo

Ve vyse uvedenych definicich chybi uréeni toho, ko-
lik je mnoho. To oviem nelze obecné stanovit. Muzeme
ale Tici, jak moc ktera ¢ast slova tuto definici odrazi.
To se pokousi postihnout nize zminované metody.
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2 Metody

V této ¢ésti se budeme zabyvat nékolika metodami pro
automatickou segmentaci. Vsechny popsané metody
jsou jazykové nezavislé. Jediny pozadavek na jazyk je,
aby se text v psané formeé délil na slova, a predpony ¢i
piipony se piidavaly pouze na zacatek ¢i konec slova.
Algoritmy pro svuj béh vyzaduji pouze obsahly sez-
nam slov z daného jazyka. Kromé metody diferenéni
entropie jsou metody pfevzaty z clanku [1] o vytva-
feni seznamu predpon a piipon ve Spanélstiné pomoci
korpusu.

V nasledujicim textu bude {2 zna¢it mnozinu vSech
slov vyskytujicich se v jazyce. Necht slovo « je slozeno
z posloupnosti pismen a, ..., a,. Potom budeme psat,

Ze @ = aj :: ... : an. Posloupnost pismen nazyvame
také fetézec.
Operétor “::” budeme obdobnym zptusobem defino-

vat i pro fetézce. Nechf slovo o je sloZeno z posloup-
nosti pismen a1, ...,a, a necht
p=ay:...:ta AN

S=a;:...=ap

Potom budeme psét, ze « = p :: s.

Definice 3 Délenim slova budeme nazyjvat operaci,
kdy ze slova w ziskame dvé posloupnosti znaki p a s
takové, Ze w = p :: s.

Jelikoz nasim cilem je nalézt nejvhodnéjsi déleni,
v8echny nésledujici metody budou zalozeny na prin-
cipu ohodnocovani déleni. Pro kazdé mozné déleni slo-
va nam kazda metoda vrati ¢islo odpovidajici vhod-
nosti tohoto déleni. Na nas poté je stanovit mez, pii
které déleni oznacime za spravné.

2.1 Metoda étvercu

Metoda ¢tverct je nejjednodussi metodou zde popiso-
vanou. Vyuziva piimo definice pfedpon a piipon, uve-
dené v sekci 1.

Definice 4 Ctverec je ctverice fetézci (Tetézec miize
byt i prazdny) < p1,pe, s1,S2 > takovd, Ze plati viech-
ny ndsledugici podminky:

*])1218169
—priSy €N
— po Sy €S2
— pg sy €L

Pozadavkem na vytvoreni ¢tverce tedy je, ze kazdy
pocateéni segment musi s kazdym koncovym segmen-
tem dohromady vytvaret slovo.

Definice 5 Méjme slovo w a jeho déleni w = p :: s.
Pocet doptednych étverci Sy(p) je potom
Sf(p) = |{<p7p27 81,82 >; <p7p27 81,82> j@ Cvt’UGT’EC}‘.

Pocet doptednych ¢tvercu tedy tikd, v kolika ¢tver-
cich se dand posloupnost pismen vyskytuje jako jeden
z pocCatecnich segment.

Obdobné budeme definovat pocet zpétnych ¢tvercu
jako pocet ¢tvercu, ve kterych se dand posloupnost
pismen vyskytuje jako jeden z koncovych segmentu.

Definice 6 Méjme slovo w a jeho déleni w = p :: s.
Pocet zpétniych étvercu Sy(p) je potom
Sp(p)=1{<p1,p2, 8, $2>; <p1, P2, 8, 82 > je Gtverec}|.

Nyni je zfejmé, jak odpovidd metoda étvercu vyse
uvedenym definicim pfedpon a piipon. Pocet dopied-
nych ¢tvercu nam rekne, v kolika slovech se posloup-
nost pismen vyskytovala na zacatku, a zaroven zapoci-
ta jen slova, kde ji bylo mozné nahradit né¢im jinym.

Obdobnym zpusobem lze pouzit pocet zpétnych
¢tvercu pro rozpozndvani piipon.

2.2 Entropie

Metoda entropie je zalozena na odlisném piistupu. Ne-
ni zde jiz tolik patrnd souvislost s definicemi v tvodu.
Je zalozena na entropii, kterd je definovana nasleduji-
cim zpusobem:

H(p) =— > p(silp)log, p(silp)
s; €8

kde S je mnozina jevi, které mohou nastat po jevu p.

Entropie vyjadiuje miru nejistoty. Jestlize slovo
zacind fetézcem p, potom ¢im je H(p) vySsi, tim je
tézsi predpoveédét, jakym fetézcem s; bude slovo pok-
racovat. Je zfejmé, ze za predponami bude entropie
vysoké, protoze pfedpony stoji na za¢atku mnoha slov.
Podobné bude entropie vysokd pied pfiponami, nebot
k danému zacéatku slova lze obvykle ptipojit vice pii-
pon. Pro naSe potfeby budeme pocitat entropii dvéma
zpusoby.

Definice 7 Dop7ednd entropie posloupnosti pis-
men 1 je definovdna jako

He(r)=— Y pslsilr)logyps(silr)
8iiTii8, €2
kde py(s;|r) oznacuje pravdépodobnost, Ze slovo zaci-
nagici r bude koncit s;.
Definice 8 Zpétnd entropie posloupnosti pismen r
je definovdna jako
Hy(r)=— > po(silr)logy py(silr)
Si;8iTrES?

kde py(si|r) oznacuje pravdépodobnost, Ze slovo konci-
ci r bude zacinat s;.





V definici predpony jsme pozadovali, aby Fetézec
mohl pokrac¢ovat mnoha ruznymi zpusoby. Pokud mé-
me mnoho ruznych koncu, je nejistota, co bude nésle-
dovat po predponé, vyrazné vyssi, nez pokud mame
jen jeden mozny konec. Cim vyssi mé tedy tvodni
fetézec dopfednou entropii, tim vice odpovida nasi
definici pfedpony. Dopfednd entropie ovSem ni-
jak explicitné nezahrnuje druhou podminku — aby
predponu bylo mozno odtrhnout a nahradit jinou tak,
aby vysledek byl také slovem v daném jazyce.

O tom by ndm néco mohla prozradit zpétna entro-
pie, nebot &m vyssi je zpétna entropie néjakého kon-
cového fetézce, tim vice moznych zacdtku (prefixu)
muze timto Fetézcem pokracovat. Zpétna entropie vSak
byva na zacatku slov pomérné nizka. Pro splnéni dru-
hé podminky ale muzeme pouzit i jiné metody (na-
pifklad zkusit najit alespon jeden ¢tverec), nebo jen
spoléhat, ze kdyz ma pocatecni fetézec tolik moznych
pokracovani, tak ze ho lze i nahradit.

Pro odhalovéni pfedpon se tedy hodi dopiedna
entropie, kterou je mozné jesté trochu vylepsit po-
moci dodateénych podminek. Definice ptipony se od
predpony lisi jen odtrhavanim z druhého konce slova.
A jelikoz se zpétna entropie od dopredné lisi taktéz
pouze opa¢nym smérem zpracovani slova, lze stejnym
zpusobem, jakym lze pouzit dopfednou entropii pro
rozpoznavani predpon, pouzit zpétnou entropii pro
rozpoznavani piipon.

2.3 Diferenc¢ni entropie

Podivame-li se na vysledky metody entropie, je patr-
né, ze u dopredné entropie jsou hodnoty na zacatku
slova vyrazné vySsi nez na jeho konci. Aby bylo mozné
rozumné porovnavat vhodnost déleni slova na zacatku
i na konci, je tfeba pouzit néjakou formu automatické
normalizace.

Tu ndm nabizi metoda diferencni entropie.

Definice 9 Doprednd diferenéni entropie pos-
loupnosti pismen r = r,. :: r1 je definovdna jako

Hay(r) = Hy(r) — Hy(rr)
kde r1 je prdvé jedno pismeno.

Definice 10 Zpétnd diferenéni entropie posloup-
nosti pismen r = ry :: 1. je definovdna jako

Hay(r) = Hy(r) — Hy(rr)
kde r1 je prdvé jedno pismeno.
Neméiime tedy uz nejistotu, s jakou lze predpo-

védeét, co bude pokracovat, ale narust této nejistoty.
Budeme-li postupovat od zacatku slova k jeho konci,
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bude dopfedné entropie obecné klesat, nebot ¢m vice
se pii zpracovani blizime ke konci slova, tim méné
moznosti pokrac¢ovani muzeme o¢ekdvat. Dopiedna di-
ferenc¢ni entropie zachyti okamziky, kdy entropie oproti
ocekavani vzroste, a to i tehdy, kdyz jeji hodnota neni
absolutné nejvyssi. To ndm umozni zachytit ta mista
ve slové, kde je nejistota pokracovani neobvykle vy-
sokd. Opét se tedy snazime o splnéni prvni podminky
z definice, kdy pozadujeme, aby Fetézec (pfedpona)
meél mnoho moznosti pokracovani. V tomto piipadé
“mnoho” neni globalni limit, ale znamend vice moz-
nosti, nez je obvyklé.

Druhd podminka, totiz moznost odtrhnout pted-
ponu a nahradit ji jinou, neni ani u této metody
zohlednéna, stejné jako u metod entropie. Lze se s ni
vyporadat i stejnym zpusobem. Podobné jako u metod
entropie se dopfedna diferen¢ni entropie hodi pro roz-
poznavani predpon a zpétna diferenéni entropie k roz-
poznavani piipon.

3 Affisix

Metody uvedené v predchozich sekcich jsme imple-
mentovali v komplexnim néastroji Affisix. Implemen-
tace metody entropie byla hlavni naplni bakalaiské
préce [6]. Néstroj jsme posléze rozsitili o dalsi metody.

Affisix je open source nastroj pro experimenty se
segmentaci slov. Je psan v jazyce C++ a distribuovan
pod licenci GPLv3. Obsahuje pouze rozhrani pro pii-
kazovou tadku. Diky tomu je ale snadno pfenositelny
a umoznuje snadné zaclenéni do slozitéjsich scriptt pro
zpracovani dat.

Hlavni vyhodou programu Affisix je jeho uni-
verzalnost. Implementuje nejen uvedené metody, ale
zaroven i jednoduchy interpreter. Diky nému lze me-
tody a jednoduché pomocné funkce libovolné kombino-
vat. Uzivatel tak muze snadno testovat rizné moznosti
kombinace metod bez nutnosti rekompilace.

Affisix podporuje dva ruzné médy. Prvni méd je
collector, kdy jsou vstupni data pouzita pouze pro vy-
generovani seznamu rozpoznanych segmentu. Druhy
méd je filter. V tomto médu Affisix projde vstupni
text a pouze oznac¢i mista vhodnd pro segmentaci.

4 Vysledky

Pro srovnani metod jsme provedli nékolik experimen-
tia. Ty spocivaly v pouziti Affisixu pro rozpoznani
predpon existujicich v ¢estiné.

Jako vstupni byla pouzita filtrovana lemmata z ko-
rpusu SYN2000 [4]. Odstranili jsme vSechna slova zagi-
najici velkym pismenem (typicky vlastni jména), ddle
slova obsahujici tii stejnd pismena za sebou (ruzné
chyby, které se dostaly do korpusu) a nakonec i slova
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Obr. 1. Srovnéani precision pii rozpoznavani predpon.

obsahujici pro ¢estinu netypickd pismena “q”,“w” a “x”. metoda 10 50 100 150 200
Kazdé ze zbylych lemmat bylo zapocitano pouze jed- Cy 100% 100% 94% 84% 73%
nou. H gy 100% 100% 92% 81% 7%

Na vstupni data jsme pouzili zminované metody Hy 100%  82%  79% 70% 70%
v kombinaci s pozadavkem, ze pfedpona netvoii vice Sy 100% 60% 48% 36% 31%

nez polovinu slova, a ziskali tak kandidaty na ceské
predpony. Vysledné seznamy byly zkontrolovany clo-
vékem, ktery stanovil, které fetézce jsou skutecnymi

Tab. 1. Srovnani precision pfi rozpoznavani predpon.

predponami a které ne. predpona | Cy |[Hyf|| [[Ha|l [[S]l
Pro porovnavani metod jsme pouzili precision. 1. | super 2.682 0.967 0.978 0.737

2. | pseudo 2.602 0.963 0.961 0.677

Definice 11 Nech? I' je mnoZina predpon ziskanijch 3. | mikro 2.5320.921 0.917  0.693
automatickou metodou a necht ¥ je mnozina skutec- 4. Seibe 2505 0898 0.849 0.757
nych predpon existujicich v daném jazyce. Potom pre- 5. | radoby 2.480 - 0.983 = 1.000  0.496
. . . . 6. | deseti 2.437 0917 0.865 0.653
ciston P je definovdna jako 7. | mimo 2.423 0.968 0.801 0.653
8. | hyper 2.420 0.906 0.894 0.619

po 0% 0% 9. | anti 2.393 0942 0706 0.744

|| 10. | roz 2.390 0.922 0.530 0.937

11. | severo 2.384 0.966 0.839 0.578

Daéle jsme pouzivali pomocnou metodu C'y utvoie- 12. | jiho 2.370 0.944 0.848 0.577
nou jako soucet normalizovanych hodnot jednotlivych 13. | makro 2.366 0.935 0.886 0.544
metod: 14. | elektro 2.364 0.931 0.797 0.635
15. | jedno 2.361 0.923 0.726 0.711

. P . ; . .. 16. | nizko 2.359 0.940 0.919 0.499
Dveﬁnlvcev12° Nefht P je Z“etezec a necht T je mnoZina 17. | mega 2341 0.904 0861 0575
viech Tetézcd. Ddle necht: 18. | vnitro 2332 0.939 0.862 0.530
19. | spolu 2.327 0921 0.711 0.695

18y ()l = Hy (p)/ max{Hy(s)} 20. | dvou 2.317 0929 0.659 0.728

21. | euro 2.311 0918 0.791 0.601

[1Har (P = Her (p)/ max{Has (s)} 22. | velko 2.309 0.857 0.820 0.631

_ 23. | auto 2.306 0.896 0.737 0.673

155 (P)I| = log(Sy(p))/ maxdlog(Sy(s))} 24. | ultra 2306 0.873 0.888 0.544

25. | deviti 2.304 0.858 0.833 0.612

Potom:
Tab. 2. Ukazka vysledku.
Cr(p) = 1H ()l + [[Har ()| + |15 (R





V tabulce 2 je vidét 25 nejlepSich rozpoznanych
predpon, sefazenych podle hodnoty C'y. VSechny nale-
zené fetézce skutecné vystupuji v ¢eskych slovech jako
predpony.

V tabulce 1 uvddime porovnani jednotlivych metod
podle precision. Precision byla pocitana pro 10, 50,
100, 150 a 200 nejlepsich predpon dle dané metody.
Jak precision postupné klesa pridavanim dalsich kan-
did4tu na predpony, je vidét na obrazku 1.

Aktudlni vysledky [2] ukazuji, ze pomoci kombi-
nace metod lze dosdhnout dobrych vysledku pii pofi-
zovani seznamu predpon. Na druhou stranu praktické
vyuziti vysledku pii automatickém piekladu [3] zatim
ocekavané vysledky nepiineslo. V té dobé ale nebyl
jesté implementovdan mod filter, a program mél tedy
k dispozici méné informaci, nez by mél dnes.

Cilem do budoucna je ptridavat dalsi slibné metody
a roz§itit moznosti jejich kombinaci.
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Abstract. Text has long been a standard means of rep-
resenting software. Integrated Development Environments
are often used to help programmers to deal with the com-
plexity of software projects. However processing textual pro-
gramming languages can be complicated and error-prone.
Advances in computing power and user interfaces allow us
to make a shift in software representation, which will en-
able programming environments to know more about the
software. An alternate — hypergraph-based — software rep-
resentation is discussed. A hybrid hypergraph-based visual
programming language is specified and its visual program-
ming environment is presented.

1 Introduction

Since the 1950s, when the transition from using punch
cards was made, computer programs have been stored
mainly in text form, using a myriad of programming
languages. Programmers used their text editor of
choice to edit the program’s source code.

As the complexity of software systems grew, so did
the need for better navigation in source code. This
resulted in text editor features like syntax highlight-
ing and high level overview of modules and functions.
These text editors evolved into integrated development
environments (IDEs), which currently offer a wide va-
riety of functions, which make it easier to navigate and
modify the source code, like code completion, refactor-
ing, class hierarchy visualization and others.

The problem with current state is that computer
programs are still stored in unstructured, textual form.
This means, that in order for IDEs to provide struc-
tured access to programs and their parts, they need
to constantly parse and analyze source text. Because
text is essentially a free form medium, the program-
mer may introduce a syntax error into the source code.
IDEs and any utilities working with source code need
to deal with these errors.

Because IDEs are more and more prevalent among
programmers, we believe it is time to find a more struc-
tured alternative to textual software representation.
Our work concentrates on providing this alternative

* This work was partially supported by the grant KEGA
244-022STU-4/2010: Support for Parallel and Dis-
tributed Computing Education.

in form of hypergraphs for the definition of a visual
programming language/environment.

Following section discusses visual programming
languages. In section 3 we present motivation for our
hypergraph-based approach. Section 4 describes for-
mal details of our visual programming language. In
section 5 we present the visual programming environ-
ment. The paper then discusses related work and con-
cludes with final thoughts.

2 Visual programming languages

Along with the development of graphical user inter-
faces, the idea to write programs using visual notations
appeared. Visual programming languages use graphi-
cal icons to represent source code. Textual notation
of source code can be considered as one-dimensional
— ignoring source code formating, the compiler looks
at the source code as a one-dimensional stream of
tokens. On the other hand, visual programming lan-
guages that use 2D or 3D language constructs con-
sider also their spatial placement, thus “left-of” or “be-
low” positions have at least syntactic or even semantic
meaning.

Constructing visual languages is more complicated
than textual languages because the visual language
parser needs to analyze spatial positions of language
constructs. Visual programming languages need
graphical interfaces that allow writing and running
programs written in visual languages. The terms vi-
sual programming environment (VPE) and visual pro-
gramming language (VPL) are often used interchange-
ably, but VPLs are means for specifying software and
VPEs are tools for writing, analysis and running of
visual programs [2].

Visual programming languages can be divided into
two main groups — pure visual languages, which ex-
ecute programs directly from visual representations,
and hybrid languages, which convert visual representa-
tions into textual form that is then compiled or inter-
preted, often utilizing existing textual programming
languages.

Many approaches to formally define VPLs have
been developed and many are based on various gram-
mars, e.g. positional grammars [5], relational gram-
mars [20], multi-set grammars [15], layered graph





70 Michal Kottman, Peter Kapec

grammars [19] etc. Among other graph-based gram-
mars, the hypergraph grammars allow to represent
language constructs in a straightforward way. Nodes in
a hypergraph can represent terminals e.g. basic types
and hyperedges can represent nonterminals, e.g. com-
plex language constructs [2].

The goals behind the development of visual pro-
gramming languages are often led by the motivation
to provide a more effective programming environment.
However all attempts have to face the problem of small
display space in which it is problematic to display
many language constructs at once — using textual no-
tation we can display often more language constructs
then with visual icons (known as Deutsch’s limit).

Studies about VPLs often show that VPLs cannot
be claimed superior to textual languages [10]. We how-
ever see the potential of VPL and VPEs in overview
and analysis of the system and by providing adequate
visualization and interaction techniques also in solv-
ing programming tasks. The problem of small display
space can be solved by wusing zoomé&pan, fo-
cus+context methods and zoom user interfaces.

In our approach we developed a hybrid VPL, called
Villie, that uses hypergraph-based representation of
language constructs that are actually interpreted by
an existing textual scripting language. The VPE for
Villie displays not the underlying hypergraph repre-
sentation, but higher-level visual blocks thus reducing
the amount of displayed entities.

3 Hypergraphs as a software
repository

Graph grammars are a common way to formally define
VPL. However software engineers do not only work
with source code, but also other artifacts related to
software, like documentations, UML diagrams, revi-
sions, user interfaces etc. Although current IDEs pro-
vide useful features, they are still not capable to han-
dle the structural differences of these software artifacts
and developers have to use different tools for different
artifacts. This way the important relations between
these artifacts may get lost. A hypergraph-based rep-
resentation of software artifacts that can be found in
software’s development life cycle could bring before
not seen possibilities in IDE.

As our VPL is based on hypergraph grammars, we
could utilize the underlying hypergraph structures to
cover additional software artifacts. This way our VPE
uses hypergraph structures that represent language
constructs of the VPL and also artifacts like docu-
mentation, user’s comments or diagrams. The under-
lying hypergraph structure allows to develop a VPE
that stores knowledge about software artifacts [6]; this

aspect becomes more important as current software
development often uses hybrid programming (mixing
several programming languages and technologies in
one software project). Possibilities of hypergraph-
based visualizations of software artifacts have already
been presented, either in 2D or 3D space [13].

In following section we describe the underlying hy-
pergraph model of the VPL and for storing software
artifacts.

3.1 Hypergraph

A hypergraph is a generalized graph in which an edge,
called hyperedge, can connect more or even less than
two nodes. Formally a hypergraph H = (V,€) consist
of a finite set V' = {vy, ..., v, } nodes and the € is a fam-
ily (E;);er of subsets of V. The members of € are called
edges.

However for our purposes to represent the gram-
mar of our VPL and to store knowledge about software
artifacts we us an alternative hypergraph definition:

Definition 1. A labeled oriented hypergraph is H =
(V,E,I,L,\v, g, A\1,\1) where V,E, I, L are disjoint
finite sets and we call V' the vertexr set of H, E the
hyperedge set of H, I the incidence set of H and L
the set of labels. The mappings Ay : V. — P(I) and
Mg : E — P(I) satisfy following conditions:

Vo £ v Ay()NAv (@) =0 Upev Av(v) =
Ve#e Ap(e)NAp(e') =0 Uecp A\p(e) =

The map A\ : I — {IN,OUT} specifies orientation of
hyperedges and map A\p, : NUFEUI — L assigns labels
to hypergraph elements.

This directed labeled hypergraph definition does
not constrain the labeling of hypergraph elements — it
is possible and is expected that several edges and inci-
dences share the same label. For this reason the imple-
mentation of this hypergraph model needs to identify
hypergraph elements by using unique identifiers. The
Av, Ap mappings ensure that each incidence is always
connected to exactly one node and one hyperedge.

The Figure 1 illustrates a oriented hyperedge FEdge
that connects nodes vil, vi2, vol, vo2. The hyperedge
orientation is defined by incidences: vil, vi2 are called
the tail and vol, vo2 are called the head of the hyper-
edge.

4 A hypergraph based visual language

In order to show that hypergraphs are a viable rep-
resentation of computer programs, we designed a hy-
brid visual programming language — Villie — that uses





Fig. 1. Illustration of an oriented hyperedge.

hypergraph as it’s storage model. Instead of creating
whole new language, we chose to model it after a sub-
set of the Lua [11] programming language.

Lua is a simple, but powerful scripting language.
One of it’s main advantages is that it has a simple and
understandable syntax, with only a handful of opera-
tions. In order to map the operations into hypergraph
representation, we first need to introduce a mapping
metaphor. A similar approach has been used before in
the DiaGen [2]| system, which uses hypergraph gram-
mars to create syntax-aware diagram editors. In our
system, we use the following meaning of nodes and
edges:

— nodes - used to represent data, expressions, con-
nection points

— edges - used to represent operations, relationship
between different elements of program

For Villie, we chose to represent the operations listed
in Table 1.

Set Assign a value to variable
Local Create a local variable

Call Call a function with parameters
Invoke Invoke a method on an object

If Conditionally execute a block

While  Execute a block while condition is true
Repeat Repeat a block until condition is true
Fornum Numeric for loop

Forin Iteration over elements returned by iterator
Break  Breaks execution of innermost loop

Return Returns a value from a function

Function A function with arguments and body
Funcdef The place of definition of a function

Table 1. Operations supported by Villie.

Even though it is possible to represent expressions
in hypergraphs, we decided to make Villie a hybrid lan-
guage. We represent expressions in their textual form
due to the complexity of editing hypergraph-based ex-
pressions by programmers.
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Fig. 2. Hypergraph representation of supported opera-
tions.

An overview of the hypergraph representation of
these operations is on Figure 2. Edges are represented
by ovals and nodes by parallelograms and points.
A block consists of several operations, whose order is
determined by the name of incidence, by which the
operation is connected to the block. In order to be
able to connect operations with block in which they
reside, every block and operation has an activation
node, connected by the do incidence. The hypergraph
also stores contextual information, like the local vari-
ables, that are defined in a block.

Nodes, represented by parallelograms, are Lua ex-
pressions, which take on different roles, depending on
the position they reside on — the values of evaluation,
identifiers or variables over which to iterate. The oper-
ations were named according to Metalua [8]. Because
Villie is a subset of Lua, bi-directional translation be-
tween the languages is possible. Not all Lua programs
are reproducible in Villie. We use Metalua to retrieve
the abstract syntax tree from Lua source, which is then
translated into our hypergraph representation. The re-
verse translation from Villie into Lua is also possible.
This translation is mainly used for execution of pro-
grams created in Villie.
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Fig. 3. Part of a hypergraph model of a program.

5 The visual environment

In order to create, modify and execute a visual lan-
guage, a visual programming environment is required.
In our experiments we tested a naive visualization of
programs using bipartite graphs. However, because of
the amount of elements required to visualize even sim-
ple programs, we soon hit Deutsch’s limit. The neces-
sity for an alternate representation is illustrated by
Figure 3, which is a partial visualization of a sim-
ple program, that contains a sequence of conditional
switch, while, repeat, numeric and iterative for loop.

Instead of visualizing the raw hypergraph, we chose
and alternative visual notation, partly inspired by
Code Bubbles [4]. The main element of program visu-
alization is a block, which can moved around on the
scene. A block contains zero or more operations, whose
color and shape are different for each type of opera-
tion. Operations also contain additional information
about themselves, such as loop conditions. They may
also contain icons for better understanding.

Operations that have body, such as loops, are con-
nected with other blocks using arrows. Initially, only
the first level block is shown. Child blocks are revealed
and hidden after double clicking on the operation to
which they are connected. These blocks may be moved
independently on the scene, however they always re-
main connected with their parent operation. Blocks
also have a header, which may contain additional in-
formation, such as the name of variable, over which is
iterated.

The color, shape and icon of different types
of operations are modifiable at runtime, similar to
syntax highlighting used in IDEs. The default set of
these settings is shown on Figure 4.

Blocks of code
, A0 Block headers

Main program <--"3 ,
/

Set —— . ;
Local —> | (©  tocai - oapenttestiuan RN ¥
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If —— w else
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Fig. 4. Visualization of blocks and operations.
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Fig. 5. Graphical user interface of Villie visual environ-

ment.

In order to maintain a well arranged scene while
allowing the programmer to move the blocks freely,
we implemented a force based graph layout algorithm
based on Fruchterman-Reingold algorithm [9]. It is ac-
tivated whenever a block is moved, and it strives to
keep the blocks from overlapping, while maintaining
the spatial relations between child and parent blocks.

The graphical user interface of Villie visual envi-
ronment can be seen on Figure 5. It displays the main
module of Nanoki'. The left part contain a list of all
functions accessible from the currently loaded module.
The right part contains supported language constructs
for easy insertion of code. The toolbar allows quick
access to execution, layouting, navigation and editing
operations on blocks of code.

! http://alt.textdrive.com /nanoki/
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Fig. 6. An example program, calculating the Fibonacci se-
quence recursively.

Fig. 7. Another example, calculating the Fibonacci se-
quence iteratively.

5.1 Example usage

We demonstrate the visualization of Villie programs
on Figures 6 and 7, which represent a function, that
calculates the N** number in the Fibonacci sequence,
recursively and iteratively. These programs were made
directly in our visual environment, by progressive ad-
dition of operations into initially empty blocks. They
demonstrate basic properties of Villie, such as block vi-
sualization, contextual information such as arguments
and loop variable, and relations between blocks and
parent operations.

A more advanced example is shown on Figure 8. It
displays selected functions from the LuaDist project?,
that were imported into Villie from Lua. Some of the
operations were expanded, while others are left unex-
panded, to reduce visual clutter.

5.2 Possible enhancements

Because the hypergraph representation chosen for our
language is very flexible, it is easy to extend the con-
crete language for additional functionality. A simple,
but useful addition is to enable binding of documen-
tation to functions and other elements of programs. It
our system, it can be achieved by adding an optional
’documentation’ incidence to operations in our hyper-
graph model, and adding the documentation display
in the environment.

Another possibility enabled by using hypergraphs
is storing the previous versions of programs, or indi-
vidual program elements in the hypergraph represen-
tation itself, therefore removing the need for external
version control systems.

Although our system focuses on providing a generic
programming language based on hypergraph, the rep-
resentation is also suited for domain specific use cases,

2 www.luadist.org
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which could benefit from the non-linearity of hyper-
graphs. Prime examples of these are web service or-
chestration and data flow oriented processes. Web ser-
vice invocations can be represented in hypergraph as
edges and their inputs and outputs using nodes. Nodes
can then be seen as a connection points and tempo-
rary storage of calculated data. A similar approach can
be used in data flow oriented processes, where edges
represent data sources, sinks and filters, and nodes
represent data queues.

6 Related work

In past years many VPLs have been created
following well known programming paradigms [3].
This work was inspired by several existing VPLs.
The hypergraph-based approach was used in the Dia-
Gen system in which hypergraph grammars are used
to specify and edit various diagram types [2]. Our ap-
proach however focuses not only on VPL hypergraph
grammar, but also on other software artifacts that can
be stored in hypergraphs. The TUBE [18] VPL uses
Topic Maps as the underlying model, which can also
be formalized by hypergraphs [1].

The VPE was inspired by several VPL like GRAP-
NEL [12], VFPE [14] or Subtext |7]. Displaying blocks
representing language constructs is similar to GRAP-
NEL or VFPE. The placement of block side-by-side
is similar to Subtext’s or Code Bubbles’ approach,
however we use a dynamic graph layout algorithm for
placement.

There have been also approaches for 3D VPL that
use 3D geometrical object as language construct, e.g.
Cube [16] or 3D-PP [17]. The move into 3D makes
editing and comprehension of programs more compli-
cated, thus our approach uses only 2D display, however
we are planning to move also into 3D but not using
3D geometrical objects.

7 Conclusions

In this paper we presented a hypergraph-based visual
programming language and environment. This lan-
guage uses hypergraph grammars to define programs,
but uses an existing textual language for interpreting
them. The visual programming environment displays
language constructs as graphical blocks on higher level
than the actual underlying hypergraph representation
— this reduces the amount of displayed visual elements.

We presented the graphical environment and
showed several programs, ranging from simple to ex-
isting systems. The visual programming environment
can be also used for interactive analysis of source code
by providing navigational and explorational aids.
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Fig. 8. Selected functions from LuaDist project.

Future work will be dedicated to exploring possi-
bilities of the hypergraph-based storage to cover addi-
tional software artifacts. Online collaboration of sev-
eral developers is also in our focus and we are experi-
menting with 3D visualization.
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Od segmentt ke klauzim v cestiné — analyza vybranych jeva™*
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Abstrakt Clinek se zabyvd problémem skldddni klauzi
v Ceskych souvétich z jednotlivych segmenti identi-
fikovanych pomoci spojek a interpunkcénich znamének.
Mnozstvi segmenti je obvykle vétsi nez pocet klauzi, proto
je pri syntaktické analyjze souvéti nutné rozpoznat a spojit
jednotlivé segmenty do klauzi a uréit vzdjemné postaveni
téchto klauzi. Cldnek navrhuje a predklddd k diskusi urcitd
pravidla, kterd vychdzeji z ceské gramatiky a z lexikalné
syntaktickych vlastnosti ceskych slov. Tato pravidla se
opiraji o analyzu jevi, duleZitych pro urceni vzdjemného
vztahu Ceskych klauzi, a o jejich frekvenci. Pravidla jsou
vytvotena prevdZné na zdkladé dat, ziskanych pro tento
tkol z Prazského zavislostniho korpusu.

1 Uvodni poznamky — hranice
a segmenty

Syntaktickd analyza souvéti predstavuje jednu z cest
k vylepSeni vysledki nejriiznéjsich analyzatortd, at
jiz jsou zalozeny na tradi¢nich metodach ruc¢niho
psani gramatik nebo na metodach statistickych.
V obou piipadech totiz informace o slozeni souvéti,
o vzajemném vztahu jednotlivych klauzi i o slozeni
jednotlivych klauzi mohou podstatnym zpusobem
zjednodusit cely proces syntaktické analyzy. Bez
ohledu na pouzitou metodu se totiz ukazuje, ze ¢im
Podpurné argumenty pro toto tvrzeni je pro pravidlové
gramatiky mozné nalézt napifklad v praci [1], pro
metody statistické v préci [2].

V élanku [3] jsme navrhli zpusob rozdéleni ceskych
souvéti na tzv. segmenty, jednozna¢né definované
tseky, které vzdy zcela urcité patii do jedné ceské
klauze. Tento pifstup byl v prispévku [4] déle
modifikovan pro potfeby automatického zpracovani
a rucnich anotaci — na zakladé morfologické analyzy
jsou uréeny tzv. hranice segmentti, tedy souradici
spojky a interpunkce. Rozdéleni souvéti na seg-
menty pomoci takto definovanych hranic je mozné
diky pomérné striktnim pravidlum, kterda existuji
v Ceské gramatice pro interpunkci a pro pouzivani
soufadicich (a podfadicich) spojek; tyto vyrazy jed-
nozna¢né oddéluji jednotlivé segmenty. V piipadech,
kdy samotnd identifikace hranice neni jednoznacni,

* Vysledky, o kterych referujeme v tomto ¢lanku, byly
dosazeny za podpory grantu GACR. ¢&. 405/08/0681.

je mozné pomoci morfologického znackovace (taggeru)
pomeérné spolehlivé rozhodnout, zda se jedné o hranici
¢i nikoli (napf. vyraz jak muze byt bud soutadici
spojkou, a tedy hranici; nebo je podfadici spo-
jkou, zdjmennym prislovcem ¢i podstatnym jménem,
v takovém piipadé ho za hranici nepovazujeme).

Stejny c¢lanek také Kkonstatuje, ze spojovani
jednotlivych segmentu do klauzi a urCovani je-
jich vzajemného vztahu je problémem mnohem
obtiznéjsim nez nalezeni vSech segmentu v souvéti.
Hlavnim cilem tohoto ¢lanku je analyzovat tento
problém a navrhnout feSeni, které by se dalo v bu-
doucnu implementovat.

2 Segmentace a syntakticka analyza

Syntaktickd analyza jazyku s volnym slovosledem,
mezi néz patii i cestina, se potyka s celou fadou
problému. Jednim ze zdkladnich problému je spravné
uréeni jednotlivych klauzi v souvéti a jejich
vzdjemnych vztaha. Tento problém muzeme ilus-
trovat naptiklad vétou Vyskytl se ¢ pripad, kdy
ndjemnik neplatil ndjem po wurcitou dobu, kdy byl
nezaméstnany, a po nalezeni zaméstndni dluh uhradil.
Posledni segment po nalezeni zaméstndani dluh uhradil
miiZeme analyzovat dvojim zpiisobem, bud’ jako klauzi
koordinovanou s hlavni klauzi Vyskytl se i pripad [...]
a po nalezeni zaméstndni dluh whradil., nebo jako
klauzi tvorici s dalsi klauzi koordinované piivlastkové
véty kdy ndjemndk neplatil ndjem po urcitou dobu [...J
a po nalezens zaméstndni dluh uhradil.!

Dalsim vyznamnym problémem syntaktické
analyzy (nejen) Cestiny je obtiZnost urcéeni dosahu
vnofenych vétnych konstrukei (vedlejsich veét,
vsuvek). Ty maji sice obvykle velmi snadno rozpoz-
natelny zacdtek (podradici spojka, vztazné zdjmeno,
zdjmenné piislovce apod.), jejich konec se vsak
rozpoznava jiz mnohem hufe. Vezméme si napiiklad
nasledujici souvéti S ulevou nam sdeélil, Ze ztraceny
Petr prisel, s chabou omluvou, azZ véera vecer. Posledni
segment aZ véera vecer je prisloveénym urcéenim casu,

! Poznamenejme, Ze z hlediska syntaktické analyzy jsou
obé analyzy sprdavné; preference druhé analyzy je déna
az na urovni porozuméni vété v kontextu promluvy
(pragmatiky).
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Obr. 1. Editor SegView: segmentacni schéma véty Zbyvd jen dodat, Ze proti 30. cervnu 1993, kdy na soudech ,,lezelo “
zhruba 700 ndvrhi, predstavuje zminéngch asi tisic poddni ndrust priblizné o 40 procent (klauze vyznaceny elipsami,

maximdln{ drovern zanofeni 2).

které néasleduje po vsuvce s chabou omluvou a syntak-
ticky muze tvofit klauzi jak s hlavni klauzi S dlevou
ndm sdélil [...] aZ véera vecer., tak s vedlejsi klauzi
Ze ztraceny Petr prigel [...] aZ véera veder. RozieSeni
této viceznacnosti je mozné az na zakladé porozumeéni
kontextu, z cisté syntaktického hlediska musime
uvazovat obé varianty. Tyto konstrukce predstavuji
velky problém pro vSechny zpusoby analyzy véetné
analyzy zalozené na statistickych metodach.

Nejzavaznéjsim jevem, ktery ztézuje syntak-
tickou analyzu, jsou ovSem koordinaéni, piipadné
piistavkové (apozi¢ni) konstrukce. Z hlediska
Cisté syntaktické analyzy nejde ani tak o problém
rozliSeni téchto dvou jevu, ale hlavné o rozliseni
vétné clenské a vétné koordinace, protoze toto
rozliSeni urcuje typ vzdajemného vztahu mezi jed-
notlivymi klauzemi. Vezméme napiiklad tsek véty ob-
sahujici jmennou frézi ... Savrda, kapitdn, psycholog
a kouc ..., ktera muze popisovat jak nékolik ¢lenu re-
alizacnfho tymu (jako prostd clenskd koordinace), tak
i slozeny piistavek rozvijejici vlastni jméno Savrda;
teprve v piipadé, ze k celé konstrukci pridame zprava
vyraz v jedné osobé, bude jasné, ze se jednd o druhy
pripad; bude to ale jasné pouze na zdkladé porozumeéni
danému tuseku, z cisté syntaktického hlediska opét
zustanou ve hfe obé varianty. Problém rozliseni vétné
a vétné clenské koordinace podrobngji ilustrujeme
v nésledujici sekci.

Tyto a dalsl konstrukce (podrobnéji popsané
naptiklad v praci [1]) pfimo vyzyvaji k zapojenf
ur¢itého mezikroku mezi morfologickou a syntak-
tickou analyzu. Tento mezikrok by umoznil nalézt
ur¢ité dobte definované celky (segmenty), které by
bylo mozné pomoci specidlnich pravidel pospojovat
do klauzi. Vzhledem k tomu, Ze pocdtecni useky
klauzi obvykle dobfe definuji roli klauze v souvéti
(ruzné piiznaky podiizenosti, zejména podradici spoj-
ky, vztaznd zdjmena apod., se obvykle nachéazeji na
zac¢atku prvniho segmentu klauze), by tato pravidla
mohla pomoci stanovit i vzdjemné postaveni jed-
notlivych klauz{ v souvéti, a tim vyrazné uleh¢it dalsi
kroky syntaktické analyzy (vlozené klauze je mozné
zpracovavat nezavisle). Nebot af se jiz rozhodneme
pro jakoukoli metodu analyzy, jeji ispésnost bude pro
kratsi jednoduché véty vyssi [2].

2.1 Dostupna data a nastroje

Aby bylo mozné chovani segmenti zkoumat, bylo
nutné vytvorit odpovidajici data. Dostupné syntak-
ticky anotované korpusy (pro ¢estinu zejména Prazsky
zévislostni korpus (PDT), viz [5]) se totiz vétsinou
soustied'uji na vztahy mezi jednotlivymi slovy, chybi
v nich explicitni zndzornéni vztahu mezi vétsimi
vétnymi celky. Proto jsme se rozhodli data z PDT
upravit do podoby vhodnéjsi pro naSe experimenty.
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pocet | pocet pocet klauzi
segmentu| veét 1 { 2 { 3 { 4 { 5 { 6 { 7 { 8 { 9
1 942  [|942
2 804 [|396 | 408
3 583 [|165 | 236 | 182
4 400 ||100 | 124 | 107 | 69
5 275 48 | 81 7 41 29
6 171 26| 30| 45| 35| 25| 10
7 85 10 22| 24| 14 7 6 2
8 61 12 71 13| 13 9 5 1 1
9 40 7 8 7 6 3 4 1 2 2
10 26 3 1 6 2 3 3 3 4 1
11 24 1 3 3 3 2 3 4 3 2
vce 33 11 5 2 3 2 4 4 1 1

Tab. 1. Pocéty klauzi a segmentu v datech.

Pouzili jsme jednak automatickou metodu, podrobné
popsanou v ¢ldnku [6], jednak ru¢ni anotaci [7]. Z dat
ziskanych ru¢ni anotaci vychazime i v tomto ptispévku
— jde o soubor 3 444 vét z PDT, u kterych byla urcena
struktura souvéti. Pii zpracovani dat se vychazelo
z pojmu segmentu, anotatori urcovali jednak vztahy
mezi jednotlivymi segmenty (zda a v jakém vztahu
jsou c¢asti vét vyjadiené jednotlivymi segmenty, tedy
zda vyjadfuji casti véty souradné spojené Ci je mezi
nimi vztah ftidici-zavisla klauze, pripadné zda jde
o vsuvku), jednak vyznacovali jednotlivé vétné klauze.

Anotétoii pouzivali specidlni editor SegView;?
ukézka anotace pomoci tohoto editoru je na obrazku 1.
SegView umoznuje kromé vlastnich anotaci téz vyh-
ledavani zajimavych piiklada — kromé trividlnich
dotazi na formu, lemma ¢&i tag SegView do-
voluje vyhledavani zajimavych struktur, jako je
napiiklad souvéti o urcitém poctu klauzi, souvéti
s ur¢itou hloubkou zanofeni ¢i souvéti s maximélnim
,skokem‘ mezi jednotlivymi segmenty. Zakladni statis-
tiky dokladajici frekvenci jevi, dulezitych pro urcéeni
vzajemného vztahu ceskych klauzi, predstavime
v nasledujici sekci.

3 Analyza vybranych jevi

3.1 Kvantitativni analyza

Prvni typ analyzy dat, ktery ndm umoznuje nastroj
SegView, je analyza kvantitativni. Ta nam pomohla
zjistit nékteré vlastnosti Ceskych textu, které jsou
dulezité pro vytvoreni algoritmu pro rozklad souvéti
na klauze a zjisténi jejich vzajemnych vztahu. Jeji
vysledky jsou zachyceny v tabulce 1. Celkem jsme ve
3 444 analyzovanych vétdch identifikovali 10 746 seg-
mentu, které tvoii 6 571 klauzi.

2 Zde bychom chtéli podékovat autorovi editoru Petru Ho-
molovi, ktery téz zajistil technickou podporu pfi ano-
tacich a pfi vyhodnocovani dat.

Cisla obsazen4 v tabulce 1 na prvni pohled doku-
mentuji nijak prekvapivou skute¢nost, ze jednoduché
véty a souveéti slozend z jedné az dvou klauzi
s maximalné dvéma segmenty predstavuji podstatnou
¢ast dat. Jedna se celkem o 1 746 vét, tedy o nepatrné
vice nez polovinu celkového mnozstvi. Tyto véty jsou
z hlediska zpracovani pomérné trividlni, protoze i u vét
slozenych ze dvou klauzi odpadad problém nalezeni
konce obou klauzi, jejich vzdjemny vztah (souradnost
nebo podifzenost, piipadné vsuvka) se obvykle také
da velmi snadno urcit na zdkladé charakteru spojeni
obou klauzi.

Na druhém konci 8§kaly nalezneme nékolik
zajimavych extrémnich piipadua. Jednim z nich je
bezesporu i véta s maximalnim poc¢tem segmentu (27)
z celé mnoziny dat. Tato véta zdroven sestava pouze
z jediné klauze, nejednd se tedy o souvéti. Je to véta
Ind94101-082-p1s13 Tenis Atlanta - 2. kolo: Chang -
Mattar 6 : 3, 7 : 5, Martin - Dunn 6 : 3, 6 : 2, Agassi
- Reneberg 4 : 6, 6 : 2, 6 : 4, Washington - Con-
nors 6 : 4, 8 : 6, 6 : 1. Tato véta (podobné jako
dalsi extrémni piiklady nesouladu mezi poctem seg-
menta a klauzi) predstavuje velmi specificky piipad,
se kterym ovSem musime v nasi analyze také pocitat,
nebot viechny véty obsazené v PDT jsou redlnymi
vétami a v redlném textu se samoziejmé nejruznéjsi
specialni ptipady vyskytuji, a to dokonce ve nezaned-
batelném mnozstvi.

Podobnym typem véty je i véta mf920901-025-
p3sd, ktera ma ctyti klauze a dvacet segmenti: Oslovili
jsme lidi vesmés zndmé, zajimavé a talentované (my.
Jires, Spdta, Vihanovd, Vorel, Némec, Cisarovsky,
Pavldskovd, Svérdk, Chaun, Kacirek, Koutecky) s tim,
Ze kazdyj mél zdroven navrhnout ,,svuj objekt “, hrdinu
portrétu, ktery by rdd osobné natocil.

Vyhodou je, Ze tyto extrémni piipady jsou snadno
i v bézném textu identifikovatelné pomoci relativné
jednoduchych neligvistickych pravidel — sportovni
vysledky, dlouhé ,ndkupni‘ seznamy, nejruznéjsi ta-
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bulky apod. se daji automaticky rozpoznat, vyznacuji
se napf. vysokym pocétem velmi kratkych segmentu
a malym poctem urcitych sloves. Je tedy ziejmé
spravné prediadit celému procesu lingvisticky motivo-
vané analyzy pravé identifikaci nékolika ¢astych typu
,podezielych vét‘. Lingvisticky motivovana analyza se
potom muze soustiedit na jadro celého problému, tedy
zejména na veéty nachazajici se v tabulce 1 zhruba
uprostied.

3.2 Lingyvisticka analyza

Kromé kvantitativni analyzy jsme se pokusili ling-
visticky zanalyzovat konkrétni véty, abychom ziskali
urCitou predstavu o tom, co je urcujici pro spo-
jovani segmentu do klauzi a kam tedy nasmérovat
dalsi vyzkum. Pfi praci jsme vysli i z c¢lanku
popisujicich podobny vyzkum pro jiné jazyky.
Napiiklad v ¢lénku [8] autofi navrhuji algoritmus spo-
jovani segmentu do klauzi ve slovinstiné. Zamétuji
se zejména na koordinace uvniti klauzi a koordinace
mezi klauzemi. Jejich piistup vSak bohuzel nelze piimo
prejmout, protozed pouzivaji hodné netrivialnich
heuristik, které jsou ponékud nepruhledné a vétsinou
nemaji pfimou linvistickou oporu. Autofi také rela-
tivné opomijeji ostatni typy vztahu, které mohou po-
moci pospojovat jednotlivé segmenty do klauzi (va-
lence apod.). Podivejme se tedy, jak by bylo mozné
tento problém fesit v CeStiné.

Uved'me si nejprve zakladni fakta, ktera o eskych
souvétich muzeme vy¢ist z dostupnych dat. Piedeviim
plati, ze pocet klauzi v ¢eskych souvétich se obecné
odviji od poétu uréitych sloves v souvéti. Neni
vzdy totozny, napft. nejruznéjsi nadpisy, vycty, vsuv-
ky, texty v zavorkdch apod. nemuseji zadné sloveso
obsahovat, presto je budeme za klauze povazovat.
Podobné slozitd je i otdzka prechodnikiu. Ve vétsiné
piipadu budou mit samostatny segment, oddéleny
carkou od zbytku souvéti, ovSem neni tomu tak
vzdy. Napiiklad ve Smilauerové Novoceské skladbé [9]
nalezneme nékolik pitkladi (zejména ze starsi litera-
tury), kdy jeden segment pobsahuje jak prechodnik,
tak 1 hlavni (urcité) sloveso — Nasytiv se chlebem
usnul (Jirdsek) ¢i Chlapec sméje se dobre mu odpovédél
(Némcovd). V téchto piipadech tedy pocet klauzi
bude mensi nez pocet urcitych tvaru sloves (do
kterych budeme pocitat i pfechodniky). Ve vétéch jako
mf920924-004-p2s14A Letos se ale neujalo nic. nebo
1n95040-062-p2s9 Stejné jako dalsi z legend, kterymi
hoteliér likd hosty do lokdlu. naopak nalezneme vice
klauzi nez sloves. Zdéd se tedy, ze bude velmi tézké
stanovit néjaky obecné platny vzorec pro vztah poctu
klauzi a urcitych sloves, spi§ bude nutné praco-
vat s konkrétnimi typy konstrukci, které budeme ve
vetach identifikovat (napiiklad vlozené vyrazy neob-

sahujici slovesa ohrani¢ené z obou stran zavorkami
jsou v naSem pojeti klauzemi a pfitom jsou velmi
snadno identifikovatelné).

Fakt, ze pocet klauzi zhruba odpovidd poctu
uréitych sloves, miize velmi pomoci pti zjistovani, zda
ur¢itd koordinace je vétna nebo c¢lenska. Vezméme
napiiklad vétu cmpr9406-002-p4sl z PDT Koncem
dubna 1993 byla prijata movela o bankrotech, kterd
méla — podle ndzoru nejen predkladateli, ale i Siroké
odborné i laické verejnosti — vyvolat dominovy efekt
krachu podniki, které si vzdjemné neplati. Tato véta
v sobé obsahuje nékolik zajimavych jevu. Obsahuje
tFi urcitd slovesa, ale sedm segmentu (kombinace,
ale i je povazovéna za jednu hranici mezi segmenty).
Pro snazsi orientaci si je ocislujeme:

1. Koncem dubna 1993 novela
o bankrotech

kterd méla

podle ndazoru nejen predkladatelu

siroké odborné

laické verejnosti

vyvolat dominovy efekt krachu podniki

které si vzdjemné neplati

byla  prijata

N D Grds Lo de

Uz pocet segmentli jasné napovidd, ze jich nékolik
ziejmeé tvoii jednu klauzi. Protoze v souvéti je nékolik
soutadicich spojek, je vysoce pravdépodobné, ze bude
obsahovat ¢lenskou koordinaci. Dvojice spojovniku ()
také pomahd urcit rozsah této koordinace: vzhledem
k tomu, ze mezi nimi nenf jediné urc¢ité sloveso, ale zato
nékolik soutadicich spojek, da se celkem spolehlivé
urcit, ze cely usek mezi spojovniky patii ke stejné
klauzi.

Pokud tedy spojime segmenty 3, 4 a 5 do jed-
noho celku, ziistane ndm v souvéti pét segmentu na t¥i
urc¢ita slovesa. Zajimavé je, ze nyni v kazdém segmentu
nalezneme sloveso — tfi urcité slovesné tvary a jeden
infinitiv v segmentu 6. Tento infinitiv muze tézko stat
sam o sobé, a vzhledem k tomu, Ze sloveso méla v seg-
mentu 2 se jako modalni sloveso poji s infinitivem, je
mozné segmenty 2 a 6 spojit do jediné klauze.

Spojime-li segmenty 2 a 6 do jednoho celku a seg-
menty 3, 4 a 5 do celku druhého, zustanou ndm
v souvéti Ctyfi segmenty — kandidati na klauze.
7 hlediska syntaktické analyzy je uz potom celkem
lhostejné, zda budeme s vlozenou skupinou 3, 4 a 5
zachdzet jako se vsuvkou a analyzovat ji zvlast, ¢i
zda ji budeme povazovat za nedilnou soucast klauze
2,3, 4,5 a6.V tomto pfipadé ndm tedy velky rozdil
poctu segmentu a urcitych sloves pomahd ur¢it mo-
ment, kdy se spojovanim muZeme piestat — jakmile
se pocet slozenych segmentu pfiblizi k poc¢tu urcitych
sloves.

Zkusme tento postup uplatnit jesté na jednom
ptikladu. Vezméme vétu cmpr9407-005-p10sl z PDT:





Abyste mohla tento ndrok s iuspéchem wve stanovené
[hité uplatnit, bylo by treba, abyste byla nejenom
ceskoslovenskou, a pozdéji éeskou obéankou, ale méla
i tralyf pobyt na izemi CR. a rozdélme ji na segmenty.

1. Abyste mohla tento ndrok s ispéchem ve stanovené
lhuté uplatnit

bylo by treba

abyste byla nejenom ceskoslovenskou

pozdéji ceskou obéankou

méla

trvaly pobyt na izemi CR

S G Lo do

V tomto souvéti nalezneme Sest segmentu a Ctyfi
urcitd slovesa. V pripadé segmentu 3 a 4 na
zédkladé morfologické informace (shodné pady adjek-
tiva a jmenné skupiny) relativné snadno identifikujeme
¢lenskou koordinaci ceskoslovenskou a pozdéji ¢eskou
obcankou a tyto segmenty spojime. Pfi hledani dalsich
kandidatu na spojeni objevime soufadici spojku ¢ spo-
jujici segmenty 5 a 6. Tato spojka neni standardni
slucovaci spojkou, méa zde spiSe vyznam stupnovaci.
To je ovSem informace, kterou nemame pii analyze
souveti k dispozici. Proto si spiSe vSimneme toho,
ze tato spojka spojuje slovesny tvar na levé strané
s nominalni skupinou na strané pravé, kde je seg-
ment obsahujici slovesny tvar uvozen spojkou ale;
muzeme proto s vysokou pravdépodobnosti urcit, ze
jde skute¢né o stupnovaci soufadné spojeni vyjadiené
dvojici ale ¢ (v distantnim postaven{). Kdyby v seg-
mentu 6 byl ur¢ity slovesny tvar, jednalo by se naopak
jednoznaé¢né o koordinaci klauzi. Z uvedeného piikladu
tedy vyplyva, ze u fady soufadicich spojek je nutné
vzit v tvahu nejen jejich morfologickou znacku, ale
i lexikalni hodnotu.

Toto tvrzeni podporuje i dalsi piiklad, véta
cmpr9406-002-p18s1A z PDT: Je vsak tezké tici, zda
se treba uz za ctrndct dni & za t7 Ctyri mésice dovime
senzacni zprdvu o tom, Ze ten ¢i jiny velky podnik
,,2dsluhou “ prislusné banky zbankrotoval.. Jednotlivé
segmenty vypadaji takto:

Je

tézké rici

zda se treba uzZ za ¢trndct dnu

za tri Ctyri mésice dovime senzacéni zprdvu o tom
zZe ten

giny velky podnik

zasluhou

prislusné banky zbankrotoval

RS T Codo N

Tii urcitd slovesa nalezneme v segmentech 1, 4 a 8.
Spojka ¢i spojuje segmenty 5 a 6 do jednoho celku,
protoze mezi podradici spojkou Ze a spojkou ¢ neni
zadné sloveso, které by se dalo koordinovat se slovesem
napravo od této spojky, tudiz se musi jednat o koordi-
naci ¢lenskou. Jediné sloveso napravo od segmentu 5
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také napovida, ze uvozovky mezi segmenty 6, 7 a 8
maji pouze kosmetickou tlohu a vsechny segmenty 5,
6, 7 a 8 lze spojit do jednoho celku (navic v piipade,
ze by uvozovky signalizovaly piimou fe¢, a tedy jinou
klauzi, by se uvozovky kombinovaly s interpunkci).
Bude se tedy jednat o jedinou klauzi (zleva je oddélena
od zbytku souvéti podradici spojkou a napravo od ni
uz je pouze tecka za souvétim). Timto se dostaneme
k poc¢tu 5 zbyvajicich segmentu. Jasnym kandiddtem
na spojeni je potom segment 2, ktery nemuze stat
osamocené a musi byt spojen se segmentem 1. Slovo
vSak zde tedy ma roli prislovce, nikoli souradici spoj-
ky. Segmenty 3 a 4 muzeme spojit na zdkladé faktu,
ze sloveso dovédét se je reflexivum tantum a proto ref-
lexivni ¢astice se v segmentu 3 patii do stejné klauze.
Po tomto spojeni jiz pocet segmenti odpovidd poctu
urcitych sloves a spojovani je dokonceno.

3.3 Strukturni analyza

Dostupnéd data umoznuji téz zajimava pozorovani,
kterd se tykaji struktury segmentu a urovné je-
jich zanoteni. Ukazuje se napiiklad, ze prototypicky
muze byt zanoreni segmentu nejvys o jednu
uroven hlubsi oproti predchozimu segmentu.
Toto pravidlo bylo v datech poruseno pouze u 12 vét,
z nichz v 9 pripadech §lo o jevy ptribuzné jevu po-
psanému v [10], kdy se v jednom segmentu nachézeji
dva ,pfiznaky podfizenosti‘, napf. podradici spojky
(jako je dvojice spojek ze kdyz ve vété 1n95041-042-
p7s6 Zjistili jsme, ze kdyz zZijeme v Cechdch, méli
bychom hrdt muziku pro éeského posluchace.). Dalsi
3 piipady se tykaly zavislych klauzi v pifimé feci
(napi. véta 1n95040-032-p2s14 Zdenék Miller, trenér
Kladna: ,,Jestli mdm nékoho pochvdlit, pak utoénika
Tona a Chlada v brance. “). Protoze oba tyto piipady
lze s vysokou spravnost{ urc¢it na zakladé morfologické
analyzy, ddvd ndm toto pozorovani dulezitou informa-
ci o pripustném tvaru segmentac¢niho schématu véty.

Podobné 1lze velmi bezpetné urcit wUroven
prvniho segmentu — prototypicky je prvni segment,
ktery neobsahuje pifiznak podiizenosti, na zdkladni
drovni. Prvni segment s trovni 1 se v analyzovanach
datech vyskytl v 207 vétach; v téchto ptipadech rozbor
ukéazal, ze prvni segment mél nésledujici charakteris-
tiky:

piiznak podfizenosti 105
fragment v zavorkéach 15
pi{ma te¢ (s pdrovymi uvozovkami)| 33
piim4 fe¢ (jen koncové uvozovky) 26
polopiima fec 11

Prvni segment na trovni 2 se v analyzovanych da-
tech vyskytl pouze ve 4 piipadech, vzdy §lo o zavislou
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klauzi (s pfiznakem podiizenosti) v piimé fe¢i. Na
nizsich drovnich se prvni segment nevyskytl vubec,
prestoze takovy piipad nelze zcela vyloucit (prvnf
segment na urovni 3 ve vété ,,A Ze kdyZ se bavim
s osmndctiletymi kluky, ptipaddm si jako instituce,
prizndvdam se, “ smdl se trenér.).

4 Navrh postupu

Z vyse uvedenych piikladi vyplyva nékolik po-
zorovani, ktera je nutno zohlednit pii vytvareni algo-
ritmu spojovani.

Ukazuje se, ze lingvistické analyze je vhodné
predradit identifikaci vét s ne zcela standardni
vétnou strukturou (seznamy, adresy, vycty apod.).

Pii vlastni lingvistické analyze se jako nejdu-
schopnost urcit, zda se pro konkrétni slucovaci spoj-
ku v daném kontextu jednd o koordinaci vétnou
nebo ¢lenskou. K tomuto rozhodnuti je nutné vzit
v tvahu zejména piitomnost ¢i naopak nepiitomnost
urcitych sloves v koordinovanych segmentech, shodu
mezi koordinovanymi segmenty apod.

Velmi dilezitd je také lexikalni hodnota samotné
spojky, uz v procesu anotace vyslo najevo, ze
u nékterych spojek (vsak, proto, ¢i apod.) nestaci brat
v tvahu morfologickou znacku a je nutné s kazdym
timto slovem zachéazet individuélné.

Dalsi dulezitd skupina pravidel popisuje spo-
jovani segmentu obsahujicich urcité slovesné tvary
se segmenty obsahujicimi urcitd slova doplnujici tyto
slovesné tvary. Jako piiklad 1ze uvést odloucené refle-
xivni ¢dstice, které muzeme spojovat s reflexivy tan-
tum; déle jde zejména o slovesa s valen¢nimi do-
plnénimi se specifickou formou, napi. infinitivem (seg-
menty obsahujici urcité sloveso, v jehoz valené¢nim
ramci se vyskytuje infinitivni slovesné doplnéni,
a segment obsahujici infinitiv tvoifi s vysokou
pravdépodobnosti klauzi). Slucovaci pravidla budou
mit ruzné priority, nejvyssi prioritu ziskaji pravidla
popisujici ¢lenské koordinace.

Podstatnou roli hraji téz strukturni omezeni,
kterd je nutno uplatnovat na tvar segmentacniho
schématu, tedy na moznou strukturu segmentu a na
droven jejich zanoreni; od struktury segmentu se pak
odviji mozné struktury klauzi.

Pokud jiz nepujde uplatnit slucovaci pravidla,
uplatnime specidlni heuristiky, vytvofené na
zakladé specifickych jevu identifikovanych v sekci 3.
Ty budou zejména pripojovat segmenty bez urcitych
sloves k segmentum tato slovesa obsahujicim, FeSit
piipady klauzi uzavienych v zavorkach apod.

5 Zaveér a vyhledy do budoucna

Jak jiz bylo uvedeno, tématem tohoto clanku je
popis probihajici analyzy dat, ziskanych transfor-
maci PDT do podoby zohlediujici vzajemné postaveni
klauzi v ceskych souvétich. Tento soubor dat je
dostatecné rozsahly na to, aby bylo mozné vytvorit
spolehliva pravidla pro spojovani segmentu do klauzi.
V soucasné dobé mame téz k dispozici néstroj
umoznujici prohledavani dat. Zautomatizovani celého
procesu formulace pravidel pro spojovani segmentu
do klauzi je prvoradym tématem pro dalsi vyzkum.
7 dosud provedené analyzy vyplyva, ze pro tento tkol
je nejpodstatnéjsi rozliSeni mezi ¢lenskou a vétnou
koordinaci u soufadicich spojek; pfevazna ¢ast souvéti
s vice segmenty v dosud analyzovanych datech obsa-
huje jednu nebo vice ¢lenskych koordinaci. Dulezité je
také vytipovani specidlnich piipadu a jejich vyfeseni
jesté pred startem hlavniho algoritmu.
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Abstrakt Rijchlost budovania konceptovyjch zvéizov je dé-
leZitd z hladiska ich praktického vyuZitia. ZloZitost prehla-
ddvania vietkych podmmnoZin mnoziny objektov (t.j. riad-
kov), pripadne atribitov (t.j. stl})cov) je exponencidlna.
Navrhnutim vhodného inkrementdlneho algoritmu budeme
vediet ¢asovi zloZitost vytvdrania konceptovyjch zvizov zni-
Zit.

Inkrementdlne algoritmy na vkladanie novijch ddajov do
klasickych konceptovych zvizov su zndme. Definujeme jed-
nostranne L-fuzzy konceptové zvdzy ako zovseobecnenie
jednostranne fuzzy konceptovijch zvizov. Navrhneme inkre-
mentdlny algoritmus pre definované konceptové zvdzy. Do-
kdZeme jeho sprdvnost a korektnost.

1 Uvod

Formélna konceptovd analyza (FCA) analyzuje dita
vo forme tabuliek (kontexty). Riadky tabulky pred-
stavuji objekty, stfpce reprezentuju atribtity. Polozky
v tabulke vyjadruju, ¢ dany objekt md, alebo nemd
konkrétny atribit (klasickd FCA), resp. uréuji mieru,
do akej uréity objekt splita nejaky atribit (fuzzy FCA).
Modifikaciu zvézu suvisiacu s pridanim riadku do
kontextu, resp. s jeho odstranenim mozno interpreto-
vat ako zmeny v Struktire myslenia ¢loveka po na-
dobudnuti novej skisenosti. To podnietilo nasu snahu
vkladat tidaje do zvizov inkrementélne.
Inkrementdlne algoritmy pre klasicki FCA st pre-
zentované napr. v [4] a v modifikovanej podobe v [2].
V d'alsej casti predstavime inkrementdlny algoritmus
pre jednostranne L-fuzzy konceptové zvizy. Specidl-
nym pripadom tychto zvdzov si jednostranne fuzzy
konceptové zvézy. Fuzzy kontext je trojica (B, A,r),
kde B je mnozina objektov, A je mnozina atributov
a r je zobrazenie z B x A do [0,1]. V pripade L-fuzzy
kontextu je r zobrazenie z B x A do uplného zvizu L.

2 Definicie

Definicia 1 L-fuzzy formdlnym kontextom nazy-
vame trojicu (B, A,r). B je mnoZina objektov, A je
mnozina atribitov a r je L-fuzzy bindrna reldcia, t.j.

! Tento éldnok vznikol
1/0131/09.

s podporou grantu VEGA

zobrazenie z B x A do L (¢ize prvok BXAL), kde L je
uplng zviz.

Definicia 2 Definujeme zobrazenie 1: P(B) — AL,
ktoré kazdej mnozine objektov X priradi L-fuzzy mno-
Zinu atribitov, pricom hodnota v atribite a € A je

1 (0@ = A r(b.a).
beX

Zobrazenie priradi kazdému atributu a € A infimum
zo wvSetkych hodnot, ktoré objekty z X v atribite a
nadobidaji.

Definujeme zobrazenie |: AL — P(B), ktoré kaZdej
L-fuzzy mnoZine atributov f priradi mnozZinu tych
objektov, ktorych hodnota v kaZdom atribite je aspon
takd, akd je hodnota L-fuzzy mnoZiny v tomto atribite

L(f)={be B: (Vac A)(r(ba) > f(a))}-

Definicia 3 Dwojicu (X, f) taki, 2e X C B, f € AL,
pricom T (X) = f a L (f) = X, nazgvame jedno-
stranne L-fuzzy formdlnym konceptom kontextu
(B, A,r). Prvi zlozku usporiadanej dvojice budeme na-
zijvat extent, druhi intent konceptu.

Mnozinu vietkych konceptov kontextu (B, A, r) oznadi-
me C(B, A,r).

Definicia 4 Nech (X1, f1), (Xs, f2) € C(B, A,r). Ho-
vorime, Ze koncept (X1, f1) je podkonceptom konceptu
(Xo, f2), ak X1 C X5 (resp. f1 > f2) a piSeme
(X1, f1) < (X2, f2). Reldciu < budeme nazjvat
hierarchické usporiadanie konceptov.

Definicia 5 Jednostranne L-fuzzy konceptovym
zvdzom kontextu (B, A, r) nazgvame ciastoéne uspo-
riadantd mnozinu (C(B, A, 1), <).

V [5] je dokdzané, Zze zovieobecneny konceptovy

zviz je Uplnym zvizom. Ked'Ze L je iplny zviz a rov-
nako ([0, 1], <) je tplny zvéz, tak jednostranne L-fuzzy
konceptové zvizy su Specidlnym pripadom zovseobec-
nenych konceptovych zvézov. Z uvedeného vyplyva,
ze Ciastoéne usporiadand mnozina (C(B, A,r),<) je
uplny zvéz.
Definicia 6 L-fuzzy prienikom lubovolnijch
L-fuzzy mnozin f1, fo € X L nazjvame L-fuzzy mnoZi-
nu f € XL taki, ze (Vo € X)(f(z) = fi(x) A fa(2)).
Tiito mnoZinu budeme oznacovat fi M fs.
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3 Teoretické vychodiska algoritmu

Budeme uvazovat dva formélne kontexty (tabulky).
Jeden z nich ma oproti druhému navyse iba jediny
riadok.

Nech (Bj, A, 1) a (Ba, A, r3) st formélne kontexty
spfﬁajﬁce podmienky:

1. Bnglu{w},w¢Bl.
2. ro(bya) = r1(b,a), ak b # w.

Ak mnozina objektov neobsahuje novy objekt,
fuzzy mnozina atributov mnoziny objektov je v oboch
kontextoch rovnaki. V opaénom pripade staéi zistit
fuzzy prienik L-fuzzy mnoziny atributov objektov
z prvého kontextu a intentu dodaného objektu:

Lema 1 Nech X C B;. Potom

112 (X) =11 (X),
2. T2 (X U{w}) =11 (X) @12 ({w}).

Dékaz. 1. Nech a € A. Potom plati
T2 (X)(a) =
= /\beX T2(b7 a) =
= Nuex ri(b.a) =
— 1 (X)(a)
2. Nech a € A. Potom
T2 (X U{w})(a) =
= /\bGXU{w} r2(b,a) =
= Npex r2(b,a) Ara(w,a) =
=11 (X)(a) A2 ({w})(a).
Z uvedenych rovnosti vyplyva dokazované tvrde-
nie.

Ak zobrazenie | (v novom kontexte) aplikujeme
na lubovolni L-fuzzy mnozinu atribitov, tak mnozina
objektov, ktora vznikne, moze obsahovat novy objekt.
Této situdcia nastane, ak je intent pridaného objektu
v kazdom atribute vacsi alebo rovny ako hodnota
L-fuzzy mnoziny prislusného atribitu:

Lema 2 Nech f je lubovolnd L-fuzzy mnoZina. Potom

o (f) =
{ () u{w),
()

Dékaz. 1o (f) =
={be€ By: (Va € A)(ra(b,a) > f(a)))} =
={be BiU{w}: (Va € A)(ra(b,a) > f
={be By : (Va € A)(r1(b,a) > f(a)))
(Va € A)(ra(b,a) > f(a))} =
b (f)U{w}, ak (Va € A)(T2 ({w})(a) >
1 (f) inak.

Ak je mnozina X uzavretd v povodnom kontexte,
moze byt uzavretd aj v novom:

ak (Va € A)(T2 ({w})(a)

mnak.

> f(a)),

(@)} =
YU b e {w):

f(a))

Lema 3 Nech X C By a 1 (11 (X)) = X. Potom

b2 (T2 (X)) =

_JXU{w}, ak (Va € A)(T2 ({w})(a) 211 (X)(a)),
X nak.

Dékaz. Ak (Va € {A})(12 ({w})(a) > 11 (X)(a)), tak

pouzitim 1ém 1 a 2 plati Lo (T2 (X)) = |2 (11 (X)) =
b (h (X)) u{w} =
= X U{w}.
Inak
b2 (T2 (X)) = J2 (11 (X)) = 1 (11 (X)) = X. Prvd

rovnost vyplyva z lemy 1, druh4 z lemy 2.

Kazda uzavretd mnozina v novom kontexte, je uza-
vreta aj v povodnom kontexte:

Lema 4 Nech X C By a l2 (12 (X))
b (h (X)) = X.

Dékaz. 11 (11 (X)) =41 (T2 (X)) =12 (12 (X)) = X.

Uvedené rovnosti postupne vyplyvaji z 1ém 1 a 2.

= X. Potom

Ak fuzzy mnozina f je uzavretd v pévodnom kon-
texte, tak f je uzavretd aj v novom kontexte:

Lema 5 Nech f je lubovolnd L-fuzzy mnoZina a nech

T (b1 (f)) = f. Potom 12 (12 (f)) = f.

Dékaz. Nech a € A.

Ak (Va € A)(T2 ({w})(a) =
=12 (b1 (fHufwh)(a) =1
= f(a) A2 ({w})(a ) fa
Inak T2 (2 (f))(a)="2 (1
= f(a).

Fuzzy prienik intentu pridaného objektu a fubovol-
ného intentu povodného zvizu je intentom nejakého
konceptu vytvaraného zvizu:

f(a)), tak T2 (J2 (f))(a)=
)(i 1 (F)(@)Atz ({wh(a) =

(MNa)=11 (1 (F)a) =

Lema 6 Nech f je L-fuzzy mnozina a Ty (41 (f))=1f.
Ak g = fmt2 ({w}), tak T2 (12 (9)) = g

Dékaz. 12 (I2 (fM T2 ({w}))) =
=t2 (1 (fA T2 ({w})) U{w}) =
=T (b1 (fm 2 {w})m 2 {w}) =
= fm 12 ({w})

Veta 1 Nech [ je L-fuzzy mnozina, T1 (41 (f)) = f
ag=fmte {w}). Potom

1. TZ (\1/2 (f)):fi
2. T2 (\1/2 (g)) =9

3. Ziadna d’alsia L-fuzzy mnoZina nie je uzavretd v no-
vom kontexte.

Dokaz. Tvrdenie vyplyva z predchadzajicich 1ém.





Obr. 1. Zvéz pravdivostnych hodnot L.
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Tab. 1. L-fuzzy formélny kontext.

4 Priklad — jednostranne L-fuzzy
konceptové zvizy

Uréime zvéz pravdivostnych hodnét a formalny kon-
text.

K uvedenému kontextu vyrobime prislusny kon-
ceptovy zviz.

(a3, 0z0)
(@7, 0120) (a3, Oxzy)
(ad,fraly) (88, yzal)
(o, 211y)]
5,1211)

@)
(0,1111)
Obr. 2. Jednostranne L-fuzzy konceptovy zvéiz.

Do kontextu priddme d'alsi riadok.

[ [[a[b[c]d]
[e[l2]z[]y]

Tab. 2. Novy objekt a jeho intent.
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Chceme vytvorit konceptovy zviiz povodného kon-
textu obohateného o novy riadok. Vyuzijeme tvrdenia
dokézané v predchddzajicej kapitole. Vieme, ze inten-
ty vSetkych konceptov povodného zvéizu si intentmi
nejakych konceptov aj v inkrementovanom zvéze. Na-
vySe si v novom zvize také koncepty, ktorych intenty
vzniknu fuzzy prienikom intentu konceptu pévodného
zvizu a intentu pridaného objektu. Skutoénost, ze tak-
to ziskame intenty vsetkych konceptov, je dolezitym
faktom, ktory vyplyva z tvrdeni v predchadzajuicej
kapitole.

V novom zvéize budd vsetky intenty pdvodného
zviizu. Okrem nich musime vyrobif fuzzy prieniky
vSetkych tychto intentov s L-fuzzy mnozinou atribuiitov
pridaného objektu. Tak ziskame vSetky intenty bu-
dovaného zvizu. Extenty k tymto intentom zatial vy-
ratame klasickym sposobom. Koncepty spojime hra-
nou, ak mnoZiny ich extentov st porovnatelné. Zis-
kame nasledujuici konceptovy zvéz. Zvyraznené casti
nového zvézu si oproti pévodnému zvézu navyse.

(apryde, 0xz0)

(avy, 0120) (afde, 0xzy)

(ad,

(a,z1ly)

<®,1311>

Obr. 3. Jednostranne L-fuzzy konceptovy zviz.

Vsimnime si, ze extenty vSetkych novovzniknutych
konceptov obsahujui novy objekt. Uvedomme si, Ze na
diagrame hrany medzi niektorymi konceptmi zanikli,
no niekolko novych hran vzniklo. Presny algoritmus
uvedieme v nasledujicej casti.

5 Algoritmus

Algoritmus, ktory predstavime, vychddza z algoritmu
uvedeného v [2]. MnoZina objektov musi byt usporia-
dand. Algoritmus najprv rozdeli mnozinu konceptov
podla mohutnosti ich intentov. Novy zviiz je vytvéra-
ny zo starého. Ak je do zvézu priddvany novy objekt,
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vsetky koncepty pod nim (v zmysle usporiadania) uz
musia byt vytvorené. My vSak pracujeme s L-fuzzy
mnozinou atribiitov, preto musime zvolit iné kritérium
rozdelenia objektov.

Vezmeme zobrazenice b : 4L — R také, ze pre kazdé
dve L-fuzzy mnoziny fi, fo z 4L z podmienky f; < fo
vyplyva h(f1) < h(f2). Toto zobrazenie je o-homomor-
fizmus, pozadujeme vSak ostri nerovnost.

Mohli by sme vziat Tubovolné zobrazenie s touto
vlastnostou. Snazime sa viak vziat také, ktoré vieme
lahko popisat.

Nech h je zobrazenie spiﬁajﬁce vlastnost uvedent
vyssie. Nech f je L-fuzzy mnozina.

- V klasickom pripade h priradi kazdému konceptu
mohutnost jeho intentu, t.j. h(f)=|{i: f(i)=1}|.

- Pre L = [0,1] priradi h kazdému konceptu sicet
jeho zloziek, t.j. h(f) = > i, f(i).

- Ak L je Tubovolny zviz, tak h(f) nie je dobre
popisatelnd. Mozeme vSak pouzit topologické
usporiadanie. Rozdelenie konceptov v tomto pri-
pade ukdzeme v nasledujtcej kapitole.

Oznac¢me int(C') intent konceptu C.

Definicia 7 Vrstvou nazyvame mnoZinu vSetkych
konceptov C z C(B, A,r), Ze pre vietky koncepty Ci
a Cy z C plati h(int(C1)) = h(int(Cy)).

Vrstvy s konceptami vieme usporiadat. Pre
vrstvy Vi a V; plati Vi < Vs, ak pre vSetky koncepty
Cy € V1 a Cy € V; plati h(int(C1)) < h(int(Ca)).

Koncepty povodného zvizu rozdelime do mnozin
podla vrstiev, na ktorych sa nachiadzaji. Vrstvy budd
¢asto jednoprvkové mnoziny (narozdiel od klasického
pripadu).

Algoritmus postupne prechadza vsetky vrstvy po-
vodného zvézu od najmensej po najvécsiu v zmysle
usporiadania h. Pre kazdy koncept konkrétnej vrsty
(pricom na ich poradi vramci vrsty nezélezi) algorit-
mus testuje, ¢i intent skiimaného konceptu je mensi
alebo rovnaky ako intent pridaného objektu.

Ak je podmienka splnend, modifikujeme povodny
koncept pridanim nového objektu do jeho extentu.
Tento koncept pridame do mnoziny novych konceptov
na vrstvu, na ktorej sa nachadza aj povodny koncept.
Algoritmus sa konéi, ak intent konceptu a intent pri-
daného objektu sa rovnaju.

V pripade neplatnosti uvedenej podmienky uréime
prienik intentu spracovavaného konceptu a intentu no-
vého objektu. Ak sa v niektorej z mmnozin koncep-
tov hladaného zviizu vyskytuje koncept s intentom
totoznym s uvedenym prienikom, zaéneme skimat
d’alsi povodny koncept. V opaénom pripade vytvorime
novy koncept (jeho extent obohatime oproti povod-
nému o novy objekt, intent bude spominany prienik)

a priddme ho do mnoziny novych konceptov prislusne;j
vrstvy. Medzi novovytvoreny koncept a koncept, z kto-
rého vznikol, na diagrame umiestnime hranu.
Nakoniec preskimame vSetky mmnoziny s koncep-
tami budovaného zvdzu na vrstvach nad prave vy-
tvorenym konceptom. Ak v nich ndjdeme koncepty,
ktorych intenty st mensie ako intent vzniknutého kon-
ceptu, ale Zziaden ich potomok tiito vlastnost nem4,
priddme hrany medzi novy koncept a najdené kon-
cepty. Za predpokladu, ze medzi pévodnym a néjde-
nym konceptom bola hrana, musime ju odstranit.

Vstup:

. Zvéz, (G(Bl, A, 7“1), S),

. zvéz pravdivostnych hodnot L,

. novy objekt w s intentom 15 ({w}),

. zobrazenie h s vlastnostou, ze pre kazdé dva kon-
cepty C1,C5 z C(B1, A, r1) z podmienky C; < Cy
vyplyva h(Cy) < h(Cs).

=W N

Vystup:
Zviiz (C(Bz, A, 12), <).

Rozdelenie do vrstiev ukdzeme na priklade z pred-
chadzajicej kapitoly. Realne ¢islo, ktoré zobrazenia h
priradi kazdému konceptu je na obrazku nizsie.

(a6, 0xx0)

(ay,0120)

Obr. 4. Jednostranne L-fuzzy konceptovy zviz.

Navrhnuty algoritmus ilustrujeme na priklade
z predoslej kapitoly. Index je prirodzené c¢islo, ktoré
zobrazenie h priradi konceptom uvedenym v zatvor-
kéch.

Py = {(af8v0,0x20)}

P3 = {(Oé’y, OL’EO), (QB57 Ozxy)}
Ps = {(O‘(;a x:c]-y)v (667 yle)}
pe = {(a,z11y)}





pre i € h(int(C)), kde C € €(B1, A, 1)
pi = {(X,f) € €(B1,4,m): h(f) = i}
pre i € h(int(C)) vzostupne, kde C € C(B1, A,r1)
pre ka?d? koncept (X, f) € p;
ak f <12 ({w}),
tak
nahrad’ koncept (X, f) konceptom (X U {w}, f)
ni = m U {(X, )}
ak f =12 ({w}), tak koniec
inak
prienik := fm 12 ({w})
ak neexistuje koncept (X1, f1) € N (prienik) tak?,
7e f1 = prienik,
tak
vytvor koncept (X U {w}, prienik)
ak premenn? N (prienik) Neexistuje, tak vytvor
premenn? 7 (prienik)
T (prienik) ‘= Mh(prienik) U {(X U {w}, prienik)}
pridaj hranu (X, f) — (X U {w}, prienik)
pre k = 0 do |prienik| — 1
pre ka?d? koncept (X1, f1) € ng
ak fi < prienik a neexistuje (X2, f2), die?a
(Xl, fl)7 ?e fa < prienik,
tak
pridaj hranu (X U {w}, prienik) — (X1, f1)
ak (X1, f1) je rodi? (X, f), tak odstr??
hranu (X, f) — (X1, f1)
ak prienik = 15 ({w}), tak koniec

Obr. 5. Inkrementalny algoritmus.

(5, 1211)}
{(0,1111)}
= () pre kazdé j € {0,1,4}

6 Priklad — L-fuzzy konceptové zvizy

Uvedieme priklad, ktory potvrdzuje, ze navrhnuty
algoritmus nebude fungovat pre “dvojstranné”
L-fuzzy konceptové zvézy, ktoré su strué¢ne spomenu-
té v [1]. Fuzzy prieniky nepostacuji na to, aby sme
ziskali vSetky intenty (a tym aj vSetky koncepty).

Formdlny koncept je dvojica (f,g), pricom plati
feBL,ge?L,t (f)=gal (9) = f. Zobrazenie 1 je
zobrazenie z PL do AL a | je zobrazenie z AL do B L.
Ak f € PL, tak hodnota v atribite a je 1 (f)(a) =
Noes(f(b) = r(b,a)). Ak g € AL, hodnota v objekte
bie T (9)(b) = Nyealgla) = r(b,a)). V pripade “dvoj-
strannych” L-fuzzy konceptovych zvizov musi byt
zviz L rezidualny.

Uréime konjunkciu, implikaciu a zvéz pravdivost-
nych hodnoét tak, aby podmienky v definicii rezidual-
neho zvézu boli splnené.

Pre kazdé u,v € L polozime u ® v = u A v.

Inkrementdlny algoritmus na vkladanie . .. 85

=2
(X,Y) = (aBvd, 0zz0)|nahrad (o876, 0xx0) (B¢, 0xz0
= (afvyde, 0zz0)
1=3
(X,Y) = (a,0120) |prienik = 0zz0
(X,Y) = (apd, 0zzy) |nahrad (a6, 0zzy) (aBde, 0zzy)
= (aye, 0120), (afBde, 0zzy)
1=5
(X,Y) = (ad, xzxly) |prienik = zzzy
vytvor koncept (ade, zxzy)
ng = (ade, xxXy)
pridaj (ad, zzly) — (ade, zaxzy)
pridaj (ade, zzzy) — (aBde, Ozzy)
odstran (ad, zzly) — (afde, Ozzy
(X,Y) = (Bd,yxxl) |prienik = yxzy
vytvor (Bde, yzzy)
na = {(ade, zzay), (Bde, yrzy)}
pridaj (89, yxxl) — (Bde, yxxy)
pridaj (Bde, yxzy) — (aBde, Oxzy)
odstran (84, yxxl)— (afde, Oxzy
1=206
(X,Y) = (a, z11y) prienik = zzzy
1=17
(X,Y) = (6,1211) prienik = lxzy
vytvor (Je, lzxy)
N5 = {(667 1551‘1/)}
pridaj (4, 1z11) — (d¢, lzzy)
pridaj (de, lzzy) — (ade, zxay)
pridaj (de, lzxy) — (Bd€, yray)
1=28
(X,Y)=(0,1111) prienik = lzzy

Tab. 3. Prehladn4 tabulka zmien v kontexte poc¢as behu
algoritmu.

0
0
1

o8 |(=
= =] =

B
=
~[—[s][g]

Tab. 4. Implikacia.

<

e

Obr. 6. Zviz pravdivostnych hodnét L.

Chceme pouzit navrhnuty inkrementdlny algorit-
mus na konceptovom zvéze nakreslenom nizsie.
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(111, 00)

(110, 0zz) (11,010)

(120, 01

(100, 211)

(00, 111)

Obr. 7. L-fuzzy konceptovy zviz.

[ [[a[b]c]
[8]]=[0]=]

Tab. 5. Pridany objekt § so svojim intentom.

Budeme pridavat objekt ¢ s intentom uvedenym
v tabulke.

Budeme sa zaoberat iba intentami konceptov, ked'-
ze extenty jednostranne L-fuzzy konceptovych zvézov
st mnoziny objektov, kym extenty L-fuzzy koncep-
tovych zvizov st L-fuzzy mnoziny objektov.

Podla nisho algoritmu budd v inkrementovanom
zvaze vsetky povodné intenty a prieniky tychto inten-
tov s L-fuzzy mnozinou atribitov nového objektu.

Na nasledujiicom obrazku je znazorneny zvéz, kto-
ry by mal vzniknit aplikovanim inkrementéneho algo-
ritmu. Koncepty zvyraznené na obrdzku vsSak nezis-
kame. Ich intenty sa nenachadzaji ani v poévodnom
zvéze, ani nie su prienikom ziadneho intentu
starého zvizu s L-fuzzy mnozinou atributov do-
daného objektu.

7 Zaver

Navrhli sme inkrementalny algoritmus vkladania no-
vych udajov do jednostranne L-fuzzy konceptovych
zvizov. Ukézali sme spravnost i korektnost algoritmu.
Jeho ¢asova zlozitost je linedrna vzhladom na velkost
povodného zvizu.

Pouzitie uvedeného algoritmu pre klasické koncep-
tové zvizy je mozné. Rovnako je mozné ho pretransfor-
movat tak, aby inkrementélne upravoval zviizy crisply
generovanych fuzzy konceptov, nie vsak “dvojstranne”
L-fuzzy konceptové zvizy.

Mohli by sme sa venovat i odstrafiovaniu riadkov
kontextu. Predpokladdame vsak, Ze tento problém je
dudlny k preskiimanému. V d’alsej praci experimental-
ne porovname rychlost budovania konceptovych zvi-
zov inkrementalnym a neinkrementalnym algoritmom.

(1111, 000)

(1101, 00z) (1110, 0z0)

(1001, z0z) (1210, 010)
(100, 201

(200, 101)

(x000, 111)

Obr. 8. L-fuzzy konceptovy zviz.
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Abstrakt Roboti sa stdvaji vo viacerych ohladoch komp-
lexnejgimi. Technologicky vyvoj posunul robotiku vpred vel-
kymi krokmi a roboti sa zacinaju presivat z laboratérii do
skutoéného prostredia. Odkedy prestali byt hlavnymi pre-
kdzkami zdkladné ulohy ako pldnovanie pohybu alebo loka-
lizdcia, Toboti zacinaji mierne interagovat i s ludmi.

Tdto prdca sa sustreduje na populdrnu ulohu pldnovania
cesty robota. Navrhnuty model umoZiiuje riesit viaceré
praktické problémy, zdkladnou dlohou je wloha vydistenia
budovy od smeti. Pldnovaci modul sa stard o napldnovanie
nagkratsej mozZnej trasy, pricom pocita s rozlicnymi obmed-
zeniamsi trasy, kedZe robot moéze naraz prendSat iba limito-
vany pocet predmetov.

Prdca porovndva dva pristupy k modelovaniu a rieseniu
ulohy, oba zaloZené na technike programovania s obmedzu-
jJucimi podmienkami. Experimenty ukazuji, Ze napriek nd-
roc¢nosti ulohy, je mozZné pouZit tieto techniky aj v aplikd-
ctach kritickych na cas, akou je i robotika.

1 Problém a pribuzné prace

Téato praca sa zaoberd ulohou optimalneho planova-
nia cesty podla dopredu danym kritéridam. Tato tloha
patri do kategorie Vehicle Routing (VRP) problémov.
Ide o casto prehliadant variantu klasickej tlohy, for-
malny popis bude podany v dal8ej kapitole. My sme
tlohou formulovali ako vy¢istenie arény od smeti. Ro-
bot méa odniest smeti do prislusnych koSov, pric¢om
naraz ich nemoze niest viac ako predefinovany pocet.
Ulohou je nast plan minimalizujtci trajektériu (Obra-
zok 1). Riegili sme kompletné zadanie ulohy, vratane
mnozstva podproblémov - lokalizacie, planovania po-
hybu, spojenia reaktivneho a komplexného planova-
nia.

Mnozstvo literatiry venovanej problému VRP a je-
ho variantdm je obrovské. Napriek tomu, tloha, ktora
presne odpoveda nasemu problému - VRP so satelitmi,
nevzbudila v literattre zatial patriént pozornost. Az
nedavno mozno najst publikované prace [1] a [2].

* Vznik prace autorovi umoZnila podpora projektu
KJB100300804 GA AV CR

** Vznik prace autorovi umoznila podpora projektov
LC07048 a LA08015 Ministerstva skolstva CR

o u n
@

Obr. 1. Priklad tlohy 6+3. Najvicsi kruh reprezentuje
robota, 6 men&ich smeti. Tri tvorce predstavuji kose. Ulo-
hou robota je pozbierat smeti a minimalizovat ujdena vzdi-
alenost. Robot moze niest len limitované mnoZstvo smeti.

Autori prezentuji exaktni metodu na najdenie opti-
malneho rieSenia, ¢o trva takmer hodinu pre pripad
s 15 zakaznikmi.

Dnes existuje mnozstvo pristupov na rieSenie VRP,
od klasickych, kam patri oblast opera¢ného vyzkumu
aZ po tie inSpirované prirodou [3,4|. Napriek velkému
mnozstvu praci je tazké, ak nie nemozné, jednoznacéne
vybrat vitaznd metodu.

Niekolko praci vyuzilo k rieSeniu VRP metodu
programovania s obmedzujucimi  podmienkami
(Constraint Programming - dalej CP). Jeden z prvych
pionierov v tejto oblasti bol Shaw, v praci [5] pouZil
metddu lokdlneho prehladévania pre VRP s asovymi
oknami. Dalsia praca [6] ukazuje pouZitie Tabu Search
metody s CP. Hybridné metdda sa ukizala ako vykon-
nejsia varianta na vicsine problémov. V praci [7] je
moZné najst porovnanie viacerych CP operéatorov na
niektorych klasickych instanciach problému VRP s ¢a-
sovymi oknami. Metéda ukazuje dobré vysledky
a umoziuje jednoduché modifikicie predstaveného
modelu.

2 Formulacia problému

Tato kapitola podava presna formuléciu tlohy. Pred-
stavime Simonisov model inSpirovany tokmi v sietiach
(vyuzivajtci Kirchhoffove obmedzenia) [8].
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Prostredie je reprezentované ako zmieSany ohod-
noteny graf (V, E), kde V. = {I}UWUCU{D}) ob-
sahuje orientované i neorientované hrany. Kedze pred-
pokladame symetriu vzdialenosti medzi dvoma objek-
tami, snaZime sa minimalizovat pocet hran nahrade-
nim dvojice orientovanych hran neorientovanou hra-
nou. Vrchol reprezentujici pociatoénit poziciu robo-
ta (I) je spojeny orientovanou hranou s vrcholmi re-
prezentujucimi smeti (€ W). Podgraf pozostéavajici
z vrcholov, ktoré reprezentuja smeti, tvori uplny ne-
orientovany graf. Medzi dvojicou vrcholov, ktoré re-
prezentujua smeti a koSe, je vytvoreny orientovany di-
graf. Pre zjednodusenie zavedieme novy vrchol D, na-
pojeny na hrany vychédzajice z koSov. Tieto hrany
maji ohodnotenie 0, kym zvy$né ohodnotenia odpo-
vedaja vzdialenostiam v redlnom prostredi. Eliminécia
hran zamedzi mnohym symetridm a umozni rychlejsie
a efektivnejsie prehladavanie stavového priestoru.

Robot Wastes Dest

Collectors
<€
complete
undirected graph

no edges

Obr. 2. Graf znazorhujuci zadanie tlohy.

Ulohou je najst cestu s minimalnou vzdialenostou,
zatinajicu v I a vediacu do D, spliajicu nasledovné
podmienky - vrcholy predstavujiice smeti W sii navsti-
vené prave raz a pocet po sebe nasledujacich vrcholov
z W je obmedzeny kapacitou robota.

3 CP model zalozeny na tokoch
v sietach

Zatneme zadefinovanim zakladného komponentu mo-
delu zalozenom na obmedzeniach - rozhodovacimi pre-
mennymi a prislusnymi podmienkami. Pre kazdd hra-
nu e si zavedieme binarnu rozhodovaciu premennu X,
ktora bude urcovat ¢ hrana je alebo nie je pouZita
v rieSeni. Nech IN(v) a OUT(v) oznafuje mnoZzinu
vstupnych a vystupnych (orientovaych) hrén z vrcho-
lu v a ICD(v) mnozinu incidentnych (neorientova-
nych) hran s vrcholom v. Nasledujuce aritmetické pod-
mienky

Xe =1,
ecOUT(I)

Xe =1,Ve € C: >
e€OUT(c)

Xe= Y Xe
e€IN(c)
(1)

zaistuju, Ze robot sa vyd4 na cestu zo Startovacej pozi-
cie prave jednou hranou a cesta je ukoncena v jednom
z koSov. Podet vstupov a vystupov z lubovolného kosa
musi byt zhodny. Obmedzenie, Ze robot vezme kazdy

ecIN(D)

predmet w € W préve jeden krat je zaistené nasledu-
jicou podmienkou:

Xe <1,
e€OUT (w)

Xe <1,

< Xe =2
e€IN(w)

e€cOUT (w)UIN(w)UICD (w)
(2)

Tieto relacie dovoluji izolované cykly spolu s ko-
rektnou cestou (Obr. 3, vlavo).

............................

.v.\. : ' Waste
i . Collector

Obr. 3. Ukazka zakazaného cyklu, ktory ale povoluju
samotné Kirchoffove podmienky.

K zamedzeniu toho VRP modely véicsinou pouzi-
vaji enumera¢nu techniku, kde pre kazdd dvojicu
podmnozin vrcholov je vlozena nova podmienka, ktora
pozaduje ich prepojenie. V naSom probléme potre-
bujeme uvazovat kazda dvojicu podmnozin Si, Sy C
(W U C), kde ani S; ani S nemo6zu byt zloZené len
z koSov, pretoZe robot nemusi nutne kazdy navstivit
a zéroven plati:

So=(WUC)\S1 A SiNW £0 A SanW £0  (3)

Dalej potrebujeme zaistit, Ze aspon jedna hrana
z vyslednej cesty bude tvorit vzajomné prepoje-
nie mnozin S; a Sy. Toho mézeme jednoducho docielit
vytvorenim podmienok pre vSetky hrany e, ktoré spa-
jaju Sy s So tak, ze plati:

Z X.>1

eNS1#£0 N eNSa#0

(4)

Posledna sada podmienok garantuje, Ze kapacita
robota nebude nikdy prekrocena. Zavedieme nerozho-
dovacie celo¢iselné premenné S, pre kazdy vrchol v
oznacujuce pocet smeti v zasobniku robota po navsti-
veni daného vrcholu. Prislusné podmienky pre kazdy
predmet w € W:

Z X.=1 = Su=1

e€IN(w)

()

Ve, f € ICD(w), e = {u, w}, f = {w,v}: Xe + Xy =2 => [Sy — Sy| =2

(6)
[Su — Sw| =1
Sy > 1 (0
Sw > 1

Ve = {u,w} € ICD(w) : Xe =1 =

zaistia, Ze zasobnik robota je vyprazdneny na zaciatku
a po opusteni lubovolného kosa (Eq.5). Zasobnik sa
priebezne (ako robot berie smeti) zapliuje (Eq.6-7).
Planova¢ uvazuje len o rozhodovacich premennych X,





kym domény S, premennych sa priebezne filtrované,
¢im sa udrzuje validita obmedzeni z redlneho prostre-
dia. Ucelova funkcia minimalizujica celkovi cenu po-

uzitych hran je definovana ako ) . X, - weight(e).

Skalovatel'nost Hlavnou limitaciou uvedenej formu-
lacie je podmienka reprezentovana rovnicou 4. Kvoli
exponencidlnemu rastu moznych podmnozin tvoria-
cich podmienku je iplné enumeracia aplikovatelné len
pre malé inStancie. Niektori autori ([9]) navrhuja po-
uzit principy z jednouchych alebo i multi-komoditnych
tokov vedice k redukcii po¢tu podmienok. Vzhladom
k pouzitiu orientovanych i neorientovanych hran v na-
Som modeli, definovanie toku a prislusnych podmienok
by bolo netmerne zlozité. K zamedzeniu exponencio-
nalneho rastu modelu sme preto pouzili techniku nazy-
vanu lazy insertion.

Planova¢ za¢ne bez podmienok eliminujice cykly
a hlada platné ohodnotenie. Ak ziskané riesenie je ko-
rektny plan tak nové obmedzenie je vlozené. V opac-
nom pripade st najdené cykly a prislusné podmienky
vloZené do modelu. V oboch pripadoch prehladavanie
pokracuje v uzle prehladévacieho stromu s prislu§nymi
novymi podmienkami, az kym pldnova¢ nenarazi na
Casovy limit, pripadne nenajde optiméalne rieSenie.

Prehladavacie heuristiky V programovani
s obmedzujucimi podmienkami vyber a ohodnotenie
premennych rozhoduje o tvare prehladavacieho stro-
mu. Efektivna vetviaca stratégia je kli¢ovou stucastou
kazdého tspesného pristupu. Planova¢ pouziva heuris-
tiku pre vyber premennych podobnt paZravému pris-
tupu z TSP[10]. Nova premenna X, je zvolena na pri-
radenie nasledujicim spésobom. Pokial je cesta prazd-
na, robot zaCne zo Startovacej pozicie najlacnejSou
hranou. Ak je to mozné, je aktualna cesta predlzena
do najbliz&ieho odpadku, ina¢ robot navstivi kos.

4 CP model zalozeny na kone¢nom
automate

Model je zalozeny na mySlienke, Zze korektnu cestu
urcuje postupnost vrcholov spliiujic isté podmienky.
Zadefinujeme $tyri typy obmedzeni. Prvé obmezenie
na existenciu prechodov medzi vrcholmi nazveme rout-
ing obmedzenie. Ako druhé je to kapacitné obmedze-
nie, ktoré zaistuje, Ze ziadna suavisla postup-
nost odpadkovych vrcholov neprekracuje dani kapa-
citu. Tretie obmedzenie stanovuje, Ze kazdy odpadok
musi byt navstiveny préave raz, kym koSe modzu byt
navstivené Iubovolny pocet krat, tzv. occurrence pod-
mienka. Posledné cost obmedzenie sa stara o to, aby
suma vah pouzitych hran neprekrocila dany limit. Pri-
rodzene, prvé tri typy obmedzeni mozu byt popisané
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koneénym stavovym automatom pretoze vyuzi-
vaja lokalnu informéciu o stavovych prechodoch. Cesta
moze byt teda modelovana vyuZitim podmienky regu-
lar ([11]). Predosly ¢lanok [12] ukazuje ako je mozné
skombinovat routing a counting obmedzenia. Je zrej-
mé, Ze velkost vysledného automatu zévisi na pocte
uzlov a kapacite robota, preto sme sa rozhodli o kom-
bindciu podmienok, ktoré zachytavaju zmienené
obmedzenia. Tieto podmienky st postavené na mys-
lienke slide podmienky ([13]).

Predtym neZ sa pustime do popisu modelu je do-
lezité si uvedomit, ze presna dlzka cesty je vopred
neznama. Predpokladajme, ze dlzka cesty je merana
ako pocet navstivenych vrcholov. Nech K = |W/| ozna-
¢uje podet odpadkovych vrcholov, L = |C| podet ko-
Sov, a C' > 1 je kapacita robota. Potom maximalna
dizka cesty je 2K + 1 (ko3 je navstiveny hned po
odpadku). Vypocet minimalnej dlzky cesty je mierne
narocnejsi. MoZeme predpokladat, Ze robot vyuZije
plne svoju kapacitu - navstivi presne C odpadkov pred
koSom (aZ na posledny cyklus).

Ak K mod C = 0, tak je vidiet, Ze minimalna
dIzka cesty je 14+(C'+1)- (K =+ C). V opatnom pripade
jeto24+ (C+1)-(K=C)+ (K mod C).

V naSom modely pouzivame tri typy premennych.
Nech N = 2K + 1 oznatuje dlzku maximélnej cesty.
Potom mame N premennych Node;, Cap;, a Cost;
(i =1,...,N), takze predpokladame cestu maximal-
nej moznej dlzky. Vyznam jednotlivych premennych
je nasledovny.

Premenné Node popisuja cestu, preto ich doména
je mnozina kladnych celych ¢isel 1,..., K pre odpad-
kové vrcholy a K +1,..., K+ L pre vrcholy reprezen-
tujice kose. Cap; sluzi pre kontrolu kapacity robota
po opusteni vrcholu Node; (Cap; = 0 pretoZe robot
za¢ina prazdny), doména je 0,...,C, a Cost; je cena
hrany pouzitej na opustenie vrcholu Node; (Cost y=0),
doména je tvorena nezapornymi ¢islami. Za tcelom
povolenia ciest kratsich nez maximalna dlzka, zavedie-
me pomocny vrchol, a to tak, ze z kazdého kosa vedie
hrana s cenou 0 do tohoto vrcholu (jeho oznacenie je 0)
a vytvorime sl'u¢ku opéat s cenou 0 z pomocného vrcho-
lu do seba samého. Inymi slovami, ak robot vstupi do
pomocného vrcholu, uz nie je mozné ho opustit.

Na modelovanie obmedzeni problému pouzivame
nasledovné podmienky. “Global cardinality” podmien-
ka ([14]) nad premennymi Node, ..., Nodey zaisti,
ze kazdy odpadok sa v tejto mnozine vyskytne prave
jeden krat, kazdy kos maximalne (K + 1) krat a po-
mocny vrchol sa modZe vyskytovat Tubovolny pocet
krat. Ak premennd D popisuje pocet vyskytov po-
mocného vrcholu, tak moZeme pouzit podmienku
Noden_p > 0 k zisteniu, kde pomocny vrchol méze
byt umiestneny na ceste. MoZeme tieZ nastavit pocia-
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to¢ny horny limit pre D vyuzitim informacie o dizke
minimélnej cesty (D < N — MinPathLength).

Cenova podmienka moéze byt jednoducho vyjadre-
na ako y ., Cost; < CostLimit. K popisu prechodov
pouzijeme prepojenie medzi Cost a Node premennymi
a to pomocou ternarnych podmienok nad premennymi
Node;, Cost;, Node;+1 ©=1,...,N — 1. Tato sada
podmienok vyuziva mySslienku slide obmedzenia. Pod-
mienku medzi premennymi Node;, Cost;, Node;11
implementujeme ako ternarnu podmienku, kde trojica
(p,q,r) splha podmienku ak existuje hrana z p do r
s cenou ¢. Inymi slovami, tabulka popisuje pdvodnil
prechodovi siet s cenami rozsirent o pomocny vrchol.
Na zaver kapacitna podmienka je realizovana opét ter-
narnymi podmienkami nad premennymi Cap;,
Node;y1, Cap;41 i =1,...,N —1. V tomto pripade
trojica (p,q,r) splia podmienku ak

— ¢ identifikuje ko8 (¢ > K) alebo pomocny vrchol
(g=0)ar=0
— ¢ identifikuje predmet (0 < ¢ < K) ar=p+ 1.

Model s obmedzeniami popisuje problém a instan-
ciovanie premennych odpoveda rieSeniu. Neukézali
sme formalny dokaz, ale nie je tazké si uvedomit,
Ze jednotlivé podmienky odpovedaju odmedzeniam
v Specifikicii problému. Prehladavaci priestor je defi-
novany len Node premennymi, pretoZze jedine tieto
premenné si ohodnocované. Premenné Cap a Cost si
instanciované automaticky cez propagaciu vyssie uve-
denych tabulkovych podmienok.

Prehladavacia stratégia a heuristika vyberu
premennych Pred samotnym hladanim rieSenia na-
jskor pouzijeme pazravy pristup k najdeniu pociatoc-
ného rieSenia (vstupna cena). Tento paZravy algorit-
mus ohodnocuje premenné Node; v poradi rastiiceho ¢
a to tak, Ze stiCasné cesta je rozsirena o hranu s naj-
mengou cenou (prirodzene, kapacitné obmedzenia st
uvazovaneé tiez).

K néjdeniu optimalneho rieSenia pouzivame Stan-
dardny branch-and-bound pristup s restartami. K vy-
beru Node premennych je pouzitd min-dom heuris-
tika a néasledné ohodnotenie premennych je definované
podiatoénym problémom (odpadky sit uprednostnené
pred kosmi). Ak je najdené rieSenie spliujtce pod-
mienky, novy limit je nastaveny a prehladavacia pro-
cedira je reStartované k najdeniu lepsieho rieSenia.

5 CP rozsirené o lokalne
prehl'adavanie

Vypocet vicsich problémov umoziuje rozsirenie CP
o lokalne prehladavanie (LS - vid Shaw [5]). Mys-
lienkou LS je prehladéavat stavovy priestor tlohy pos-

tupnym presunom z aktualneho, do nového, poten-
cionalne lepsieho stavu. V nasom pripade kazdy stav
v LS odpoveda planu - ceste robota, moZnému riese-
niu ulohy. LS pomocou operéatora opakovane vybera
dalgie stavy, ktoré minimalizuju hodnotu objektivnej
funkcie. Preto hrozi problém uvdznenia v lokdlnom
minime. Tato hrozbu redukuje pouzitie dalsich tech-
nik, v naSom pripade simulovaného zihania.
Pociato¢né riesenie pre lokdlne prehladéavanie zis-
kame sposobom popisanym v sekciach 3 a 4; tentokrét
nehladéame optimum ale pomocou heuristiky prvé rie-
Senie spliajtce zadanie. Zakladnym kameiiom metody
je operator, ktory predpisuje sposob, akym vygeneru-
jeme novy stav - potencionalne lepSie rieSenie tlohy.

LS Operator Pouzity operator (Alg. 1) odoberie st-
visli cestu predefinovanej dizky z aktualneho riese-
nia ulohy a zafixuje zvys$né hrany. Tym padom plano-
vaé riesi jednoduchsiu tlohu - kedZe niektoré hrany
su pevné, prehladavaci priestor je obmedzeny. Pocet
zafixovanych hran je parameter, pomocou ktorého je
mozné kontrolovat naro¢nost tlohy, ktort musi riesit
CP planovag.

vstup : P ={ei1,...,em} - plan reprezentovany
mnozinou hran
N - pocet hran, ktoré sa chystdme odobrat
vystup: Novy modifikovany plan P”

r <— nadhodné &islo generované
NormalDistribution(1, m)

Spusti DFS z e, a najdi cestu {ef,...
kde e} = e,

P« P\{el,...,eN}

7Z netplného planu P’ pouzitim CP generuj P’
return P”

en} dlzky N,

Algoritmus 1: Schéma operatora LS - odobrata

cesta  predefinovanej  dlzky je  dopoéitana
CP-planovacom, ¢&m  moze dojst k  zlepSeniu
rieSenia.

6 Vysledky experimentov

Experimenty sme uskutocnili na platforme Intel Xeon
CPUQ@ 2.5GHz, 4GB of RAM, s opera¢nym systé-
mom GNU Linux. Prvy model (dalej oznacovny mo-
delT - zaloZeny na Simonisovom modele) bol imple-
mentovany v programovacom jazyku Java s vyuzitim
kniznice Choco v.23, volne &iritelnej kniznice, kto-
ra obsahuje zékladné nastroje pre programovanie
s obmedzujticimi podmienkami. Druhy model (model A
- zaloZeny na automatoch) bol implementovany v ja-
zyku SICStus Prolog*. Vietky instancie testovacich
problémov boli vygenerované rovnakym sposobom: do

3 http://choco.emn.fr
* http://www.sics.se/sicstus
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Obr. 4. Hore Cas potrebny na najdenie a dokdzanie opti-
mality rieSenia pouzitim CP v zéavislosti na po¢tu odpad-
kov. ModelA (modra), sa ukazuje byt vykonnejsi ako mo-
delT, zalozeny na tokoch (Gervena).Dole Ukazka vyvo-
jového prostredia.

arény v tvare Stvorca sme nahodne umiestnili predefi-
novany pocet kosov, smet{ a robota. Kose boli umiest-
nené k niektorému z okrajov arény.

6.1 Vysledky algoritmov zaloZenych na CP

Graf na obrazku 4-vlavo ukazuje vysledky algoritmov
pre inStancie roznej velkosti.

ModelT zvldda vyriesit tlohy do velkosti 6 + 3
(smeti + kose). ModelA vyriesi v akceptovatelnom
Gase aj vacsie problémy 8 + 3. Musime zdoraznit, Ze
v grafe neukazujeme ¢as, kym bolo najdené optimalne
rieSenie, ale kym bolo dokazené, Ze lepSie rieSenie ne-
existuje. KedZe v robotike je ¢asto uprednostiiovany
suboptimalny plan, ktory je ndjdeny dostatoéne rych-
lo, d'alej sa stistredime na problém pléanovania s obme-
dzenym Casovym horizontom.

6.2 Vysledky algoritmov zaloZenych na LS

Metoda lokalneho prehladavania nam umoziuje riesit
podstatne vicsie instancie (40 + 3), za cenu poten-
cionalne suboptimalneho rieSenia. Aj ked planovaé za-
loZzeny na metode lokdlneho prehladévania prekonal
planovaé zalozeny na modele modelT, nedokézal pre-
konat planova¢ na modele modelA. Uvedena metoda
nedokazala zlepSit rieSenia, ktoré planova¢ naSiel
v kratkom ¢asovom horizonte (2 mintty). Z toho usud-
zujeme, 7e rieSenia produkované tymto planovacom
maji dobri kvalitu.
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7 Planovanie v reidlnom svete

Ako testovacie prostredie sme pouZili profesionalne ko-
mercné vyvojové prostredie pre robotiku Webots [15],
ktoré umoznuje simulovat chovanie robota v realnom
svete.

Predpokladame, Ze robot bude pracovat vo vnu-
tornom prostredi. Prvym krokom je zmapovanie pries-
toru - vytvorenie mapy, ktora potom bude pouzité ako
vstup predstavenému planovacu. Pocas vykonavania
tlohy planovaé prisposobuje plan na zaklade novych
faktov, ziskanych z procesov lokalizacie a planovania
pohybu. Lokaliza¢ny modul a modul planovania po-
hybu st zalozené na volne-Siritelnej kniznici CAR-
MEN [16].

8 Zaver

V tejto praci sme predstavili architekttaru robota, kto-
ra dokaze rieSit prakticka ulohu, spéaja reaktivne pla-
novanie s plnohodnotnym planovanim a pracuje v real-
nom, dynamickom prostredi.

Obmedzenia tlohy, pochadzajice z realneho zada-
nia problému, sme preniesli do matematického modelu
pomocou techniky programovania s obmedzujtcimi
podmienkami. Touto technikou je moZné najst prvé
rieSenie v raAdovo mikrosekudnéach pre problémy stred-
nej velkosti. Pre vadsie ulohy sme ukézali vysledky
lokalneho prehladavania.

RieSena tuloha patri do skupiny problémov VRP.
Aj ked tato oblast obsahuje obrovské mnozstvo praci,
len nedavno sa autori zacali venovat problému, ktory
reprezentuje nami rieend tulohu. Oproti inym pracam,
ktoré sa sustreduju na najdenie optimélneho rieSenia,
nasim cielom bolo vyvinat a implementovat algorit-
mus, ktory je dostatoCne rychly aj za cenu subopti-
mality vysledného rieSenia.

Navrhnuté metoédy sme testovali pouzitim reali-
stického simulatora Webots, na desiatkach ndhodne ge-
nerovanych tlohéch, ¢m sme sa snaZili zarudit Stati-
stickt stabilitu uvddzanych vysledkov. Vysledky indi-
kujta dobra pouzitelnost algoritmov v praxi. V budic-
nosti by sme chceli navhrnuté algoritmy rozsirit
o zvladnutie neistoty.
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Abstract. Two kinds of methods for assessing reliability
of regression models are analysed. The first kind consists
in obtaining confidence intervals wusing either statistical
methods (frequentist, Bayesian) or transductive inference.
The second kind are heuristic methods, designed so that
they correlate with prediction error. Both methods are com-
pared on four kinds of parametric regression models using
real-world data. This is a work in progress, that is why
transductive inference has not been implemented yet, only
one dataset has been used, and the comparison has been im-
plemented for two kinds of regression models, so far: mul-
tilayer perceptron and support-vector regression. For them,
the variability of results obtained by heuristics methods with
respect to different models is illustrated, as well as the cor-
relation between the confidence intervals and the heuristic
methods.

1 Introduction

Regression analysis studies the relationship between
independent (input) and dependent (output, pre-
dicted) variables. Regression models are created as
mappings from the input to the output space chosen
from a given class of mappings. When fed with an in-
put, they generate a prediction of dependent variable,
which can be accompanied by estimate of its reliabil-
ity. Such estimates are focus of this work in progress
within the diploma thesis of the first author.

A traditional method of reliability estimation is
confidence interval that outputs a range of values that
contains true value of dependent variable with
a specified probability. Another approach uses
heuristic methods based on empirical experience.
Their output is a quantity called unreliability which
is calculated on the basis of independent variables not
using true value of dependent variable. The main con-
tribution of our work lies in finding a relation-
ship between interval estimation methods and heuris-
tic methods, which would indicate the usability and

* The research reported in this paper was supported
by the SGS project No. SGS10/279/OHK3/3T/13
(J. Stastny), and by the grant No. 201/08/0802 of the
Grant Agency of the Czech Republic (M. Holena).

trustworthiness of the different heuristic methods. Any
work dealing with a similar topic was not found.

At the beginning, in Section 2, we describe tra-
ditional methods of interval estimation, then, a re-
cently developed approach of transductive confidence
machine. Afterwards, heuristics methods are featured.
Section 3 gives account of used regression models and
the procedure of selecting the most appropriate ones.
Conducted experiments and first results are described
in Section 4.

2 Unreliability of regression methods
and its assessment

In this section, conventional methods of interval
estimation are recalled, then the modified transduc-
tive confidence machine framework is described, and
heuristic methods are detailed.

As already stated in the introduction, it is assumed
that regression model is a mapping ¢ : RP? — R, the
value § = ¢(x) of which is termed the prediction for
input x.

2.1 Confidence intervals

Conventional method of reliability estimation is confi-
dence interval. It is a random interval which contains
a parameter with a specified probability, called confi-
dence level. Frequentist and Bayesian approach cope
with confidence interval differently. The frequentists
treat all model parameters on selected interval deter-
ministically, on the other hand, Bayesians treat them
as a random variable, which allows prior information
about parameters to be incorporated [18]. If no prior
information is known, the distribution function of pa-
rameters is usually considered uniform. In this case,
the confidence intervals obtained via frequentist and
Bayesian approach coincide.

2.2 Transductive confidence machine

A more recent method for interval estimation is based
on trasductive inference from which it evolved into
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transductive confidence machine (TCM) [8]. It uses
past experience to determine precise confidence levels
for new predictions. The levels are considered when
constructing confidence interval. In this work, a com-
putationally efficient modification of TCM from [14] is
employed.

Let D = {x;,y;}}.; be a given training set,
¢ a regression model, X,41 an unseen input, and
0 a significance level (e.g. 6 = 5%). Divide D into
two subsets: the proper training set {x;,y;}/, and
the calibration set {x;,;};_,,,;- Then, build a re-
gression model using the proper training set. Define
strangeness measure «(y;,x;) = |y; — ¢(x;)] and
evaluate it for each example in the calibration set.
Now, compute a(yn+1,Xn+1) as a function of y,41,
Xn+1 being constant. For any ¢ and any j denote by I
the indicator function

llfa iy Xi Za X)),
I(a(yi7Xi)7a(yj7xj)):{0 othe(lzrlwise) (yJ J) (1)

and by p(y,Xp41) the value

n+1
1
Py Xnt1) = [— > I(a(yi, i), (y, Xn41))-(2)
1=m-+1

The confidence interval obtained by the TCM is

(3)

It was proven [14] that the probability of error never
exceeds the confidence level §. However, p is according
to (2) and to the definition of a(yn+1,Xn+1) a piece-
wise linear function of y,+; and a complicated non-
linear function of x,,11, which is different for each par-
ticular regression model ¢. This makes the implemen-
tation of solving inequality p(y, X,+1) > § with respect
to y quite demanding, and the implementation of that
method (differently to the other investigated methods)
has not been finished yet.

Cy5(Xnt1) = {y : p(y, Xnt1) > 0}

2.3 Heuristic methods

Sensitivity analysis [3] Consider a regression model ¢
trained on training data D = {x;,y;}/,, an unseen
input x and vector sensitivity parameter E whose
elements are positive (e.g. E={0.01,0.1,0.5,1.0,2.0}).
Denote by lmin (Imax) a vector containing minimum
(maximum) values of samples x from D by elements,

min (4)

xX;, Im
{(x,y)eD}

Ilmin; = ar; = max

X,
{(xy)eD}

where i =1,...,p, p is the dimension of x and x; de-
notes i-t element of vector x. For all elements € from E
denote

Xe = X+ e(lma:r - lmzn)a (5)
ge = ¢(XE)‘ (6)

Finally, the sensitivity measures of unreliability SAvar
(local variance) and SAbias (local bias) are defined as

1 S
SAvar = 7] Z [ — G—cl, (7)

ecE

) 1 . . . R
SAbias = m Z [(Ge — §) + (G- — D),
ecE

where |E| denotes the dimension of vector E. Both
the measures are based on the assumption that the
difference y. — y_. would be minimal for reliable pre-
dictions.

Variance of bagged model This method is based on
bootstrap aggregating (bagging) [4]. It employs given
training set of n examples to generate m training sets
by uniformly sampling o < n examples with replace-
ment from the original training set. A bagged regres-
sion model is created on each of the new training sets.
This technique reduces variance of regression algo-
rithms and thereby improves their predictive perfor-
mance.

The heuristic method was introduced in [7], ini-
tially in use with neural networks only, and can be
described as follows: given unseen input x and m re-
gression models {¢;},, use each model to generate
a prediction §; = ¢;(x) for x, the unreliability mea-
sure is defined as empirical variance of bagged models

(BAGV)
(9)

where

1 m
y=—> Ui 10

3 (10)
Local cross-validation reliability estimate This method
was introduced in [16]. Given an unseen input x, train-
ing data D = {x;,y;}7-, and k € N,k < n, find a set
of k-nearest neighbours S = {x;,y;}¥_; determined
on the basis of independent variable x only. Create
regression models {¢;}¥_; on the set S\(x;, ;). Then,
compute the prediction error E; = |¢;(x;)—y;| - Define
the unreliability measure called local cross-validation
unreliability measure (LCV) as

LCV(x) = Z(xzwyi)es d(xi,x) - E;
Z(xhyi)GS d(xiv X) ’

where d(x;,x) denotes some measure of similar-
ity between examples. The above equation puts more
weight the examples whose error is higher. This feature
makes this method sensitive to erroneous predictions
in the vicinity of input x.

(11)





Local modeling of prediction error This method was
introduced in [2]. It is similar to the LCV measure, but
in contrast to it, it outputs a variance of nearest neigh-
bour models and is less computationally demanding.
For an unseen input x and a set of k nearest neigh-
bours S = {x;,v;}¥_, to x, create regression model ¢
on the set S. The local modelling unreliability measure
(CNK) is then defined

CNK = (12)

el

k
Z(@z‘ —9)%,

where § denotes mean prediction over the set of
nearest neighbours.

3 Regression models used for
validation of unreliability
assessment

To evaluate different methods of unreliability assess-
ment, the following regression models were selected:
(a) artificial neural networks with the standard multi-
layer architecture, (b) radial basis function neural net-
works, (¢) support vector regression and (d) regression
trees. Those methods are briefly reviewed. In the last
paragraph the criteria of model parameter selection
are presented.

Multilayer perceptrons (MLP) The standard topol-
ogy of a MLP is employed [11]. The network consists
of units organized in a layered feedforward topology.
A MLP unit is defined by its weight and bias. The pa-
rameters that describe this model are: (a) number of
hidden layers, (b) the number of units in each hidden
layer, (c) bias for each unit in hidden layer and (d) unit
weights. Given m hidden layers, denote by [; the num-
ber of units in the i-th layer (lp the input layer and
Im+1 the output layer). Options (a), (b) and (c) ge-
nerate m+1+>_"", I; parameters to be set. The num-
ber of weights to be set is Z;‘Zo l;-l;+1. The total num-
ber of parameters is then m+1—1lo+>_1" o l;(li11+1).
Our implementation uses [12].

Radial basis function networks (RBF) A RBF net-
work is organized in a feedforward topology similarly
to MLP. The activation function of each hidden unit
in a RBF is a radial basis function [6]. A unit in RBF
hidden layer has a different meaning from the MLP
one, it is defined by its center point ¢ and a variance
matrix Y. Only one hidden layer is used in RBF. As-
sume there are m units and the dimension of indepen-
dent variable is n. Each unit contains different center
point, thus generating n - m parameters. Consider X
now. All RBF units can either share the same X or
each possess a different one. Additionally, X~ can

Usability assessing 95

cither be (a) a diagonal matrix with all elements
identical (one parameter for the case of sharing X)
or (b) diagonal matrix with different elements on the
diagonal (m parameters) or (c) a full variance matrix
(% parameters). For implementation Matlab was
again used.

Support vector regression (SVR) Support Vector Ma-
chines (SVM) were introduced in [17], this framework
was later transferred to regression (SVR) [10]. The
SVR can be employed in two versions: e-SVR and
v-SVR. The e-SVR variant contains two parameters,
€ that specifies error insensitive zone and C a regu-
larization constant. The v-SVR variant contains the
regularization constant as well, but instead of ¢ a dif-
ferent parameter v € (0,1) is used, that specifies the
number of support vectors in regression model. In this
work, the v-SVR variant is employed as it allows to
built more flexible models than the e-SVR. Our im-
plementation relies on [9], which originally contains
only e-SVR variant, the »-SVR variant needed to be
coded.

Regression trees The method was introduced in [5].
It uses recursive partitioning method that divides the
input space into smaller regions. Our implementation
uses [12]. The tree construction can be controlled by
means of one parameter that defines the minimum
number of observations needed for a node to be split.

3.1 Error measures for model parameter
selection

We employ three error measures for model parameter
selection. These methods are (a) empirical error
(EMP), (b) Akaike information criterion (AIC) and
(c) Bayesian information criterion (BIC). The two last
ones complement empirical error with model complex-
ity.

Assume a regression model ¢ with k parameters
and a set S = {x;,y;}I",, define prediction error
(residual) e(x,y), its mean &, and standard devia-
tion o7 on the set S:

£4(x,y) = o(x) — y, (13)
Q) =1 Y oy, ()
(x,y)€S
B2(S) =~ 3 [ealxy) — (S (15)
(x,y)€S

Empirical error This measure is defined as sum of
squares of prediction errors divided by the number of
examples in the set

1
EMP,(S) = - Z £s(%,9)%
(x,y)€S

(16)
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This measure contains no information about model
complexity. If it is desirable to quantify model com-
plexity, it is advisable to use error measures that in-
clude model complexity.

Akaike information criterion This measure represents
relative amount of information lost, based on
Kullback-Leibler divergence, when a given model,
whose parameters are estimated from the data, is com-
pared to the process that generates the data [1]. The
Akaike information criterion (AIC) is defined as

QkO;(S)

AICy(S) = EMPy(S) + ——. (17)

The second term penalizes complex models.

Bayesian information criterion This measure is based
on the Bayesian posterior probability of given model
compared to the process that generates the data [1].
Bayesian information criterion (BIC) is defined as

N log(n)ka3(S) .

BIC4(S) = EMP,(S) -

(18)

4 Experimental validation of
unreliability assessment methods

In this section, some results of experiments that test
the already implemented unreliability assessment
methods are presented. At the beginning of each
experiment, raw data are obtained: eight models with
different parameter settings based on error measures
from section 3.1 are selected. In the experiments per-
formed so far, we employed EMP for SVR (models
possess different setting of v and C') and AIC for MLP
(different number of hidden neurons and layers) as
error measure. Each model is validated using 10-fold
cross-validation. For each unseen input, confidence in-
tervals are computed using the frequentist method,
and heuristic methods are applied to it.

4.1 First results

In the rest of this section, several first results from
testing the behaviour of all the heuristic methods and
classical confidence intervals are presented. The set-
ting of heuristic methods is shown in Tab.1. The set-
ting is based on empirical testing, that is why the k pa-
rameter differs for LCV and CNK. Our experience
shows better performance for higher values of k for
LCV and lower values for CNK. So far, testing has
been performed on one dataset, a real-world dataset
from catalytic chemistry [13], which contains 12 in-
dependent variables, one dependent wvariable and
696 cases. In future work, the approximation problems
from Probenl dataset [15] will be used.

method|SAVar, SABias
setting | E = [0.1 1]

BAGV LCV |CNK
m =6,0=60k =10k =6

Tab. 1. Parameter setting for heuristic method.

Model-wise parallel coordinates plot for SVR models

210 55 19
2.2 6.0 ><><><
23
-——-_____s
4--/

0.1 17

35 1 |

0.0z 180
savar  sabias bagv lev cnk ci

Realiability assessment method

Fig. 1. Parallel coordinates plot for eight considered SVR
models. The numbers at the left of vertical lines correspond
to minimum and maximum mean value that the respective
method yields for the models averaged over a randomly
selected test set.

Input-wise parallel coordinates plot for SVVR models
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Fig. 2. Parallel coordinates plot for eight selected individ-
uals. The numbers at the left of vertical lines correspond
to minimum and maximum mean values averaged over the
eight selected models.

Comparison of normalized output of implemented
methods The comparison is performed both model-
wise, based on values averaged over a randomly cho-
sen test set, and input-wise, based on values averaged
over all models of the considered kind. As examples,
the comparisons for SVR models are shown in Fig.1
(model-wise) and Fig.2 (input-wise). We can see that
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Fig. 3. Pearson correlation coefficient between each heuristic method and classical confidence interval at confidence
level 1% (first column) and 5% (second column) for the eight considered MLP models.

the models can be approximately separated into two
groups, the first reaching lower value of SAvar and
higher values of the other methods, the latter reaching
higher value of SAvar and lower values of those meth-
ods. Further analysis showed that the latter group out-
performs the first, therefore lower values indicate more
reliable prediction for all methods except SAvar, which
is in accordance with the design of the methods.

Correlation between the width of confidence intervals
and the results of heuristic methods The Pearson
coefficient of linear correlation is computed to deter-

mine the correlation between each heuristic method
and classical confidence interval. It has been calcu-
lated separately for each model, and averaged over all
models of the same kind. As an example, the corre-
lation coefficients for the considered MLP models are
shown in Fig.3. We employed the validation data from
cross-validation. We can see that the correlation is for
all heuristic methods rather weak, the reason possibly
lies in the fact that the methods are empirical and have
no connection to the theoretically founded estimation
of confidence interval.
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5 Conclusion

This paper deals with the important topic of estimat-
ing how usable are predictions of different regression
models for a given input. It compares methods of es-
timation of confidence intervals for regression with
heuristic methods for reliability assessment. Several
first results were presented, obtained on a real-world
dataset from catalytic chemistry. They showed minor
correlation between certain kinds of heuristic methods
and the frequentist confidence intervals.

The reported research now continues with the
implementation of the TCM method for the estimation
of confidence intervals, as well as of the remaining con-
sidered kinds of regression models — radial basis func-
tions and regression trees. This will allow complete
testing of all considered methods with all considered
kinds of regression models. Those tests will be per-
formed not only on the dataset used so far, but also
on several other datasets. The final results research
and Matlab source code will be available in diploma
thesis of the first author which is expected to be
released in January, 2011.
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se v soucasné dobé Fadi relativné velmi jednoduchy frdazovy
statisticky preklad, ktery se opird v podstaté pouze o pos-
loupnosti slov bez ohledu na lingvistické rozbory. Z wice
duvodi kvalita strojového prekladu stdle neni uspokojivd
a lze se domnivat, Ze ¢dst problémau by bylo mozné odstranit
explicitnim zapojenim linguvistické anotace do frdazového
prekladu. Pro cestinu a angliétinu jsou navic rozsahld bo-
haté anotovand paralelni data k dispozici. Cilem této prdce
je proto pripravit ndstroj usnadnujici experimenty s boha-
tou lingvistickou anotact v relativné jednoduchém prostiedi
frazovijch statistickych prekladu. Popisujeme formdt dat
1 moznosti implementovaného ndstroje a soucasné uvddime
vysledky pronich experimentd. Siroky prostor moznosti, jak
lingvistickd data do modelu zapojit, je otevien pro dalsi
vyzkum.

1 Uvod

Frazovy statisticky pieklad (viz napt. [7]) je v souc¢asné
dobé pomérné oblibenou metodou strojového prekla-
du. Jednim z davodu je jednoduchost a velmi mald
zévislost metody na preklddanych jazycich, dalsim du-
klada¢e Moses zalozeného na tomto principu [10].
Frazovy pieklad lze velmi struéné shrnout takto:
texty dostupné soucasné ve zdrojovém a cilovém jazy-
ce se tzv. zarovnaji k sobé, tj. ptriradi se k sobé jed-
notlivé véty a v ramci dvojic vét i priblizné jednotliva
slova, viz obr. 1. Z takto zarovnanych vét extrahu-
jeme vSechny . fraze“, tj. posloupnosti slov, které jsou
ngjakym zpusobem v souladu se slovnim zarovndnim.
Ziskand tabulka frazi (tj. slovnik fraz{ a jejich pte-
kladu) je pak pouzita i pro vstupni preklddanou vétu:
vstupni véta se vSemi moznymi zpusoby rozdéli na
fraze a pro kazdou frazi se uvazi vsechny mozné pre-
klady. Vysledny strojovy pieklad se ziska poskladanim
prelozenych frazi za sebe tak, aby celd vstupni véta
byla pfesné pokryta a vyslednd sekvence navic pu-
sobila ,hladce“, tj. ziskala co nejvétsi skére v tzv.
jazykovém modelu. Kandidatu na vysledné sekvence
je prirozené obrovské mnozstvi, a v praxi je proto
tento prostor prohledavan jen ¢astecné metodou beam
search.
* Tato préace je podporovdna granty EuroMatrixPlus

(FP7-ICT-2007-3-231720 EU a TE09003 Ceské repub-
liky) a MSM 0021620838.
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Obr. 1. Ukazkové zarovnani po slovech a piiklady ,,frazi“
konzistentnich s danym zarovndnim. (V obrdzku nejsou
vyznaceny vSechny mozné fraze.)

Je ziejmé, ze tento jednoduchy postup v fadé pii-
padi navrhne vystup s mnoha chybami. Kromé chybné
volby prekladového ekvivalentu je velmi ¢asto vystup
negramaticky, a to jak lokalné (napf. shoda mezi pii-
davnym a podstatnym jménem), tak na drovni celé
véty (ve vété napf. zcela chybf sloveso).

Lokalni problémy je mozné ¢asto reSit v rdmci fra-
zového modelu rozsifenim reprezentace jednotlivych
frazi. Zavedenym zpusobem, ktery je rovnéz imple-
mentovan v prekladac¢i Moses, jsou tzv. frazové modely
o vice faktorech [8]. Data se v tomto pfipadé ziskdvaji
z anotovaného korpusu — ke slovam ve vétach se do-
plni tzv. faktory, tedy znacky, které urcuji napf. slovni
druh nebo funkci slova ve vété. Tato dodatecna data se
zahrnou i do frazové tabulky a dekodér ziskd moznost
vytvorit presnéjsi preklad, viz obr. 2.

V tomto piispévku popisujeme néstroj, ktery z bo-
haté anotovaného korpusu zejména ptipravi podle kon-
figurace vybér nékterych rysu slov ve vété do formatu
vhodného pro prekladovy systém Moses. Duraz je kla-
den pravé na stru¢nou a pfip. i strojové generovatel-
nou konfiguraci, aby bylo mozné v kratkém case pro-
vést celou fadu experimentu. Bez experimentalniho
ovéfeni nelze totiz fici, které z dostupnych lingvistic-
kych ddaju samotné tloze piekladu pomohou.
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Zskladni preklad

=Petelf'] [slept] — EPetr} [spal}

I saw] [Peter} — | Vidél jsem] [Petra]
Vicefaktorovy pieklad
-Peter] [slept} - _Petr} {Spal

| subj verb [nom. | |slov.

[T saw| [Peter [Vidél jsem] [Petra
.| =

| VP obj | slov. fr. akuz.

Obr. 2. Bohatsi reprezentace ve frazovém piistupu umozni
preklddat anglické slovo ,Peter“ do vhodného ceského
padu podle pozice, kterou v puvodni vété zaujimalo,
protoze vicefaktorova frazova tabulka nové tyto dvé role
slova Peter poklada za zcela odlisnd vstupni slova.

1.1 Predeslé prace

V [1] autofi uvadéji dosazeni lepsi kvality prekladu
diky pouziti faktoru popisujicich syntax véty. Tato
metoda se nejvice osvédcila pii prekladu mezi mor-
fologicky bohatymi a chudymi jazyky, kde faktory po-
mohly rozligit, ktery tvar slova se méd pouzit. [2] vy-
uzivaji tzv. CCG supertags (znacky kategoridlni gra-
matiky) ke zlepSeni piekladu v situacich, kdy je nutné
vyrazné ménit poradek slov ve véte.

Dalsim moznym piistupem k piekladu s vyuzitim
bohaté anotace jsou ruzné druhy tvorby frazi a je-
jich filtrovani. Mame-li k dispozici napt. syntakticky
zavislostni strom véty, muzeme fraze vytvaret tak, aby
byly v souladu se skute¢nou syntaxi véty. Piipadné je
mozné filtrovat takové fréze, které jsou se zavislostnim
stromem nekonzistentni, jak navrhuje [3].

U vSech uvedenych metod je kliCovym pojmem
(bohaté) anotovany korpus. Ten obsahuje véty v po-
zadovanych jazycich obohacené o mnoho dalsich infor-
maci. Pro dalsi popis se pridrzime formalismu jazyko-
vého popisu na vice rovinach, ktery byl pro c¢estinu
rozpracovan v lingvistické teorii Funkéniho generativ-
niho popisu (FGP, [12]) a ndsledné pouzit pii anotaci
Prazského zavislostniho korpusu (Prague Dependency
Treebank, PDT, [6]). V soucasné dobé jsou stejné prin-
cipy uplatiovany i pro angli¢tinu v paralelnim kor-
pusu Prague Czech-English Dependency Treebank
(verze 1.0 viz [5], verze 2.0 je v piipravé) a odrazeji se
i v nastrojich pro automatickou lingvistickou analyzu
pro c¢estinu, angli¢tinu a pracovné i pro dalsi jazyky,
viz TectoMT [13].

Anotace v trénovacim paralelnim korpusu tedy
muze byt dostupné na nékolika rovinach. Na morfo-
logické roviné jsou slova zafazena do tvaroslovnych
kategorii, analytickd rovina rozebirad tzv. povrchovou
syntax véty (vztahy typu podmét — prisudek apod.).
Nejkomplexnéjsi anotace se (v teorii FGP a prazskych
treebancich) odehravé na tektogramatické roviné, kde
se sleduji hlubsi vztahy mezi slovy, hloubkova syn-

— anglickd a-rovina: Mae|Mae|NNP|1]3]Sb
just|just|RB|2|3|Adv left|leave|VBD|3|0|Pred
l.1.1410]AuxK

— anglicka t-rovina:
Mae|ACT|1|3|complex|n:subj|n.denot
just|RHEM|2|3|atom|x|-
leave |PRED|3|0|complex|v:fin|v

— mapovani anglicka a-rovina — anglicka
t-rovina: 0-0 1-1 2-2

— Ceska a-rovina: Mae|Mae|X@---|1|3|Adv
pravé|prave|Db---12|3|Adv
odeslalodejit|VpQW-13|0|Pred
N 1Z:---1410]AuxK

— Ceska t-rovina:
mae |TWHEN|1|4|complex|n:??7|n.denot
préavé | TWHEN|2|4|complex|adv: |adv.denot.
ngrad.nneg
#PersPron|ACT|3|4|complex|n:1|n.pron.def.pers
odejit|PRED|4|0|complex|v:fin|v

— mapovani Ceska a-rovina — ceska t-rovina: 0-0
1-1 2-3

— mapovani mezi anglickou a ¢eskou t-rovinou:
0-0 1-1 2-3

Obr. 3. Exportni format CzEngu. Reprezentace véty Mae
just left. (Mae prdvé odesla.). Nékteré prvky byly pro lepsi
Citelnost zjednoduseny nebo vypustény.

tax a dalsi. Je zfejmé, ze bohatd anotace ma mnoho
moznosti vyuziti a najit vhodnou kombinaci faktoru
pro zlepSeni ptekladu je slozité.

Vyuzivani bohaté anotace pii frazovém strojovém
prekladu se v soucasné dobé prosazuje a diky zminé-
nym vysledktm se da o¢ekdvat, ze experimentu s timto
pristupem bude pribyvat.

1.2 Dostupna data

CzEng [4] je bohaté anotovany ¢esko-anglicky para-
lelni korpus. V soucasné verzi 0.9 obsahuje piiblizné
8 milionu vét. Data byla ziskdna z mnoha zdroju, napf.
filmové titulky, legislativa Evropské unie, beletrie,
technické texty a dalsi. Paralelni data byla automa-
ticky anotovana na nékolika rovinach — morfologické,
analytické a tektogramatické.

Exportni format CzEngu popisuje bohatou ano-
taci dspornéji nez bézné pouzivané XML. Jedna se
o textovy format, kazda dvojice vét je zapsdna na jed-
nom radku do sloupcu oddélenych znakem tabuldtoru.
Strukturu Ffadky popiseme na piikladu v obrazku 3.

Vzhledem k tomu, ze uzly na morfologické a ana-
lytické roviné si navzajem odpovidaji, jsou v export-
nim formatu v zdjmu uspory tyto roviny slou¢eny do
jedné, kterou oznac¢ujeme jako analytickou. Tektogra-
matickd rovina obsahuje pouze plnovyznamova slova
(az na vyjimky), oproti analytické roviné v ni mohou





naopak prebyvat slova, kterd jsou ve vété nevyjadiena.
Uzly této roviny jsou tedy popsany zvIast.

Ze vsech udaju dostupnych v korpusu CzEng zde
popisme jen nékolik nejvyznamnéjsich:

form obsahuje povrchovy tvar slova, tzv. formu.

lemma a tlemma obsahuje zakladni tvar slova po
odstranéni morfologické informace.

tag nese morfologickou znacku, kterd (s ohledem na
konkrétni jazyk) obsahuje kompaktni piehled
o hodnotach lingvistickych kategorii pro dané slo-
vo. Napi. ¢eské ,NNMS4“ signalizuje podstatné
jméno (NN) muzského rodu (M) jednotného ¢&is-
la (S) ve ¢tvrtém péde.

functor na tektogramatické roviné vyjadiuje syntak-
tickou roli daného uzlu ve vété (napt. PRED pro
predikédt, RSTR pro piivlastek).

formeme na tektogramatické roviné vyjadiuje povr-
chovou formu realizace daného uzlu ve vété (napf.
,v:fin“ pro sloveso v ur¢itém tvaru nebo ,n:na+6“
pro podstatné jméno v Sestém padé s predlozkou
Lhat).

sempos vyjadiuje sémanticky slovni druh tektogra-
matického uzlu. Napt. pfidavna jména mohou stat
v roli podstatnych jmen, pokud zadné podstatné
jméno nerozvijeji.

nonterm v anglické povrchové syntaxi vyjadiuje syn-
taktickou roli skupiny slov ve vété (napt. NP znaci
jmennou skupinu).

2 Funkce nastroje Richextr

Hlavnim uéelem Richextru je Siroce konfigurovatelné,
automatické predzpracovani vstupnich dat z bohaté
anotovaného korpusu. Jeho dalsi funkei je extrakce
frazovych tabulek s moznosti oznacovani frazi podle
konzistence s kontrolnimi zarovnanimi slov. Richextr
také umoznuje provadét na frazovych tabulkich za-
kladni mnozinové operace.

2.1 Zpracovani bohaté anotovanych dat

Richextr umoziuje uzivateli velmi volné konfigurovat
format vstupnich dat (tj. anotovaného korpusu), nenf
zéavisly na konkrétnim poctu rovin anotace, mapovani
mezi nimi, po¢tu ani druhu faktoru. Ackoliv jsme tedy
Richextr wvyuzivali predevsim pro praci s daty
v exportnim formatu CzEngu, zménou v konfigurac-
nim souboru lze Richextr pouzit na korpusy s odlisnym
formatem.

Nejpodstatnéjsi vlastnost pfi zpracovani bohaté
anotovaného korpusu je konfigurovatelnost pozadova-
nych vystupnich dat. Richextr interné uchovava
vstupni data ve formé zdvislostnich stromu na jed-
notlivych rovinach. Tento pristup umoziuje programu
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tyto stromy prochézet a ziskdvat faktory z jinych uzla
stromu, pifpadné (je-li k dispozici mapovén{) z uzla
na jinych rovinach anotace.

Uzivatel proto musi ur¢it cestu, kterou ma
Richextr projit, a pozadované faktory. Jednotlivé po-
lozky jsou v konfiguraci oddélovany znakem lomitka.
Richextr rozpoznava klicova slova parent, son,
son_with, link a factor. Prvni urcuje prechod na
otcovsky uzel, druhé na synovsky uzel (se zadanym
indexem), tfeti umoziuje specifikovat synovsky uzel
nazvem a hodnotou faktoru. Klicové slovo link zpusobi
prechod na zadanou rovinu anotace (mezi aktudlni
a cilovou rovinou musi existovat mapovéni). Slovem
factor musi koncit kazdy popis cesty — urcuje nazev
faktoru, jehoz hodnota se mé pridat do vystupu. Napft.
popis

parent/link(tLayerCS)/factor (tlemma)

definuje nésledujici cestu po stromech véty: z uzlu
na aktudalni roviné prejdi na otce, z néj prejdi na rovinu
tLayerCS a odtud pfecti faktor tlemma.

2.2 Extrakce frazovych tabulek

Extrakce frazovych tabulek pfirozené navazuje na
predzpracovani korpusu. V situaci, kdy Richextr ziskal
pozadovand data, je mozné (je-li k dispozici zarovnani
slov) vytvaret frédzovou tabulku. Diky informacim
o mapovani mezi jednotlivymi rovinami anotace lze
navic kontrolovat konzistenci frazi napt. s tektogra-
matickym zarovnanim uz v prubéhu jejich vytvareni.

Richextr zaroven umoziiuje kontrolovat konzistenci
fraze se zarovnanimi ulozenymi v souborech.

2.3 Mnozinové operace

Dalsi funkei programu Richextr jsou operace sjedno-
ceni a pruniku na setfidénych frazovych tabulkéach.
Richextr pracuje se standardnim formatem frazové ta-
bulky pouzivanym v dekodéru Moses. Mnozinové ope-
race dovoluje provadét na libovolném poc¢tu souboru
s frazovymi tabulkami, podporuje prepocitani hodnot
pravdépodobnosti a lexikalnich vah podle zadanych
koeficientu pro jednotlivé tabulky.

3 Prvni experimenty

V této sekci podrobnéji popiseme postup a vysledky
provedenych experimentu a pokusime se naznac¢it moz-
né cesty, jak pomoci bohaté anotace zlepsit kvalitu
strojového prekladu.
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3.1 Pouzité nastroje

K provedeni experimentu s bohatou anotaci jsme kro-
mé programu Richextr vyuzili fadu dalsich lingvistic-
kych nastroju. Vsechny pouzité programy maji otev-
feny zdrojovy kéd a jsou volné dostupné.

Pro tvorbu jazykového modelu jsme vyuzili nastroj
SRILM!, k nalezeni slovnich zarovnani program
Giza++2. K samotnému ptekladu jsme vyuzili zmi-
novany nastroj Moses, ktery obsahuje také fadu po-
mocnych skriptu a mensich programu pro piipravu
dat, praci s frédzovymi tabulkami, hodnoceni kvality
prekladu apod., které jsme v praci vyuzivali. Jeho sou-
¢asti je i nastroj MERT, s jehoz pomoci jsme provadéli
ladéni vah.

P1i hodnoceni kvality piekladu jsme se spoléhali na
bézné pouzivanou automatickou metriku BLEU [11].

3.2 Vstupni data

Vytvofit bohaté anotovany paralelni korpus je velmi
narocné, vhodna vstupni data jsou casto obtizné dos-
tupnd. V experimentech jsme se proto omezili na roz-
sahly korpus CzEng a tim na pieklad mezi dvéma
jazyky — angli¢tinou a ¢estinou. Jako formét vstupnich
dat jsme pouzili vySe popsany exportni forméat tohoto
korpusu.

Aby bylo mozné otestovat co nejvice konfiguraci
a zaroven tak ovérit funkénost programu Richextr,
pouzili jsme na experimenty jen maly vzorek dat —
paralelni korpus o velikosti 30 tisic vét, dalsich 300 vét
k ladéni a 300 k ovéreni kvality prekladu. Vysledky
experimentu jsou proto pouze orientaéni, pro jejich
ovéreni by bylo nutné provést je na nékolikanasobné
vétsich datech.

3.3 Scénare experimentu

Kombinace faktort. V téchto experimentech jsme
se zamérili na pfimocaré vyuziti nastroje Richextr —
extrakci ruaznych faktori ze zavislostnich stromu
a tvorbu nového korpusu. Zahrnuti dalsich faktoru by
mohlo zlepsit kvalitu prekladu.

Ve vSech experimentech byla pouzita stejna vstup-
ni data, bylo tedy mozné pripravit slovni zarovnani
predem. Pomoci programu Richextr jsme provedli
lemmatizaci dat (extrakef lemmat z korpusu), néstroj
Giza++ jsme spustili obéma sméry a provedli symet-
rizaci zarovndni algoritmem grow-diag-final.

Vstupni data (exportnf format CzEngu) jsme spolu
s konfiguraci pro dany experiment piedlozili na vstup

! http://www-speech.sri.com/projects/srilm/
2 http://fjoch.com/GIZA++.html

programu Richextr, ktery vytvoril novy paralelni kor-
pus s pozadovanymi faktory. Ten jsme pfevedli na ma-
14 pismena a vytvorili jazykovy model cilového jazyka
fadu 3 s parametry -interpolate -kndiscount.

Jazykovy model, slovni zarovnani a vytvoreny kor-
pus jsme pouzili k trénovani prekladového modelu po-
moci skriptu train-model.perl. Tento skript posky-
tuje moznost automatizovat velkou ¢ast experimentu,
my jsme vyuzili ty ¢asti, které jsme nefesili pomoci
vlastnich nastroju. Po dokonceni skriptu je jiz vytvore-
na frazova tabulka a dalsi pomocné modely. Nésledné
jsme provedli ladén{ pfekladového modelu (tato ¢dst
experimentu je ¢asové nejnarocnéjsi, i na velmi malych
datech muze trvat nékolik hodin).

Po dokonceni ladéni jsme ptelozili dosud nevidénd
data a pomoci skriptu multi-bleu.pl porovnali vys-
ledek s referenénim piekladem, abychom zjistili skére
BLEU. Ptevod tokent zpét na véty jsme vynechali,
nebot i referenéni preklad byl tokenizovén.

Vazené sjednoceni. Richextr poskytuje pfi opera-
cich sjednoceni a pruniku frazovych tabulek moznost
prepocitat skére frazi podle zadanych vah. Tuto vlast-
nost jsme se pokusili vyuzit pro zvyhodnéni téch do-
mén textu, které lze povazovat za kvalitné ptrelozené,
tj. sekce news (zpravodajstvi) a fiction (beletrie).

Experimenty jsme provedli pouze s operaci sjedno-
ceni, nebot po vylouéeni ostatnich frazi, ke kterému by
doslo pfi pruniku, by ve frazové tabulce zustaly pouze
véty ze zvyhodnénych domén.

P1i experimentech jsme vyuzivali stejné nastroje
jako v predchozim scénafi, postup ovSem bylo nutné
pozmeénit. Kromé extrakce frazové tabulky pro preklad
jsme provedli také extrakci frazi pouze z domén news
a fiction. Obé frazové tabulky jsme ptredali programu
Richextr, ktery vytvoril jejich vazené sjednoceni. Tim
jsme nahradili puvodni frazovou tabulku a nechali pro-
ces trénovani prekladového modelu pokracovat.

Poté jsme provedli ladéni modelu a testovani kva-
lity prekladu stejnym zpusobem jako v predchozim
SCénari.

Konzistence frazi. Abychom ovérili funkénost
extrakce frazi a kontroly jejich konzistence, vytvorili
jsme scénaf experimentu, ve kterém Richextr tyto tlo-
hy provede. Do frazovych tabulek je pfidana informace
o konzistenci kazdé fraze se zvolenymi dodatetnym
mapovanim v podobé ¢&isla 1 nebo 0. Pieklada¢ by mél
nasledné upfednostiiovat fraze, které jsou oznaceny
jako konzistentni s dodate¢nym zarovnanim, protoze
ty budou mit obvykle vyssi skére.

Integrace vlastni neohodnocené frazové tabulky
a zahrnuti sloupce popisujictho konzistenci frazi do
trénovani pirekladového modelu vyzadovalo nékolik
tiprav dosavadniho postupu.





Skript, ktery trénovani modelu zajistuje, jsme
spoustéli po malych krocich a postupné jsme vkladali
vlastni data. Krok extrakce frazi jsme nahradili spus-
ténim programu Richextr a po ohodnoceni frazi jsme
k vysledné frazové tabulce ptipojili sloupec s informaci
o konzistenci fraze.

Pri ladéni tohoto piekladového modelu pak nastroj
MERT bral v ivahu i ndmi piidany piiznak 0/1.

Vysledek uceni jsme opét ovérili testovacim prekla-
dem.

3.4 Preklad do cestiny

Preklad z anglictiny do ¢eStiny je pomérné obtizny.
Jednim z hlavnich duvodu je velmi bohaté tvaroslovi
Cestiny. Stejna slova a fraze v angli¢tiné se mohou do
ceStiny preklddat ruzné v zdvislosti na kontextu (napf.
tvar slovesa ve vété zavisi na podmétu). Pro dekodér je
proto v podstaté nemozné bez jinych informaci mimo
zakladni frazové tabulky vétu spravné prelozit.

Automatické metriky, které ovéruji kvalitu prekla-
du a pfii velkych saddch experimentt je nutné se na né
alespon ¢dste¢né spoléhat, navic spravné slovo v chyb-
ném tvaru povazuji za chybu (nijak nerozlisuji mor-
fologii), ¢imz se snizuje skére takového prekladu a tim
i moznosti rozliSeni srozumitelnych nespravnych pte-
kladu od piekladu zcela chybnych.

S vyuzitim bohaté anotace jsme se proto pokusili
najit vhodné kombinace faktoru, které by pomohly
piekonat nedostatek informaci pii prekladu. Abychom
dokazali rozlisit vhodné faktory, zvolili jsme co nej-
jednodussi scénai prekladu — kombinujeme vzdy pouze
dva faktory ve zdrojovém jazyce, v cilovém jazyce pre-
kladdme pouze do formy, zahrnujeme vzdy také moz-
nost prekladu pouze pomoci prvnich faktoru v kazdém
jazyce pro pfekonani nevyhnutelné fidkosti dat.

Nasledujici tabulka shrnuje dosazené vysledky:

[Faktory [BLEU]
form 14,19
form, link(ent)/tlemma 14,21
form, link(ent)/functor 14,15
form, tag 13,64
form, parent/link(ent)/functor 13,69
form, nonterm 13,96
form, link(ent)/formeme 15,14
form, link(ent)/sempos 14,14
form, link(ent)/parent/son(0)/tlemma| 14,33

Vsechny vysledky se pohybovaly kolem hranice
14 BLEU, nékteré kombinace byly dokonce horsi nez
zakladni pfeklad forma—forma. Vzhledem k malym
rozdilum lze tyto hodnoty pravdépodobné pfi¢ist néa-
hodnému postupu pii ladéni modelu metodou MERT.
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Vétsina testovanych kombinaci faktoru se tedy jevi
jako nepfilis uzitecnd. Tento vysledek je nejspise zpu-
soben faktem, ze zddny z dodate¢nych faktoru ne-
prindsi dostatec¢né podrobné informace pro rozliseni
mezi moznymi preklady do ¢eStiny, napt. pridani mor-
fologické znacky anglického slova jen malo vypovida
o tom, jaky tvar by mélo mit ¢eské slovo v prekladu.
Ponékud piekvapivé je vsak zjisténi, ze tyto dodatecné
informace nepomadhaji kvalité prekladu vubec.

Jedinym vyraznym vysledkem je pieklad oboha-
ceny o faktor formeme z tektogramatické roviny. Tento
faktor reprezentuje kombinaci morfologického a syn-
taktického popisu uzlu [14]. Skére téméf o 1 BLEU
vy$§si nez u obycejného prekladu naznacuje, ze by jeho
vyuziti mohlo skute¢né p¥inést zlepseni kvality piekla-
du.

Pro experimenty s vazenym sjednocenim jsme zvo-
lili pouze zdkladni preklad mezi formami, jehoz vysled-
ky lze snadno interpretovat. Vahy vét z kvalitnéjsich
sekci jsme volili ru¢né, vaha ostatnich sekci byla
vzdy 1. V tabulce jsou shrnuta dosazena skore:

V&ha[BLEU
2 14,34
1 14,18

Nejvyssi dosazené zlepSeni piekladu je velmi malé
(0,15 BLEU). Ptehnané zvyhodnéni kvalitnéjsich tex-
ti mé na kvalitu prekladu negativni vliv. Nelze s urci-
tosti rozhodnout, zda je popsané mirné navyseni kvali-
ty nahodnym vysledkem. Bylo by nutné provést expe-
rimenty s rozsédhlejsimi trénovacimi daty a vétsim poc-
tem kombinaci vah.

Scénar s kontrolou konzistence frazi jsme vyuzili
pouze pro jeden experiment. Do piekladového modelu
jsme zahrnuli informaci o konzistenci s tektogramatic-
kou rovinou, kterou jsme ziskali néstrojem Richextr.
Doséhli jsme vysledku pouhych 9,60 BLEU, tedy o né-
kolik bodu horsiho nez u predchozich experimentu.

Pricina tohoto skére neni jasna, nejspiSe se zde
negativné projevil zpusob, jakym Richextr extrahuje
fraze (ackoliv se jeho vystup z velké ¢asti shoduje
se standardnim néstrojem pro extrakci). Urcity vliv
meélo pravdépodobné i ladéni prekladového modelu,
pri kterém jsme dovolili pridéleni velké vahy informaci
o konzistenci. To mohlo zpusobit upfednostiiovani fré-
zi, které byly sice konzistentni, zato vSak malo prav-
dépodobné.

3.5 Preklad do anglictiny

Tento smér pirekladu obvykle ddvd mnohem lepsi vy-
sledky [9]. Jednim z davodu tohoto rozdilu je fakt, ze
anglictina ma velmi jednoduchou morfologii, a tak se
preklad vyhyba chybam ve tvarech slov.
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Nastdavéa zde ovSsem problém tidkosti dat, protoze
ackoliv se ruzné tvary slova v ¢estiné vétsinou maji
prelozit na stejny tvar anglického slova, dekodér musi
dany zdrojovy slovni tvar najit ve fradzové tabulce.
Pokud se tento tvar v trénovacich datech nevyskytl,
preklada¢ vyda neprelozené slovo. Experimenty jsme
proto kromé testovédni slibnych kombinaci faktoru za-
meéfili také na prekonani této prekazky. V cilovém ja-
zyce jsme opét pouzili pouze faktor form. Dosazené
vysledky popisuje nasledujici tabulkas:

’Faktory ‘BLEU‘
form 18,65
form, link(cst)/formeme| 18,27
form, tag 18,91
lemma, tag 20,04
lemma, 19,08

V tomto sméru byla skére pirekladi podle oceké-
vani vyssi, pohybovala se okolo hodnoty 18,5 BLEU.
Stejné tak se potvrdil predpoklad, ze pokusime-li se
vyhnout tidkosti dat, dosdhneme vyssiho skére — kom-
binace lemmatu a morfologické znacky pfinesla znatel-
né lepsi vysledek nez ostatni experimenty. Slov v z&-
kladnim tvaru je zfejmé mnohem méné a informace
o tvaru slova dava dekodéru moznost presnéjsiho roz-
hodovani nez jednoduchy pireklad lemma—forma.

Skére varianty s faktorem lemma bylo pomeérné
prekvapivé. Vzhledem k tomu, ze data o ¢estiné byla
velmi zjednoduSena, dal se ocekavat spiSe propad zpu-
sobeny neschopnosti prekladace spravné rozlisit mezi
variantami ptrekladu stejné kombinace lemmat. Tento
problém je podobny pii prekladu v opa¢ném sméru —
nedostatek informaci ve zdrojovém jazyce komplikuje
vybér spravného piekladu. Fakt, ze kvalita prekladu
naopak vzrostla, lze pri¢ist malé velikosti trénovacich
dat, kvuli které se vyrazné projevila fidkost dat.

Stejné jako v opa¢ném sméru prekladu jsme i zde
provedli dva experimenty s vyuzitim vazeného sjedno-
ceni. Vysledky popisuje tabulka:

Vaha|BLEU
2 18,94
4 [18,20

Prestoze jsou data velmi mald, takze nelze piimo
usuzovat na prakticky prinos tohoto postupu, proje-
vuje se urcité navySeni kvality prekladu (pfi véze 2
0 0,29 BLEU), navic podobné vysledkum dosazenym
v opacném sméru. D4 se proto predpokladat, ze zvy-
hodnéni textu, u kterych je vétsi jistota spravnosti,
mirné zlepsuje kvalitu prekladu.

Provedli jsme jeden experiment s vyuzitim kontro-
ly konzistence frazi. Jeho vysledek 15,05 BLEU potvr-
zuje, ze tento scénar je naro¢néjsi na spravné prove-
deni. Nizké skére lze, podobné jako pii prekladu do

¢estiny, patrné pricist Spatné konfiguraci ladiciho na-
stroje a odlisnostem ve vystupu extrakce frazi pro-
gramu Richextr a standardniho néstroje.

4 Zavér a budouci pokusy

Pfredstavili jsme nastroj Richextr pro vybér lingvistic-
ké anotace z bohaté anotovaného paralelniho korpusu.
Néstroj je Siroce konfigurovatelny a nabizi tak celou
fadu moznosti, ktera konkrétni data v prekladu zkusit
pouzit.

Prvni experimenty na velmi malé sadé trénovacich
vét naznacuji, ze napt. tzv. formém z hloubkové ano-
tace anglictiny pomaha spravné generovat cesky tvar
pii prekladu do cestiny. Pro opacny smér se naopak
jako vhodné jevi optit se o zdkladni tvar ¢eského slova
a tim omezit nedostateénou velikost trénovacich dat,
kde mnohé tvary ceskych slov nebyly nikdy spatfeny.

V budouci praci se zaméfime na automatizaci celé-
ho postupu: budeme strojové generovat nové konfigu-
je v praxi. Vérime, ze se tak podaii vyuzit potencial
dostupného bohaté anotovaného korpusu a zlepSit kva-
litu piekladu zejména ve sméru z angli¢tiny do ¢estiny.
Implementovany Richextr je vSak samoziejmé napros-
to jazykoveé nezavisly.
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Abstract. Ontology integration is tmportant in various
areas of ontology engineering in e.g., semantic web ser-
vices, social networks, etc. While particular ontologies usu-
ally cover one specific domain, many applications require
data from several domains, in general overlapping. Among
promising partial solutions to such semantic heterogeneity
surely belong the ontology matching.

Ontology matching can be supported in various ways: by
improving matching strategies, tools and systems, basic
techniques and methods or by explaining, representing and
further processing and evaluating matching results.

The paper describe a matching plug-in into the well-known
and widespread open-source ontology editor and knowledge
acquisition system, Protégé. The plug-in is called COMP
and it is a general tool for comparing and evaluating match-
ing techniques.

1 Introduction

1.1 Ontology matching

Ontology matching is the process of finding correspon-
dences (also called relationships [3]) between elements
of different ontologies which have to be (i. e., semanti-
cally) compared and, eventually, joined. The output of
the matching process is a set of such correspondences
between two (or, in general, more ontologies) called an
ontology alignment.

Let’s define the previous more formally:

Definition 1 (Ontology):

An ontology is a formal representation of the knowl-
edge by a set of (typically hierarchicaly structured)
entities within a domain of interest and the relation-
ships between those entities.

* This project is supported by grant GACR 202/10/0761
“Web Semantization”, partly realized under the state
subsidy of the Czech Republic within the research and
development project “Advanced Remediation Technolo-
gies and Processes Center” 1M0554 — Programme of Re-
search Centers PP2-DP01 supported by Ministry of
Education and partly cofinanced from the student grant
SGS 2010/7821 “Interactive Mechatronics Systems
Using the Cybernetics Principles”.

Definition 2 (Correspondence) [3]:
Given two ontologies o and o', a correspondence
between o and o is a 5-tuple: (id, e, e, r, u) such that:

— 1id is a unique identifier of the correspondence,

— e and € are entities (e.g., concepts) of o and o,
respectively,

— ris a relationship (e.g., equivalence (=), inclu-

sion (3), disjointness (L), etc.) between entities e

and ¢/,

w is a confidence measure (in the interval [0,1]).

Definition 3 (Alignment) [3]:

Given two ontologies o and o/, an alignment A
between o and o' is a set of correspondences between o
and o', often with some additional metadata of corre-
spondences (e.g., where applicable, multiplicity: 1-1,
1-*, date, properties, methods, etc.).

Definition 4 (Mapping) [3]:

The oriented version of an ontology alignment is an
ontology mapping. It can can be seen as a collection of
mapping rules all oriented in the same direction (i. e.,
0o — 0)).

Definition 5 (Matching process) [3]:

Given two source ontologies o and o', an input (e.g.,
preliminary) alignment A, a set of parameters p (e. g.,
threshold) and resources r (e.g., provenance meta-
data), the matching process can be described by func-
tion f returning a new alignment A’ between ontolo-
gies o and o':

A" = f(o,0', A, p,7).

Definition 6 (Matching method):
Matching method is a set of procedures for finding
mappings between source and target ontology.

1.2 Matching tools

Ontology matching is in most cases performed
manually or semi-automatically, in general with sup-
port of some graphical user interface. Manual specifi-
cation of ontology parts for matching is time consum-
ing and moreover error prone process. Therefore there
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is a need for the development of faster and/or less la-
borious methods, which can process ontologies at least
semi-automatically.

There exist several ontology editors today. Let’s
mention only editors able to partially match ontolo-
gies3:

Chimaera [5]

Chimaera is a software system that supports creating
and maintaining distributed ontologies on the web.
It supports two major functions — merging multiple
ontologies together and diagnosing (versioning, meta-
data reading, etc.) individual or multiple ontologies.
Users can load knowledge bases in different formats,
browse ontologies, edit terms, resolve name conflicts,
reorganize taxonomies, etc. Main characteristics:

— Browser-based environment for editing, testing and
merging large ontologies,

— Matching only a small subset of features, in addi-
tion suggests candidates for taxonomy reorganiza-
tion.

Protégé Prompt [6]

Prompt is an extension plug-in to the Protégé edi-
tor [9]. Among other operations with pairs of ontolo-
gies (merging, extraction, versioning, etc.) Prompt of-
fers also an interface for transformation of one onto-
logy into another one. This transformation starts by
matching process. Main characteristics:

— Ontology merging and translation support. All the
computed matches are weighted and proposed to
the user to be approved. It keeps tabs on possible
inconsistencies introduced,

— CogZ (Cognitive Support and Visualization for
Human-Guided Mapping Systems) [4] tries to im-
prove the user interface of Prompt. It provides user
support during ontology mapping.

2 Plug-in COMP

COMP (Comparing Ontology Matching Plug-in) is
a plug-in to Protégé-OWL 4.0. The Protégé-OWL
editor is an extension of Protégé that supports the
Web Ontology Language (OWL). OWL 2.0 [8] is the
most recent development in standard ontology lan-
guages, endorsed by the World Wide Web Consor-
tium (W3C) to promote the Semantic Web vision.
An OWL ontology may include descriptions of classes,
properties and their instances.

3 These tools are often able to do even more (e. g., merge,
manipulate, etc.)

2.1 Principles

COMP is one of the tools for comparing ontology
matching: it compares various matching algorithms
results. Beside being an evaluation tool, it can also
help to find appropriate algorithms, methods or their
combinations for different kinds (formats, size, etc.)
or parts (basic root concepts, leaf concepts, instances,
properties, etc.) of ontologies, in case they have vari-
ous feature set.

Let’s have two matching methods m; and ms.
If ny is the number of entities in o and ns is the num-
ber of entities in o’, then the goal is to find optimal
mapping M; given by my from each entity in o to
a corresponding entity(-ies) in o’. Generally, each en-
tity from o can participate in correspondences with
maximum ny elements from o’ (ngx 5-tuple). Con-
sequently, we have to compare it with the mapping
function My for the second method mo and its output
correspondence with maximum ny elements.

During the matching process, we have to investi-
gate relationships between ontologies (“external rela-
tionships”), but also within the scope of respective on-
tologies themselves (“internal relationships”). In our
approach we would like to consider both of them, re-
sults (or sub-results) of function M; and M. COMP
is designed for transparent depiction of all the rela-
tionships represented by splines between entities (with
their names, properties and appropriate instances)
that we can select by mouseclick. All the results can
be saved for later reuse.

2.2 Graphical interface

The graphical user interface is divided into four panes,
such as many other plug-ins for Protégé. Therefore the
plug-in can be easily updated by additional functions.

— The first pane (Main, see Fig. 1) is important for
loading an ontology that will be matched with the
ontology loaded in the active Protégé interface.
There is a list of recently used files and some addi-
tional settings (i.e., directories, conditionals, etc.)
too.

— The second pane (Overview) is a table with general
information (names, URIs, count of classes, etc.)
about the ontologies we would like to match.

— The third pane (Classes) is a text list of all classes.
Their structure is signed by row offset.

— The fourth and the most important pane (Match-
ing, see Fig. 1) contains a selection menu with
methods applicable for concrete ontologies, a menu
for determining the result scheme and a button for
saving output C-OWL alignment. There is a com-
ponent for result visualisation under these control
elements. This component is put together from two
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Fig. 2. Mapping of correspondencies for the selected class
and its subclasses.

JTree components. In this method there are func-
tions for visualising connection splines between on-
tology elements (see Fig. 2). This component de-
sign was inspired by matching tool COMA++ [1].

Working with classes in graphical representa-
tion During the creation of graphical representation
of output, it was necessary to rebuild the component
for visualisation of classes in both ontologies. With
unique name assumption in one chosen ontology we
fill given trees by object hierarchy and then we can
work with these object on the same level. The three
lists of the corresponding elements are returned after
testing the similarity in the ontologies (same elements
for each ontology and a value of similarity for each
relationship). These lists are inserted (together with
a selected colour) into the component. In the middle
of the spline we show the percentage value of the
similarity. After selecting some class, we show only
such relationships that relate with this class and its
subclasses. We can also pack or unpack some parts of
ontology.
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2.3 Implemented methods and testing

Within the plug-in we implemented several basic
methods comparing foremost text strings in term of
word similarity of element names in ontology. These
are:

— Normalization of strings — case, diacritic, blank,
etc.

— String equality — Hamming distance.

— Substring test — N-Gram similarity.

— Edit (like) distance — Levenshtein distance, Jaro
and JaroWinkler measure.

— Token-based distance — Jaccard similarity.

There is one more approach used in our plug-in —
WordNet [10]. Plug-in is currently able to find similar
words (in one synset), hypernyms and hyponyms.

For testing we conduct the experiments on
OAEI [7] benchmark test suite related with our
implemented methods. Test library consist of reference
ontology for making different tests according to var-
ious criteria. Reference ontology is made in authors
point of view, how bibliographic ontology should look.
Of course, there exist a lot of different classification
of publications (i.e., based on content and quality).
Concrete reference ontology in test suite is based on
categories of publications. Reference ontology is com-
pared with various modifications of this ontology.

Systematic experimental testing suite is built on
one reference ontology and its variants. Ontologies are
described in OWL-DL and serialized into RDF /XML
format. Reference ontology contains 33 named classes,
24 object properties, 40 datatype properties, 56 named
instances and 20 anonymous instances. Variants are
aimed especially at characterization of behaviour of
different tools, not at real life situations. Variants have
three groups:

1. FEasy tests — here we compare reference ontology
with itself, other irrelevant ontology (i. e., wine on-
tology) or the same ontology with different con-
straints (OWL-Lite).

2. Systematic tests— if we remove some elements from
reference ontology, we can test algorithms in si-
tuations, when certain part is missing. Ontologies
in this section are ready for testing in six cate-
gories:

— Names — names of objects can be substituted
by random words, synonyms, other rules or
words in different language than English.

— Comments — comments can be removed or i. e.
translated to different language.

— Hierarchies — can be removed,
limited.

— Individuals — can be removed.

extended or
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Fig. 3. Comparison of basic matching methods.

— Properties — can be removed or limited over
deleted classes.

— Classes — can be extended by several classes or
limited.

3. Real-life tests — four real-life ontologies contain-
ing bibliographic links found on the Web and let
unchanged (excepting added attributes zmins and
xml:base)

These test suite should be lasting measure and there-
fore can be used in many applications. Figure 3 shows
the comparison of reference ontology with ontology
containing among others random class names and we
can see the comparison of two different results for two
methods — in this case concretely 3-Gram similarity
(solid line) and Levenshtein distance (dashed line).

3 Conclusion and future work

The presented ontology matching plug-in was thought-
fully proposed with the view of logical separation of
objects creating this plug-in. It was very important
to elaborate interface of particular objects because
of easier implementation of further (especially test-
ing) classes. The plug-in development is in permanent
progress and there are no doubts it may be further
improved. To the best of our knowledge it is the first
attempt for the latest “pure OWL” version of power-
ful system Protégé. Plug-in source code can be down-
loaded from http://vostro.mti.tul.cz/COMP.

First of all, there is a need for improving the plug-in
by wider offer of different methods (and customization
of their settings), test them deeply and find the best
possible combinations for different types of ontologies.
In the nearest future we plan to use more advantages
and features of Wordnet [10] and its API.

We would like to consider in the matching process
all of the ontology elements, not only classes, but also
properties, instances (there is a great progress in this
less investigated area now) and other metainformation
in ontologies (provenance, namespaces, versions, etc.),

and look for the relationships implied. Next step could
be, for example, experiments with more than two on-
tologies, extending plug-in by different output formats
(SWRL, WSML, Alignment format, etc.) and many

more.
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Abstract. Regularization networks are one of the impor-
tant methods for supervised learning. They benefit from
very good theoretical background, although the presence of
metaparameters is their drawback. The metaparameters are
typically supposed to be given in advance and come ready
as an input of the algorithm. Typically, they are set based
on the task context by an experienced user. In this pa-
per, we develop a method for finding optimal values of
metaparameters, namely the type of kernel function, ker-
nel parameters and regularization parameter. The method
is based on co-evolutionary genetic algorithms with
different species for different kinds of kernels. The method
is demonstrated on experiments.

1 Introduction

Regularization theory presents a sound framework to
solving supervised learning problems. Regularization
networks (RN) benefit from very good theoretical
background [1-3] and a simple, yet quite efficient
learning algorithm [4]. Their disadvantage is the
presence of metaparameters that are supposed to be
known in advance. These metaparameters are the type
of kernel function and the regularization parameter.

In this paper we introduce a method for optimi-
sation of RN metaparameters. The method is based
on minimisation of cross-validation error, which is
an estimate of generalization ability of a network, by
means of genetic algorithms. Different species are
employed corresponding to different kinds of kernel
functions, thus a natural co-evolution is employed to
solve the meta-learning process.

The paper is organized as follows. In the next sec-
tion we introduce the regularization network. In Sec-
tion 3 the cross-validation error is briefly introduced.
Section 4 describes the genetic parameter search. Sec-
tion 5 contains results of our experiments. Conclusion
can be found in Section 6.

* This research has been fully supported by the the project
KJB100300804 GA AV CR and by the Institutional
Research Plan AV0Z10300504 “Computer Science for
the Information Society: Models, Algorithms, Applica-
tions”.

2 Regularization networks

In order to develop regularization networks we formu-
late the problem of supervised learning as a function
approximation problem. We are given a set of
examples {(z;,y;) € R? x R}, obtained by random
sampling of some real function f, and we would like
to find this function. Since this problem is ill-posed,
we have to add some a priori knowledge about the
function f. We usually assume that the function is
smooth, in the sense that two similar inputs corre-
spond to two similar outputs, and that the function
does not oscillate too much. This is the main idea of
the regularization theory, where the solution is found
by minimizing the functional (1) containing both the
data and smoothness information.

1 & )

N Z(f(fﬂi) —¥i)” +2lf],

i=1

H[f] = (1)
where @ is called a stabilizer and v > 0 is the requ-
larization parameter controlling the trade-off between
the closeness to data and the smoothness of the so-
lution. The regularization approach has sound theo-
retical background, it was shown that for a wide class
of stabilizers the solution has a form of feed-forward
neural network with one hidden layer, called regulari-
zation network, and that different types of stabilizers
lead to different types of regularization networks [3, 4].

Poggio and Smale in [4] proposed a learning algo-
rithm (Alg. 1) derived from the regularization
scheme (1). They choose the hypothesis space as a Re-
producing Kernel Hilbert Space (RKHS) Hg defined
by an explicitly chosen, symmetric, positive-definite
kernel function K(x') = K(x, ). The stabilizer is
defined by means of norm in Hg, so the problem is
formulated as follows:

N

i Hlfl where B = 3 30— e+l
©)

The solution of minimization (2) is unique and has the
form

f(di) = ZlemL (iL‘), (N'VI + K)w =Y, (3)
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Input: Data set {xi, v} C X xY
Output: Function f.

2. Create f: X = Y as
solving

f(®) =

1. Choose a symmetric, positive-definite function K(z'), continuous on X x X.

Ei

(NyI + K)w =y,

where I is the identity matrix, K;; = K(x;,x;), and y = (y1,...

¢iKq,(x) and compute w = (wi,...,wn) by

(4)

,YN), v > 0.

Algorithm 1. RN learning algorithm.

where I is the identity matrix, K is the matrix K; ; =
K (@i, @5), and y = (91, yn).

The solution (3) can be represented by a neural
network with one hidden layer and output linear layer.
The most commonly used kernel function is Gaussian

_(Hz—m’u )2
K(z,2')=¢ b .

The power of the Alg. 1 is in its simplicity and
effectiveness. However, network needs fixed values of
metaparameters such as v, the type of kernel func-
tion, and its parameters (e.g. a width of the Gaussian).
Then, the algorithm reduces to the problem of solving
linear system of equations (4).

The real performance of the algorithm depends sig-
nificantly on the choice of metaparameters v and ker-
nel function. However, their optimal choice depends on
a particular data set and there is no general heuristics
for setting them.

3 Optimization of metaparameters

The optimal RN should not only approximate the data
from training set, but also has a good generalization
ability. Our estimate of a generalization ability is
a cross-validation error. Then, it can be stated that
we search for such metaparameters that optimize the
cross-validation error.

In particular, we use a k-fold cross-validation that
uses partitioning of the original data set S into k sub-
sets S1,...,Sk, so that |J;S; = S and V i # j :
SiS; = 0. The cross-validation process consists of
k trials. In each trial a single subset is retained as the
validation set, and the remaining k& — 1 subsets are
used as training set, so that each of the k subsamples
used exactly once as the validation set. The k results
from the folds then can be averaged to produce a single
estimation Ej fo1ds:

Eitolas =

(5)

| =

k
ZE(fUm 580,
=1

where f9 is a RN learned on data S and E(f,S) is an
error of network f on data S.

Now, let fVS’K be the RN found by the Alg. 1 with
the regularization parameter v and kernel function K
on data set S.

Then by E,poss(7, K, S) we denote the cross-vali-
dation error

S

k
Eeross(7, K, 8) = ZE(fHﬁf ,Si). (6)
=1

El e

We will search for meta-parameters that minimize
the cross-validation error (6). It means we will choose
a solution ff*’ x~ such that

h/*a K*] = argmin%dEcross (7) K, S) (7)

4 Genetic parameter search

Genetic algorithms (GA) [5] represent a search tech-
nique used to find approximate solutions to optimiza-
tion and search problems.

Genetic algorithms typically work with a popula-
tion of individuals embodying abstract representations
of feasible solutions. Each individual is assigned a fit-
ness that is a measure of how good solution it repre-
sents. The better the solution, the higher the fitness
value.

The population evolves towards better solutions.
The evolution starts from a population of completely
random individuals and iterates in generations. In each
generation, the fitness of each individual is evaluated.
Individuals are stochastically selected from the current
population (based on their fitness), and modified by
means of operators mutation and crossover to form
a new population. The new population is then used in
the next iteration of the algorithm.

We work with individuals encoding the parame-
ters of RN learning algorithm (Alg. 1). They are the
type of kernel function, its additional parameters, and
the regularization parameter, see figure 1la). When the
type of the kernel function is known in advance, the
individual consists only of the kernel’s parameter (i.e.
the width in case of Gaussian kernel) and the regu-
larization parameter.
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Fig. 1. a) Individuals, b) Crossover for Gaussian kernels.

New generations of individuals are created using
operators selection, crossover and mutation. Mutation
introduces small random perturbation to existing indi-
viduals. Crossover (Fig. 1b), creates two new indi-
viduals from two existing individuals by choosing new
parameters values randomly in the interval formed by
the old values.

To work with individuals representing different ker-
nel types we introduce the co-evolution principle of
species. Individuals with different kernel functions na-
turally represent different species in our case, where
each specie forms one subpopulation. The selection is
performed on the whole population and the selected
individual is inserted into subpopulation according its
kernel type. Crossover is then performed only among
the individuals of same subpopulation.

Since we want to minimize the cross-validation
error, the fitness should reflect it. So the lower the
cross-validation error is, the higher the fitness value is.
Based on the fitness values, one performs the selection
operator, which is discussed further.

See 2 for the sketch of the algorithm.

5 Experiments

For our experiments we used the collection of bench-
mark problems Proben! [6]. The tasks are listed in
Table 1. Each task is present in three variants cor-
responding to three different partitioning to training
and testing sets.

The following procedure is used for experiments:

1. find the values for v and K using genetic para-
meter search

2. use the whole training set and the parameters
found by Step 1 to estimate the weights of RN

3. evaluate error on the testing set

The error is computed as:

N
E— moNlmg lly: — )2, (8)

where || - || denotes the Euclidean norm.
The standard numerical library LAPACK [7] was
used to solve linear systems.

Task name n m Nirain Neest Type

cancer 9 2 525 174 class
card 51 2 518 172 class
flare 24 3 800 266 approx
glass 9 6 161 53 class
heartac 351 228 75 approx
hearta 351 690 230 approx
heartc 35 2 228 75 class
heart 352 690 230 class
horse 58 3 273 91 class

Table 1. Overview of Probenl tasks. Number of inputs (n),
number of outputs (m), number of samples in training and
testing sets (Nirain,Niest). Type of task: approximation or
classification.

The population had 4 subpopulation, correspond-
ing to the four common kernel functions: Gaussian
(K(z,y) = e*”‘”’yug), Multi-quadratic (K (z,y) =
(||z—y||?+c?)~1/?), Inverse Multi-quadratic(K (z,y) =
(||z—y||*4+c?)1/?), and Sigmoid (K (z,y) =tanh(zy—H)).

Table 2 lists training and testing errors for net-
works found by genetic parameter search, first with
Gaussian kernel (which is the most commonly used
kernel function), then by kernels optimised by genetic
search. In addition, errors obtained by RBF networks
are listed (for detailed discussion on RBF networks
cf. [8]). In all cases, Inverse Multi-quadratic kernel
function was winning in the evolution. It also gives
better results than Gaussian kernel in all cases except
one.

Fig. 2 and Fig. 3 shows the evolution of subpo-
pulation sizes. The two figures differ in the selection
method used during the co-evolution. The former is
obtained with tournament selection, the latter with
roulette-wheel selection. In case of tournament selec-
tion, the first 10 generations are enough for Inverse
Multi-quadratic kernel function to dominate over po-
pulation and other kernel functions to die out. In case
of roulette-wheel selection, the population stays di-
verse, the most represented kernel functions are In-
verse Multi-quadratic and Gaussian kernel functions.
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Input: Data set S = {x;,y:}ir; CR" xR
Output: Parameters v and K.

1. Create randomly an initial population P° = PIO(I u...u P}O(n , where Kj; is
a particular kernel function and each P;O(i has M individuals I?{hl...I?(i,M.
2. 1+ 0
R P;g;l < empty set
4. for =0 to nxM:
(a) I < selection(P?)
(b) insert I into Pj' such that I = {K,p,~}
5. for j=0 to n:

w

it
[P

(a) for k=1 to 52

with probability pcross:
(b) for k=1 to |P;;;1|:
. . i+1 i+1
‘ with probability pmutate: I}?j,k — mutate([};;,k)
6. VI € Pt
(@) E < Ecross(y,K,p,S), where I ={K,p,v}
(b) fitness(l) < C - E
i+1 i+1 i+1
7. P* eP;(I U...UP}%
Lt +1
9. goto 3 and iterate until the fitness stops increasing

i+1 i+1 i+1 i+1
(I 2o TK ) 2argn) = crossover (I o Iie o y1)

[ee]

Algorithm 2. Genetic parameter search.
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Fig. 2. Numbers of individuals in subpopulations during evolution for the case of tournament selection.
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Fig. 3. Numbers of individuals in subpopulations during evolution for the case of roulette-wheel selection.

Gaussian kernel Genetic search RBF
Task Et'ra,in Etest Et'ra,in Etest Winning Kernel Et'ra,in Etest
cancerl 2.29 1.76 1.83 1.50 Inverse Multi-quadratic 2.31 2.11
cancer?2 1.85 3.01 1.41 2.92 Inverse Multi-quadratic 1.91 3.12
cancerd  2.05 2.78 1.74 2.54 Inverse Multi-quadratic 1.66 3.19
cardl 7.17 10.29 7.56 10.03 Inverse Multi-quadratic 8.12 10.16
card2 5.72 13.19 6.06 12.74 Inverse Multi-quadratic 8.05 12.81
card3 5.93 12.68 6.35 12.28 Inverse Multi-quadratic 6.77 12.09
flarel 0.34 0.54 0.35 0.54 Inverse Multi-quadratic 0.37 0.37
flare2 0.41 0.27 0.41 0.27 Inverse Multi-quadratic 0.41 0.31
flare3 0.39 0.33 0.39 0.33 Inverse Multi-quadratic 0.37 0.38
glassl 3.37 6.99 2.32 6.13 Inverse Multi-quadratic 5.10 6.76
glass2 3.92 7.74 1.06 6.79 Inverse Multi-quadratic 4.93 7.96
glass3 4.11 7.36 2.67 6.27 Inverse Multi-quadratic 5.80 8.06
heartacl 3.39 3.30 3.66 3.03 Inverse Multi-quadratic 2.26 3.69
heartac2 2.08 4.15 2.42  3.95 Inverse Multi-quadratic 1.78 4.98
heartac3 2.52 5.10 2.85 5.13 Inverse Multi-quadratic 1.66 5.81
heartal 2.58 4.43 2.73 4.28 Inverse Multi-quadratic 3.08 4.36
hearta2  2.12 4.32 2.41 4.20 Inverse Multi-quadratic 3.36 4.05
hearta3 2.59 4.44 2.84 4.40 Inverse Multi-quadratic 3.19 4.29
heartcl 7.73 16.03 8.23 15.93 Inverse Multi-quadratic 6.07 16.17
heartc2 10.67 6.82 10.99 6.47 Inverse Multi-quadratic 7.99 6.49
heartc3 6.88 13.36 7.22 12.86 Inverse Multi-quadratic 7.13 14.35
heartl 8.56 13.70 9.21 13.55 Inverse Multi-quadratic 9.96 14.05
heart2 7.99 14.15 8.17 13.88 Inverse Multi-quadratic 6.36 11.67
heart3 5.85 17.03 5.92 16.85 Inverse Multi-quadratic 6.95 12.02
horsel 2.52 13.31 4.15 11.77 Inverse Multi-quadratic 10.57 11.96
horse2 1.58 16.12 3.63 15.22 Inverse Multi-quadratic 10.04 16.80
horse3 2.27 14.62 3.84 13.53 Inverse Multi-quadratic 9.88 14.56
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Table 2. Error on training and testing set obtained by RN with Gaussian kernels and RN with metaparameters
optimised by genetic parameter search.
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6 Conclusion

We introduced a method for optimisation of metapa-
rameters of RN based on genetic algorithms employing
co-evolution where subpopulations (or species) consist
of networks with different kernel functions. The per-
formance of the method was demonstrated on experi-
ments. It is shown that the co-evolutionary metalearn-
ing could find better results than RN with the most
commonly used Gaussian kernel only.

It is interesting that although Gaussian kernel
function is the most common one in practice and in
literature, our experiments show that in all cases the
best results were obtained by Inverse Multi-quadratic
kernel function. This function has similar shape as
Gaussian function, which was the second most suc-
cessful, indicated by the size of subpopulation.

In our future work we plan to extend genetic search
also for composite type of kernel function, combin-
ing different kind of kernels together using operators
such as product and sum of kernels. In our paper [9]
we have shown that such operations are theoretically
sound, and they can be useful to encompass different
geometrical properties of the input space.
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1 Uvod

Deklarativny jazyk poziadaviek SPARQL [4] slizi na
ziskavanie dat z RDF, ktory je standardom W3C na
ukladanie strojovo ¢itatelnych dat v Sémantickom we-
be. V tomto texte sa ststredime na moznosti prekladu
a optimalizacie poziadavky jazyka SPARQL ako fron-
tendu pre Bobox [5]. Bobox je vykonnd platforma pre
paralelné spracovanie rozsiahlych dat. Mozno ho po-
uzit k vyhodnocovaniu databazovych poziadaviek. Ne-
obsahuje v8ak prostriedky na ich preklad a optimali-
zéaciu - k tomu potrebuje prislusny frontend. Tento po
vhodnom rozdeleni poziadavky na elementarne pod-
ulohy, vykonava jej paralelné spracovanie.

Ststredime sa hlavne na moznost pripravy pozia-
davky na jej efektivne spracovanie. Zameriavame sa na
dve pristupy k optimalizécii: zmena poradia grafovych
vzorov na zéaklade odhadov velkosti dat (obdoba relac-
nej zmeny poradia operacii join) a syntaktické prepiso-
vanie poziadavky. Popisované optimalizacie umoznia
ovela efektivnejsie vykondvanie poziadaviek na plat-
forme Bobox s vyuzitim jej komparativnych prednosti,
najméa moznosti masivnej paralelizacie.

2 Specifiki jazyka SPARQL

Definicia algebry jazyka SPARQL obsahuje niekolko
Specifickych vlastnosti, ktoré ju odlisuji od klasickej
relacnej algebry a neumoznuju trividlnu aplikaciu jej
poznatkov. Spomenme napriklad:

— Neviazané premenné a reprezenticia chybajticej
informécie.

Operécia Join v kontexte chybajicej informacie.
— Pésobnost Filtrov a grafovy vzor OPTIONAL.
Dynamické typovanie dat.

3 Preklada¢ SPARQL

Spracovanie poziadavky prekladacom prebieha v nie-
kolkych krokoch, ktoré si vykondvané jednotlivymi
¢astami aplikécie:

* Tato publikce vznikla v rdmci projektu Specifického
vysokoskolského vyzkumu 2010-261312.

— Parsovanie poziadavky (Query parsing) - sticastou
je lexikédlna, syntaktickd a sémantickd analyza
podla standardu W3C.

— Prepisovanie poZiadavky (Query rewriting) - po-
zostava z aplikacie prepisovacich pravidiel. Ucelom
je poziadavku zjednodusit a zefektivnit pre nésled-
né spracovanie.

— Generovaniu plinu vykondvania (Ezecution plan
generation) - znaci hiadanie optimélneho planu
vykonévania fyzickych operatorov, vzhladom k po-
uzitym heuristikam.

— Vykondvanie poZiadavky (Query execution) - sa-
motné spracovanie poziadavky systémom Bobox.

Déta su v priebehu spracovania v prekladac¢i re-
prezentované roznymi Struktirami. Dolezité si najma
dva modely: SQGM a SQGPM.

Pirahesh a kol. navrhli grafovy model QGM (Query
Graph Model) [1] uréeny na reprezentdciu SQL po-
ziadaviek. Hartig a Reese [2] tento model upravili do
SPARQL Query Graph Modelu (SQGM) tak, aby re-
prezentoval SPARQL poziadavky. Tento model sme
zvolili ako zéklad reprezentacie postupu vypocétu, pre-
toze pri vhodnej definicii vlastnych operatorov je tri-
vidlne transformovatelny na pipeline Boboxu.

Pre efektivnu reprezentaciu dat pocas optimalizéacii
sme navrhli SPARQL Query Graph Pattern Model
(SQGPM), ktory je rozsirenfm SQGM modelu.
SQGPM reprezentuje poziadavku na tirovni grafovych
vzorov. Poziadavku definuje na abstraktnejsej trovni
nez SQGM model, ktory reprezentuje konkrétne uspo-
riadanie konkrétnych operécii. Zachovava hierarchiu
skupin grafovych vzorov a usporiadanie medzi vzormi,
ktoré si nekomutativne a neasociativne. Model je bu-
dovany pocas syntaktickej analyzy. Je modifikovany
pocas prepisovania poziadavky a sluzi ako zdroj dat
pri budovani vysledného SQGM stromu.

4 Optimalizacia poziadavky

Zvolené sposoby optimalizcie mézeme rozdelit na:

— Prepisovanie poziadavky aplikdciou prepisovacich
pravidiel za ucelom jej zefektivnenia a redukcie
velkosti d4t medzivysledkov.

— Generovanie optimdalneho planu spracovania vy-
uzitim vlastnosti operacie Join a metédy dyna-
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mického programovania pri hladani ich najvhod-
nejsieho usporiadania s pouzitim ohodnocovacich
funkcit, statistik a funkcii na odhad velkosti ddt.

4.1 Prepisovanie poziadavky

Od zadanych poziadaviek sa neocakava, ze budi opti-
malne zadané. Ulohou prepisovania je odhalif neefek-
tivne ¢asti v ich zdpisoch a vysporiadat sa s nimi.
Nasa implementacia sa zameriava na nasledujice

operacie:

— Zlucovanie vnorenych Group graph patternov.

— Odstranovanie duplicit.

— Propagécia operécii Filter, Distinct a Reduced.

— Priebezna projekcia premennych.

4.2 Generovanie planu spracovania

Algebraické forma poziadavky moéze byt transformo-
vana do mnoho inych, logicky ekvivalentnych repre-
zentacii. Kazdej takejto reprezentacii odpoveda viace-
ro stromov fyzickych operacii. Ulohou generovania je
vyhniit sa vyberu nevhodnych planov a najst optimdl-
ny vzhladom na pouzité heuristiky. Vysledny strom
operécif je reprezentovany pomocou SQGM modelu [7],
ktorého operéacie su definované tak, aby zodpovedali
operaciam v Boboxe.

Na redukciu priestoru vsetkych moznych planov
spracovania sme aplikovali rozne heuristiky:

— Priebezné vykonavanie projekcii a filtrovanie dat,
pokial je to mozné.

— Vnttorny operand kazdej operacie Join je data-
bazova relacia a nie medzivysledok.

— Operécie Join nikdy nevytvaraju kartézsky sucin
déat, pokial si to priamo nevyzaduje poziadavka.

Vysledny strom operdcii je budovany algoritmom
dynamického programovania smerom od listov ku ko-
reiiu. Predpokladd sa platnost principu optimality.
Ten predpoklada, ze k ziskaniu optimalneho planu pre
poziadavku q, pozostavajicej z n operacii Join, posta-
¢uje najst optimalne usporiadanie podpoziadavky q’
poziadavky q o velkosti n-1 operécif Join a toto rozsirit
o zvy$nu operéaciu Join. Pri generovani sa taktiez berd
do tuvahy aj usporiadania medzivysledkov.

5 Experimenty

V dobe vzniku tejto prace, nebola k dispozicii fyzic-
ka implementécia vhodnych vypoctovych krabiciek
v Boboxe. Z tohto dovodu prebiehalo testovanie pre-
kladaca na drovni vizualnej kontroly vystupnych plé-
nov spracovania. Ako pokusna sada na testovanie po-
ziadaviek bola zvolend sada testov z testovacej plat-
formy SP2Bench [3], ktord je zamerand na jazyk
SPARQL. Taktiez sme vytvorili desiatky vlastnych
testov.

6 Zaver

V préci sme sa venovali frontendu Boboxu, ktory je za-
merany na preklad a optimalizaciu poziadaviek jazyka
SPARQL. Doraz préace bol kladeny na moznosti opti-
malizécie pomocou prepisovania poziadavky a na hia-
danie optimélneho usporiadania grafovych vzorov.
Ukéazali sme pouzitie niektorych prepisovacich pravi-
diel a vysvetlili ich obmedzenia. Pomocou dynamické-
ho programovania sme aplikovali algoritmus hladania
”optimélneho” planu spracovania. Optimalita je osla-
benda pouzitim heuristik, vymenou za znizenie pama-
fovych a casovych narokov na hladanie rieenia.

Optimalizacia poziadavky nie je jednoducha loha.
Casto krét je potrebné riesit protichodné poziadavky
a vysledok zavisi na zvolenych kompromisoch. Pre
kvalitu nasho prekladaca su kritické odhady velkosti
dat a ohodnocovania. Tieto témy sme zatial len na-
znacili, pretoze ich detailnd analyza a spracovanie su
stcastou nasej budicej prace.
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1 Uvod

Zavedeni zdlozek (panelu, angl. tabs) do prohlizecu
umoznilo jejich uzivatelim mit otevienych v jeden
okamzik vice stranek nez diive pfi zachovani stejné
miry piehlednosti. V nékterych situacich, jako pfi pro-
hlizeni webovych obchodii nebo Wikipedie, viak ¢asto
uzivatel béhem prohliZzeni jedné stranky narazi na vice
nez jeden zajimavy odkaz a otevie si je v nové zéalozce.
Pocet otevienych zélozek tak rychle narusté, az se je-
jich seznam stane nepiehlednym.

Tento text popisuje nastroj WikiNavigator, ktery
se pomoci vizualiza¢nich technik snazi ulehéit uzivateli
orientaci v téchto situacich tim, ze vykresli piehled
stranek s ndhledem jejich obsahu a graf jejich vazeb
— prehled toho, odkud se na stranku uzivatel dostal.
Protoze chceme u stranek zobrazit i nédhled a tedy
potfebujeme netrivialné velky obdélnik a propojeni
stranek ma jasné uréenou kostru (strom), pouzivime
k vykresleni algoritmus “triangle layout” [1].

Jak jiz bylo feceno, pifi prohlizeni urcitého typu
serveru mé uzivatel tendenci z kazdé ptrectené stranky
oteviit nekolik odkazu na dalsi stranky. Pokud vyne-
chame vicenasobné oteviené odkazy na jednu stranku,
vznikne tak zakotfenény strom, kde kofenem je prvni
navstivena stranka. Tento strom neni pochopitelné na
pocatku znam, protoze jeho struktura je tvofena odka-
zy, které uzivatel pouzil pro navigaci, nikoliv vSemi
odkazy na prohlizenych strankach.

Aby se uzivatel mohl rychleji orientovat, rozhodli
jsme se zobrazovat nikoliv jen nadpis stranky, ktery
by si musel piecist, ale zmenseny nahled celé stranky,
takze bude v nékterych situacich mozné orientovat se
napiiklad podle barev nebo obrézka. To vsak zna-
mend, ze pro zobrazeni jedné stranky potfebujeme
zobrazit vétsi obdélnik, nez by stacil na pouhé zobra-
zen{ jednoho nebo dvou rddku popisku (nadpis a pii-
padné adresa stranky).

2 Konstrukce navigaéniho grafu
Pii préci (navigaci mezi strankami) neni mozné uzi-
vatele nijak zdrzovat, proto musi byt graf navigace

* Tato publikce vznikla za podpory granta SVV-2010-
261312 a VEGA 1/0726/09.

mezi strankami tvorez zcela automaticky na pozadi,
zatimco si uzivatel prohlizi stranky tak, jak by to délal
normalneé.

Pro nas je zajimava situace, kdy doslo k otevieni
nové stranky. To muze nastat nékolika zpusoby:

1. uzivatel béhem prohlizeni stranky kliknul na
odkaz a tim se mu na misté stavajici stranky otev-
fela nové stranka. V této situaci je jasné, ze mezi
obéma strankami existuje velmi tésny vztah.

2. uzivatel béhem prohlizeni stranky kliknul na
odkaz, ale nova stranka se oteviela jako nova zé-
lozka v prohlizeci. I v této situaci je zjevna vazba
mezi strankami

3. uzivatel béhem prohlizeni stranky otevfel jinou
strdanku tak, Ze bud ruéné napsal novou adresu
nebo si ji vybral z oblibenych stranek (bookmarks).
Zde muze, ale také nemusi existovat mezi stranka-
mi vazba.

4. uzivatel zadal adresu strénky (nebo vybral z obli-
benych adres) do prdzdné zdlozky. I v tomto pii-
padé by mohlo jit o vazbu na jinou, jiz otevienou
stranku, avsak nelze urcit, jestli a na jakou.

Kdyz budeme kazdou stranku povazovat za uzel
grafu, budou tyto vazby tvofit jeho hrany. Do tohoto
grafu budeme uzly pouze ptiddvat. Pokud uzivatel zav-
fe zalozku nebo prejde na jinou stranku, uzel odpovi-
dajici jiz nezobrazené stréance v grafu zustava, avSak
s poznamkou, ze stranka pravé neni zobrazena.

Cést hran grafu ma zvlastni postaveni — jde o hra-
ny, pres které byly jednotlivé stranky poprvé nalezeny.
Protoze takto nemuze vzniknout v grafu kruznice, de-
finuji ndm tyto hrany podgraf, ktery je les — tvoii jej
jeden nebo vice stromu.

Protoze algoritmus triangle layout neumi vykres-
lit les, ale pouze stromy, je nutné grafy spojit. Toho
dosdhneme pridanim nového, “virtudlniho” uzlu, ke
kterému pfipojime vSechny uzly reprezentujici stran-
ky, které byly otevieny bez vazby na predchozi stranku
(typy 3 a 4, podle nastaveni). Tim vznikne strom,
ktery nazyvame navigacni, protoze reprezentuje zpu-
sob, kterym uzivatel prochdzel (navigoval) jednotlivé
stranky:.

Naviga¢ni strom je tedy souvisly, obsahuje uzly
odpovidajici vsem strankam, které uzivatel prochazel,
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avSak nemusi nutné obsahovat vSechny hrany odpo-
vidajici vazbam mezi strankami. Témto hranam pak
fikdme nestromové, hranam ze stromu analogicky stro-
mMOovE.

3 Vizualizace

Algoritmus triangle layout [1] slouzi ke kresleni zakote-
nénych stromu, diky rozsifenim si vSak poradiis obec-
nym grafem, protoze hrany mimo strom lze doplnit
dodate¢né do vykresleného stromu [2].

V okamziku, kdy mdame k dispozici navigaéni
strom, nestromové hrany a velikosti jednotlivych
obdélniku, které reprezentuji vrcholy, je vypocet na-
kresleni grafu pouze pfimocarym pouzitim algoritmu
ve verzi s podporou nestromovych hran, bez potieby
jeho tprav pro novou ilohu. Dostaneme tak pozice
jednotlivych vrcholi a pro nestromové hrany body
urcujici lomenou ¢aru, ktera je vizualné reprezentuje.
Priklad vizualizace je na obrazku 1.

Pro rozumnou pouzitelnost celého néstroje je na-
prosto nezbytna jeho integraci piimo s prohlizecem.
Jen tak lze zajistit dostatecné pohodlné uzivatelské
rozhrani a na zakladé prace uzivatele vystavét navi-
gacéni strom. I kdyz pro stavbu stromu by do jisté
miry §lo pouzit i feSeni pomoci proxy serveru, ktery by
sledoval uzivatelovu komunikaci. To by vSak vyrazné

zeslozitilo instalaci a spotfebovalo zdroje uzivatelova
pocitace ve vétsi mife, nez je pro takovy nastroj ro-
zumné.

WikiNavigator funguje jako samostatné zalozka,
kterou si uzivatel muze kdykoliv zobrazit. Zde se mu
zobrazi néhledy stranek a ptipadné dalsi dopliujici
informace.
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QoS mechanizmus Priority Queuing a jeho modelovanie
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Abstrakt. V slasnych sieach je nasadzovanych po bite vysielanyysielatom na vystupnu linku. Plati, Ze

a konfigurovanych viacero QoS (Quality of servicey frontu s utitou prioritou mdZe by vybrany paket na
mechanizmov, ktoré sa efektivne ptajie na deleni celkovej ,qqclanie. iba ak st véetky fronty s vy&Simi ptéori

Sirky pasma medzi jednotlivé triedy sluzieb. Mechans . . L . .

Priority Queuing je jednym z nich. Nasledujudanok je prazdne. Fronty Svyssou_vpzrlorlto_u maju teda_ apsqlu

zamerany na zostavenie jeho analytického modelugtior Prednos pred frontami s nizSou prioritou. Servisna trieda

spravnos a pouziténos’ bola overena modelom simuteym. S najvy$Sou prioritou tak dostadva najvySsi stupeality

Vysledky vykonanych experimentov so spominanymi modedluzieb, ktoré vystupna linka moze poskytnditzn.

sadalej pouZili na analyzu spravania sa mechanizmu. najvy3Siu prenosovd rychlgs najmendiu  stratoves
paketov, najniZSie oneskorenie a jitter. 2

1 Uvod

3 Modelovanie mechanizmu PQ
Mechanizmy garancie kvality sluzieivoria mnozinu
nastaviténych nastrojov, ktoré poskytuji selektivne sluzbyjechanizmus PQ podobne ako aj ostatné mechanizmy
pre sigovu prevadzku v snahe zabedgigepre uZivatta mozno modelovaviacerymi spdsobmi. \PalSom texte bu-
pozadovanl  kvalitu sluzieb poskytovanych fei& qg popisané jeho nasledovné modely:

nezavisle od zariadeni na trase, prenosovej te@bieol - analyticky,
amédiu 4. Tymito mechanizmami modzeme ztySirku - simulany.
pasma pretasovo citlivé data a aplikacie, obmetizirku U oboch modelov sa budd predpokiadBoissonove

pasma pre nekriticky sievy prenos a poskyttitkonzis- ystupné toky, kdel je parameter vstupného toku paketov
tentnd siéovl odozvu. Naue/dnoduch%i, najs_taréi ho stélg_tej triedy. S@asne sa jedna o intenzitu vstupného toku
pomerne casto nasadzovany QoS mechanizmus je Zgaketov dok-teho frontu udavant v paketoch za sekundu
Priority Queuing PQ). DalSi text sa bude venavanode- resp s' Bude sa teda predpoklatiaze kazdej triede
lovaniu prave tohto mechanizmu. Jadré@tanku je jeho paketov prinalezi viastny front. Oproti originala pakety
analyticky model, ktory je vSak koncipovany na ne&kme nepudu vysield byt po bite, ale budi vystupava
fronty. Tie realne v smerovach neexistujl, preto bolo 7 yysielania v celku. Doba za ktorl sa odvysiel§ paket
nutné vytvorr aj model simuleny vychadzajici ztych je v modeloch reprezentovana dobou zotrvania resp.
istych paiatocnych podmienok, avsak za predpokladd,qsania paktu vo vysiglaa bude ozngena akor,. Ak nie
koneenych frontov. Jeho hlavnou dlohou bolo ZiSIplyv o povedané, inak ma deterministické rozdelepie[s’]
zanedbania koreej dzky frontov v,prlpade anaIW|cI§eho bude intenzita vystupného toku paketésteho frontu
modelu vziiadom na fronty karene. Inak povedané, za, \ysielaa v pripade, ze zostavajuce fronty s prazdne.
akych podmienok je mozné potzianalyticky model ‘piayi 56\ =177 p bude zéazenie systému paketmi
s nekoné&nymi frontami na vypdet oneskorenia v modeli k-teh,o frontu, piom prei podia 1 plati:

s frontami kon&nymi. ' '

— /]k
P =" (3.1)
2 Mechanizmus Priority Queuing Hi
Precelkové zgazenie systéma potom plati:
Mechanizmus PQ zabezpge ¢o najrychlejSie spracovanie P :zK: O (3.2)
dblezitych dat. Patri medzi tzv. planovacie mechani k=1 '

ktoré vplyvaju na zahltenie tym, Ze riadia rotmeanie kdeK je paset frontov systémul, bude maximalna fdka
celkovej Sirky pasma vystupnej linky medzi viaceiédy k-teho frontu udavana v paketoch.

Sieﬁ’OV)'/Ch sluzieb $erVisné tried)l POSkthje striktné Snahou u oboch modelov bude Ziskare zadané
uprednostovanie dolezitej prevadzky na zaklade protoystupné parametre hodnastredného oneskorenjaaketov
kolu, zdrojovej/ciéovej adresy, vstupného rozhranial'at prislusnych triedE(T,). To je dané sfiom strednej doby
PQ ma definovanych niekko vystupnychFIFO (First In,  zdrzania paketu vo fronte a strednej doby jeho polbp
First Out) frontov, ktoré zodpovedaju ditym servisnym yysielani. Na zaklade vysledkov oneskoreni budu etyod
triedam. Kaidy z frontov ma it priOI’itu, prk“:om kazda Vzéjomne porovnévané_ \V pn’pade Simu|écie' kde imade
z priorit je rozna. Pre kazdy front je mozné nastavpredpoklada konené dzky frontov, nas budi zaujima;
velkost — patet paketov, ktoré moze dany front obsahova straty paketowprislugnych trieds. Tie st utené pravde-
Maximalne dzky frontov st obmedzené kapacitoupodobnogou, Ze dosly paket bude pred jeho vstupom do
vyrovnavacich pamati, vktorych sa fronty aj fyzick systému odmietnuty v désledkudeypania kapacity frontu.
naChédzajl:l. Pakety s najprV klasifikované dOiSBWh Ps mozno teda p0k|adaaj za pra_vdepodobnﬂs 7e
tried, potom sl p.dt:h priority radené do prislusnych y rubovd’nom okamihu budé-ty front plny.

frontov. ROZhOdnUtle, z ktorého frontu sa pakeluékte Autor v 1 ana|yzuje jednofrontovy prioritny Systém
vybera vykonava tz\planova’. Vybraty paket je potom bit \/G/1/c. Uvazuje pritom model, ktory mi servisnych
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tried, teda do jedného spéieho frontu vchadza d¢tried spbsob synchronizacie simateého vypétu v nej bola
paketov. Kazdej z uvazovanych tried paketov jegleida pouzith metdda zalozena na planovani vyskytov stiatim
priorita, ktora je dana hodnotou jej indexu=1,2,3,....K.  buducnosti tzv. metédplanovania udalostiPo dokodeni
S rastlcim indexom pritom priorita triedy klesaratgia simulacie vykona aplikacia metédami matematickeafist
vyberu paketu do vysielania je obdobna ako pri raechtiky vypocet neznadmych parametrov a idlselné i grafické

nizme PQ tzn., Ze paket je z frontu vybrany do efgsiia,
len vtedy ak sa vo fronte nenachadza Ziaden pakgisou
prioritou. Kelze sa jedna o front nekafmgy, je mozné
dany model interpretovaako K-frontovy, tak ako je kon-
cipovany mechanizmus PQ. Rozdiel v3ak$pm v dzke
frontov. Kym v origindly PQ su idky konené, autor
vtomto pripade uvazuje fronty nekéné, kelZze sa
ukazuje, Zze analyticky model pre ké&né fronty je prilis
zlozity nato, aby sa dal zostévil ked” nekongné fronty

vyhodnotenie. Jedna sa hlavne o zavislodticavych
neznamych vetin (straty, oneskorenie) od zmeny jedného
vybraného parametra modelu ozeaého v GUI. V aplika-
cii je taktieZ implementovany spominany analytickgdel,

¢o umoiiuje jeho okamzité porovnanie s vysledkami
dosiahnuté simulaciou.

4  Zaver

v sigovych zariadeniach neexistuju, model mozno UspeSne

vyuzit pre vypd@&et oneskorenia v pripadoch, dkeje
velkos” kong&ného frontu dostatme veéka. Oneskorenie

v modeli s nekonmymi frontami je totiz hornou hranicou

oneskorenia pre model s kamgmi frontami a pre dosta-
tocne veké dzky frontov ho moZzno nahratiimodelom
s nekoné&nymi frontami.

Nech J," je Poissonov vstupny tok paketov prvyc

k-tried. Prel," tak plati:

Pre zd@azenie systému tymito paketmy" plati:
k

Px :Z pi -
i1

Nech b je druhy pdiatocny moment doby vysielania

paketuk-tej triedy.
Pre strednidobu zotrvaniapaketu \k-tom fronte E[W]
poda 1 plati:

i/‘_ h(Z)
EI:\M :| = i=]; + o\
2(1_ Pi-1 )(1_ Py )
Ked sa paketk-tej triedy dostane z frontu do vysi&ta

zotrva tu dobur, = 1/44. Pre stredné oneskorenie pakettﬂted

v systéme (front + vysietqtak bude plati:
K
1 Z/]i h(Z)
EI:Tk:I: —+ |:i + 0y
Hy 2(1- Pr-1 (1= o )
V pripade deterministickej doby j&/® rovny druhej
mocnine strednej hodnoty, teda i@, bude plati:

K
YAT
= et S — (3:3)
H 2(1_pk—1 )(1_pk )
Zo vztahu (3.3) mozno na zéakladsttleovej formuly 3
lahko ziské vztah pre stredny get paketovk-tej triedy
v systémeE[Ny]).
K
AL ATE
E[N = A
Hu 2(1_pk—1 )(1_pk )

Popisané modely boli pouzité na ziskanie zavislsisét
a oneskoreni od zmeny zvoleného parametra. Na d&kla
nich boli nasledne analyzované a porovnavané. kainkr
hodnoty vstupnych parametrov sa¢ilir na zaklade
vysledkov merani, ktoré boli robené v chrbticovegtis
MetroEthernet spolanosti T-com poskytujucej sluzby
hTriple-PIay. Pre nazorni prezentaciu vysledkov sa
analyzovali len dve zlozky sluzby Triple-Play a TV
a VolP, jednalo sa teda od dvojfrontové modely. Ako
premenné parametre boli zvoled&ka oboch frontov L
azmena pomeru zazeniy.

| ked’ ide o relativne jednoduchy mechanizmus, vysledky
experimentov ukazali, Ze jeho spravanie nie je vzdy
predvidaténé a jeho spravne pochopeniasto vyzaduje aj
hibSiu analyzu. Z vykonanych experimentov sa zistde
pre vyp@et oneskorenia pri Standardnon¥azeni systému
0=0,6, mozno poufi analyticky model od fdky frontov
ccal;= L, = 5. Zmeny zéiaZze jednotlivych tried paketov
pri zachovani celkovej faze maju na tato hranicu len
minimalny vplyv. ZniZzenie celkovej £&ze ju posuva dole,
zvyenie hore.Dalsim zaujimavym faktom je, Ze tak
oneskorenie ako i straty paketov jednotlivych drie
nedosahuju svoje maximum vzdy v bode n&ed z&aze,
a ke y=1resp.y=0), ale jeho hodnota sgasto
meni na celom intervale 2 y> 0 v z&vislosti od tfok
frontov a z#laZeni.

Jednotlivé grafické zavislosti ako aj ich podrolSie]
analyza bude uvedena v prezé&ntan posteri.
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Ked'Zze ¢as v tomto modeli nevystupuje ako nezavisla

premenna, mozno ho pokladza model staticky.
Za dynamicky model vS8ak moZno povazowapripade

mechanizmu PQ@nodel simulany. Ten predstavuje aplika-

cia, ktora bola vytvorena Specialne pre tentel.uAko
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Abstrakt Od roku 2004 Matematicko-fyzikdlni fakulta
Univerzity Karlovy spoluporddd Ceské ndrodni kolo me-
zindrodni soutéZe autonomnich robotu Furobot, zaloZené
v roce 1998. Této soutéZe se jako doplnéni béiné vyuky
ucastni prevdzné studenti vysokiych skol a nadani studenti
kol strednich. V letech 2008 a 2009 byla v Ceské republice
jako doplrnikovd aktivita do programu zarazena i jednodussi
soutéz zameérend na studenty stiednich skol. V obou letech
byla tato soutéZ pordddana ruznymi zpusoby; v tomto pris-
pévku uvddime jejich popis a srovndni.

1 Soutéz Eurobot

Eurobot je mezindrodni soutéz poiddand Asiociaci
Eurobot [1] od roku 1998 pro mladé tvtrce roboti.
Je zamérena na zacinajici tvurce a studenty, a proto
je vékovy limit ucastnikii omezen do 30 let. Ukolem
soutézicich je postavit autonomniho robota schopného
béhem zédpasu plnit kol dany pravidly pfislusného
rocniku. Tento robot pak soupeii v nékolika zdpasech
s roboty jinych tymu. Zakladni technickd pravidla jsou

— autonomni roboti,

— roboti pohybujici se ve vnitinim prostiedi,

— omezend maximdlni velikost roboti (do velikosti
kostky o hrané max. 30 cm),

— zapasy na hernim stole o velikosti cca 2 x 3 m,

— kazdy zapas trva 90 vtefin.

Pro kazdy ro¢nik soutéze jsou stanovena novéa pra-
vidla, kterd uvedené zakladni body blize specifikuji.
V roce 2009 pravidla urc¢ovala néasledujici:

— Hlavni téma: Chrdamy Atlantidy — roboti pomahaji
lidem stavét nddherné chramy ze stavebnich prvki,
které nalézaji na herni plose.

— Herni prvky: wdlecky (30 mm vysoké, prumeér
70 mm) reprezentujici ¢dsti sloupu a hranoly
(200 mm x 70 mm x 30 mm) reprezentujici tramky,
které je mozné umistit na vrgky sloupt.

— Cil hry: dkolem robotu je postavit co nejvyssi
sloupky z vélecku a tramku.

— Bodovani: ohodnoceni zohlednuje vysku postavené
wveze®, ke které se pridavaji bonusy za slozitost.

* Tato prace byla zédsti podporena granty GACR 202/
10/0761 a GAUK 76109.

Dalg{ informace (detailni pravidla, diskusni férum,

podminky dcasti atd.) viz [1].

Soutéz je vyuzivana piedevsim studenty stfednich

a vysokych skol, nebot mezi piinosy soutéze napiiklad

patii:

— studenti si v praxi vyzkouseji naucenou latku,

— ucastnici museji pracovat v tymu, a proto se museji
naucit spolupracovat,

— tkolem je postavit autonomniho robota spliuji-
ciho zavaznd kritéria, presto zustava dostateény
prostor pro vlastni feSeni,

— studenti se museji naucit dokonéit svou praci
v pfedem daném a hlavné neménném terminu,

— soucasti aktivit je i mezinarodni védecka konfe-
rence ,Eurobot — International Conference on Re-
search and Education in Robotics“ [2].

Tyto duvody piispély k tomu, Ze soutéz byla zaclenéna
do studia na Matematicko-fyzikalni fakulté Univerzity
Karlovy v Praze. Studenti se soutéze ui¢astni kazdoroc-
né od roku 2001 a od roku 2004 MFF UK spolupracuje
na poradani. Od roku 2008 je v Ceské republice kromé
soutéze Eurobot porddana i soutéz pro mladsi ucastni-
ky. V letech 2008 a 2009 probéhla ruznym zpusobem:
prvni rok byla akce realizovana jako dvé zcela samos-
tatné soutéze s vlastnimi pravidly, v roce 2009 jako dvé
kategorie jedné soutéze, tedy se stejnymi zakladnimi
pravidly, kterd jsou prizpusobena cilové skupiné tak,
aby bylo mozné soutéze se ucastnit a aby byla pro

cvvs

mace uvadime v nasledujicich kapitolach.

2 Soutéz Eurobot Junior

Od roku 2006 Asociace Eurobot podporuje soutéz pro
mladsi ucastniky ve Francii Trophées de Robotique [3]
a pod ndzvem Eurobot Junior [4] ji povoluje porddat
mezinarodné. Ucast v této soutézi je podminéna vé-
kem nizsim nez 18 let (anebo az koncem studia stiedni
gkoly). Oproti soutézi Eurobot je soutéz Eurobot Ju-
nior zjednodusenda: roboti nejsou autonomni, ale dal-
kové (po kabelu) fizeni. Pravidla vsak nijak s pravidly
soutéze Eurobot nesouviseji a jsou pripravovana zcela
nezavislou skupinou vlastnich organizatoru.
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3 Soutéz Starter

V roce 2008 organizatori Ceského nérodniho kola po-
prvé zorganizovali soutéz Eurobot Junior i v Ceské re-
publice (viz téz kap. 4.1). Tento model vsak byl z orga-
niza¢nich i finanénich duvodu nednosny. Pro rok 2009
proto byla pfevzata pravidla soutéze Eurobot a pod
nazvem Starter pfizpusobena, aby kol byl jednodussi
(piistupnéjsi mladsim dcastnikum), ale aby co nejveétsi
¢ést zustala shodnd (a tedy snazs{ na organizaci).
Hlavnim rozdilem oproti soutézi Eurobot bylo vytvorit
ne-autonomniho robota, ostatni pravidla i hiisté a her-
ni prvky zustaly bez zdsadnich zmén (viz [5]).

4 ZkusSenosti se soutézemi Eurobot,

Eurobot Junior a Starter
4.1 Soytéie Eurobot a Eurobot Junior
v Ceské republice, 2008

Zakladni fakta: Téma ro¢niku 2008 soutéze Eurobot
bylo ,Mise na Mars“, téma pro Eurobot Junior ,Pti-
rodni sily“. Hfisté i herni prvky byly zcela odlisné.
Hristé pro soutéz Eurobot bylo vodorovné, hiisté pro
soutéz Eurobot Junior bylo naklonéno o 10% smérem
k divaktim. V soutézi Eurobot byly vyrabéni autonom-
ni roboti, v soutézi Eurobot Junior dalkové ovladani.
Veékovy limit pro soutéz Eurobot byl 30 let, pro soutéz
Eurobot Junior 18 let nebo konec studia stfedni skoly.
Detailni pravidla obou soutézi viz [1].

Obé soutéze se odehraly ve stejny den na stejném
misté, avSak vzijemné kontakty mezi soutézicimi
v téchto dvou soutézich nebyly témér zadné.

Pro organizatory znamenalo pfidani soutéze
Eurobot Junior zorganizovani dalsi zcela samostatné
soutéze. Bylo nutné prelozit dvoje ruzna pravidla, vy-
robit dva zcela rozdilné herni stoly se dvéma riuznymi
sadami hernich prvku a proskolit dvé skupiny rozhod-
¢ich a pomocniki. To celkové znamenalo v podstaté
zdvojnasobeni ndkladu a problému oproti rokum, kdy
byla pofadana pouze soutéz Eurobot.

V ramci zhodnoceni akce organizatofi konstato-
vali, ze podcenili realiza¢ni rozdilnost obou soutézi.
Rozhodli se sice soutéz pro mladé tucastniky zacho-
vat, ale zdsadné zménit zpusob, jakym bude imple-
mentovana.

4.2 Soutéze Eurobot a Starter
v Ceské epublice, 2009

Zdkladni fakta a rozdiy: V roce 2009 organizatori
pouzili model uvedeny v kap. 3, tj. co nejvétsi sblizeni
obou soutézi. Rozdil byl pouze ve vékovém limitu
(30 resp. 18 let) a v Fizeni robotu (autonomni, resp.
dalkové fizeni roboti a z toho vyplyvajici nutné zmény

nékolika technickych detaill). Ostatn{ pravidla, hfiste
i herni prvky byly pro soutéz Starter plné prevzaty ze
soutéze Eurobot, viz [1] a [5].

I pfesto, ze zdzemi tymu byla oddélend, ucastnici
z obou kategorii se zcela promichali a detailné zkouma-
li vysledky prace ostatnich tymu bez ohledu na kate-
gorii, nebot sjednocenim pravidel méli Giéastnici obou
soutézi stejné znalosti o soutézi a védéli, co mohou
ocekavat a co maji hledat u ostatnich.

7 organiza¢niho hlediska bylo rozdilem od poradéa-
ni pouze soutéze Eurobot jen zvyseni celkového poctu
ucastniki a potfeba zafizeni nékolika detailu (pravidla
Starter se lisila pouze v 8 jednoduchych bodech).

5 Zavér

V tomto piispévku jsme popsali vyvoj porddani sou-
téze Eurobot v Ceské republice v poslednich letech.
Zkusenosti jasné ukazuji nasledujici:

Za prvé: myslenka roz§itit soutéz a zapojit i mladsi
ucastniky byla dobréa a opravnéna.

Za druhé: pridani mladsi kategorie nejen umoznilo
mladsim ucastnikum zapojit se do soutéze a ucit se
od zkusengjsich soutézicich hlavni kategorie, ale také
ukézalo, ze starsi tcastnici se také mohou poucit od
mladsich. Puvodné byla mladsi kategorie piiddna
i proto, ze se mladsi icastnici nechtéli do soutéze za-
pojit, protoze se obavali méfreni znalosti a zkuSenosti
s univerzitnimi studenty. Ukazalo se, ze v mnoha pfti-
padech tato obava byla licha, a ze dokonce v nékterych
piripadech vysokoskolaci ziskavali informace od svych
mladsich — stfedoskolskych ¢i jesté mladsich kolegu.

Za, treti: ukazalo se, Ze pro organizatory narodnich
kol soutéze Eurobot s malym a stfednim poc¢tem tymu
je model dvou kategorii se spolecnymi pravidly pouzity
v roce 2009 vhodnéjsi a snazsi, nez model z roku 2008,
kdy byly obé soutéze oddélené.
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Abstract. The research in the field of human-like agents, is
limited by the lack of accessible, large, dynamic, and real-time
3D worlds. The fast Al prototyping tool Pogamut makes some
of these environments, like the Unreal Tournament 2004
computer game, accessible. However, multitude of these
computer game worlds is limited or not suitable for large
scale simulations. We aspire to implement an architecture able
to connect different 3D worlds via the High Level Architecture
(HLA) to Pogamut, creating a sophisticated platform, called
HLA Proxy, for making large scale simulations accessible.
The HLA represents a standard for interconnecting different
simulation environments. Here, we present our effort to
connect the Virtual Battle Space 2 military training platform
to the Pogamut fast prototyping tool via HLA. HLA Proxy is
currently in development, but the first working prototype is
scheduled to be done in September 2010.

1 Introduction

The field of human-like agent research currentlgké&a
a large scale easily accessible simulation enviggrimin
most cases, researchers either create their ownlagion
environment or try to utilize (“hack into”) an ekiwy

engine — in most cases these are computer gamaesngi

like Unreal Engine [1], Source Engine [2] etc.

There is also need for a developing and testingirgto
for developers creating agents for computer sirrarat
(e.g. for military personnel training [3]). Devekns and
designers need a place which they can exploit battrg
prototypes and experimenting with ideas.

This gap was recently (about 2-3 years ago) fileth
the fast prototyping tool called Pogamut [4], whislbeing
continuously developed at our laboratory. Pogarbeing
a plugin for the NetBeans IDE, provides easy acioetss

The HLA can be viewed as a distributed databaserevh
federates can subscribe to receive attribute updatejuire
ownership of objects and fire interactions desdibethe
FOM.

2 HLA Proxy Architecture

Our basic idea is to create a middleware capable of
translating Pogamut’s requests on data, as welctisn
execution into the HLA environment (Figure 1).
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Pogamut instance
Fig. 1. HLA Proxy per Pogamut instance.

Secondly, we intend to create a more complex
mechanism, providing a data engine (within the HLA
Proxy), where inferences on data, as well as ergédtigher
data abstractions, can be performed and presefiédly,
we intended to extend the capability of the Pogamut
platform by providing a communication node for nplé
instances of Pogamut.

We are developing our own Artificial Agents FOM
(AA FOM) related to human-like agents. The AA FOM
differs from the currently employed military or comnly
available FOMs. Our main goal for the first versiof

the Unreal Tournament 2004 (UT2004) [5] video gam&A FOM is to develop a minimalistic universal deption
environment. Unfortunately UT2004 is not suitabler f of the world and to implement a management of dbjec

larger simulations incorporating higher number (L@f
agents. This is largely due to architectural litnitas of
UT2004.

We identified the Virtual Battle Space 2 (VBS2) [6]

military simulation platform as a suitable candaldtost
engine for large scale simulations. VBS2 providdarge
scale virtual environment able to handle large nemmitof
individual agents (>100). We also want to introdabe

classes for remote control of the engine’s basigpett
systems, like map loading, simulation terminatiatility
and monitoring functions etc.

Our architecture’s design aims at the intended wicol
of our FOM, to make it usable in future versionsHifA
Proxy with minimal source code changes or limitagido
the FOM design.

Currently, we finalize development of HLA Proxy’sre

High Level Architecture (HLA), being the industry for plugin management and implement the capabtiity

standard [7,9] for interconnecting simulation eomi

reflect custom FOMs utilizing C++ templates.

ments, into Pogamut, making the platform more w#esa 5 1 \odular architecture

and capable.

The idea of HLA is based on two principles — thenRuThe HLA Proxy project is designed as a modular

Time Interface (RTI) and the Federation Object Moidibe

architecture. This modularity is needed to supparious

RTI provides the communication means for simulatiofetwork topologies and usage scenarios. Multiplgiress
participants (calledederates) and the FOM provides data do not share the same approach for adding newrés=atu

interaction
the actual

structure description and
explosion) description for
federates.

(e.g.

grenadEherefore our architecture must be flexible, to daesily
interactiorf odeployed under various conditions.
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HLA Proxy architecture consists of three elementhe- integrate the prototype into Pogamut. Our secoral igato
Plugin Manager, plugins, andcomponents. create the AA FOM based on our experience witHicigl
agents intended for the use in military simulaticarsd
computer games.

The Plugin Manager provides necessary methods forLater on, we intend, based on the collected daim the
loading plugins and obtaining components storedd@s connected VBS2 simulation, to create a TCP/IP maito
plugins. It also supports resolving dependenciesrgst between the HLA Proxy standalone gateway and Pogamu
plugins at load time. Developers using the HLA Brox Finally, we want to integrate the data inference
middleware must instantiate the Plugin Manager teefocapability and data processing features into thé IRkoxy
using anything from HLA Proxy’s plugins. to provide Pogamut with higher data abstractions th
2.1.2 Plugins Intelligent Virtual Agents can work with.

2.1.1 Plugin Manager

Plugins are standard shared libraries (e.g. a fit#'in the 4  Conclusion

Windows operating system), which are loaded byu@iRl \ye presented our architecture designed for commpatiur
Manager instance. The main purpose of a pluginois | prototyping tool Pogamut, to the VBS2 or any ath
provide a container for various components. HLA capable environment. We presented our versatile
2.1.3 Components architecture, where plugins and components carsbd to
represent the HLA world simply but effectively aglivas
provide additional services. The architecture inied at
performance, modularity, and adaptability.

We believe the architecture can extend Pogamut (and
other tools) to utilize the HLA and provide a widange of
virtual environment available for Al research and A
related development.
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Components in the HLA Proxy architecture imple mikrat
HLA Proxy component interface and perform computa-
tional work. They may have minimalistic form asiagle
class in the C++ programming language. On the dihad
components may be composed of multiple classethisn
case, there has to be one class acting as the cempo
interface implementation.

2.2 Shadow copy

One of the project’s goals is to support multipheetids
accessing data components (representing AA FOM

objects) and attributes within. The HLA Proxy ifséd The research related to HLAProxy was also suppdsied

designed as a threaded application. a student grant GA UK No. 0449/2010 /A-INF/MFF, and

It is not possible to implement classic simpl ; y
synchronization using standard synchronization pines eby project P103/10/1287 (GER).

and not lose performance. We also wanted to avoleferences
transactions to keep the use of our middleware lsimp

We distinguish two cases of modifying component'sl' Unreal Technologydnreal Engine [online]. [visited

2010-05-31]. URL: www.unrealtechnoogy.com.

attributes (referred asbject in the rest of this section). 2. Valve SoftwareSource Engine [online]. [visited 2010-
2.2.1 Reading 05-31]. URL: http://source.valvesoftware.com/.

) ) 3. M.O., Riedl, A. SternBelievable agents and intelli-
When a developer tries to read attribute values,anee gent scenario direction for social and cultural
forced to lock the object to provide data integrapd leadership training. Proceedings of the 15th Con-
consistency during the operation or calculatiornfqrered ference on Behavior Representation in Modeling and
on based on the data. There is no limit on how Isach Simulation, Baltimore. Maryland. 2006.
lock can be in place and can result in blockingeoth 4. J. Gemrot, C. Brom, R. Kadlec, Mida, O. Burkert,
federates. M. Zemcak, R. Pibil:Pogamut 3: Virtual Characters

Made Smple. In J. Gray, and S. Nefti-Meziani, editors,
Advances in Cognitive Systems. 2009.
5. Unreal TechnologyUnreal Tournament 3 [online].

To solve this situation, we freeze the object uatll
callbacks finish and the locks are released. WHen t

developer tries to lock the object, he obtainsad lack on [visited 2010-05-31]. URL:

a standard synchronization primitive, but only foshort http://www.unrealtournament3.com.

time period. After locking, the object creates pyof all 6. Virtual Battlespace 2 [online]. [visited 2010-8%].
registered attributes and unlocks the standardhsgniza- Bohemia Interactive. URL:

tion lock. After this, the developer works with gopf data, http://virtualbattlespace.vbs2.com/.

which does not change in time, until he unlocksabgect. 7. IEEE  Computer  Society: 1516.4-2007 IEEE
. Recommended Practice for Verification, Validation,
2.2.2 \Writing and Accreditation of a Federation - An Overlay e t

Updating attributes with new values takes only shor Eigh Lt_eveIPArchitectzlg(e)?Federation Development and
amounts of time and thanks to the HLA standard, ng Xecution Frocess. y

" o . ; . F. Kuhl, R. Weatherly, J. DahmanrCreatin
writing collisions can arise, due to attribute ovatep. computer simulation wstery‘s: An introduction to thg

3  Futurework high level architecture. Prentice Hall. 1999.

We intend to finish our prototype implementation thé
HLA Proxy and connect it to VBS2. We also intend to
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Abstract. Adaptivni webové systémy jsodZibou sodasti Webovy systém XAPOS implementuje personalizacigaad
internetu a jsou pouzivany pro personalizovanowz@maci zjvatele nad vyukovymi materidly, které jsou oigawény do

informaci uZzivateli. Jsou navrzeny podlézmych modeél |\, Systém je postaven na AHAM, je implementovdae
a maji riznou architekturu a implementaci, odrazejici jejich ’

(cel. Adaptivni systém XAPOS vychazi z AHAM a nabi@#kiada se z& zakladnich sausti, viz obrazek 1 a text dale.
persona"zovanou navigaci uzivatele nad V)?UkOVyr’dléW .MOdel. UZ|Vate.|e - SIOUZ| k UChOVaVar“ |nf0rmac|
problémové domény. Navigace je realizovana nad prest 0 jednotlivych uZzivatelich systému. Jsou zde uchéaug
koncep#, ktery pedstavuje metadata problémové doményakladni Gdaje o uZivateli, jeho nastaveni v systém
areflektuje vztahy mezi vyukovymi materialy-vyukovynaiinformace o aktivi¢ uzivatele v jednotlivych kurzech
objekty. Propojeni mezi vyukovymi objekty je reaérov §nav§tiven|' jednotlivych vyukovych objékts casovym
pomoci kifovych slov, ktera se vazou na anglické pojmy _. s 7 . .
v prostoru koncegt Tento princip umaoilje navigovat nad aZ|tkem) a dosgz?nych %nalostech (mnoz,lna} doselieny
vicejazynymi vyukovymi objekty, které jsourekladem znalosti obsahujici naené koncepty). Saasti tohoto

jednoho obsahu. XAPOS je ve fazi timiko prototypu a jiz modelu je také log aktivit uZivatele — informace
jsme jej vyuZzili pi nekolika experimentech o pihlaseni a odhlageni, absolvovanych testech apod.

) Model domény - piedstavuje problémovou doménu,
Uvod ktera je prezentovana uzivateli systému. V naSéipagk

doménovy model igdstavuje prostor konceptspol&né

s ohodnocenim jednotlivych koncépa vyukové objekty.

Vyukovy objekt je reprezentovan HTML strankou
s odkazovanymi obrazky a jinym multimedialnim
materialem, respektive XHTML/XML definice ukazkowve&h
prikladu.

Model adaptace- provadi adaptaci a Upravu navigace
uzivatele. V. XAPOSu je tento model implementovan
algoritmy pro ohodnoceni prostoru kondept metrikami
pouzivanymi pro adaptaci navigace uzivatele, reainé
vV menu.

Prostor koncefit a pifichod uzivatele kurzem
vizualizujeme pomoci nastroje RaVisktery umo#uje
lYizualizaci dat, jako jsou sit organiza&ni struktury
a podobs.

Adaptivni webové systémy jsoddmou souddsti internetu. Jsou
navrZzeny podletiznych model a maji architekturu odpovidajici
jejich Gelu. Na$ adaptivni systém XAPO@ychazi z modelu
AHAM [1], ktery byl navrZzen vroce 1999. &bi v oblasti
adaptivnich webovych vyukovych systépe pongrme boulivé.
NejnowjSim painem vtéto oblasti je ALEF wytveny
vyzkumniky z PeWe zatim o ®m mame déi informace
z lIT.SRC na FIIT STU Bratislava &ekavany text [5].

Navigaci v systému XAPOS realizujeme pomoci vibstni
algoritmu, systém podporuje vicejgmgst rozhrani i obsahu
a sjednocuje a zjednoduSuje ohodnoceni obsatinoz mavi-
gace vychazi. XAPOS je ve fazi fumtho prototypu a jiz jsme
jej vyuZili pri nékolika experimentech.

Prostor koncefit predstavuje metadata pro danou domén
Mezi koncepty existuji vztahy. Koncepty jsou v &yt
ohodnoceny na zakladsvé pozice &i ostatnim koncefn.
Navigace nad vyukovymi objekty (Learning Object, )L&e Uzivatel
provadi na zakladvztahi mezi metadaty (navazanymi koncepty,
prislusnych vyukovych objekt Tento princip jsme prezentovali @

v[2, 3]. NaSe tvorba prostoru konde jejich propojeni je

manudlni. Vice autér se pokousi o automatickou extrakci XAPOS
metadat z textu, jedetiigtup, zaloZzeny na analyze obsahu a siti
prezentovany v [4].

Model adaptace

1 Adaptivni hypermedialni systém

SSrozvojem webovych inforéigich systértn nastala zahy
poteba navigace vazana na skupinu uZiafl dokonce
jednotlivce. Rzné zvyky a pdeby uzivatel daly vzniknout
riznym implementacim a nawim, které se viceli mérg

oswdily. Cilem kazdého navrhu byla personalizace naeigsio
jednotlivé uzivatele, nebo personalizace dat ptezanych
uzivateli.

Model domény Model uzivatele

Obr. 1. Struktura systému XAPOS.

1V)’/zkum byl ¢ast&né podpden projektem Ostravské
univerzity v Ostray SGS21/F~/2010.
2 http://pewe fiit.stuba.sk ® http://code.google.com/p/birdeye/wiki/RaVis
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1.1 Logovani a nastaveni

4 Pripadova studie

VSechny akce uzivatele v systému se ukladaji dero praktické otestovani systému XAPOS jsme zvjlkio
systémového logu. U kazdého zaznamu se ukladajaled problémovou doménu funkciondlni programovaci jakigp.

informace o uzivateli, ktery danou akci vyvolalfamace
0 aktualg zvoleném jazyce a takésové razitko, aby bylo

Duavodem je jeho relativni neznalost mezi studentyntdi
chceme zajistit pro vSechny studenty relatigtejné poateni

mozno zrekonstruovat pohyb uZivatele v systému.-Sopodminky tak, abychom néaslédrmohli porovnavat jejich

gasrE jsou informace vyuzivany pro navigaci uzivatele.
Kazdy kurz v systému ma definovany implicitni hotjno
zakladnich nastaveni, jako je miglad implicitni jazyk,
pocet zobrazovanych poloZzek menu, implicitni metrika p
personalizaci apod. V profilu uzivatele je mozngktaré
z téchto nastaveni upravit pro uzivatele,

napiklad paet zobrazovanych polozek menu, zvolen

metrika (uzivatel nefize n€nit, nastavi administrator)
a dalsi.

1.2 Vicejazy¥nost

Internacionalizace v ramci vyukovych systénge znamy
pojem. Na rozdil od jinych systému uniofe XAPOS
provedeni ohodnoceni prostoru kondéepproblémové
domény pouze jednou a neni proto ipba sestavovat
vyukové kurzy pro kazdy jazyk zvias

Jednotlivé jazykové verze stejného obsahu jsowantarni
jednoho vyukového objektu. Timto tgmbem je uzivateli
umoZzréno kurz prochazet v libovolném dostupném jazytaké
je mu nabidnuta moznostepinani jazyka v pbshu kurzu.
Pokud neni vyukovy objekt v systému dostupny velezvo
ném jazyce, tak se uZivateli zobrazi v implicitnjazyce,
ktery je poving urken @i vkladani objektu do systému.

ziskané znalosti.

Pro vicejazynost byla jako implicitni jazyk zvolena
anglictina, dalSimi jazyky jsotestina a turgina.

Na konci kurzu byl studeiin prezentovan zékeiny test
ow&tujici jejich ziskané znalosti a kratky dotaznike lgtudenti

jmenujm?lodnotili praci se systémem XAPOS a navigaci v réagfic
% Zawer

Vytvorili jsme experimentdlni adaptivni vicej&ny
webovy systém XAPOS zaloZzeny na modelu AHAM,
naplnili jej obsahem z problémové domény a wgil
ohodnoceni polozek v prostoru kondeptXAPOS je
schopen dopotiit vyukové objekty vhodné pro n&eni se
jednotlivému uzivateli s odpovidajici mnozinou zrsdi.
Po reakci uzivatele provadi XAPOS dalSi navigaadil na
obsahem dle #miciho se profilu uzivatele. Systém loguje
prichod, kazdou akci uzivatele a je vhodny pro vyuku
i experimenty z oblasti adaptace a personalizace.

Vicejazynost a transparentni navigace nad jazykovymi
verzemi, vyuzivajici vypiet navigace nad problémovou
doménou, je hlavnim fmosem XAPOSu ve srovnani
s jinymi systémy podobného zaiani.

Obdobr je v XAPOSureSeno ukladani a prace s dalSimi |
vicejazgnymi objekty, jako jsou testy, dotazniky Literatura

a podobs.

2 Model domény
Aplika¢ni doména je popséana prostorem koricéphtologii).

Rozlisujeme dva druhy vztahmezi koncepty, které mohou byt 2-

strukturdlni vyjadrujici strukturu prostoru koncep{piikladem
mohou byt relace subClass, is-a), nelwaislostni predstavujici
zavislosti mezi jednotlivymi koncepty (ndidad prerequisity,
required). Kazdy koncept ma definovanou mnozintoidich
slov. Prostor koncejpie zapsan v jazycesiném pro terminolo-
gii dané problémové domény, kazdé&ddeé slovo nize mit

definovan jazyk, ve kterém je zapsanoctiia slova se pouzivaji

pro propojeni koncepts vyukovymi objekty.

XAPOS podporuje import ontologie popisujici prostor
koncept z OWL. Koncepty jsou v systému ohodnoceny na

zaklad své pozice & ostatnim koncepin.
UZivateli je prezentovan vyukovy objekt z dané finatové

domény, ktery je primagnslozen z HTML stranek s textem

rozS§fenym o obrazky aifpadrié dalSi obsah, a tasetre multi-
medialniho. Vyukovym objektem idbe byt také ukazkovy

priklad. Z hlediska navigace se v XAPOSu pracujeristej

s prikladem i jinou webovou strankou.

3 Navigace

Pro kazdého uZzivatele jsou v modelu uZivatele ubkévy d¢
mnoziny a tomnozina dosazenych znalps$tile jsou ulozeny
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koncepty, které jiz uZivatel zna anozina navstivenych

vyukovych objelit Uzivatel je navigovan vzhledem k aktualnimu
stavu dosazenych znalosti a &= je zachovana moznost

sekvegini a absolutni navigace nad obsahem.





