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Predmluva

Informacni technologie a data jimi zpracovavana se staly nedilnou soucasti naseho
kazdodenniho Zivota. Stejné tak jsme svédky rostouci snahy o maximalni vyuZiti
netrivialnich, skrytych informaci, které lze z dat extrahovat a nasledné¢ vyuzit.
Vyzkum a vyvoj aplikaci v oblasti databazovych technologii, informacnich systému,
datového a znalostniho inzenyrstvi ma v Cesku i na Slovensku pomémé dlouhou
tradici. I pfes nezpochybnitelnou potfebu prezentovat a konfrontovat dosahované
vysledky na mezindrodnim poli, maji i narodni, resp. Cesko-slovenska setkani
odbornikli z univerzit i primyslové praxe v systému vziajemného informovani se a
predavani zkuSenosti své misto. Jednim z takovych vyznamnych komunitnich setkani
je 1 konference Data a znalosti, ktera se konala spolecné s tematicky blizkym
seminaifem WIKT (Workshop on Intelligent and Knowledge oriented Technologies)
pod nazvem Data a znalosti & WIKT 2018 ve dnech 11. a 12. fijna 2018 v Brné
v hotelu Santon u brnénské piehrady.

V ptipadé¢ konference Data a znalosti $lo o 4. ro¢nik konference, ktera navazuje na
dlouholetou tradici dvou prestiznich Cesko-slovenskych konferenci — na konferenci
Datakon a konferenci Znalosti. Konference Datakon existovala od roku 2000, kdy
navazala na pivodn¢ databazovou konferenci Datasem s tehdy jiz dvacetiletou tradici.
Konference Znalosti byla organizovana od roku 2001. Seminai WIKT je organizovan
od roku 2006 na Slovensku s ulastniky ze Slovenska i Ceska. Jak v piipadé
konference Data a znalosti, tak seminafe WIKT tvofi vyznamnou c¢ast ucastnikil
studenti doktorskych studijnich programl prezentujici své vysledky a ziskavajici
uziteénou zpétnou vazbu ke sméfovani jejich vyzkumu. Poprvé byly obé akce
organizovany spolecné v roce 2016 ve Smolenicich na Slovensku.

Volba hotelu Santon pro letosni rocnik konference pofadany v Brné nebyla
nahodnd. V letech 1991 az 2009 se pravé v tomto hotelu konalo 19 roc¢nika
konference Datasem a Datakon.

Hlavnimi vypsanymi tematickymi okruhy konference v letosnim roce byly:

Cloud, technicka feSeni, aplikacni ptiklady

Datové centrické pojeti bezpecnosti

Technologie blockchain

Grafové databaze

Integrace relacnich a NoSQL databazi

Multi-modelové databazové architektury

Ziskavani, ukladani, zpracovani a vizualizace rozsahlych dat (Big Data)
Tvorba, publikovani a vyuzivani otevienych a propojenych dat (Linked Data)
Indexovani a vyhledavani textovych a multimedialnich dat

Procesy a role ve sprave dat

Podnikova architektura

Strojové uceni, hluboké uceni, data mining (Data Science)

Detekce anomalii

Anonymizace a zachovani soukromi pii dolovani z dat



e Aplikace strojového ueni v bioinformatice, v pocitaovém vidéni a pfi zpracovani
feci

Modelovani uzivatell, adaptivni a personalizované systémy
Pokrocild uzivatelska rozhrani softwarovych a informacnich systémi
Systémy pro spravu znalosti v organizacich

Expertni, inteligentni a agentni systémy, pocitacova inteligence
Pocitacova lingvistika

Ontologické a konceptualni modely

Automatické odvozovani a planovani

Socialni web a jeho aplikace, analyza socialnich siti

Personalizovany web a jeho aplikace, doporucovani

Zpracovani informacnich zdroji v ceském/slovenském jazyce
Sémanticky a servisné orientované architektury

Znalostni technologie a jejich aplikace

Znalostni baze, usuzovani a odvozovani

Autori posilali pfispévky v ceském, slovenském nebo anglickém jazyce do
nasledujicich kategorii:

vyzkumny piispévek,

prispévek o probihajicim vyzkumu,
aplikac¢ni prispévek,

vizionafsky piispévek,

projektovy prispévek,
doktorandské symposium.

Navic bylo pozvano pét autorti k prezentaci zvanych piednasek pojednavajicich o
pouziti databaze SAP HANA v podnikovych informacnich systémech, spravé dat
v prostfedi velké organizace, vyuzivani strojového uceni spolecnosti Seznam.cz,
aplikaci ontologického modelu spole¢nosti Bisnode a nékterych aspektech
kybernetické bezpeénosti v souvislosti s natizenim GDPR.

Celkem bylo podano 49 prispévkl. Nejvice byly zastoupeny vyzkumné piispévky
a pfispévky o probihajicim vyzkumu. VSechny piispévky byly posuzovany dvojici
oponentt z fad ¢lenl programového vyboru. Prijato bylo 43 prispévkd, z toho 23 bylo
prezentovano formou kratkého sdéleni, 13 formou vodu a nasledné diskuse u posteru
a 7 doktorandskych ptispévki formou delsiho uvodu a diskuse u posteru.

Konference Data a znalosti & WIKT 2018 meéla celkem 70 tucastniki. Je
pot&itelné, Ze byly zastoupeny viechny vyzkumné skupiny z Ceska a Slovenska,
které na konferencich Data a znalosti a seminaii WIKT tradi¢né prezentuji své
vysledky.

Dékujeme €Elentim programového vyboru, kteti se ochotn€ podileli na posuzovani
prispévkl. Nas velky dik patii i organizacnimu vyboru a dalsim kolegim z Fakulty
informacnich technologii VUT v Bmé, zejména Radkovi Burgetovi a Zbyiku
Kitivkovi za zajisténi mista konani konference, ptipravu sborniku a ostatni organizaéni
¢innosti béhem piipravy a konani konference.

V neposledni fadé patii nase podékovani partnerim konference, kterymi byly
spole¢nosti SAP CR, spol. s r.0., Ceska spole¢nost pro kybernetiku a informatiku,



Profinit EU, s.r.o. a Red Hat Czech s.r.0. Svou podporou umoznily konani konference
za prijatelnych financnich podminek a formou slevy pro studenty doktorskych
studijnich programil podnitily jejich ucast.

Nase pode¢kovani za podporu a vstiicnost patii i Fakult€¢ informacnich technologii
VUT v Brné a jejimu dékanovi prof. Dr. Ing. Pavlu Zemcikovi, ktery leto$ni rocnik
konference zastitil.

Brno, fijen 2018

Jaroslav Zendulka a Maria Bielikova
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Uziti sloupcové in-memory databaze SAP HANA
v podnikovych informacnich systémech

Radim Benek!

1AIS Financials Brno, SAP Labs Czech Republic
Holandska 6/8, 639 00 Brno
radim.benek@sap.com

Abstrakt. SAP HANA je dostupné feseni kombinujici sloupcovou DB s in-me-
mory piistupem, které integruje napiiklad prostorovou nebo prediktivni analyzu
v zékaznickém systému nebo v cloudu. Pfednéaska popise zdklady téchto techno-
logii jednotlive i to, jak jejich vzdjemnd integrace umoziuje realizovat feseni,
ktera doposud nebyla technicky mozna.

Kli¢ova slova: SAP HANA DB, in-memory, sloupcova.

1 SAP HANA databaze

1.1  Sloupcova in-memory databaze

Data v databazovych strojich se vzdy zpracovavaji v procesorech. Uzkym hrdlem je
nacteni dat do CPU cache procesoru. V minulosti se data nacditala z disku, kde je pfi-
stupova doba fadové 10ms. ZvétSovani kapacity a snizovani ceny RAM paméti v po-
slednim desetileti umoznilo vyuziti RAM paméti jako uloZzisté dat. Piistupova doba
k datiim se vyrazné zkratila ha 100ns. Dalsi urychleni zpracovani dat pfiSlo s nastupem
vice jadrovych procesorii a blade serveru, které podporuji masivni paralelizaci zpraco-
vani dat.

Sloupcové uspotadani dat nabizi fadu vyhod. Naptiklad kompresi dat pomoci slov-
niku hodnot s kompresnim faktorem v fadu jednotek az desitek. Pro rychlé zpracovani
dat se pouziva ptistup ,,insert only“, kdy se zaznamy pouze vkladaji. Zaznamy uréené
ke smazani se oznaci jako neplatné. Zaznamy, které se maji aktualizovat, pouzivaji
kombinaci vlozeni nového a smazani ptivodniho zdznamu. Navic sloupcové uspoiadani
dat zjednodusuje pouZiti paralelizace na trovni jader procesoru, kde kazdé jadro zpra-
covava data z jednoho sloupce uloZena v paméti na jednom misté.

Jedna z mala nevyhod sloupcového uspoiadani dat je ¢teni dat pro vSechny sloupce
(cely tadek). V takovém ptipad¢ muiize byt sloupcové uspoiadani o néco pomalejsi nez
pii fadkove ulozenych datech. Sloupcové databaze maji ale vynikajici vysledky pii
¢teni agregovanych dat (group-by) nebo pii ¢teni nenaindexovanych sloupct [1].

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 17-20.
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1.2 Praktické priklady a testy

Pii praktickych testech na internim SAP databazovém systému 0 velikosti RAM
48 TB a 1100 CPU se ukazal velky kompresni faktor (50) sloupcového uspotradani tak
i rychlost ¢teni (20x rychlejsi oproti fadkové uspotfadané tabulce).

Rychlost SAP HANA databaze Ize proto vyuzit v ERP systémech ke zrychleni za-
kaznickych aplikaci. Jednim z piikladu je CO-PA (Profitability Analysis). S pouzitim
sloupcové usporadani dat pro ulozeni 550 milionu zaznamu bylo potieba jen 30 GB
paméti. Pti fadkové usporadani bylo potieba 580 GB v nekomprimované nebo 140 GB
v komprimované podobé na disku. Celkové zlepSeni rychlosti ,,Period-End Closing*
aplikace (diky rychlejsimu ¢teni) bylo 2 % — 50 % podle typu pouziti. Pokud se ale
aplikace optimalizovala na ¢teni ze sloupcové databaze, zlepSeni bylo 80 %. Mnohem
vétsiho zlepseni se dosahlo u ,,KE28 - Top Down Distribution®, kde se zkréatila celkova
doba zpracovani z 28,6 h na 4,3 h.

1.3 Nastroje pro podporu béhu databaze

Aby in-memory databaze byla spolehliva, implementuje SAP HANA obvyklé funkce
pro protokolovani (logging), uloZeni stavu (savepoints), zalohu a obnovu dat z disku.
Data jsou tedy bez problému nahrana zpét do paméti po vypadku proudu nebo restartu.

Se stale vzrustajicim objemem standardnich dat, nestrukturovanych dat (audio, vi-
deo) i novych typu dat (IoT), je potfeba kapacity databazového systémy zvétSovat po-
moci distribuovanych systémi.. Kromé zvétSovani kapacity paméti v ramci jednoho
stroje (scale-up), Ize v distribuovanych systémech mit dalsi databazové stroje, které na-
vzajem spolupracuji (scale-out). Kromé toho lze databazovy stroj nakonfigurovat jako
multi-tenant, to znamena4, ze obsahuje vice izolovanych databazovych systéma. Pokud
ani distribuované systémy nesta¢i pro uchovani obrovskych dat v operacni paméti, je
mozné méné Casto vyuzivané data (hot/cold data, napt. finanéni data starsi 3 let) odlozit
na disk. V pfipadg, ze se s daty bude pracovat, nactou se opét do operaéni paméti.

2 SAP HANA Platform

Sloupcova in-memory databaze, ktera je velmi rychla pro ¢teni dat, 1ze vyuzit jako za-
klad celé platformy dalSich sluzeb.

2.1 Grafy

Efektivni zpracovani grafovych dat je pozadovano riznymi aplikacemi (fizeni dodava-
telského fetézce, preprava, analyza socidlnich medii apod.). SAP HANA podporuje
zpracovani grafovych dat pfimo v databazovém stroji ve sloupcovych tabulkach. Tim
je prace s grafovym datovym modelem jednoducha a velmi rychla. Grafové struktury
jsou v SAP HANA reprezentovany vrcholy (Zeus, Hera, ...), orientovanymi hranami a
vlastnostmi jak uzl (bth), tak hran (manzelka, dcera). Tyto vlastnosti lze pak vyuzit
pro dotazovani (nejkratsi cesta, souseds, ...).
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2.2 Prostorova data

Prostorova data lze vyuzit pro dotazy typu: ,, Dej mi oblast s nejvyssim poctem zdakaz-
niku, kde je primérna nejblizsi vzdalenost k jakémukoli obchodu s potravinami vetsi
nez 20 km v oblasti vzdalené 2 km od dalnice “. Implementace prostorovych dat v SAP
HANA odpovida specifikaci Open Geospatial Consortium (OGC), ktera je podmnozi-
nou ISO specifikace. SAP HANA podporuje prostorova data jako bod, ¢ara, kruh, po-
lygon a néco kolem 70 funkci jako sjednoceni, prunik, rozdil, atd.

Rychlého zpracovani prostorovych dat Ize vyuzit naptiklad v letectvi, kde dispecefi
leteckych spole¢nosti potiebuji v realném Case zménit trajektorii letu kvili nenadalym
udélostem (napi. zmény pocasi). Pomoci rychlého zpracovéani prostorovych dat je
mozné trajektorii letu zménit vice nez 10krat rychleji.

2.3 Dalsi sluzby
Kromé jiz zminénych sluzeb nabizi SAP HANA platforma dalsi sluzby:

Datové tady (loT)

Block chain

Statistické zpracovani dat pomoci jazyka R
Prediktivni analyzy.

Pro piipad, Ze uvedené sluzby nestaci, mize uZzivatel vyuzit aplikaéni sluzby XS
advanced. To je aplika¢ni platforma, ktera podporuje nékolik programovacich jazyku
jako JAVA nebo Node.js. V nich si uZivatel vyvine a necha bézet SAP HANA webové
aplikace bez nutnosti instalovat dalsi aplikacni server.

2.4 SAP HANA Express Edition

Schopnosti SAP HANA databaze si mize vyzkouset kazdy na svém osobnim pocitaci
jako virtualni stroj, docker nebo binarni Linux instalaci. Poptipadé je mozZnost ji vy-
zkouset v cloudu, a to na Google Cloud Platform, Microsoft Azure Cloud nebo Amazon
Web Services. Vice informaci lze nalézt na http://sap.com/sap-hana-express.

3 Zavér
Sloupcova in-memory databaze SAP HANA nabizi, kromé vyuziti v podnikovych in-

formacnich systémech, moznosti, které doposud nebyly myslitelné. Rychlost zpraco-
vani dat tak nabizi prostor pro zcela nové aplikace.

Literatura

1. Plattner, H.: A Course in In-Memory Data Management. Springer-Verlag, Heidelberg, 2013.
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Annotation:

Usage of in-memory column-based SAP HANA databases in enterprise information
systems of Data a znalosti & WIKT 2018

Recent hardware achievements and price reduction enabled to build database engines
which store its data in main memory in the column-based form. With such aim, the
performance is significantly better than traditional databases. Classical ERP applica-
tions benefit from its speed. But it also brings new possibilities for completely new
applications which were not possible in the past.



Strojové uceni v Seznam.cz

Vladimir Kadlec
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Londynské ndmésti 856/2, 639 00 Brno

vladimir.kadlec@firma.seznam.cz

Abstrakt. Kazda sluzba, kterou Seznam.cz poskytuje, néjakym zptusobem
vyuziva strojové uceni. V predndsce se dozvite konkrétni piiklady, jak
nam v Seznamu strojové uc¢eni pomahd a proc¢ se bez néj uz nedokdzeme
obejit.

Klicova slova: Strojové uceni - Vyhleddvani - WWW - Seznam.cz

1 Abstrakt

Do vyhleddvaciho policka na Seznam.cz uzivatelé zadavaji denné miliony dotazi
a ocekavaji nalezeni spravné informace ukryté v miliardach webovych stranek.
Strojové uceni je nastrojem, ktery nadm umoziuje automaticky zpracovat ob-
rovské mnozstvi dat a v jednotkach milisekund analyzovat, zda ma danou infor-
maci smysl uzivateli zobrazit ¢i nikoliv. Webova sluzba Mapy.cz v ramci projektu
Panorama poskytuje fotografie z témeétr kazdé ulice v kazdém mésté a vesnici
v Ceské republice. Kazdy rok vzniknou fédové stovky terabajtu fotografi, na
kterych musime anonymizovat obli¢eje kolemjdoucich a registra¢ni znacky au-
tomobilti. Bez strojového uceni by byla tato tloha jen velmi obtizné fesiteln.
Nejen na dvou popsanych sluzbach z portfolia Seznam.cz ukazeme, proc¢ je pro
nas strojové uceni nepostradatelné a kde vsude tento ptistup pouzivame.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 21.






Aplikace ontologického modelu pro potieby
mezinarodniho produktu nad heterogennimi business
daty v souladu s GDPR

Patrik Kompus

Bisnode Ceska republika
patrik.kompus@bisnode.com

Abstrakt. Spole¢nost Bisnode se zabyva sbérem a zpracovanim dat o firmach a
osobach. Diky strategickému partnerstvi s Dun & Bradstreet ma k dispozici in-
formace o 250 milionech spolecnosti z 240 zemi a regionti svéta. Na zéklad¢
téchto dat a analyz Bisnode svym klienttim, prostfednictvim riznych produkti a
sluzeb, poskytuje skoringové hodnoceni firem, které predikuje pravdépodobnost
upadku v nasledujicich dvanacti mésicich, sleduje finanéni zdravi a platebni mo-
ralku firem, stejné tak nabizi efektivni nstroje na proveérovani, ale i vyhledavani
obchodnich partnert. V ramci transformace se Bisnode rozhodl sjednotit své pro-
dukty a sluzby, které nabizi v 18 zemich Evropy, a vytvofit jednu platformu. Vel-
kou vyzvou v tomto ambiciéznim projektu je sjednoceni pojmt a datovych mo-
delti pro zachovani vech detailt specifickych pro jednotlivé trhy. Dalsim poza-
davkem je moznost sledovat tok dat od jednotlivych zdroji az ke klientovi tak,
abychom nabizeli sluzby v souladu s evropskou smérnici GDPR. Pfednaska bude
zaméfena na aplikaci ontologického modelu pro potieby mezinarodniho pro-
duktu nad heterogennimi daty o firmach a osobach z riznych, vefejnych i sou-
kromych zdrojt, kde klicovou roli hraje GDPR.

Kli¢ova slova: ontologie, GDPR, skdringové hodnoceni firem, data o firmach

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 25.






Kyberneticka bezpecnost a GDPR
Data a znalosti & WIKT 2018

Jan Kolouch

CESNET, z.s.p.o.
Zikova 1903/4, 160 00 Praha 6
jan.kolouch@cesnet.cz

Abstrakt. Clinek je zaméfen na nékteré aspekty kybernetické bezpeénosti
v souvislosti i¢innym s obecnym nafizenim o ochran¢ osobnich tdaji (GDPR).
Pozornost je vénovana zejména vymezeni mistni pisobnosti tohoto nafizeni,
definovani osobniho ddaje a jeho vztahu k informa¢nim a komunika¢nim tech-
nologiim. V neposledni fad¢ se ¢lanek vénuje i zpracovani a zabezpeceni osob-
nich tddajt.

Kli¢ova slova: GDPR, osobn{ ddaj, IP adresa, bezpecnost

1 Uvod

Obecné natizeni o ochran¢ osobnich udaji (EU) 2016/679 (anglicky: General Data
Protection Regulation neboli GDPR)' je jednim z vyznamnych mezindrodnich prév-
nich dokumentt, ktery s problematikou kybernetické bezpecnosti bezprostfedné sou-
visi, byt nenf primarn€ cilen do oblasti ICT.

,»GDPR # IT + software.

Nové narizeni o ochrané osobnich tidajit md 778 rddkii a z toho jen 26 se
primo tykd IT bezpecnosti. Mdte predstavu, co obsahuji ty ostatni?

Mgr. Eva Skorni¢kova®

Pravé na GDPR a implementaci povinnosti z tohoto natizeni vyplyvajicich je moZné
demonstrovat tu skutecnost, Ze je vhodné fesit komplexné problematiku bezpecnosti,
a ne umeéle izolovat povinnosti vyplyvajici z riznych pravnich norem (v tomto piipa-

d¢ ze zédkona o kybernetické bezpecnosti a GDPR).

! Dile  jen GDPR. [online]. Dostupné Z: http://eur-lex.europa.eu/legal-
content/CS/TXT/HTML/?uri=CELEX:32016R0679&qid=1488972453767 &from=CS

2 SKORNICKOVA, Eva. Jednoduchy test: Jak jste na tom s pfipravou na GDPR? [online].
[cit. 10. 11. 2017]. Dostupné z: https://www.gdpr.cz/blog/jednoduchy-test-jak-jste-na-tom-s-
pripravou-na-gdpr/

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 25-35.
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Cilem c¢lanku neni provést samostatny a komplexni rozbor problematiky GDPR.
Na tomto mist¢ budou definovany pouze dil¢i pojmy a prdva a povinnosti, které
z GDPR vyplyvaji, a zdroveil maji piesah do oblasti kybernetické bezpecnosti.

Naiizeni GDPR pfedstavuje obecny pravni ramec ochrany osobnich tdaju platny
a ucinny na celém tzemi EU, a v urcitych ptipadech i mimo toto teritorium. Hlavnim
cilem GDPR je zajistit komplexni ochranu prav subjekti udaji proti neopravnénému
zachdzeni s jejich daty a osobnimi udaji; nastolit rovnovdhu mezi opravnénymi zjmy
spravci, zpracovatelll a subjektti idajd; vytvofit systém jednotné vymahatelnosti pra-
va a jednotného sankénfho mechanismu v této oblasti atd.

A€ ochrana osobnich iudajit u nds plati od roku 1992, ac iirad ziizeny zdkonem o

ochrané osobnich iidajii kontroluje povinnosti timto zdkonem uloZené uz témer dveé

desetileti, pro mnohé, kteii si se zdkonem starosti nedélali, jako by §lo o novou
¥ 3

véc.

Listina zakladnich prav a svobod v ¢l. 10 odst. 2 a 3 uvadi:

., KaZdy md prdvo na ochranu pied neoprdvnénym zasahovdnim do soukromého a
rodinného Zivota.“

., KaZdy md prdvo na ochranu pied neoprdvnénym shromaZd’ovdinim, zveiejiiovd-
nim nebo jinym zneuZivanim udajit o své osobé.

Dals{ ochranu osobnich tdaji zajistuje zakon ¢. 101/2000 Sb., o ochrané osobnich
udaju ¢i napiiklad zdkon ¢. 89/2012 Sb., obCansky zdkonik, zdkon ¢. 372/2011 Sb., o
zdravotnich sluzbach a podminkach jejich poskytovadni (zdkon o zdravotnich sluz-
bach), zdkon ¢. 85/1996 Sb., o advokacii, zdkon ¢. 127/2005 Sb., o elektronickych
komunikacich, ve znéni pozdéjsich predpist, aj.

Bylo by tedy teoreticky mozné konstatovat, Ze ochrana osobnich udajt, jakoz i
osob, kterych se tyto udaje tykaji, zde existovala a existuje. Nicmén¢ rychly technolo-
gicky rozvoj a globalizace (zejména dat a sluZeb v oblasti ICT) s sebou nutné pfinesly
nové vyzvy i pro oblast ochrany osobnich udaja.

Rozsah shromazd’ovani a sdileni osobnich idaji praveé diky informaénim a komu-
nika¢nim technologiim a sluzbam, které jsou na né navazany, vyznamné vzrostl. In-
formaéni a komunikaéni technologie umoznuji jak soukromym spolecnostem, tak
orginim vefejné moci vyuZzivat pifi provddéni jejich cinnosti osobni udaje
v nebyvalém rozsahu. Na druhou stranu je také mozné pozorovat masivni dobrovolné
zvefejiiovani osobnich tdaji samotnymi fyzickymi osobami, jichZ se tyto tdaje tyka-
ji.

Informacni a komunikaéni technologie vyrazné zménily ekonomiku i spolecensky
Zivot a mély by usnadnovat volny pohyb osobnich udaji v rdmci Evropské Unie
a predavani téchto tdaju do tietich zemi a mezindrodnim organizacim. Soucasné by
vsak tyto technologie a procesy s nimi spojené mély zajistit vysokou troven ochrany
osobnich tdaji.*

3 GDPR strucne. [online]. [cit. 7.8.2018]. Dostupné Z:
https://www.uoou.cz/gdpr%?2Dstrucne/ds-4843/archiv=0&p1=3938
* Srov. recitdl 6 GDPR
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Diky vySe uvedenému vSak vznikd zajimavy paradox, ktery spociva
v ndsledujicich bodech:

» fyzické osoby samy a dobrovolné o sobé zverejnuji stale vétsi mnozstvi dat
(fotografie, videa aj.), pficemz k distribuci téchto dat typicky vyuZivaji sluzby in-
formacni spole¢nosti, které jsou zaloZeny na EULA® & SLA® mezi uZivatelem a
poskytovatelem sluzby

* nejvice jsou osobni tidaje zveiejiiovany v ramci socialnich siti, které z podstaty
své funkce takovéto zvetejiiovani piedpokladaji a zakotvuji ve smluvnich podmin-
kach pravidla, na zakladé¢ kterych je s takovymito daty zachdzeno

» fyzické osoby pfi vyuzivani Fady sluzeb informacni spolecnosti piredpokladaji
a mnohdy i ofekavaji interakci mezi témito technologiemi a jejich kyberosob-
nosti’

¢ mezindrodni spoleenstvi, stat, ale i fyzické osoby samy vyZaduji vyssi zabezpe-
¢eni osobnich idaji a znemoznéni pfistupu k témto ddajim jinym (zpravidla
neopravnénym) subjektiim, a to vSe za podminky zachovani existence prvnich
tfi bodi tohoto paradoxu.

Diisledek tohoto paradoxu je ziejmy. Poskytovatelé sluzeb informaéni spole¢nosti®
tak musi vénovat vyss{ usili zabezpeceni jednotlivych sluzeb, které koncovému uZiva-
teli poskytuji, vySsi drovni zabezpeceni dat vztahujicich se k uzivateli, modifikaci
stavajicich smluvnich podminek a zavedeni dalSich pozadavki vyplyvajicich
z GDPR.

S EULA (End Users Licence Agreement) je oznadeni pro smluvni podminky, umoZitujici vyu-
Zit{ sluzby daného poskytovatele sluzby. EULA pfedstavuje smlouvu, kterd je zpravidla jedno-
stranné vymezena poskytovatelem sluzby. UZivatel vSak neni nikterak omezovdn na svych
pravech, nebot’ md moznost volby v podobé nevyuZiti takto jednostranné stanovenych smluv-
nich podminek. V piipadé souhlasu s vyuzivanim takovychto sluzeb je mozné obecné konstato-
vat, Ze dojde primarné k aplikaci soukromopravnich norem.

Otédzkou je, zda si uzivatel skute¢né uvédomuje, jaké smluvni podminky odsouhlasil, kdy se
pro néj stdvaji zdvaznymi a jaky mozny (legdlni) zdsah do jeho zdkladnich lidskych prdv a
svobod takto vysloveny souhlas pfedstavuje. Dal§i neopomenutelnou skutecnosti pak je, Ze
takto poskytovand sluzba muze ovlivnit prava a opravnéné zdjmy (napi. bezpecnost IT, divéry-
hodnost dat aj.) tfetich osob (napf. zaméstnavatele aj.), které k vyuzivani pfedmétné sluzby
explicitné souhlas nevyjadiily.

Smutnym faktem zGstdva ta skuteCnost, Ze velmi malé procento uZivatelii je ochotno &ist
smluvni podminky, vztahujici se k té které poskytované sluzbé.

® SLA (Service-level agreement) oznaluje smlouvu sjednanou mezi poskytovatelem sluzby a
jejim uzivatelem.

7 ,.Kyberosobnost* zahrnuje identifikaci osoby na siti, jako je e-mailova adresa, IP adresa, ¢islo
telefonu a dalsi.. Tuto interakci je mozné sledovat p¥i vyuzivani polohovych a geoloka¢nich
sluZzeb (napf. Google maps, Waze, Seznam mapy aj.), nebot’ fyzickd osoba ptedpoklada, Ze ji
bude pocitatovy systém schopen lokalizovat a zobrazit ji nejvyhodné&;jsi cestu. Stejné tak je ona
interakce o¢ekdvana napf. u sluzeb umoziiujicich prodej a nakup zbozi (napf. Letgo — viz
sluzbach (napt. Tripadvisor, Booking.com, Airbnb aj.) aj.

8 Blize viz KOLOUCH, Jan. CyberCrime. Praha: CZ.NIC, 2016, s. 78 a nasl. a s. 109 a nasl.
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2 Mistni pisobnost GDPR

Nékoho by mohlo napadnout, Ze zptisobem, jak se vyhnout GDPR, by bylo pfesunout
se mimo jeho dosah, tedy mimo teritorium EU. Nafizeni GDPR se vsSak uplatni v
ptipadech, kdy je:

e provozovna spravce nebo zpracovatele v EU, bez ohledu na to, zda zpracovani
probihd v EU

 spravci nebo zpracovatelé neusazeni v EU
— zboZi nebo sluzby jsou nabizeny subjektim tdaji v EU (bez ohledu na tplatu)
— monitorovano chovani subjektt tdaji v ramci EU°

Diky takto vymezené mistni ptisobnosti ma GDPR exteritoridlni dosah a de facto se
bude vztahovat na vSechny sluzby informacéni spolecnosti, ke kterym lze ziskat pii-
stup z geografického teritoria EU, nebo které monitoruji chovani subjektt udaja
v ramci EU.

3 Osobni udaj

Osobnim tdajem dle ¢l. 4 odst. 1 GDPR jsou , veskeré informace o identifikované
nebo identifikovatelné fyzické osobé. Identifikovatelnou fyzickou osobou je fyzickd
osoba, kterou lze primo ¢i neprimo identifikovat zejména odkaz na urcity identifikd-
tor, napriklad jméno, identifikacni cislo, lokacni tidaje, sitovy identifikdtor nebo na
Jjeden ¢i vice zvidstnich prvki fyzické, fyziologické, genetické, psychické, ekonomické,
kulturni nebo spolecenské identity této fyzické osoby.

Z vlastniho znéni vySe uvedeného €lanku, ve srovndni s ustanovenim § 4 zdkona
¢. 101/2000 Sb., o ochrané osobnich tdaju vyplyva, Ze doslo de facto jen ke stylistic-
kym, nikoliv vSak obsahovym zméndm. Nicméné to, co GDPR zdsadné zmeénilo, je

v v

rozsiireni okruhu dat a informaci, které je mozné povaZovat za osobni udaje.

Osobnim tdajem je dle GDRP jakakoliv informace (napt. obrazové, pisemné,
slovni, digitalni, genetické, zdravotnické aj.), kterd ma vztah (obsahem — napf. jmé-
no, adresa, pracovni zafazeni, email aj.), k subjektu ﬁdaji’l.lo

Z tohoto pohledu a v souladu s vykladem uvedenym v recitdlech 30, 34, 35, 38
GDPR'! je tfeba za osobni tdaj povazovat: jméno a piijmeni, identifikaéni &islo,
rodné ¢islo, lokaé¢ni tidaje (geo-), vék a datum narozeni, pohlavi, osobni stav, ob¢an-
stvi, sitové identifikatory (IP adresa, identifikatory cookies, radio frequency iden-
tification tags aj.), fotografie, prvky fyzické, fyziologické, genetické, psychické,

°Viz Cl. 3 GDPR — Mistni piisobnost

19 Subjektem idaji je dle ¢l. 4 odst. 1 GDPR identifikovand nebo identifikovatelnd fyzicka
osoba. Subjekt miiZe byt identifikovan:

e piimo

* nepiimo (napf. vybér vyclenénim aj.)

' Recitély jsou ustanoveni predchdzejici vlastnimu textu nafizeni GDPR a jsou v n&kterych
ptipadech vykladem ¢i do jisté miry divodovou zpravou k vlastnimu textu nafizeni.
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ekonomické, kulturni nebo spolecenské identity, osobni ¢i pracovni adresa, osobni
¢i pracovni telefonni ¢islo, osobni ¢i pracovni email, ovéfovaci identifikacni tidaje,

s s

identifikacni ¢isla vydana statem.

Tucn€ vyznacené osobni tidaje maji typicky vztah k informa¢nim a komunika¢nim
technologiim a aplikacim, které tyto technologie vyuZivaji. Rozsiteni okruhu dat, jez
je mozné povazovat za osobni ddaje, vyraznym zpiisobem zasahuje do problematiky
kybernetické bezpe€nosti a zajisténi ochrany dat, kterd jsou spravovédna v dané orga-
nizaci.

Pokud se zamé&ifme na polozku sitovych identifikatori a ovéiovacich identifi-
kac¢nich udaji, zjistime, Ze za osobni idaj miiZe a zi'ejmé i bude povaZovana
fada dat umoziujicich zakladni fungovani pocita¢ového systému v siti.

Velmi Casto byla v praxi diskutovana otdzka - je IP adresa osobnim tdajem?

V této véci je vhodné krom GDPR pfihlédnout i k judikatufe Soudniho dvora EU,
ktery mimo jiné rozhodoval v kauze: Patrick Breyer proti Bundesrepublik Deut-
schland."

Patrick Bayer se u némeckych soudt domdhal, aby Némecko piestalo uchovavat
jeho IP adresy, které ziskalo pfi jeho ,navstévach* né€kolika internetovych stranek
némeckych spolkovych organd, které byly vetejné piistupné. Z pohledu ¢innosti pro-
vozovateli dotéenych webovych stranek se jednalo se o klasické logovani sluzeb
timto ISP nabizenych.

Némecké soudy prerusily fizeni a poloZily pfedbéZnou otdzku soudnimu dvoru EU,
protoZe v dané véci neexistuje jednotny vyklad prava EU. Jde zejména o to, jestli k
tomu, aby né&jaky tidaj byl osobnim tdajem, a tedy identifikoval konkrétni osobu, je
tieba vychdzet z ,,objektivniho“, ¢i ,,relativniho* kritéria. ,,Objektivni* kritérium
znamena, Ze Udaje, jako jsou IP adresy, by mohly byt povaZovany za osobni tidaje
zpracovavané ISP jinych sluZzeb neZz pfipojeni (napf. provozovatelem internetové
stranky), a to i tehdy, pokud by byla schopna identifikovat konkrétniho uzivatele
jen treti osoba (typicky ISP pfipojeni). ,,Relativni* kritérium znamena, ze IP ad-
resy by mohly byt povazovany za osobni idaj u ISP pFipojeni, nebot’ mu umozu-
ji pfesné urcit totoznost uZivatele, ale uZ ne u ISP sluzZeb, ktery disponuje skutecné
pouze adajem o IP adrese a nezna jméno navstévnika.

Soudni dvir EU konstatoval, Ze je nesporné, Ze dynamicka IP adresa nepredstavu-
je informaci o ,,identifikované osobé, nebot’ adresa primo neodhaluje totoZnost
fyzické osoby, kterd je majitelem pocitace, ze kterého byla navstivena internetova
stranka, ani totoZnost jiné osoby, ktera mohla tento pocita¢ pouzivat.

Na druhou stranu vSak Soudni dvir (druhy sendt) také uvedl (ndsledné i rozhodl), Ze
dynamicka adresa internetového protokolu, kterou poskytovatel on-line medial-
nich sluzeb uchovava v souvislosti s pFistupem osoby na internetovou stranku,

12 Blize viz: [online]. Dostupné Z:
http://curia.europa.eu/juris/document/document.jsf?text=&docid=184668 &pagelndex=0&docla
ng=cs&mode=lIst&dir=&occ=first&part=1&cid=1403270
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kterou tento poskytovatel zpfistupnil vefejnosti, pro uvedeného poskytovatele pred-
stavuje osobni idaj ve smyslu ¢lanku 2 pism. a) smérnice Evropského parlamentu
a Rady 95/46/ES ze dne 24.fijna 1995 o ochrané fyzickych osob v souvislosti se
zpracovanim osobnich didajii a o volném pohybu téchto idaju, pokud ma poskytova-
tel k dispozici pravni prostiedky, které mu umoziuji nechat identifikovat sub-
jekt udaja diky dalsim informacim, kterymi disponuje poskytovatel internetové-
ho pFipojeni tohoto subjektu.

Dynamickd IP adresa muiZe byt dle tohoto rozsudku, z 19. f{jna 2016, za urcitych
okolnosti osobnim ddajem.

Dopad té skute¢nosti, ze IP adresa, jakoZto i dalsi sit'ové identifikatory mohou byt
osobnim tdajem, demonstruji na dvou ptikladech.

Na nésledujicim obrazku je mozné vidét komunikaci PC a jednotlivych prvki sité
(AP, DHCP server) a nasledné ptipojeni PC do sit¢.

P p Jméno PC
IP ptipojovaciho MAC adresa PC ..
- uzivatele
prvku uzivatele i
nastavené v OS

(napi. AP aj.)

R IP ptidélené PC
/ /
5@14 15:40:09hcp dhepd: DHCPDISCOVER  from %o Wl-Wl:NN:HM:a (Jan MB13)
via 195.113.219.131

Sep. 415:40:10 dhcp dhepd: DHCPOFFER on 195.113. gEl-206 to ao mE-NN-NN BN &
(Jan MB13) via 195.113. JEB-131

Sep. 4 15:40:10 dhep dhepd: DHCPREQUEST for 195.113. Jllll-206 (78.128.211.148)
from do:HN:HN:H0:HH: 42 (Jan MB13) via 195.113. j 131

IP DHCP

Sep. 4 15:40:10 dhcp dhepd: DHCPACK on 195.113. Il -206 to do:AN:-EN:HN:HN: 4 via
195.113. B 131

Obrézek 1 - DHCP

Pokud se dusledné zaméfime na data (informace), ktera maji vztah k subjektu tida-
ju a jsou jej schopny identifikovat, pak osobnim ddajem v tomto piipadé nebude
pouze IP adresa pfipojovaciho prvku a IP adresa DHCP serveru.

Osobnim tdajem je i teoreticky ¢as daného pozadavku, nebot se jedna o stopu, kte-
rd muze byt zejména v kombinaci s jedine¢nymi identifikatory a dal$imi informacemi,
které servery ziskdvaji, pouZita k identifikaci fyzické osoby." Zarovei se jednd o
velmi podstatnou informaci, nebot’ bez presného ¢asu neni mozné identifikovat komu
(jakému pocitacovému systému) byla pridélena konkrétni IP adresa.

Dalsim ptikladem zobrazujicim rozsah zpracovavani dat, kterd je mozné povazovat
za osobni Udaje, je zpracovani osobnich tidaju pfi odeslan{ emailu skrze SMTP.

13 Bli7e viz recitdl 30 GDPR
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IP PC uzivatele Jedinezng
= — Ovéfeni uzivatele identifikator email uzivatele
as pozadavku
. / / /

B BN :242]:25, delay=0.07, delavs=0"6/0/0.01/0,
1eued as E4ADFD58007F)

1 T LY

Identifikator Pracovni email
- IP Serveru

emailu podpory

Obrazek 2 - SMTP

(s

Pokud se opét disledné zaméfime na data (informace), ktera maji vztah k subjektu
udaji a jsou jej schopna identifikovat, pak osobnim uidajem v tomto piipadé nebu-
de pouze IP adresa serveru.

Pracovni email podpory by mohl byt opét osobnim tdajem, pokud k nému budou
pfifazeny dals{ identifikdtory, které jsou schopné identifikovat fyzickou osobu.

Kli¢ovou otazkou je, zda jsem v ramci veSkerych procestl, které se odehravaji v
pocitacovych systémech (prvcich ICT), které jsou danym subjektem (fyzicka ¢i prav-
nickd osoba) spravovany, schopen rozliSit situaci, kdy dochazi k pfenosu dat ¢isté
mezi pocitacovymi systémy, bez vztahu k jakékoliv fyzické osobé, a kdy uz se do
téchto procesi zapoji fyzicka osoba, jakozZto subjekt idaji dle GDPR.

Osobné se domnivdm, Ze aZ na specifické vyjimky nebudu schopen vyclenit proce-
sy, které se odehrdvaji bez lidské interakce. Na zdklad€ tohoto tvrzeni pak budu nucen
aplikovat pozadavky vyplyvajici z GDPR na veSkeré procesy, pfi nichZz dochdzi
k manipulaci s informacemi, které maji vztah k subjektu tdaji a jsou jej schopny
identifikovat. Zaroven bude tfeba piijmout dostatecnd bezpe€nostni opatfeni, aby byla
dostatecné chrdnéna jak pfenosovd soustava, pocitaCové systémy a aplikace, které
s takovymito informacemi pracuji, tak informace (resp. data) samotna.

Vedle shora uvedenych osobnich tdaji definuje GDPR zvlastni kategorie osobnich
udaji, mezi které patii tdaje o rasovém ¢i etnickém ptvodu, vyznani, politickych
nazorech, Clenstvi v odborech ¢i jinych organizacich, sexudlni orientaci, spachani
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deliktt (trestny Cin/pfestupek aj.) a potrestani za né, genetické tidaje (DNA & RNA),
biometrické udaje, tidaje o zdravotnim stavu.

4 Zpracovani osobnich udaji

Zpracovanim osobnich udaju se dle ¢l. 4 odst. 2 GDRP rozumi jakakoliv operace
nebo soubor operaci s osobnimi ddaji nebo soubory osobnich udajt, ktery je prova-
dén pomoci ¢i bez pomoci automatizovanych postupi, jako je shroméazdéni, za-
znamenani, uspofadani, strukturovani, uloZeni, pfizptusobeni nebo pozménéni, vyhle-
dani, nahlédnuti, pouZiti, zpfistupnéni pienosem, §ifeni nebo jakékoliv jiné zpiistup-
néni, sefazeni ¢i zkombinovani, omezeni, vymaz nebo zniceni.

Ochrana subjektu tdaju se vztahuje na zpracovani osobnich ddajt, pokud jsou tyto
tdaje uloZeny v evidenci nebo do ni maji byt vloZzeny.'

Pojem zpracovani dle GDPR vsak nelze chapat jako jakékoli nakladani s osob-
nim ddajem. Zpracovani osobnich idajui je nutné povazovat jiz za sofistikova-
néjsi ¢innost, kterou spravce s osobnimi tdaji provadi za urcitym uGcelem a z
urtitého pohledu tak &ini systematicky."

Ze zpracovani osobnich tdaji dle GDPR je mimo jiné vyhata ¢innost provadéna
fyzickou osobou v ramci Cisté osobni povahy nebo ¢innosti provadéné vyhradné v
domécnosti, a tedy bez jakékoliv souvislosti s profesni nebo obchodni ¢innosti.'®

V ¢l. 5 odst. 1 pism. a) GDPR jsou stanoveny zasady zpracovani osobnich tidaju.
Mezi tyto zasady dle GDPR patii:

» zakonnost, korektnost, transparentnost [¢l. 5 odst. 1 pism. a) GDPR] — spravce
osobnich tdaju je povinen:
— informovat subjekt tidaji o probihajici operaci zpracovani a jejich icelech
— informovat subjekt tidaju o profilovani a o jeho dtsledcich
— informovat subjekt udajti, pokud jsou osobni udaje ziskdvany od néj, zda je po-
vinen tyto idaje poskytnout, a o dtsledcich jejich piipadného neposkytnuti
— prokazat existenci nejméné jednoho pravniho divodd pro zpracovani
osobnich udaji
— dokumentovat (co, jak, pro¢ zpracovava; souhlas a zdkonny divod; ¢as, po kte-
ry zpracovavd; prijaté zaruky a bezpecnostni opatieni)
¢ omezeni ucelu [Cl. 5 odst. 1 pism. b) GDPR] — osobni ddaje musi byt shromazdo-
vany pro urc€ité, vyslovné vyjadiené a legitimn{ ucely a nesméji byt déle zpracova-
vany zpusobem, ktery je s t€émito tcely neslucitelny,
¢ minimalizace tddaji [¢l. 5 odst. 1 pism. ¢c) GDPR] — osobni tdaje musi byt pfimé-
fené a relevantni ve vztahu k dcelu, pro ktery jsou zpracovavany,
e presnost [Cl. 5 odst. 1 pism. d) GDPR] — osobn{ tidaje musi byt pfesné a v ptipadé
potieby aktualizované; musi byt pfijata veSkerd rozumna opatieni, aby osobni tda-

14 Viz recitdl 15 GDPR

'S Blize viz Zdikladni prirucka k GDPR. [online]. [cit. 7.8.2018]. Dostupné z:
https://www.uoou.cz/zakladni%2Dprirucka%2Dk%2Dgdpr/ds-4744/archiv=0&p1=3938

16 Viz recitdl 15 GDPR
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je, které jsou nepiesné s prihlédnutim k dceldm, pro které se zpracovavaji, byly
bezodkladné vymazany nebo opraveny,

* omezeni uloZeni [Cl. 5 odst. 1 pism. €) GDPR] — osobni tdaje by mély byt uloZeny
ve form¢é umoziujici identifikaci subjektu idajui jen po nezbytnou dobu pro dané
ucely, pro které jsou zpracovavany,

¢ integrita a duvérnost [Cl. 5 odst. 1 pism. f) GDPR] — osobni tidaje musi byt zpra-
covavany zpusobem, ktery zajisti nalezité zabezpeceni osobnich udaji, véetné
jejich ochrany pomoci vhodnych technickych nebo organiza¢nich opatieni
pred neopravnénym ¢i protipravnim zpracovanim a pied nahodnou ztratou,
zni¢enim nebo poskozenim technické a organiza¢ni zabezpeceni osobnich tida-
ju.

5 Zabezpeceni osobnich udaju

Jednou z oblasti, které se GDPR explicitné vénuje, je i problematika zabezpeceni
zpracovani osobnich tdaju.

V ¢l. 32 GDPR je uvedeno, Ze spravce (piipadné zpracovatel) musi s piihlédnu-
tim ke stavu techniky, ndkladiim na provedeni, povaze, rozsahu, kontextu a uceliim
zpracovani i k rizné¢ pravdépodobnym a rtzné zdvaZnym rizikim pro prdva
a svobody fyzickych osob, pFijmout vhodna technicka a organiza¢ni opatieni, aby
zajistili iroven zabezpeceni odpovidajici danému riziku, piipadné véetné:

* pseudonymizace a Sifrovani osobnich ddaji

* schopnosti zajistit neustdlou ddvernost, integritu, dostupnost a odolnost systému
a sluzeb zpracovani

* schopnosti obnovit dostupnost osobnich tdaji a pfistup k nim vcas v pifpadé fy-
zickych ¢i technickych incidentd

» procesu pravidelného testovdni, posuzovani a hodnoceni tucinnosti zavedenych
technickych a organiza¢nich opatfeni pro zaji$téni bezpecnosti zpracovani

., PFi posuzovdni vhodné tirovné bezpecnosti se zohledni zejména rizika, kterd
predstavuje zpracovdni, zejména ndhodné nebo protiprdvni znicent, ztrdta, pozméno-
vdni, neoprdvnéné zpristupneni preddvanych, uloZenych nebo jinak zpracovdvanych
osobnich iidajii, nebo neoprdavnény pristup k nim. "’

Pti urCovani rizika je tfeba vychdzet zejména z kategorie osobnich udajd, které by

mohly byt porusenim zabezpeceni dotceny, charakteru poruseni zabezpeceni a poctem
dotcenych subjektl idaji. Vyssi riziko pfedstavuji ,citlivéjsi* osobni udaje (viz napf.
zvlastni kategorie osobnich tidajl), rozsahlejsi soubor osobnich udajt, piipadné tdaje,
jimiz Ize zptsobit subjektu tidaji djmu ¢i zdsah do jeho prav.
Dle ¢l. 32 odst. 4 GDPR pfijmou spravce a zpracovatel opatieni pro zajisténi toho,
aby jakdkoliv fyzickd osoba kterd jednd z povéfeni spravce nebo zpracovatele a ma
piistup k osobnim tudajim, zpracovéavala tyto osobni ddaje pouze na pokyn spravce,
pokud ji jejich zpracovani jiz neuklada pravo Unie nebo ¢lenského statu.

17 ¢1. 32 odst. 2 GDPR
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6 Zavér

Vlastni natfizeni GDPR obsahuje i dal$i instituty (napf. pseudonymizace, poZadavky
na vymaz ¢i prenositelnost osobnich tdaji aj.), které se mohou vztahovat k ¢innosti,
jez je provadéna v ramci informacnich a komunikacnich systému, a které vyZaduji
ndleZitou droven zabezpeceni a ochrany.

Podstatné je identifikovat vliv (dopad) GDPR na organizaci, na jeji jednotlivé Casti
a procesy. De facto jde o provedeni auditu, kde vSude v organizaci, piipadn€ u jednot-
livce se pracuje s osobnimi udaji ve vztahu ke GDPR. Nasledn€ postup spociva
v modifikaci ¢i tvorbé€ pravidel a procest (pokud je to tfeba) jak uvnitf organizace, tak
ve vztahu k subjektu udaju. Veskera tato ¢innost by soucasné méla respektovat za-
kladni principy bezpecnosti.

Stejn€ jako pii zavadéni bezpecnostnich pravidel obecné€, tak pfi implementaci
GDPR ¢i jinych dokumentti a doporuceni je tieba si uvédomit, Ze neexistuje jedno
pravidlo, vzor, ndstroj, feSeni ¢i postup aplikovatelny pro kazdou organizaci a kazdou
situaci ¢i kaZdou organizaci.

Je tfeba pfijmout a implementovat vlastni feseni v souladu s GDPR.

Je tfeba individualizovat...
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this Regulation, the definition of personal data and its relation to information and communica-
tion technologies. Last but not least, the article deals with the processing and security of per-
sonal data.
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Abstrakt. Ve zvané prednasce budou popsany teoretické i praktické pistupy
k vymezeni oblasti spravy dat jako samostatné oblasti fizeni s vlastni strategii
a definovanymi procesy, rolemi, odpovédnostmi a samostatnymi néstroji. Sou-
casné bude diskutovan vztah procest a roli zaméfenych na spravu dat ve vztahu
k informatickym procestim a rolim.

Kli¢ova slova: sprava dat, procesy, role, architektura, fizeni IT.

1 Uvod

V poslednich letech se vétSina podniki i instituci vice ¢i méné zabyva daty zejména
pod vlivem nafizeni [1] o ochranné fyzickych osoba v souvislosti se zpracovanim osob-
nich daji a o volném pohybu téchto udaju (zkracené GDPR) a ptipadné pod vlivem
dalsiho ptipravovaného natizeni [2] o respektovani soukromého Zivota a ochrané osob-
nich udaji v elektronickych komunikacich. A pfestoze jsou data jednim z nejcennéjSich
aktiv, tak v malokterém podniku a instituci nalezneme data dostate¢né dokumentovana,
natoz aby byla sprava dat rozliSovana jako samostatné fizena oblast, ktera ma jasné
vymezené procesy, role, odpovédnosti a standardy.

Jiz n&kolik let se ma pti zaméru budovat informaéni systém v CR v oblasti vetejné
spravy [3], [4] nejprve vytvotit podnikova architektura. V roce 2016 byl piedstaven
Narodni architektonicky plan, ktery je dle [5] chapan jako ,,soubor architektonickych
dat (modeliy) a diagramii, udriovanych spolecné odborem Hlavniho architekta
eGovernmentu na Ministerstvu vnitra a jednotlivymi orgdny verejné moci“ a v meto-
dickém dokumentu [6] byly definovany pohledy na architekturu pro vyplnéni formu-
late, kterymi organy vefejné moci zadaji 0 souhlas u odboru Hlavniho architekta
eGovernmentu. Tato metodika [6] definuje nasledujici pohledy:

e na arovni byznys architektury pohledy ¢innostnich funkci a sluzeb vetejné spravy,

e na arovni aplika¢ni architektury pohledy struktury aplikaci a komunikace aplikaci,

e na urovni technologické / platformové architektury pohled struktury IT technolo-
gické / platformové architektury,

e na rovni komunika¢ni / sitové architektury pohled struktury komunikaéni / sitové
architektury,

e pohled sluzeb v Ctyfvrstvé vizi architektury vetejné spravy.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 37-41.
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Podivame-li se na uvedené pohledy pouzivané k modelovani podnikové architek-
tury, vidime, ze mezi uvedenymi pohledy chybi pohled zaméfeny na popis datové ar-
chitektury. To jenom dale podtrhuje skute¢nost, Ze pfestoze jsou data klicovym akti-
vem, tak 1 pfi zvazovani zamérti na budovani informaénich systému ve vefejné spraveé
CR neni zatim vyzadovano se zabyvat jejich systematickym popisem a modelovanim
na trovni podnikové architektury.

2 Sprava dat, datova architektura a standardy

Mezi hlavni kli¢ové standardy v oblasti spravy dat jsou fazeny zejména publikace The
DAMA Guide to the Data Management Body of Knowledge [7] a Queensland Govern-
ment Information Management Policy Framework Definitions [9].

Sprava dat je v souladu s [7] chapana jako tvorba a provadéni politik, projekti, pro-
cest, praktik ¢i procedur, prostfednictvim kterych jsou zajistény fizeni, ochrana, do-
davka a zvySovani hodnoty dat a informacnich aktiv.

Nékteré standardy (naptiklad [8]) rozlisuji a popisuji informac¢ni cyklus, kdy byznys
proces (podporovany informatickymi procesy a sluzbami) vytvaii a zpracovava data,
ktera jsou nasledné transformovana na informace a tyto jsou dale transformovany na
znalosti, které pak vytvaii hodnotu, kterou vyuziva opét byznys proces. Ale v tomto
ptispévku se budeme vénovat pouze sprave dat.

Sprava dat obsahuje (upraveno dle [7]) nasledujici oblasti:

— strategické fizeni,

— fizeni datové architektury,

— potizovani, provoz a udrzba dat, poskytovani dat, skartace dat,

— fizeni bezpecnosti dat,

— fizeni referen¢nich dat a master dat,

— datové sklady a business inteligence,

— sprava dokumentt a obsahu,

— fizeni nakladt a pfinost dat,

— fizeni kvality dat,

— fizeni metadat.

Architektura v podnikové informatice (také podnikova architektura) je dle [10]
~Chapana jako pristup, koncept, prostiedek a nastroj, kterym vyjadiujeme fundamen-
talni usporadani vztahu mezi byznysem a jeho informacnim systémem, které vede k na-
plnéni mise organizace, pricemz respektuje okolni prostredi a konzistentné dodrzuje
formulované principy navrhu a rozvoje systému *.

Datova architektura je jednou z diléich architektur podnikové architektury [11]
a mé¢la by obsahovat:

— datovy model — na konceptualni tirovni,

— zachyceni vazby na dal$i irovné modelu (logicky a fyzicky),

— zachyceni vazby prvki datové architektury na prvky dalich architektur (byznys

procesy, sluzby, aplikace, technologie, ...).
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Prvky datové architektury v notaci ArchiMate dle [6] pouZité ve vazbé na byznys, apli-
kaéni a technologickou architekturu jsou znazornény na obrazku ¢. 1.

3

Byznys architektura |
Objekt
(Byznys objekt)
23
Aplikacni architektura l ! <realizuje>
Datovy objekt
o2
Technologicka architektura | | <realizuje>
Artefakt ]

Obr. 1. Prvky datové architektury ve vazbé na dalsi architektury

Implementace standardu v oblasti spravy dat

Popisovany postup zavedeni systematického pfistupu k fizeni spravy dat byl realizovan

v prostiedi velké organizace v oblasti vefejné spravy. Organiza¢né jiz pted zahajenim

praci bylo oddéleno fizeni informatiky od fizeni spravy dat. Nebyly vSak definovany

procesy, jejich vystupy a nebyly vymezeny prava a odpovédnosti jednotlivych atvari.
Postup definovani procesti a odpovédnosti byl rozdélen do nasledujicich kroku:

1) Stanoveni cila projektu

2) Analyza stavajicich fidicich dokumentt a dostupnych standardt

3) Navrh a ptizptisobeni oblasti tizeni spravy dat. Implementovany byly nasledujici
oblasti spravy dat:

a)
b)
c)
d)
e)
f)
9)
h)

Strategické tizeni spravy dat

Rizeni datové architektury

Tvorba a Gdrzba metodiky spravy dat
Potizovani, provoz, udrzba a poskytovani dat
Rizeni kmenovych dat a &iselnikt

Rizeni metadat

Rizeni kvality dat

Rizeni bezpeénosti informaci

Pro kazdou uvedenou oblast v ramci fizeni spravy dat byly stanoveny cile oblasti
a byla provedena dekompozice na podoblasti a skupiny ¢innosti, ke kterym byly
specifikovany vstupy, vystupy a odpovédnosti roli a utvart.
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4) Nasledné byl vytvoteny fidici dokumenty pro ,,uzakonéni“ nové definovanych pro-

cesl:

a) upravy organiza¢niho fadu,

b) navrh smérnice upravujici celou oblast spravy dat,

C) vytvofeni a upravy pracovnich pokyni a standardti upravujicich zptsob pro-
vadéni vybranych skupin ¢innosti, zejména ve vztahu k dodavatelim aplikaci.

5) Skoleni dotéenych utvarti a roli

6) Rozvoj a implementace nastroju pro podporu vybranych oblasti:

a) zachyceni datové architektury (konceptualni a logické modely),

b) sprava a fizeni metadat — budovani datového Katalogu, ktery je propojen na
datové katalogy jednotlivych databazi,

c) fizeni datové kvality, kdy v nastroji jsou evidovany pro jednotlivé datové ob-
jekty pozadavky na datovou kvalitu, vysledky realizovanych testti, navrho-
vana opatieni a jejich vyhodnoceni.

7) Vytvofeni Strategie v oblasti spravy dat do roku 2020. Strategie obsahovala nasle-

dujici ¢asti:

a) poslani a vize spravy dat,

b) strategické cile spravy dat,

€) zhodnoceni sou¢asného stavu spravy dat,

d) definovani cilového stavu spravy dat a formulace pozadavku,

e) dil¢i cile, terminy a kliCové ukazatele dosaZeni cil.

Cely uvedeny postup byl rozlozen do tii let. Na definovani a implementaci procesi

v oblasti spravy dat se podilelo deset osob z utvaru zodpovédného za spravu dat. Dale

se ptipominkovani vybranych vystupt a diskusi ohledné rozdéleni kompetenci tGcast-

nilo pét pracovniki za Gtvar zodpoveédny za tizeni informatiky.

Mezi nejvice feSené problémy patiily zejména:

e oddéleni spravy dat od informatickych procest, vybér a nastaveni jednotlivych ob-
lasti, podoblasti a skupin ¢innosti v rdmci spravy dat,

e rozdéleni prav a odpovédnosti za oblast spravy dat mezi Gtvar spravy dat a utvar
informatiky,

e vyjasnéni roli, kdy z pomérné velkého seznamu roli byly nakonec implementovany
pouze role spravce dat, vlastnik dat, vlastnik procesu. VSechny ostatni odpovédnosti
nebyly feSeny rolemi, ale byly pfidéleny pfimo na jednotlivé utvary.

4 Zavér

Popisovany projekt je zatim v Ceské republice ojedinély a pritkopnicky. Ale v kontextu

soucasnych trendi, kdy stale vice ¢asti informatického feSeni (sluzba, software, apli-

kace, infrastruktura) je outsourcovano, resp. poskytovano jako sluzba, a dokonce v po-
mérné Sirokém i dlouhém dodavatelském fetézci, bude na jasném vymezeni procest

spravy dat stale vice zalezet. Souc¢asné bude nutné i diky stale rostoucim legislativnim
pozadavktm fidit datovou architekturu a jeji vazby k ostatnim architekturam.

Podékovani: Tento ¢lanek byl zpracovan za podpory prostiedki dlouhodobého kon-
cepcniho rozvoje védy a vyzkumu Fakulty informatiky a statistiky Vysoké skoly eko-
nomické v Praze.
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Abstrakt. V dne$nim svété multimodelovych databazi integrujeme databaze
vyjadiené v riznych datovych modelech. Aktualni je integrace relacnich a
NoSQL databazi. Cilem ¢lanku je ukdzat moznosti integrace relacnich a grafo-
vych databazi (GDB) pomoci funkcionalniho datového modelu a jeho formal-
niho jazyka - typovaného A-kalkulu (jazyk LT). Pfedpokladame, Ze existuje
databazové schéma jak pro relacni databazi tak pro GDB. Relace jsou uvazo-
vany jako charakteristické funkce a atributové grafy jako mnoziny jednohodno-
tovych, n-ticovych a vicehodnotovych funkci. Dotaz nad takovou integrovanou
databazi je pak mozné vyjadfit vyrazem LT. Grafova ¢ast dotazu se transfor-
muje do dotazovaciho jazyka GDB, rela¢ni pak napi. do SQL. Uzivatelsky pfi-
vetivéjsi verze této dotazovaci podmnoziny LT by v praxi mohla slouzit jako
ucinny nastroj pro vyhledavani nad timto typem multimodelové databaze.

Klicova slova: grafové databaze, relacni databaze, integrace databazi, funkci-
onalni datovy model

1 Uvod

NoSQL databaze rostou v popularité zejména pro aplikace v oblasti Big Data. Vy-
znamnou kategorii NoSQL databazi jsou grafové databdze (GDB) [8]. GDB jsou
zalozeny na teorii grafl, pouzivaji uzly, viastnosti a hrany. Uzel reprezentuje entitu,
jako je Uzivatel, Film, Objekt, orientovana hrana pfedstavuje vztah mezi dvéma uzly,
napt. Je_pfitelem, Kdo_kupuje_co atd. Oznackované uzly a hrany mohou mit rtizné
vlastnosti (atributy) dané pary klic-hodnota. Mezi dvéma uzly mize existovat vice
hran. Atributovy graf je pak multigrafem. GDB miZe byt bud’ jeden graf nebo mno-
7ina grafi. Uvazovat budeme prvni kategorii. Grafové SRBD (GSRBD) se ukézaly
jako velmi t¢inné a vhodné pro mnoho ptipadii vyuziti dat, kde vztahy hraji klicovou
roli. Dotazovani je pak aktudlnim problémem v aplikacich vyuzivajicich GDB.
Vzhledem k tomu, Zze kazdd NoSQL databidze ma své vlastni API a typicky ne-
podporuje standardy jako SQL a JDBC, integrace téchto systémul s podnikovymi da-
tabazemi ¢i reportovacim softwarem vyzaduje dal$i usili. Problémem je integrace
relacnich databazi a NoSQL databazi, tj. NoSQL databdze jsou uvaZovany
v kontrastu s relacnimi produkty. Jsou vSak mozné i jiné pfistupy, napi. funkcionalni
ptistup. Koncem 80. let existoval funkcionalni jazyk DAPLEX [9]. Jazyk umoziioval
pouze vnofené aplikace funkci. Funkcionalni pfistup lze snadno uvazovat v prostredi

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 43-48.



44 Integrace relaénich a grafovijch databdzi funkciondlné

GDB. Z GSRBD mizeme zminit Gremlin' - funkcionalni grafovy dotazovaci jazyk
vyvinuty Apache TinkerPop, ktery umoziuje vyjadtit slozity prichod grafem. Rada
praci vyuzivajicich funkcionalni pfistup ke spravé dat je obsazena v [2]. PouzZijeme
funkcionalni pfistup, ve kterém je atributovy graf reprezentovan funkcemi - atributy.
Inspiraci lze nalézt v databazovém modelu HIT (napt. [3]), jako funkcionalni alter-
nativy E-R modelu. Funkce budou jednohodnotové, vicehodnotové a n-ticové. Jako
manipulacni jazyk lze pouzit typovany A-kalkul. Cilem ¢lanku je piedstavit funkcio-
nalni pfistup k modelovani relaci a atributovych grafi. Diskutovany jsou moznosti
integrace na Urovni spole¢ného dotazovaciho jazyka.

V sekei 2 se zabyvame funkcionalnim pfistupem k modelovani a dotazovani dat
pomoci typovaného A-kalkulu. Je ukazano, jak funkcionalné chapat atributové grafy
a databazové relace. Pouzitelnost jazyka pro integraci RDB a GDB je diskutovana v
sekcei 3. Sekce 4 podava zavéry a navrhy pro budouci vyzkum a vyvoj.

2 Funkcionalni pristup k datovému modelovani

Nas funkcionalni ptistup je zalozen na typovém systému. Budeme pouzivat elemen-
tarni typy a dva strukturované typy. Typované funkce vhodné pro modelovani real-
nych datovych objektd jsou atributy vnimané jako empirické typované funkce, které
jsou popsany vyrazem prirozeného jazyka [3]. Ptistup byl studovan hlavné v 90. le-
tech v kontextu konceptudlniho modelovani databazi (viz napt. [4]).

Predpokladame existenci nekterych (elementarnich) typii Si,...,S¢ (k>1) tvoricich
bazi B. Slozitgjsi typy jsou konstruovany nasledujicim zpsobem.

Pokud S, Ri,...,R. (n>1) jsou typy, pak

(1) (S:R1,...,Rn) je (funkcionalni) typ,
(1) (Ri,-..,Rn) je (n-ticovy) typ.

Mnozina typii T nad B je nejmensi mnozina obsahujici viechny typy z B a ty od-
vozené pomoci (i) - (ii). Kdyz jsou S; v B interpretovany jako neprazdné mnoziny,
pak (S:Ri,...,R,) oznaCuje mnozinu vSech (totalnich nebo parcialnich) funkci z
Ri%..xR, do S, (Ri,...,Rn) 0znacuje kartézsky soucin R;X...XR,. Znaceni A/t tika, ze
objekt 4 je typu . O 4 je pak mozné fici, zZe jde o t-objekt.

Tento zcela obecny aparat umoziuje definovat slozité strukturované typy. Pro na-
Se databazové aplikace jsou podstatné elementarni typy a omezeni na strukturalni
slozitost na nich vybudovanych funkci. Pro popis databdzovych objektti vystacime
s funkciondlnimi a n-ticovymi typy, u kterych S a R; jsou pouze elementarni typy.

Mezi elementarnimi typy predpokladdejme String, Number a typ Bool = {TRUE,
FALSE}. Bool umoziiuje modelovat mnoziny a relace jako unérni resp. n-arni cha-
rakteristické funkce typu (Bool:Si,...,S5,) (n>=1). Logické spojky a predikaty jsou
rovnéz typované funkce, napt. and/ (Bool: Bool, Bool), podobné i kvantifikatory.
Aritmetické operace jsou priklady (Number: Number, Number)-objektt,
COUNTSs/((Number:(Bool:S)).

! https:/tinkerpop.apache.org/gremlin.html
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2.1  Atributové grafy funkcionalné

Necht B = {Uzivatel, Film, U _ID, Jméno, Rok_n,...}. Vyraz "filmy hodnocené uzi-
vatelem" oznacuje ((Bool: Film): Uzivatel) - objekt, tj. (parcialni) funkci f; Uzivatel
— (Bool: Film). Baze B obsahuje deskriptivni a entitni typy. Pro GDB mizeme en-
titni typy chapat jako mnoziny ID uzld. Deskriptivni jsou String, Number a Bool.

Pojem atributu pouzity v GDB miize byt omezen na atributy typd (R:S) a
((Bool:R):S), kde R a S jsou typy entit. Vlastnosti popisujici typy entit mohou byt
typt ((S,...,Sm):R) (m>1), kde S;i jsou deskriptivni elementarni typy, R je typ entit.
Hrany pak Ize v atributovych grafech definovat pomoci typa ((Si,..., Sm, R1): R2) nebo
((Bool: Si,..., Sm, R1): R2) (m>0).

Film
Hodnoceni
Titul Hvezdick
— Rezisér ey
Nabizi_do Natoden K
Datum — FOF | Film/((Titul, Rezisér, Natocen):Film)
| % Uzivatel/((U_ID, U_Jméno, Rok_n):Uzivatel)
\ — ! Casopis/((Adresa, Vydavatel):Casopis)
\ 1
Gasopis \ Yzivatel “«—L FOF/((Bool:Uzivatel): Uzivatel)
Vydavatel | u-b Hodnoceni/((Bool:Hvezdicky, Film):UzZivatel)
U_Jmeéno P < N
Adresa Rok 1 Nabizi_do/((Datum, Casopis):Uzivatel)
Obr. 1. Databazové schéma GDB Filmy Obr. 2. Funkcionalni schéma GDB Filmy

A¢ NoSQL databaze vétSinou nepouzivaji databazové schéma, zde musime mit ty-
to struktury k dispozici. V modelu zavedeném v [5] je schéma GDB opét vyjadieno
atributovym grafem (obr. 1 — schéma Filmy). Orientované hrany oznacuji funkcio-
nalni typy vztahi mezi uzly (typy entit). Dvojita Sipka prozrazuje vztah 1:N mezi
dvéma typy uzli. Miize existovat i vice typt hran daného typu mezi dvéma typy uzld,
tj. GDB je pak multigrafem. Ekvivalentni vyjadieni schématu Filmy ve funkcional-
nim modelu je na obr. 2.

Vsimnéme si, ze v tomto databdzovém modelu maji jak uzly, tak hrany pevny po-
¢et vlastnosti. Vlastnosti uzli i hran jsou modelovany velmi jednoduse, tj. jejich
mnozina je specifikovana n-tici. To mize byt ptilis striktni ve svété NoSQL databazi.
Na druhé strané vlastnosti jsou atributy — parcialni funkce. To znamen4, Ze pro né-
které uzly resp. hrany GDB nemusi byt definovany. Pfidavani vlastnosti 1ze technic-
ky fesit napf. dynamickym rozsifovanim schématu GDB v zavislosti na vstupujicich
hodnotach novych vlastnosti do GDB. Odstraiiovani vlastnosti ze schématu neni
nutné. V limitnim pfipadé dand vlastnost nemusi nabyt hodnoty na zadném uz-
lu/hrané aktualni GDB. Pro GDB je pak mozné hovotit o rozsiritelném databazovém
schématu. Relativné neménnou ziistava jeho Cast tykajici se grafové struktury, dyna-
micka cast se tyka vlastnosti.
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2.2 Relace funkcionalné

Ve svété RDB, jsou jako elementarni typy S; pouzity (relacni) atributy 4;:D;. S; jsou
pro kazdy typ relace R neprdzdné mnoziny hodnot, S; # S pro i # j. R je
v uvazovaném typovém aparatu (Bool:S\, ..., Sm)-objekt (m=0).

Uvazujeme RDB s relacemi Herec(Jméno, Titul, Role) a Film(Titul, Nato¢en, Re-
Zisér, Zanr), tj. ve funkcionalni piistupu atributy

Herci/(Bool:Jméno, Titul, Role),
Filmy/(Bool:Titul, Natocen, Rezisér, Zanr).

Vsimnéme si, ze informace o primarnich kli¢ich relaci (podtrzené atributy v jejich
schématech) se v atributovém vyjadieni ztraci.

2.3 Typovany A-kalkul

DML pro funkce je tradiéné typovany A-kalkul (jazyk termii — LT), ktery se sklada
z konstant, proménnych, aplikaci funkci, n-tic termi a A-abstrakci. Termy jsou typo-
vané. Je-li term M/(Ry,...,Ry), pak komponenty M[1],...,M[n] jsou rovnéZ termy.

Jazyk LT s aplikacemi funkci, A-abstrakcemi a komponentami poskytuje silny na-
stroj pro dotazovani nad GDB [6]. Dulezitou je A-abstrakce. Umoziiuje vytvaret
mnoziny (relace) jako argument dalSich funkci, napt. UNION, COUNT apod. Napt.
dotaz "Najdi nazvy filma natocenych Spielbergem" Ize vyjadrit termem

At (3 m, n Film(m)(¢, Spielberg’, n) )
typu (Bool:Titul). Dotazovani nad typovanou RDB pfipomina doménovy relacni kal-
kul. Napft.

A n (Vt (3 re, g Filmy(t, re, *Spielberg’, g) implies 3 ro Herci(n, t, r0))) (2)

vyjadiuje dotaz "Najdi herce, ktefi hraji v kazdém filmu reziséra Spielberga."
Bez ohledu na vyjadfovaci silu, LT termy nejsou moc uzivatelsky ptivétivé. Jak

MR

Castecné fesit tento problem, naznacuji tyto verze dotazt (1) a (2):

by tTi’“l(E] mFilm FiIm(m Fz'lm)(tTitul ’Spielberg ’Reiisér))

by nJméno (vtTitul (F”my(tTitul’ ’Spielberg’Rez’isér) implies Herci(nj’”é”", tTitul)))
Eliminovali jsme existen¢ni kvantifikatory a odpovidajici proménné, tykajici se pou-
ze jedné aplikace funkce. Explicitni informace o typu proménné také usnadnuje ¢teni
vyrazu dotazu. Komponenty n-tice rovnéz neni nutné provadét pozici, ale jménem

vlastnosti/typu uzlu. Misto Film(Id4)[1] je Citeln&jsi vyraz Film(Id4). Titul.
Dotazy lIze tedy vyjadiovat vhodnymi termy konstruujicimi mnoziny, relace, n-

by mohlo jit o grafy. Napft. term dotazu
A ui A up (FOF(ui)(u2) and UzZivatel(uz).Rok_n > 2000)

je typu ((Bool:Uzivatel):Uzivatel). Jde o vicehodnotovou funkci pfifazujici kazdému
uzlu typu UZivatel mnozinu uzlli typu UZivatel s vlastnosti Rok n > 2000. Jinymi
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slovy feceno, odpovédi na dotaz je jisty graf s hranami, které ovSem nemayji prifaze-
nou zadnou znacku.

3 Integrace relaci a atributovych grafi

Kniha [1] nabizi tfi zpisoby integrace dvou riznych svéti - relacnich a NoSQL da-
tabazi: nativni, hybridni a redukujici na jednu moznost (rela¢ni nebo NoSQL). K
integraci existuji riizné ptistupy [6]:

polyglotni perzistence,

multimodelovy ptistup,

viceturoviiové modelovani,

NoSQL relaéné a model konverze schématu s naslednym prevodem dat.

Pro integraci RDB a GDB funkcionaln¢ je nejblizsi viceuroviiové modelovani. To
obecné zahrnuje pristupy jako

a) specidalni abstraktni model,
b) NoSQL-on-RDBMS, ¢i
c) integraci ontologii.

Nas piistup je blizky pfistupu a), kde vychozim modelem je funkcionalni datovy
model. Vzhledem k tomu, ze funkcionalni modelovani grafi poskytuje spise hybrid
mezi konceptualnim a databazovym schématem, je relevantni i pfistup c). Dotazy v
LT odeslané do integrovaného systému jsou pielozeny do dil¢ich dotazii kompatibil-
nich s RDB (napt. SQL) a GDB (napt. Cypher z Neo4j [8]).

Na urovni dat jsou odpovidajici databaze obecné heterogenni. Elementarni typ 7i-
tul filmi nemusi byt stejny jako doména atributu Titu/ relace Film. Pfedpokladat by
se mohl jejich neprazdny prinik. Pro integraci obou schémat je proto nutné alespon
pfejmenovat nékteré atributy a/nebo relace (zde Film). V rela¢nim schématu pouzi-
jeme Filmy. Pak,

by uUiivatel, gZénr, nNumber(nNumber:COUNTFilm (7\. mFilm (HodnocenI'(uUiivatel)(mFilm) and
3 flind (Titul Fi|m(mFilm).tTi’”l: sTitl and FiImy(sTm", gZénr))
)
)

vyjadiuje dotaz "Najdi pro kazdého uzivatele a zanr pocet recenzi, které v zanru
provedl". Odpovédi na dotaz bude ternarni relace kombinujici ID uzlt (Uzivatel),
hodnoty rela¢niho atributu (Zinr) a odvozené hodnoty (Number).

4 Zavéry

V piispévku jsme se zaméfili na GDB s atributovym grafem v integraci s RDB
pomoci funkcionalniho pfistupu.
Soucasné vyzvy pro databazovy vyzkum takové infrastruktury zahrnuji:
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e nalezeni vhodné a dostateéné silné podmnoziny LT pokryvajici pozadavky dota-
zovani GDB integrované s RDB,

e vyvoj silné a uzivatelsky piivétivé verze dotazovaciho jazyka zalozeného na LT,

e vyvoj prototypu vyuzivajiciho RDB a Neo4j GSRBD pro zdrojové databaze.

Dalsi téma je navrh a implementace softwarového prostiedku pro navrh rozsititel-
ného databazového schématu pro GDB v kontextu existujiciho GRBD.
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part of the query is transformed into the GDB query language, the relational part
then into, e.g., SQL. A more user-friendly version of the query subset of LT could in
practice serve as an effective search tool for this type of multimodel database.
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Abstrakt. Znalost dotazovaciho jazyka SPARQL je jednou z klicovych
dovednosti pro praci s propojenymi daty na webu. Pro jeho vyuku na
VSE v Praze postupné vznikaji dva néstroje: interaktivni cvicebnice
SPARQLab a graficky katalog dotazovych vzoru PatRQL implemento-
vany ve formé obohacené myslenkové mapy.

Klicova slova: SPARQL, sémanticky web, cvi¢ebnice, vzor

1 Uvod

Jazyk SPARQL je v soucasnosti jednim z hlavnich ndstroji, pomoci kterych
lze ve webovém prostiedi prozkoumévat a zpracovavat strukturované publi-
kovand data. Pro jeho vyuku jsou dostupné kvalitni ucebnice typu Learning
SPARQL [2], umoznujici seznamovat se s jazykem krok za krokem, véetné dil¢ich
cviceni. f]pln}'f seznam moznosti podavaji oficialni specifikace véetné referencénich
prirucek vydanych jako standardy W3C.[1] Z4dny z téchto zdroji ale sém o sobé
nezajistuje uzivateli moznost aktivné si formulovat své pokusy o dotazy a po-
rovnavat je s vzorovym spravnym fesenim,* i kdyZz interaktivitu lze ¢dstecné
simulovat na drovni prezentace odkazujici na dotazovaci rozhrani tetich stran;
takto funguje prezentace SPARQL By Ezample® vytvoiend v r. 2013 firmou
Cambridge Semantics, kterd pro piipad nefunkénosti externich zdroju zahrnuje
jako svou soucast statickou reprezentaci otekdvanych vysledku. Koneéné, pro
plné interaktivni vyuku SPARQLu nad dedikovanym rozhranim byla v. 2015
ve Swiss Institute of Bioinformatics vyvinuta aplikace SPARQL Playground.®
Ani jeden z téchto pfistupu ovéem neposkytuje studentovi zpétnou vazbu, po-
kud jde o samotny tvar pouzitého dotazu, ale nanejvys pokud jde o vysledky

4 Toto umoziiuje v piipadé jazyka SQL napi. aplikace https://www.sqlteaching.com/.

® https://www.cambridgesemantics.com/blog/semantic-university /learn-
sparql/sparql-by-example

5 http://spargl-playground.sib.swiss

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 49-52.
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dotazem vracené. Srovnani dotazu polozeného podle textového zadéani se vzo-
rovym tvarem dotazu je ulohou pomérné komplikovanou, protoze dotaz vracejici
stejné vysledky lze zpravidla formulovat vice zpusoby, pficemz jejich vypocetni
narocnost, i syntaktickd elegance a srozumitelnost, se mohou lisit.

Pro samotnou tvorbu dotazu jsou pak hlavnimi moznostmi tvorba “na ze-
lené louce”, z jednotlivych elementarnich piikazu a trojic grafového vzoru, nebo
Uprava jiz existujictho, hotového dotazu. Je zjevné, ze prvni moznost je pracna,
zatimco druhd vede k riziku zavleceni nadbytecnych nebo suboptimalnich prvki.
Stejné jako v programovani nebo napf. tvorbé ontologii se jevi jako vhodné
podpofit tvorbu dotazu pomoci katalogt vzoru. Jediny autorim zndmy vyzkumny
projekt vénovany vzorum SPARQL dotazu se vSak zaméfil jen na empirickou
analyzu vyskytu vzoru v rdmci rozsahlych logtu populdrnich serveri se SPARQL
rozhranim [3]. Vzory zkoumané v této analyze jednak reprezentuji pouze dotazy
poklddané do verejnych rozhran{ (jejichz vypocetn{ slozitost je tudiz nutné ome-
zena), jednak jsou zjednoduSeny o prvky, které autofi poklddali za pro vzory
nepodstatné (napt. modifikdtory ORDER BY nebo DISTINCT), ale do vyuky
SPARQL patii. Uvedeny seznam castych vzoru (potencidlné vyuzitelny jako
vyukovy materidl) také postrada provdzani na dalsi{ pojmy a doporuceni.

Na VSE je jazyk SPARQL vyucovén jiz od r. 2006. Podkladovymi materisly
vSak zpocatku byly jen webové prezentace a pozdéji zahraniéni ucebnice. Potfeba
vyplnit mezery popsané vyse byla od r. 2015 motivaci pro navrh a feseni dvou
projektu Interni rozvojové soutéze, v ramci kterych byly vytvoreny dva nastroje:
SPARQLab a PatRQL; oba jsou i nadale vylepSovany a rozsifovany.

2 Cvicebnice SPARQLab

SPARQLab” je webové aplikace volajici rozhrani SPARQL (tzv. endpoint) s vy-
stavenym redlnym datasetem. Aplikace pfedklddd uzivateli sadu (aktudlné jiz
pres 90) textové zapsanych cviénych tloh na formulaci SPARQL dotazu, pro
které ma ulozena vzorové feSeni, automaticky s nimi zadané dotazy porovnava a
upozornuje na odliSnosti. Diky expresivité SPARQLu mohou byt spravné feseni
cviceni formulovana mnoha zpusoby. Abychom snizili podil spravnych feseni vy-
hodnocenych jako nespravnd, SPARQLab pii porovndvani se vzorovym fesenim
abstrahuje od nepodstatnych detailu syntaktické formulace dotazu. Dotazy jsou
porovndny na trovni SPARQL algebry [1, sekce 18] po aplikaci optimalizaci sjed-
nocujicich zaménitelné konstrukty jazyka SPARQL a bez ohledu na pojmenovani
proménnych. Pokud se dotazy v tomto srovani neshoduji, provede se porovnani
jejich vysledku. Vysledky SELECT dotazu jsou porovndny jako mnoziny mnozin
pro abstrakci od poradi, pokud dotaz nevyzaduje ORDER BY. ASK dotazy, u
kterych je velké riziko falesné shody (bindrniho) vysledku, jsou transformovény
na SELECT dotazy omezené na vzorek vysledku. V piipadé CONSTRUCT a
DESCRIBE dotazu je pro srovnani pouzit algoritmus grafového isomorfismu.

" Zdrojovy kéd je na https://github.com/jindrichmynarz/sparglab, aktudlnf instance
je vystavena na http://doc.lmcloud.vse.cz/sparglab.
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Data, nad kterymi SPARQLab operuje, byla pfevzata z portalu otevienych
dat Ceské spravy socialniho zabezpeceni (CSSZ). Tato data pouzivaji principy
multidimenziondlniho modelovani pomoci slovnikii Data Cube Vocabulary® a
SKOS,? coz je v soucasnosti nejlepsi praxe pro statisticky zaméiené datasety
publikované vetfejnou spravou jako propojend data na webu.

3 Katalog vzori PatRQL

PatRQL je graficky model vyvijeny v prostiedi editoru konceptovych map Con-
textMinds. Pfedkladd provazani mezi jednotlivymi konstrukty SPARQLu, na
nich zalozenymi komplexnéjsimi vzory, kategoriemi SPARQL dotazi, a problémy,
které mé dotaz/vzor vyfesit. Podkladem pro formulaci vzoru byla jak vlastnf
zkuSenost autoru, tak i zminky vybrané z literatury, zejména z knihy Lear-
ning SPARQL [2]. ContextMinds!® je webovy nastroj pro tvorbu studijnich
materidli v podobé konceptovych (pojmovych) map. V principu je podobny
néstroji CmapTools [4], ve vyvoji v rdmci “startupového” projektu jednoho
z autoru tohoto piispévku jsou vSak pokrocilé funkce zalozené na technologiich
sémantického webu, které by mély tvorbu map vyrazné usnadnit. Konceptova
mapa reprezentuje znalosti formou grafu, kde uzly pfedstavuji koncepty a hrany
mezi nimi znazornuji vztahy. Dlouhodobé experimenty se zapojenim koncep-
tovych map ve vyuce prokézaly vyrazné zlepseni studijnich vysledku [5].

Na Obr. 1 je vyfez casti katalogu s okolim jednoduchého vzoru. Pro feSeni
problému popsaného boxem vpravo nahote je doporucen vzor kombinujici kon-
strukty COUNT a GROUP BY. Jedna se o vzor, ktery lze vcelku chépat jako
tzv. explora¢éni dotaz; pro tuto kategorii dotazu je pak typické vyuzivani pojme-
novanych grafu (konstrukt GRAPH), aby nebyla do explorace primdrnich dat
zahrnuta i data z pomocnych grafu. Jeden z konstrukti, GROUP BY, lze déle
v urcitém kontextu chépat jako alternativni ke konstruktu DISTINCT, protoze
oba zajistuji deduplikaci vysledkt. Pfi najet{ my&f na néktery uzel jsou zobra-
zeny meta-informace: v tomto pripadé se jedna o textovy popis “logiky” vzoru.
Aktualni podoba katalogu je dostupnd na webu.!!

4 Zavér a perspektivy

V prispévku byly predstaveny dva nastroje, které by meély spoleéné pfispét
k usnadnéni pochopeni dotazovaciho jazyka SPARQL. Cvicebnice SPARQLab
se jiz osvédéila ve vyuce predmétu Propojend data na webu na FIS VSE, a
pfinejmensim ukazkové je vyuzivana v obdobnych pfedmétech i na dalsich ¢eskych
skolach (napt. MFF UK nebo FIT CVUT). Katalog vzortt PatRQL je v ranéjsf
fézi zralosti, a jeho nasazeni ve vyuce probéhne az v #{jnu 2018. V dlouhodobém

8 https://www.w3.org/TR/vocab-data-cube

9 https://www.w3.org/2004/02 /skos/

10 Prototyp nédstroje je dostupny na http://app.contextminds.com.
" https://bit.ly /2LOLpDG
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Obr. 1. Fragment katalogu PatRQL

horizontu se predpokldda vétsi propojeni obou nastroji. U PatRQLu, resp. plat-
formy ContextMinds, je tfeba dofesit i otdzku modularizace rozsahlych grafu.
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Podékovani: Vysledky popisované v tomto textu v?nikly s podporou rozvo-
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Annotation:

Interactive and graphical support of SPARQL query language education

The SPARQL language is one of the semantic web and linked data cornerstones.
Two tools are described that aim to support SPARQL education: the interactive

web exercise book SPARQLab, and the graphical query pattern catalogue Pa-
tRQL, implemented as an enriched mindmap.
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Abstract. There has been a significant growth in volume of data pro-
duced and available publicly on the Internet as well as in private sources.
Processing such volume of data can be challenging and in many cases
time consuming for a single computer. In this paper we present a dis-
tributed system made of simple tasks that can be executed with high
level of parallelism using multiple cluster nodes. System behaviour is de-
fined via a simple configuration file. This declarative abstraction model
and distributed architecture allows to model complex data flows while
assuring stability and resilience even during online production redeploy-
ment.

Keywords: big data - data processing - distributed systems - Python

1 Introduction

In the upcoming sections there will be discussed core concepts of distributed
task queues, briefly introduced project Celery that is used by Selinon as a
task scheduling backend, Celery’s disadvantages and basic abstractions used
in project Selinon [1,2] we developed that helped us horizontally scale a self-
sustaining system able to process big data.

2 Distributed Task Queues

The idea of distributed systems is definitely not novel. There exist multiple
implementations of distributed task queues—in the Python ecosystem, there can
be found namely project Celery [3], Spotify Luigi [8], Apache Airflow [7] and
others. Most of these solutions require a broker and workers. A broker (also
known as message broker or message queue) handles queueing messages which
carry information what should be computed. Subsequently, there are connected
workers to the broker which consume messages and process them. If a message
is processed, it is removed from message broker and the worker that processed
the given message is available to process other messages queued on broker. Most
often, there is also available a database or storage to which computed results are
stored to. The described architecture can be seen on Figure 1.

In many scenarios, having a single task for a request described by a message
and processed by workers is not desired. In order to take advantage of hori-
zontally scalable solution the request can be split into standalone units, called

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 53-57.
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M —H\ Broker ‘\ .
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Fig. 1: An architecture of a distributed task queue. Message M is queued on the
message broker, subsequently picked by workers which persist computed results
into database.

tasks, that compute one type of a result which can be additionally processed by
other standalone tasks (also known as task flows, see below). The advantage of
such logical split is mostly in possible paralelism and task retries in case of task
failures. If a task fails, it can be retried without any negative impact on other
independent tasks that can meanwhile run in parallel on different workers.

3 Using Celery for Distributed Task Queue

All of the objectives mentioned in the Section 2 can be accomplished with stated
open source solutions from Python ecosystem. In fact, we used Celery to accom-
plish desired behaviour. Celery offers ”Celery primitives” that allow to model
task flows—dependencies between tasks that can be eigher data dependencies
(waiting for results of a task in order to start other tasks) or time dependen-
cies (waiting on external events to proceed to next tasks). Celery primitives
allow grouping tasks so tasks are executed in parallel or sequentially possibly on
different workers in parallel.

An example of task flow modeling using Celery primitives can be seen on
Figure 2 (the example is intentionally simplified, see Celery documentation [4]
for more in depth Celery primitives explanation). With Celery primitives we can
create "phases” which group tasks that can be executed in parallel as there are
no inter-task dependencies inside phases. Phases need to be executed one after
another sequentially due to time or data dependencies of tasks that create these
phases.

The task flow made of phases using Celery’s primitives is hard-coded inside
application logic that makes application harder to maintain, harder to extend,
more error prone with task or phase updates and adding a new task into an
existing flow requires knowledge of internal dependencies of tasks that could
be harder to see from source code. In the example above, the long running
tasks block execution of tasks that could be already started respecting task flow
dependencies.
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Fig.2: Phases created using Celery’s primitives for tasks. Task Task6 could be
executed after 1 minute assuming Task2 and Task4 finish in one minute, but
Task3 blocks execution of Task6.

4 Orchestrating Task Flows with Selinon

As we experienced drawbacks when using raw Celery, we managed to design a
task flow orchestration tool on top of Celery which removes phase borders and
all of the disadvantages stated above.

In the upcoming subsections, there are introduced Selinon abstractions. These
abstractions create core components of Selinon design that act like a loosly cou-
pled entities which, based on configuration, can create complex systems capable
of serving large workload requests.

4.1 Tasks and Task Flows

A Selinon task is abstracted into a Python class respecting Selinon task interface.
Implemented Selinon tasks are subsequently registered in the Selinon YAML [5]
configuration file and used to create task flows. The configuration of a flow states
edges (or transitions) that model data or time dependencies between tasks. An
example of such flow configuration can be seen on Figure 3.

In the example shown in Figure 3, Selinon starts TaskO and Taskl. Once
Task1 finishes, there are started tasks Task2 and Task3 that can run in paral-
lel without possibly waiting for TaskO to finish or fail. The condition section
restricts Task2 and Task3 execution only for production systems (environment
variable PRODUCTION is present). The conditional execution of tasks make the
whole system dynamic —these conditions are evaluated each time an edge is fired
and they can perform various actions such as checking external events or inspect-
ing results of previous tasks. Their main purpose is to abstract away conditional
task execution from actual task implementation logic as well as an optimization
to prevent from queueing overhead needed to schedule unwanted tasks.

Besides scheduling tasks directly, Selinon is capable of creating nested flows —
scheduling flows from within a flow. Moreover, the scheduling algorithm that
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flow-definitions:
- name: flowl
- from:
to:
- TaskO
- Taskl
- from: Taskl
to:
- Task2
- Task3
condition:
name: envExist
args:
name: PRODUCTION

Fig.3: An example of Selinon flow configuration.

Selinon offers removed a restriction on directed acyclic graph (DAG) in flow
design which other open source alternatives have.

4.2 Scheduling Algorithm

The scheduling of tasks is done by a special message that is created per flow. This
message keeps track of state in the flow. Each time a task or sub-flow is scheduled,
the message carrying flow state information is updated and rescheduled with
adjusted flow state. This mechanism allows to treat nested flows as any other
task as the nested flow state is tracked in a separate newly created message
referenced from the parent flow.

These special messages carrying flow state allow to sample state in the dis-
tributed environment as they are periodically scheduled and processed by wor-
kers.

4.3 Storage and Database Adapters

If there is a requirement for storing computed results there can be assigned
storage adapters that handle task result storing and possible task result retrieval.
In order to use an adapter, the adapter needs to be registered into the system
in the YAML configuration file and assigned to a task.

This separation of task logic (how results are computed) from actual storing
and retrieval mechanism allowed us to use transparently different storage and
database solutions to store data in a way they could be later easily queryable
based on data characteristics and query types we wanted to perform on computed
results.
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4.4 Application Monitoring and Healthiness

Selinon offers a built in support for application monitoring using flow tracepoints.
Tracepoints are events that occur in cluster (such as a flow has started, a task
has started, a task has failed) that help to monitor cluster behaviour. Selinon
comes with a built-in support of error tracking software (such as Sentry [9]) as
well as structured well-defined logs that can be aggregated and further inspected
using cluster-wide aggregated logging.

5 Conclusion

Selinon is an open source project, it’s source code is available on GitHub [2]. It is
used in the OpenShift.io [6] project for gathering and processing big data about
packages in various ecosystems. With Selinon, we were able to create complex
task flows that processed large amount of data stored in different database sys-
tems based on requirements. The configuration-centric design of loosely coupled
components allowed us to perform system checks before actual deployment and
gave us an ability to create easy to monitor dynamic system which behaviour can
be changed even in online production systems without affecting already queued
workload.
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Abstrakt. Tento prispevok prezentuje zakladné vychodiskd a ciele v minulom
roku zacatého projektu APVYV rieSeného v spolupraci vyskumného timu z FEI
TU v Kosiciach a FIIT STU v Bratislave. Projekt sa zameriava na vyskum a vyvoj
inteligentnych met6d umoziujucich spracovanie a analyzu vel'kych dat v SirSom
znalostnom kontexte, ktory popisuje a charakterizuje takéto prostredie. Ide nielen
0 vel’ké data statického charakteru, ale aj dynamicky sa meniace prudy dat v Case,
ktoré mozu byt reprezentované datami z prevadzky réznych druhov kritickych
sietovych infrastruktir, ddtami zo socidlnych sieti alebo z r6znych sieti senzorov
a inteligentnych zariadeni. Hlavnym cielom projektu je navrh a verifikacia no-
vych adaptivnych metdd pre analyzu vel’kych dat v dynamicky sa meniacom pro-
stredi, ktoré budi schopné extrahovat’ nové znalosti a integrovat’ ich so znalost-
nym modelom prostredia.

Kraéové slova: velké data, analyza velkych dat, dynamické znalostné modely,
predikcia, zhlukovanie, prudy dat.

1 Uvod

V 4-ro¢nom projekte s ndzvom ,,Znalostné pristupy pre inteligentni analyzu velkych
dat“ (APVV-16-0213) financovanom Agentirou na podporu vyskumu a vyvoja
(APVYV) Ministerstva Skolstva Slovenskej republiky sme sa rozhodli venovat’ velkym
datam dynamického ale aj statického charakteru. Prvy smer reprezentuje oblast’ vel-
kych dat pradového charakteru [4], t.j. spracovanie a analyza kontinualne prebiehaju-
ceho a Casto vel'mi rychleho toku dat vacSinou heterogénneho charakteru. Prikladom
mozu byt data z prevadzky roznych druhov kritickych sietovych infrastruktar [7], data
reprezentujice vyhladavania na internete [2], data zo socidlnych sieti [6] alebo data
z roznych senzorov [8]. Druhy smer reprezentuju vel’ké objemy statickych dat charak-
terizujice nejaky stav ako napr. data z oblasti bioinformatiky.

Jednou z aplikaénych domén, na ktorej bude navrhnuty pristup experimentalne tes-
tovany, predstavuje aj medicinska diagnostika a s filou spojena podpora rozhodovania
[11], [12]. Cielom je do Standardného analytického procesu efektivnejSie integrovat
znalosti expertov a informacie reprezentujlice stav alebo situaciu, ktoré boli zdrojom

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 59-6/.
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spracovanych dat. InSpiraciou su napr. prace vyskumnych kolektivov prof. Andreasa
Holzingera z Raktiska [9] alebo prof. Wila van der Aalsta z Holandska [10].

Délezitym faktorom pri spracovani prudovych dat je prekonanie znacnej datovej he-
terogenity v pripade, Ze je potrebné korelovat’ udalosti z viacerych zdrojov [5]. Ako
vhodnou metodou sa ukazuje pouzitie sémantickych modelov zaloZenych na ontolo-
giach, ktoré sliizia na harmonizaciu dat a na sémantické interpretovanie informacii ob-
siahnutych v udalostiach. Vyhodou ontoldgii je, Ze umoziiuju jednotne modelovat’ jed-
nak vyznam jednotlivych udalosti a zaroven reprezentovat’ kontext, v ktorom sa uda-
losti vyskytuju (napr. pri aplikaciach Internetu veci je pomocou ontologii mozné inter-
pretovat’ jednak namerané data, ale aj sémanticky reprezentovat’ topologiu senzoricke;j
siete a d’alSie znalosti 0 meranom prostredi). Okrem konceptualneho modelovania zna-
losti, sémantické technologie ponukaju aj moznost’ definovat bazu znalosti v podobe
inferencnych pravidiel, pomocou ktorych je mozné odvodit’ zo znamych informacii
nové fakty, resp. pouzit’ ich na detekciu zaujimavych udalosti. Sicasny vyskum sa za-
meriava hlavne na spojenie sémantickych technolégii a metdd pre komplexné spraco-
vanie udalosti (tzv. SCEP — Semantic Complex Event Processing) [3].

V na$om projekte sa zameriavame na také ulohy, kedy spracovanie a analyza vel-
kych dat (¢i uz pradovych, statickych, resp. Smart Data) je postavené na $irSom zna-
lostnom kontexte, ktory popisuje prostredie, v ktorom st data generované, detegované
a vyuzivané pre rozhodovanie [1]. Hlavnym cielom projektu je navrh a verifikacia no-
vych adaptivnych metdd pre analyzu vel’kych dat v dynamicky sa meniacom prostredi,
ktoré by boli schopné extrahovat’ nové znalosti a integrovat’ ich so znalostnym mode-
lom prostredia. Interakcia medzi vstupnymi datami a prostredim zaroven determinuje
aj dekompoziciu hlavného problému na nasledujice ¢iastkové vyskumné tlohy:

1. Navrh dynamickych znalostnych modelov, ktoré budi reprezentovat’ kI'icové cha-
rakteristiky a zavislosti skiimanych prostredi typickych pre rieSené vyskumné ulohy.

2. Navrh a verifikacia adaptivnych inkrementalnych metod pre predikciu udalosti na
zaklade rozsireného znalostného kontextu.

3. Navrh a verifikacia metod pre zhlukovanie, popisnu analyzu a vizualizaciu, ktoré
umoznia hl'adanie novych kauzalnych vztahov v datach na zaklade prislusného dy-
namického znalostného modelu.

2 Navrhovany koncept rieSenia

Pre popis navrhovaného rieSenia sme zaviedli pojem dynamického znalostného kon-
textu, ktory vSeobecne popisuje proces generovania dat v skiimanom prostredi. Pri spra-
covani dat mozu mat’ samotné data staticky alebo pradovy charakter, ale vo vSeobec-
nosti budeme uvazovat’ Ze su generované v dynamickom kontexte.

Formalne je mozné definovat’ dynamicky znalostny kontext ako neohranic¢ent po-
stupnost’ diskrétnych udalosti Uy, Uy, ... ktoré sa vyskytli v ¢ase ty, ta, .... Ked’Ze aj spojité
veli¢iny (napr. teplota, spotreba elektrickej energie a pod.) sa meraju diskrétne pre zvo-
lenu vzorkovaciu frekvenciu, data maju vzdy diskrétny charakter. Vo vSeobecnosti sa
nové udalosti vyskytuju asynchronne, t.j. rozdiely medzi ¢asmi ty, to, ... nie su kon-
Stantné. Kazda z udalosti je popisana vlastnost'ami a nad postupnostou udalosti a ich
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vlastnosti je mozné definovat’ zlozité vzory, ktoré klasifikuju udalosti do réznych typov
(napr. rozne diagnostické chyby, rozne aktivity pouzivatel'ov a pod.), resp. ktoré vyme-
dzujt v datach ¢asové okna, nad ktorymi je mozné vypocitat’ agregacie. Kontexty je
mozné jednoducho spajat’ a vo vzoroch korelovat’ udalosti réznych typov. Akciou po
detegovani vzoru moze byt napr. vytvorenie novej udalosti smerovanej do odvodeného
kontextu, t.j. znalostné kontexty je mozné hierarchicky usporiadat’.
Hlavnym problémom stucasnych systémov je to, ze detegovanie vzorov je zavislé od
kontextu jednotlivych udalosti, pricom do kontextu su zahrnuté iba predchadzajuce
udalosti a ich vlastnosti. Pri praktickych aplikaciach je vSak potrebné kontext udalosti
roz§irit’ aj o d’alSie znalosti. Aj ked’ existuje viacero reprezentacii znalosti, medzi naj-
flexibilnejsie patri reprezentacia v podobe orientovanych hranovo a uzlovo ohodnote-
nych grafov (tzv. sémantickych sieti). Jednotlivé vrcholy grafu ki, ko, ..., kn @ ich vlast-
nosti zodpovedaju konceptom modelovanej domény (uzly mdézu reprezentovat’ napr.
profily pouzivatel'ov, senzory, prvky monitorovanej sustavy a pod.) a hrany zodpove-
daju sémantickym vztahom medzi konceptmi (napr. sociadlnym vztahom medzi pouzi-
vatel'mi, topologickym vztahom v senzorickej sieti, a pod.). Pri detegovani vzorov teda
dochadza k interakcii a) informacii, ktoré s stiCast'ou samotnej udalosti, b) informacii
o predchadzajtcich udalostiach s ¢) doménovymi znalostami v znalostnom modeli.
Tieto interakcie st zachytené na nasledujucom obrazku (Obr. 1).
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“Obr. 1. Interakcia medzi udalostami a znalostnym modelom

Jednym z problémov pri navrhovanom koncepte rieSenia je mapovanie dat jednotli-
vych udalosti na znalostny model. Pri tomto probléme je potrebné riesit’ problematiku
heterogénnych dat a extrahovania informacii z nestruktirovanych dat ako napr. z textov
v prirodzenom jazyku. Dal3ou délezitou vlastnostou nasho navrhu je to, Ze znalostny
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model sa moze v ¢ase menit, t.j. napr. po detegovani udalosti Us je pridany do znalost-
ného modelu novy koncept ks a nova relécia, ktora ho spaja s uz existujucim konceptom
ks. Ked'Ze detegovanie udalosti vyuziva rozsireny kontext a inferenciu v znalostnom
modeli, dynamicka zmena znalostného modelu sa moze prejavit’ ako dynamicka adap-
tacia vzorov pre detegovanie nasledujticich udalosti. Aby sa dosiahla potrebna skalo-
vatel'nost’ nasho navrhu, bude potrebné distribuovat’ nielen spracovanie dat ale aj infe-
renciu v samotnom znalostnom modeli.

Uvedeny konceptualny navrh projektu d’alej originalnym sposobom rozsiruje aktu-
alny stav vyskumu v nasledujucich aspektoch. Suc¢asny vyskum v oblasti sémantického
komplexného spracovania udalosti (SCEP) je zamerany na ontologické modely zalo-
zené na vyrokovej logike. Nas§ konceptualny navrh zahina v§eobecnejsiu reprezentaciu
znalosti - sémantické siete, ktoré umoziuju aj iné typy inferencie ako napr. pravdepo-
dobnostné metody, alebo vyuzitie fuzzy logiky. Vyhodou je podpora uvazovania pri
neurcitych informaciach, ktoré Casto vznikaji napr. pri extrahovani informacii z ne-
Struktarovanych dat, pri spracovani dat zo socialnych sieti a v zaSumenom prostredi.

Vyskum v oblasti uéenia predikénych modelov je zalozeny na predpoklade, Ze
vSetky informacie, ktoré ovplyviiuja buduce udalosti, st obsiahnuté v aktualnom kon-
texte prostredia. Navrhovany konceptudlny model umozni a) rozsirit’ kontext vstupnych
udalosti o0 nové priznaky odvodené zo znalostného modelu a b) rozsirit’ predikciu pra-
vidlami, ktoré su ziskané na zaklade explicitnych doménovych znalosti vyjadrenych
Vv znalostnom modeli. Tieto doménové pravidla mézu napr. pokryt’ detekciu vynimoc-
nych pripadov, ktoré by bolo naro¢né statisticky odvodit’ z historie skiimaného prostre-
dia. Interakcia medzi predikénym Statistickym modelom a znalostnym modelom je zna-
zornena na nasledujtcej schéme (Obr. 2).

identifikovany predikcia podla
kontext Znalostny doménovych znalosti
model
predpovedané
Predikény udalosti
model
predikcia podla

Skumane.l,) rOStr,Edle Statistickych vzorov
generujuce data

Obr. 2. Schéma vyuzitia znalostného modelu pri predikcii

Podobne ako pre predikéné modely, pri popisnej analyze dat rozsiri znalostny model
kontext prislusnych dat t.j. napr. popisné metody pre zhlukovanie mozu do popisu zhlu-
kov zahrnut’ vsetky relacie a kauzalne vztahy odvodené zo znalostného modelu.



Vybrany prispévek

3 Zaver

V tomto ¢lanku bol predstaveny hlavny ciel’ a zédkladny koncept rieSenia projektu
APVYV rieseného v spolupraci s FIIT STU. Prvé vysledky rieSenia projektu a orientacia
d’alSieho vyskumu za skupinu z FIIT STU je prezentovana v d’alSom, samostatnom pri-
spevku. V nasledujicom obdobi sa zameriame na integraciu pojmov z doménovych
a datovo-analytickych ontologii a na navrh jednotného sémantického ramca ktory by
umozioval jednoducht rozsiriteI'nost’ na d’alsie domény. Budeme sa tieZ venovat’ na-
vrhu a implementacii znalostnych modelov z viacerych domén, ktoré vyuzijeme pre
spresnenie adaptivnych klasifikacnych, regresnych a popisnych metéd dolovania v da-
tach.
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Annotation:
Knowledge-based approaches for intelligent analysis of big data

This paper presents basic ideas of a Slovak research project focused on research and
development of intelligent methods enabling the processing and analysis of big data in
the broader knowledge context, which describes and characterizes such an environ-
ment. We focus not only on big data with static character, but also on dynamically
changing data streams, which can be represented by the operation data from the differ-
ent types of critical network infrastructure, data from social networks or networks of
different sensors and smart devices. The main objective of the project is to design and
verify new adaptive methods for analyzing big data in a dynamic environment, able to
extract new knowledge and to integrate them with the knowledge model of the envi-
ronment.



REBELION - odhaPovanie antisocialneho spravania na
Webe

Pavol Navrat?, Daniela Chuda®, Maria Bielikova®, Marian Simko?, Jakub Simko?,
Ivan Srba!, Michal Kompan?, Robert Moro?, Irina Malkin Ondik?, Peter Lacko?,
Alena Martonova?, Kristina Machova?, Jan Parali¢?, Peter Butka?, Peter Bednar?, Mar-
tin Sarnovsky?, Barbora Mesarosova®, Radoslav Blaho®, Lucia Sabova®

1Jstav informatiky a softvérového inzinierstva, FIIT STU v Bratislave
Ilkovi¢ova 2, 842 16 Bratislava
{meno}.{priezvisko}@stuba.sk
2Katedra kybernetiky a umelej inteligencie, FEI, Technicka univerzita v KosSiciach
Letna 9, 04200 KosSice
{meno}.{priezvisko}@tuke.sk
3Katedra psycholdgie, FiF, Univerzita Komenského v Bratislave
Safarikovo namestie 6, 81499 Bratislava
{meno}.{priezvisko}@uniba.sk

Abstrakt. V tomto prispevku opisujeme zalinajuci vyskumny projekt
REBELION, v ktorom sa rieSitel'sky kolektiv zameriava na vyskum novych mo-
delov a metdd pre automatizované rozpoznavanie antisocialneho spravania v on-
line komunitach. Antisocialne spravanie v online prostredi patri medzi najaktu-
alnejsie a najvaznejsie problémy, ktoré vyraznym spésobom ohrozuja nielen pri-
ncipy, na ktorych bol web vybudovany, ale maju aj kriticky presah do fungovania
spolo¢nosti. Typickym prikladom je Sirenie falo$nych informacii prostrednic-
tvom socidlnych sieti, ktoré vplyvaji na budovanie nézorov l'udi a ovplyvituju
tak ich nasledné rozhodnutia, ¢i Sirenie neznasanlivych postojov, pripadne
priame Utocenie na osoby v online priestore. Tieto negativne situacie nechtiac
umoznil rozvoj informacnych technologii.

KPucové slova: antisocialne spravanie, online komunity, socialny web, strojové
ucenie, spracovanie prirodzeného jazyka, umela inteligencia.

1 Uvod

Sucasny web mézeme charakterizovat’ ako priestor, kde kazdy méze volne a takmer
bez obmedzeni vytvarat, §irit’ a prijimat’ informacie. Zatial’ ¢o vacsina pouzivatel'ov
webu sa snazi udrzat’ web bezpecny a ticelny, existuje skupina pouzivatel'ov, ktori vy-
kazuju tzv. antisocialne spravanie. Antisocialne spravanie mézeme na najvyssej urovni
rozdelit’ do dvoch foriem [1]: $irenie dezinformacii (napr. hoax alebo falo$né spravy) a
reakcie antisocialnych pouzivatel'ov (napr. hejtovanie, manipulovanie diskusii alebo
kybersikana).

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 65-69.
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Nasledky a rozsah antisocialneho spravania nie si zanedbatel'né, prave naopak v
niektorych oblastiach su az alarmujuce.

— Dezinformacie na webe maju vyrazny presah do redlneho sveta. Je to mozné ilustro-
vat’ na vytvarani osobnych nazorov a rozhodovani pocas politickych volieb. Az 61%
I'udi narodenych medzi rokmi 1977 a 1995 povazuje socidlnu siet’ Facebook za pri-
marny zdroj politickych sprav [2], pricom v pripade americkych prezidentskych vo-
lieb v roku 2016 pocet faloSnych sprav Sirenych touto socialnou sietou prekonal
pocet pravdivych sprav [3].

— Dezinformacie slizia na uc¢elovu manipulaciu l'ud'mi. Ako priklad méZeme uviest’
Sttdiu [4] na systéme Yelp, ktora ukdzala, ze az 16% recenzii je faloSnych.

— Vysoky vyskyt pouzivatel'ov §iriacich nevhodny obsah degraduje uroven diskusie a
odradza ostatnych pouzivatel'ov od zapajania sa do diskusii a zakonite aj od d’alsieho
navstevovania online portalov/komunit.

— Az 40% pouzivatel'ov webu zazilo obtazovanie v online priestorel.

— Az 18% eurodpskej mladeze bolo niekedy v ich Zivote obetou kybersSikany, ¢o v mno-
hych pripadoch viedlo k silnym depresiam a dokonca pokusom o samovrazdu?2.

V svetovom meradle bol prijaty konsenzus, Ze na antisocialne spravanie v online pries-
tore nie je mozné nad’alej reagovat’ len ignorovanim, ktoré donedavna predstavovalo
najcastejsiu reakciu na prejavy antisocialneho spravania. V rdmci prave za¢inajiceho
projektu REBELION nasledujeme tato motivaciu s cielom prispiet’ do existujuceho
vyskumu zameraného na detekciu a prevenciu antisocialneho spravania na Webe.

2 Sucasny stav poznania

Napriek vaznym nasledkom a Sirokému rozsahu antisocialneho spravania sucasny stav
poznania neposkytuje efektivne rieSenia, ako regulovat a eliminovat antisocialne spra-
vanie. Pomerne priamociara je snaha redukovat’ antisocidlne spravanie prostrednictvom
vyuzivania moderatorov. V mnohych komunitich sa navySe vyuziva ¢erpanie z davu -
moderatorom pomahaju ostatni ¢lenovia komunity tym, Ze oznacuju podla nich ne-
vhodné prispevky alebo pouzivatel'ov. Takato 'ndska “manualna” kontrola vSak naraza
na prirodzené obmedzenia, medzi ktoré patri predovsetkym subjektivnost’ a nemoznost’
Skalovat’ na mnozstvo obsahu vytvaraného 'und'mi v ramci online komunit. Pripadova
stadia v CQA systéme Yahoo! Answers [5] ukazala, Ze len 50% pouzivatel'ov, ktorych
prispevky boli nahlasené ako nevhodné, bolo moderatormi nakoniec skuto¢ne vyluce-
nych. Navyse az 40% z vylu€¢enych pouzivatel'ov nebolo nahlasenych komunitou ani
raz. Svetovy vyskum preto hl'ada odpoved’, ako dokazeme proces regulacie a eliminacie
antisocialneho spravania podporit’ informaénymi technologiami. Aktualne vyskumné

1 Online harassment, pew research center. http://www.pewinternet.org/2014/10/22/online-ha-
rassment, 2014.
2 EU COST Action 150801 on Cyberbullying (https:/sites.google.com/site/costis0801/)
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vysledky ukazuju, Ze s vyuzitim metod a technik umelej inteligencie, $pecialne strojo-
vého uéenia, je mozné vylepsit’ uspe$nost’ manualnej detekcie a v niektorych pripadoch
ju dokonca prekonat’ [6].

Pre polozenie silnych zakladov projektu REBELION sme vykonali rozsiahlu pre-
hladovu $tudiu, v ramci ktorej sme vyhladali a systematicky zakategorizovali 77 vy-
skumnych ¢lankov zaoberajucich sa antisocialnym spravanim. Prehl'adova studia uka-
zala enormny narast zaujmu vyskumnikov o tito oblast’ v roku 2017, v ktorom sa pocet
publikacii oproti roku 2016 zvysil trojnasobne, pricom rovnaky trend pokracuje aj
v roku 2018.

Definicie niektorych typov antisocialneho spravania sa Casto prekryvaju a jeden po-
uzivatel’ mbéze naraz preukazovat’ znaky viacerych z nich. Celkovo 44 prispevkov sa
zameriavalo na Sirenie dezinformacii:

— Falosné a skreslené spravy (angl. fake and biased news, 32 publikacif).
— Falos§né recenzie (angl. fake reviews, 7 publikacif).
— Hoaxy (5 publikécii).

Priblizne rovnaky pocet publikacii (39) sa zameriaval na reakcie pouzivatelov.

— Trolovanie (angl. trolling, 13 publikcii).

— Manipulovanie diskusii (angl. sockpuppeting, 6 publikacii).

— Zneuzivanie komunity (angl. community abuse, 5 publikécif).

— Vandalizmus (angl. vandalism, 4 publikacie).

— Zaskodnicke spravanie hracov online hier (angl. griefing, 4 publikécie).
— Kybersikana (angl. cyberbulling, 4 publikécie).

— Hejtovanie (angl. hating, 2 publikécie).

— Spamovanie (angl. spamming, 1 publikécia).

Antisocialne spravanie je $tudované v celom spektre online komunit, predovsetkym st
to socialne siete (24 publikacii), novinoveé portaly (13 publikécii), systémy pre odpove-
danie na otazky (angl. Community Question Answering - CQA, 6 publikacii), online
hry (6 publikacii), online encyklopédie (6 publikacii) a diskusné fora (4 publikacie).

3 Inovativnost’ projektu a pouzitych metod

Na zéklade podrobnej analyzy sucasného stavu poznania sme identifikovali otvorené
problémy, ktoré charakterizujd aktualny stav vyskumu antisocialneho spravania a jeho
automatického rozpoznavania. Tieto otvorené problémy su zaroven vychodiskom pre
smerovanie a zabezpecenie inovativnosti rieSeného projektu.

1. Metddy strojového udenia st aplikované bez hlbsicho porozumenia skimaného an-
tisocialneho spravania. Napriek silne multidisplinarnemu charakteru oblasti, existu-
juce metody pre detekciu a predikciu antisocialneho spravania st vo vel’kej miere
datovo orientované a vychadzaju vylucne z poznatkov oblasti informaénych techno-
16gii. NevyuZivaju poznatky zo stvisiacich odborov, najmé z oblasti psycholdgie.
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. Nevyuzivanie celého spektra dostupnych informacii o obsahu a pouzivatel'och. Za-
pojenie viacerych zdrojov dat pritom mdze vyznamne prispiet’ k uspesnosti detekcie
a predikcie antisocialneho spravania.

. Absencia multiplatformovej detekcie antisocidlneho spravania. Sti¢asné metody sa
zameriavaju takmer vzdy na skiimanie antisocialneho spravania len v jednom type
komunity a navyse len v ramci jedného systému. Pri viacerych typoch antisocialneho
spravania je v§ak moZné stavat’ na prenosnosti nau¢enych modelov.

. Potreba skorej detekcie/predikcie. Ako vyplynulo z nasej prehladovej $tudie, len
minimalny pocet prispevkov sa zameriava na skoru detekciu antisocialneho sprava-
nia (t.j. detekcia antisocialneho spravania pouzivatel'a uz v jeho zaéiatkoch). Takato
skora detekcia/predikcia ma pritom vel'mi praktické vyuzitie, ked'ze moze vyrazne
napomoct’ redukcii negativnych dopadov antisocialneho spravania.

Hlavnym ciel'om projektu je priniest’ nové poznatky v oblasti informatickych vied a v
informacénych technologiach, najma:

1. S vyuzitim analyzy dat a kvalitativnych pristupov vyskimat’' do hibky fenomény
antisocialneho spravania 'udi v online komunitach a priniest' nové poznatky spo-
jené s takymto spravanim sa ¢loveka v online priestore; predmetom skimania budu
v men$ej miere procesy, ako toto maligne spravanie vznika (porozumenie dovodom
vzniku fenoménu pomdze v kone¢nom dosledku aj jeho identifikacii); vo vicsej
miere budeme sktimat’ prejavy antisocialneho spravania, na ktoré sa chceme pozriet’
Pudskym pohl'adom s ambiciou k nemu priblizit’ “pohl'ad strojovy”.

. S vyuzitim dolovania v datach navrhnut’ a verifikovat’ nové modely, ktoré repre-
zentuji datovy pohPad na antisocialne spravanie Pudi v online priestore; modely
budu vyplyvat’ z dvoch zdrojov: (i) datami vedenej kvantitativnej analyzy a (ii) an-
tropocentrickej kvalitativnej analyzy (ciel’ 1); tieto zdroje, odlisné svojim charakte-
rom, chceme na Grovni modelov prepojit’.

. S vyuzitim strojového ucenia navrhnat’ a verifikovat’ nové metédy umelej inteli-
gencie pre automatizovanu detekciu a predikciu réznych typov antisocialneho
spravania a navrh vyuzitia ich vysledkov pre prevenciu a eliminaciu negativnych
dopadov antisocialneho spravania v online komunitach. Vyuzijuc ziskané modely
(ciel’ 2) vytvorime metddy na baze strojového ucenia, schopné automatizovanej de-
tekcie antisocialneho spravania, pricom ciel’ dosiahneme predovsetkym prepracova-
nym navrhom ¢ft.

Projekt orientujeme na automatizovanu detekciu a predikciu antisocialneho spravania
sa Cloveka v online priestore predovsetkym po stranke:

— analyzy dat (kvantitativnymi a kvalitativnymi pristupmi informatickych vied a psy-

choldgie), ako aj po stranke

— technologickej, kde sa do popredia dostavaji nové pristupy a technolégie v umelej

inteligencii, Specialne strojovom uceni (napr. neurénové siete a vyuzitie hlbokého
ucenia, spracovanie prirodzené¢ho jazyka, modelovanie pouZzivatel'a), ktoré vhodne
doplnime metédami zaloZenymi na sledovani pohl'adu.
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4 Zaver

Pokym antisocialne spravanie nechtiac umoznil rozvoj informaénych technologii, tak
informacné technologie sa mozu stat’ aj prostriedkom pre lepSie porozumenie a vyspo-
riadanie sa s tymto fenoménom. Dosiahnutie tohto ciel’a v8ak vyzaduje multidiscipli-
narny vyskum, ktory adresujeme v projekte REBELION. Primarnym zameranim pro-
jektu je vyskum modelov a metdd pre automatizované rozpoznavanie antisocialneho
spravania. Explicitné modely postavime na datovej analyze ale aj na kvalitativnom po-
rozumeni maligneho obsahu a spravania. Metddy rozpoznavania budu na tychto mode-
loch stat’ a bud sa opierat’ o principy strojového ucenia, pokrocili automatickt analyzu
textov v prirodzenom jazyku a modelovanie pouzivatela.
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Annotation:
REBELION - Recognition of Antisocial Behaviour on the Web

In this paper, we describe the starting project REBELION, which is focused on research
of new models and methods for automatic recognition of antisocial behavior in online
communities. Antisocial behavior in online environment is one of the most actual and
serious problems, which significantly threatens not only the principles, on which the
web was built, but also has critical overreach to society. As a typical example, we can
take the spread of misinformation through social networks, which influences opinions
of people and consequently, their decisions, spread of hate speech or direct attacks on
persons in online space. These negative situations have been unintentionally enabled
by the rise of information technologies.
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Abstrakt. V oblasti bioinformatiky, popri genomike je asi najzaujimavejsia ob-
last’ proteomika. Kym genomika predstavuje stibor vsetkych moznych ciest vy-
voja organizmu, proteomika charakterizuje jeho aktualny stav — subor aktual-
nych proteinov (protedm) urcuje, ¢o sa v organizme deje, resp. ¢o sa bude diat’
v buducnosti.

Proteiny, podobne ako genom, maju ,digitalnu podstatu (20 zakladnych ami-
nokyselin). Mapovanie procesov prebiehajicich v organizme preto predstavuje
vyzvu @j v oblasti spracovania dat. V prvom rade ide o identifikaciu proteinov
(aktualneho proteému v danom ¢ase). Nasledne predstavuje vyzvu pochopenie
mechanizmov fungovania proteému (tzv. protein-protein interactions, funkéna
proteomika). Ciel'om prispevku je naznacit’ niektoré vyzvy a prilezitosti vyply-
vajlce z proteomiky pre oblast’ informatiky a budovania tzv. informa¢nych mo-
delov, ktoré umoznia pochopenie fungovania zivych organizmov.

Klic¢ova slova: bioinformatika, proteomika, spracovanie proteomickych dat, in-
formacné modely v proteomike

1 Uvod

Objav struktiry DNA? preukézal digitalnu podstatu biologického Zivota. Me-
tody sekvenovania DNA [1] prvotne vyvinuté v projekte mapovania I'udského
gendému [2] by bez pocitacového spracovania boli neuskutocnitelné. Nasled-
né podstatné zdokonalenie metdd sekvenovania viedlo k nesmiernej popular-
nosti genomiky aj v oblasti spracovania (genomickych) dat. Popri genomike
sa viak rozvijali aj d’alSie oblasti spracovania - tzv. ‘omics*? pristupy (metalo-
bomics, lipidomics, ...), medzi ktorymi je asi najzaujimavejSia proteomika.
Kym genomika predstavuje subor vSetkych moznych ciest vyvoja organizmu,
proteomika charakterizuje jeho aktudlny stav — stbor aktualnych proteinov
(protedm) urcuje, €o sa v organizme deje, resp. ¢o sa bude diat’ v budicnosti.

L https://www.nobelprize.org/nobel_prizes/medicine/laureates/1962/index.html

2 https://www.nature.com/omics/about/index.html

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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Predpoklada sa, Ze T'udsky protedm sa sklada z cca miliéna proteinov. Ulohou
tychto proteinov je napr. zabezpecit’ formovanie organizmu, zabezpecit' jeho
fungovanie (komunikacia), riadit’ tzv. expresiu génov.

Proteiny, podobne ako gendém, maju ,digitdlnu podstatu® (20 zakladnych
aminokyselin) [5]. Mapovanie vys§Sie uvedenych procesov preto predstavuje
vyzvu v oblasti Sirokej Skaly spracovania dat. V prvom rade ide o identifika-
ciu proteinov (aktualneho protedému v danom case). Nasledne predstavuje
vyzvu pochopenia mechanizmov fungovania proteému (tzv. protein-protein
interactions, funkéna protemika). V prispevku sa venujeme vyzvam
a prilezitostiam, ktoré vyplyvaji zprocesov identifikicie proteinov
a naznacime problematiku budovania informa¢nych modelov pre oblast’ pro-
teomiky.

2 Identifikacia proteinov

Historicky bolo vyvinutych niekol’ko metod identifikacie proteinov [3].
V stcasnosti najrozsirenejSou sa javi pouzitie hmotnostnej spektrometrie (MS
— mass spectrometry) [4], Specialne upravenej pre potreby proteomiky.
V tomto pripade sa skimana biologicka vzorka najprv biologicky spracuje
tak, ze sa proteiny, nachadzajuce sa vo vzorke, enzymaticky rozstiepia na
mensie Casti (peptidy) a tieto sa nasledne prostrednictvom kvapalinovej chro-
matografie vhodne separuji. Takto vyseparované biomolekuly (peptidy) po-
stupne vstupuji do hmotnostného spektrometra, ktory najprv biomolekuly
ionizuje a nasledne na baze fyzikalneho principu identifikuje ich intenzitu pre
kazdy pomer hmotnosti a naboja biomolekuly (tzv. m/z ratio). Tato faza iden-
tifikacie, nazyvana aj faza MS1, moze byt doplnena o fazu identifikécie Struk-
tury biomolekuly (faza MS2) — rozruSovanim véizieb medzi aminokyselinami
a naslednou identifikaciou pomeru m/z pre jednotlivé novoziskané fragmenty.
Na zaklade takto ziskanych dat dochadza naslednym softvérovym spracova-
nim k pokusu o identifikaciu konkrétnych peptidov a v d’alsom kroku, na baze
dostupnych proteomickych databaz, k pokusu o identifikaciu konkrétnych
proteinov, spolu s ur¢enim ich koncentracie. Biologovia, na zaklade zmeny
protedomu resp. koncentracie jednotlivych proteinov vo vzorkach skupin paci-
entov sa snazia ur€it’ preteomické priznaky réznych ochoreni.

2.1  Problémy pri identifikacii proteinov MS metédami

Uvedeny postup spracovania nesie v sebe cely rad problémov. Uplne prvym je
nedeterminickost’ procesu merania - niektoré molekuly mozu ostat’ pre MS
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neviditelné. Zuvedené¢ho dovodu sa kazdd vzorka meria opakovane
a Z nameranych hodnét je potrebné zrekonstruovat’ Statistickll reprezentéciu
vzorky. Dali problém - v procese merania sa nemusi podarit uréit’ $truktiru
identifikovaného peptidu, ¢i na zaklade identifikovaného peptidu nie je mozné
uréit’ o aky protein sa jedna (napr. preto, lebo dany protein sa nenachadza
v dostupnej proteomickej databaze). To vSetko vedie k tomu, ze biologicka
interpretécia ziskanych vysledkov moze byt’ vel'mi obtiazna.

Cely proces navyse komplikuje fakt, ze pocet dostupnych vzoriek (pacientov
s danym ochorenim) a aj mnozstvo odobraného biologického materidlu (teda
pocet moznych opakovanych merani jednej vzorky) je vel'mi limitované.

2.2 Vyzvy a prileZitosti

Spracovanie vysSie uvedenych dat predstavuje cely rad vyziev, ale aj prilezi-
tosti na rozpracovanie novych pristupov. Prvou vyzvou je pokus 0 nahradenie
klasického Statistického spracovania ziskanych dat napr. metdédami strojového
ucenia. Zakladnym problémom v tomto pripade je dostupné mnozstvo vzoriek
(pocet pacientov s danou diagnozou je limitovany, obmedzené moznosti spra-
covania). Z druhej strany, mnozstvo dat ziskanych z jedného merania je vel'mi
vel'ké — moze sa jednat’ o desiatky, ¢i stovky tisic identifikovanych (zazname-
nanych) biomolekl.

Dalsou vyzvou, z nasho pohladu, je zmenit' ,,uhol pohl'adu® bioldgov na zis-
kané data. Biovedci potrebuju identifikovat’ protein, aby mohli urobit’ akcep-
tovatel'né zavery. Myslime si vSak, Ze niektoré zavery je mozné urobit’ aj na
zaklade vzorov identifikovanych na baze informécii o peptidoch, ¢i dokonca
na zaklade prvotnych informécii o identifikovanych biomolekulach.

3 Budovanie informa¢nych modelov

Skumaniu podstaty biologického zivota sa venuje vel'ké mnozstvo laboratorii
a Vv nich este vacsi pocet vedeckych timov. Skiimaju sa rézne aspekty proble-
matiky s dopadmi na rézne oblasti zivota (v pripade ¢loveka to je napr. medi-
cina). Vicsina takychto timov ma ambiciu vysledky svojej prace publikovat
vo vedeckych ¢asopisoch, hoci vdcsinou ide iba o maly prispevok v oblasti
globalneho l'udského poznania. O mnozstve odvedenej prace méze sved¢it
napr. fakt, Ze len pre pojem rakoviny prsnika (breast cancer) databaza Pub-
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med® eviduje od za¢iatku roku 2014 takmer 70 tisic publikovanych ¢lankov,
od zaciatku roka 2018 do polovice juna je to takmer 10 tisic ¢lankov.

Je zrejmé, Ze je prakticky nemozné, aby ktokol'vek precital takéto mnozstvo
publikacii a bol schopny informacie v nich uvedené spracovat’.

3.1  Vyzvy a prileZitosti

Hlavnou vyzvou v tomto smere je identifikacia vhodnych pristupov na budo-
vanie informa¢nych modelov, ktoré by vhodnym sposobom prezentovali pod-
statné informacie prezentované v jednotlivych ¢lankoch. V prvom rade ide
0 identifikaciu konkrétnych informacii a znalosti (informa¢ny model), ktoré
chceme prezentovat’. Nasledne je potrebné zvolit’ vhodny sposob prezentacie
daného informa¢ného modelu tak, aby zaujemcom poskytol nimi pozadované
informacie. Uvedeny pristup si vyZzaduje predovsetkym dostup k zdrojom,
nasledne extrakciu relevantnych informécii z dostupnych textov a databaz,
spracovanie extrahovanych informacii a naplnenie informa¢ného modelu.

Ako priklad v oblasti proteomiky m6zeme uviest’ budovanie tzv. PPI (protein-
protein interaction) sieti alebo modely identifikujice proteiny, ktoré ovplyv-
nuju expresiu uréitych génov.

4 Zaver

Ciel'om prispevku bolo naznacit’ vyzvy a prileZzitosti, ktoré stoja pred informa-
tickou komunitou v oblasti spracovania proteomickych dat. Hlavny doraz je
v prispevku kladeny na spracovanie proteomickych dat ziskanych metodami
hmotnostnej spektrometrie, avSak nezanedbatel'ny prinos méze predstavovat
aj budovanie informacnych modelov ur¢enych na poskytovanie komplexnych
informacii na baze zverejnenych ¢iastocnych poznatkov.
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Annotation:
Bioinformatics - Challenges and opportunities in proteomics

In the area of bioinformatics, besides genomics, perhaps the most interesting area is prote-
omics is. While genomics represents a set of all possible pathways to the development of an
organism, proteomics characterizes its current state - a set of current proteins (proteome) de-
termines what is happening in the organism or what will happen in the near future. Proteins,
like the genome, have a "digital essence" (20 basic amino acids). Therefore, identification of
processes ongoing in a body is also a challenge in the field of data processing. First of all, we
are speaking about identification of proteins (the current proteome at a given time). Conse-
quently, it is challenging to understand protein-protein interactions or functional proteomics.
The aim of the paper is to highlight some of the challenges and opportunities arising from
proteomics in the field of informatics and building the so called information models, which
will allow us to understand functioning of living organisms.
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Abstrakt This work addresses the problem of feature selection for bo-
osting the performance of outlier detectors in the context of supervised
classification. Different feature selection and outlier detection methods
are applied to four datasets used in the experiment and a comparative
analysis between combinations of these methods is reported. We present
combinations producing the best accuracy of a classifier and show the
optimal number of outliers to be removed.

1 Introduction

Outlier detection is a well-known data mining task that focuses on finding ano-
malies (an outlier or a series of outliers) in data. The context of the problem we
address in this paper is detecting class-based outliers. Class-based outliers are
those cases that look anomalous when the class labels are taken into account,
but they do not have to be anomalous when the class labels are ignored [3]. Two
outlier detection methods that we are testing for finding class-based outliers are
RF-OEX [3], based on Random Forests, and CODB, a distance-based approach
[1].

Another well-known problem that we are covering in this paper, is feature
selection. In case of a supervised learning task, this problem consists in selecting
a subset of features from a given set of labeled fixed-length feature vectors,
thereby reducing the number of dimensions and improving a learning process,
since used data becomes less noisy, that is it doesn’t contain irrelevant and/or
redundant attributes.

In this paper, we tackle the problem of selecting a subset of features in order
to obtain a better performance of a classifier after removing outliers from data.
We want to find out whether dimensional reduction helps improving the result
of outlier detection and if so, what are the best combinations of feature selection
and outlier detection methods one should apply to our problem of interest. In
addition, we want to find out which number of outliers it is better to remove to
have higher accuracy.

The rest of the article is organized as follows. In section two a brief overview
of tools we used is exposed. In section three our methodology is presented. In

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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section four the experimental results are reported. Finally, in section five the
article concludes.

2 Tools

To test the relationships between feature selection, outlier detection and classifier
accuracy we chose 4 datasets, 4 feature selection methods, 4 classifiers and 2
outlier detection methods. Since the majority of above-mentioned methods are
implemented in WEKA [2], we used it for our analysis.

The 4 datasets were diabetes, optical, quisclas and satimage and were obtai-
ned from project MetaL.. The diabetes dataset has 768 examples and 8 features.
The optical dataset has 5620 examples and 64 features. The quisclas dataset has
5891 examples and 18 features. The satimage dataset has 4435 examples and 36
features.

For feature selection, we used different attribute evaluation methods and di-
fferent search methods giving us the total of 4 combinations. The first two use
CfsSubsetEval as evaluation method and either ScatterSearchV1 or GreedySte-
pwise as search methods. The second two combinations use either GainRatioAt-
tributeEval or InfoGainAttributeEval as evaluation methods but they both use
Ranker as search methods.

The classifiers were chosen to cover a wide variety of classifiers. Therefore we
have chosen J48 (a Java implementation of C4.5 decision tree algorithm), Naive
Bayes (NB), Support Vector Machine (SMO) and K-nearest Neighbors (IB1).

To detect outliers in our data we used two different outlier detection algori-
thms. The first algorithm is CODB [1]. It measures the distance to an example’s
nearest neighbors. The second algorithm is RF-OEX [3] which is based on the
random forest.

3 Methodology

3.1 Datasets

As RF-OEX was performing slow on large datasets, we sampled three of our
datasets, to have between 700 to 900 instances with approximately the same
distribution of the classes as our original datasets. We performed all our tests
on sampled quisclas, optical and satimage datasets and on the original diabetes
dataset.

3.2 Process

At the beginning, we performed feature selection on four datasets and kept
the attributes with the most gain for each dataset. Then we ran RF-OEX and
CODB outlier detection methods for each dataset for each feature selection me-
thod. Then we removed 1 to 10 most significant outliers from a dataset and
classified data using 4 different classifiers - J48 (C4.5), NaiveBayes, SMO, and
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IB1. That gave us a result for each combination of a dataset, a feature selection
method, an outlier detection method and a number of removed outliers. We also
performed these tests without applying feature selection method. After that, we
aggregated all these results and started to look at relationships between them.
For comparison between CODB and RF-OEX, we compared their best results,
their worst results, average ones, as well as their medians.

4 Results

We ran over 1600 tests and received the accuracy of each classifier with every
combination of the feature selection method (or none) and outlier detection
method, as well as the baseline. The results can be found at
https://www.fi.muni.cz/.popel/644892/.

Tab. 1. RF-OEX vs CODB

dataset| OD max | min avg |median
diabetes | CODB |2.0326 | 0.0246 | 0.7636 | 0.5509
diabetes |RF-OEX|2.7728/0.0759(1.1566| 1.2379
quisclas | CODB |2.1992 | 0.1166 | 0.634 | 0.4421
quislcas |[RF-OEX|2.9738| 0.575 |1.2897| 1.2897
optical | CODB |3.9111 |0.0182| 1.7632 | 1.8346
optical |[RF-OEX|4.6674|0.0129 (1.8542| 2.1798
satimage| CODB |3.0037 | 0.0405 | 1.1963 | 1.2298
satimage| RF-OEX|4.0472(0.2137|1.3926| 1.4105

We compared the results of the baseline and two outlier detection methods.
Removing outliers from the dataset always increased the accuracy up to 4.6 %.
Comparing CODB and RF-OEX (Table 1), the latter gave the best results for
every dataset. Applying feature selection methods before removing outliers did
not always give higher accuracy compared to removing outliers without previous
feature selection. It depended on the dataset and the classifier, as for diabetes
and quisclas datasets using RF-OEX without applying feature selection methods
provided the best results out of all combinations and increased the accuracy by
2.7728 % and 4.6674 % accordingly. For both optical and satimage datasets
InfoGainAttributeEval+Ranker in combination with RF-OEX and J48 classifier
boosted the accuracy by 2.9738 % and 4.0472 % respectively.

We tested every classifier 10 times for each of the datasets to find the efficient
number of outliers to be removed. We removed outliers from 1 to 10 according
to their rank and got the following results. In diabetes dataset removing 10
outliers provided the best results in 3 out of 4 classifiers. The best accuracy
for quisclas dataset was achieved by removing 5 outliers, however, 10 was also
a suffiecient number for IB1 and SMO classifiers. In optical dataset 8 removed
outliers increased the accuracy the most in different combinations of FS methods
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and J48 and IB1 classifiers. For the satimage dataset removing 9 outliers gave
the best result for J48 and for both IB1 and NB 10 was the most optimal
number. Then we asked the question what is generally the optimal number of

Tab. 2. Aggregated results

OD |Classifier Best number of outliers|Avg. gain
CODB J48 7 0.113 %
CODB IB1 5 0.0646 %
CODB NB 10 -0.0108 %
CODB SMO 5 -0.0254 %

RF-OEX IB1 10 0.1277 %
RF-OEX J48 10 0.1228 %
RF-OEX NB 7 0.043 %
RF-OEX| SMO 10 0.021 %

outliers that should be removed in order to get the best results regardless of a
dataset. Results can be found in Table 2. Based on them we can recommend
using the combination of RF-OEX and IB1 with 10 removed outliers. We also
do not recommend using the combination of CODB and SMO, because even for
the best case (5 removed outliers) it performed worse (in average) than dataset
without additional processing.

5 Conclusion

Based on our data we can conclude that removing class-based outliers does
improve the overall accuracy. However, the optimal number of outliers to remove
varies a lot and depends on the dataset. Out of the two outlier detection methods,
RF-OEX proved to be more successful.

Feature selection in combination with outlier removal does not always im-
prove the overall accuracy as compared to outlier removal only. However, there
are feature selection methods that do give higher accuracy but they depend on
the dataset they are applied to.

As future work, we would suggest extending the analysis on more high-
dimensional and larger datasets (as we were using sampling) to better study
the correlation between feature selection and outlier detection.

Reference

1. Nabil M. Hewahi, Motaz K. Saad Class Outliers Mining: Distance-Based Approach.
International Journal of Intelligent Systems and Technologies 2;1

2. Mark Hall, Eibe Frank, Geoffrey Holmes, Bernhard Pfahringer, Peter Reutemann,
and Tan H. Witten (2009). The WEKA Data Mining Software: An Update. SIGKDD
Explorations, Volume 11, Issue 1.



Vybrany prispévek 81

3. Leona Nezvalova, Lubos Popelinsky, Luis Torgo, and Karel Vaculik Class-based out-
lier detection: staying zombies or awaiting for resurrection? In Elisa Fromont, Tijl
De Bie, Matthijs van Leeuwen. Advances in Intelligent Data Analysis XIV - 14th
International Symposium, IDA 2015. Neuveden: Springer, 2015. s. 193-204.

Acknowledgements. This work has been supported by Faculty of Informatics,
Masaryk University Brno.






Vyber vhodnych atributov pre tvorbu klasifikacnych
modelov v oblasti mediciny

Michal Vadovsky, Jan Parali¢

Katedra kybernetiky a umelej inteligencie, Fakulta elektrotechniky a informatiky
Technicka univerzita v KoSiciach
Letna 9/B, 042 00 Kosice, Slovenska republika
michal.vadovsky@tuke.sk, jan.paralic@tuke.sk

Abstrakt. Predovsetkym v medicine je vyber spravnych atribatov pre klasifi-
ka¢nu ulohu ¢asto vel'mi komplikovany. Vyznam niektorych atributov je casto
tazko pochopitelny pre beznych analytikov, ktori moézu mat’ problémy urcit’ ich
relevantnost’ pre d’alSie analyzy. V tomto ¢lanku sme sa zamerali na popis roz-
nych spdsobov vyberu atributov, napriklad pomocou experta, Statistickych tes-
tov, odstranenim kolinearity alebo metédami Backward/Stepwise Selection
a regresnou analyzou LASSO. Dosiahnuté vysledky jednotlivych metod vyberu
atributov pri pouziti roznych klasifika¢nych modelov prezentujeme na zreduko-
vanych datach so zameranim na Parkinsonovu chorobu, Metabolicky syndrom a
Mierne kognitivne zhorSenie. V zavere tohto ¢lanku je spomenuté taktiez d’alSie
zameranie nasej prace.

Kradové slova: medicina, redukcia dimenzii, klasifikaéné modely.

1 Uvod

V poslednych rokoch sa coraz Castejsie zvySuje mnozstvo vyprodukovanych dat, ¢i uz
v podobe velkého mnozstva zaznamov a/alebo atribatov (dimenzii). Tento problém sa
vyskytuje napriklad v medicine, inZinierstve, riadeni vztahov so zdkaznikmi a v mno-
hych d’alsich oblastiach. Je to vyzva, ktorej Celia sti¢asné a budiace vyskumy, ktoré
uplatituju techniky dolovania v datach na skuto¢né problémy vo svete. Data s velkym
mnozstvom dimenzii m6zu obsahovat’ nadbyto¢né, redundantné alebo irelevantné in-
formacie, ktoré moézu v kone¢nom dosledku zhorsit’ vykonnost” algoritmov [1]. Pomo-
cou minimalneho mnozstva dimenzii mézeme ziskat’ modely, ktoré vyzaduji omnoho
menej ¢asu na vypocet a st jednoduchsie pre interpretovatelnost’ a pochopenie. Mnoho
algoritmov strojového ucenia by malo byt navrhnutych tak, aby vybrali vhodnu pod-
mnozinu atributov, ktora s najvac¢sou pravdepodobnostou dokaze predpovedat’ cielova
triedu. Nedavne vyskumy ukazali, Ze na bezné algoritmy strojového ucenia nepriaznivo
vplyva vyskyt irelevantnych a nadbyto¢nych informacii v trénovacej mnozine, preto je
potrebné pri problematickom mnozstve dimenzii vykonat' vhodné odstranenie nepo-
trebnych atributov (dimenzii) [2].

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 83-88.
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V nasom ¢lanku sme sa zamerali na popis rdznych sposobov pre vyber dolezitych
atribtitov a ich nasledné pouzitie pre tvorbu klasifikaénych modelov vhodnych na diag-
nostiku primarne Parkinsonovej choroby (PCH), ale aj ochoreni ako Metabolicky syn-
droém (MS) a Mierne kognitivne zhorSenie (MCI).

2 Stcasny stav

Pri urcovani §tadia alebo zdvaznosti PCH sa najcastejsie pouziva skala MDS-UPDRS,
ktora je vo forme dotaznika rozdelena do 4 zakladnych casti (I: Nemotorické aspekty
denného zivota, II: Motorické aspekty denného Zzivota, III: VySetrenie motoriky, IV:
Motorické komplikacie). Za Standard pre hodnotenie kvality zivota u pacientov trpia-
cich PCH sa povazuju dotazniky PDQ8 a PDQ39 (Parkinson s Disease Questionnaire),
ktoré sa odliSuju iba v pocte otazok. Tieto dotazniky hodnotia subjektivny zdravotny
stav pacientov, pricom PDQ39 pozostava z 39 otazok zoskupenych do 8 podskupin
a PDQ8 (kratsia verzia PDQ39) sa sklada z 8 otazok, ktoré predstavuju prave podsku-
piny otazok z PDQ39. Pri oboch dotaznikoch st odpovede pacientov zaznamenané po-
mocou Likertovej $kaly s hodnotami od 0 (nikdy) po 4 (vzdy). Celkové skore modze
dosiahnut’ hodnoty od 0 po 100, pricom vyssie skore znamena niz$iu kvalitu zivota.

V publikacii [3] sa Skorvanek s kol. zamerali na analyzu vztahov medzi polozkami
v dotaznikoch MDS-UPDRS a PDQS8. V prvej casti sledovali vztahy medzi polozkami
oboch dotaznikov pomocou Spearmanovho korelaéného koeficientu. Dalej sa zame-
rali na hierarchicki regresni analyzu, kde sledovali vplyv 4 ¢asti MDS-UPDRS ku
celkovému skére PDQS, pri¢om brali do Givahy aj vek, pohlavie, dizku $tidia, celkova
dennu davku Levodopy a dizku ochorenia. Vysledkom tejto hierarchickej regresnej
analyzy bolo zistenie, ze az 83,3% modelu bola vysvetlend pomocou tdajov z casti |1
(AR%R? = 68%) a I (AR¥R? = 10,4%). Ostatné ¢asti MDS-UPDRS uZ vyznamne ne-
prispievali k vysvetleniu modelu. Preto sa v d’alSej Casti hierarchickej regresnej analyzy
zamerali uz len na polozky z tychto 2 Casti. Z casti II najviac vplyvali na vysledny
model polozky: Unava, Depresivna nalada a Bolest’ a iné pocity. Pri &asti | to boli po-
lozky: Obliekanie, Zal'uby a iné aktivity a Stuhnutie. Nakoniec vykonali eSte LASSO
analyzu, kde sledovali vztahy medzi vSetkymi polozkami MDS-UPDRS a vyslednym
skore PDQ8. Hodnotu regresného koeficientu vyssiu ako 1 dosiahlo 6 poloziek z ¢asti
I, 7 poloziek z Casti 11, 3 polozky z Casti Il a 1 polozka z Casti IV. Z piatich poloziek s
najvyssim vplyvom na skore PDQS boli 4 polozky z casti I (nemotorové) — Depresivna
nalada, Apatia, Bolest’ a iné pocity a Unava.

3 Metody a dosiahnuté vysledky

V doterajSich vyskumoch zameranych na ochorenia PCH, MCI a MS sme pouzivali
rozne pristupy pre vyber vhodnych atributov, ako napriklad vyber zalozeny na exper-
tovi, Statistickych testoch, odstraneni vzajomnych zavislosti (kolinearity) a pouziti r6z-
nych metdd na redukciu dimenzii (Backward a Stepwise Selection, regresna analyza
typu LASSO).
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3.1  Expert

V situacii, ak existuje vzdjomna komunikacia medzi datovymi analytikmi a lekarmi,
ktori data zozbierali, je mozné ponechat’ vyber atributov prave na lekara. V naSom pri-
pade [4] nAm data o pacientoch trpiacich MS poskytli lekari z Chorvatska, ktori sami
urcili 4 r6zne podmnoziny atributov vhodné pre vykonanie d’alSich analyz. Pre tieto
podmnoziny atributov sme pomocou logistickej regresie vypogitali parametre ako z-
hodnota, pomer $anci (OR) a interval spoPlahlivosti (Cl 95%). Tieto parametre su
Casto pouzivané v medicinskej oblasti, pretoze podavaji informacie o délezitosti jed-
notlivych atributov pre finadlnu diagnostiku a st taktiez l'ahko interpretovatelné. Naj-
lepsi model dosiahol hodnotu R? = 0,41, ¢o znamena ?e model m4 urdit( predikéna silu
k diagnostike MS. Na trovni spolahlivosti 95% sme identifikovali atributy ako uziva-
nie statinu (z-hodnota = 5,9; OR =15,8; Cl = <7,3, 34,2>), Metforminu (3,5; 44,5; <7.,6,
259,5>) a beta-blokatorov (2,04; 2,7; <1,2, 5,9>) [5].

3.2 Statistické testy

Pomocou Statistickych testov dokaZzeme v datach sledovat’ zavislosti vstupnych atribu-
tov rozneho datového typu ku cielovému atributu, ktory v medicine va¢sinou podava
informaciu o tom, ¢i pacient ma alebo nema dané ochorenie. V nasom pripade sme tieto
Statistické testy pouzivali skor len vo faze pochopenia dat, aby sme vedeli vplyvy atri-
butov ku cielovej diagnostike. Pri numerickych atributoch bolo najprv potrebné testo-
vat’ normalitu (Shapiro-Wilk test) a nasledne podla vysledku vybrat’ Welchov alebo
Wilcoxov test. Pri nominalnych atributoch sme sledovali zavislost pomocou Chi-
kvadrat testu, resp. Fisherovho testu. Uréenim hladiny vyznamnosti na Grovni napr.
a = 0,05 mézeme podl'a p-hodnoty daného testu vybrat’ Statisticky vyznamné atributy
a pracovat’ uz len s touto podmnozinou.

3.3 Kolinearita

Kolinearita [6] poukazuje na situaciu, v ktorej s dva alebo viac predikujtacich premen-
nych navzajom zavislych, o moéze sposobit’ skreslenie dosiahnutych vysledkov. Pre
uréenie kolinearity je pre kazdy atribut potrebné vypocitat’ inflaény faktor rozptylu
(VIF), ktory ak presahuje hodnotu 5 popripade 10, tak hovorime o silnej kolinearite.
V publikécii [7] sme analyzovali vol'ne dostupné data zaznamenavajuce re¢ pacientov
s PCH. Vysledne klasifika¢né modely sme vytvorili bud’ na mnozine dat so vSetkymi
25 atribitmi, alebo na datach ocistenych od kolinearity (VIF > 5), kde sa pocet atributov
znizil na 13. Celkova presnost’ tychto modelov bola testovana pomocou metéd 10-CV
(10-ndsobnd krizova validacia) a LOO (Leave One Out). Pri LOO sa klasifika¢ny mo-
del vytvara na n-1 zaznamoch a testuje sa len na 1 zdzname, priCom sa cely proces
opakuje n-krat. S vynimkou jedného pripadu sa nim odstranenim atributov s vysokou
kolinearitou zvysila aj presnost’ modelov klasifikujuacich pacientov do jednej zo 7 Stadii
PCH. Pri pouziti 10-CV dosiahol najvyssiu presnost’ na Grovni 86,2% algoritmus roz-
hodovacieho stromu C5.0.

85
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S cielom zvysit’ presnost’ modelov sme sa zamerali aj na sofistikovanejsie metody
ako RandomForest, Bagging a Boosting. Najvyssia bola dosiahnuta prave pomocou
metody Boosting. Tato metéda vygeneruje m rozhodovacich stromov, kde kazdy dalsi
vygenerovany rozhodovaci strom berie do uvahy aj informacie z toho predchadzaji-
ceho s cielom minimalizovat’ vzniknut chybu. TaktieZ prikladom, ktoré boli klasifi-
kované nespravne, je v d’alej iteracii priradena vacsia vaha. V naSom experimente sme
pri metdéde Boosting vygenerovali 50, 100 a 150 rozhodovacich stromov, pretoze ich
rastiicim po¢tom sa presnost’ va¢$inou ustali, popripade rastie uz len minimalne, av§ak
¢as potrebny na vygenerovanie tychto stromov rastie exponencialne [8]. Pri pokuse
orezat’ vygenerovany rozhodovaci strom alebo obmedzit’ jeho maximalnu hibku doglo
v nasom pripade k znizeniu presnosti. Vygenerovanim 150 rozhodovacich stromov
bola pri klasifikacii pacientov s PCH pomocou metédou Boosting dosiahnuta najvyssia
presnost’ na Grovni 95,77%.

3.4  Metédy na redukciu dimenzii

Vyber vhodnych atributov je mozné realizovat’ aj metddami Backward Stepwise Se-
lection (BSS), Forward Stepwise Selection (FSS) a regresnou analyzou typu LASSO
[6]. Pri metode FSS sa zacina s modelom, ktory neobsahuje ziadny atribut, pri¢om po-
stupne sa atributy pridavaja a hl'ada sa ten, ktory najviac dokaze zlepsit’ model na za-
klade ukazovatel'ov RSS (rezidualny sticet $tvorcov) alebo R? (koeficient determindcie).
Metoda BSS je presnym opakom FSS, pretoze na zaciatku sa v modeli zahrnuté vsetky
atribaty a postupne su odstraiiované tie, ktoré st najmenej dolezité. Pre zistenie opti-
malneho poctu atribitov pri pouziti BSS a FSS je mozné pouzit’ rézne ukazovatele ako
napr. Adjusted R? (korigovany koeficient determinacie), Mallows’s Cp alebo BIC
(Swarz-Bayesovo kritérium). LASSO je metoda regresie, ktora v sebe zahfiia regulari-
zaciu. Miera penalizacie velkosti absolutnych hodnot regresnych koeficientov je regu-
lovana velkostou koeficientu 4, vd’aka Comu mézu byt niektoré odhady koeficientov
nulové. Cim je hodnota A vys§ia, tym viac regresnych koeficientov nadobuda nulovu
hodnotu. Optimalnu hodnotu 1 sme vybrali na zaklade minimalnej chybovosti modelu
pri pouziti 10-nasobnej krizovej validacie.

Pri analyze dat z chddze pacientov [9] s PCH sme pomocou tychto metdd zreduko-
vali celkovy pocet 166 atributov na 68 pri FSS, 81 pri BSS a nakoniec 120 pouzitim
LASSO. Nasledne sme vo faze modelovania pouzili naivny Bayesovsky klasifikator
a rozne algoritmy pre tvorbu rozhodovacich stromov, kde sme pomocou 10-nasobnej
krizovej validacie sledovali presnost, senzitivitu a Specificitu modelov na testovacej
mnozine. Z pohladu algoritmu bol najlepsi RandomForest, ktory dosiahol najvyssiu
presnost’ 99,49% a senzitivitu 99,65% na mnozine ziskanej metdédou LASSO a najvys-
Siu $pecificitu 99,5% na mnozine ziskanej BSS. Pomocou metod FSS a BSS sa nam pri
MCI podarilo vybrat’ zhodne po 7 najdélezitejsich atributov z celkového poctu 62. Na
Obr.1 si mézeme v8imnut’ ukazku zmensovania koeficientov smerom k nule. V tomto
pripade sme pouzili LASSO regresiu pre sledovanie vztahu medzi polozkami v dotaz-
niku MDS-UPDRS a vyslednym skore PDQ39 informujuce o kvalite zivota pacientov
s PCH. Z celkového poctu 70 atributov sa ich pocet zmenSil na 48, pri optimalnej hod-
note 1 = 0,2764, pricom len 15 atribitov dosiahlo hodnotu koeficientu > 1.
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Obr. 1. Regresna analyza LASSO

4 Zaver a buduca praca

V tomto ¢lanku sme sa zamerali na metddy vyberu vhodnych atribatov pre nasledné
vytvorenie klasifikaénych modelov, ktor¢ mozu lekarom pomoct pri diagnostikovani
urcitej choroby. Pre doktorov je niekedy vel'mi zlozité vybrat vhodnii mnozinu atribu-
tov a prave tieto metddy by im v tom mohli byt nipomocné. Rovnako vo faze pripravy
dat je vel'mi dolezité odstranit’ v datach kolinearitu, ktora moze spdsobit’ skreslenie
vysledkov. Za ucelom zvySenia dosiahnutych presnosti sme pouzili sofistikovanejSie
metddy, ktoré pouzivaji stromy ako stavebné bloky na vytvorenie silnejSich prediké-
nych modelov. Vysledna klasifikacia do triedy je potom zvolena hlasovanim vs§etkych
vygenerovanych stromov. Vo forme SWOT analyzy sme taktiez v ¢lanku [10] popisali
nase doterajsie skisenosti s réznymi vzorkami lekarskych udajov.

V buducej praci sa chceme zamerat' na d’al$iu analyzu dat z [3], ktoré obsahuji
vzorku 3206 pacientov trpiacich PCH popisanych 207 atributmi. Na tychto datach pla-
nujeme vykonat’ analyzu zvy$nych dotaznikov (MDS-UPDRS, PDQ8, PDQ39, EQ-
5D-3L), ich vzajomné porovnanie a hl'adanie skrytych vztahov medzi polozkami po-
mocou hierarchickej regresnej analyzy a LASSO. Dotaznik EQ-5D-3L je Standardizo-
vany nastroj na meranie vSeobecného zdravotného stavu pacienta. Jeho vel'kou vyho-
dou je to, ze je vhodny a spol'ahlivy v roznych zdravotnych podmienkach. Pacient od-
poveda na 5 otdzok (mobilita, starostlivost’ o seba, zvy¢ajné Cinnosti, bolest/nepohod-
lie, uzkost’/depresia) pri ktorych moze vybrat’ 1 z 3 moznosti (ziadne, nejaké, extrémne
problémy). Okrem toho sa v tomto dotazniku nachadza eSte jedna mierka, pri ktorej ma
pacient vyjadrit’ ako dobre alebo zle sa citi v danom dni (podl'a jeho nazoru) v rozsahu
od 0-100 (najhorsi — najlepsi zdravotny stav). Porovnanie dotaznikov MDS-UPDRS
a PDQ39 sme uz vykonali, avSak vysledky eSte nie st vyhodnotené expertom (leka-
rom).
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Annotation:
Choosing the right attributes for creating classification models in the field of medicine

Especially in medicine, choosing the right attributes for the classification task is often
very complicated. The meaning of some attributes is often difficult to understand for
regular analysts who may have difficulty determining their relevancy for further anal-
ysis. In this article, we ve focused on describing the various ways of selecting attributes
such as expert’s selection, statistical tests, removing collinearity or Backward/Stepwise
Selection and LASSO regression methods. In addition, we showed some of the
achieved results of various classification models on reduced data focusing on Parkin-
son’s disease, Metabolic Syndrome and Mild Cognitive Impairment. In conclusion, we
describe the future direction of our work.
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Abstrakt. Analyza ¢asovych fad je stdle castgjsi ilohou v mnoha obo-
rech. Jednim z nejcastéjsich cili je hledani skrytych period obsazenych
v datovych sadach. V této praci strucné popisujeme moznosti FeSeni
tohoto problému pro astronomické casové fady pochézejici z nékolika
piistroju a to zejména s vyuzitim umélych neuronovych siti. S ohle-
dem na obvyklou velikost téchto datovych sad se snazime najit plné
automatizované feSeni, kde jednim z nejdulezitgjsich kritérii je rychlost
hledan{ alespon na trovni bindrn{ klasifikace (tj. zda dand ¢asovd rada
obsahuje periodu, nebo ne). Nami navrhované moznosti proto vyuzivaji
kombinaci klasickych statistickych postupt a umélych neuronovych siti
(multi-layer perceptron a jeho varianta s ruznymi aktivaénimi funkcemi)
doplnéné o srovnani s feSsenim vyuzivajicim vyhradné umélé neuronové
sité (LSTM). V tomto ¢lanku popisujeme prozatimni{ vysledky posledné
zminované metody na datové sadé pochazejici z projektu BRITE.

Klicova slova: Casové Fady, velkd data, perioda, umélé neuronové site,
multi-layer perceptron, LSTM, astronomie, statistika, klasifikace

1 Uvod

Analyza ¢asovych fad pochazejicich z mnoha ruznych zafizeni nachézi uplatnéni
v celé fadé obort. My se v této praci zamétili na ¢asové fady z oblasti astronomie,
kde mohou slouzit k detekci proménnych hvézd, analyze hvézdnych systému
i objevum planet. Tyto svételné kiivky obsahuji ¢asovou osu (nejcastéji ve forme
Julidnského, piip. Modifikovaného Julidnského data) a osu jasnosti, svételného
toku, piip. jiné, potencionalné proménné veli¢iny.

K tomuto ucelu lze vyuzit metody hledani period ukrytych v rozsdhlych
datovych saddch ¢asovych fad. Konvenénim pfistupem mohou byt napi. ruzné
statistické postupy jako napt. analyza rozptylu, nebo algoritmus Lomb-Scargle.

Jelikoz se zde pohybujeme v oblasti velkych dat, hledali jsme zpusoby, jak
tyto statistické procesy automatizovat prostfednictvim umélych neuronovych siti

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 89-93.
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(ANN), které by mohly casové fady klasifikovat alesponi na tirovni rozhodnuti,
zda obsahuji periodu, ¢i ne (viz ¢dst 3.1). Jednou moznosti, jak tuto klasifikaci
déle vylepsit, muze byt napi. vlastni aktivaéni funkce (AF) jednotlivych neu-
ronu v zdvislosti na datech z uéici faze (viz ¢dst 3.2). Jako slibny vypadal také
algoritmus LSTM vyuzivajic{ vyhradné ANN (viz ¢dst 3.3).

2 Datové sady

Nase datova sada obsahuje vefejné dostupné casové tady z celkem 4 astrono-
mickych projektu: Kepler (Mise K2), MOST, BRITE, ASAS. Vsechna data jsou
ve formatu podobném CSV.

Z davodu rozdilu v datovych saddch (napi. v ¢asovych jednotkdch, namére-
nych veli¢indch i identifikdtorech hvézd) jsme se pro tuto fazi rozhodli provadet
klasifikaci pouze po dil¢ich datovych sadach namisto jejich agregace.

Prozatimni vysledky popisované v této praci se tykaji datové sady z projektu
BRITE (viz ¢dst 4). Data jsme spojili s daty z katalogu proménnych hvézd
GCVS3, ktery obsahuje informace o 52011 hvézdach, které byly do roku 2015
identifikovdny jako proménné [1]. Tato data pouzijeme jako popisky béhem ucici
faze pro stanoveni chyby.

3 MozZnosti feSeni

Zvazovali jsme moznosti feSeni od téch ,naivnich“ jako prostd automatizace
statistickych metod s vyuzitim umélé inteligence az po feSeni postavena Cisté
na umélych neuronovych sitich. Zde prinasime jejich prehled.

3.1 Klasifikace vysledkt statistické analyzy pomoci umélé
neuronové sité

Klasickym zpusobem, jak ovéfit, zda dand svételnd kiivka obsahuje periodu,
¢i nikoliv, je podrobit ji statistické analyze (napi. analyza rozptylu, nebo algorit-
mus Lomb-Scargle) a sestavit tzv. periodogram. Ten obsahuje periody z piredem
daného seznamu a pravdépodobnost, ze dand svételna kfivka danou periodu ob-
sahuje.

Tento postup lze automatizovat a periodogramy klasifikovat pomoci umélych
neuronovych siti, konkrétné multi-layer perceptronu (MLP). Cilem je ziskat
uspokojivou klasifikaci alesponn na tirovni, zda dand ¢asova fada obsahuje pe-
riodu, ¢i nikoliv.

Vyhodou této metody je rychlost klasifikace: vypocet periodogramu je zpra-
vidla zélezitosti nékolika vtefin. Velkou nevyhodu vSak predstavuje fakt, ze peri-
odogram je generovéan pro predem danou mnozinu period (napf. 1-30 dnf). Dels{
periody by tak byly vynechany z vypoctu, ackoliv dle GCVS jde statisticky
o malou ¢ast hvézd.

3 http://www.sai.msu.su/gevs/gevs/
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V soucasnosti existuji ndstroje, které implementuji ruzné statistické algo-
ritmy pro sestaveni periodogramu, pficemz kromé téchto funkeci obsahuje také
algoritmy pro hledani korelaci v sumu (napi. VARTOOLS*). I na tyto vysledky
Ize ptizpusobit MLP.

3.2 Evoluci ziskana aktivacni funkce perceptronu

Predchozi postup lze déle optimalizovat s vyuzitim jiné AF jednotlivych per-
ceptronu MLP. Zajimavé muze byt uz srovndni vysledku s vyuzitim klasickych
AF, jako napf. linedrni, Heavisideova, sigmoid, bipoldrni sigmoid, hyporbolicky
tangens, arcus tangens, ELU, ISRLU SoftSign apod.

My se hodldme soustiedit predevsim na ,Slechténi AF evoluéni metodou
s vyuzitim redlnych dat ucici sady. Inspiraci nachdzime v [2], kde je aktivacni
funkce ziskdna uéenim zvlast pro kazdy umély neuron pomoci klesiani podle
gradientu. Takto ziskand AF ,na miru“ datové sadé (resp. uéici sadé) by méla
vykazovat lepsi vysledky pii nasledné klasifikaci.

3.3 Long Short Term Memory

Tento ptistup vyuziva vyhradné ANN, konkrétné Long Short Term Memory
(LSTM). Ta je evoluci tzv. Recurrent Neural Network (RNN) [3], se kterou fesi
obecny problém MLP: neschopnost reagovat dle predchozich vstupti. RNN toto
fesf rozsffenim MLP o vnitin{ pamét (tzv. context units), ktera obsahuje kopii
predchozi skryté vrstvy a je prezentovana MLP v aktudlnim kroku. Tento me-
chanismus ¢inf RNN vhodnou k analyze ¢asovych fad, jelikoz je ANN diky nému
schopna si ”zapamatovat”sekvence obsahujici dlouhé vzory predem neznamé
délky. RNN vs8ak trpi problémem zvanym Vanishing and Exploding Gradients
[4] [5], které ¢ini u¢eni RNN obtiznym. Z tohoto duvodu byl v [6] navrzen algo-
ritmus LSTM.

LSTM je pouzivéna k predikei éasovych fad, v [7] vSak autofi ukazuji, ze je
mozné je pouzit také pro vyhleddvani anomélif v ¢asovych faddch (LSTM-AD).
Problém muze predstavovat Sum, coz je véetné navrhu feSeni s vyuzitim samo-
organizujicich map rozebrdno v [8].

My se pokousime pomoci LSTM ”naucit” ANN vzory casovych kiivek, které
by dle katalogu GCVS mély obsahovat periodu.

4 Nase aktualni vysledky s vyuzitim metody LSTM

Vysledky zatim mame pro metodu LSTM nad datovou sadou BRITE. Nej-
prve jsme klasifikovali 900 ¢asovych fad do 43 ti{d proménnosti (dle GCVS -
napf. ruzné podskupiny eruptivnich, pulzujicich, rotujicich, nebo kataklyzma-
tickych proménnych hvézd, popft. zdkrytovych vicehvézdnych systému, inten-
zivnich zdroju rentgenového zafeni, piip. nové, zatim vice nespecifikované typy

* http://www.astro.princeton.edu/jhartman /vartools.html
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hvézdné variability). Tyto byly ndhodné rozdéleny v pomeéru 70:30 na data uéici
a testovaci. Kazda casova fada méla az 66500 méfeni. Kratsi byly doplnény na
tuto délku ¢islem —1.

S témito daty byla tspésnost klasifikace jen 15%, pficemz tpravy parametru
LSTM (pocet skrytych vrstev, jejich neuronu a epoch) nemeély zadny vliv. Déle
jsme klasifikovali do abstraktnéjsich tiid proménnosti, az jsme skon¢ili o pouhého
zjistovani, zda dand ¢asovd fada obsahuje periodu. Uspéénost byla pouze lehce
nad 50%, coz poukazuje spise na ndhodu. Data jsme déle normalizovali do inter-
valu < 0;1 > s 10 platnymi ¢&islicemi, coz zvysilo tspésnost klasifikace do dvou
t¥{d pfes 60% a fadové zmensilo chybu. V rdmci experimentovani jsme se poku-
sili klasifikovat i ucici sadu jako takovou, nicméné zde byla tUspésnost pouhych
65%.

Vysledky néas vedou k tivaze, ze se LSTM bylo schopno ¢dsteéné nauéit vzory
v ¢asovych fadéch, coz by bylo mozné vylepsit rozsifenim ucici sady.

5 Zavér

Popsali jsme tii mozné piistupy k automatizaci hledani period v astronomickych
¢asovych fadéch s vyuzitim ANN, piip. v kombinaci s konvenénimi statistickymi
metodami sestavujicimi periodogramy. S ohledem na omezeni statistickych me-
tod pouze na predem definované periody se jako lepsi volba jevi algoritmus
LSTM. Ten vsak obecné dosahuje horsich vysledku u ¢asovych fad obsahujicich
Sum (v astronomii bézny jev), coz by se dalo vyfesit jeho automatickych od-
stranénim, nicméné i tento Sum muze obsahovat skryté (a informacéné hodnotné)
periody. Toto lze FeSit napf. separatnim zpracovanim casovych fad s a bez re-
dukce sumu, porovnanim vysledku a pripadnym oznaCenim ¢asové fady pro ob-
sluhu.

Déle planujeme vice experimentu se zminovanymi postupy, abychom nasli
ten nejvice presny a rychly zaroven. To zahrnuje experimentovani a porovnani
ruznych druha AF v porovnani s ,,vyslechténymi“ v pfipadé postupu vyuzivaji-
cich statistické metody. Vysledky srovname s vysledky algoritmu LSTM.

Ve vysledku bychom tedy méli byt schopni automaticky klasifikovat neznamé
astronomické casové fady s vyssi presnosti. Zaroven odfiltrovat ty, které neobsa-
huji periody a zbyvajici fady pfedat obsluze k posouzeni a hlubsi analyze pomoci

“evs
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Annotation:

Time series analysis is a growing inssue accross multiple fields of science. One
of the most common tasks is finding hidden periods in data sets. In this pa-
per, we describe possible approaches for astronomical time series using artificial
neural networks. With respect to a general size of the data, we are looking for
automated solution with focus on speed and accuracy at least on a ”binary classi-
fication”level. Our suggested approaches incudes combination of classic statistic
approaches supported by artificial neural networks and pure artifical neural ne-
tworks (LSTM).
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Abstrakt. Zvedavost je jednou z osobnostnych charakteristik pouziva-
tela, ktortu je vyhodné modelovat. Dopad méa predovsetkym na spotre-
bitel'ské spravanie, napr. v doméne online obchodov. Zistovaniu zveda-
vosti automatickou analyzou spréavania na webe sa vSak doteraz neveno-
vala vyskumna pozornost. V nasom prispevku prezentujeme experimenty
nad vzorkou 2130 pouZzivatelov, ktorych spravanie na portali webového
obchodu mame k dispozicii v rozsahu niekolkych mesiacov. Pomocou
dotaznika CEI-II sme ziskali referen¢ni informéaciu o zvedavosti tychto
pouzivatelov. Skonstruovali sme ¢rty spravania s potencidlom zvedavost
charakterizovat a natrénovali s ich pomocou klasifika¢ny model, ktory za-
raduje pouzivatelov podla miery ich zvedavosti do troch tried so sprav-
nostou 65%.

Kladové slova: Modelovanie pouZivatela - Zvedavost - Spravanie na
Webe - Strojové ucenie

1 Uvod

Modelovanie pouZivatela na zéklade jeho spravania na webe je dnes Sirokou a
intenzivne skiimanou disciplinou. Pozornost sa venuje, okrem iného, dlhodobym
charakteristikdm pouZzivatela, medzi ktoré patria aj jeho osobnostné ¢rty. Exis-
tujice vyskumy ukazuji, ze osobnostné charakteristiky ovplyviuja spréavanie po-
uzivatelov na webe [2]. Pochopitelne, informéacie o svojich charakteristikich nam
pouZivatelia neodovzdavaju explicitne: potrebujeme ich odvodzovat nepriamo z
ich spravania.

Jednou z dlhodobejsich vlastnosti ¢loveka (pouzivatela) je miera jeho zve-
davosti. Zvedavostou rozumieme mieru zaujmu pouZivatela o hladanie novych
poznatkov, ziskavanie novych skisenosti a ochotu ¢loveka uZivat si nové, nepred-
vidatelné udalosti. Informacia o trovni zvedavosti v pouZivatel'skom modeli mé
potencialne velkt vyuZitelnost. MoZe napomoct vysvetlit spravanie pouzivatela
alebo moze byt pouZitd pri odportcani. Modelovaniu zvedavosti (na zaklade
spravania pouZzivatela) sa zatial pozornost vyskumu nevenovala.

Tento prispevok sumarizuje nagu pracu, v ktorej sme sktimali moznosti urco-
vania zvedavosti pouZivatela na zéklade jeho spravania v prostredi webu. Zame-
rali sme sa na spravanie v.doméne online obchodu. Pre tiito doménu sme mali k

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 95-99.
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dispozicii velki datova vzorku obsahujticu spravanie pouzivatelov. Doména zé-
roven patri k oblastiam, kde moze néjst informacia o zvedavosti svoje vyuzitie.
K vzorke sme zaroven ziskali referen¢ni informéaciu o zvedavosti pouzivatelov
pomocou dotaznika.

Pre urc¢ovanie zvedavosti pouZivatela sme natrénovali model vyuZivajuci ¢érty,
ktoré je bezne mozné skonstruovat v doméne online obchodu.

2 Charakteristika datovej vzorky

Datova vzorka, s ktorou sme pracovali, bola vytvorena v ramci projektu HI-
BER [1]. Ide o zaznamy spréavania vzorky 2130 pouzivatelov slovenského zlavo-
vého portalu za obdobie niekol'kych mesiacov. Okrem uskuto¢nenych transakcii
(ndkupov) zachytava vzorka interakciu pouzivatelov s rozhranim portéalu (napr.
zadanie vyhladavacieho dopytu, prezeranie zoznamu produktov, prezeranie pro-
duktu, vlozenie produktu do kosika). Vzorka tieZ zahfiia obsah ponikanych pro-
duktov ako aj obsahové meta-informacie (napr. kategorie produktov).

Vzorka obsahuje vyse 300 000 udalosti (akcii). Na jedného pouZivatela pri-
pada v priemere 143 udalosti, z toho 8 nakupov (distribucia je vSak nerovno-
merna — mé mocninovy charakter). Pre nas vyskum je dolezité zaradenie udalosti
do sedeni, hranice ktorych definujeme 30 minttami neaktivity pouZzivatela. Ta-
kychto sedeni sa vo vzorke nachédza 53 432, ¢o predstavuje priblizne 25 sedeni
na pouzivatela.

Referen¢ént informaciu o realnej miere zvedavosti pouZivatelov sme ziskali
pomocou dotaznikového prieskumu. Dotaznik bol stucastou kampane, v ramci
ktorej pouzivatelia obsiahnuti vo vzorke vyplnili v lete 2017 sériu dotaznikov
zameranych na rozlitné osobnostné charakteristiky [1].

Dotaznik pre zistovanie zvedavosti, ktory sme pre kampan prelozili do slo-
venského jazyka, bol zaloZeny na existujicom dotazniku CEI-II (Curiosity and
Exploration Inventory) [3]. Obsahuje 10 vyrokov. Vyroky sa tykaji ¢t osobnosti,
ktoré su prejavom zvedavosti, napr. “‘vSade kde chodim, obzerdm sa po novych
veciach a zdZitkoch” alebo “som ten typ cloveka, ktoryj oblubuje nezndmych luds,
udalosti a miesta”. Respondent ohodnoti kazdy vyrok na 5-stupiiovej Skale podla
toho, ako vel'mi stihlasi s jeho videnim samého seba. Vysledkom dotaznika je cel-
kové skore s, vypocitané ako priemer hodnoteni jednotlivych vyrokov (niektoré
vyroky prispievaji do priemeru negativne v dosledku opacnej formulacie).

Pri vyhodnoteni dotazniku sa ukéazalo, Ze je nasa populacia podla celkového
skore normalne rozdelena (p = 2,9 ¢ = 0,5) (pozri obr. 1). Klasifikicia do
dvoch tried (zvedavy/nezvedavy) v tomto pripade nedava velky zmysel v do-
sledku velkej skupiny priemerne zvedavych pouZivatelov. Rozhodli sme sa preto
pre klasifikiciu pouzivatelov do troch tried: s malou, strednou a vysokou zveda-
vostou. Rozhodli sme sa pre relativne prisne kritéria zaradenia do krajnych tried.
Do krajnych tried sme zaradili participantov z prvého (s < 2,4) resp. §tvrtého
(s > 3,4) kvartilu, pokial asponi dva vyroky ohodnotili extrémnymi hodnote-
niami prislusnej valencie. Vysledkom bola skupina 349 vysoko zvedavych, 340
malo zvedavych a 1441 priemerne zvedavych pouZivatelov.
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Obr. 1. Pouzivatelia v nasej vzorke (N = 2130) st podla skére zvedavosti zistenom
dotaznikom normélne rozdeleni.

3

Model

Pred vytvorenim klasifika¢ného modelu sme navrhli sadu &t (pre prehladnost
uvadzame v pomenovanych skupinach). Vyuzili sme érty beZzne vyuZivané pri
inych klasifikaénych tulohédch no konstruovali sme aj také, ktoré vychadzali z
kvalitativnej analyzy zvedavého spravania:

1.

Demografia. Zahfha vek, pohlavie a prijmovia skupinu (odhad).

2. Celkovd aktivita pouZivatela. Zahifia pocet udalosti, poet sedeni, podiel ¢a-

sovych kategorii udalosti (ranné, obedné, vecerné ...), podiel typov udalosti
(navstevy produktov, vyhladavania, prezeranie zoznamu).

. Sposob zaciatku sedeni. Zahina podiely spésobov, akymi pouzivatelia zaci-

nali jednotlivé sedenia. MdZe ist o priamu néavstevu titulky, vstup z iného
webového obchodu (napr. meta-vyhladavaca), vstup zo socialnej siete alebo
vstup z neznamej stranky. Tymito ¢rtami sme chceli zachytit nachylnost
pouZivatela reagovat na odporucania (a vo v8eobecnosti rozptylenia).

. Informdcie o sedeniach. Zahtha priemerna dizku sedenia, pocet udalosti v

sedeni, priemerny ¢as medzi sedeniami ¢i pravidelnost sedeni.

. N-gramy. Zahiha najcastejSie sa vyskytujtce sekvencie typov udalosti pou-

Zivatelov (prakticky na najmé na arovni bi- a tri-gramov).

. Prdca s kategdriami. Zahfha priemerny pocet navstivenych kategérii v ramci

sedenia (charakteristika, ktora by mala hovorit o miere zvedavosti) ¢ mieru
prezerania pod-kategoérii produktov.

. Prdca so zoznamami produktov. Zahifia podiel pripadov, kedy sa pouzivatel

dostal na d'alsiu stranku vysledkov vyhl'adavania alebo zoznamu produktov.

Ako klasifika¢ny model sme zvolili ndhodny les. Model sme trénovali v 4-

skladovej krizovej validacii. Ked'Ze nas dataset bol vzhladom na mohutnost tried
nevyvazeny, delenie na testovaciu a trénovaciu sadu prebehlo pre kazda triedu
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Tab. 1. Vysledky trénovania nadhodného lesa s réznymi stratégiami vyberu ¢&ft.

Sposob vyberu &t (pocet ¢ft) Spravnost Presnost Pokrytie Nahoda
(baseline)
Vsetky c¢rty 65,7 (+/-2,24) 56,2 64,5 44,4
Feature importance (7) 65,1 (+/-2,27) 55,6 63,6 44,4
PCA (11) 64,8 (+/-1,84) 55,7 63,8 444
Dvojica €ft: prichod zo socidlnej siete, 70,0 (+/-3,69) 68,4 48,7 44 .4

uskutocénenie nakupu

zvlast. Vyuzili sme ladenie hyper parametrov. Zaroven sme experimentovali s
viacerymi metodami vyberu atributov (random forest feature importance, PCA).
Taktiez sme skusali trénovat velmi jednoduché modely s dvojicami vybranych
atributov. Vysledky zhfha tabulka 1.

4 Zaver: uspesnost odhadu zvedavosti je sI'ubna

Cielom nasej prace bolo natrénovat model (klasifikator), ktory by bol schopny
urcovat zvedavost pouzivatelov na zaklade ich spravania na webe. Experimento-
vali sme v doméne online obchodov, v ktorej je znalost o pouZivatelovej zvedavosti
velmi uZitoéna, ¢i uz pri analyze nakupného spravania alebo odporadani. Zaro-
ven sme pre tato doménu mali k dispozicii rozsiahlu datovi vzorku spravania.

Pre 2130 pouzivatelov z datovej vzorky sme pomocou dotaznika zistili re-
feren¢nii mieru ich zvedavosti. PouZivatelia si podla tejto miery rozdeleni nor-
malne a preto sme sa pre acely klasifikacie rozhodli rozdelit ich do troch skupin:
velmi, stredne a malo zvedavych.

Tvorbe klasifikdtora predchadzal navrh ¢&ft, ktoré by zvedavost pouzivatelov
mohli poméct rozlisit. Vyuzili sme ¢érty beZne vyuzivané pri inych klasifika¢nych
tlohach no konstruovali sme aj také, ktoré vychadzali z kvalitativnej predstavy
zvedavého spravania. Viaceré ¢rty sa opierali o charakteristiky pouZivatelskych
sedeni, ktoré sme definovali 30 minttovymi odstupmi neaktivity.

So sl'ubnou aspesnostou sa nam podarilo natrénovat klasifikdtor na baze na-
hodného lesa. Model klasifikuje do troch tried so spravnostou 65% pri vSetkych
atributoch, &m vyrazne prekonava nahodnu klasifikiciu. Dosahuje dokonca 70%
uspesnost, ak ako ¢érty vyberieme spravnu dvojicu atribitov kombinujicu infor-
maciu o tom, ¢i si pouzivatel nieco kupil po tom, ¢o sa na odkaz o produkte
dostal zo socidlnej siete.

Vyskum zistovania zvedavosti zo spravania povazujeme za slubne rozpra-
covany. Uskuto¢nili sme prvii analyzu dat. Budica praca bude vyzadovat pre-
dovsetkym konstrukciu sofistikovanejsich ¢ft, resp. analyzu pripadov nespravnej
klasifikacie v suc¢asnych experimentoch.

Pod’ akovanie: Tato publikicia vznikla vd'aka ¢iasto¢nej podpore projektov VG
1/0667/18, VG 1/0646/15 a APVV-15-0508.
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Annotation:
Assessment of User’s Curiosity Based on Behavior in Online Shop

Curiosity is one of the user personal characteristics useful to model. It impacts
the consumer behavior. In this work, we automatically assess the user’s curiosity
through a model based on behavioral features, constructable from common online
shop logs. These features include demographics, overall activity of the users, type
of their initial engagement into sessions or product visit sequences. The model
is trained on a sample of 2130 users. For each user, we have several months
of records of activity on a Slovak online shopping portal. The ground truth
curiosity labels were acquired through online questionnaire, issued to all users in
the sample. Our model classifies the users into three categories (curious, neutral,
anti-curious) with accuracy of 65%.
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Abstrakt. Typ osobnosti ndm pomaha vysvetlit, ako pouZivatelia pra-
cuju s webovou strankou. Automaticka inferencia osobnostnych charak-
teristik pouzivatela, ako je napr. typ jeho osobnosti, moéze byt uzitoc¢na
pri personalizacii aplikacii ¢i odporuc¢ani. Navrhli sme metédu inferen-
cie typu osobnosti pouzivatela, pricom osobnost modelujeme pomocou
pétfaktorového modelu (angl. Big Five). Metédu sme overili na détach z
elektronického obchodu, ktoré zachytavaja aktivitu a typ osobnosti 2168
pouzivatelov.

KIiéové slova: Modelovanie pouzivatela, typ osobnosti, NEO-FFI, elek-
tronicky obchod

1 Uvod a existujiuce pristupy

Adaptivne systémy modeluji tradiéne zdujmy & vedomosti pouzivatela, na zaklade
ktorych sa snazia prisposobovat pontkany obsah alebo spdsob, akym je mozné
obsah vyhladévat alebo prezerat [2]. Coraz ¢astejsie je vSak trendom modelo-
vat aj d'alsie osobnostné [5] ¢i kognitivne charakteristiky [7] pouzivatelov, ked ze
tieto maju vplyv na spdsob, akym pouzivatelia interaguji so systémom.

V naSej praci sa zameriavame na inferenciu typu osobnosti pouzivatela v
doméne elektronickych obchodov, ktord doteraz nebola dostato¢ne preskiimana.
Existujuce prace sa zamerali predovSetkym na doménu socidlnych sieti, ako su
napr. Twitter [5] alebo Facebook [6], pripadne na doménu odporicania filmov [9],
v ktorej odporticac so zapojenim typu osobnosti prekonal porovnavané pristupy
kolaborativneho odportcania. Hoci existuje viacero modelov (taxonémii) typov
osobnosti [10], v prevaznej vicsine tychto prac sa osobnost modeluje pomocou
tzv. Big Five modelu, v ktorom je osobnost vyjadrena pomocou piatich faktorov
(neurotizmus, extraverzia, otvorenost, privetivost a svedomitost). Na uréovanie
typu osobnosti podla Big Five modelu sa vyuZiva dotaznik NEO-FFI (angl.
NEO Five Factor Inventory, kde NEO odkazuje na prvé pismend faktorov ne-
urotizmus, extraverzia a otvorenost, ked’ze len tieto boli uvazované v prvej verzii
dotaznika) od Costu a McCraea [4], v ktorom respondenti vyjadruji svoj sihlas
s predlozenymi tvrdeniami, ktoré vyjadrujd, ako sa sami vnimaju.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 101-105.
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V doméne elektronickych obchodov, na ktord sa zameriavame v nasej praci,
existujice Studie sktimali stvislost medzi faktormi osobnosti a spésobom on-
line nakupovania (hedonistické vs. utilitdrne spravanie) [8]. Zistili napriklad, ze
pouzivatelia s va¢sim stupnom neurotizmu, privetivosti ¢i otvorenosti sa spravaji
viac utilitdrne, t. j. snazia sa nakupit ¢o najrychlejsie a najefektivnejsie. Zna-
lost typu osobnosti pouzivatela v doméne elektronického nakupovania by sa tak
dala vyuZit napr. na prispésobenie prezentdcie odporicani (akym sposobom sa
odporti¢ané polozky zobrazia a pripadne aj ich pocet), pripadne sa moze vyuzit
na lepsie interpretovanie implicitnej spétnej viizby pouzivatela.

Navrhli sme preto metédu automatickej inferencie typu osobnosti pouzivatela
zalozenu na Big Five modeli. K problému pristupujeme ako ku klasifika¢nej
tlohe, pricom pouzivatelov klasifikuje pre kazdy faktor do dvoch, resp. troch
tried. Navrhnutd metédu sme overili na rozsiahlej datovej vzorke z existujiceho
slovenského elektronického obchodu — zlavového portélu [1].

2 Metdda inferencie typu osobnosti

Navrhnuta metéda pozostava z troch zakladnych krokov:

1. Zaznamendvanie aktivity pouZivatela na evidencénej vrstve — zaznamenavame
informécie z profilu pouzivatela (demografické tidaje) a tiez jednotlivé uda-
losti (prezretie ponuky v elektronickom obchode, pridanie produktu do kosika
a pod.)

2. Odvddzanie atribitov na medzivrstve — demografické idaje a udalosti pouzivatela
zachytené na evidencnej vrstve spracivame a vytvarame z nich celkovo 105
atribtitov. Tieto je mo7né zaradif do troch skupin; okrem atribiitov odvo-
denych z demogragickijch tidajov ide o atribity aktivity (napr. mnozstvo ak-
tivity pouzivatela v ¢astiach diia, resp. tyzdiia, éas medzi dvomi po sebe
idtcimi aktivitami, resp. ndkupmi, mnozstvo minutych penazi, pocet pre-
zretych, resp. zakipenych ponik a pod.) a atribity sedend (priemerné trvanie
sedenia, pocet udalost{ v sedeni, pocet zakipenych pontik a pod.). Sedenie
pritom definujeme ako tsek aktivity pouzivatela, ktory je od druhého sedenia
oddeleny aspon styrmi hodinami neaktivity. Pri atribitoch odvadzame aj ich
priemerné, minimalne, maximalne hodnoty a hodnoty $tandardnej odchylky
od priemeru.

3. Napl/ﬁam'e modelu pouzivatela reprezentovaného 5-zlozkovym bindrnym, resp.
ternarnym vektorom korespondujicim jednotlivym faktorom Big Five mo-
delu osobnosti (napr. pouzivatel je / nie je neuroticky v pripade zlozky
bindrneho vektora alebo je mdlo neuroticky / je stredne neurotickyj / je velmi
neuroticky v pripade zlozky terndrneho vektora). Napiﬁanie je realizované
natrénovanymi klasifikdtormi (pre kazdy faktor osobnosti jeden), ktorych
vstupom sii odvodené atribity na medzivrstve. Pri klasifikdcii sme v préci
porovnali viacero metdd strojového ucenia, konkrétne metédu podpornych
vektorov SVM a ndhodny les (v préci vSak uvddzame len najlepsie vysledky,
ktoré boli dosiahnuté pomocou SVM [3]).
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Redlne data z elektronického obchodu byvaju spravidla riedke a pouzivatelia
sa mozu znacne odlisovat v mnozstve vykonanej aktivity. Metéda musi byt
schopn4 sa s tymto vysporiadaf; realizujeme preto normaliziciu idajov po¢tom
udalosti pre kazdého pouzivatela a tiez dopiﬁame chybajice hodnoty priemerom
pre dany segment.

Ked'Ze pri odvadzani atribitov na medzivrstve vznika znaény pocet atribitov,
realizujeme v procese trénovania ich automaticky vyber. Postupujeme tak, ze
si vyberieme reprezentantov dvoch tried (napr. extravertni vs. introvertni) z
opacnych koncov spektra a pre nich realizujeme Sstatistické testovanie pomocou
t-testu na urcenie, ktoré atribtity su rozlisujice, teda rozdiely v ich hodnotéch st
pre zvolené skupiny Statisticky vyznamné. Do trénovania klasifikatora nasledne
vstupuji uz len takto vybrané vyznamné atribity.

3 Overenie na rozsiahlej datovej vzorke

Overenie navrhnutej metédy sme realizovali na rozsiahlej datovej vzorke zo slo-
venského elektronického obchodu (zlavového portdlu) na vzorke 2168 pouzivatelov
(70% zien, 30% muzov), ktori vyplnili osobnostny NEO-FFI dotaznik [1]. Do-
kopy bolo pre nich zaznamenanych okolo 660 000 udalosti réznych typov, ako
napr. prezeranie konkrétnej ponuky (ktoré su zastipené v najvicSsom pocte),
prezeranie kategdrie ponik, vyhladdvanie, pridanie ponuky do kosika ¢i jej hod-
notenie pouzivatelom. Hoci priemerne spravili pouzivatelia vySe 140 udalosti,
ich poéet zodpovedd mocninovej distribucii, t. j. pre vela pouZivatelov je za-
znamenany velmi maly poéet udalosti. Zo vzorky sme preto odfiltrovali takych
pouzivatelov, ktor{ mali menej ako 10 zaznamenanych udalosti.

V prvom kroku sme realizovali bindrnu klasifikdciu, t. j. pre kazdy faktor
sme urcovali, ¢ md pouzivatel dani osobnostni értu (napr. otvorenost), alebo
nie. Aby sme overili, & je moZné medzi dvomi skupinami rozligit, vybrali sme
pre kazdy faktor horny a dolny kvartil a trénovanie a testovanie sme vykondvali
len nad takouto obmedzenou vzorkou (s rovnomernym zastipenim oboch tried;
klasifikdtor majoritnej triedy by tak mal sprdvnost 0,5). Najlepsie dosiahnuté
vysledky (SVM s vyberom 22 rozlisujicich atribitov podla t-testu) si zobrazené
v tab. 1.

Tabulka 1. Vysledky bindrnej klasifikdcie.

Faktor Spravnost (Acc.) Presnost (P) Uplnost (R) F skére
Otvorenost 0,66 0,43 0,51 0,47
Svedomitost 0,55 0,55 0,57 0,56
Extraverzia 0,79 0,66 0,62 0,64
Privetivost 0,68 0,56 0,68 0,61
Neurotizmus 0,65 0,66 0,54 0,59

Ako najlepsie atribity pre inferenciu sa ukéazali byt poéty kliknuti na od-
porucanie v sytéme, pomer medzi po¢tom odporuc¢anych a po¢tom kupenych pro-
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duktov, ako aj pomer medzi po¢tom prezeranych a zakipenych produktov. Ako
rozliSujuci atribut sa tiez ukazal prichod na stranku, t. j. ¢i pouzivatelia prisli na
stranku priamo alebo z iného sidla (napr. Facebooku). Z vysledkov tiez mdzeme
vidiet, Ze rozne faktory osobnosti je mozné uréovat s réznou spravnostou; naj-
menej sa v akcidch pouzivatela odrdzala jeho svedomitost, najviac naopak ex-
traverzia.

Vyskusali sme tiez ternarnu klasifikdciu; pridali sme pouzivatelov v strede
distribicie pre kazdy faktor (druhy a tret{ kvartil) a natrénovali sme klasifikdtory
pre tri triedy. Priemerna sprdvnost podla otakdvania klesla (0,43 pri terndrne;
klasifikdcii vs. 0,67 pri bindrnej), stdle sme vSak dosahovali vysledky nad hrani-
cou nahody.

4 Zaver

V praci sme navrhli a overili metédu automatickej inferencie typu osobnosti
pouzivatela. Hlavny prinos spoéiva v ndvrhu a sposobe uréenia rozlisujicich
atributov pre jednotlivé faktory osobnosti, ako aj v tom, Ze sme na rozdiel od
existujucich prac ukazali moznosti aplikacie automatickej inferencie v doméne
elektronickych obchodov.

V dalsej praci by sme chceli preskimat a pri trénovani zapojif sivislosti
medzi jednotlivymi faktormi osobnosti, resp. zostavit komplexnejsi klasifikdtor
na principe uéenia siborom metéd. Pre d'alsiu pracu zostdva aj zapojenie au-
tomaticky odvodeného typu osobnosti pre prisposobenie obsahu elektronického
obchodu, napr. v podobe personalizovaného odportcania.
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Annotation:

Inference of Personality Type of E-Shop User

Personality type helps us to explain, how the users work with a web page. Au-
tomatic inference of user characteristics, such as his or her personality type,
can be useful for personalization of applications or in recommender systems. We
proposed a method of user personality type inference using a five factor model
of personality (so called Big Five model). We evaluated the proposed method on
data from an e-hop, which contains activity and personality types of 2168 users.
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Abstrakt. Digitalizované data si v dnesnej dobe vSade okolo nas. St vo
forme dokumentov, novin, blogov ¢i réznych ¢lankov. Cudia sa v tomto
velkom mnozstve dat stracaji a maju problém v nich n4jst’ relevantné
informécie. To vedie k potrebe ich spracovania, analyzy a vhodnej vi-
zualizacie, ktorej I'udia rozumejt. Preto sme sa v tejto praci rozhodli
predstavit’ ndstroj pre analyzu a vizualizaciu informacii extrahovanych
z digitdlnych dokumentov. Analyza dat je vykondvand pomocou 2 me-
tod analyzy textovych dokumentov: modelovanie tém, analyza senti-
mentu a ziskané informacie su pouzivatel'ovi predstavené pomocou in-
teraktivnej vizualizacie.

KPucové slova: analyza dat, modelovanie témy, analyza sentimentu, vizualiza-
cia

1 Uvod

V dnesnej dobe sa data digitalizuju do réznych foriem, ¢i uz su to noviny, blogy, so-
cialne média alebo rézne Clanky. Cudia vedia k tymto datam pristupovat, no vd’aka
ich vel’kému mnozstvu s nimi nevedia efektivne pracovat, ¢im vznika potreba novych
pristupov, ktoré by dokéazali nejakym sposobom tieto data spracovat’, analyzovat a
nasledne z nich extrahovat’ potencionalne uzitocné informacie a tak zjednodusit’ vy-
hladavanie pozadovanych informacii. Takto extrahované informacie moézu byt uzi-
tocné v mnohych smeroch napr. data (prispevky) z diskusnych for méze pouzivatel
vyuzit’ pri rozhodovani ¢i kupit’ alebo nekupit’ nejaky produkt.

Avsak analyza dat je len prvym krokom spracovania tychto dat. Dalsim ovela do-
lezitejSim krokom je ich vhodna vizualizacia koncovému pouzivatelovi, aby tymto
vysledkom dokézal porozumiet’ a ¢o najrychlejsie sa na ich zaklade rozhodnut’.

Preto sme sa v tejto praci zamerali na vytvorenie nastroja, ktory umoznuje analy-
zovat’ vstupné textové dokumenty a ziskané vysledky vizualizuje s vyuzitim viace-
rych vizualiza¢nych technik. Na analyzu dat vyuzivame 2 metoédy a to modelovanie
témy a analyzu sentimentu.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 107-110.
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2 Modelovanie témy

Cielom modelovania tém je vytvaranie skupin (tém), ktoré sa spolu vyskytuju dosta-
to¢ne Casto, pomocou hladania skrytych tematickych Struktir vo vstupnej kolekcii
dokumentov. Tato metdéda analyzy dat pontika nové moznosti prehl'adévania, vyhla-
davania a sumarizéacie dat.

Ako jednou z prvych metdd, ktord sa pokusa rieSit’ problém modelovania tém je
Latentnd sémanticka alokacia (LSA) [1]. AvSak formalne nie je predstavovana ako
metdda modelovania tém, ale tvori zéklad pre mnozstvo inych metéd modelovania
tém ako napr. latentnd dirichletova alokéacia (LDA) [2]. Medzi d’alSie partia napr.
hierarchicky dirichletov process (HDP) [3], gamma poissonov model (GAP) [4] alebo
lognormalovy gamma poissonov model (LNGAP) [5].

Na Obr. 1 je mozné vidiet’ porovnanie vybranych metdéd modelovania tém pouZi-
tim metoédy "Document completion likelihood" [6], kde ¢im vécSia hodnota reprezen-
tuje kvalitnejsSie vystupné témy. Porovnanie bolo vykonané na mnozine 8000 ekono-
mickych dokumentov'.

Document completion likelihood
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Obr. 1 Porovnanie metéd modelovania tém

3 Analyza sentimentu

Analyza sentimentu, tieZ znama pod pojmom dolovanie nazoru, je typ Studie, ktora si
kladie za tlohu automatick(l analyzu nazorov I'udi, ohodnotenia, postoje a emocie k
entitdm ako su produkty, sluzby, organizacie, problémy, udalosti, t¢émy a ich atributy.
Tieto nazory su kl'icové vo vicsine l'udskych aktivit pretoze maji najvacsi vplyv na
nase rozhodovanie (vo vicsine pripadov ak robime nejaké rozhodnutie chcem poznat’
nazor aj ostatnych l'udi). Firmy mézu tieto nazory vyuzit' napriklad pri zavedeni no-
vého produktu na trh a zistit', ¢i sa l'ud'om paci alebo aké ma chyby a na druhej strane
ludia sa na zéklade nich moézu rozhodnut’ ¢i dany produkt kupit’ alebo nie. Hlavnym

! https://data.world/crowdflower/economic-news-article-tone.60
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cielom analyzy sentimentu je klasifikacia, ¢i vstupny dokument dokument alebo pri-
spevok vyjadruje pozitivny alebo negativny nazor [7].

4 Navrhovany nastroj

Ciel'om navrhovaného systému je umoznit’ jednoduché a intuitivne spracovanie texto-
vych dokumentov za ucelom ich analyzy a naslednej moznosti vyuzitia ziskanych
informécii v procese rozhodovania koncovym pouzivatel'om.

Funkcionalitu nastroju je mozné predstavit’ pomocou jednoduchého prikladu pouZitia.
Predstavme si, ze spolo¢nost’” zaoberajuca sa predajom mobilnych telefonov chce
ziskat’ udaje z prispevkov ich pouZzivatelov na internete. Najprv musia do systému
nahrat’ svoje data a nasledne zadat’ dopyt (napr. "Iphone"), ktory ich v danej mnozine
prispevkov zaujima. Nasledne na Obr. 2 je mozné vidiet’” vysledok analyzy danej
mnoziny prispevkov. V hornej ¢asti je zobrazeny vyvoj tém v Case a v spodnej Casti si
mdze pouzivatel pridat’ dolezité udalosti pre dané témy (napr. kedy bol telefon uve-
deny na trh, marketingovli kampati a pod.). Na zéklade tychto informacii méze spo-
lo¢nost’ vidiet’ napr. ¢i marketingova kampan fungovala alebo ¢o l'udia najviac disku-
tuji o danom telefone.

TOPIC-BASED VISUALISATION IN TIME

Obr. 2 Detail ziskanych tém na ziklade vstupného dopytu

Nasledne je mozné po kliknuti na konkrétnu tému ziskat’ jej detailnejsie informacie
ako kl'a€ové slova, najinformativnejsie prispevky a vyvoj sentimentu v ¢ase pre tato
tému. Tento detail je zobrazeny na Obr. 3.

5 Zaver

V préci bol prezentovany zakladny popis vybranych metdd urcenych na automatickt
analyzu textovych dat a taktiez nastroj, ktoré¢ho ulohou je automaticka analyza vstup-
nej mnoziny dokumentov a naslednd vizualizacia ziskanych informacii. Vyuzitie toh-
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to nastroja bolo prezentované na jednoduchom priklade pouzitia. Ako je mozné vidiet’
tento nastroj moéze byt potencionalne uzitony v procese rozhodovania firiem ako aj
beznych pouZivatelov.

FILTERED DOCUMENTS

Stocks mixed, bonds decline; Dollar improves.

TAG CLOUD

rates  price

Obr. 3 Detail témy
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Annotation:
Interactive tool for analysis and visualization of textual documents

In present, digital data are all around us. A lot of them are in form of documents
(news, blogs, articles, social media). In such amount of data is hard to find relevant
information. It leads to finding new ways of its processing, analysis and appropriate
visualization, which is suitable for end users. For that reason we present in this paper
tool for automatic analysis and visualization of information extracted from input digi-
tal documents. Data analysis is done using 2 methods: topic modeling and sentiment
analysis.



Vyhledavani obrazka v rozsirené realité
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Abstrakt. Aplikace pro mobilni telefony se staly kazdodenni souédsti
nasich zivotu. Jejich pole pusobnosti je ale zatim ve vét§iné piipadu
striktné limitované displejem daného zafizeni. Jednim ze soucasnych
trendu ve vyvoji mobilnich aplikaci je pravé rozsifovani moznosti apli-
kace za hranice samotného pfistroje — do prostiedi virtualni, potazmo
rozsifené reality. Cilem tohoto projektu je vytvofeni systému, ktery
umozni obohaceni mobilnich aplikaci o vyhledavani v prostiedi rozsifené
reality. Hlavni komponentou systému je serverova aplikace poskytujici
sluzbu k vyhodnoceni shod pfijatého obrazku s definovanou databézi
obrazku. Pro usnadnéni implementace vyhleddvéni v rozsifené realité
je k dispozici knihovna pro platformu iOS. Spriava datab&dzi obrizku
je umoznéna prostiednictvim REST API nebo pomoci jednoduchého
webového rozhrani.

Klicova slova: pocitacové vidéni, rozsifend realita, OpenCV, JavaScript

1 Uvod

Hranice mezi redlnym svétem a svétem informacnich technologii se neustale
ztencuje. Soucasnd mobilni zafizeni jsou schopna zachytit okolni prostiedi, po-
rozumeét jeho kontextu a zobrazit realitu rozsifenou o definovanou pridanou
hodnotu, to vie v redlném case. Hovofime o tzv. rozsifené realité. Ukazkovym
pripadem uziti je naptiklad prehrani filmové upoutavky po rozpoznani filmového
plakatu. Pro zminéné porozuméni kontextu ¢asto dochazi k zapojeni netrivialnich
disciplin, jako je pocitacové vidéni, strojové uceni nebo uméls inteligence.
Cilem projektu [1] je vytvoren{ takového systému, ktery poskytne vyvojaitum
mobilnich aplikaci potfebné sluzby a néastroje pro obohaceni aplikaci
o vyhledavani obrazku v rozsitené realité. Pro sprdvu obrdzku urcéenych k roz-
poznavani je k dispozici webové rozhrani. Samotna interakce s rozsifenou re-
alitou je zjednoduSena vyuzitim poskytované knihovny. Systém tak umoznuje
implementovat danou funkcionalitu i bez komplexni znalosti problematiky.

2 Architektura systému

Proces vyhledavani obrézkua v rozsitené realité sestava celkem ze ti{ ¢asti. Prvni
casti je nepretrzité zachycovani okolniho prostiedi fotoapariatem mobilniho

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti & WIKT 2018, Brno 11.-12.10.2018, pp. 111-11}.



112 Vyhleddvani obrazku v rozsirené realité

zarizeni. Déle je nutné porovnat zachycené snimky oproti predem definované
databdzi obrazku, které chceme rozpoznavat a vyhodnotit piipadné shody. Po-
sledni ¢asti je vyvolani pfislusné akce v prostiedi rozsitené reality.

Pro zajisténi skalovéni a jednoduché modifikace databédze obrézka bylo roz-
hodnuto o implementaci tzv. kontinualni komunikace. Serverové aplikace udrzuje
databdze obrazku a poskytuje REST API pro jejich modifikaci a vyhodno-
ceni shod. Mobilni zafizeni kontinualné odesild zachycené snimky na server kde
dochézi k vyhodnoceni shody s uréenou databazi a odeslani odpovédi.

Hlavni komponentou systému je serverova aplikace implementovand v progra-
movacim jazyce JavaScript za vyuziti béhového prostiedi Node.js. Pro samotnou
analyzu obrazkl a vyhodnoceni shod je vyuzita knihovna OpenCV. Jeji spusténi
v prostredi Node.js je zajisténo vyuzitim knihovny opencv4nodejs [2]. Soucédsti
projektu bylo také rozsiteni této knihovny o potiebnou chybéjici funkcionalitu.

Vyvojatri mobilnich aplikaci mohou vyuzit knihovnu pro platformu iOS, ktera
zajistuje proces kontinualni komunikace se serverem. Pii detekci shody vyro-
zumi mobilni aplikaci o vysledku vyhleddvani, ktery je mozny déle zpracovat.
Databdze obrazku je mozné spravovat prostiednictvim REST API nebo vyuzit
jednoduchou webovou aplikaci implementovanou pomoci knihovny React.

3 Analyza obrazka a vyhodnoceni shod

Pro vyhodnoceni shody dvojice obrazku je nejprve nutné provést jejich analyzu.
Byla zvolena metoda extrahovani lokéalnich vlastnosti. Jejim zdkladem je identifi-
kace malych oblasti obrazku, které spliuji definovanou charakteristiku. Zpravidla
se jedna o hrany, rohy, bloby nebo vysoce kontrastni mista. Identifikované lokalni
vlastnosti se obvykle skladaji z klicového bodu urcujictho pozici a deskriptoru,
ktery reprezentuje vizualni popis dané vlastnosti.

Obr. 1. Pitklad porovnan{ (vlevo obrdzek z databdze, vpravo pfijaty snimek)
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Knihovna OpenCV obsahuje celou fadu algoritmt pro extrakei lokalnich
vlastnosti. S ohledem na pozadovanou rychlost odezvy systému byl zvolen algo-
ritmus ORB [3]. Deskriptory jsou reprezentované bindrnimi retézci, které snizuji
pamétovou slozitost. K jejich porovnani je mozné vyuzit vysoce efektivni vypocet
Hammingovy vzdalenosti.

Vzijemnou shodu dvou obrazku lze ur¢it porovnanim jejich deskriptort.
Vyuzitim algoritmu k& nejblizsich sousedu jsou nejprve pro kazdy deskriptor
z prvniho obrazku nalezeny dva deskriptory z druhého obrazku s nejmensi
vzdalenosti. Pomoci tzv. pomérového testu [4] ndsledné dochézi k odfiltrovani
nevalidnich dvojic. Vysledek je déle zpfesnén vypoctem homografie a ovérenim
zachovéni orientace obrdzku (Obr. 1).

Uvedeny proces je spustén na serveru po prijeti pozadavku k vyhodnoceni
shod. Ptijaty snimek je porovnan se vSemi obrazky v urcené databéazi. Informace
o obrazku s nejvyssi konfidenci shody jsou vraceny jako pozitivni odpovéd na
pozadavek. Pokud zadny obrézek nespliiuje minimélni miru konfidence, shoda
neexistuje a je vracena negativni odpovéd.

4 Testovani systému

Soucdsti projektu bylo automatické otestovani implementovaného systému po-
moci skriptu. Byla vytvofena testovaci databdze obsahujici 500 log z volné do-
stupného souboru dat LLD [5] a ddle 500 testovacich scén ve dvou modifikacich
predstavujici idealni a zhorsené podminky.

Response time for 150 features

— 1lcore
2 cores

Average time [s]

] 2000 4000 6000 8000 10000
# of images

Obr. 2. Prumérné doba vyhleddvéni dle po¢tu obrazku v databézi

Systém dosahuje presnosti 99 — 100 % pii tplnosti 87 % pro idedln{ podminky
a 65 % pro zhorgené podminky. Nizsf iplnost vyhledéavani je ovlivnéna ndhodnym
vybérem testovacich obrazku z datasetu, ktery obsahuje i obrazky nekvalitni,
piipadné obrazky nevhodné pro vyhledavani. Pii redlném vyuziti lze tedy
ocekavat vyssi hodnoty.
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Pro zjisténi moznosti skalovani systému byla implementovana experimentalni
paralelni verze vyhleddvani. Principem je rovnomérné rozdéleni databaze obrézku
mezi vice procesu. Vysledky testovani ukazuji téméf dvojnasobné zrychleni pii
spusténi na dvoujddrovém procesoru (Obr. 2). Dalstho zrychleni by bylo mozné
dosdhnout vhodnym indexovanim databaze nebo vyuzitim optimalizované verze
knihovny OpenCV urcéené pro béh na grafickych procesorech.

5 Zavér

Vyuzitim open-source technologii byl implementovan funkéni prototyp systému
umozinujici obohaceni mobilnich aplikaci o vyhleddavéani obrazku v rozsifené rea-
lité. Jednovldknovéa implementace dokaze obslouzit databaze obsahujici zhruba
5000 obrazku. Testovani ukézalo, ze pii paralelizaci vyhleddvéni je mozné
dosahnout rddové vyssich limitu, které jsou srovnatelné s komercénimi sluzbami.
Vyznamnym piinosem projektu je také rozSifeni knihovny opencv4nodejs
o chybéjici funkcionalitu.
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Annotation:
Image Search in Augmented Reality

Mobile applications have become a daily part of our lives. One of the current
trends in mobile application development is the expansion beyond the device
itself — into the virtual or augmented reality. The goal of this project is to
create a system that will allow developers to enhance mobile applications with
image search in augmented reality. The main part of the system is a server
application that provides a service to evaluate the match of the received image
with the defined image database. An iOS library is available to simplify the
process of image search in augmented reality. Administration of image databases
is available through the REST API or through a simple web interface.
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Abstract. Flexible manufacturing as the key target of Industry 4.0 de-
pends on precise knowledge of available human as well as machine re-
sources and a capability to flexibly manage them. Integration of the
various resources is a very complex task and represents a significant ob-
stacle for a perfect understanding of the required knowledge. An ontology
may facilitate the integration, but the problem occurs when the ontology
does not comprise required concepts or relations. External data sources
may be exploited for the ontology extensions. Such tasks may be hard to
achieve purely by human given the volume of data involved in industrial
applications. In this paper, we investigate an approach of acquiring the
necessary information for ontology learning using a web mining method.
The proposed approach was experimentally verified on the integration of
Excel document containing spare parts and Ford Supply Chain Ontology.

Keywords: Ontology - Ontology Learning - Automotive - Web Mining

1 Introduction

Flexible manufacturing as the key target of Industry 4.0 depends on many as-
pects including precise knowledge of available resources and a capability to man-
age resources for ensuring highly customized production. Thus, it is required to
integrate various data-sources representing various characteristics of the flexible
manufacturing needs. Unfortunately, many of required knowledge (for demanded
integration) is not expressed explicitly but is hidden in the corresponding text
files, hard-coded in programs, or only hidden in the minds of designers of corre-
sponding data models of resources.

In recent years ontology proved to be a suitable tool that enables to build
a common knowledge model incorporating information from various sources in
a consistent way — especially light-weight ontologies for linked-open-data solu-
tions. The problem of the integration is in the missing knowledge which should
be solved using some existing external data sources. Algorithms which form or
extend ontologies belong to ontology learning.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 115-120.
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This paper is organized as follows: First, we introduce basic characteristics
of ontology learning. Next, we present the possible solution for forming the new
information required for the integration. Finally, the paper concludes with a
summary.

2 Ontology Learning

The (semi-)automatic methods for ontology construction are typically referred
to as ontology learning altogether. This term was coined by A. Madche and S.
Staab in 2001 [5]. In other words, ontology learning deals with the acquisition
of a domain model from data. The ontology learning process consists of several
separated tasks:

. Acquisition of the relevant terminology

. Identification of synonym terms
Formation of concepts

. Hierarchical organization of the concepts

. Learning relations, properties or attributes
. Hierarchical organization of the relations

. Instantiation of axiom schemata

. Definition of arbitrary axioms

0O U W

There are several already proposed methods for solving some particular steps
of the ontology learning tasks. One of the approaches to the problem of semi-
automated ontology learning is to employ structured datasets such as Word-
Net [6] or DBpedia®. Examples of such efforts may be found in [9], [4], [1] [2].
Web mining as an unsupervised learning strategy gains in popularity among re-
searchers in the last years, e.g., [3], [7], [8]. In this paper, we focused on the first
five tasks of the ontology learning process and we exploit structured datasets.
Furthermore, web mining together with lexico-syntactic patterns is employed due
to specific application domain which is not covered in WordNet and DBpedia.

3 Concepts and Relations Acquisition

In this paper, we deal with a problem of importing new information into existing
ontology from an external data source. In our case the input data is extensive
and detailed Excel document where records for various automobile spare parts
are saved. The goal of performed ontology learning process is to incorporate each
of the spare part records into the existing ontology, either by assigning the spare
part to an existing concept or by defining new concepts and relations to other
concepts in the ontology. Every record of a spare part is characterized by ab-
breviated part label (e.g., SE CSHAFT RR OIL) which must be decoded using
an internal database of acronyms. Within this database, every token from ab-
breviated part label can have more than one expansion, e.g., SE=sealer, sealing,

3 http://wiki.dbpedia.org



Vybrany prispévek 117

september, etc, resulting in ambiguity of decoded spare part label. Output of the
preprocessing is a set of translated part labels which are subsequently used as
an input of the ontology learning process.

In the first phase, we examined application of structured datasets, such as
DBpedia or WordNet, as a resource for the ontology learning process. The ob-
vious advantage of employing these datasets is that they contain valuable infor-
mation about the domain in the form of semantic relations to other concepts.
Parameters of the search in DBpedia or WordNet must be carefully tailored to a
specific application to ensure the required level of successful mappings as well as
their meaningfulness. In this test we limit our search in DBpedia to concepts re-
lated to a super concept Vehicle technology by semantic relations “skos:broader”*
and “dc:subject”®. We constrain the search in WordNet to concepts related to
a super concept Automotive vehicle by hypernymy, hyponymy, and meronymy
relations.

For the purpose of search in the structured datasets we considered all possi-
ble translations of the abbreviated spare part label as well as their permutations
and subsets. Table 1 lists few examples of mappings between spare part labels
and concepts from DBpedia and WordNet. Obviously, there are a lot of reason-
able mappings, but some other mappings are doubtful. The disadvantage of the
DBpedia is that it contains rather general semantic relations which don’t con-
strain very well the type of resulting concept. For instance, the same relation “is
Subject of” (i.e., is dc:subject of) associates the concept Engine technology to
concepts Crankshaft (i.e., an artifact, part of an engine) and Oil pressure (i.e.,
physical quantity) in DBpedia. While the latter concept is undoubtedly related
to the domain of automotive technology, it doesn’t seem to be useful to include
such concept in the context of supply chain ontology. In this sense, the Word-
Net seems to be more promising as it contains the meronymy relation directly
associating some components of the vehicle to others.

Table 1. Examples of mappings between spare part labels and DBpedia and WordNet
concepts.

Spare part label DBpedia WordNet

O/RG-RR AX WHL SHFT |Axle Azle
Wheel Wheel
Rear axle Shaft
Outrigger

SW ASY-OIL PRESS SDR |Station wagon|Switch
Qil pressure
BLT FL/WHL TO CSHAFT |Crankshaft Crankshaft
Flywheel Bolt

* https://www.w3.org/TR/skos-reference/#broader
® http://dublincore.org/documents/dces/



118 Concepts and Relations Acquisition within Ontology Learning Process

Furthermore, it can be seen that the mappings between spare part labels
and DBpedia or WordNet concepts are found mostly for subsets of the full label.
Moreover, individual mappings for given label may be unrelated as in the case of
spare part label mapping to Station wagon and Oil pressure. This is because the
domain in interest is very specialized while both DBpedia and WordNet contain
rather general concepts. For this reason we propose more sophisticated approach
to the ontology learning task which employs web mining tools. Overall work-flow
of the proposed solution is illustrated in Fig. 1. In this solution DBpedia and
WordNet are used to define more generalized concepts forming a backbone of the
resulting ontology while web mining method is used to define more specialized
concepts and to find their relations to the general concepts.

Label Acquisition of
Possible Labels

Labels Normalization

/Label was already used Label is not used for \
for an existing concept any concept

Synonyms Acquisition

Evaluate a context of the
concept and the label

. If the If a concept v
Integration
completed context exists fora M
does not fit synonym
| : ;
\ 4
/ Create anew concept I
Find the label in a structured data-source
l.e., WordNET and DBpedia
Collect additional information
l.e., relations to other conepts
If additional information are required
— use Web- Crawllng
[ Integration completed ]
NS )

Fig. 1. Work-flow of the proposed solution

Web mining is used in the proposed solution for several tasks. First, in order
to resolve the ambiguity of translated spare part label web mining is used to
select the most appropriate concept name among the possible spare part labels.
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The straightforward algorithm is used for this task — frequency of occurrence
within web documents, which are searched using the given term, is assigned
to the term (the possible name). The candidate concept name with the highest
frequency is selected as the name for the new concept (if it is not already defined
in the ontology). Using this method it is evaluated, for example, that the most
probable translation of the spare part label SE CSHAFT RR OIL is crankshaft
rear oil seal.

Furthermore, web mining is used for derivation of relationships between con-
cepts using lexico-syntactic patterns. Used patterns are divided into four cate-
gories according to semantic relationship — hypernymy (e.g., “is a”), hyponyms
(e.g., “called”), meronymy (e.g., “as part of”), holonymy (e.g., “consists of”).
These patterns are searched in web documents together with pairs of ontology
concepts.

4 Conclusions

In this paper, a solution for building ontology elements (concepts, their instances,
and their relations) has been introduced. This solution may be understood as
facilitating the integration of required resources into an existing ontology. The
proposed solution was verified on the integration of spare parts database into
Ford Supply Chain Ontology.

The proposed solution combines identification of required elements in struc-
tured resources, i.e., DBpedia and WordNet, and acquisition of additional knowl-
edge by means of web mining technique. This approach aims to overcome prob-
lems when a given domain or given resources are very specific so that the existing
structured data-sources are not convenient.
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Abstract. Every year, the amount of data (in science) grows signifi-
cantly as information technologies are used more intensively in various
domains of human activities. Biologists, chemists, linguists, and others
are not data experts but often just regular users who need to capture
and process some huge amount of data. This is where serious problems
emerge — bad data management leading to losing important data, produc-
ing unverifiable results, wasting funds, and so on. Thousands of qualified
data stewards will be needed in following years to deal with this issues.
At the Faculty of Information Technology, CTU in Prague, we partici-
pate in the European platform ELIXIR in which we work on the Data
Stewardship Wizard to help researchers and data stewards with building
high-quality FAIR data management plans that are accurate and help-
ful to their projects. We cooperate on this challenging project with our
colleagues from other ELIXIR nodes.

Keywords: Data Stewardship - FAIR Data - Wizard - DM Plan

1 Introduction

Data Management comprises all disciplines related to managing data as a valu-
able resource. Lately, a new term, Data Stewardship, has started to be used to
emphasize not just doing data management during a scientific project, but to
cover capturing, processing, (long time) preserving, and re-using data. All of
these from the planning stage of the project to the stage when the project is
already finished. In organizations, there should be designated data stewards as
experts that have the knowledge how to deal with data in a correct way and
help researchers to organize their projects appropriately.

Data stewards have complicated tasks to stay well trained themselves and
supervise data management of projects in the organization, i.e. communicate
and collaborate intensively with researchers and help them with the planning.
Data Stewardship Wizard helps with this whole process resulting in successful
scientific projects. Moreover, data management plans are more and more often
required as an attachment to funding applications. Example of this practice is
the European Union. EU and many data experts define Data Management Plans
(DMPs) as a key element of good data management. [1]

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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2 ELIXIR

ELIXIR is an international organization with the main goal to coordinate these
resources so that they form a single infrastructure. It operates mainly in Euro-
pean states, since 2014 it has gathered 21 members (including the Czech Re-
public, but for example also Israel) and over 180 research organizations. Each
member state represents a node and there is a central point called Hub that is
located in the UK. Activities of ELIXIR are separated into five Platforms: Data,
Tools, Interoperability, Compute, and Training. [2]

ELIXIR and its nodes organize a lot of events to gather scientists and to share
knowledge. Also, ELIXIR provides funding through so-called Implementation
Studies that are an important part of activities of a particular Platform. They
are proposed by Platforms, then must be agreed with the ELIXIR Heads of
Nodes committee and approved by the ELIXIR Board. [2]

Our project targets the Interoperability and Training platforms since the
Data platform is about specific data resources. FIT CTU in Prague is part of
ELIXIR CZ. We tightly cooperate with IOCB that is the Czech ELIXIR national
node and also with our colleagues from DTL (Dutch Techcentre for Life Sciences)
that acts as the Dutch node of ELIXIR. Thanks to the ELIXIR infrastructure
and events, we have a lot of feedback and attention across Europe. [3,4]

3 FAIR Data Principles and Metrics

To do a good and precise data stewardship and to promote open science, a broad
international community has developed the FAIR Data principles. FAIR is a nice
abbreviation of four pillars: Findable, Accessible, Interoperable, and Reusable.
Each of those is representing a set of three or four principles (15 in total) that
are stating the requirements. It is clear that these principles are applicable not
just to life science datasets but to data and projects in general. [5]

The GO FAIR Initiative focuses on the development of the Internet of FAIR
Data & Services (including the European Open Science Cloud) through many
activities such as trainings, tools, certifications, and so on. The problem is the
figuring out when you can say "my data are FAIR”, for this reason, the FAIR
Metrics are prepared so you can measure your FATRness. [6]

There are 14 well-defined metrics developed by the FAIR Metrics Group.
Each metric is related to FAIR principle, has own identifier, name, description,
information about the measuring and validation, and examples. In most cases,
evaluation is a process of retrieving metadata from entered URI and running
validation with it. For that purpose, the Metrics Evaluator made mainly by
Mark Wilkinson is also placed together with complete metrics description and
manuals in the repository https://github.com/FAIRMetrics/Metrics. [7]

4 Project: Data Stewarship Wizard

After introducing the background, ELIXIR, and FAIR, the Data Stewardship
Wizard (https://dsw.fairdata.solutions) can be described.
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4.1 Goals and Visions

The goal is to develop an open-source solution that allows data stewards to
work with the knowledge in order to build a structured questionnaire with re-
lated information. After filling-in project information into this questionnaire, the
researchers will get high-quality data management plan (DMP). Again, produced
DMP contains detailed information such as advices, contacts, and metrics.

There are two most important differences from other solutions (such as DM-
Ponline or DMPTool). First, the knowledge model is easily extensible and thus
we are able to incorporate changes as well as integrate totally new concepts and
related applications. Next, other solutions try to simplify the creation of DMPs
by reducing the number of questions. Our vision is strictly against this. We want
to ask a lot of questions so the DMP is fully tailored to the project. On the other
hand, we don’t want to overwhelm the researcher with 600 questions but show
very few at the beginning and guide through only relevant ones.

4.2 Initialization and Participants

All of this started with data stewardship mind map produced by Rob Hooft
(DTL) and related book [8] by Barend Mons (GO FAIR). At first, we encoded the
mind map in a machine-readable format — JSON files, provided JSON schema,
and published it on GitHub together with colleagues from the Netherlands. Then
we developed at our faculty the first version of the Wizard as an interactive
browser of knowledge model following our visions. New functionality was being
added continually as we were getting user feedback (registrations, saving plans,
multiple plans per account, etc.). It has been developed in Haskell with high-
quality evolvable architecture allowing such extensions easily.

4.3 New Generation Wizard

This year, the Wizard is being developed as part of an 18-month ELIXIR Im-
plementation Study of the ELIXIR Training Platform. Our team at FIT CTU
gained new two skilled members. The study also includes training materials
and setting up workshops. These days we already have a new extensible por-
tal solution with Haskell backend and Elm frontend that consists of user and
settings management, knowledge model editor and migrations, and finally, the
Data Stewardship Planner that produces DMP from a filled questionnaire.

It basically works as depicted in Figure 1. Data steward uses the editor
to produce a knowledge model (KM) packages by adding, deleting, or editing
entities such as chapters, questions, answers, references and so on. A KM can
be updated in this way and have different versions using semantic versioning.
Also, it can be based on another parent KM as a customization. If parent KM
is updated, there is a migration tool that allows updating child KMs. Finally,
in the DS Planner, a KM can be turned into the questionnaire to be answered
by a researcher. DMP can be exported to various formats. A researcher is able
to provide a feedback regarding any question so data steward can continuously
improve the KM according to needs of researchers.
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Fig. 1. Data Stewardship Wizard — knowledge flow

4.4 Architecture and Deployment

Currently, there is one instance of the Wizard hosted by ELIXIR CZ, but any
organization or individual can deploy their own instance in a very simple way
thanks to Docker. Of course, the Wizard provides export and import functional-
ity of KMs as JSON files. JSON schema to describe these files is public together

with a guide on how to publicly share KMs from the Wizard. Such setup together
with the hierarchy of KMs is depicted in Figure 2.

KM Packages DS Domain : Project

Discuss Learn
Browse Feedback

Questions
— s
? Answers

: Researcher
: DS Planner

Publish Update
Certify Discuss

Global
Wizard

Local
Wizard

Fig. 2. Data Stewardship Wizard — architecture

MongoDB is used as the storage for all the data in the Wizard. It can be
also running from Docker, locally, or remotely. There are also other integrations,
for example, giving question-related feedback as GitHub issues directly from
the Wizard, sending emails, or subscribing into a newsletter. In the future, the
number of such integrations is expected to grow significantly.
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4.5 Roadmap

Aside from the tasks that are defined in the Implementation Study, we are fo-
cused on the community needs and we align our development plans according
to them. We get a lot of valuable feedback from non-commercial as well as the
commercial environment through various channels. Our plans and projects are
publicly available on https://github.com/DataStewardshipWizard.

For Fall 2018, we are ready to deliver new features such as metrics (FAIR but
also others) connected to questions and answers, desirability phases of questions,
extended types of references, on-the-fly questionnaire indications, summary re-
ports, and DMP exports in various formats. In the following period, we will focus
on already mentioned integration, especially in term of evaluating the question-
naire (e.g., connecting to FAIRness evaluator or cost evaluator), but also with
other ELIXIR services like Training eSupport System (TeSS), EDAM Ontology,
Bioschemas, or FAIRsharing.org.

5 Conclusion

The Data Stewardship Wizard is smart but simple to use solution covering the
whole process of data management planning. A broad community is using, test-
ing, and exploring details of the Wizard and providing valuable feedback that we
are always very thankful for. We are happy that we do something to help people
and science in general and that people are really interested in our work. It still
will be a long or even never-ending way of improvements and adjustments, but
unpretentious thanks to the used architecture and technologies.
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Abstract. Flexible manufacturing together with other aspects of In-
dustry 4.0 brings many benefits and means an important competitive
advantage for producers within various domains. This trend is highly
dependent on proper understanding, processing, and interpretation of
manufacturing processes, machine capabilities as well as real-time and
historical shop floor data. New and specific means are required for the
flexible manufacturing establishment. In this paper, we discuss and de-
scribe possibilities how to utilize a combination of reasoning and Seman-
tic Web Rule Language (SWRL) for facilitating production monitoring.
The reasoning offer ways how to classify observed data into available con-
cepts. However, it has certain limitations for example resulting from the
Open World Assumption of ontologies. Thus, SWRL may be a suitable
supplement for enabling production monitoring.

Keywords: Ontology - Reasoning - Semantic Web Rule Language - Pro-
duction Monitoring

1 Introduction

The fourth industrial revolution (also known as Industry 4.0) represents flexible
manufacturing systems which bring many benefits, e.g., they are enablers for
highly customized productions. However, many requirements have to be ensured
for enabling matured flexible manufacturing systems — proper understanding,
processing, and interpretation of manufacturing processes, machine capabilities
as well as real-time and historical shop floor data. Many of legacy systems as
well as existing approaches are not applicable for flexible manufacturing because
of flexible systems are based on not exactly defined sequence of operations.
Very important component of manufacturing systems is a production monito-
ring. The monitoring is essential for tasks comprising, for example, a production
planning or scheduling. Thus, the creation of flexible and versatile production
monitoring is the core requirement for enabling flexible manufacturing. In other
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words, a controlling of operations within flexible manufacturing systems is not
strictly pre-defined, but operations are executed according to a current state
of a given (semi-)product and currently available resources. Thus, a suitable
production monitoring algorithm should be able to transform observable infor-
mation into a classification of a production state.

One of the possible approaches is the utilization of a reasoning [3] and
knowledge representation in an ontology. These semantic web technologies may
be exploited for a transformation of particular partial observations into deman-
ded form/knowledge, i.e., observed situation and corresponding data represent
an individual which belongs to a certain concept. The question, if an individual
is an instance of a given concept may be answered by a reasoner.

The utilization of reasoning separately has limitations from its nature, and
it is suitable to complement the reasoning with the additional suitable tool.
Therefore, Semantic Web Rule Language (SWRL) [2] is employed in the flexible
production monitoring approach.

This paper is organized as follows: First, we present the definition of concepts
for the demonstration of the classification (monitoring). Next, we introduced the
classification of the “anonymousProduct” individual followed by the work-flow
of production monitoring. Finally, the paper concludes with the summary and
presents the benefits and drawbacks of the introduced solution.

2 Production Monitoring

The production monitoring is a complex task which is dependent on many fac-
tors as well as influences various processes and systems. The proposed solution
presented in this paper is further development of previous research introduced
in [4].

The problem of the production monitoring may be expressed as a transfor-
mation of observations, which form an individual (from the point of view of
Web Ontology Language [1]), into the corresponding concept. In other words,
there may be an observable product in some “level of completeness” (i.e., semi-
product) and it is required to classify it to corresponding concept. The level of
completeness of a product also represents a set of accomplished operations and
determine subsequent operations.

The suitable ontology design has to be taken into consideration for enabling
the production monitoring. In many cases, ontologies cannot be simply re-used
but have to be extended by appropriate axioms, e.g., covering axioms for con-
cepts. Without these axioms, there is no closure for concepts and the classifi-
cation using reasoning could be impossible. The close of value partitions may
be facilitated by Protege editor®, which is capable of adding covering axioms for
defined concepts automatically.

The example of the concepts definition for the production monitoring is
illustrated in Fig. 1. The figure illustrates the description of the concept “skoda”

3 https://protege.stanford.edu/
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and related engines represented by the concept “TSI”. For simplicity and cla-
rity, we assigned TDI engines only for “octavia combi” models and TSI only for
“octavia” models.

ZIDS®E | Description: TSI

SubClass Of SubClass Of
®car ® engine

@ hasEngine only ®TSI1_0 or TSI1_5 or TSI2_0
(TDI or TSI)

® octavia or octaviaCombi General class axioms
General class axioms SubClass Of (Anonymous Ancestor

@ TDCi or TDI or TSI
® car or engine

SubClass Of (Anonymous Ancestor
© hasEngine exactly 1 engine
® ford or skoda Disjoint Wit
® car or engine ®71DCI

®71DI
Disjoint With

® ford

Fig. 1. Skoda and TSI concepts definition in Protege editor

Next, if an individual is defined as an individual of the general car concept
with “TSI 1.5” engine, then a reasoner is able according to these observations
and definitions classify the individual into the “octavia combi” concept.

An important feature of the concept of ontologies (the Open World As-
sumption [5]) means a limitation for the proposed solution. The Open World
Assumption is reflected in the distributed nature of OWL ontologies, and it may
cause problems for the production monitoring. The problem is not relevant for
the introduced example, but it is related to “the quantitative” definition of con-
cepts. The example may be defined as a production of a column from Lego bricks,
where there are three different columns — two-brick, five-brick, and seven-brick
column. The example of seven-brick column definition is illustrated in Fig. 4.

Description: T-brick-column EINEm X
SubClass Of
® column

© hasPart exactly 7 brick_2x2
General class axioms

SubClass Of (Ananymaous Ancestar)
© 2-brick-column or 5-brick-column or 7-brick-column
® hasPart only brick_2x2
® column or lintel
®lego_component or product

Disjoint With

® 5-brick-column, 2-brick-column

Fig. 2. Definition of 7-brick column in Protege editor
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Then, if there is an observable product consisting of two bricks then we
would like to know if the observable semi-finished product (an individual) is
unfinished two-brick, five-brick, or seven-brick column. In this case, the reasoner
cannot naturally decide if the observable product is the column because of the
Open World Assumption. We can see completed two-brick-column, but reasoner
expects a possible definition of other bricks for this product. Therefore, the
individual is classified as more general concept, i.e., the column concept. The
example of the classification of the anonymous product consisting of two bricks
is illustrated in Fig. 3.

Description: anonymousProduct EIIIE®EE | Property assertions: anonymousPrn IEE &

Types Ohbject property assertions
product ™ hasPart brickl_2x2
column M hasPart brick2_2x2

Fig. 3. Classification of the individual consisting of two bricks

If there is another observable product consisting of six bricks then the rea-
soner classify the product as 7-brick column. The example of the classification
of the anonymous product consisting of six bricks is illustrated in Fig. 4.

Description: anonymousProduct FIIIHEX | Property assertions: anonymousPr 1B ®E

Types Object property assertions

product ™ hasPart brickl_2x2
7-brick-column ™ hasPart brick3_2x2
™ hasPart brick4_2x2
Same Individual As ™ hasPart bricks_2x2
™ hasPart brick2_2x2

Different Individuals

™ hasPart brick6_2x2

Fig. 4. Classification of the individual consisting of six bricks

This behavior of the reasoner is not an error, and even human cannot clas-
sify the product without any additional information properly, e.g., following
production steps. On the other hand, we would like to find out all possible pro-
ducts which would be created from the observable individual and information.
The problem cannot be solved by accepting the more general concept (i.e., co-
lumn) as a set of possible target products — because if the individual consists of
three different bricks (i.e., disjoint individuals) at a given moment then it is still
classified as the column concept (but it cannot be two-brick column anymore).

Thus, we decided to exploit SWRL for the production monitoring. SWRL
rules are able to “switch evaluation” into the Close World Assumption. Further-
more, this approach keeps SWRL rules together with a given ontology separated
from the control code. In other words, we may directly define that a column
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consisting of less than five Lego bricks is semi-finished five-brick-column. The
example of the rule for an unfinished product classification as the five-brick
column is as follows:

product(?p) A brick2x2(?b) A hasPart(?p,?b) ° squrl:makeSet(?bricks,?b)
° squrl:size(?size, Tbricks) A swrlb:lessThanOrEqual(?size,5)

— squrl:select(?p, 7size)

The proposed solution is not only based on the mentioned algorithm combining
OWL reasoning and SWRL rules but also has to reflect the complex environment
of production systems. Thus, we may summarize the essential steps of production
monitoring work-flow as follows:

— First of all, operations have to be defined as well as concepts representing
products and their components. Production monitoring solution should re-
flect general operations but only feasible operations of a given production
system.

— There has to be way how to sense data and recognize the suitable situation
for the classification.

— A classification of semi-product is derived from observed information, a given
ontology, SWRL rules, and with the help of a reasoner.

The overall work-flow is illustrated in Fig. 5. The setup of the system is
not straightforward, but it is iterative process — definitions of operations are
adapted according to SCADA* system, and finish product may be controlled by
MES or ERP® system.

SCADA
A
\4 —

@) Finish product
=% | Definition of Ontilogy according to
'i‘_'i' operations SWRL circumstances and

requirements

Semi-finished

Product

Possible
Semi-product
Classifications

Situation
Recognition

Fig. 5. Workflow of monitoring classification

* https://cs.wikipedia.org/wiki/SCADA
® https://en.wikipedia.org/wiki/Enterprise_resource_planning
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The solution of the production monitoring has to control also unambiguous
situations, i.e., the semi-finished product is classified into more than one con-
cept. The system should decide the best fitting concept or provide all of the
possible concepts to the user, etc. Moreover, a situation when there is more
than one applicable SWRL rule is possible, and the system should take it into
consideration.

Next responsibility of the production monitoring system are notifications
of “a level of completeness” to a user. It may be difficult if a classification is
unambiguous. Furthermore, the system should decide when and how to add new
axioms defining the product individual into an ontology.

3 Conclusions

In this paper, the solution of the flexible production monitoring has been shortly
described. The solution benefits from ontology reasoning supplemented by SWRL
rules. This approach differs from “hard-coded” solutions and therefore offers
possibilities for easy re-usage.

The solution is strongly dependent on the quality of a given ontology design
which is related to the definition of production operations. These facts directly
influence the functionality of the proposed solution and may be demanding for
many applications or/and many users. On the other hand, this obstacle may be
overcome by the employment of expanding already existing shared ontologies.

Furthermore, the utilization of knowledge representation in the form of an
ontology provides a clearer interpretation of solution outcomes.
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Abstract. The paper introduces the idea to use modelling methods from informatics for the
further development of the Evidence Based Health Care (EBHC) in terms of both: its
technology support as well as an aid for the development of its methodology.

In the paper we briefly introduce the contents of the EBHC and its predecessor Evidence Based
Medicine (EBM) and its main limitations and consequent challenges. Using the example, based
on existing EBHC practical guidelines for febrile seizures, we then illustrate the possibilities of
the use of modelling techniques for an improvement of the EBHC processes and also the
related possibilities of the exploitation of modelling techniques from informatics for further
development of the EBHC methodology. In conclusions section we then summarize main
opportunities of the application of modelling techniques from informatics in the field of EBHC
and outline the needed future work.

Keywords: Evidence Based Health Care, Ontology, Conceptual Modelling,
Object Life Cycle Modelling, MMABP, Unified Modelling Language.

1 Introduction - Evidence Based Health Care and Information
Modelling

The term "Evidence-based medicine" was introduced in the medical literature in
1991 [5]. Accroding to [3] an original definition suggested the process was "an ability
to assess the validity and importance of evidence before applying it to day-to-day
clinical problems" [10],[6]. The work presented in this paper aims to the enrichment
of the EBHC practices with the power of modelling techniques from informatics. The
work presented in this paper is based on the methodology MMABP [13]. MMABP is
a methodology for modelling business systems, based on the formal meta-model [2]
and continuously being developed [9]. MMABP aims to describe the Real World
domain as an equilibrium of intention and causality [12]. For all models MMABP
uses standard modelling languages; UML [16] for the ontological / conceptual model
and BPMN [1] for the process model. The work, presented in this paper, is currently
oriented just on the ontological dimension of the modeled domain, nevertheless we
plan also the use of process descriptions in further development of the research.

Particular object classes in the conceptual model represent concepts which identify
possible real world objects from the given domain. Relationships among object

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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classes then identify possible links among real objects in the domain. In principle, this
“system-oriented” view of objects can simply recognize their existence and mutual
context, not their dynamic details. Nevertheless, both real objects and their mutual
links are naturally dynamic in the real world; they are changing in time. These
dynamic aspects cannot be described in the Class Diagram as it principally describes
the system of objects, i.e. the system of mutually parallel processes of changes of
linked objects. To model the object's dynamics it is necessary to complete the Class
Diagram with the set algorithmic models, each focused on just one particular object in
terms of its so-called “life cycle”. Object life cycle expresses the internal dynamics of
each object of given class. It describes the mechanism of the object evolution during
the time. As the tool for the Object life cycle description, the MMABP methodology
uses the State Chart diagram from the UML [16]. Thinking about the objects
generally (i.e. in terms of their classes), one has to strongly distinguish between the
class and its instance. In the case of the object life this requires determining those
points in the life of all objects of the same class, which we will be able to identify, and
which it is necessary to identify in order to describe the synchronization of the object
life with life cycles of other objects. Such points of the object life are its states. So
each object instance “lives its own life” while the common, general structure of lives
of all instances of the same class is described as a life cycle of the object class. Each
described life cycle has to correspond to the particular object class in the Class
Diagram. In such way the State Chart specifies the general mechanism of the life of
all possible instances of the given class. Described states and transitions among them
consequently correspond to the attributes and methods of the class. Life cycle states
represent some kind of the special attribute of the class. This “state” attribute exists
implicitly, by the definition, and therefore it should not be expresses in the conceptual
model as an attribute of the class, similarly to the object identifier which follows from
the definition of the meta-concept class where the identity of the object is defined as
implicit. Like the “value of identity” represents particular object (class instance), the
“value of state” represents the particular state in the object life cycle in which the
given object stands at the moment. Each transition between life cycle states then
represents the use of the particular class method.

The model at Figure 2 can be used as an example of the description of class life cycle
with the State Chart. Every transition between states is described there by the attribute
which represents the reason for the transition. The reason for the transition is an event,
ie. some external influence of the given object.

Combination of the traditional conceptual model in the Class Diagram with the
description of life cycles of selected objects increases the traditional extent of the
conceptual model, focused on just static modality with the description of the
dynamics in modality. In other words, this way we are able to describe also some part
of the real world causality which is not possible in the traditional conceptual
modelling.
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2 Example — Febrile Seizures

For the example of the possible application of modelling techniques from informatics
we use the problem of Febrile seizures; one of frequent topics processed in the form
of practical guidelines [4],[11]. Febrile seizures are defined as seizures occurring in
association with a febrile illness in children between the ages of six months and five
years It is important to differentiate febrile seizures with fever from complex febrile
seizures secondary to central nervous system infections. Febrile seizures are relatively
benign as compared to complex febrile seizures that have serious sequale, longer
duration, and require further medical follow-up [14]. The motivation for practical
guidelines in this field underlines also the fact that simple febrile seizures are
relatively prevalent conditions that often causing avoidable anxiety to the children and

their parents [7].
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Fig. 1. Febrile Seizures conceptual model - a fragment.

The model at Figure 1 expresses the information about febrile seizures, and some
other closely related phenomena. The information has been gathered from several
resources, primarily the Simple Febrile Seizures Evidence-Based Guidelines [4].
Additional resources have been used for completion of the contextual information
about related topics of febrile seizures, epilepsy, diseases of the nervous system in
general, etc [15],[7],[8]. For various reasons, this model contains just a fragment of
the complex information about febrile seizures. First, by means of conceptual
modelling which description possibilities are naturally limited it is impossible to make
a complete picture of such a complex phenomenon, as any medical field is. Second,
the model describes a subset of internal relationships among used concepts, selected
according to their relevance to the given purpose: to address primarily the problem of
simple febrile seizures which is a subject of the source guidelines. Nevertheless,
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despite the above discussed limitations, it is obvious that such way of description of
the “modal logic of the given field” is much more powerful than the traditional text
description currently used as a basic form of Evidence-Based Guidelines.
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Fig. 2 Febrile Seizure Incident Life Cycle Model

Model at Figure 2 shows the life cycle of possible objects of the class Febrile Seizure
Incident. In the conceptual model at Figure 1 it can be found that this class is an
association class, it expresses the association between the essential general class
Patient and the class Febrile Seizure as a disease (stereotype <<Disease>>). Febrile
Seizure Incident thus represents an incident of febrile seizure which happens to the
particular patient. The whole structure of mutually associated other classes is
connected with the patient just by this association. The life cycle model at Figure 2
thus describes possible ways of the development of the disease starting with the (yet
unclassified) febrile seizure according to the modal logic of the domain, following
from the conceptual model at Figure 1. The life cycle model is focused on the
essential causal relationships, i.e. possible time dependencies of relevant events,
associated with the initial incident. The model should be interpreted as follows: the
very first state of the life cycle is Unclassified Febrile Seizure. This state occurs after
the febrile seizure attack what is characterized in the model as an input event seizure
AND fever >38°C. In the very first state the model expects three important possible
events. Either the seizure ends within 10 minutes and it is not repeating within 24
hours; in such case the initial incident is classified as a Simple Febrile Seizure and
probably does not mean anything serious. Otherwise it is classified as a Complex
Febrile Seizure which represents completely different, more serious, possibilities of
the further development. The third possible event in this state is the detection of the
Inflammation in Nervous System which can explain both the seizure as well as the
fever. If successfully treated this state can also result in nothing serious, nevertheless
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otherwise it can lead to the state of Complex Febrile Seizure. The model also
mentions possible state of MRE Abnormality which can follow the Complex Febrile
Seizure if the focal epilepsy is diagnosed. This state can be progressively worsen by
subsequent seizure incidents which is modeled here by the self-transition,
representing the causal view of the cyclic associations between the concepts MRI
Abnormality and MRI Abnormality Precondition in the conceptual model at Figure 1.

3 Conclusions

Unlike most of approaches to apply informatics in the field of healthcare our
approach is not oriented just on the support of the evidence of facts. It is aimed on the
use of modelling methods from informatics for the further development of the
methodology in the field of EBHC. This way our approach follows the use of
ontology engineering which also, even indirectly, contributes to the medical research
methods and practices forcing them to use the systematic approach to the terminology
and other connected aspects of the research. Topics discussed in this paper also
represent serious challenges for the future development of the methodology in the
field of EBHC. For instance, MMABP technique for modelling the object life cycle
includes the rules for achieving both completeness and correctness of the life cycle
description. According to these rules all possible state transitions, including the
transitions which are not present in the model, should be taken into the account and
evaluated. This practice strongly evokes many new research questions which
answering can significantly move forward the current knowledge. For instance, in the
model at Figure 2 some possible relevant questions may be: (1) Can MRI
Abnormality cause Complex Febrile Seizure? If so, under which conditions, what is
the related event, what are related medical actions? (2) Can Complex Febrile Seizure
turn back to Simple Febrile Seizure? If so, under which conditions, what is the related
event, what related medical actions should be performed? (3) Can Inflammation in
Nervous System cause just the Simple Febrile Seizure? This question is related to the
problem of potential neglect of possible cause of consequent complex febrile seizure.

Our current work is oriented just on the ontological dimension of the modelled
domain. In the future we plan to take into the account also the process descriptions of
the field of healthcare. Ontological conceptual models can be used for basic
definitions of healthcare concepts and their mutual relationships, in terms of the
modality of the domain, including also its causality in the form of objects’ life cycles.
Nevertheless, the healthcare domain, even the field of Evidence Based Healthcare,
naturally contains also the process (intentional) dimension. So-called “best practices”,
an essence of the EBHC, are the best examples of the need to model also the
intentionality (recommended practices, guidelines) of this domain. MMABP puts the
great emphasis on the consistent integration of both ontological and process models of
the Real World. Therefore, in the future steps of this research, we can expect, in this
way, yet further significant methodological contribution to the field of EBHC.
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Abstrakt. Prispevok podava informaciu o prebiehajucom vyskume v ramci pro-
jektu ,,Znalostné pristupy pre inteligentnti analyzu vel'kych dat“, ktory riesi Fa-
kulta informatiky a informacnych technoldgii Slovenskej technickej univerzity
v Bratislave (FIIT STU) v kolaboracii s Fakultou elektrotechniky a informatiky
Technickej univerzity v Kosiciach. Projekt je zamerany na ziskavanie a vyuzitie
znalosti a znalostnych modelov za u¢elom vylepsenia vysledkov uloh dolovania
v datach. FIIT STU sa podiela na vyskume inteligentnych metéd analyzy dat
v doménach energetika ¢i inteligentné siete a bioinformatika. Ako riesitel sa sus-
tredi najmé na inkrementalne a adaptivne predikéné a zhlukovacie metddy, ktoré
su schopné sa prisposobovat’ dynamicky meniacim sa datam (a znalostiam v da-
tach). Zaobera sa aj vyskumom metdd na ziskavanie znalosti z textu.

KPucové slova: znalosti, predikcia, zhlukovanie, analyza dat.

1 Uvod

Od oktobra 2017 sa Fakulta informatiky a informaénych technologii Slovenskej tech-
nickej univerzity v Bratislave (FIIT STU) podiel’a na rieSeni 4-ro¢ného projektu finan-
covaného Agentirou na podporu vyskumu a vyvoja (APVV) Ministerstva $kolstva Slo-
venskej republiky s nazvom ,,Znalostné pristupy pre inteligentna analyzu velkych dat*
(APVV-16-0213). Hlavnym riesitelom projektu je Technicka univerzita v KoSiciach.
Projekt je orientovany na ziskavanie a integrovanie znalosti do modelov dat meniacich
sa Vv Case za ucelom zvySenia ich presnosti a obohatenia znalostnej bazy zvolenej do-
mény v kontexte iloh dolovania v datach ako predikcia a zhlukovanie.

Znalosti v st¢asnom svete zastavaju ¢oraz vyznamnejsiu ulohu, nakol’ko ich aplika-
cia umoznuje firmam a organizaciam zlepsit’ svoje vysledky a ziskat’ dominantné po-
stavenie na trhu. Zo sémantického pohl'adu mozu byt znalosti 0 ur¢itej doméne repre-
zentované mnozinou konceptov, ktoré st poprepdjané roznymi vztahmi. Takto repre-
zentaciu mozZzeme vnimat’ ako ,,sémanticku siet* alebo ontoldgiu. V zavislosti od vy-
jadrovacej a odvodzovacej sily tejto reprezentacie, rozliSujeme Skalu ontologii
od tzv. l'ahkych (napr. slovnik, hierarchia konceptov) po tazké (napr. datovy model,
taxonomia, deskriptivna logika).

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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ManaZzment znalosti (zbieranie, organizovanie, spracovavanie, zdiel'anie) je vyzva,
pretoze v sucasnosti mnozstva zbieranych dat, z ktorych su znalosti dolované:

e dosahujil enormné vel’kosti, neustale pribudaju, a
e pochadzaju z dynamického prostredia, ktoré sa meni v Case a ovplyviiuje ho vela
faktorov, preto vydolované znalosti maju obmedzenti dobu platnosti.

Preto je ziadlce, aby data boli spracovavané inkrementdlne bez potreby uchovavat
vSetky v paméti a aby metddy datovej analyzy boli adaptivne, t. j. vedeli sa prispdso-
bovat’ meniacim sa vlastnostiam dat v case a reagovat’ na nové udalosti. Na FIIT STU
sa uz dlhodobo venujeme inkrementalnym a adaptivnym predikénym metoédam (pozri
Cast’ 2), ktoré ale nepracovali s explicitne zadefinovanym doménovym modelom za-
chytavajicim doménové znalosti (ktoré by sa navySe dynamicky menili). Ich jedinym
vstupom bol prud dat (Casovy rad) a vystupom predikcia jeho buducich hodnét. V ramei
tohto projektu overujeme hypotézu, ¢i rozsirenie kontextu vstupnych udalosti o nové
priznaky odvoden¢ zo znalostného modelu a doménové pravidld z neho odvodené zlep-
Sia presnost’ analytickych pristupov aplikovanych na prislusné datové vzorky.

Okrem skiimania vplyvu zapojenia dynamického znalostného modelu do predikcie,
je projekt zamerany aj na skiimanie jeho vplyvu na ziskavanie znalosti z neStruktaro-
vanych dat a vplyvu na vysledky metdd popisnej analyzy dat. V tychto oblastiach sa
Ciastocne realizujeme v tlohach dolovanie znalosti z textu a zhlukovanie (pozri ¢ast’ 3).

2 Adaptivne inkrementalne predikéné metody

Pri skiimani predik¢énych metod vhodnych pre inteligentnu analyzu velkych objemov
dat sme sa na metddy pozerali z dvoch hlavnych hl'adisk: spésob spracovania dat
a sposob adaptacie na zmeny vV datach.

Z hl'adiska spracovania dat sme rozliSovali davkové (angl. offline) metddy, inkre-
mentélne metddy s Giastoénou pamétou (napr. kizavé okno) a online metody, ktoré
spracovavaju data jeden-po-jednom a dokézu zabudat’ neaktudlne a nepotrebné za-
znamy. Sustredili sme sa najmi na moznosti Gprav existujucich davkovych metod
na online alebo minimalne inkrementalne metody s mensou pamétovou a vypoctovou
zlozitostou [7,8].

Z hladiska adaptacie na zmeny v datach sme skimali metody s priamou a nepria-
mou adaptaciou. Metody s priamou adaptaciou prispésobuju predikény model alebo
jeho Casti len ak deteguji zmenu v prude dat [7]. Naopak, metddy s nepriamou adapta-
ciou sa prispdsobujl priebezne v intervaloch alebo po prichode kazdej novej datovej
vzorky bez explicitného sledovania zmien [2,3,8]. Tento pristup sme vyuzili najmi
V pristupoch, kedy sme tvorili predikcie vahovanou kombinaciou predikcii vacSieho
mnozstva (suboru) roznorodych modelov. Pre vypocet optimalnych véh sme vyuzivali
biologicky inSpirované optimaliza¢né algoritmy [2,3].

V stcasnosti skimame moznosti obohatenia tychto modelov o znalostny doménovy
model — ¢i uz pri detekcii zmien v prade dat alebo v samotnej predikeii. Vyskum tychto
metdd sme doteraz realizovali v doméne energetiky pri predikcii spotreby elektrickej
energie, kde je moZné merania spotreby doplnit’ o udaje o pocasi, spotrebitel'och a pod.



Vybrany prispévek 141

3 Aplika¢né domény skimané na FIIT STU

Doména, ktorej sa venujeme na fakulte dlhodobo, je energetika a inteligentné siete [6].
Ako sme spomenuli na konci ¢asti 2, v tejto doméne sme riesili najmé ulohu predikcie
sumarnej spotreby elektrickej energie skupiny spotrebitel'ov. Predikciu sme sa snazili
zlepsit’ nielen Upravou predikénych metod, ale aj zhlukovanim spotrebitel'ov s podob-
nou spotrebou [4]. Zaoberali sme sa v8ak aj d’al$imi komponentami inteligentne;j siete,
napr. fotovoltikou, velkokapacitnymi batériami ¢i mikrogridmi. Rie$ili sme ulohy
z pohl'adov réznych Gcastnikov trhu s elektrinou (napr. zakaznik, dodavatel’, distriba-
tor) ako predikcia vyroby, cien energie, odportc¢anie vhodnych fotovoltickych panelov,
velkokapacitnych batérii a ich parametrov, riadenie spravania batérie pre dosiahnutie
optimalneho odberu zo siete, ceny za elektrinu ¢i vykyvov v sieti, skimanie vztahov
medzi tymito kritériami, odporacanie spotreby, motivovanie zakaznika k Setreniu ener-
gie prostrednictvom réznych aplikacii a pod. [5].

V stcasnosti sa zaciname intenzivnejsie venovat’ doméne bioinformatika, kde sme
doteraz riesili analytické tlohy stvisiace so sekvenovanim DNA a bunkovou cytomet-
riou. Bioinformatické data sa vyznacuji najmé svojou mnohorozmernostou a mozu ob-
sahovat’ stovky az tisicky atributov o jednej inStancii. V spolupraci s Biomedicinskym
centrom Slovenskej akadémie vied chceme analyzovat’ data o onkologickych pacien-
toch a hl'adat’ korelacie medzi atributmi, ktoré by mohli indikovat’ zvy$ené riziko ocho-
renia. Obdobnt tlohu rieSime aj v oblasti vyskumu Alzheimerovej choroby, kde hl'a-
dame moznosti v€asnej diagnostiky, predikcie a prevencie. Znalostny model v tychto
oblastiach obsahuje najmé vedomosti o jednotlivych atributoch, ich pripustnych hod-
notéach a vzt'ahoch medzi nimi.

Doména, v ktorej je znalostny model neoddelitel'nou sti€astou, st vyucbové systémy,
v ktorych model reprezentuje jednak znalosti obsiahnuté vo vyucbovych textoch a ta-
kisto znalosti, ktoré si uz osvojil Student. Na vytvorenie znalostného modelu sa pouzi-
vaju metddy dolovania v textoch a spracovanie prirodzeného jazyka. V poslednej dobe
sme sktimali vyuZitie tychto technik pre generovanie otazok z textu [1].

Vsetky uvedené doménové oblasti maju potencial vyuzitia znalosti a znalostnych
modelov v tlohach dolovania v datach. Avsak pre niektoré z nich neexistuje Stan-
dardny doménovy model, a preto je vyzvou nielen ho zakomponovat' do predikcie,
zhlukovania a pod., ale aj vytvorit’ a spravovat/adaptovat’ v Case.

4 Zaver

V aktualnom projekte v spolupraci s Technickou univerzitou v Kosiciach sa FIIT STU
zameriava na vyskum adaptivnych a inkrementalnych predikénych modelov, ktoré su
schopné spracovavat’ kontinualne vel'ké objemy dat a prisposobovat’ sa zmenadm v da-
tach, ktoré vyplyvaji z dynamickej povahy prostredia. V stcasnosti skimame moz-
nosti a vplyv obohatenia modelov 0 znalostny model domény v kontexte prediktivnych
a deskriptivnych uloh dolovania v datach v doménach energetika, bioinformatika ¢i
vyucbové systémy.
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Annotation:
Intelligent analysis of data at FIIT STU

The research at Faculty of Informatics and Information Technologies of Slovak Uni-
versity of Technology in Bratislava (FIIT STU) related to the ongoing project called
“Knowledge-based Approach to Intelligent Big Data Analysis”, financed by Slovak
Research and Development Agency, is presented. The 4-year project that begun in Oc-
tober 2017 is led by Technical University of Kosice. It is oriented on acquisition and
integration of knowledge in data mining tasks, such as prediction and clustering, that
should improve their accuracy and result in intelligent analysis of data. The research at
FIIT STU is focused mostly on adaptive incremental prediction and clustering methods
in several application domains, such as smart grid, power engineering and bioinformat-
ics. Partly, it also deals with knowledge acquisition from text and text mining.
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Abstrakt. Ciel'om tohto ¢lanku je podat’ prehl’ad v oblasti spracovania a analyzy
datovych pradov, ktoré sa vyznauju konceptovym driftom pomocou
adaptivnych metdd. Nasim ciel'om je aplikovat tieto metody na datach z domény
manazmentu IT sluzieb pri Ulohach detekcie roznych typov udalosti v IT
infrastrukture. Clanok prezentuje vysledky ziskané pouzitim adaptivnej metédy
na datach zdznamov zo sietovej prevadzky IT infrastruktary. Déta sa
vyznacovali konceptovym driftom nahleho typu, ktory navrhnuty adaptivny
klasifikacny model kompenzuje. Pouzili sme adaptivny zlozeny klasifikator
zalozeny na baggingu s implementovanym mechanizmom pre vahovanie
¢iastkovych klasifikatorov. Vysledky dosiahnuté tymto modelom porovndvame
s povodnym adaptivnym baggingom. V zavere prace sa venujeme zhodnoteniu
vysledkov a sumarizujeme mozné pokraovanie vyskumu v tejto oblasti.

Klicova slova: konceptovy drift, zlozené klasifikatory, pradové data.

1 Uvod

V stcasnosti st data generované v obrovskych objemoch, ktoré je nasledné potrebné
analyzovat’. Data pribudaji v case, mozu pochadzat’ z réznych zdrojov a mézu mat’
roznu Struktiru. Rychle spracovanie a nasledna analyza predstavuje vyzvu nie len z
technického ale aj z algoritmického hladiska. Jednym z aspektov velkych dat je
rychlost’ generovania a zaroven rychlost’ spracovania tychto idajov [2]. Prichadzajuce
data Casto nie su statické ale prichadzaji vo forme datovych pradov [1, 3]. Datovy prad
predstavuje usporiadanu sekvenciu datovych poloziek, ktoré moézu pozostavat’ iba z
jednoduchého paru atribut a hodnota, ale moézu mat’ aj komplexnejsiu Strukturu [4, 5].
Jednym z problémov, s ktorym je potrebné sa vysporiadat pri analyze datovych pradov
je tzv. konceptovy drift [6]. Tento fenomén sa vyskytuje v nestacionarnom a dynamicky
sa meniacom prostredi, kde mozu nastat’ zmeny v distribucii dat alebo méze dojst’ k
zmene vzt'ahu vstupnych dat k cielovému atributu v priebehu ¢asu. Dsledkom tychto
zmien je fakt, Ze natrénovany model uz nebude dosahovat’ relevantné vysledky na
novych datach. Na zachytenie driftu pouzivame detektory, ktoré zachytavaji signaly o
zmenach z datovej distribucie. Pokial' detektor zachyti signal o detekcii driftu je

potrebné ¢o najskdr nahradit’ aktudlny model novym [5]. Detektory driftu sa potom
J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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zvykntl pouzivat' v kombindcii s adaptivnymi klasifikatormi, ktoré si klada za ciel’
prisposobit’ sa driftujucim datam v Case.

Zaujimavou aplika¢nou doménou moze byt oblast’ manazmentu IT sluzieb. Zariadenia
IT infrastruktary v podnikoch vyprodukuji mnozstvo dat, rovnako ako aj pouzivatelia
sluzieb. Data majui Casto prirodzene prudovy charakter (napr. logy zjednotlivych
zariadeni alebo zadznamy o aktivitdich pouzivatel'ov), prostredie sa vyznacuje vysokou
dynamikou vzorov v datach. Z tohoto hl'adiska sa oblast’ adaptivnych modelov pre
klasifikaciu javi ako relevantnd. Prediktivne modely sa v IT manazmente pouzivaju
hlavne pre detekciu roznych typov udalosti, ktoré ovplyvituji prevadzku sluzieb.

2 Adaptivne zloZené klasifikatory

Existuje viacero ¢leneni algoritmov pre ucenie klasifikatorov na datovych pradoch. Z
pohl'adu konceptového driftu je mozné rozlisit dva zakladné pristupy - aktivny a
pasivny [6]. V aktivnych pristupoch je model aktualizovany az potom, ako detektory
deteguju zmenu v dadtovom prude. Na druhej strane klasifikatory vyuzivajice pasivne
pristupy aktualizuju model v pevne definovanych intervaloch pravidelne a nezavisle na
tom, ¢i doslo ku driftu v datovom prade. Okrem adaptacie modelov na nové priklady
je potrebné zvazit’ aj to, ktoré data pouzit’ pri naslednom preucani modelu [8].
Zlozené klasifikatory hraju kl'icovi rolu pri klasifikécii datovych pradov, pretoze su
jednoducho adaptovate'né na nestacionarne prostredie. Su reprezentované mnozinou
niekol’kych klasifikatorov, ktorych jednotlivé predikcie st kombinované do finalneho
vysledku klasifikacie. Kl'i€ovym aspektom zlozenych modelov je spravny vyber
jednotlivych klasifikatorov, optimélny rie$enim je vyber vzajomne sa doplnajucich
giastkovych modelov [5]. Ciastkové predikcie jednotlivych klasfikatorov st zvycajne
vahované a skombinované do vysledného rozhodnutia. Pri zloZzenych metddach je
dolezité spravovanie dynamickej mnoziny klasifikdtorov. Zlozeny klasifikator
umoznuje zaclenit novy komponent, aktualizovat niektory z existujucich
komponentov alebo aktualizovat’ vahy existujucich komponentov [7]. Pokial’ d6jde k
znizovaniu vykonnosti zlozeného klasifikatora, niektoré z komponentov mézu byt
naopak odstranené [9]. Zlozené klasifikatory pracujuce s pradovymi driftujucimi
datami vieme rozdelit’ na:

a) Chunk based - pracuju s pevnym poctom trénovaniach dat v bloku, ktoré¢ st vopred
zname. Modelovanie a aktualizacie klasifikatorov prebiehaju, az ked’ st zname vsetky
priklady z nového bloku.

b) Online - trénovanie prebieha stale v case, ked’ sa objavi novy priklad. Tieto modely
su vhodné pre spracovanie dat v realnom case.

3 ZloZené modely pre predikciu udalosti v prevadzke IT

Nasim cielom bolo navrhnit' a implementovat’ spdsob adaptacie ciastkovych
klasifikatorov v adaptivnych zlozenych modeloch. Rozsirili sme zakladnt adaptivnu
bagging metodu o aktualizaciu Ciastkovych klasifikatorov a kombinovanie novych dat
s historickymi datami pri aktualizacii modelu. Navrhnuty algoritmus v kazdej iteracii
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vyhodnocuje prichadzajuce pradové data a aktualizuje Ciastkové modely, ktorymi
reaguje na mozny vyskyt zmeny konceptov v novych datach. Na zaciatku metoda
vytvara viacero rovnako velkych podmnozin dat, ktoré sluzia ako trénovacie udaje pre
jednotlivé ¢Ciastkové klasifikatory. Po inicializacii modelu a tvodnom natrénovani na
pociatocnej mnozine historickych dat nasleduje proces iterdcie na postupne
pribudajucich datach z pradu po oknach definovanej velkosti. V kazdej iteréacii sa
najprv natrénuju Ciastkové klasifikatory, kde potom kazdy samostatne vyhodnoti stibor
aktualnych dat z poslednej iteracie. Predikované hodnoty sa ulozia a porovnaju sa so
skuto¢nymi hodnotami z datového pradu. Posledny proces, ktory sa vykonava v cykle
je aktualizdcia trénovacej mnoziny aktualnymi prikladmi. Ak je trénovacie okno
(rozsah prudovych dat, ktoré sa pouzije na pretrénovanie modelu) vécsie ako iterané
(rozsah mikro-davok v ktorych su spracovavavné prudové data), tak do nového vyberu
trénovanych dat je zahrnuté cela aktualna mnozina dat z posledne;j iteracie. Zvysok je
vybrany z dat, ktoré sa uz v trénovanej mnozine nachadzali. Takto zabezpecime
kombinaciu starSich dat s aktualizovanymi datami pre pretrénovanie klasifikatorov
v nasledujuce;j iteracii.

— Single Classifier

- Bagging-sklearn basic

-~ Always Retrain Classifiers

- Weight Update Classifiers

- Weight Update Class. Parameters

0 100000 200000 300000 400000 500000
number of examples

Obr. 1. Vyvoj metriky F1

Pri experimentoch sme pouzili datovy subor z KDD Cup 1999 [10]. Tento datovy stbor
predstavuje vypisy zaznamov zariadeni v LAN sieti zozbierané za obdobie 9 tyzdiov.
Kazdy zdznam predstavuje jednu aktivitu, zdznamy st zoradené za sebou vo frekvencii
vzorkovania 2 sekundy. Rovnako boli pouzivané v simulovanom prude tychto dat pre
vyhodnotenie adaptivneho modelu. Vzorka obsahuje 494 021 zaznamov, 41 atributov
a cielovy atribut, ktory urcuje ¢i zdznam je normalny udaj alebo nejaky typ sietového
utoku. Ciel'ovy atribut sme transformovali na binarne hodnoty indikujuce, ¢i sa jedna o
utok alebo nie. Modely boli otestované na viacerych kombinaciach vel’kosti trénovacej
mnoziny a iteraéného okna. Ako zakladné klasifikatory pre bagging boli pouzité
rozhodovacie stromy. Obr. 1 porovnava vyvoj F1 metriky kombinujicej presnost’ a
navratnost. Implementovany klasifikator (uvedeny ako Always Retrain Classifier) je
porovnavany s nemodifikovanymi metdédami a d’al§imi variantami adaptivneho
baggingu, ktoré rozsirujii predstaveny pristup o roézne spdsoby aktualizacie vah
¢iastkovych modelov [11]. Tab. 1 sumarizuje priememé metriky vzhladom na rézne
velkosti iteracnaho okna.

Iteracné okno Metrika Zakladny Bagging | Adaptivny Bagging
50 Presnost’ 70.58 82.05
Navratnost’ 66.39 75.29
100 Presnost’ 62.13 80.42
Navratnost’ 59.58 74.02
500 Presnost’ 66.36 76.60
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Navratnost’ 62.99 73.68
1000 Presnost’ 65.41 66.67
Navratnost’ 62.19 63.49

Tab. 1. Vysledky pri roznych velkostiach iteraéného okna

4 Zhrnutie

Cielom ¢lanku bolo zhrnut’ oblast’ adaptivnych zlozenych metod pre klasifikaciu na
datovych prudoch. Predstavili sme jednoduchu modifikdciu bagging metdédy a pouzili
ju na data zdomény prevadzky IT s ndhlym konceptovym driftom. Uvodné
experimenty ukézali pre adaptivne zlozené metddy dobré vysledky. Ich presnost’ a
rychlost’ aktualizacie zavisela od toho, akd velka skupina dat bola pouzita v kazdej
iteracii a akt vel'kll mali trénovaciu mnozinu pre aktualizcie klasifikatorov. Z pohl'adu
dalSieho vyskumu v tejto oblasti, existuje viacero smerov, ktoré predstavuji vyzvu. Pre
efektivnejSie spracovavanie prudovych dat sa ako zaujimava oblast’ javi vyuzitie
kontextualnej informacie alebo znalostnych modelov v klasifikacii. T4 predstavuje
expertné znalosti z danej domény, ktoré by mohli byt pouzité pre spresnenie
klasifikacie alebo v¢asnt detekciu driftu. V doméne prevadzky IT sluzieb by takyto
znalostny model by mohol zachytit’ r6zne vztahy medzi udalostami, ku ktorym v IT
infrastruktire dochddza a umoznil odvodit’ informacie, ktoré nie su explicitne zrejmé
zo samotnych dat a mozu byt relevantné k rieSenej tlohe. Pomocou takychto modelov
by bolo mozné detegovat’ sekvencie rdznych typov udalosti, ktoré definuju
nestandardné vzory spravania sa alebo prave naopak, beznli prevadzku. Vyuzitie
existujucich a tvorba novych doménovych modelov a extrakcia znalosti z nich pre
potreby klasifikacie teda predstavuju zaujimavé smery dalSieho vyskumu v tejto
oblasti.
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Annotation: The aim of this paper was to provide an overview in the field of processing
data and analysis data streams using adaptive methods. The goal was to develop an
evaluate the adaptive bagging method modification and to discover its behaviour on
dataset containing the concept drift from IT management domain. We designed and
implemented an ensemble adaptive method that we compared with basic model.
Finally, we present several options of future work and possibilities of related research.
One of the possible goals is to combine adaptive classifiers with domain knowledge
obtained from domain-specific semantic models to improve the classification
performance.
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Abstract. The paper introduced a problem of authoritative users searching in a
structure of a special social network — the telecommunication network. The
focus of this paper is on a classification of all actors of the network into several
different groups (casual, member, low hub, strong hub, low authority and strong
authority), not only into authoritative or not authoritative ones. This approach is
based on a decision tree generation and CRISP-DM methodology. It can be
used by a telecommunication association for finding special and valuable
customers.

Keywords: Authority identification, telecommunication network, mining in the
structure, customers roles

1 Introduction

Various services of different platforms of the social web create a big amount of texts,
which offers interesting possibilities for a mining useful information from a
conversational content and also structure. A way how to dedicate useful information
from newsgroup discussions is presented in [3]. Our approach is based on using
methods of Social Network Analysis (SNA) utilizing previous experiences [4] and also
on methods of machine learning [6]. SNA involves various approaches: searching suitable
metrics for networks analysis, prediction of changes in social networks, developing
algorithms for social networks monitoring, visualization of social networks, research of
social networks and their time characteristics, etc.

Our focus is on the telecommunication social network. Nowadays, also
telecommunication organizations need to identify and understand their customers to
offer them services, which the customers want and to prevent their leaving for a
competitor. Therefore, it is very important to identify an authority or a hub user, which
attract other common users (their friends or family members) to remain in the given
telecommunication society. Work [1] introduces an approach to identifying authoritative
actors in question-answering forums. Our approach is based on mining in the structure of
the telecommunication network.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti & WIKT 2018, Brno 11.-12.10.2018, pp. 149-15).
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According to the philosophic encyclopaedia, an authority is an accomplished
ability of some person (society, organization, state etc.) to affect somebody. The
authority can be formal and informal [2]. We are interested in informal authorities.
The authority mining within various types of networks is important for corporations,
which need to understand and know their customers. Therefore, they collect records
about customers. The accurate analysis of these data is a matter of principle [5]. We
carried out an analysis of data of a telecommunication network with the aim to
classify customers into previously defined classes.

2 Data for Authority Mining

We had for disposal two text files containing data from a telephone central, one with
data about actors of the network and second one with data about realized calls
(relations between actors). This input data set was divided into training and testing set
in a ratio 80:20. These data were labelled and feed to input of program R, which
analysed these data. Consequently a decision tree was generated for a classification of
all actors of network into given categories. Our approach was modelled on the basis
of the standard CRISP-DM methodology ine following steps: goal understanding,
data understanding, data preparation, data analysis, modelling, evaluation and testing,
and deployment.

The telecommunication society had to know its customers to offer them satisfactory
and valuable services. It was important for them to offer appropriate targeted
products. Other reasons for our solution were: to improve a reputation of the
corporation, decrease of expenses, increase sales and increase a satisfaction of
customers. These reasons had to pass all phases of our solution from the goal
understanding to employment of the solution in praxis.

For solving this goal, an appropriate data had to be selected on the basis of data
understanding. The appropriate data were selected in the table format CSV (Comma
Separated Values). The first file contained records about realized calls, which
represented relations between actors. We were interesting in the following attributes
within this first file: call id, caller (who called), called (who received the call), start
(date and time) and duration (length of the call). The second file contained records
about actors of all calls with the following attributes: name, address and telephone
number in the international format. These data contained errors, missing values,
different format. They had to be reduced, aggregated, and modified.

Data Preparation: data obtained from the telecommunication society were
transformed into the MySQL database. Subsequently, new data were cleaned. The last
step was the creation of a table with all useful information about customers and their
normalization using the min-max normalization. This pre-processing of data was the
most time consuming phase.
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3 Telecommunication Network Analysis

From the pre-processed data of training and testing sets, a network was modelled.
This network contained actors (represented by nodes) and relationships between them
(represented by edges). Such network was visualized using program R. The
visualization of our training set (246 nodes and 494 edges) and testing set (48 nodes
and 62 edges) is illustrated in Fig.l.in the form of K-core decomposition. It is clear
from the Fig.1, that nodes with a greater value of the Core are situated nearer to the
centre of the graph.

Fig. 1 K-core decomposition of the training set (left) and the testing set (right). All nodes with
Core = 1 have black color and belong to a chain. Nodes with Core = 2 have red color and belong to a circle.
Nodes with Core = 3 have green color and belong to quaternion.

For a graph visualization, also Fruchterman-Reingold method [5] was used. It
solves an optimal location of nodes within the modelled network. It enable to define
some smaller sub networks in the process of modularization of a network. The process
of modularization of our training and testing sets by program R is illustrated in Fig.2.

5 Authority Modelling

The pre-processed data were not annotated before an input to a modelling phase. So,
we represented the goal attribute by values of subnetworks obtained in the previous
modularization of the network. At first, an appropriate number of subnetworks -
segments had to be stated. Too high number of segments can cause that the clear
description of these segments will be difficult. On the other hand, too low number of
segments can lead to an impossibility to capture the nature of these segments. The
recommended number of segments is from 5 to 12. We stated the number of segments
to be 6 on the basis of data analysis. The labelling of data was done with a help of
expert.
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Fig. 2 Modularity of the training set (left, 11 subnetworks) and of the testing set (right, 11 subnetworks).
Each colour represents one subnetwork.

So we have defined following particular segments on the basis of previous statistical
analysis and in a cooperation with expert:

e CASUAL - actor has a low number of friends and so he/she is connected to a
low number of sub-networks through his/her friends.

e MEMBER - actor has more friends than “causal” and all his/her friends are
from the same sub network.

e STRONG HUB - actor has a low number of friends but his/her friends
belong to many various sub-networks.

e LOW HUB - actor has an average number of friends and the great majority
of his/her friends are from the same sub-network as the actor but some
friends belong to other subnets.

e STRONG AUTHORITY - actor is characterised by a great number of friends
who mainly belong to the same sub-network as the actor.

e LOW AUTHORITY - actor is characterised by a great number of friends
who do not belong to the same sub-network as the actor.

Our model for classification of actors of the telecommunication society is based on
a decision tree [6], generated by the C4.5 machine learning algorithm from the
training set, using the programming language R and the library RWeka. An
illustration of the decision tree is in Fig. 3. The generated decision tree in the program
R follows:
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con_net_norm <= 0

| all_friends_norm <= @: CASUAL (15.0)

| all_friends _norm > @: MEMBER (41.0)

con_net_norm > ©

| all_friends _norm <= 0.625

| all friends _norm <= 0.25

| | all friends _norm <= 0.125: STRONG HUB (17.0)
| | all_friends _norm > @.125

| | |  con_net_norm <= 0.2: LOW HUB (25.0)

| | |  con_net_norm > @©.2: STRONG HUB (12.0)
| all friends _norm > ©.25: LOW HUB (108.0)

all friends _norm > 0.625

| con_net_norm <= 0.4: STRONG AUTHORITY (5.0)

| con_net_norm > ©.4: LOW AUTHORITY (23.0)

<0 >

spolu_priatelov_norm spolu_priatelov_norm

<0 >0 <0.625 >0.625

CASUAL MEMBER )
(15.0) (40.0) spolu_priatelov_norm

<025 >0.25 <04 >04

Iu_priatel LOW HUB STRONG AUTHORITY| LOW AUTHORITY
spolu_priatelov_norm (108.0) 0 230)

<0.125 >0.125

STRONG HUB
(17.0)

<02 >0.2

LOW HuB STRONG HUB
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Fig. 3 Decision tree for classification of telecommunication customers

6 Evaluation and Testing

The generated classification model was tested on precision. What was really
surprising for us, it was zero error of classification on testing set (see Table 1). Not so
much authorities (low and strong) were found. Better situation was in hubs searching.
The true is that a big number of found authorities and hubs was not the goal of our
approach. The goal was to find real authorities and real hubs, which could attract
other actors and users to remain the members of the telecommunication network.
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Table 1. Precision of testing results of classification model on the testing set.

Member Low Low hub Casual Strong Strong
authority authority hub
Member 22 0 0 0 0 0
Low authority 0 0 0 0 0 0
Low hub 0 0 4 0 0 0
Casual 0 0 0 13 0 0
Strong authority 0 0 0 0 1 0
Strong hub 0 0 0 0 0 8

7 Conclusions

The paper introduces the approach to the authority mining within telecommunication
networks based on a structure analysis of this network. The aim was to search for
critical — authoritative users of the network. The model was developed and used for
the classification of customers of the telecommunication network into following
classes: causal, member, strong hub, low hub, strong authority and low authority. The
greatest attention was paid to the identification of authorities and hubs. The
telecommunication society obtained important information who were the worst
customers to be motivated to remain among its clients. This approach is surprisingly
precise.
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Abstrakt. Sledovanie zdmeru a sposobu interakcie s elektronickymi obchodmi
je dolezité najmé pre utcely skimania a uspokojovania individudlnych potrieb
ich pouZivatel'ov. Pri analyze tychto dat vyuzivame metédu analyzy transakc-
nych logov. Ukazuje sa, Ze v pripade sledovaného elektronického obchodu je
najcastejSou prieskumovou stratégiou prehliadanie (browsing), ¢o naznacuje in-

.....

pomer transakcii v sledovanom e-obchode vSak vykonali pouZivatelia, vyuZiva-
juci stratégiu kratkeho prieskumu. Zamer pouzivatel’a (informacény, navigaény a
transakény) zavisi z vel'kej miery od témy obsahu. V prispevku preto taktiez ka-
tegorizujeme zamery pouzivatelov v kontexte vyhladdvania zliav. Tieto po-
znatky mozno dalej vyuzit pri ndvrhoch zlepSeni informacnej architektiry
elektronického obchodu aj personalizovaného odporicania informécif jeho pou-
ZivateTom.

KPucova slova: Prieskumovd stratégia, zaimer vyhladdvania, vyhl'addvanie v
elektronickych obchodoch, informa¢né spravanie

1 Uvod

Informacné spravanie pouZivatelov moZno sledovat na zdklade ich zdmeru
a zvolenej prieskumovej stratégie. Prieskumovu stratégiu definujeme ako “volbu kro-
kov a metdd, ktoré si pouZivatel urcuje pri rieseni informacného problému” [1]. Pou-
Zivatelia v praxi kombinuji Styri najzndmejSie prieskumové stratégie: prezeranie
(browsing), kratky prieskum reprezentovany zadanim vyhl'adavacieho dotazu, moni-
toring a berrypicking, teda expolorativne a intuitivne zbieranie kdskov informécii
z roznych zdrojov.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti & WIKT 2018, Brno 11.-12.10.2018, pp. 155-161.
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Zamer vyhladavania je vyjadrenim afektivneho, kognitivneho a situacného ciel’a
alebo potreby pouZivatela pri interakcii s vyhl'addvacim nastrojom prostrednictvom
dotazu [2].

V oblasti klasifikdcie vyhl'addvacich dotazov na zdklade zdmeru sa vyuZiva najmi
Broderova taxonémia [3], ktord deli dotazy na informa¢né, naviga¢né a transakcné.
Navigacny zdmer implikuje zadanie konkrétnej URL adresy alebo znacky produktu ¢i
sluzby pri vyhladdvani. Informaény zamer charakterizuje ziskavanie informécii s
cielom ich porovnavania. Je teda mozné ho zistit' z charakteru interakcie a obsahu
prezeranej informécie v kombindcii s informédciou o dokonceni transakcie. Transak¢-
ny vyhladavaci zamer vyZaduje d’alsi krok, aby bola aktivita pre pouzivatel'a uzitoc-
na. Spominané delenie dotazov na zdklade zdmerov pouZivatela vyuzivaji aj Jansen a
Booth [2], ktori sledovali najcastejSie vyhl'addvané oblasti na internete prostrednic-
tvom vyhladavacieho ndstroja AOL. Sledovanie zaimerov pouZivatel'ov elektronické-
ho obchodu mo6ze okrem iného pomdct’ zistit’ nedostatky a prileZitosti v oblasti infor-
macnej architektiry webového sidla, najméd v oblasti pouzitelnosti a optimalizacie
obsahu pre vyhladdvacie nastroje. To v konecnom dosledku zanechd v zdkaznikoch
pocit spokojnosti, ktory vedie k vy$§im transakcidm.

2 Ciele a metédy vyskumu

Pri analyze informacného spravania pouZzivatel'ov sledovaného elektronického obcho-
du sme vyuzili kvantitativihu metédu analyzy transakénych logov a kvalitativnu met6-
du analyzy vyhladdvacich logov [4], vybranych z daného elektronického obchodu.
Konkrétne sme mali k dispozicii 30k akcii (z 8k sedeni), z toho takmer 2k vyhl'addva-
cich dotazov na portdli. Rozsiahly dataset, zachytdvajici sprdvanie pouZzivatel'ov
v redlnom prostredi, bol ziskany vd’aka spolupraci akademického a stikromného sek-
toru. Surové ddta, zachytdvajice spravanie, boli nizkouroviiové a bolo potrebné ich
interpretovat’. Hoci pouZivatel'ské akcie, nachddzajice sa v zdznamoch, samy o sebe
nehovoria o motivoch, cieloch a pocitoch pouzivatelov [5], je moZné z nich vycitat’
isté informdcie o ich vyhl'addvacich zameroch a stratégiach.

Spravanie pouZzivatelov bolo zaznamenané v podobe uskutocnenych transakcii
a jednotlivych udalosti na portali [6]. Boli vybrané sedenia pouzivatelov spolu s au-
tomaticky priradenym typom udalosti, vykonanej na portéli. TaktiezZ sme mali k dis-
pozicii dotazy pouzivatelov a prezerané produkty. K niektorym produktom boli au-
tomaticky priradené kategérie na zdklade ich zaradenia v elektronickom obchode,
avSak v mnohych pripadoch kategérie absentovali, pripadne boli priradené chybne a
bolo potrebné ich prirad'ovat’ a vyhodnocovat’ manuélne. Vzorku sedeni pouZzivatel'ov
sme analyzovali zo sedeni v ¢ase medzi 9.1.2016 - 18.9.2017, moZno ju teda povazo-
vat’ za reprezentativnu, pretoZe zachytdva rézne ¢asové obdobia interakcie pouzivate-
T'ov s portdlom. Co sa tyka geografického a kultirneho rozloZenia, ide o slovenskych,
eventudlne Ceskych navstevnikov. Tymto vyskumom chceme odpovedat’ na nasledu-
juice vyskumné otizky: PouZziva sa pri vyhladdvani zliav CastejSie prieskumova straté-
gia prezerania alebo kratkeho prieskumu a ktora z nich najpravdepodobnejsie povedie
ku transakcii? Ktoré kategérie dotazov v elektronickom obchode, zameranom na zla-
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vy vedd najcastejSie k transakénému zameru pouZivatela? Aké si zamery pouZzivate-
lov v jednotlivych kategéridch dotazov a na zdklade akych aspektov v dotazoch pou-
Zivatelia vyhl'adavaja?

3 Zavery z analyzy dat

Prieskumovil stratégiu pouzivatelov sme analyzovali podla vykonanych akcii.
Z dostupnych udajov sme identifikovali stratégiu prezerania a kratkeho prieskumu.
Prezeranie (browsing) je spdsob explorativneho a intuitivneho vyhl'addvania, zalo-
Zeny na zvedavosti a ndhodnom ziskavani informacii na zdklade vizudlnych podnetov.
V datach bolo charakterizované typom udalosti view a list a tvorilo aZ 83% vsetkych
akecif.

V sledovanom elektronickom obchode teda vyrazne prevazoval pasivny typ infor-
macného spravania (obr. 1). Vac¢sina akcii prehliadania prebehla bez ohl'adu na kate-
gériu (view) a menSia Cast’ po oznaceni kategdrie (list). Z hl'adiska charakteru zl'avo-
vého elektronického obchodu ide o pochopitel'né a o¢akdvané informacné spravanie,
pretoZe predkladand ponuka sa meni v zdvislosti od dostupnych zliav a pouZivatelia
hl'adaju pre nich zaujimavé ponuky. Ich zdmer je v tomto pripade skor informaény
ako navigacény.

view 49%
list

search
impression
basket

purchase_processed

Obr. 1. Percento akcii vybranych pouZivatel'ov v sledovanom elektronickom ob-
chode

Kratky prieskum (charakterizovany akciou search) znadi priame vyhladdvanie
prostrednictvom zadavania kI'i¢ovych slov dotazu do vyhladavacieho okna. Takéto
sedenia tvorilo 12% vSetkych sedeni. PouZivatelia vyuZivajici tdto stratégiu maji
predstavu o vyhladdvanom tovare, resp. sluzbe a aj z tidajov vyplyva, Ze ich zdmer
bol zrejmy uz v prvych krokoch sedenia. Z celkového poctu takmer 1k sedenf s pouZi-
tim kratkeho prieskumu bolo v 43,09% sedeni pouzité vyhladavanie (search) uz v
prvom alebo druhom kroku. Priamym zadanim dotazu v neskorSich krokoch sa pouZi-
mnohych pripadoch na seba vyhl'addvania pocas sedeni nadvédzovali a pouZivatel sa
rozhodol pre transakciu az po niekol’kych sedeniach.

Napriek tomu, Ze kratky prieskum sa vykonava v mensej miere, venovat’ pozornost’
pouzivatelom s aktivnym informacnym sprdvanim a reflektovat’ ich informacné po-
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podobnost’ uskutocnenia transakcie. V rdmci nasho vyskumu sme si za transakciu
zvolili vloZenie produktu do koSika (basket), pretoZe tieto transakcie reflektuji zau-
jem pouzivatela a neboli ovplyvnené pripadnymi problémami v poslednych krokoch
transakcie.

Z tudajov v tabulke 1 je vidiet, Ze intenciondlne vyhladavanie prostrednictvom
kratkeho prieskumu malo vplyv na vykonanie transakcie v sledovanom elektronickom
obchode. Kym k transakcii viedlo 5 % sedeni, zahfiiajicich vyhradne prezeranie
(browsing), v pripade pouzitia kritkeho prieskumu doSlo k transakcii az pri 10 %
sedeni.

Tab. 1. Pocet sedeni v ramci prieskumovych stratégii pouZivatel'ov vzhl'adom na transakcie

Prieskumova stratégia % Vsetkych seden{
Kratky prieskum s transakciou (kosik) 1,2%
Kratky prieskum bez transakcie 10,7 %
Prehliadanie (Browsing) s transakciou (kosik) 4,1%
Prehliadanie (Browsing) bez transakcie 79%

Pri pouziti kritkeho prieskumu je mozné hlbSie analyzovat’ informaé¢né a navi-
gacné zamery pouZzivatelov a aspekty dotazov, pouzitych pri vyhl'addvani v elektro-
nickom obchode. Sledovali sme kategorie, v ramci ktorych pouZivatelia vyhl'adavali.
Navigacné zdmery boli charakterizované ndzvom firmy alebo znacky v dotaze, infor-
macné zamery jeho pripadnymi inymi vlastnostami, ako bolo napriklad ¢as, miesto,
pripadne iny privlastok v texte dotazu, ako bol najmaé typ sluzby ¢i produktu. Na roz-
diel od internetového vyhladdvania, v internom vyhladdvani skimaného webového
portdlu vyrazne neprevazuju informacné zamery vyhladdvania nad navigacnymi, skor
su rovnomerne rozloZené. Ako bolo spomenuté vysSie, ak sa pouZivatel' rozhodol
vyuzit kratky prieskum zadanim dotazu, tak sa predpokladd, Ze ma predstavu
o hl'adanej ponuke.

Kategoérie s ¢astymi vyhl'addvacimi zdmermi informa¢ného charakteru v internom
a internetovom vyhladdvani sa vSak podobaju, ide o

*  zdravie, krdsu, wellness a zdbavu — dotazy so zadanim typu produktu,
sluzby

*  cestovanie — zadanie miesta (50% vyhl'addvani v kategdrii cestovanie)

*  tovar — zadanie typu produktu

Naopak navigaény zdmer jednoznacne prevazuje v Kkategdrii jedlo, pitie
a reStaurdcie, v ktorej az dve tretiny dotazov obsahovali nazov restaurdcie. Vyhl'ada-
vanie reStauracii podl'a ndzvu indikuje doélezitost’ budovania znaéky v tejto oblasti.

NajcastejSimi dotazmi s transakénym zdmerom (basket) sa stali dotazy z kategdrii
zdravie, krasa, wellness (1,4% dotazov) a tieZ cestovanie (1,32% dotazov). Tieto ka-
tegérie vykazovali vo vyskume Jansena a Booth [2] skor stredné hodnoty, teda moZno
potvrdit’, Ze transakény vyhladdvaci zdmer zavisi aj od typu digitdlneho prostredia,
teda webovej alebo inej aplikdcie, v ktorom sa vykondva.

Z udajov vyplyva, Ze az 87% sedeni pouZzivatel'ov je zameranych len na jednu ka-
tegoriu tovaru. Ak bolo v ramci jedného sedenia vyhladdvanych viac kategérii, naj-
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CastejSie i§lo o kombinaciu kategérii zdravie, krdsa, wellness a cestovanie ako vidiet’
podl’a prepojenia uzlov na obrazku 3.

mada

jedlog@ pitie

tayer sluzby

dargeky
voliyicas

ceswme

zdravie_ Wellnes_krasa

specialne_panuky

Obr. 3. Spolo¢ny vyskyt prezeranych kategdrif pocas sedeni pouzivatel'ov. Zdroj: vlastny obr.

4 Navrhy odporiacani a diskusia

VysSie uvedené zistenia mozno vyuzit’ pre navrhy odporicani informdacii pre d’alsi
nékup, pripadne pri predikovani informa¢ného spravania pouzivatel'ov. Konkrétne pri
prezerani jednej z uvedenej Casto vyhl'addvanej kombinacie kategérii (napriklad ces-
tovanie) je mozné ponudknut’ pouZivatel'ovi aj podobné produkty z druhej kategérie
(zdravie, krasa, wellness). Problémom st zistené nedostatky (absencie) automaticky
priradenych kategérii produktov asluZieb na sledovanom portdli. Jednym
z nedostatkov manudlneho kédovania, ktoré sme pouZili, je radenie dotazov vylu¢ne
do jednej kategdrie, avSak vo vyskume s vyuZitim podobnych metéd [7] sa potvrdilo,
Ze aZ 75% dotazov mozno klasifikovat’ do jednej kategorie.

Alternativou pre podporenie prieskumovej stratégie monitoringu je vytvorenie
elektronického spravodaja, zameraného najmé na oblast’, ktord bola najCastejsie vy-
hl'adavana jednotlivymi pouzivate'mi aj samostatne (zdravie, krasa, wellness).

Pri analyze transakcii (basket vs. purchase) sme si vSimli vel’ky nepomer medzi
pocétom produktov v kosiku a redlne vykonanym nakupom. Pravdepodobnost’ ndkupu
po uloZeni do kosika bola az 1:5,8. Pri¢ina by mohla spocivat’ v problémoch v procese
transakcie, d’alsim dévodom mdZe byt, Ze pouzivatelia v pripade sledovaného e-
obchodu vyuzivaju kosik ako dloZisko produktov, ktoré ich zaujali. Aj tento fakt by
mohol e-obchod vyuzit' pre odportc¢anie produktov pre individualnych pouZzivatel'ov
na vlastnom portdli alebo v rdmci remarketingu.

Zistenia ohladom typov dotazov pri prieskumovych zdmeroch maji doélezitd im-
plikéciu pre dpravu rozhrania, konkrétne informacni architektiru sledovaného webo-
vého sidla, najmi pre navrh jeho fazetovych filtrov. To vSak plati iba v pripade vic-
Sieho webového portalu s mnozstvom vysledkov vyhl'addvania, ktoré by pouZivatelia
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potrebovali obmedzit’. Kategériu cestovanie by v tom pripade bolo mozné doplnit’ o
prehl'adnejsie filtre na zdklade miesta, kategdriu tovar ale aj jedlo a pitie o fazetové
filtre najcastejSie vyhladdvanych produktov (napr. burger) a v kategéridch krasa,
zabava, wellness a vol'ny ¢as by sa mohli uplatnit’ filtre podla najéastejsie vyhl'ada-
vanych sluzieb (napr. masaz). Fazetové filtre nielen zlepSia pouzitelnost’” webového
portalu, ale tieZ podporia intenciondlny kratky prieskum, ktory md, ako sme zistili,
vySs§i transakény potencidl.

Stvislosti zdmeru pouzivatel'a a vykonania transakcie nemozno sledovat’ iba za
pomoci analyzy transakénych logov, ktord v prispevku vyuZivame. Na vykonanie
transakcie (kone¢ny ndkup) ma vplyv najmi utilitaridnska (pragmatickd) motivicia
pouzivatel'a, ovplyvnend pohodlnostou pohybu na strinke, cenovymi hodnotami,
bezpecnostou, dostupnostiou informdcii a vyberu. Rozhodnutie naktpit’ je ovplyvne-
né aj kontextudlnymi aspektami, s ktorymi je potrebné ratat’ a ktoré si doménou mar-
ketingu, ako je zdkaznicky servis a vnimanie obchodu pouzivatel'om [8]. Sledovanie
zameru pouZivatelov je vSak doleZité aj z toho dovodu, Ze persudzia a prijemny zazi-
tok pri nakupovani nie je v elektronickych obchodoch jedinym predpokladom vyko-
nania transakcie.

Ziskané data rozhodne nemoZno zovseobecnit’, pretoZe reprezentujui interakciu po-
uzivatel'ov iba s jednym elektronickym obchodom. Cldnok viak mdZe slizit' ako pod-
net pre dalsi vyskum voblasti zdmerov pouZivatelov pri vyhladdvani
v elektronickych obchodoch, ked’Ze problematika v sticasnosti nie je rozpracovand aj
napriek svojej aktudlnosti a doleZitosti najmé pre oblast’ ndjditel'nosti a optimalizacie
elektronickych obchodov. Sledovanie vyhl'addvania na tuzko Specializovanom webo-
vom portdli v§ak prindSa aj vyhodu eliminicie kontextu, najmi kontextu tlohy, situd-
cie a domény, spominanych Freundovou a Tomsovou [9]

Dalsou vyskumnou prileZitostou, ktori planujeme vykonat v budiicnosti, je prepo-
jenie kvantitativnych dat o interakcii pouzivatel'ov s informaciami o osobnosti pouZi-
vatel'ov na zdklade modelu Big 5, ziskanymi z dotaznikového prieskumu [5, 6, 10].
Zamery a stratégie vyhladdvania pouzivatelov tak mozno sledovat’ v kontexte typu
osobnosti pouZivatela, o umozni eSte cielenejSiu personalizdciu a odportcanie in-
formaécii pouZzivatel'om.
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Annotation:

Search strategies and intentions in sales portals: Case study

Tracking intent and interactions with e-shops is especially important for the purpose
of exploring and meeting the user needs. In this case study, transaction and search log
analysis method is used to analyze the data. It turns out that browsing is the most
common search strategy, nevertheless active searching using search query results in
more transactions. User's intent (information, navigation, and transaction) depends to
a large extent on the subject. Therefore, we also categorize users' intentions in the
search for discounts that has many implications for information architecture and per-
sonalized recommendation of information in e-shops.
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Abstract. Our motivation starts from recommendation systems on large
data. We use hybrid evolutionary agent based system. Our system runs
in parallel several optimization methods. Main challenge is the frequency
of individuals migration. We describe technical restrictions which com-
plicate parallelization techniques of helping each other computational
methods. Size of data influences latency in communication and measure-
ment. We experiment with architectural changes which enable to move
the limits. At the same time we would like to give planners sufficient
freedom to manage distributed computation.

Key words: recommendation systems - large data - evolution based
island models - computation parallelization - agent based systems

1 Introduction

Our research focuses on recommending systems and utilizing evolving algorithms
to predict user preferences. In this paper we would like to report on technologi-
cal challenges and architectural solutions. We started with a system, originally
developed for study of parallelization of standard stochastic and evolutionary op-
timization methods which was tested on problems: TSP, BP, vertex cover, ... ([3],
implementation described in [4]). This system was based on the idea of islands
model with migrants ([6]). When we tried to use this system for recommendation
tasks, it turned out that main limit is the size of an individual.

Main idea of original [4]-system was to have a tool for experiments comparing
single methods (SM), homogeneous island models (HoIM) and heterogeneous
island models (HeIM). Homogeneous island models are known for a longer time.
For a while, main research topic of HoIM was parameter selection, population
size and ratio of mutation (see e.g. [7]). Heterogeneous approach was understood
as diversity on the level of parameters (see [5]). M. Pilat and R. Neruda started
a new approach to HeIM, where the heterogeneity is understood as diversity in
methods [6].

Our original motivation in [3] was to create an experimental system suffici-
ently flexible to be able to show contribution of heterogeneity of diverse methods
with migration and re-planning. For implementation we have selected the multi-
agent framework Jade'. Main advantage of agent framework is potential for

! http://jade.tilab.com/
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obtaining an adaptive system which is able of inherent improvement. In this
sense idea of our system was similar (but much more general) to the one of ([5]).
In [3] it was shown that heterogeneity gives better results than homogeneity.

Recently we tried to use the potential of HeIM in the area of recommender
systems [1]. In this domain we optimized model based solution in the form of
latent factors predicting rating matrix. It turned out that individuals (models
/ recommendation) are several orders of magnitude larger than in previous ex-
periments. This led to serious performance problems. In this paper we describe
both the original system and architectural changes to be able to work with large
individuals (and still getting acceptable results).

2 The architecture of the implemented heterogeneous
islands model system

On Figure 1 we see basic idea of heterogeneous island models. Circles and co-
lored points correspond to different computational resources and optimization
methods. Methods help each other by sending migrants. To achieve a synergy,
the orchestration of the whole is done by a planner.

From this concept arose the system architecture shown in Figure 2. Jade
container correspond to island and computational agents (CA) correspond to
optimization methods. Agents send each other ACL messages (FIPA). Agent
”Central manager”manages distributed computation. Agent ”Monitor” inter-
cepts communication in the system and creates history of computation based
on statistics. In each container there is a local master. One of the parameters of
this model is the period of migration of individuals (”period of distribution” in
Table 1). One has also to define neighboring relation, i.e. where to send indivi-
duals selected by sender.
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| Data M [ Central | Logger Managey
Manager ‘%anagy Initiator

Container - Island3

Gontaner 1-twanat | =—="> Monitor | <=—>
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Fig. 1. System abstraction Fig. 2. System architecture
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3 Planning and monitoring of the computation

The heart of heterogeneous system is the planner. Planner initializes and re-
plans methods (commands local masters). The heart of the planner is the plan-
ner ideology. In Figure 3 we see the module ”Planner ideology” (PI) which is
exchangeable. In [2] (see also [3]) we can see several implementations of PI
Planner module gets on input informations on success and failures of running
methods instances. Helpers consists of statistics about count of successful help
of one method to another (see Figure 5). Pedigree are that of individuals (e.g.
an individual in 50 iteration was influences (improved) by different methods).
Statistics is a more detailed history on re-planning in different iterations.

On Figure 4 we see process of transformation of measurements done by agent
Monitor to the history of computation. It is up to our choice how many infor-
mation we store is statistics and history. Data stored by agent Data manager are
helpful for analysis of system behavior. This is needed for human activity when
creating a new planner ideology and tuning the system.

Central-
Manager
appropriations

Planner Module

-1 Getempycpu ||,
cores

st anager < (Genaansger<————————_Monitor )

T
En EmEm| :
[Sati]  [Satnd[ sa] [Sazlsa] [sai]

o || s s

Fig. 4. Monitoring and cre-

Fig. 3. Planner
ating history

Information sent by ” Monitor” to ” Central Manager” originally contained in-
dividuals created by method instances. This enabled to create different metrics,
care about diversity and value of genetic material. In case of large individu-
als in recommendation domain this influenced middle-ware throughput. In the
new version of the system results of statistics contain only hash of individuals,
fitness, pedigree and some others. This of course limits possibilities of Planner
ideology. It is left for future work to increase quality of recommendation under
this restricted circumstances.

4 New architecture of computational methods

Further significant changes were done in architecture of optimization methods.
We experimented with 50 cycles of the planner. Inside each cycle of the plan-
ner (a time frame 1 minute) there were several cycles of optimization methods.
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Nevertheless, in an heterogeneous system methods differ in number of generati-
ons (iterations) done in this 1 minute. Hence the system has to be designed
asynchronous. Our first implementation of asynchronism was very liberal to all
interruptions. In our new architecture (still asynchronous) we implemented selec-
tors and inserters controlled by clocks. The clock was set to optimize simulated
annealing performance. The main reason was, that simulated annealing perfor-
med very bad in [1] (with system version corresponding to second row in Table
1).

In recommender system domain our individual are latent factors (namely
latent factors of users and latent factors of items) of big rating matrices. To
compute fitness of an individual we have to calculate large part of matrix pro-
duct and compare it to training examples. Each operation with an individual
needs more time. That is why the choice of individuals from the queue of mi-
grants is influencing convergence of the computation. Original architecture of
the computational agent consisted of two queues of all incoming and outgoing
individuals. In the new architecture (Figure 6) we understand data structures
as a parameter of the system (much more general than queues).

From our experiments it follows importance of selectors and inserter choosing
the individual to be included into the population or inserted to model of indivi-
duals waiting for departure. Sparing sending behavior is crucial for middle-ware
throughput. In new system we pay more attention to sending behavior. Specifi-
cally, we implemented more options which enable effective distribution of genetic
material and save communication load and memory.
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5 Results

We run experiments on ml-100k? ml-1m? and ml-10m* datasets. Our new im-
plementation is publicly available on Github® (all the changes are backward
compatible).

In order to get system running on large data and giving acceptable results we
changed architecture and way of monitoring (as described above), parameters
of the system: ”periodOfDistribution” (i.e. frequency of migration), ”distribu-
tion” (i.e. choice of neighboring relations), ”indiv-transport” (from ontology to
objects) and "models” (data models of incoming and outgoing individuals).

Table 1 describes phases of our system development. Original system was
inapplicable. When we increased the period of distribution and bounded the
number of neighbors to 3, system was able to process ml-100k dataset effective
and in acceptable quality.

With new architecture we provided several experiments. This process was
classical tuning of trade-off between quality of results, effectiveness and system
through-put (schematically illustrated in Figure 7). We preserved distribution
to 3 neighbors and frequency. All the changes of architecture and sending indivi-
duals as object (not ontology) gave sufficient a acceptable quality of results. Our
next challenge was to decrease period (increase frequency) of distribution to 5s.
One would expect the system be congested (we have kept 3 as the number of
neighbors). Last change we display in Table 1 is change of data structures of in-
coming and outgoing individuals sufficiently outperformed danger of congestion.
The system was still communicationally uncongested and the usage of memory
decreased.

Architecture of system ml-100k| ml-1M | ml-10M
Original system: periodOfDistribution=>5s, dis-
tribution=all, indiv-transport=ontology

Original system periodOfDistribution=30s, dis-
tribution=3neighbors, indiv-transport=ontology

running |ineffective -

Improved system: periodOfDistribution=30s, running, on
distribution=3neighbors, indiv-transport=object,| running | running |limits of
models=(100k=queues, IM=queues, 10M=queues) memory
Improved system periodOfDistribution=>5s, dis- running, less
tribution=3neighbors, indiv-transport=object, mo-| running | running |memory de-
dels=(100k=queues, 1M=3last, 10M=1last) manding

Tab. 1. Consequences of modifying system architecture

2 https://grouplens.org/datasets/movielens/100k/
3 https://grouplens.org/datasets/movielens/1m/

* https://grouplens.org/datasets/movielens/10m/
® https://github.com/shalcar/distributedea/
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A Influence of communication on potential
co-operation

A

Design of
new architecture

§82Jn0sal JO eﬁesn

>

Potential for co-operation of methods

Fig. 7. Trade-off

6 Conclusions

We improved original system for classical evolutionary optimization to work with
large data in recommender systems (more details in [1]). By several architectu-
ral changes we shifted the limits of communication congestion. In future work
we would like to be competitive in quality of recommendation. Possible next
architectural change are hierarchical heterogeneous island models.

References

1. Balcar, S.: Preference learning by matrix factorization on island models. In:
ITAT 18, accepted, to appear in CEUR, (2018)

2. Balcar, S., Pilat, M.: Online parallel portfolio selection with heterogeneous island
model (accepted ictai’18). http://arxiv.org/abs/1806.04528

3. Balcar, S., Pilat, M.: Heterogeneous island model with re-planning of methods. In:
Aguirre, H. (ed.) GECCO ’18. ACM, New York, NY, USA (2018)

4. Balcar, S.: Heterogeneous island model with re-planning of me-
thods (in czech). Master thesis, Martin Pildt supervisor (2017),
https://is.cuni.cz/webapps/zzp/detail /173747 /

5. Gong, Y., Fukunaga, A.: Distributed island-model genetic algorithms using hetero-
geneous parameter settings. In: 2011 IEEE CEC. pp. 820-827 (2011)

6. Pilat, M., Neruda, R.: Combining multiobjective and single-objective gene-
tic algorithms in heterogeneous island model. In: CEC 2010. pp. 1-8 (2010).
https://doi.org/10.1109/CEC.2010.5586075

7. Whitley, D., Rana, S., Heckendorn, R.B.: The island model genetic algorithm: On
separability, population size and convergence. J.Comp.Inf.Tech. 7, 33-47 (1998)

Acknowledgement. This work was supported by a Czech Ph.D grant SVV2018-
260451.



Knowledge-Driven Manufacturing

Petr Kadera!, Petr Novak!, Jiff Vyskocil', and Véclav Jirkovsky'

Czech Institute of Informatics, Robotics and Cybernetics Czech Technical University
in Prague
Jugoslavskych Partyzant 3, 160 00 Praha
{petr.kadera, petr.novak, jiri.vyskocil, vaclav.jirkovsky} @cvut.cz

Abstract We are currently witnessing an ongoing transformation of ma-
nufacturing industry from mass production to mass customization. Ro-
botics plays in this process a key role. The former and mostly present
robotic solutions were deployed to repeat a fixed sequence of predefined
operations. This approach is not sufficient for customized production
due to high costs for the reconfiguration of robotic systems. Thus, a
knowledge-driven approach is proposed to overcome this issue by au-
tomatic creation of robotic control sequences. Both robotic system and
final product are declaratively described. Consequently, the description is
transformed to the Planning Domain Description Language (PDDL) for-
mat, which is then input for an arbitrary PDDL compliant planner (e.g.,
Fast-Downward). The planner finds (if such a plan exists) a sequence of
robotic operations that lead to the final product. The approach is va-
lidated on a system composed of two KUKA robots and an automated
conveying system that produces LEGO models.

Keywords: Flexible manufacturing - Robotics - Automatic Planning - PDDL

1 Introduction

Shorter time-to-market, high responsibility to customer needs and strong sup-
port for customization are expected properties of factories brought by the Fourth
industrial revolution [3]. A key role in this process will play robotics as an enabler
of the flexible production. However, current methods of programming robotic
systems aims rather at repetitive than flexible production [1]. The behavior of
robots is hard-coded and thus each modification of the robotic behavior requires
change of the control code, which is not only expensive, but also error-prone.
In this paper, we propose a method that build upon a formal specification of a
particular robotic domain and a concrete product. These specifications are trans-
formed in the form of Planning Domain Definition Language (PDDL), which is
widespread format for describing planning problems [4].

2 Proposed method

The proposed method is a five-step process as follows: (i) Specification of a
product, (ii) Specification of a production domain, (iii) Transformation of the

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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product specification to the PDDL, (iv) Computation of the production plan,
(v) Interpretation of the plan by a Programmable Logical Controller (PLC) and
execution by robots (see Fig. 1).

\
LEGO model: (define(roblem LEGO_PROSLEM)
(domain LEGO, DONIAN)
- (obiects p-7 -COORD -6 COORD...p3 - COORD p3 - COORD.
BLUE- COLOR GREEN - COLOR .. WITE - COLOR)
(:init. (DEC p-6 p-7) (DEC p-5 p-6) ... (DEC p4 p3)
(OCCUPIED p3 p-6 p0) (OCCUPIED pO p-6 pO)
(OCCUPIED pO p-3 p0) (OCCUPIED p3 p-3 pO)
(FINAL PRODUCT 52493 BLUE)
(FINALLPRODUCT 53 -3 p2 WHITE)
(FINAL_PRODUCT p0 -3 p1 WHITE)
)
(:goal (and (OCCUPIED p2 p-4 p3)
(OCCUPIED 393 72)

I
I

a'.l
oy
iy
v
N
Nt
o
.\
2

(0CCUPIED pOp-3 1)) ))

(PUTDOWN_BRicK-1x1 pO p-3 p1 WHITE)
(define (domain LEGO_DOMAIN)
(requirements :ad ypins
(types COORD COLOR)
(predicates

(AN

(PUTDOWN_BRICK-1x1 P3 p-6 1 WHITE)

¥ 2X- COORD 2Y - COORD 72 - COORD C - COLOR) (ROEEm LS EHOE)

. {OCCUPIED X - COORD 7Y -COORD 72 COORD)

PDDL LEGO domain (DEC 1-COORD 70- COORD) (PUTDOWN_BRICK-1x1 pO p-6 1 WHITE)
)

specification: st pUTOOWN K3 (PUTDOWN_BRicK-1x1 pO p-3 p2 WHITE)

a
-parameters (7K - COORD 7Y - COORD 72- COORD 7C - COLOR)
(PUTDOWN_BRicK-1x1 pO p-4 p3 p1 p-3 BLUE)

]

Figure 1. LEGO Building Flowchart.

The method does not prescribe a concrete format to describe the requested
product. In this pilot application we use the freely available tool LEGO Digi-
tal Designer!'. The production domain is described directly in the PDDL form
(see Fig. 2), whereas specification of the model is transformed to PDDL using
a newly developed proprietary convertor(see Fig. 3). Since both production do-
main as well as the required product are formally specified, a PDDL compliant
planner can be used. In this case, the Fast-Downward planner is used because it
is recognized as a fast and reliable tool. The computed plan is transformed in a
sequence of production steps that are communicated to a PLC.

3 Validation Study

The functionality of the proposed method is validated using laboratory facility
Testbed for Industry 4.0% (see Fig. 4). The hardware setup of the facility includes
a conveying transportation system Montratec, two KUKA Agilus robots and one
KUKA LBR iiwa robot, PLC Siemens Simatic S7 -1512 and a PC workstation
DELL Precision T1700.

! https://www.lego.com/en-us/ldd
2 https://www.ciirc.cvut.cz/testbed /
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(zaction PUTDOWN_BRICK-2X2
:parameters (?X - COORD ?Y - COORD ?Z - COORD
?X_ABOVE - COORD ?Y_ABOVE - COORD
?C- COLOR]

? )
:precondition (and (exists (?Z_BELOW - COORD)
and

Variable
name.

The type of

Because PDDL is a very th iabl
e variable.

general language and

most planners support
only a subset, domains
may declare
requirements.

(define (domain LEGO_DOMAIN)
( i :ad| :typing)
(:types COORD COLOR)
(:predicates (FINAL_PRODUCT ?X - COORD ?Y - COORD ?Z - COORD ?C - COLOR)
(OCCUPIED ?X - COORD ?Y - COORD ?Z - COORD)
(DEC ?I - COORD ?0 - COORD)

A list of all predicates
“Boolean state variables"
to be used in the domain.
; binary relation where ?1 == 70 - 1

Action definition: )

(:action PUTDOWN_BRICK-1X1
(?X - COORD ?Y - COORD ?Z - COORD ?C - COLOR)
:precondition (and (exists (?Z_BELOW - COORD)

(and (DEC ?Z ?Z_BELOW)

Parameters of action:

A precondition contains a
propositional formula that
must hold to apply the

operator not.

Figure 2. PDDL LEGO domain specification

The problem definition
first specifies its name

and which domain it
belongs to.

(define (problem LEGO_PROBLEM)

(:domain LEGO_DOMAIN)
All objects present in the

e, (-objects p-7— COORD p-6 — COORD ... p3 —~ COORD p4 — COORD

BLUE — COLOR GREEN — COLOR ... WHITE — COLOR)

(:init (DEC p-6 p-7) (DEC p-5 p-6) ... (DEC p4 p3) ; binary relation “is less by one”

The initial state of the
world is simply a list of
all ground (variable-free)
atoms that are true in
the initial state. All other
atoms are by definition
false.

(OCCUPIED p3 p-6 p0) (OCCUPIED p0 p-6 pO) ; base-plate under the product
(OCCUPIED pO p-3 p0) (OCCUPIED p3 p-3 p0)

(FINAL_PRODUCT p2 p-4 p3 BLUE)

(FINAL_PRODUCT p3 p-3 p2 WHITE)

(FINAL_PRODUCT pO p-3 p1 WHITE)
)
(:goal (and (OCCUPIED p2 p-4 p3)

The goal description is
not a state or list of
literals, but is instead
expressed as a formula
of the same form as an
action precondition.

; All bricks must occupy all the positions of

(OCCUPIED p3 p-3 p2) ; the final product.

(OCCUPIED pO p-3 p1))))

Figure 3. PDDL LEGO problem instance

(DEC ?Z ?2_BELOW)
(DEC ?X_ABOVE ?X)
(DEC ?Y_ABOVE ?Y)

(FINAL_PRODUCT ?X ?Y ?Z 2C)
(FINAL_PRODUCT ?X_ABOVE ?Y ?Z 2C)
(FINAL_PRODUCT ?X ?Y_ABOVE ?Z C)
(FINAL_PRODUCT ?X_ABOVE ?Y_ABOVE ?Z 2C)

(not (OCCUPIED ?X ?Y ?2))

(not (OCCUPIED ?X_ABOVE ?Y ?2))

(not (OCCUPIED ?X ?Y_ABOVE ?2))

(not (OCCUPIED ?X_ABOVE ?Y_ABOVE ?7))

(or
(OCCUPIED ?X ?Y ?Z_BELOW)
(OCCUPIED ?X_ABOVE ?Y ?Z_BELOW)
(OCCUPIED ?X ?Y_ABOVE ?Z_BELOW)
(OCCUPIED ?X_ABOVE ?Y_ABOVE

t > ?2_BELOW)
action and its effect. (FINAL_PRODUCT ?X ?Y ?Z 2C) )
(not (OCCUPIED ?X ?Y ?2)) ) )
e St ohap actiog (OCCUPIED X ?Y ?_BELOW) )
are not explicitly divided x| effect (and
into "adds" and ) (OCCUPIED ?X ?Y ?2)
"deletes". Instead, ) (OCCUPIED PX_ABOVE ?Y ?2)
negative effects (OCCUPIED X ?Y_ABOVE ?2)
(deletes) are specified ) (OCCUPIED PX_ABOVE ?Y_ABOVE ?2)
using a negation :effect (and (OCCUPIED ?X ?Y ?2)) )
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Figure 4. Testbed at CTU

4 Conclusions and Future Work

The presented method illustrates an example of a knowledge-driven robotic pro-
duction which represents an alternative to traditional static robotic programs.
Explicitly defined knowledge about the production domain as well as about the
configuration of the required product is transformed into a planning problem that
is solved using a universal planner. Consequently, the found plan is executed by
available production resources. In the future, we plan to extend the scope of this
method outside the LEGO domain. Therefore, Lego Digital Designer will not be
suitable any more to represent the model of a product and it will be necessary to
find an alternative. Web Ontology Language (OWL) [2] is a good candidate to
describe the product structure as well as to handle the expert knowledge about
the relevant production domain.
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Abstrakt. Hlavnim cilem projektu je zpfistupnéni archivnich prament
z ¢esko-bavorského piihrani¢i pomoci nejmodernéjsich informaénich tech-
nologii. Bude umoznéno vyhledavani informaci podle lokalizaénich udaju.
Déle se zaméfime na prehlednou prezentaci a efektivni vyhledavani obra-
zovych dokumenti. Také bude realizovéno inteligentni full-textové zpii-
stupnénim dokumentu v Ceském i némeckém jazyce. Informace budou
k dispozici pomoci nadstavby existujiciho portalu ,,Porta Fontium®.

Klicova slova: Cesko-bavorska spolupréce - full-textové vyhledavani -
Porta Fontium

1 Uvod

V soucasné dobé jsou digitalizované archivni prameny v ¢esko-bavorském pfti-
hraniéi k dispozici prostifednictvim portalu ,,Porta Fontium*. Tento systém vznikl
predevsim pro fyzickou ochranu cennych dokumentu, proto je vyhledavani infor-
maci stale zavislé na ruénim prochézeni a pro¢itani mnohostrankovych rukopisu.
Zaroven v aktudlni verzi systému nejsou obsazeny historické mapy.

Hlavnim cilem projektu je zptistupnéni archivnich pramenu z Gesko-bavor-
pomoci nejmodernéjsich informaénich technologii.

Prvnim diléim cilem je vubec prvni spojeni historickych map a planu ke
spoleé¢nym ¢esko-bavorskym déjinam az do roku 1918 a jejich online prezentace.
Dalsim cilem bude umoznéni vyhleddvéni informaci podle lokaliza¢nich idaju.
Portél bude propojen s mapovymi podklady. Bude tak mozno vyhledavat rtzné
typy dokumentil podle jejich mista na mapé. Zaroven bude umoznéno zobra-
zeni vybranych dokumenti na mapé. Déle se zaméfime na piehlednou prezen-
taci a efektivni vyhleddvani obrazovych dokumentu. Uzivatel uvidi dokument ve

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 173-176.
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vrstvach (text, obrézky s popisem), coz bude prehlednéjsi. Déle bude nabidnuto
vyhledévat v rukopisnych kronikich podle extrahovanych vzori. Ctvrty diléf cil
se zabyvé inteligentnim full-textovym zpfistupnénim dokumentu. Uzivatel bude
moci provddét dotazy v pfirozeném jazyce a odpovéd systému bude vice re-
levantni. Poslednim cilem je prezentace vysledku projektu odborniktm i Sirsi
verejnosti prostiednictvim workshopu a Skoleni. Portal tak bude slouzit odborné
i laické vefejnosti v mnohem vétsi mite, nez dosud. Zéroven bude od uzivatelt
ziskana zpétnd vazba, kterd prispéje k feSeni vyse uvedenych dil¢ich cilu.

2 Reseni projektu

V prvnim kroku provedou vSechny ziicastnéné archivy na bavorské a ¢eské strané
ve svych elektronickych a analogovych pomuckach vyhledani a identifikaci pro
prihrani¢i relevantnich map. Pfitom vedle podrobného popisu, ktery bude roz-
hodujici pro kone¢né posouzeni relevantnosti pro projekt, dojde také ke zhod-
noceni fyzického stavu mapovych podkladu. Identifikované mapy a pldny budou
se ziskanymi udaji obsahové zpracoviny a indexovény (opatieny metadaty), coz
umozni nasledné filtrovani podle izemi, mista, casového rozmezi, osob atd. (do-
savadni popis, pofizeny predev§im z analogovych pomucek a kartoték, probéhl
pouze ve velmi hrubych obrysech a v zddném piipadé nespliiuje podminky pro
online vyuzit{ v rdmci internetové platformy).

V dalsim kroku budou pfedem vytipované mapy a plany konzervovany, piipad-
né restaurovany, a pripraveny k digitalizaci. Pfitom by mélo dojit také k jejich
odbornému adjustovani (piebaleni). Poté budou relevantni mapy a plany digi-
talizovany, georeferencovany a spojeny s metadaty pofizenymi v ramci popisu
a zverejnény na internetu prostiednictvim portalu ,Porta Fontium®. Paralelné
budou probihat preklady pofizenych popistu do ¢eského a némeckého jazyka.

V ramci portalu ,,Porta Fontium* bude vytvoren mapovy prohlize¢ pro geo-
grafickou prezentaci veskerych dat veetné nové zpristupnénych historickych map.
Prohlize¢ bude obsahovat rizné mapové vrstvy. Mezi dokumenty a jejich lokali-
zaci bude obousmérna vazba. Uzivatel bude mit moznost vyhledavat ruzné typy
dokumentu podle jejich mista na mapé s moznosti filtrace zobrazovanych typu
dokumentu. Na druhé strané bude uzivateli umoznéno zobrazit vybrané doku-
menty na mape.

Déle bude vytvofen modul pro piehlednou prezentaci a prohledavani obra-
zovych dokumentu, které tvoii velkou ¢ast zverejnénych historickych pramenu.
Budou analyzovéna obrazovd data, bude provedena jejich segmentace (text,
pozadi, grafickd ¢dst, ...) a souvisejici anotace. V rdmci portélu ,Porta Fon-
tium* bude vytvoren prohlize¢ obrazovych dokumentt, ktery kromé jejich kva-
litn{ prezentace umozn{ i vyhleddvan{ v obrazovych materidlech (napiiklad podle
uré¢itého typu architektury). Tento novy prohlize¢ umozni i vyhleddvani v ruko-
pisnych kronikach podle ruéné extrahovanych ¢asti psaného textu. Analogicky
aplikace uzivateli umozni najit fotografie (obrézky), které jsou podobné dané
predloze (vyfezu) obrazku.
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Pro dosazeni co nejlepsich vysledku budou kombinovény tradi¢ni zavedené
postupy z oblasti automatického zpracovani vzoru a strojového vidéni spolu
s novymi metodami hlubokého uceni (deep learning).

Jako dalsi bude provedena segmentace tisténych dokumentu pfistupnych
v databézich portalu ” Porta Fontium”. Kazdy dokument bude rozdélen na text,
tabulky a obrazky. Text bude nésledné rozclenén na sekce (nadpis, autofi, télo,
apod.). Déle bude textova vrstva (v podobé obrdzku) prevedena pomoci me-
tod optického rozpozndvani znaku (OCR) do textové podoby. Takto upravené
dokumenty budou zpracovdny / analyzovény metodami automatického zpra-
covani prirozeného jazyka (NLP). Bude provedena normalizace slov (pfevod slov
do zékladniho tvaru), sémantickd analyza (uréeni vyznamu textu), automatické
uréen{ pojmenovanych entit (dulezitd slova v textu - napf. osoby, organizace,
adresy, ¢asové tidaje, apod.) , urcen{ kategorif (politika, kultura, historie, apod.)
a klicovych slov v dokumentu. V piipadé potieby bude déle proveden auto-
maticky souhrn textu. Taktéz bude provedeno dvojjazycné zpiistupnéni doku-
mentt. Budou analyzovany dva mozné piistupy reSeni tohoto problému. Prvni
piistup bude pomoci strojového prekladu (a pifpadné ndsledné ruéni korekce).
Druhy piistup spoc¢ivd v obecné (jazykové nezavislé) reprezentaci dokumenti.
Na zédkladé vysledku experimentu bude rozhodnuto o moznostech integrace do
stavajictho systému.

Bude tak vytvoren moderni dvojjazyény prohlizec tisténych dokumentu, jehoz
cilem je zefektivnéni vyhledavani informaci v mnoziné dokumenti. Uzivatel bude
moci provadét dotazy v prirozeném jazyce a odpovéd systému bude vice rele-
vantni, nez pii hleddn{ v podobé klicovych slov. (napf. budou nalezeny vSechny
dokumenty, kde se vyskytuje slovo ,les“ v libovolném tvaru, apod).

Prubéh celého projektu bude koordinovan s 8irsi odbornou vetejnosti zain-
teresovanou na vyuzivani historickych prament s cilem sezndmeni maximélniho
poctu potencidlnich uzivatelu portalu ,,Porta Fontium“ s jeho moznostmi a zaro-
ven pro ziskan{ zpétné vazby a pozadavku pro jeho efektivni provoz. Na pocdtku
projektu bude probihat diskuse o potiebach odborné vefejnosti, ziskané po-
znatky budou zohlednény pfi realizaci projektu. Vysledky projektu budou pre-
zentovany na odbornych konferencich a formou cilenych 8koleni. V rdmci pro-
jektu bude také vytvoren modelovy vychovné vzdélavaci program pro prezentaci
poznévaciho potencidlu historickych archivnich prament uréeny pro studenty
stfednich, pfipadné pro zaky zakladnich skol.

V soucasné dobé pripravujeme odborny diskuzni workshop, ktery se uskutecni
ve dnech 8. az 9. listopadu 2018 v Kldsteie Tepla®.

3 Zavér

V ramci feSeni projektu byla navézéna ojedinéla spolupriace odborniku z pii-
hrani¢i ze dvou sousednich statu a nékolika vyzkumnych oblasti: historie, sta-
vebné historicky pruzkum, archeologie a informatika, coz umozni portéal ,,Porta

5 Dalsi informace k  pofddanému  semindfi jsou k  dispozici na
http://www.portafontium.eu/sites/default /files/workshop-2018-11-pozvanka.pdf
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Fontium* rozsifit o unikatni funkénost: moderni vizualizaci obrazovych ma-
teridlu, efektivni vyhleddvani pozadovanych informaci v obrazovych materidlech
(ru¢né psané texty a fotografie) a inteligentni dvojjazycné full-textové vyhleddvani.
Tim se otevfe cesta k moznostem rozsahlého a tim i inovativniho preshrani¢niho
badani pro historiky, regionédlni badatele a genealogy.

Podékovani: Tento ¢lanek vznikl diky podpote projektu ¢. 211: Moderni zptistup-
néni historickych prament z programu ptfeshrani¢ni spoluprdce Ceské republika
— Svobodny stat Bavorsko Cil EUS 2014 -2020.

Annotation:

The main goal of this project is to make accessible archival resources from the
Czech-Bavarian border region using state-of-the-art information technologies. It
will be possible to search information based on geolocation. We also focus on
a clear presentation and an effective search of the documents in a form of raster
images. We further realize an intelligent full-text access to the printed documents
in both Czech and German languages. The information will be available through
an existing portal “Porta Fontium”.
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Abstrakt. Vlady a vladne organizacie zverejiuju velké mnozstvo verejne
dostupnych dat, ktoré poskytuju informacie o ich fungovani, finanénych
operaciach, o sluzbach poskytovanych danou organizaciou a podobne. Tieto
informacie st povinne zverejiované formou Struktirovanych suborov na
internete. Clanok poskytuje prehlad o objeme, kvalite a dostupnosti dat. Vybrand
oblast’ tychto dat je nasledne vyuzitd pri tvorbe mobilnej aplikacie pre OS
Android, ktora poskytuje podporu pri vybere vhodnej nehnutelnosti. Ulohou
aplikacie je zobrazit' ponuku nehnutelnosti s ohl'adom na blizkost' sluzieb
pozadovanych kupujucim. V zavere ¢lanku je formou prieskumu vyhodnotena
relevantnost’ vybranych sluzieb pre vyber nehnutelnosti a taktiez vyhodnoteny
prinos funkcionality aplikacie pre zrychlenie vyhladania ponuky.

Klicové slova: otvorené data, mobilna aplikacia, nehnutelnosti, kritéria vyberu
nehnutelnosti.

Typ prispevku: Aplikacny prispevok

1 Uvod

Pouzivatelia si pri vybere nehnutelnosti kladii rézne poziadavky. Po upresneni
potrebnej vel'kosti nehnutelnosti v zavislosti od jej pozadovaného vyuZzitia, sa zvy€ajne
zdkaznici zameriavaju na lokalitu nehnutelnosti. Okrem subjektivnych preferencii
niektorych lokalit pouzivatelia sledujii dostupnost’ sluzieb v pozadovanom dosahu.
Manualne vyhladanie takychto lokalit je zdihavé a nepresné. V &lanku sa zaoberdme
moznostou vyuzitia mobilnej aplikécie s vyuzitim dostupnych dat na ul'ahcenie vyberu
nehnutel'nosti podl'a pozadovanych kritérii.

2 Metody

Na splnenie nasho ciel'u sme na zdklade dostupnych dat vytvorili aplikaciu umoziujiicu
najst’ lokalitu a ponukané nehnutel'nosti podla zvolenych kritérii. Hlavnou inSpiraciou
boli podobné aplikacie zo Spojeného kral'ovstva. AvSak nasa aplikacia pontka vyrazne
viacej parametrov na selekciu vhodnej lokality ako napriklad informacie o zaplavovych
J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 177-181.
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uzemiach, ihriskach, Sportovych =zariadeniach, mestskych castiach, zosuvnych
uzemiach, sakralnych budovach, herniach, bezpe¢nostnych kamerach, rozlozeni
velkoobjemovych kontajnerov, prihlasenych nebezpecnych psoch a podobne.

Prvou tlohou pri vyvoji aplikacie bolo urcit’ najdolezitejSie parametre nehnutel'nosti
pre nasu cielovu skupinu.

2.1  Vyber relevantnych parametrov

Pre vyber kritérii vhodnych pre nasu aplikaciu bol realizovany prieskum formou
dotaznika. Dotaznik bol distribuovany l'udom v nasej cielovej skupine, ktort
predstavuju l'udia medzi 30. a 40. rokom zivota, hl'adajiici si svoje nové byvanie.
Ulohou respondentov bolo vybrat’ 5 najdélezitejsich kritérii pri vybere nového byvania.
Na vyber mali medzi atribitmi poskytovanymi dostupnymi datasetmi. Dotaznik
vyplnilo 10 respondentov. Podl'a tohto prieskumu pét najdolezitejSich kritérii
predstavuju: poloha v uzemi ohrozenym povodiami, ihriska a Sportové arealy, mestské
Casti, uzemia ohrozené zosuvmi pddy, kostoly a sakralne objekty. Tieto kritéria by mali
byt zahrnuté do nasej aplikacie. Detailné vysledky prieskumu st zndzornené na obr. 1.
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Obr. 1: Vysledky dotaznika

2.2 Dostupné data

Pre ziskanie informdacii o pozicii objektoch sme sa zamerali na problematiku
otvorenych dat. Otvorené data st definované ako verejne dostupné informécie, vol'ne
vyuzitelné na pracu, ukladanie ako aj distribiiciu[1]. Najfrekventovanej$im sposobom
distribucie je publikovanie na internete. Podl'a [2] hlavnymi poziadavkami kladenymi
na otvorené data su: komplexnost, strojova Citatel'nost’ a verejna dostupnost’. Data by
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mali byt poskytované v Struktirovanom formate (napr.: *.csv, *.xml, *.json textové
stbory). Obrazky a *.pdf sibory nie su povazované za otvorené data, z dovodu
komplikovaného strojového spracovania. Komplexné celosvetové hodnotenie
a porovnanie pristupu vlad k problematike otvorenych dat si kladie za ciel’ projekt The
Open Data Barometer. Vyhodnocuje ako kvalitu zverejiovanych dat, tak aj ich dopad
na socialny Zivot a inovacie v danej krajine. V roku 2016 sa na prvych piatich miestach
umiestnili Spojené Kralovstvo, Kanada, Francuzsko, Spojene staty Americké a Juzna
Korea. Slovenska republika sa umiestnila na 29. prie¢ke[3]. Prvou iniciativou
Slovenska v tejto oblasti bolo spustenie portalu data.gov.sk v roku 2013. Tento portal
poskytuje pristup k otvorenym datam zo Statnej spravy. Na zaklade zakona ¢.
264/2010z.z. vsetky vladne organizacie, samospravy a Statne podniky musia
zverejniovat’ svoje zmluvy, faktiry a objednavky. Medzi najvyznamnejSie katalogy
tychto otvorenych dat v SR patria webové sidla slovensko.sk a data.gov.sk. Na obr. 2
je zobrazena pocetnost’ dat zverejnenych jednotlivymi organizaciami na portali
data.gov.sk.

Pocet datasetov

= Statisticky drad SR

= Urad pre verejné
obstaravanie

= Mesto PreSov

Obr. 2: Porovnanie po¢tu zverejnenych datasetov jednotlivych organizacii na portali
data.gov.sk.

Medzi vyznamnych poskytovatel'ov otvorenych dat patri mesto PreSov. Mesto Presov
je krajské mesto leziace na vychode slovenskej republiky s priblizne 90 000
obyvatelmi. V naSom rieSeni sme sa rozhodli prakticky realizovat’ jedno z rieSeni
vyuzivajucich tieto dostupné data. Ako moznost’ zvysenia pridanej hodnoty dat, sme
videli vyuzitie aktualizovanych informaciach o objektoch v meste s cielom poskytnut’
podporu pri hl'adani spravnej nehnutel’nosti.
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3 Vysledné rieSenie

Ulohou nasho riefenia bolo potvrdit’ hypotézu, Ze mobilna aplikicia vyuZivajica
otvorené data je schopna skrétit’ ¢as potrebny pre najdenie nehnutelnosti spinajucej
kritéria zdkaznika. Statistika postovej banky z 25. Januara 2018 ukazuje, Ze 76%
mladych Slovakov Zije so svojimi rodi¢mi. NaSe rieSenie je zamerané na 'udi vo veku
okolo 30 rokov hl'adajiicich nové byvanie. Aplikacia umozni pouzivatel'ovi vybrat’ si
pozadované kritéria, ktoré st nasledne vizualizované. TaktieZ si na mape vizualizované
dostupné ponuky nehnutel'nosti.

3.1 Vizualizacia

Ako je mozné vidiet na obr. 3 pouzivatel'om zvolené kritéria su vizualizované formou
bodu s vyznacnym okruhom o pozadovanej vzdialenosti (ihriska, sakralne objekty,
verejné toalety a pod.) alebo formou zvyraznenia polyndému (zemia ohrozené
povodnami a zosuvmi pddy a pod). Dostupné ponuky su vizualizované formou bodov.

Kritéria:

Fominy apramere
Buiohé o ipertovishs
Mestske casti
Bezpetnostnd kamery
Heme

Satrdine ebjekty (=]

>
Cp»

Porodhaet zema <]

Kortajnery

[0}

Obr. 3: Vizualizacia zvolenych kritérii a poniik

4 Zaver

NaSe rieSenie ukazuje spdsob vyuzitia otvorenych dat poskytovanych verejnou
spravou. Na potvrdenie naSej hypotézy o moznosti skratit’ ¢as potrebny na vyhl'adanie
ponuk nehnutelnosti sme realizovali testovanie medzi ¢lenmi nasej ciel'ovej skupiny.
Test prebiehal formou porovnania casu potrebného na vyhladanie ponuky
prostrednictvom nasej aplikacia a prostrednictvom I'ubovolného existujuceho rieSenia
(kombinaciou existujucich rieSeni). Testovania Casu sa zucCastnilo 5 subjektov.
Priemerny Cas potrebny na néjdenie vhodnej ponuky bez vyuzitia naSej aplikacie bol
1:56 minut. S vyuzitim nasej aplikacie to bolo 54 sekund, ¢o potvrdzuje nasu hypotézu
a dokazuje skratenie Casu potrebného na ndjdenie vhodnej ponuky s vyuzitim nasej
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aplikacie. Celkové priemerné hodnotenie aplikacie desiatimi pouzivatelmi bolo 4.5/5
(1-najhorsie, 5-najlepsie) [4].
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Abstrakt. Problematika bezpe¢nosti informaénych technoldgii je v sGcasnej
dobe jedna z najvaznejSich poziadaviek v suvislosti s vyuzivanim cloudovych
sluzieb. Aby poskytovatelia cloudovych sluzieb vedeli deklarovat’ potrebnu uro-
veni bezpeénosti spracovania ich udajov, podstupuju certifikécie nezavislymi in-
Stituciami. Z dovodu vypuklosti tejto problematiky ako aj z réznorodych pozia-
daviek trhu v8ak v sucasnosti existuje pomerne vel'ké mnozstvo réznych certifi-
kaénych schém, $tandardov a regulacii zameranych na bezpe¢nost’ a spracovanie
dat, ¢o vedie k neprimeranej zat'azi poskytovatel'ov cloudovych sluzieb ako aj
neprehl'adnosti trhu z hl'adiska ich zakaznikov. V ¢lanku preto navrhujeme sys-
tém umoziujici semiautomatické spracovanie existujucich certifikacnych
schém, Standardov a regulacii, ktory ich pomocou metdd spracovania prirodze-
ného jazyka formalizuje do ontoldgie. Takto formalizované schémy néasledne po-
rovnava, vd’aka comu pomaha pouzivatel'om a poskytovatel'om cloudovych slu-
7ieb vyhodnotit, spifianie poziadaviek na bezpe¢nost’ dat cloudovymi sluzbami.

KPadové slova: certifikcia cloudovych sluzieb, spracovanie prirodzeného ja-
zyka, ontologia certifikaénych schém

1 Problematika porovnavania certifika¢nych schém

Bezpecnost’ informaénych technologii je v sticasnosti este vypuklejsia vd’aka ¢astému
pouZzivaniu cloudovych sluzieb na réznych drovniach softvéru — od infrastruktury, plat-
foriem az po aplikacie. Existujd rézne zauzivané certifikaéné schémy, podla ktorych
poskytovatelia cloudovych sluzieb podstupuju proces certifikacie a ziskanym certifika-
tom tak preukazuju vlastnosti svojich sluzieb pre svojich pouzivatel'ov (zékaznikov clo-
udovych sluzieb). Zaroveni do tejto problémovej oblasti vstupuju aj rozne Standardy
a regulécie tykajuce sa roznych odvetvi (napriklad bankovnictvo), réznych typov pou-
zivatel'ov (typicky verejna sprava) ako aj rézne narodné zakony v roznych krajinach
Eurépskej tnie (EU). Vdaka tomu je situdcia na trhu cloudovych sluZieb neprehladna
najma pri cezhrani¢nom poskytovani, obstaravani a pouzivani cloudovych sluzieb.

Cezhrani¢ny trh alebo pokus o jeho rozsirovanie si tak vyzaduje zna¢né tsilie zo
strany poskytovatel'ov cloudovych sluZieb ako aj zakaznikov. Poskytovatelia, pokial
chcu podchytit’ zakaznikov, ktori vyzaduju alebo musia vyzadovat’ konkrétne certifi-
katy, musia podstapit’ d’alSiu certifikaciu podl'a viacerych schém, napriek tomu, Ze

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),

Data a znalosti & WIKT 2018, Brno 11.-12.10.2018, pp. 183-186.
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rozne Standardy a certifikacné schémy sa vyrazne prekryvaji a poskytovatel’ uz mnoho
poziadaviek z d’alSej pridavanej schémy splnil. Zakaznik naopak nevie vyhodnotit,, ¢i
dany poskytovatel’ certifikovany podla réznych schém spiia jeho vlastné alebo jemu
predpisané poziadavky. Jednym z rieSeni je vytvorenie ru¢ného mapovania medzi sché-
mami a externymi poziadavkami ako aj medzi schémami navzajom — ak zakaznik po-
trebuje schému A a poskytovatel sluzieb certifikovany podla schémy B na zaklade vy-
tvoreného mapovania pozna rozdiely medzi schémami a vie, ktoré konkrétne pozia-
davky zostali nepokryté, vdaka ¢omu vie uréit’ najefektivnejsi postup doplnenia vlast-
nosti cloudovej sluzby a ziskat’ tak nového zdkaznika.

Vytvaranie ruéného mapovania vSak naraza na zna¢nti rozsiahlost’ schém a poziada-
viek ako aj ich pocet. Ak uvazime n dokumentov (ako dokument d’alej rozumieme ak-
kol'vek certifika¢nu schému, zakon, regulaciu, zoznam poziadaviek), vytvorenie pocia-
toéného mapovania predstavuje usilie O(n?), porovnanie ,,kazdého s kazdym*. Navyse
tieto dokumenty nie sG statické, ale v ¢ase sa vyvijaja a pri aktualizacii jediného doku-
mentu je potrebné zopakovat’ porovnanie so vSetkymi ostatnymi s Usilim O(n).

Preto navrhujeme systém umoznujici semiautomatizované porovnavanie certifika-
cii cloudovych sluzieb na zaklade formalizicie dokumentov pomocou ontolégie. Prave
prevodom vol'ne vyjadrenych textovych poziadaviek do ontologického zapisu ziska-
vame moznost’ porovnavat’ vSetky dokumenty navzajom po vynaloZeni pociato¢ného
Gsilia O(n) na prevod n dokumentov, ¢o predstavuje znaénu Gsporu napriek tomu, ze
Usilie na formaliz&ciu jedného dokumentu méze byt vyssie neZ pri prostom vytvarani
ru¢ného mapovania a porovnavania dvoch dokumentov. Takisto pri aktualiz&cii jed-
ného dokumentu je potrebné aktualizovat’ iba formalizovany opis toho konkrétneho do-
kumentu .

2 Pouzitie ontolégie na formalizaciu certifika¢nej schémy

Zékladom navrhovaného pristupu je nami navrhovana ontoldgia bezpe¢nostnych po-
ziadaviek na cloudové sluzby vychadzajuca z formatu Linked USDL pouzivaného na
modelovanie dohdd o Grovni sluzieb [1]. R6zne ontolégie boli v minulosti pouzité na
modelovanie zranitel'nosti, rizik, bezpeénostnych politik [2, 3], avSak na vysSie uve-
dené Ucely je pre nas dblezité najma zachytenie jednotlivych poziadaviek v tvare umoz-
fiuyjicom jednoduché porovnavanie. Preto navrhujeme Struktaru v tvare Control ob-
jective (kontrolovana vlastnost) > Security attribute (bezpe¢nostny atribut) > Metric
(metrika), ktora umoziuje rozlozenie poziadavky na Casti, v ramci ktorych je mozné
vyhodnocovat prekrytia pribuznych poziadaviek vychadzajtcich z r6znych dokumen-
tov (Obrédzok 1). Napriklad teoretickd poziadavka ,,Plot okolo datového centra musi
mat’ vy§ku minimalne 2 m.“ sa prevedie na ,, >=2“ (Control objective) > ,, Vyska plotu
datového centra “ (Security attribute) >, Vyska * (Metric).

3 Automatizacia pomocou spracovania prirodzeného jazyka

Prevod poziadaviek, ktoré vo vol'nom texte ¢asto predstavuju zlozité rozvinuté suvetia
(napr. ,, Do you provide tenants with guidance on how to create production
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environments and tests?, 1VS-08.2 CCM v3.0.1), zachytavajlcich mnozstvo ¢iastko-
vych jednotlivych detailov, méZe predstavovat’ netrividlnu pracu. Na ul'ahéenie forma-
lizacie navrhujeme pouzitie metdd spracovania prirodzeného jazyka na semiautomati-
zéciu prepisu. Skladbu viet v poziadavkach mézeme dostupnymi nstrojmi analyzovat’,
aplikovanim heuristik ich previest’ na viaceré jednoduché vety a upravit’ ich na tvar
vyjadreny v poziadavke priamo prevoditel'nej do ontologického zapisu. Na Obrazku 2
je znazorneny priklad anotécie jednoduchsej poziadavky z dotaznika certifikacnej
schémy. Uplné spracovanie prirodzeného jazyka je v sti¢asnosti nad’alej otvorenym vy-
skumnym problémom zahtiajicim napriklad tzv. right node raising, kde viaceré para-
lelné konstrukcie vety mozu zdiel'at’ jeden predmet. Preto tento pomocny proces navr-
hujeme ako poloautomatizovany, pri¢om pomocou spracovania prirodzeného jazyka
moZeme navrhnut’ prvotné rozdelenie rozvitej poziadavky na jednoduché vety prepiso-
vané do ontologickej formalizacie, ktoré schvaluje a pripadne upravuje doménovy ex-
pert.

Certification Control
scheme domain
consists of belongs to
consists of is defined b i
Control antr_ol ) Sec_urlty
objective attribute
has . is evaluated|according to
v consists of v
Cont_rol Metric
guestion

Obr. 1. Logicky model formalizacie pomocou ontologického pristupu.
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Do you provide tenants with guidance on how to create production environments and tests ?

Obr. 2. Priklad spracovania kontrolnej otazky 1VS-08.2 z dotaznika certifikaénej schémy CCM
v3.0.1 na samostatné poziadavky ,, Tenants must be provided with guidance on how to create
production environments. , ,, Tenants must be provided with guidance on how to create tests. .
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4 Zaver

Navrhovany systém sme experimentalne overili vytvorenim prototypu vo forme webo-
vej aplikacie implementovanej v jazyku Python pomocou ramca Django. Na spracova-
nie viet v prirodzenom jazyku sme pouzili kniznice Stanford CoreNLP a Nodebox En-
glish Linguistics. Pomocou prototypu systému sme prepisali vybrané ¢asti schém CSA
CCM a ISO 27001:2013 do ontologického formatu a vykonali vzajomné porovnanie.

Navrhovany pristup nie je obmedzeny len na doménu bezpe¢nosti cloudovych slu-
Zieb, vzhl'adom na podobnost’ s problematikou schém a poZiadaviek sa ako vel'mi pri-
buzna oblast’ ¢rtd problematika porovnania zakonov v réznych krajinach — prikladom
moZu byt zikony o cestnej premavke, ktoré st naprie¢ krajinami EU vePmi podobné,
no napriek tomu sa v mnohych detailoch vyrazne lisia.
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Annotation:

Semiautomatic comparison of cloud service certification using natural language pro-
cessing and ontologies

Security is currently one of the most important requirements for cloud service usage.
Cloud service providers undergo various certifications through independent institutions
and obtain certificates to signal security of their offered services. Currently, there are
many various certification schemes, security standards and laws, and this complicates
choosing the right service based on the regulations and requirements of the customer
while it also places additional burden on providers wishing to enter other European
markets. We propose a system allowing semi-automatic processing of existing certifi-
cation schemes, standards and regulations using natural language processing to process
them into ontological representation. The formalized representation allows automatic
comparison of such documents and allows both cloud service users and providers to
evaluate security requirements in cloud services.
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Abstrakt. V sucasnosti je Coraz tazsie vytvorit’ webova aplikaciu, ktord by
pontkla pouZivatel'ovi pozitivnu skisenost’, motivovala ho k akcii alebo k opé-
tovnej navsteve. V ¢lanku popisujeme proces vyvoja webovej aplikacie pre re-
alneho zakaznika, v ktorom sme vyuzili vhodné prvky UX dizajnu, agilnej me-
todiky a gamifikacie. User experience (UX) dizajn je dolezity pre urcité typy
digitalnych produktov, ked’ze okrem $tastia, zazitku a pozitivnej skusenosti ve-
die pouzivatel'a k efektivnej realizacii prislusnych akcii, napr. uspesné dokon-
Cenie nakupu v e-shope. Agilny pristup oblasti softvérového vyvoja je vhodny
pre projekty, ktoré vyzaduju vysSiu mieru inovacii a upresiiovanie v priebehu
vyvoja. Gamifikacia predstavuje aplikaciu hernych prvkov a mechanizmov do
nehernych prostredi s cielom podporit’ motivaciu, angazovanost’ a produktivitu
cielovej skupiny pouzivatelov. Findlna responzivna webova aplikacia je vy-
sledkom vlastnej kombinacie agilného pristupu a principu HCD.

KPudové slova: webova aplikacia, UX, agilny model, HCD

1 Uvod a motivacia

V stcasnosti existuje vel’ké mnozstvo mobilnych, ¢i webovych aplikacii. Nie je tazké
vytvorit’ aplikaciu, avSak Coraz naro¢nejsie je presvedcCit’ a zaujat’ pouzivatela, prist’
na trh s nie¢im novym, inovativnym a patavym. Jednym zo zaujimavych sposobov,
ako navrhnut’ aplikaciu ,,na mieru® pre pouzivatela, je zavedenie prvkov User Expe-
rience (UX) do procesu vyvoja softvérového produktu.
J. Marsh vo svojej publikacii [4] spomina, Zze vSetko, S¢im sa Clovek stretdva
a pouziva v nom zanechdva pouZzivatel'skii skisenost’. Pri snahe zakomponovat UX
dizajn do aplikacie by nemalo byt prioritou vytvorit' pouzivatel'ski skisenost, ale
urobit’ ju vynimoc¢nou, dobrou a zaujimavou. Je to nie¢o, ¢o bude robit’ pouzivatel'a
§tastnym a po pouziti produktu bude mat’ prijemny zazitok. Cielom UX dizajnéra nie
je len sprostredkovat’ §t’astie, zazitok alebo skusenost, ale aj podporit’ efektivnost’
pouzivatela pri realizacii prislusnych akcii. Vel'a 'udi si pojem UX zamiena za User
Interface (UI), kde UI predstavuje pouzivatel'ské rozhranie.
HCD (Human-centered Design) je jedna z metodik, pri ktorej sa zaoberame do-
siahnutim UX. Zékladny konceptualny model HCD znazoriiuje stvislost’ medzi istou
J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 187-192.
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uroviou l'udskej potreby (Maslowova hierarchia potrieb) a dizajnovym vyvojom (3
periddy) [8]:

e Peridda zamerana na funkénost’, v ramci ktorej sa dizajn zameriaval na uzitoc-
né produkty a sluzby, ktoré spifiajii zakladné I'udské potreby: fyziologické, po-
treba bezpedia a istoty.

e Peridda zamerana na spotrebitel’a, kedy sa dizajn prestva od uZzito¢nosti k po-
uzitel'nosti; rozhodnutia dizajnérov sii motivované potrebou lasky, spolupat-
ri¢nosti, uznania a ucty.

e Dizajn zamerany na ¢loveka, ktory sa snazi uspokojit’ najvyssiu urovei potrieb
—sebarealizacie, ktord zahfna kognitivne, estetické, sebarealizacné a sebavzde-
lavacie potreby.

Agilny model vytvarania digitalneho produktu predstavuje zdokonaleny inkremen-
talny model, v ramci ktorého st projektovy tim a zakaznik (koncovy pouzivatel) v
uzkom kontakte pocas celého trvania procesu vyvoja. Agilny model rozdel'uje ocaka-
vany produkt na malé prirastky, ktoré su poskytované v iteraciach. Scrum [6] predsta-
vuje jednu z najpopularnejsich agilnych metodik, 0 ktorej existuje mnozstvo dostup-
nych materialov, preto sa jej nebudeme venovat detailnejSie.

Gamifikacia patri v su¢asnosti medzi oblibené terminy, ktoré sa ¢asto pouzivaju
pri roznych prilezitostiach v IKT doméne. Andrzej Marczewski v knihe [3] definuje
gamifikdciu ako aplikovanie hernych prvkov do realnych zivotnych uloh, ktoré
ovplyviuji spravanie, zlepSenie motivacie a posilnenie angazovanosti. Ide o akési
ststredenie sa na slova ako angazovanost, motivacia, zmeny spravania a produktivita.

Tento ¢lanok popisuje proces vyvoja webovej aplikacie na zaklade identifikovany
poziadaviek a o¢akavani realnej ciel'ovej skupiny. Do fazy navrhu sme zakomponova-
li vybrané prvky UX dizajnu, aby sme zabezpe€ili ¢o najvyssiu spokojnost’ ciel'ovej
skupiny s finalnym produktom.

1.1  Prehlad existujucich rieSeni

Autori Coatta a Gosper Vv ¢lanku [1] uvadzaju, Ze zakomponovanie roznych prvkov
ako UX dizajn, agilny pristup alebo interakcia ¢lovek-pocita¢ (HCI) zefektiviuja
vyvoj softvérového produktu, napr. atd’. Avsak prave UX dizajn je ¢asto zanedbava-
ny a do procesu vyvoja je zavadzany len v pripade, Ze je k dispozicii dostato¢ny roz-
pocet a ¢asova dotacia. Dobre premysleny UX dizajn vSak mdze byt rozhodujucim
faktorom pre uspech vysledného produktu.

Pri vyvoji produktu je dolezité mat k dispozicii kvalitné pouzivatel'ské pribehy, na
ktorych sa dohodli ¢lenovia projektu; obsahujuce jasné definicie stvisiacich pracov-
nych postupov a pripadov pouZitia. Mnoho timov sa obava zavadzania agilnej meto-
diky pri realizacii UX dizajnu, pretoze zahfia akceptovanie zmeny poziadaviek aj
neskoro pocas vyvoja produktu. Po zavedeni tohto pristupu softvérové timy casto
zistujl, ze agilny pristup je efektivnejsi na realizaciu UX dizajnu ako tradi¢ny vodo-
padovy model [5].

Zaroven sa vyskumnici zaoberaji sposobmi, ako efektivne riadit’ tito kombinaciu.
Ferreira a kol. [7] vo svojej praci analyzovali interakcie medzi zabehanym Scrum
timom a UX dizajnérmi na spolo¢nom projekte. Zistili, ze nebolo jednoduché nastavit’
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pravidla spoluprace najmé z pohl'adu rozdielnych pracovnych kultar, spésobu fungo-
vania alebo vnimania UX ako vstupu z externého prostredia. Na zéklade §tadie reali-
zovanej V softvérovych spoloénostiach v Taliansku a Dansku kolektiv autorov na
tento ucel vyuzil metdodu s ndzvom ,,Cooperative Method Development®, aby zlepsil
interakciu medzi vSetkymi G¢astnikmi vyvoja a identifikovali kritické miesta [9].

2 Agilny model softvérového vyvoja s prvkami UX

Podla [2] je UX dizajn dolezity pre ur¢ité typy digitilnych produktov: komplexné
stranky alebo aplikacie, malo-obchodny predaj alebo on-line predaj, za¢inajuce bizni-
sy, malé rozpoctové projekty a d’alsie. UX je kIicom pre zlozité stranky, pretoze
pouzivatelia musia byt schopni dostat’ sa 'ahko na stranku a porozumiet, ako s fiou
pracovat’ a pouzivat. Zanedbanie UX moze vyustit' do nedbalého webu, na ktory sa
Pudia opdt’ nevratia. Zapamitatel'né bohaté sktsenosti a pozitivna interakcia privedie
pouzivatel'ov na web opét’.

V naSej praci sme pouzili kombinaciu agilného modelu a metodiky HCD ako pro-
striedku pre dosiahnutie UX. Nami navrhnutou kombinaciou (Obr.1) sme zabezpecdili
splnenie poziadaviek cielovych pouzivatel'ov, aby vysledny produkt bol pochopitel-
ny, jednoducho pouzitelny a skusenost’ s nim zapamaitateI'na, pozitivna a prijemna.
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Obr. 1 Agilny model v kombinacii s HCD

2.1  Pouzivatel’sky vyskum

Vo faze pouZzivatel'ského vyskumu sme realizovali rozne diskusie, rozhovory, skima-
nie spravania pouzivatel'ov a individualne pohovory. Cielom bolo vytvorit’ zakladnu
mnozinu poziadaviek, funkénych aj nie-funkénych, ktoré by definovali oakavany
produkt. DiZka trvania pouzivatel'ského vyskumu bola jeden tyzde.
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2.2 Idealny produkt

Ked’ze cielovi pouzivatelia potrebovali aplikaciu, ktord bude dostupna pre vsetky
platformy, rozhodli sme sa pre webovu responzivnu aplikaciu. Na zéklade vytvorenej
mnoziny poziadaviek sme definovali tzv. ,,product backlog*.

2.3  Informacna architektura

Informacéna architektira (IA) je dolezitou castou UX dizajnu, ktorej vysledkom je
vytvorenie logickej Struktiry a vzajomnej nadvéznosti obsahu celej aplikacie. Aj na-
priek tomu, Ze je tento proces ¢asovo naroc¢nejsi a jeho tvorba je namahavejsia, do
procesu navrhu rieSenia sme ho zakomponovali, pretoze je efektivnejsi, vysledok je
spolahlivej$i a navrhnuty podla poziadaviek cielovej skupiny. Na zaciatku sme vy-
tvorili sériu papierovych prototypov - skic. Skica sluzi aj na definovanie funkcionality
aplikacie, je mozné ju upravovat az do momentu, pokial’ je pouzivatel' spokojny.
Nasledne sme vytvorili sériu wireframes, ktoré¢ sliizia nielen na zobrazenie obsahu ale
aj ukazku fungovania interaktivnych prvkov.

Porovndvacie Stats

Obr. 2 Ukazka papierovej skice a vytvorenych wireframes.

2.4  Implementacia a testovanie

Dizku trvania jedného Sprintu sme odhadli na 5-6 tyzdiiov; do Sprint backlogu sme
postupne zarad’ovali poziadavky podla priradenej priority. Prvy prototyp obsahoval
zékladnti mnozinu funkeii, ktoré eSte nebolo mozné prezentovat’ pouzivatel'om. Zaro-
venl v Sprint backlogu zostalo este niekol’ko nesplnenych poziadaviek, implementa-
ciou ktorych by sme dosiahli funkény prototyp. Tie boli zaradené do Sprintu ¢.2 spolu
s dodato¢nymi poziadavkami. Vysledkom bol funkény prototyp responzivnej webove;j
aplikacie pripraveny na testovanie.

Ciel'om testovania bolo odhalenie skrytych chyb na zaklade vopred definovanych
testovacich pripadov. Prvym krokom bolo testovanie samotnym programatorom, kto-
ré odhalilo niekol'ko chyb priamo v zdrojovom kdde, ktoré sa prejavovali nespravnou
alebo nefungujiicou akciou na pouzivatel'skom rozhrani. Druhym krokom bolo akcep-
tacné testovanie pomocou vybranej skupiny koncovych pouzivatelov. Vysledkom
bola pozitivna sktisenost’ u vicsiny ucastnikov testovania; aplikdciu hodnotili ako
prehladnt, jednoducho pouzitel'nt a vizualnej prijemni.
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3 Zaver

Tento ¢lanok popisuje proces vyvoja webovej aplikacie prostrednictvom kombinacie
agilného pristupu a HCD metodiky zastupujucej spdsob, ako dosiahnut’ pozitivhu
pouzivatel'skii skusenost. Cielom bolo zabezpecit' uzku a intenzivnu interakciu
s cielovou skupinou pouzivatel'ov, efektivny manazment a zapracovanie pouZzivatel-
skych poziadaviek.

Po tspesnom dokonéeni celého cyklu vyvoja sme dosli k zaveru, Ze touto kombi-
naciou dokdzeme predist’ viacerym chybam alebo nezhoddm s cielovym pouzivatel-
mi. K tomu prispela aj edukativna funkcia tohto pristupu, ked” sme pouZzivatela viedli
k tomu, aby bola nasa komunikacia ¢o najefektivnejsia, aby poziadavky definoval
v kontexte pouZzitia v praxi, aby si uz vo faze navrhu vyskasal a zamyslel sa nad fun-
govanim ¢iastkovych prototypov, ¢i uz v papierovej alebo elektronickej podobe.

Jednoduchost, inovativnost, prehl'adnost’ a pouzitel'nost’ su zndmkami kvalitného
UX dizajnu.
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Annotation:

Web application development process as a combination of User experience and Agile
methodology

This article describes the process of developing a web application, utilizing appropri-
ate elements of UX design, agile methodology, and gamification. User experience
(UX) design is important for certain types of digital products, since, in addition to
happiness, experience, and positive experience, the user can effectively implement the
relevant actions, successful completion of e-shop purchases. The Agile methodology
is suited to projects that require higher levels of innovation and refinement during the
phases of design or development. The final responsive web application is the result of
own combination of the Scrum and the HCD principle. Therefore, we were able to
avoid multiple mistakes or disagreements with target users. Its educational function
has also contributed to making the communication as effective as possible. The users
were thinking about their processes when they have tested various partial prototypes.
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Abstrakt. V prispevku sa zaoberame autentifikdciou pouzivatela na
zaklade jeho behaviordlnych biometrickych charakteristik na mobilnych
zariadeniach. Prispevok poskytuje prehlad jednotlivych &ast{ procesu
modelovania pouZivatela pre jeho autentifikdciu od ziskavania surovych
dét cez extrakciu ¢ft az po vykonanie samotnej autentifikdcie. Autenti-
fikdciu je mozné reprezentovat ako problém bindrnej klasifikicie, resp.
detekcie anomalii, v zavislosti od nasadenia rieSenia v praxi. Na chy-
bovost autentifikdcie, obzvlast na mobilnych zariadeniach, vplyva kon-
text pouzivania zariadenia. Jednym z kontextov je rozdielnost zariadenf,
¢o sposobuje zna¢né rozdielnosti nielen v désledku odlisného spravania
pouizivatela, ale aj pouZitého hardvéru pre senzory na zariadeniach. Na
zéklade experimentu vykondvania jednoduchych gest na troch réznych
zariadeniach mozno skonstatovat, Ze rozdielne zariadenia majd velmi
negativny vplyv na chybovost autentifikicie a je potrebné prehodno-
tit jednotlivé kroky modelovania pouzivatela na minimalizovanie vplyvu
kontextov pre autentifikdciu pouZivatela.

Kltiéové slova: behaviordlna biometria - autentifikdcia - mobilné zari-
adenia

1 Uvod

Vzhladom na rozsirenost mobilnych zariadeni (smartfény a tablety) vzniké po-
treba ich zabezpecovania vo¢i odcudzeniu. Tradiné mechanizmy na autenti-
fikdciu (overenie identity) pouzivatela na mobilnych zariadeniach, ako heslo, PIN
alebo vzor, nemusia byt postacujice vzhladom na ich jednoduché odcudzenie —
je mozné ich uhddnut alebo odpozorovat.

V stcasnosti skimanou alternativou je behaviordlna biometria, ktord vyhod-
nocuje spravanie pouZivatela pri interakcii s mobilnym zariadenim (napr. gesta
na dotykovej obrazovke, pohyb zariadenim). Behaviordlna biometria vyuziva
data z bezne dostupnych senzorov (dotykovd obrazovka, akcelerometer), fazsie
sa odcudzuje (fazko vedome napodobnit spravanie iného Eloveka) a je mozné ju
vyhodnotit aj po¢as pouzivania zariadenia (t.j. autentifikdcia prebieha na pozad{
potas interakcie s aplikdciou). Vzhladom na vy3siu chybovost v porovnani s fy-
ziologickymi charakteristikami nie je v sticasnosti mozné vyuzivat behaviordlnu
biometriu ako samostatni metédu autentifikicie pouzivatela.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 193-197.
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2 Budovanie modelu pouZivatela pre jeho autentifikiciu

Na vykonanie behavioralnej biometrickej autentifikacie je potrebné, aby si aplikécia
alebo systém vytvoril reprezentdciu pouzivatela, teda vybudovala tzv. model
pouZivatela. Proces budovania modelu pouzivatela pre jeho autentifikdciu mozno
¢lenit do nasledovnych krokov [6]:

— zaznamendvanie (logovanie) surovych dét z ovladacich zariadeni,
— predspracovanie surovych dat,
— extrakcia ¢t zo surovych dat,
— porovnanie modelu pouzivatela s novoziskanymi vzorkami a urcenie, ¢i ide
’ 7 ~ 7 U s . . . ) .
o oprdvneného pouzivatela (vlastnika zariadenia) alebo narusitela (cudzej
osoby).

2.1 Zaznamendvanie dat zo senzorov mobilného zariadenia

Vzhladom na predpokladant jedine¢nost spravania pouzivatelov dokaZeme na
autentifikdciu pouzivatela zuzitkovat dita z nasledovnych senzorov mobilnych
zariadeni:

— dotykové obrazovka — poskytuje z a y siuradnice pohybu po obrazovke, plo-
chu dotyku a ¢asovu peciatku,

— akcelerometer, gyroskop, magnetometer — poskytuje hodnoty na osiach z, y
a z spolu s ¢asovou peciatkou.

Dalsie dostupné senzory ako napr. senzor blizkosti alebo svetla bud posky-
tuji nedostatoéné mnozstvo dat alebo st irelevantné pri vyhodnoteni spravania
pouzivatela.

2.2 Predspracovanie dat

Na autentifikiciu nie je vhodné pouzivat priamo surové déta, ked'ze je ddlezité,
aby biometrické charakteristiky boli jedine¢né a zaroven konzistentné pre kazdého
pouzivatela. Preto je potrebné surové data zoskupit do segmentov a zo segmen-
tov extrahovaf vhodné érty.

Surové data moézu byt rozdelené do segmentov podla jedného alebo viac z
nasledovnych kritérii:

— explicitné udalosti, napr. zaciatok a koniec gesta na dotykovej obrazovke [4,5],

— pravidelné intervaly s posuvnym oknom (pouzivané najmé pre ddta z akce-
lerometra),

— vzory (opakujice sa motivy) v ddtach [9].

Senzory ako akcelerometer, gyroskop alebo magnetometer vzhladom na ne-
presnost merania obsahuji §um, ktory skresluje zaznamenané déta. Pri pred-
spracovani sa teda Casto pouziva aj filtrovanie Sumu, resp. vyhladenie dat, napr.
pomocou pohyblivého priemeru alebo Kalmanovho filtra.
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2.3 Extrakcia ¢rt

Z kazdého segmentu sa extrahuju (vypocitaji) ¢rty, ktoré si potencidlne je-
dine¢né a konzistentné pre kazdého pouzivatela. Prikladmi &t z gesta zvislého
fahu na dotykovej obrazovke st zaciatoéna a koncova pozicia gesta, priemerna
rychlost vykonania gesta, §tandardnd odchylka rychlosti vykonania gesta, ¢as
trvania gesta.

Crty mozno extrahovaf systematicky kombinovanim viacerych kritérif — pouzité
Statistiky (napr. priemer, Standardnd odchylka) alebo pouzitd ¢asf segmentu
(cely segment, zaciatok, koniec) [2]. Vzhladom na potencidlne vysoky pocet ex-
trahovanych &t je potrebné odstranit redundantné (navzdjom korelujtice) a irele-
vantné (nevhodné pre autentifikdciu) érty pomocou metdd vyberu éft typu filter
(napr. informaény zisk) alebo obélka (napr. prirodou inspirované algoritmy).

Crty extrahované z jedného gesta tvoria vektor — vzorku. Mnozina vzoriek
ziskanych zo segmentov teda potom reprezentuje pouzivatela.

2.4 Autentifikacia

Po ziskani vzoriek zo surovych dat je potrebné vybudovat model pouzivatela
pre jeho autentifikaciu. Pre autentifikdciu si vyuzivané predovsetkym metody
strojového ucenia, ako napr. k-najblizsich susedov, mechanizmus podpornych
vektorov alebo ndhodny les.

KedZe vysledkom autentifikicie je rozhodnutie, ¢i dand vzorka patri do mo-
delu opravneného pouzivatela alebo nie, je mozné autentifikdciu realizovat dvoma
pristupmi — binarna klasifikacia alebo detekcia anomalii.

Pri binarnej klasifikacii sa vybrand metdoda natrénuje na vzorkach od opravneného
pouzivatela a narusitelov. V pripade detekcie anomalii sa metéda natrénuje iba
na vzorkich od oprévneného pouzivatela.

Binarna klasifikdcia je vhodnym rieSenim pre dodatoénu autentifikdciu vo
webovej sluzbe (napr. internet banking) vd aka moznosti nendro¢ného ziskavania
déat od viacerych pouzivatelov. V takomto pripade moéze mat kazdy pouzivatel
priradeny svoj vlastny model, kde trieda narusitela reprezentuje podmnoZinu
vzoriek od ostatnych pouzivatelov [8].

Pre zabezpecenie pristupu do mobilného zariadenia lokalne je vhodnejsia
volba detekcia anomdlii, ked'ze ziskavanie vzoriek od cudzich pouzivatelov je v
tomto pripade nepraktické a potencidlne nebezpeéné. Detekcia anomalii vSak v
sticasnosti dosahuje horsie vysledky nez bindrna klasifikdcia [3], hoci kombindcia
vysledkov viacerych detektorov anomélif moze viest k zlepseniu [7].

Na vyhodnotenie ispesnosti, resp. chybovosti biometrického systému sa zvycajne
pouzivaji: miera falogného prijatia (FAR), miera falosného odmietnutia (FRR),
priemer FAR a FRR (HTER) a vyrovnana chybovost (EER). Chybovost EER
sa v sti¢asnych pracach pohybuje zvyéajne do 20%, ¢o indikuje, ze zatial nie je
mozné vyuzivat behavioralnu biometriu ako samostatnii metédu autentifikacie.

Chybovost mozno znizit autentifikdciou na zdklade nielen jednej vzorky, ale
sekvencie vzoriek [1], vytvorenim jednej vzorky z ¢t extrahovanych z viacerych
senzorov (4], alebo trénovanim klasifikdtorov pre kazdy senzor zv14st a ndslednou
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kombindciou vysledkov, napr. vahovanym stétom. Vysokd chybovost moze byt
zapri¢inend aj meniacim sa prostredim, teda kontextom, v ktorom pouzivatel
pouziva mobilné zariadenie, napr. telesna poloha alebo rozdielny hardvér zaria-
denia.

3 Vplyv rozdielneho hardvéru na autentifikaciu
pouzZivatela

Jednym z kontextov je pouzivané zariadenie. Ak pouzivatel disponuje viacerymi
zariadeniami, extrahované érty sa li$ia naprie¢ zariadeniami vzhladom na odlisnd
velkost dotykovej obrazovky, hmotnost zariadenia, alebo hardvér senzorov s
odlisnou presnostou merani.

7 experimentu s 18 ucastnikmi, v ktorych ucastnici kreslili a znazornovali
kruh na dotykovej obrazovke a nasledne pohybom zariadenia, sme vykonali au-
tentifikdciu pouzivatela na troch réznych zariadeniach (dva smartfény a jeden
tablet), pricom aj v trénovacej aj v testovacej mnozine sme pouzili vzorky zo
vietkych zariadeni. Pre kazdého pouzivatela sme natrénovali samostatny model
pouzivatela.

Tabulka 1 ukazuje vysledky autentifikdcie pouzivatela pomocou ndhodného
lesu pri réznom percentudlnom podiele poctu vzoriek od vlastnika. Vysledky
naznaéuju, ze kvoli neakceptovatelne vysokej miere FRR je potrebné sa d'alej
zaoberat zniZzovanim zévislosti od konkrétneho zariadenia.

Tab. 1. Autentifikdcia pouZivatela na réznych mobilnych zariadeniach.

Pomer vzoriek od vlastnika FAR FRR

35% % 86%
50% % 85%
85% 15% 70%

4 Zhrnutie

Tento prispevok predstavuje struény prehlad moznosti biometrickej autenti-
fikacie na mobilnych zariadeniach. V zavislosti od pripadu pouzitia je potrebné
sa na problém behavioralnej biometrickej autentifikdcie pozerat ako bindrna kla-
sifikdcia alebo detekcia anomalii.

Ked'ze kontext pouzivania mobilného zariadenia zna¢ne ovplyvituje chybo-
vost autentifikdcie, v budicnosti sa budeme zaoberat minimalizovanim vplyvu
kontextu na autentifikdciu pouzivatela.
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Annotation:
Behavioral Biometric Authentication on Mobile Devices

In this paper we examine the process of user authentication on mobile devices
based on behavioral biometric characteristics. This paper presents an overview of
the process of user modeling for authentication, namely raw data logging, feature
extraction and user model comparison. Authentication can be represented as a
binary classification or novelty detection problem depending on the real-world
scenario. The context in which mobile devices are used by the user may have a
significant impact on authentication error rate. One of the contexts is different
hardware that is not only influcenced by user behavior (e.g. due to a different
screen resolution or weight of each device), but also by different sensors built
into the devices. Based on our experiment involving performing simple gestures
on three mobile devices, we conclude that different devices have a significant
negative impact on authentication error rate. Therefore, to develop a user model
as context-independent as possible, alternate approaches to each stage of user
modeling must be considered.
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Abstrakt. Personalizované odporti¢anie je uz neoddelitelnou stéastou
modernych webovych aplikacii. V zavislosti od Specifickej domény sa pri
navrhovani konkrétnych pristupov musime vysporiadat s vlastnostami
daného sidla. V tomto ¢lanku prezentujeme opis redlneho odportucacieho
systému aplikovaného v doméne elektronického obchodu. Konkrétna in-
Stancia elektronického obchodu je typicka kratkym cyklom aktudlnosti
predavanych produktov, ¢o kladie Specifické naroky pri ndvrhu a rea-
lizécii daného rieSenia.

KIiéové slova: personalizované odporiiéanie - model pouzivatela - elek-
tronicky obchod

1 Uvod

S personalizovanym odporic¢anim sa v sic¢asnosti stretdvame v mnohych domé-
nach (napr. filmy, hudba, online nakupovanie). Vyskumnici sa pritom zame-
riavaji najmi na skvalitnenie vystupu odporti¢ania (z pohladu relevancie pre
pouZzivatela). Vo viésine domén vidime potrebu zamerat ndvrh odportcacieho
systému na Specifikd webového sidla.

Prikladom takejto domény je e-obchod. Odporicanie v doméne e-obchodu je
uzitoéné z troch hladisk [2]:

— Od prehliadania k ndkupu: pouzivatelia ¢asto prehliadaju e-obchody bez
toho, aby si nie¢o zakupili. Odpori¢ace im mozu pomoct v tomto procese
najst zaujimavé produkty.

— Krizovy predaj (angl. cross-sell): Odporicanie d'alsich produktov moze navysit
obsah ndkupného kosika (napr. odpori¢anim d'alsich/doplnkovych produk-
tov k produktom, ktoré m4 zdkaznik vlozené v kosiku).

— Lojdlnost: odporicania prindsaju personalizovany zazitok pri navsteve stranok.
V pripade, Ze je stranka $it4 na mieru pouzivatela, mé tendenciu byt lojalnejsi
a opitovne sa na fiu vracat.

Aby mohli byt tieto hfadisk4 splnené, éasto sa vyzaduje prispdsobenie ndvrhu od-
porti¢ania na $pecifiké tejto domény. Jeden z pohladov je zameranie na preddvané

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 199-203.
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produkty, kde sa odportcanie niekedy musi vysporiadat nielen s generickym
tovarom, ale napriklad aj so sluzbami. Vo viacerych doménach st ponukané
produkty s obmedzenou dobou platnosti. Dalsim tskalim, s ktorym sa mézeme
stretnit, je skalovatelnost odporicania, a to na viacerych tirovniach: predspra-
covanie dat, trénovanie modelu, generovanie odporicania a vyhodnotenie.

V nasej praci sme navrhli odporucaci systém nasadeny v doméne elektro-
nického obchodu, ktory patri do $pecifickej skupiny zlavovych portilov. Rea-
liz4cia berie do ivahy §pecifikd samotného obsahu - kratka aktualnost predédvanych
zliav, ale aj naroky stvisiace s nasadenim riesenia - vypoctova zlozitost, rychlost
odozvy a pod.

2 Navrhnuté rieSenie

Navrhnuty odporicaci systém sa skladd z viacerych samostatnych komponen-
tov, ktoré navzdjom medzi sebou komunikuji (Obrézok 1). Z webového sidla e-
obchodu ziskavame v redlnom ¢ase udalosti, ktoré zahfnaji aktivitu pouzivatelov
v e-obchode (zobrazovanie produktov, vkladanie do kosika, ndkup, hodnote-
nie, vyhladdvanie, a pod.) a metaddta o dostupnych produktov. Tieto udalosti
ndsledne ukladdme do détového uloziska (PostgreSQL databéza).

Webové sidlo

Apache Kafka 4
Udalosti Odportcania Pomadaxky .
na odporucanie
y
Udalostny server API (Vyber odporutc¢ada formou A/B testu)
Rela¢na databaza N er?oy:arlli(:gzan , Prediction 10
(PostgreSQL) P Loy v (zdkladné modely)
odporucac

T

Obr. 1. Architektira navrhnutého personalizovaného odportuc¢acieho systému.

Ziskané udalosti z datového tuloziska vstupuji do odporucacov. V nasej préci
vyuzivame 2 zédkladné systémy odporicania: generické odporucanie poskytované
predikénym systémom Apache PredictionIO! a $pecifické nami vyvijané hyb-
ridné modely odporicania. Apache PredictionIO je platforma s otvorenym zdro-
jovym kédom zaradend do Apache Foundation projektu. V rdmci nej vyuzivame
sablénu tzv. univerzélneho odporiéaca?, ktory je zalozeny na kolaborativnom

! https://predictionio.apache.org
2 https://github.com/actionml/universal-recommender
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filtrovan{ a vyuziva algoritmus Correlated Cross-Occurrence®. Ten umoziuje jed-
noducho realizovat scendre typické pre e-obchody: odportéanie podobnych pro-
duktov, odporic¢anie v ndkupnom kosiku, populdrne produkty, a pod. Apache
PredictionIO vyuZiva pre uloZenie a vyhladdvanie v modeli odportcania Elas-
ticSearch?, skdlovatelnost riesenia zabezpecuje kniznica Spark®.

Hybridné modely odporicania sa zameriavaji na lepsiu adaptaciu na $peci-
fikd domény. Prikladom je, ze kazdy produkt ma obmedzentu dobu zobrazenia
a obmedzeni dobu platnosti (pocas ktorej ho mozno vyuzit). Taktiez su tieto
modely schopné automatizovane identifikovat produkty, ktoré sa po éase opit ob-
javia v ponuke e-obchodu (tato informécia nie je explicitne dostupnd v ddtach).
Tieto skutoénosti je mozné zohladnit aj v rdmci Apache PredictionlO, avsak
nase experimenty ukéazali, Zze toto rieSenie nebolo postacujice.

V hybridnom modeli odportuc¢ania vychadzame z hybridného pristupu k od-
portcaniu zalozenom na maticovej faktorizacii, ktora vyuziva aj vlastnosti pouzi-
vatela a poloziek. Pre realizdciu rieSenia vyuZivame kniZznicu LightFM [1], pre
naucenie modelu odporucania stratovi funkciu WARP (Weighted Approximate-
Rank Pairwise) [3]. Okrem kolaborativneho pristupu je sticasfou hybridného
modelu aj obsahovy odporiéaé. Ten umozituje nachadzat podobné produkty na
zdklade prislusnosti ku kategdrii, textového opisu (vyuzivame zdkladné pred-
spracovanie textu, ako tokenizdcia, lematizdcia a prevod na model TF-IDF) a
na zaklade latentnej reprezentécie produtkov, ktora je vystupom trénovania mo-
delu.

Vyhodou nésho riesenia v porovnani s Apache PredictionlO si okrem pris-
posobitelnosti na §pecifikd domény aj mensie naroky na hardvérové prostriedky
(najmé pamét) a rychlejsi ¢as trénovania modelu.

V zéavislosti od umiestnenia vysledkov odporicacia v rdmci webového sidla
navyse rozliSujeme dva pristupy k odporucaniu:

— alternativne odportcanie — umiestnené v detaile produktu; snazime sa od-
portcat polozky podobné k tej, ktort pouzivatel aktudlne zobrazuje,

— komplementarne odporicanie — umiestnené v nakupnom kosiku; snazime
sa odportcat doplnkové polozky k tym, ktoré mé pouzivatel v ndkupnom
kosiku.

V pripade PredictionlO realizujeme oba pristupy pomocou kontextudlneho od-
portcania, ktoré povazuje za kontext zobrazeny produkt resp. produkty v kosiku.
Pri hybridnom alternativnom modeli poéitame kosinusovii podobnost medzi
vektorom reprezentujucim zobrazeny produkt a vektormi ostatnych produktov
(vo webovom sidle) na zéklade obsahu (vyuzivame opis produktu). Pri hybrid-
nom komplementdrnom modeli poéitame kosinovii podobnost medzi polozkou
v kosiku a ostatnymi produktami e-obchodu na zdklade pravdepodobnosti, ze
sa spolo¢ne nakupuji (vyuzivame latentné ¢rty produktov, ktoré vytvéra pri
trénovani modelu kniznica LightFM).

3 https://mahout.apache.org/users/algorithms/intro-cooccurrence-spark.html
4 https://elastic.co
® https:/ /spark.apache.org
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Oba modely (PredictionIO a hybridny model) umoziuji personalizované i
nepersonalizované odporucanie, pricom personalizované odporic¢anie podporuju
uz od prvej interakcie pouzivatela s produktom webového sidla. V pripade, ze
modely nemajui k dispozicii interakcie pouzivatelov, automaticky poskytuji po-
pularne produkty ako vysledok odporicania.

Samotné odporti¢anie produktov je realizované v aplikacnom ramci Flask®
zalozenom na jazyku Python. Ten zaroven vyuzivame aj na prijimanie uda-
losti z webového sidla, a to vratane spatnej vazby na prezentované odporucanie.
Pri prichddzajicej poziadavke na odportcanie realizujeme vyber konkrétneho
systému odporicania (Apache PredictionIO, hybridny model).

3 Overenie

Pri overeni rieSenia sme porovnavali tispesnost odportéani PredictionlO a vlast-
ného hybridného modelu. Zamerali sme sa na metriky relevantné pre doménu
e-obchodu: miera prekliku (angl. click-through-rate, CTR) a miera obratu (angl.
conversion rate). Mieru prekliku sme vypocitali ako podiel poc¢tu kliknuti na
odporucanie z poCtu zobrazeni odporuc¢ania. Mieru obratu sme vypocitali ako
podiel poctu vytvorenych objedndvok (obsahujicich produkty z odporticania) a
poctu zobrazeni odporucania, resp. kliknuti na odporicanie.

Tab. 1. Porovnanie tspesnosti odporiucani PredictionlO a hybridného odporicania pre
alternativny (Alternat.) a komplementdrny (Komplement.) pristup.

Metrika PredictionIO Hybridny model
Alternat. Komplement. Alternat. Komplement.
Miera prekliku 0,1442 0,0211 0,2226 0,0164
Miera obratu (zo zobrazenia) 0,0013 0,0006 0,0015 0,0001
Miera obratu (z kliku) 0,0087 0,0303 0,0068 0,0069

Overenie sme realizovali online, a to v prostredi slovenského zlavového portalu.
Pouzivatelom sme pocas sledovaného obdobia (2 tyZdne) pridelovali v pomere
50:50 odporicaci systém, ktory im generoval odporucania (PredictionIO, Hyb-
ridny model). Toto pridelenie sa pritom pre pouZivatela nemenilo, ¢fm bola
zachovand konzistentnost jeho sprdvania (alternativne aj komplementdrne od-
porucania mu boli generované vzdy rovnakym systémom).

Ako mozeme vidiet z vysledkov (Tabulka 1), pri alternativnom pristupe do-
sahuje vo vSeobecnosti lepsie vysledky hybridny model, pri komplementarnom
pristupe PredictionlO. Rozpor medzi mierou obratu zo zobrazenia a kliku vidime
najmé v spravani pouzivatelov, kedy pouzivatelia mali v pripade hybridného
modelu tendenciu ¢astejsie klikat na vysledky odporti¢ania (vidime z miery pre-
kliku), ¢o sa prejavilo na tom, Ze menovatel v miere obratu z kliku dosahoval

5 https://flask.pocoo.org
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vyssie hodnoty. V celkovom pocte ndkupov (éislo neuvddzame) dosahoval hyb-
ridny model lepsie vysledky ako PredictionlO.

Skélovatelmost riesenia preukazuje viac ako 224 tisic udalost! o spravani
pouZivatelov prijatych z elektronického obchodu denne ako aj viac ako 105 tisic
vygenerovanych odport¢ani. Vd'aka pouzitiu distribuovanych technolégii sa od-
porucania generuju v priemere za 50 ms.

4 Zaver

V naSom projekte sme sa zamerali na vytvorenie odporucacieho systému s dora-
zom na $pecifikd zvolenej domény a poziadavky na produkéné riesenie. Prezen-
tovany systém umoziuje v redlnom ase zaznamendvat aktivitu pouzivatelov a
v pravidelnych intervaloch pretrénovat model odporti¢ania, ¢o zarucuje reflekto-
vanie zmien v spravani pouZivatelov. RieSenie pozostdva zo sady odportcacich
algoritmov cielenych na roézne hladiské - napr. zvysenie spokojnosti pouzivatelov,
odportéanie doplnkovych produktov. V d'alsej praci sa stustredujeme na d'alsie
ulohy, v ktorych prindsa personalizované odportucanie pozitivne vysledky - tvorba
personalizovanych noviniek, adaptivnu tvodni stranku a pod.
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Annotation:
Personalized recommendation of short-term offers

Personalized recommendation is an essential part of modern Web applications.
It is necessary to consider and reflect specific domain characteristics in the re-
commender design. In this paper we present a short overview of the real-world
recommender designed for the e-commerce domain. Proposed recommender is
designed to deal with the short-term items availability. It addresses the scalabi-
lity and high availability.

We use several recommender algorithms to address various goals, e.g., cross-
sale. For this purpose a set of default and custom recommenders were proposed.
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Abstract. In this paper, we propose a simple non-personalized prod-
uct recommendation algorithm for e-commerce websites. Algorithm uses
purchase history as a training data and outputs product-to-product sim-
ilarities, which are used for product recommendations on product de-
tail pages. Product similarities are computed based on latent product
features computed by Matrix Factorization on user-product matrix or
session-product matrix. The recommendations include replacement for
viewed products as well as complementary products to this product.
Item-based algorithms fall into category of non-personalized product rec-
ommendation algorithm, but still are widely used for recommendations
on any e-commerce websites. We compare the algorithm with item-KNN,
Apriori and POP (top seller) algorithms on publicly available dataset and
benchmark them on several important metrics, which need to be taken
into account on any e-commerce site to provide useful recommendations.

1 Introduction

Product recommendation is now days essential part of any e-commerce site.
Since the Netflix prize 2009', personalized recommendation algorithms became
popular and delivered value in many areas, where personalized context is a key
driver, for example in movie recommendations. The reality of many e-commerce
sites is that personalized algorithms like matrix factorization [6] does not work
that well for 2 reasons, which we observed also at Magnetic:

— The first is that current session context like product(s) viewed is much more
stronger than user history, although both can be combined.

— The second problem is that many e-commerce sites have high number of
traffic for unknown users (cold start), and you still want to serve relevant
recommendations, so it is more important to focus on current product page
context or context of the session.

That is why, there is still need for non-personalized item-based recommendation
algorithms, which can deliver relevant recommendations just based on prod-
uct context. Such algorithms can be used on checkout or add-to-cart page, but
mainly on product-detail page, which serves more than 90% of recommenda-
tions on typical e-commerce site in user session. At the end, these algorithms

! http://netflixprize.com/index.html
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are usually combined by machine learning algorithms like [8], in order to derive
appropriate context and appropriate recommendation for current user session
including also personalized user context, but good quality non-personalized rec-
ommendations are important input into ML models.

Typical item-based algorithms are: shopping basket analysis algorithms like
apriori [1] [3], mahout item similarity?, KNN [9] or content based algorithms.
Also simple algorithms like new arrivals, top seller in category or random in the
category can serve well in a product context, where not enough of purchase or
click data is available yet.

The main contributions of the paper are the following:

— We propose a new item-based algorithm, which can be trained on purchase
data, and it is able to deliver recommendations in much wider context than
typical basket-analysis algorithms or item-KNN.

— We implemented three basic existing algorithms: item-KNN, Apriori and
POP in the form of IPyton notebook, which is available for further experi-
ments and extension

— We evaluate the algorithms on publicly available data set®, which makes
experiments reproducible

— implementation of algorithms and evaluation is available on-line*

2 LFS Algorithm

Latent Features Similarity Algorithm (LFS) is based on Matrix Factorization [6],
concretely its MLIlib implementation®, based on ALS for implicit feedback [5].
Similar algorithm to LFS was proposed in [7], however it combine both user and
product content, while here we focus on non-personalized algorithms and their
benchmark.

In LFS, we compute product latent features by factorizing user-product or
session-product matrix. Then we ignore the user (or session) latent vectors and
use only product vectors to compute product-to-product similarity by simple
dot product on latent vectors. These results into product to product similar-
ity, where we take top-N similar products for each product and serve them as
recommendations.

For product-to-product similarity we have used dot product, but we also
tried products vectors cosine similarity in the latent space, however results with
simple dot product were much better in offline evaluation.

In the paper we trained algorithm only on session-product matrix since user
information is not available in the dataset. Anyhow, we tested both user-product
and session-product training data on 4 e-commerce websites and in all cases
models trained on session-product matrix delivered same or better results.

2 https://mahout.apache.org/users/algorithms/intro-cooccurrence-spark.html
3 http://2015.recsyschallenge.com/challenge.html

4 https://github.com/misos/item-based-recommendation-algorithms-eval

® http://spark.apache.org/docs/latest /mllib-collaborative-filtering.html
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We are using 128 latent features. In most of the experiments, more features
contributed to better quality performance, but going for more than 100 features
gain us just small quality improvement, when compared with the size of the
model and time to train the model. So we just did arbitrary decision to use 128
features based on the application needs.

It was interesting to see, how well latent features represented the reality. For
example on e-commerce site selling pets related products, it nicely recommended
products of different kind grouped together for kitten, puppy or reptile although
training data had no information about category. On the home accessories e-
commerce site it recommended similar products, where LFS algorithm detected
features like product shape, pattern, product material (metal, glass) or also other
features like seasoning, where it recommended other fall related products having
artifacts like leaves or pumpkin to product with falling leaves artifacts.

3 Evaluation

We evaluate following algorithms:

proposed LFS algoritm,

— a simple popularity algorithm based on recommending top seller products,
classical Apriori [1] algorithm and

item-KNN [9] algorithm.

LFS is implemented as defined in section 2. For the item-KNN algorithm, we
are using cosine similarity, since we have just implicit user feedback, browsed
products, no ratings. For Apriori, we tuned the algorithm to return best results
on the given dataset, where we need to have at least 5 relations between prod-
ucts and the score is higher than 10%. Same score threshold was applied for
recommendations from item-KNN.

Data set: we picked publicly available dataset of RecSys Challenge 2015 [2]
for evaluation in order to make experiments reproducable. We are also providing
ipython notebooks with all the code of creating models and evaluation.

Evaluation protocol: In the RecSys Challenge 2015 [2], algorithms were
evaluated on two tasks: predicting of purchase sessions; and predicting purchased
items. In our evaluation, we focus on predicting purchased items, but in a bit
slightly different way, matching the business needs and metrics of e-commerce
clients. In real e-commerce website, you always want to fill recommendations
zones with useful recommendations. So if algorithm is not able to recommend
anything or not confident enough, you still want to recommend at least top
sellers in category, new arrivals or promoted products. This is why, we are also
evaluating percentage of served recommendations and server sessions by each
algorithm. We evaluated all algorithms with 1, 3, 5 and 10 recommendations
per page. In the paper, we provide just results for 5 recommendations per page,
because other numbers were directionally very similar.

We have used 90 days of data to train the models and next 14 days to evaluate
the model. So we have generated 5 recommendations per viewed product page
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for browsing history of next 14 days after training period, and then compared
recommended (session, product) pairs with purchased (session, product) pairs in
same period. This is obviously a bit simplified evaluation protocol, but evaluating
and training data are clearly independent also in the terms of out of time sample.

In Table 1, we can see the results of evaluation. As already mentioned we
have compared LFS with other 3 standard algorithms: TS (Top Sellers), Apriori
and Item-KNN. TS was able to serve always, but with poor results. It could be
a bit better if serving Top Seller in category instead of overall top seller prod-
ucts. Apriori and KNN had lower session conversion rate than LFS, but on the
other hand higher recommendation conversion rate (recommended purchases/all
recommendations). Still Apriori was able to serve only 9% of all requested recom-
mendations and KNN 38% while LFS could serve 96% of all requested recommen-
dations (5 per visited product detail page). In addition with 5 recommendation
on page, LFS was able to recommend 49% of all purchases.

Table 1. Evaluation results.

Algo CR CR served served rec
(sessions) (rec) rec sessions purchases
LFS 6.70% 0.38% 96%  98% 49%
KNN 4.76% 0.54% 38% 1% 27%
Apriori  2.01% 0.61% 9% 50% 8%
TS 0.18% 0.01% 100% 100% 1%

As we can see, each of evaluated algorithm has advantage at least in one of
the used metrics. TS can always fill in requested recommendation slots. KNN
can identify decent portion of future purchases as well as it has higher conver-
sion rate per recomendation than LFS. Classical Apriori algorithm on the other
hand can serve best recommendation (highest purchase rate per provided rec-
ommendations) but only in limited context, but LFS combined most of good
properties with winning in conversion rate per session and in recomending most
of purchased products.

We have also used LFS similarity score as a feature for Machine Learning
model similar to [8], which combines various algorithms and reorder final rec-
ommendations to be served. The similarity score between displayed product and
to-be-served-recommended-product computed by LFS was one of top 3 features
for machine learning model based on Gradient Boosting Decision Tree [4]

Scalability: To conclude the evaluation, we should also mention the scalabil-
ity of the solution. LFS is trained on purchased history on ApacheSpark MLIib
implementation of ALS [5] which is scalable. It scales well on Apache Spark. All
the steps of algorithm can be scaled and computed in Apache Spark cluster.
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4 Conclusion

Item-based recommendation algorithms provide basic non-personalized product
recommendations on e-commerce sites. Nowadays more advanced machine learn-
ing algorithms exist, which can be applied and tuned well in many recommen-
dation contexts, but item-based non-personalized algorithms are still valuable
input to build better models for typical e-commerce site.

In this paper we implemented and evaluated simple LFS algorithm, which
allows to recommend replacement or complementary products for product detail
pages of e-commerce sites. Its advantage is that it can serve recommendations
to almost all users with good quality of relevant recommendations. The model
is trained on purchased data, so the only requirement is to have a purchased
history of the product for which complementary or replacement recommenda-
tions are served. The LFS performs better than other state-of-the-art item-based
algorithms like item-KNN or Apriori.

In this paper we also implemented and evaluated three basic item-based
algorithms on publicly available dataset. We hope that provided implementation
and code can serve as a benchmark for further evaluation of additional item-
based recommendation algorithms
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Abstract. There has been seen a hype over the past years in Al and
machine learning. Machine learning and Al applications are used in pro-
duction systems which require significant effort to ensure applications
behave correctly and are fully operational. In this paper we describe a
recommendation system for Al and machine learning applications which
use popular open source machine learning libraries. The described sys-
tem, Thoth, is capable of storing observations based on which it predicts
possible misbehavior in application, application assembling errors or is-
sues when integrating application with other components in a deploy-
ment.

Keywords: machine learning - artificial intelligence - big data - graph
database - data processing - distributed systems - Python

1 Introduction

In this paper we present the designed platform that is a recommendation engine
for applications and their dependency stacks. The main purpose of the designed
system is to predict misbehavior in applications as well as how to prevent from
them. The problematic of an application stack is described with a listing of
possible issues that can arise when relying directly or indirectly on a logic that,
in the end, create the resulting runnable application compound by libraries.

2 Application Stack

To build complex applications, there is often a need to create small building
blocks that encapsulate required logic into an easy to access interface. These
small units are often reusable and thus create a separate libraries used by libraries
themselves as well as by the created application. The described dependency
chaining creates direct or transitive requirements (also know as an application
stack) for an application that is handled by a dependency management system in
the given language ecosystem. Dependency management system hepls to resolve
dependencies given the version range specified to meet required functionality
offered by required dependencies.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti & WIKT 2018, Brno 11.-12.10.2018, pp. 211-21.
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Given the complexity in applications and their dependencies answering a
question which dependencies in which versions are the best possible fit for a-
vailable hardware in the given runtime environment is not trivial and requires
knowledge about the language ecosystem used and behavioral characteristics of
the successfully assembled application.

As applications evolve, it is not rare to see a broken application that does not
assemble due to changes in libraries used, or simply breaks the expected behavior
even without any visible notices. Having properly locked versions of libraries
helps to solve issues in most cases, but this approach does not help to keep
application always up-to-date with recent fixes in libraries used. An automated
system Thoth, presented in the upcoming sections, answers and predicts which
libraries in which versions are the most suitable ones for the given requirements
saving computational and developer time and, moreover, learns from errors that
create patterns already seen in other application stacks.

2.1 Modelling Application Stacks in a Graph Database

Considering dependencies, their relations between each other, the whole applica-
tion can be modeled in a graph database. We chosed JanusGraph graph database
to be our data store for storing data in a graph form.

We model two main distinguishable information:

— FEcosystem data itself —how the given ecosystem looks like based on a declar-
ative version range specification, what are dependencies between packages
and observations like whether the given package is resolvable.

— Observations —observations we gathered about packages and application stacks
during continuous integration system (CI) or continuous delivery system

(CD).

This data model connects data needed for creating recommendations for a
user.

2.2 Observations and Predictions

To give recommendations to a user there is a need to aggregate data. Thoth
for this purpose aggregates raw data mentioned in the section 2.1. These data
create a base for two core types of observations driving recommendations:

— Package level data—information gathered solely on package level. An exam-
ple of such information can a fact that the given package is installable into
the requested runtime environment.

— Application stack level data—information about application stack assembling
and errors that were found during application assembling in CI or negative
feedback in the production environment on deployment or runtime (CD or
directly user feedback).
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These two fundamental observations are inputs for the scoring function which
outputs the best possible application stack with fully locked down versions for
deployment or an experimental application stack for gathering additional obser-
vations respecting new package releases or new environments.

3 Thoth Architecture and Development

Project Thoth runs on OpenShift to guarantee high horizontal scalability and
high availability in case of failures. In some cases, there is a need to directly ex-
ecute untrusted and potentially malicious code shipped within analyzed Python
packages. For this purpose, there is done a restriction using OpenShift’s Network
Policy mechanism to restrict networking access. Also, OpenShift’s namespaces
help us with assigning resource quotas for application to restrict from DoS at-
tacks and serve user requests asynchronously, if needed.

OpenShift
Frontend Backend -
e
user API -~ 7| JanusGraph
4
Middletier /

Advise |«

Network

A
I

Cronjob

Analyse Ceph

\

Fig.1: An architecture of Thoth.

The deployment is separated into three namespaces. In the Frontnend names-
pace there are available cronjobs, that perform periodic tasks ensuring the whole
system is up-to-date, and a scalable API service that is the main interaction point
for a user.

The Middletier namespace is the restricted environment where all analyses
are performed. Raw results are serialized into a JSON format and stored on an
object storage Ceph [3]. One of the cronjobs in the Frontend namespace ensures
all resutls are stored properly in the graph database. The database separation is
needed due to security (possibly malicious software does not access production
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data in the JanusGraph) and to guarantee fully recoverable production graph
database.

The last namespace called Backend is used to guarantee SLA of the applica-
tion for serving user requests. There is allocated a resource pool that is assigned
for the recommendation engine itself.

3.1 Lab

As discovering new fields and ideas require experiments, project Thoth is de-
signed of loosely coupled packages that, when assembled together, create a ready
to deply Thoth but can also assemble an interactive experimental development
environment using JupyterHub and its Jupyter Notebooks.

All experiments can be done in an interactive form that is sharable in the
team using Jupyter Notebooks. This allows experiments to be easily accommo-
dated in production code.

3.2 Bots—Junior Developers

To automate every-days tasks, project Thoth comes with bots that ensure the
project dependencies and Thoth’s components are always up-to-date. If a com-
ponent in the Thoth’s architecture gets updated, a bot automatically updates
all the relevant components. Moreover, if there is given a human review, another
bot ensures the pull request is merged only if the change does not break existing
parts of Thoth (CI/CD checks).

4 Conclusion

Project Thoth is open source and available on GitHub [1]. It is written in the
Python programming language to support popular Python machine learning and
AT packages out of the box. The deployment is orchestrated by OpenShift [2] to
guarantee high horizontal scalability to serve high load of user requests as well
as a separation needed for security. The whole system is exposed via an API
endpoint where users can get recommendations for their machine learning and
AT applications.
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Abstract. The paper deals with a task of finding anomalies in the set of
pictures using autoencoders and comparison of results with other meth-
ods searching for outliers, namely LOF and z-score. Outliers found by
these methods are compared to outliers found by project team members.
Process consists of preprocessing of pictures using pretrained deep neu-
ral nets (one at a time), reducing dimension using PCA, normalization
of features and applying methods on pictures, either on a whole set or
subsets divided by classes (dividing the pictures to groups by objects
of interest that can be found in them). Output of methods with differ-
ent attribute settings was compared to outliers found by team members
using confusion matriz and FI1-score. The results were not very posi-
tive, no significant relationships were found between anomalies found by
team members and by anomalies found by individual methods. Possible
reasons for this are discussed.

Keywords: Autoencoders - Local Outlier Factor (LOF) - z-score - anoma-
lies - PascalVOC image dataset - feature extraction

1 Introduction

In data mining, anomaly detection (also outlier detection) is the identification
of items, events or observations which do not conform to an expected pattern or
other items in a dataset [1]. Anomaly detection is very common problem that
occurs in many fields like bank fraud, biomedicine, text processing etc. It can be
for example decreased cardiac activity in ECG or a lot of bank transfers per day.

There are many methods to solve this task like density-based techniques
(k-nearest neighbors, local outlier factor [3]), one-class support vector machines,
cluster analysis, neural networks, Hidden Markov models...

In this paper, we focus on three selected techniques - autoencoders [2], local
outlier factor (LOF) and statistical method z-score [4]. Our dataset is subset
of PascalVOC image dataset [6] that consists of 4 classes - ”Planes”, ”People”,
”Planes and People” and ”Others”. We tried to detect anomalies across whole
dataset as well as across classes without ”Others” class.

2 Used methods

Autoencoders. An autoencoder is an artificial neural network used for unsu-
pervised learning of efficient codings. The aim of an autoencoder is to learn a

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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representation (encoding) for a set of data, typically for the purpose of dimen-
sionality reduction.

Architecturally, the simplest form of an autoencoder is a feedforward, non-
recurrent neural network having an input layer, one or more hidden layers and an
output layer that has the same number of nodes as the input layer. The purpose
of this type of network is to reconstruct its own inputs (instead of predicting the
target value Y given inputs X).

Local Outlier Factor (LOF). The local outlier factor is based on a concept
of a local density, where locality is given by k-nearest neighbors, whose distance
is used to estimate the density. By comparing the local density of an object to
the local densities of its neighbors, one can identify regions of similar density,
and points that have a substantially lower density than their neighbors. These
are considered to be outliers.

The local density is estimated by the typical distance at which a point can
be "reached” from its neighbors. The definition of ”reachability distance” used
in LOF is an additional measure to produce more stable results within clusters.

Z-score. It is a measure of how many standard deviations below or above the
population mean a raw score is. A z-score is also known as a standard score and
it can be placed on a normal distribution curve. In order to use a z-score, you
need to know the mean p and also the population standard deviation o .

3 Workflow of anomaly detection

3.1 Introduction

At the beginning, we were given a subset of 394 pictures from PascalVOC image
dataset, mainly showing people, planes and few other topics like animals, bottles
etc. The initial task to perform was to find outliers in the set. First, a criterion
was to find outliers on a set as a whole. Next step was to look for outliers in a
subsets of original set - in all classes separately.

After each member individually made his findings on anomalies, our results
were compared - only 4 pictures were marked by all three members, 16 were
marked by two and the majority of anomalies was marked by only one person.
This result may be explained by the fact that each member had his/her own
criteria for marking a picture anomalous.

3.2 Preprocessing

For this purpose, Keras [5] platform using TensorFlow backend was used. It is
a Python library which makes it easy for deep neural networks to be up and
running. The pretrained neural network [7] - vgg16, vggl9, resnet and zception -
was used to extract a representation of original data. An input was the vector of
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values where each value represents the color of each pixel in the original image.
This input was transformed to the feature vector of lower dimensions which is
an output of latter layers of the neural network. This representation gives us
more abstract qualities of pictures than only colors of pixels. In case of vgg16
and wvggl9, the feature vector has size 512 and in case of two other pretrained
nets, the size of feature vector is 2048.

These vectors were transformed by PCA [8] into lower dimensions, values 512,
128 or 32 were tried out. Additionally, vectors’ components have been normalized
into values between 0 and 1. These normalized data as well as unnormalized data
were used as an input for our anomalies detection methods with different set ups.

One of the attributes was also a set upon which outliers were being searched
for - classless, classbased or other. Classless means that dataset for learning con-
sists of all classes - ”People”, ”Planes”, ”People and Planes”, ” Others”. Class-
based setting contains only three classes without ”Others”. In case of other op-
tion, we mix all images from ”Planes” with some pictures from class ”Others”
(we can decide how many images in percentage we want from others).

3.3 Experimentation with attributes

Preprocessing
To load images, extract feature vector and prepare them as input into algo-
rithms, we could set these parameters:

— feature_model_name - model of pretrained neural network,
— peca_dimensions - size of vector after PCA reduction,
— normalize - we could decide whether input will be normalized or not.

4 Evaluation

These results were obtained by comparison with anomalies detected by us, image
was marked as an anomaly when at least two people (out of three) marked it as
an anomaly. We annotated images as classbased data - looking for an anomalies
within each class and classless data - searching anomalies in whole dataset.
During the research, we have tried hundreds of combinations of parameters
in order to understand the results we were receiving. After each run in a specific
combination, graphic output was generated presenting the findings.

Combinations of parameters we tried:

— 4 neural networks for feature extraction - vgg16, vgg19, xception or resnet50
— normalization - True or False

— PCA dimensions - 32, 128, 512

— type of anomaly detection made by us - intersection or union

— type of anomalies - classbased, classless or others

— number of nearest neighbours - 3, 5, 7
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— architecture of autoencoder - 1 hidden layer with 3/4 neurons w.r.t. input
layer and sigmoid activation function or 2 hidden layer (the first layer was
the same as in previous case and in the second layer, there were 3/5 neurons
w.r.t. input layer and relu function) or 3 hidden layers (first two layers as
previous ones and the third layer had 2/5 neurons w.r.t. input layer and relu

function)

— batch size - 32, 16, 8

We summarized received results in Table 1, where we show values for all com-
pared methods across each model as well as all models together. These results
were obtained by comparison with our labeled anomalies. In addition, we com-
pared autoencoders results with results obtained from LOF method in Table 2.

|

Results (in %)

|

lMetric HMethod vag16 [Vgg19 [resnet exception [all models ‘
Max autoencoders 93,68 95 94 96 96
accuracy LOF 96 94,29 97 94,74 97
z-score 96 94,74 97 95,24 97
Average autoencoders 90,62 90,76 90,51 90,6 90,62
accuracy LOF 89,67 89,82 90,02 89,9 89,85
z-score 93,62 92,55 90,82 92,55 92,39
Max autoencoders 32 21,33 30 14,67 32
recall LOF 70 50 43,33 43,33 70
z-score 50 50 40 60 60
Average autoencoders 4,87 2,62 6,77 2,16 4,1
recall LOF 7,48 5,07 10,76 7,1 7,6
z-score 4,44 3,61 5,6 8,73 5,6
Max autoencoders 0,267 0,221 0,333 0,168 0,333
F1 score LOF 0,667 0,533 0,433 0,433 0,667
z-score 0,533 0,413 0,333 0,567 0,567
Average autoencoders 0,049 0,027 0,062 0,026 0,041
F1 score LOF 0,065 0,055 0,093 0,07 0,07
z-score 0,05 0,03 0,05 0,084 0,054

Table 1. Results across all models and methods.

Autoencoders vs. LOF method (in %)

Max accuracy

Avg accuracy

Max recall

Avg recall

Max F'1 score

Avg F1 score

100

93,28

32,37

100

1

0,33

Table 2. Autoencoders results compared with results from LOF method
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4.1 The most detected images

We grouped detected images by method that were used for anomaly detection.
We show only most detected stuff - the count of images is different for each
method.

There are some images that all methods detected as an anomaly - airplanes
in the sky - as well as pictures that are unique for each method (e.g. a pole
vaulter, sheep or a man on the black-and-white photo). It’s very interesting that
our labeled anomalies has no intersection with results obtained by methods.

4.2 The best configuration

We tried several combinations of parameters and determined best configurations
in term of accuracy and F1 score.

The best configuration for autoencoders ‘

Metrics Batch |[Model PCA |Layers

size dimen.
Max acc (|8 xception |128 0,75; ’sigmoid’],[0,6; 'relu’], [0,4; 'relu’]
Max F1 ||8 resnet 32 0,75; ’sigmoid’], [0,6; relu’], [0,4; 'relu’]

Table 3. The best configurations with max accuracy and F1 score for autoencoder

| The best configuration for LOF method |

lMetrics “Batch size [Model [PCA dimen. [Number of neighbours ‘
Max accuracy 16 resnet 32 5
Max F1 score 8 vggl6 32 5

Table 4. The best configuration for LOF method

l The best configuration for z-score

lMetrics HBatch size Model ‘PCA dimen.
Max acc 16 resnet 128
Max F1 16 xception 32

Table 5. The best setting of parameters for z-score

4.3 Classless and classbased results

Now, we try to present significant configurations of parameters with a brief
discussion about the results. The discussion is grouped by a type of pictures as
input - starting with classless (a whole set), followed by classbased.

Two example configurations are presented here, difference is in a number of
PCA dimensions and a set of humans found outliers results were compared to.
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First, normalized data with 512 dimensions PCA on a model vggl6 with
intersection of people found anomalies configuration and a batch size of 16 is
presented. Here, as a rule in classless settings, no (or 1 to 4) anomalies were
agreed on by people and selected methods. But interestingly, anomalies which
were agreed on by 2 or more methods visually all come to the same category of
planes with a simple, mostly single color background.

A second example of classless configuration has a batch size of 16, PCA
dimension is 128 and a set of human found anomalies consists of their union.

To continue, classbased outliers are going to be inspected. In this section, let
us start with a class ”Planes”. Here, two configurations will be mentioned. In
the first one, non-normalized data with 32 dimensions PCA on a model vgg16
with intersection of people found anomalies configuration and a batch size of 16
is was used.

What we find interesting is a difference in found anomalies in these different
settings. But as in a great majority of cases, no common outliers were found by
humans and the methods.

To move on, let us see a classbased anomalies search in classes ” Planes”, ” Peo-
ple” and both. Here, one output in a non-normalized data with 32 dimensions
PCA on a model vggl6 with intersection of people found anomalies configura-
tion and a batch size of 16 configuration is presented. Of all the outliers, only
one was agreed on both by humans and the methods. Interestingly, the same
configuration on a normalized data returned methods-found outliers consisting
purely by planes on a single color background.

5 Conclusion

The lack of common anomalies seems to lie in a different qualities of pictures
team members and methods looked at. A proposed topic for further research
would be an iterative model where methods would ask if anomalies found by
them are really anomalies and adjust their results accordingly. Also, a possible
reason for a bad performance may be in a relative small number of training
examples.
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Abstract. There is a continuous interest in increasing proteins stability
to enhance their usability in numerous biomedical and biotechnological
applications. Only a single-point mutations with a small impact on pro-
tein stability are typically predicted with the existing tools, while more
complex multiple-point mutants are necessary for useful stabilization.
Here, we present FireProt, a web server for automated design of multiple-
point thermostable mutants that combines structural and evolutionary
information in its calculation core. The server is complemented with in-
teractive, easy-to-use interface that allows users to directly analyze and
optionally modify designed thermostable mutants.

Keywords: protein stability - thermostable proteins - hybrid method -
protein engineering

1 Introduction

Proteins are widely used in numerous biomedical and biotechnological applica-
tions. However, naturally occurring proteins cannot usually withstand the harsh
industrial environment, since they are mostly evolved to function at mild condi-
tions. Therefore, there is a continuous interest in increasing proteins stability to
enhance their industrial usability. A number of in silico tools for the prediction
of the effect of mutations on proteins have been recently developed to improve
their stability, thus surpassing their natural limitations. However, due to the
potentially antagonistic effect of mutations, only single-point mutations are usu-
ally predicted in silico and have to be followed by laborious and costly protein
expression, purification and characterization. Single-point mutations typically
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enhance the melting temperature of target proteins only by units of degree. A
much higher degree of stabilization can be achieved by constructing multiple-
point mutants. Unfortunately, the automated design of multiple-point mutants
is uneasy, due to the existence of the potential antagonistic effects of individual
mutations. To address these issues, FireProt web was developed [1].

2 Dataset

One of the most crucial properties of every predictive tool is the construc-
tion of the reliable training dataset. Our dataset was mainly obtained from
the ProTherm database [2]. ProTherm is the most extensive collection of ther-
modynamic parameters such as Gibbs free energy, heat capacity or enthalpy,
measured as a difference between wild-type and mutant protein.

ProTherm was lastly updated in February 2013 and up to date it contains
nearly 26,000 entries of both single- and multiple-point mutants designed over
740 unique proteins. However, even though ProTherm database is the most
common source of data used for the training of the existing tools, in its current
state it suffers from several serious issues such as missing values, opposite signs
or various inconsistencies in measures. To deal with this issues, ProTherm had to
be manually currated and all the redundancies were discarded during the process
of the final dataset construction. Furthermore, we have also omitted mutations
with the measured change of Gibbs free energy from the interval of (-0.5,0.5)
since the average experimental error of measurement is about 0.48 kcal/mol [3].

Our training dataset was later expanded with experimental data obtained
from the HotMuSiC dataset [4] and the final set consists of 1,573 mutations
(349 stabilizing, 1,224 destabilizing) designed over 103 unique proteins. Included
proteins were completed with corresponding 3D structure in the highest quality
available (based on resolution and R-factor).

3 FireProt method

The web server integrates sixteen computational tools and utilizes both sequence
and structural information in the process. At first, potentially stabilizing single-
point mutations are identified via two separate branches: one relying on the
estimation of the change of free energy upon mutation and second utilizing back-
to-consensus approach. The energy-based approach is employing FoldX [5] and
Rosetta [6] tools to estimate free energy via the statistical and physical force
fields. Furthermore, preceding filters accelerate the calculation by omitting the
high risk residues — ones that are located in the highly conserved or correlated
regions of the protein. It was observed that functional and structural constraints
in proteins generally lead to the conservation of amino acid residues and sim-
ilarly, correlated residues ordinarily help to maintain protein function, folding
and stability. Mutations conducted on these positions are therefore considered
unsafe and excluded from the design of stable proteins. The second approach
is based on the information obtained from multiple sequence alignment. The
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most common amino acid in each position of protein sequence often provides
a non-negligible effect on protein stability. Thus, FireProt implements majority
and frequency ratio approach to identify mutations at positions where wild-type
amino acid differs from the most prevalent one.

In total, three protein designs are provided by FireProt strategy. The first
design includes only the mutations from energy-based approach, the second con-
tains the mutations suggested by the evolution-based approach and the third
is the combination of both. Naturally, because of potentially antagonistic effect
between individual mutations, these mutations cannot be combined blindly. To
avoid possible clashes, FireProt strategy is trying to minimize antagonistic ef-
fects by utilizing Rosetta. The physical force field is used to evaluate all pairs of
single-point mutations within the range of 10 A and subsequently the mutations
are introduced into the stable protein via the edge- based graph algorithm. In
this way, the colliding mutations are excluded from protein and algorithm stops
once there are no mutations left or the stabilizing effect of analyzed pair of mu-
tations drops below defined threshold. Detail worklow of the FireProt web can
be found in the Figure
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Fig. 1. Complete workflow of the FireProt web.
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A high time demands of Rosetta analysis were one of the most excruciating
issues with the FireProt protocol. Even with the application of preceding filters
over 100 mutations is usually left for precise, but slow, Rosetta calculations.
For this reason, several force fields and protocols were evaluated on the dataset
of 1,573 mutations. Based on the results of these evaluations, the best trade-
off between the time requirements and precision was selected. Moreover, the
FireProt time demands were drastically reduced by massive parallelization via
the use of MetaCentrum. These measures have lowered the calculation time from
several weeks to a single day.

4 Conclusions

FireProt is a web server that provides users with a one-stop-shop solution for
the design of thermostable multiple-point mutants. It combines energy- and
evolution-based information in its calculation core and all the protocols were
highly optimized to increase the calculation speed, while maintaining the predic-
tion accuracy. The server is complemented by an easy-to-use graphical interface
that allows users to interactively analyze individual mutations selected as a part
of energy- of evolution-based approach together with the ability to design their
own multiple-point mutants on top of our robust strategy. The web server is
freely available at https://loschmidt.chemi.muni.cz/fireprot/.
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Abstrakt. V tejto praci prezentujeme ramec pre zlepsenie kvality to-
polégie Heterogénnej siete (HetNet), pomocou online mini-batch K-Me-
ans algoritmu, pre zhlukovanie, ktory patri do skupiny algoritmov stro-
jového ugenia bez uéitela.

Modelovanie topolégie HetNet-u sa ¢asto spolieha na bodové procesy sto-
chastickej geometrie, ako napriklad Poisson point process (PPP) alebo
Binomial point process (BPP) bez zahrnutia a priori znalosti o lokdcidch
pouzivatelov. N4§ navrhovany pristup naopak vyuziva dostupnu infor-
méciu o vzoroch mobility pouzivatelov. Za ti¢elom napodobenia kom-
plexnej mobility dynamickych pouzivatelov, charakterizujeme mobilitu
pouzivatelov pomocou dvoch odlinych vzorov: deterministickym mode-
lom zalozenym na Bézierovych krivkach a stochastickym Lévy flight mo-
delom mobility. Vysledky simuldcii potvrdili nase otakavania a ukézali,
ze topolégia HetNet-u vytvorend navrhovanou metédou poskytuje vyssiu
priepustnost v porovnani s BPP pristupom.

KIiéové slova: HetNet - dizajn topoldgie - mini-batch K-Means - stro-
jové ucenie

1 Uvod

Heterogénne siete (HetNet-y) predstavujii slubny pristup, pre zlepsenie ukazova-
telov kvality siete, v porovnani s konvenénymi jednostupiiovymi bezdrétovymi
celuldrnymi siefami. HetNet-y st viak citlivé na interferenciu, ktors by sa mohla
vyrazne zvysit za predpokladu, Ze by operédtori a jednotlivci rozmiestiiovali
bézové stanice s malym rozsahom (BSMR) nekoordinovanym spésobom. Problém
interferencie vyplyvajtcej z rozmiestnenia velkého mnozstva BSMR zostéva do-
lezitym vyskumnym problémom.

Pristup bezne pouzivany pre modelovanie HetNet-ov sa spolieha hlavne na
aplikdciu stochastickej geometrie. Stochasticky bodovy proces bezne pouzivany
pre modelovanie rozmiestnenia buniek siete - Poissonov bodovy proces (Poisson
point process, PPP), poskytuje adekvatnu az mierne nadhodnotentd aproximdciu
pravdepodobnosti pokrytia pre rozmiestnenie buniek v roznych mestach, této
skutoénost je ilustrovand na Obr. 1.
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Klasicky hexagonalny model poskytuje este vyraznejsie nadhodnotenu apro-
ximéciu, ktord vo vécsine pripadov porovnania s charakteristikami skutoénych
bezdroétovych celularnych sieti predstavuje horni hranicu pravdepodobnosti po-
krytia (Obr. 1).

Stochastickd geometria vo vSeobecnosti neodraza hustotu rozmiestnenia jed-
notlivych koncovych zariadeni (KZ). Nasfim zdmerom je vyuzit vzory lokdcii a
mobility pouzivatelov, pre vylepsenie kvality poskytovanych telekomunikaénych
sluzieb rozmiestnenim BSMR do lok4cii s vyssou pravdepodobnostou vyskytu
KZ. Intuitivnym rieSenfm, ktoré ndm umozni zahrnif tito informéciu do al-
goritmu rozmiestnenia prvkov celularnej siete je metéda mini-batch K-Means
zhlukovania.

V tejto praci posidime kvalitu vysledkov mini-batch K-Means zhlukovacieho
algoritmu, ktory bude pouzity pre optimalizaciu rozmiestnenia BSMR na zaklade
dat o vzoroch mobility pouzivatelov. Ako metédu s ktorou budeme takéto roz-
miestilovanie pomocou zhlukovania porovnavat, budeme uvazovat bezne pou-
7ivany BPP pristup zo stochastickej geometrie. MoZeme konstatovat, Ze navr-
hovana metéda prekondava BPP pristup naprie¢ vSetkymi simulaénymi parame-
trami a poskytuje vyrazné zlepSenie kvalitativnych metrik bezdrétovej siete.
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SINR Threshold (dB)
Obr.1. Obr. 1. Pravdepodobnosti pokrytia merané v roéznych mestdch porovnané

s pravdepodobnostami pokrytia pre PPP a Hexagonalny model rozmiestiiovania
bazovych stanic.[1] .

2 Systémovy model

HetNet je modelovany ako dvojstupiiova sief s bazovymi stanicami velkého
rozsahu BSVR ktoré maji preduréenu lokéaciu, ktord sa pocas behu simulécie
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nemeni, kedze sa predpokladd, Ze operator sa bude chcief vyhnif nikladom
spojenym so zmenou lokicii BSVR a ich siefovej infrastruktiry. BSMR st zo
zaciatku rozmiestnené stochasticky pomocou BPP, neskoér su z tohto pociatoéné-
ho stavu rozmiestiiované pomocou K-Means algoritmu. Vsetky antény bazovych
stanic (BS = BSVR 4+ BSMR) st v simuldcii povazované za izotropické, teda
ich direktivita je rovna jednej.

Pre vypocet itlmu signalu jeho Sirenim bol pouzity Hata-Okumura model.
Interferencia, ktora je v simulécii brana do uvahy, zahinia len interferenciu medzi
BS pracujiicimi na rovnakej frekvencii, zatial' éo frekvencie pouZivané BSVR a
BSMR sa lisia. Termalny sum, ktory je pocitany ako kxT'«Brp = NoxBpp je tiez
v ramci simuldcie brany do tvahy, kde & je Boltzmannova konstanta, No = kT
reprezentuje spektralnu hustotu Sumu, Brp je Sirka pasma jedného frekvenéného
bloku (FB) (v naSej simuldcii berieme do dvahy &irku pdsma 180kHz) a T je
termodynamickd teplota.

Kazda BS méa limitovany pocet FB, ktoré si distribuované kazdému KZ
v kazdom simulaé¢nom kroku, kedze v kratsich ¢asovych tsekoch sa prirod-
zene nevyskytuju ziadne udalosti, ktoré by si vyzadovali prerozdelenie FB medzi
pouZzivatelmi. Distribticia FB jednotlivim KZ je riadend round-robin algorit-
mom, ¢im je zabezpecené relativne férové rozdelenie FB medzi nich.

Tiez v simulacii uvazujeme typicky downlink scenar LTE systému, bez agre-
gécie bezdrotového pripojenia. Taktiez, kazdy koncovy pouzivatel pouziva v kaz-
dom okamihu maximéalne jedno bezdrétové zariadenie.

Vsetky parametre simulécie st uvedené v tabulke Tab. 1.

3 Navrhovany pristup

Ako vhodné metéda pre lohu rozmiestnenia BSMR, bol zvoleny mini-batch K-
Means algoritmus, ked’ze minimalizuje sumu §tvorcov vzdialenost{ vietkych vzo-
riek, k centroidom, ktoré sa k nim nachddzaji najblizsie. Formélnejsie povedané,
minimalizuje hodnotu funkcie zobrazenej v rovnici (1) [2].

Kroky K-Means algoritmu:

1. Priradenie kazdej vzorky prave jednému zhluku, s minimalnym $tvorcom
Euklidovskej vzdialenosti k stredu zhluku.

2. Vypocet novych stredov zhlukov, ktoré sa stantu centroidmi tychto zhlu-
kov. Stredy zhlukov mohli, ale nemuseli zmenit svoje lokdcie v predchadzajticom
kroku algoritmu, ked'Ze je mozné, 7e Ziadna vzorka nebola pridand ku zhluku
alebo odstranend zo zhluku.

Centroidy postupne konverguju k fixnym lokacidm:

JEC)=> 3" i - | (1)

k=1z,€C}

kde C = {ex},k = 1..K je mnozina vsetkych zhlukov, X = {x;},i = 1..n je
mnozina vSetkych trénovacich vzoriek a py, je stred zhluku cy.
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Tab. 1. Parametre systémového modelu

Parameter | Value

Metoda simulécie Monte Carlo po 100 pokusov na je-
den pocet BS

Dizka jednej simulécie 800 hours

Simulovana plocha 1km?

Vysielaci vykon BS BSVR: 40.3 W
BSMR: 6.3 W

Vyska umiestnenia antény BS|BSVR: 10 m
BSMR: 2 m

Typ antény 0 dBi (izotropicka)

Nosna frekvencia BSVR: 2.1 GHz
BSMR: 3.5 GHz

Pocet FB kazdy BSVR: 100 FB
kazdy BSMR: 20 FB

Sirka pésma FB (Brp) 180 kHz

Systémovd Sirka pasma BSVR: 18 MHz
BSMR: 3.6 MHz

Model utlmu signalu Hata

Termodynamicka teplota 290 K

Pocet Lévy Flight KZ 100

Pocet HS-ov 10, kazdy tvoreny 10-timi KZ,

Celkovy pocet KZ 200

V nasom pripade vzorky reprezentuji lokacie jednotlivych KZ, v jednot-
livych krokoch simulacie, a lokdcie BSMR st urcené lokaciami jednotlivych
centroidov. Priemerns vzdialenost pouzivatela k Iubovolnej BSMR dodatoéne
priemerovand cez Cas, je tak minimalizovand. Minimalizacia tejto priemernej
vzdialenosti pouzivatelov k BSMR, prirodzene poméaha pri zvyseni priemernej
priepustnosti poskytovanej KZ. Mini-batch varianta tohto K-Means zhlukova-
cieho algoritmu [3] bola pre nasu implementédciu zvolend z toho dévodu, ze
prindSa vypo&tové zrychlenie voéi klasickému K-Means pre velké datové sady
a umoznuje online priddvanie trénovacich vzoriek. V naSej implementacii je
v kazdom kroku simuldcie K-Means zhlukovaciemu algoritmu dodavand jedna
cast idajov o lokdciach pouzivatelov (pre dany simulovany €as, reprezentovany,
danym simulaénym krokom).
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4 Vysledky

Kvalitativne vysledky rozmiestnenia BSMR pomocou BPP, aj pomocou mini-
batch K-Means algoritmu trénovaného na 800 simulovanych hodinach beziacej
simuldcie st kvantifikované priemernou priepustnostou pre jedno KZ. Maximé&lna
teoreticka priepustnost pre kazdé KZ je vypoéitana pomocou Shannon-Hartleyho
tedrie ako:

S
C = BFB 10g2 (1 + [«HV) 5 (2)

kde Brp oznacuje sirku pasma jedného FB a HLN pomer signédlu k sume inter-
ferencie a sumu.

Vysledky merania priemernej priepustnosti pre rozliéné pocty BS su vizuali-
zované na Obr. 2.

- - Binomial point process (BPP)
2.0e+06 — K-Means clustering

1.5e+06

1.0e+06

Average througput per user (b/s)

5.0e+05

2 3 A 5 6 7 s 9 0 1 12 13 5 16 718
number of cells

Obr. 2. Porovnanie priemernej priepustnosti na KZ merané pre rézne pocty BS.

Priepustnost, pre dve BS pre BPP aj mini-batch K-Means scendr rozmiest-
nenia sa nelisi, pretoze su v tomto pripade rozmiestnované len dve BSVR na vo-
pred urcené statické lokacie, bez toho, aby boli v jednom, alebo druhom scenari
pritomné BSMR. S rasticim po¢tom BSMR postupne rastie rozdiel v priepust-
nosti medzi BPP a mini-batch K-Means zhlukovanim na hodnoty az 0.75 mbits,
tento rozdiel teda dosahuje 66 % (v pripade rozmiestiiovania 18-tich BS).

5 Zaver

Mini-batch K-Means zhlukovaci algoritmus poskytoval vysSie priemerné prie-
pustnosti v porovnani s BPP rozmiestniovanim pre vsetky skumané parame-
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tre simuldcie. Aj napriek tomu, Ze mini-batch K-Means algoritmus negaran-
tuje optimalnost najdeného rozmiestnenia BSMR, je tento nedostatok kom-
penzovany vyssou vypoctovou efektivitou v porovnani s plne vycerpavajicim
prehladdvanim celého priestoru moznych rieSeni, pre ktoré rastie vypoétova
zlozitost prudko exponencidlne s linedrne narastajicou velkostou problému. V na-
sledujicom vyskume, sa budeme zameriavat jednak na optimalizciu rozmiestne-
nia BSMR reflektujiceho vzory mobility pre KZ a zaroven kontrolu vysielacieho
vykonu, ktora vytvara zaklay tzv. zelenych komunikacnych sieti.

Odkazy

[1] C.-H. Lee, C.-Y. Shih a Y.-S. Chen, “Stochastic Geometry Based Models
for Modeling Cellular Networks in Urban Areas”, Wirel. Netw., roc. 19, ¢. 6,
s. 1063-1072, srp. 2013, 1sSN: 1022-0038. DOI: 10.1007/511276-012-0518-
0. WWW: http://dx.doi.org/10.1007/s11276-012-0518-0.

[2] A. K. Jain, “Data Clustering: 50 Years Beyond K-means”, Machine Lear-
ning and Knowledge Discovery in Databases Lecture Notes in Computer
Science, s. 34, DOI: 10.1007/978-3-540-87479-9_3.

[3] D. Sculley, “Web-scale K-means Clustering”, in Proceedings of the 19th
International Conference on World Wide Web, 1. WWW ’10, Raleigh, North
Carolina, USA: ACM, 2010, s. 1177-1178, 1SBN: 978-1-60558-799-8. DOI:
10.1145/1772690 . 1772862. WWW: http://doi.acm.org/10.1145/
1772690.1772862.

Pod akovanie: T4to prica bola podporend slovenskou Agentirou na podporu
vyskumu a vyvoja, ¢islo projektu APVV-15-0055.

Annotation:

Intelligent optimization of coverage and efficiency of heterogemeous metworks
using unsupervised machine learning

Method of intelligent small cell placement enabling cellular network providers
to place small cells without human supervision of an expert, to achieve impro-
vements of qualitative characteristics of the network, is presented in this work.

For the purpose of testing various approaches to base station placement,
simulation of HetNet and user movement in 2D space was created. Deterministic
trajectories are placed in an intentionally simple symmetric pattern, in order for
less difficult interpretation of placement patterns provided by machine learning
algorithm.

Presented placement optimisation method allows non exhaustive search of
candidates for base station placement, reducing computational complexity in
exchange for possibility that suboptimal solution (but one that may be still
satisfying operator‘s requirements), instead of globally optimal one, is found.
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Abstract. Social networks are usually represented as (static) graphs;
their vertices correspond to individuals and edges represent their mu-
tual relationships. With the aim to study effectively also their dynamic
versions, we will discuss here various tools developed for social network
analysis based on their performance on big graph data evolving in time,
support for parallel computations, algorithms they provide and their fle-
xibility for the user.

Keywords: social network analysis, big data, graph data mining

1 Introduction

Complex relationships among individuals and/or their groups in popular large-
scale social networks like Facebook, Twitter, or LinkedIn can be described as
graphs — the vertices correspond to the individuals and the edges represent
their mutual relationships. Most social network analyses performed so far were,
however, restricted to static social networks that do not evolve over time.

This assumption is often not met for many social networks studied nowa-
days with the aim to understand various social phenomena, their emergence and
impact in a time-evolving setting. The goal of this work is thus to specify the
notion of a dynamic social network and to summarize requirements to be put on
its analysis. Based on the review of existing graph mining tools, we will design
the main structure of a new system for the analysis of dynamic social networks.

2 Related Works

Social networks are used to describe complex relationships between the conside-
red subjects (people, companies, or other entities in the network). Recent rise
in the availability of network-structured data, mostly from social networks (e.g.,
Facebook, Twitter, LinkedIn), but also from other sources, has created an incre-
ased demand for processing large graphs. Popular social networks furthermore
tend to change their character, size and structure over time.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 231-236.
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Most of the existing graph mining tools applicable to social network analysis
are oriented towards static graphs and can be divided into two categories: user
friendly libraries designed for single machine computation and large-scale dis-
tributed graph processing systems. The single machine systems usually provide
a large collection of common network analysis algorithms — cf., e.g., igraph [2],
NetworkX [4], or SNAP [8]. Unfortunately, they often do not scale well to large
graphs or the chosen graph abstraction does not directly support parallel com-
putations and each algorithm must be parallelized separately [8].

Distributed systems like Pregel [9], PowerGraph [3], or GraphX [10], can scale
to extremely large graphs easily. Yet, they provide only a handful of common
graph algorithms and therefore cannot be used for most network analyses usually
performed. The main reason for this limit is the rather restrictive idea of the
gather-apply-scatter (GAS) computational model they use. Although the GAS
model is well suited for some algorithms such as PageRank, HITS or connected
components, its usability for other types of algorithms remains limited [7].

All of the above-discussed tools understand the evolution of a dynamic so-
cial network as a series of snapshots and perform the analysis of each snapshot
separately. This approach is obviously tedious and requires to implement the
necessary time dependent logic over and over again from scratch. To overcome
these disadvantages, a few frameworks oriented towards time-evolving graphs
have been proposed recently, e.g., Chronos [5], Kineograph [1], or GraphTau [6].
Their main focus is, however, put on the distributed setting and high perfor-
mance rather than flexibility and implementation of a sufficiently large collection
of network mining algorithms.

3 Dynamic Social Networks

Informally, dynamic social networks can be understood as graphs that can change
their structure over time, i.e., edges and vertices can be added and/or removed
from the graph at different times. Our point of view is edge-centric, meaning
that the time information is attached only to the edges (as a list of activity
relevant time spans). At a given time point, the vertices thus exist only if they
are connected to an active edge. Internally the input graphs correspond to a
(static) graph with specific attributes assigned to the edges that indicate when
the given edge was actively in use.

Definition 1. A (static) social network is a directed graph G = (V, E), where
V is the set of vertices and E = {(vk,v;)|vk,v; € V'} is the set of directed edges.

Further, we will assume to see social networks across a series of discrete time
points t1,...,t,_1,t,. At each time point ¢;;1 < ¢ < n, we observe an instance of
a (static) social network G; = (V;, E;). Obvious changes that may occur between
two time-points t;_1 and ¢;; 1 < i < n, thus include the addition or deletion of
edges, and the appearance or disappearance of vertices.

Definition 2. Let n be the number of the considered time points and let us
observe an instance of the (static) social network G; = (Vi, E;) at each i. A
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dynamic social network is a directed graph G% = (V}3, EY,), where

- VB =L, Vi is a set of vertices that have appeared at any of the considered
time points t;;1 < i <mn, and

- B} =, E; is a set of edges that have appeared at any of the considered
time points t;;1 < i < n, and all such edges are labeled by a sequence of
ordered pairs [i, j| that specify the time points at that the edge existed in the
network, i.e., from the time point t; to the time point t; in this case.
The time interval [t;,t;] can be abbreviated as [t;].

Figure 1. Unfolding of a dynamic social network into an expanded graph consisting of
3 time slices t1, t2 and t3. A copy of each active vertex and edge is created for each time
slice. Additional meta edges connect the copies of the same vertices across subsequent
time slices to support information flow both within the network and across time.

To address the network dynamics across time, this graph can be unfolded into
the so-called expanded graph. The expanded graph shall provide a transparent
view of the network at each of the considered time points. Further, we will
denote it as a slice. Expanded graphs thus incorporate multiple graphs that
are mutually inter-connected based on the user-defined slicing function (e.g.,
hourly, daily, etc.). Each slice contains a copy of active edges and vertices from
the original graph. To support information flow also between the vertices/edges
from different time slices, new "meta”level edges are added between the vertices
from different time periods. Fig. 1 illustrates the unfolding process.
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Definition 3. An expanded graph of a dynamic social network G = (V5,E})
is a directed graph G’y = (V§, E%), where

- VR = {v;\vk e VB N1 <i<mn} is the set of vertices and

- E% = {(Ug,vf/)ﬁg i’ < j for any time interval [i,j] labeling (vi,v;) € ER}
U{(vi, it vk € Vi A1 <i < n} is the set of directed edges.

4 GraphSlices — Requirements and System Architecture

The concept of dynamic social networks obviously places new requirements on
the graph mining tools. In particular, these requirements include extensibility
and ease of use, support for transparent time-dependent operations, a variety of
algorithms provided for the analysis of social networks and rich support for high
performance computing solutions. Below, we will outline the overall structure
of our new framework GraphSlices designed with the aim to meet the afore-
mentioned requirements. Yet to support network analysis both across time and
various other data dimensions that might be considered by the user later on, the
number of dimensions remains free. The actual implementation of the proposed
framework consists of the following main components (cf. Fig. 2):

— Graph — this component provides the graph interface with two basic imple-
mentations, a serial and a parallel one. The interface provides access to high
level operations over the graphs including the attributes associated with the
vertices or edges. Each vertex and edge is identified by a unique ID and is
wrapped into a corresponding Vertex or Edge class. Graph computations are
performed by chaining multiple operations on the graph and every operation
returns a new transformed version of the original graph.

— Algorithms — a module containing various network analysis algorithms.
So far, PageRank, HITS, coloring and label propagation have been imple-
mented. Other techniques are foreseen, e.g., community detection and in-
formation flow algorithms as well as new approaches based on advanced Al
and machine learning principles capable of revealing emerging structures and
their evolution within the network. An example of a simple end2end use-case
for calculating the evolving PageRank is shown in Listing 1.1

— Builders — a component with the utilities to load/save read-only copies of
the graphs from/to the disk

— Generators — a module containing functions to generate different classes
of random graphs to study and test various graph properties
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Figure 2. Architecture of the proposed framework GraphSlices: At the center
lies the Graph interface which is responsible for all graph manipulation operations. The
two basic implementations supported by this interface are the serial single threaded
implementation and the parallel multi-threaded implementation. The rest of the code
is organized into 3 modules: Generators with various methods to construct synthetic
graphs, Algorithms that contain a suite of techniques implemented for social network
analysis, and Builders that load the graphs to/from the memory.

val graph = Builders.loadFromFile(” ...”)

val slicedGraph = graph.pushDimension (
edge => edge.data.map(time => (time, 1.0))
)

val prGraph = Algorithms.evolvingPagerank (slicedGraph)

Listing 1.1. An example for the dynamic PageRank: Using the example from
Fig. 1, we first load the (dynamic) graph structure, vertex and edge attributes from
a file. Afterwards, assuming the time indicators have the form of a list, we create an
expanded form of the network graph and compute the evolving PageRank.

The proposed framework follows functional programming paradigms, there-
fore we have decided to implement it in Scala. Scala data structures are optimized
for sequential processing and all data resides in memory. In addition to GAS, our
abstraction of graph data thus provides also access to vertex/edge iterators that
allow very fast sequential processing and support the implementation of a wide
variety of graph algorithms. The dynamics of the graphs is handled by means
of a lazily initialized index that allows the graphs to be effectively “sliced” and
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processed based on time or any other dimension. Scala further supports efficient
graph manipulation and powerful parallelization options. GraphSlices has been
developed for single big-memory multiple-cores machines, and as such provides
a useful trade-off between high performance, flexibility and ease of use.

5 Conclusions

The concept of dynamic social networks represents a novel approach to the
analysis of network structured data that evolves over time. This paper provi-
des a survey of latest graph mining tools, together with an assessment of their
advantages and disadvantages. To facilitate the otherwise cumbersome analysis
of evolving network models, we have specified the notion of a dynamic social ne-
twork and summarized a set of requirements to be addressed by the supporting
software frameworks.

Using the insight obtained while analyzing previous approaches to social
network analysis, we have designed the main structure and functionality of a
new graph processing framework called GraphSlices. Its goal is to support high-
level operations designed to manipulate and analyze dynamic social networks.
It shall support multiple computational models, including GAS, and it shall
be equipped with a sufficiently large collection of algorithms applicable to the
solution of various practical network analysis tasks. Our further research shall
include also thorough performance tests of the implemented software.

Acknowledgements: This work was supported by project GA UK No. 120616.
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Abstract. Recognizing textual entailment (RTE), i. e., a decision prob-
lem whether a sentence (called hypothesis) can be inferred from a given
text, became a well established and widely studied task. As a conse-
quence of the traditional binary (or ternary) class formulation, it is not
possible to express the fact that a fragment of the hypothesis is entailed
by the text, even though the “whole” entailment of the hypothesis from
the text does not hold. The notions of partial textual entailment — and
faceted entailment in particular — address this problem. In this paper,
we introduce a siamese CNN architecture with a static attention mech-
anism together with a sentence compression and provide an evaluation
over modified SemEval 2013 Task 8 dataset.

Keywords: Partial Textual Entailment - Convolutional Neural Net-
works - Siamese Architectures

1 Introduction

Recognizing textual entailment (RTE) task attracts attention of NLP commu-
nity for years. It is usually formalized as a classification problem — to classify
“text-hypothesis pairs” into two (Entailment/Non Entailment) or three (Entail-
ment/Non Entailment/Neutral) classes. Nevertheless, these task formulations
cannot properly model a situation when only a fragment of hypothesis H is
entailed by the given text T (but the whole H not) and/or a fact that H is
almost entailed by T. In real-world applications, there is a demand for such a
graded approach. Recognizing partial entailment has many potential applica-
tions, including computing semantic textual similarity [5], detecting plagiarism,
multi-document summarization [2] etc. Recently, there exist many approaches to
RTE problem but, in contrast, the task of recognizing faceted textual entailment
is highly neglected.

The ideas of partial textual entailment and faceted entailment were intro-
duced in [6] in order to provide an automatic evaluation functionality for in-
telligent tutoring systems — roughly said, the goal is to recognize whether the
student’s answer is at least partially correct, i. e., the correct answer to a given
question is at least partially entailed by the student’s answer. This task was later
elaborated by Omer Levy et al. [4]. According to them, we say that an ordered

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 237-242.
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pair (T; H) forms a partial textual entailment if a fragment (component) of the
hypothesis H is entailed by T. In [6], the model of facets has been defined: a
facet is an ordered pair of words contained in the hypothesis accompanied by a
direct semantic relation between these two words (or multi-word expressions). In
RTE-8 challenge [2] as well as in this paper, a simplified facet model is used: the
explicitly expressed semantic relation is omitted, hence the facet consists of only
a pair of words (wy,ws) from the hypothesis. For instance, if the hypothesis is
a sentence “The main job of muscles is to move bones.”, then (muscles, move)
is an example of one possible facet. The agent role of “muscles” in this case is
not provided.

Recognizing faceted entailment — task definition: Given (i) a text T,
(ii) a hypothesis H, and (iii) a facet (wy,ws), i.e., an ordered pair of terms in
H, the task consists of determining whether T expresses, either directly or by
implication, the same relationship between the facet words wq,ws as in H. If so,
the output label is Expressed, otherwise Unaddressed, [2].

Let us provide an example used also in [4]: T: Muscles generate movement
in the body. H: The main job of muscles is to move bones. The facet (muscles,
move) in context of H is expressed by T, but, in contrast the facet (move, bones)
in context of H is unaddressed by T'.

Currently, there is only one known system for recognizing faceted entailment
— the system of Levy et al., [4] that is based on adaptations of three different
RTE approaches/modules (none of them uses neural networks).

2 The Core of Our Approach — Siamese CNNs

Deep learning has meant a revolution in various fields of NLP. Convolutional neu-
ral networks (CNNs) and recurrent neural networks (RNNs, especially LSTMs)
are the main architectures used in various NLP tasks including machine trans-
lation, answer selection or textual entailment.

Recognizing faceted textual entailment task deals with three entities as in-
puts: text, hypothesis, facet. The underlying idea of our approach can be briefly
described as follows: both text and hypothesis are represented using convolu-
tional neural networks (input — convolutions with different filter widths —
pooling layers) that share corresponding weights, i. e. they are two instances
of the same network: one for representation of T, the second one for represen-
tation of H. These two vector representations are then concatenated together
with the representation of the facet and over this representations, several densely
connected layers are applied. The last (output) layer is then a single sigmoid neu-
ron, since we have a binary decision problem. (An architecture of this kind for
“classical” RTE is depicted in [9] as BCNN.)

Sentences (text, hypothesis) are sequences of words — let us assume they
have the same length [. Each word w is represented by its embedding e(w) in
the dp-dimensional real space. For the purpose of this work, we use GloVe em-
beddings [7] with dimension dy = 50. This leads to a real matrix representation
of dimension (dy x 1) for each sentence — two main input layers. We have also an
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auxiliary input layer for facets. These are represented by dy dimensional vectors
that are centroids of facet word embeddings. Since the sentences have different
lengths, [ is the maximal sentence length and sentences of length lower than [
are padded with zero vectors.

After the input layers, there are simultaneously several convolution layers:
6 with filter width 2, 6 with filter width 3, and 2 with filter width 4, these
are connected to max pooling layers with widths 2, 3,4 respectively. The num-
ber of filters and their widths were determined by exhaustive search. To avoid
overfitting, Lo regularization was used.

As already mentioned, these two instances of the same CNNs (i. e., with
shared weights and other parameters) provide text/hypothesis vector represen-
tations. This architecture is typically called a “siamese architecture”. These two
representations as well as the facet representation become an input to two densely
connected layers both with 4 ReLU units. Final decision about faceted entail-
ment is done by a single sigmoid unit, see Figure 1. We have ~ 3000 trainable
parameters in total. The training was performed in 128 epochs using RMSprop.

Fig. 1. Overall architecture
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2.1 Improvements: static attention and sentence compression

Our improvements are based on the assumption that different words in the
text/hypothesis have different importance from the faceted entailment view-
point: words in the text/hypothesis that are similar to those in the facet, should
be adjusted in the sentence representation and, moreover, words with low simi-
larity should be removed.

The similarity on the word level is computed using function:

1

p(z,y) = m>

where |.| stands for the standard Euclidean distance, x and y are vectors of
dimension dy, i. e. word vectors. We use Euclidean distance instead of a “more
standard” cosine similarity according to investigations presented in [10].

For each word w; in the text/hypothesis (1 < ¢ < [), let \; be its weight
w.r.t. the facet (v1,v2) defined by:

Ai(wi) = max{p(e(w;), e(v;)) | j =1,2}.

Note that words vy, vo in the hypothesis forming the facet, have their corre-
sponding values of
)\(1}1) = )\(Ug) =1.

Static attention-based CNN for recognizing faceted entailment will have for-
mally the same architecture as in the previous case, but instead of feeding the
input layer by the concatenated column vectors e(w;),e(ws),...e(w;) for the
sentence wi, wo, . . . w;, we will use the concatenation of columns

A1(wy) - e(wr), Aa(wa) - e(ws), ... \(w;) - e(wy),

i. e., embedding vectors are multiplied by scalars — the weights with respect
to a given facet (in the implementation, this is done by a point-wise tensor
multiplication layer).

We use rather the word “static” together with “attention”, to distinguish
the approaches like [10] (and attention mechanisms used in the field of image
processing), since there are no weights to be learned during the training in order
to specify which words/input areas are more important than the others — this is
done before the learning process in a fixed way.

The static attention is modeled by multiplying word embedding vectors in the
text/hypothesis representation by scalars (weights expressing the word similarity
“facet word—word in the text/hypothesis). Sentence simplification is a process
of altering sentence such that it becomes simpler according to syntactic or lex-
ical criteria [3]. Sentence simplification can be used in a preprocessing pipeline
in a variety of tasks including text summarization, sentence fusion or machine
translation. One of the prior approaches to sentence simplification is based on
sentence compression — i. e., word deletion in particular. In our approach, we
drop out words that have a low similarity to those contained in facets. This pro-
cess removes some n-grams, but also introduces new ones that were not present
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in the original sentence and that were obtained by skipping a deleted word (that
will be later covered by a convolutional filter of width n) . In parallel, some
n-grams that contained irrelevant words were dismissed.

3 Evaluation and Results

Nowadays, there is only a limited amount of training/test data for recognizing
faceted entailment task. The only one “official” annotated corpus for this purpose
is known, it is a subset of SciEntsBank that was used in SemEval 2013 RTE-8
challenge [1]. For our purposes we have modified this corpus by adding a part of
test data to the training dataset in order to have a bigger training set — since the
original training set contained less items than the test one (!): 13145 (train) vs.
16263 (test). This was done to increase the amount of training data that deep
learning models usually require).

Our training set includes 27408 items, the test set 2000 (randomly selected
from the original SemEval test set).

We achieved the precision 0.845 and recall 0.832 when employing mentioned
improvements, and precision 0.786 and recall 0.779 without them.

4 Conclusion and Further Work

We have proposed a siamese attention-based convolutional CNNs that works
over compressed sentences (text, hypothesis). As far we know, it is a first deep
learning approach applied to this task. We have demonstrated that the static
attention mechanism provides a significant added value in the task of recognizing
faceted entailment. Proposing advanced architectures for this task belongs to
further work as well as their sound evaluation: the further work will include
experiments and evaluations of other deep neural network architectures, mainly
(bi-)LSTM based ones, [8]. The other way of investigations will be focused on
the impact of different initial sentence representations, such that dimensionality
of word embedding used, different types of them, e.g. GloVe, word2vec, freetext
etc., as well as the impact of different sentence length in the sentence compression
step. The results will be covered by a paper in preparation.
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Abstrakt. Publikovani dezinformaci na webu hraje stédle vétsi roli, proto
vyvstava otédzka, jak takovému obsahu celit a nebo na jeho potencidlni
zavadnost alesponi upozornit. Propaganda vyuzivé dezinformaci k rela-
tivizaci skutecnosti, jejichz popis se snazi vétsinou nepiimo zpochybnit.
Prispévek formou piipadové studie v konkrétni kauze formalné popisuje
vyroky prezentované v ¢lancich publikovanych na webu a to véetné ucelu
jejich publikovani; v§ima si nékterych zajimavych aspektu prezentovanych
dezinformaci a hledd model pro jejich popis.

Cilem ptispévku je informovat o vznikajici datové sadé a ilustrovat zdkladni
pouzité dezinformaéni techniky véetné dusledku jejich pouziti.

Klicova slova: Dezinformace - Web - Pravdépodobnost - Entropie

1 Uvod

Dnesni web umoziiuje publikovat piispévek, at jiz formou diskuzi, blogt &i jinych
médii téméf kazdému. Se zvysujici se jednoduchosti publikace ndzoru a zna¢nou
mirou i rychlosti dosahu je mozné takovych piispévka vyuzivat k Sifeni propa-
gandy, neboli k pusobeni na publikum formou umysinych formulaci myslenek,
postoju chovdni s cilem dosdhnout reakce v souladu s umysly a potiebami propa-
gandisty [4]. Propaganda se snazi relativizovat skute¢nost generovanim (souboru)
hypotéz zamlzujici realitu, u nékterych typu dat i algoritmicky [6] pomoci spe-
cializovanych podobnostnich mér.

Propaganda je Sifena prostiednictvim dezinformaci, nepravdivijch nebo zavd-
déjicich informact, jejichz publikaci autor ovlivriuje mebo manipuluje prijemce
informace [4,5]. Naopak nepravdivé informace, které nemagi cil manipulovat
a vznikaji pouze z nepochopeni podstaty informace, ozna¢ujeme jako famy, po-
piipadé misinformace. Obsah, ktery obsahuje dezinformace, pak nazyvame fake
news [4], je-li obsahem cely clanek, pak hoaz [5]. Uspénym oznacime takovy
hoax, ktery zustane zvefejnén po dlouhou dobu (provadi-li se korekee), dostane
se mu medidln{ pozornosti a pfildkd mnoho uzivatelu [5].

Konvenéni média se snazi eliminovat prezentovani dezinformaci a hoaxi, aft
jiz formou piimé lingvistické analyzy obsahu [3] nebo nepfimo na zékladé vlast-
nosti obsahu jako je délka textu, formétovan{ ¢ pocet externich odkazu [5].
Eliminace (zavédéjictho, ale zdkonem nezapovézeného) obsahu vSak nardzi na
etické problémy spojené se svobodou slova.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 243-2/8.
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2 Formalismus pro analyzu prezentovanych vyroku

V ramci navrzeného formalismu vyroky mohou podporovat, oslabovat ¢i roz-
porovat jiné vyroky, mohou vsak i napadat ¢i velebit aktéry. Jak vyroky, tak
aktéri mohou mit hierarchické uspotradani. Pro lepsi srozumitelnost formalizmus
umoznuje stanovit, ze dany vyrok je reakci na néktery z predchozich vyrok nebo
ze pro svou platnost vyuziva jiného vyroku; rovnéz zaznamenava vagnost vyroku
(nejpravdépodobnéjsi, pry) nebo pouziti néjaké techniky (napiiklad ironie).

2.1 Datova sada Novicok v Cesku

Jako pilotni projekt pro analyzu publikovanych vyroku byla vybrana kauza
otravy dvojitého agenta Sergeje Skripala a jeho dcery Julie armddnim nervové
paralytickym jedem A28, ktery patit do skupiny ldatek neoficidIné oznacovangch
jako novicok vyvinutych v 70. aZ 80. letech v Sovétském svazu v rdmci programu
Foliant, mezi analyzovand mainstreamova media byly vybrany portdly aktu-
alne.cz, el5.cz, echo24.cz, idnes.cz a lidovky.cz; z alternativnich (podle [1]) médif
pak ac24.cz, aeronet.cz, cz.sputniknews.com, parlamentnilisty.cz a prvnizpravy.cz.
Relevance publikovanych ¢lanku byla kazdodenné aktualizovdna pomoci sluzby
Google Common Search. Relevatni ¢lanky byly manudlné analyzovany a jejich
obsah extrahovan do vyroki, které byly v ramci formalismu otagovany.

V datové sadé se mainstreamova média snazi o vyvazeny piistup véetné citace
postoju jednotlivych stran, typicky Velkd Britdnie z dtoku ma Skripalovi vini
Moskuvu, kterd to ale popird', ke konci élankii byva uvadéno shrnuti stavajiciho
stavu. Tento perex je uvadén i u ¢lanku typu rozhovor, kdy ¢lanek prezen-
tuje stanovisko jediného aktéra. Pocet prezentovanych vyroku byvéa fadoveé nizsi
desitky. Naopak alternativni média v datové sadé velmi Casto prebiraji casti z
jinych médii a podstatné castéji prezentuji postoj jedné strany; vykazuji pod-
statné vyssi podil formulaci, které se snazi relativizovat vyroky. Alternativni
média, podobné jako diskuzni féra, vedle relativizace pouzivaji i ironie a osobnich
utoku, pocet vyroku byva oproti mainstreamovym podstatné nizsi (bézné mensi
nez 5) a nebo naopak velmi vysoky.

2.2 Ukazky relativizace vyroka z datové sad

Jako piiklad relativizace uvedme vyrok Velké Britdnie, Ze piivod ldtky pouZité
k otravé Skripalovyjch je v Rusku? podpoieny mistem vijvoje novicoki v byjvalém

! naptiklad https://www.lidovky.cz/otravne-latky-se-v-cesku-
vyrabeji-jen-kvuli-testovani-vlastnosti-tvrdi-odbornik-g13- /zpravy-
domov.aspx?c=A180317_-185626_In_domov _ele

2 napifklad https://www.lidovky.cz/novicok-pribeh-desiveho-smrticiho-jedu-o-nemz-
rusko-od-pocatku-lhalo-1iw- /zpravy-svet.aspx?c=A180318_144805_ln_zahranici_mpr
nebo https://technet.idnes.cz/sergej-skripal-novicok-fsb-putin-kreml-mi6-oleg-
penkovskij-gru-pbl- /vojenstvi.aspx?c=A180331_103433_vojenstvi_kuz
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SSSR3, detekci otravné ldtky u Skripalovijch jako novicok A234* a soudasnou
vnitropolitickou situaci v Rusku; vyrok podporuje odpovédnost Ruska za utok.
Rusko zareagovalo sadou postupné uvolnovanych vyroku. Nejprve oznamilo, ze
nejpravdépodobnéjsim zdrojem smrtict ldtky typu Nowicok je podle ruské diplo-
macie Ceskd republika, Slovensko, Britdnie nebo Svédsko. Jmenované zemé podle
mluvéi od konce 90. let provddéji intenzivni vizkum ldtek z projektu Novicok?,
posléze dementovalo Na uzemi Sovétského svazu ¢i v dobdch jeho existence ani
v €re Ruské federace mnebo na jejim uzemi se nikdy neprovddély vyzkumy, jejichz
skutecné nebo kédovaci jméno bylo Novicok.S Nelze si nepovsimnout rozporu
mezi vyroky (prezentovanymi tyz den ministerstvem zahrani¢i Ruské Feder-
ace), zatimco druhy popird existenci novicoku (avsak jako programu, nikoliv
jako 1étky), prvni udévé zdroj 1ldtky novicok (ve smyslu latky i programu) mimo
Rusko s apelem na vyvoj (dle dalsich publikovanych vyroku se intenzivni vgzkum
ldatek provddi za ticelem protichemické obrany”, na ¢emz se shoduji obé strany).

Mainstreamova média publikuji vyrok o mikrosyntéze, kterd neni podle mezi-
ndrodni dmluvy povazovdna za vijrobud, se kterym vsak nejen alternativni média,
ale i rozhovory v mainstreamovych médiich pak laboruji ve smyslu Rusové nds
pomérné od samého zacdtku ddvali do spojitosti jenom jako zemi, kterd umi
Nowicok vyrobit, o dems neni divod pochybovat, Ze um® stirajici rozdil mezi
mikrosyntézou a vyrobou pro bojové pouziti. Po eskalovani diplomatického sporu
pak Ruskd strana dopliuje, ze Prahu nikdo v nicem neobvirioval a neobviriuje.
Na rozdil od britskijch kolegi Zidnd obvinéni nevzndsime. Mluvime jen o tom, Ze
dokonce i v medidlnim prostoru — a neni to propaganda, nejsou to ruskd, ale éeskd
média — existuje velké mnozstvi materidli, potvrzugicich potencidl Ceska v oblasti
chemickyjch vyzkumai. To je prosté tieba brdt v vwahu'®. Ukdzka ilustruje posun
sémantiky, ktery relativizuje pfipousténim hypotetické moznost schopnosti, byt
v jinych ohledech rozporuplné.

w

napiiklad https://www.lidovky.cz/jed-novicok-byl-nejmocnejsi-chemickou-
zbrani-sovetsti-vedci-za-nej-dostali-leninovu-cenu-g74- /zpravy-svet.aspx?
¢=A180313.084853_In_zahranici_ele
napiiklad https://www.lidovky.cz/novicok-pribeh-desiveho-smrticiho-jedu-o-nemz-
rusko-od-pocatku-lhalo-1liw- /zpravy-svet.aspx?c=A180318_144805_ln_zahranici_mpr
napfiklad https://www.lidovky.cz/kreml-reaguje-na-zemanovo-
tvrzeni-o-novicoku-je-to-pry-dukaz-ze-mayova-1ze-15v-/zpravy-
domov.aspx?c=A180504_082512_In_domov_lar
https://www.lidovky.cz/cesko-slovensko-britanie-nebo-svedsko-
jsou-moznymi-puvodci-latky-novicok-tvrdi-moskva-gta- /zpravy-
svet.aspx?c=A180317_151552_In_zahranici_ele
napiiklad  https://zpravy.idnes.cz/ministr-zahranici-martin-stropnicky-komentar-
velvyslanec-novicok-sergej-skripal-g2m- /domaci.aspx?c=A180321.125640_domaci_jn
https://zpravy.idnes.cz/mimoradna-schuze-snemovny-novicok-dtb-
/domaci.aspx?c=A180530-212939_domaci_kop
napiiklad subportdl u lidovky.cz, http://neviditelnypes.lidovky.cz/rozhovor-rusko-
skripala-neotravilo-d78-/p_zahranici.aspx?c=A180527_172153_p_zahranici_wag
napiiklad https://echo24.cz/a/SduKV /moskva-opet-ukazala-na-prahu-novicok-ma-
vyznamne-misto-v-ceskem-vyzkumu

~

(<

6

4

0

©

10



246 Datova sada pro detekci dezinformacéniho obsahu

Sémanticky posun lze v datové sadé ilustrovat i u mainstreamovych médif
nebo divéryhodnych organizac; zatimco piivodné latka A230 (kterd byla v Cesku
(mikro)syntetizovana, odlisnd od litky A234 pouzité k otravé Skripalovych)
nebyla oznaCena jako novicok (ddajné zprava BIS, SIjJB), postupné si toto
oznaceni ziskdvala (Vojensky vyzkumny ustav, pozdéji Vojenské zpravodajstvi,
prezidentskd kanceldr, ndsledné vétsina médif).

Podobné je to s mnozstvim syntetizované latky a jejim limitem dle tmluvy
o nesifeni chemickych zbrani, néktera alternativni média mluvi o zdkazu jaké-
hokoliv mnozstvi'!l, fddové mikrogramech (u popisu mikrosyntézy; napt min-
isterstvo obrany)!?, fddové o gramy'3, do 10 kg'4 az po 1 tunu (alternativn{
médial®).

Cil relativizace je vétsinou omezen na kontext ¢lanku nebo c¢asové okno,
zatimco koncem bfezna platilo Prezident republiky Milos Zeman dosdhl dalsiho
velkého vitézstvi na poli diplomacie. ... bylo dohodnuto, Ze ... CR nevyhosti 30
ruskych diplomati, ale jenom 3 ruské “pracovniky” z ruské ambasddy'®, v poloviné
kvétna stejny autor na stejném portalu predmétné vitézstvi oznacuje jako Dalsi
utok proti Milosi Zemanovi prisel v kauze Skripal, kdy ministr zahranici za
Hnuti ANO Martin Stropnicky vyhostil z CR tri ruské diplomaty'”. Zatimco
prvni vyrok lichoti prezidentovi, pozdéjsi titoci na pfedstavitele vlady a lichoti
proruskému postoji. Podobné chovani vykazuje vyrok Rusom, ktori turdia, Ze by
na zdklade analijzy dokdzali ndjst vijrobcu'® reflektujici Britové odmitaji Rusku

"1 https://aeronet.cz/news/novicok-nikdy-neexistoval-ve-skutecnosti-slo-o-noviczech-
vtipkuji-ruska-media-a-nejsou-daleko-od-pravdy-base-line-npl-a-230-se-totiz-pry-v-
cesku-nevyrabela-ale-jenom-testovala/

napiiklad https://echo24.cz/a/SAkpU /novicok-se-v-cr-vyrabel-v-mikroskopickem-
mnozstvi-uvadi-ministerstvo nebo  https://www.lidovky.cz/drabova-latky-zvane-
novicok-se-v-cesku-nevyrabely-syntetizoval-se-mohly-mikrogramy-a230-nebyla-v-
i2x-/zpravy-domov.aspx?c=A180504-103412_In_domov_gib

napiiklad https://nazory.aktualne.cz/komentare/pr-bublina-slechtova-sejmula-
pana-novicoka/r7e0cbf325a8011e8b8310cc47ab5f122/
https://aeronet.cz/news/novicok-nikdy-neexistoval-ve-skutecnosti-slo-o-
noviczech-vtipkuji-ruska-media-a-nejsou-daleko-od-pravdy-base-line-npl-a-230-
se-totiz-pry-v-cesku-nevyrabela-ale-jenom-testovala/, rusky velvyslanec podle
https://echo24.cz/a/Svnev /rusove-couvaji-cesko-jsme-nikdy-neobvinili-jen-jsme-
konstatovali-fakta

https://www.parlamentnilisty.cz/arena/monitor /Docent-ke-kauze-novicok-Tutlalo-
se-neco-hodne-svinskeho-Proto-informovane-osoby-zacaly-tak-radit-proti-Zemanovi-
534799
https://aeronet.cz/news/zdroj-z-okoli-hradu-chteli-po-nas-vyhostit-30-ruskych-
diplomatu-nakonec-ale-tu-nulu-za-trojkou-museli-skrtnout-dalsi-politicke-vitezstvi-
prezidenta-milose-zemana-neocon-se-nazral /
https://aeronet.cz/news/uz-vime-proc-cssd-pozadovala-kreslo-ministra-vnitra-na-
vnitru-bude-sedet-bakaluv-clovek-z-americkeho-aspen-institute-a-pomalu-se-zacina-
rysovat-proc-babis-neposlechl-milose-zemana/
http://www.parlamentnelisty.sk/arena/politologovia/ Tereza-Spencerova-Novicok-
Pomaly-bezna-vec-ma-to-vselikto-Putin-po-veceroch-nad-cmudiacimi-kadickami-
vyvija-nove-zbrane-Tie-dristy-a-taraniny-o-Rusku-299029

12

1

w

14

15

16

17

18



Poster 247

poskytnout tento vzorek', jenz prestal byt pouzivan po té, co Podle britskyjch i
ruskyich experti vijrobce ani neni mozné zjistit?".

Relativizovat lze i vSeobecné prijimany vyrok; zatimco informaci, ze Julija
Skripalovd v pondéli opustila nemocnici®' je publikovédna vsemi sledovanymi
zdroji, o den pozdéji je vyrok upfesnén, ze se tak tomu stalo odpoledne®?, za
cca meésic pozdéji pak, ze byla minuly mésic potaji a uprostred noci propusténa
z 1ééby?3. Rozporuplnost v takovém pifpadé piindsi pouze st vyroku.

2.3 Budouci strojové zpracovani
Datova sada je predurcena pro dalsi vyzkum v nasledujicich oblastech

— Pravdépodobnostni pfistup - VysSe uvedené scénaie maji spolecény efekt,
kterym je zvySeni bindrni entropie [2] platnosti vyroku. Publikovand rela-
tivizace (jak je patrné vétsinou nepiimo) oslabuje ptuvodni vyrok, zvysuje
tak v ¢lancich relativni ¢etnost vyroku opa¢ného vyznamu a tim zvysuje en-
tropii. Cile relativizace jsou vétsinou kratkodobé, zatimco cile propagandy
dlouhodobéjsi, nebot byvaji spojeny s postojem autora k aktériim spojenych
s vyrokem. I tuto vazbu opét lze kvantifikovat pomoci relativnich ¢etnosti.

— Hledéani vzort scénéit - Expresivita datové sady umoziuje definovani vzoru
scénéiu a jejich ndsledné automatické hledani. Timto zpusobem lze deteko-
vat nejen protistrany a jejich vzdjemné konfrontace, ale i rozpory napfic jed-
notlivymi ¢ldnky vcetné ¢asovych konsekvenci. Cilem detekce neni vybrani
jediné spravné odpovédi (faktu), ale upozornit na fakta, kterd si protireéi,
ktera nejsou potvrzena jinymi zdroji nebo autory.

— Ontologie vlastnosti - Formalismus je definovan pomoci jednoduchého onto-
logického popisu. Ten miZe byt oproti datové sadé rozsifen o dalsi af jiz stro-
jové odhadnuté ¢i uzivatelem definované vazby, které poukazuji na podobné
vlastnosti vyroku (napiiklad vyroky z pokrac¢ujici konfrontance dvou stran).

3 Zavér

Cilem piispévku je informovat o vznikajici datové sadé popisujici konkrétni
kauzu Novicok v Ceské republice, ve které se stietavaji Velkd Britanie, Rusko
a Ceskd republika, podle [4] historicky propagandistické mocnosti. Piispévek

19 napiiklad http://www.ac24.cz/zpravy-ze-sveta/12410-jake-staty-dodat-novicok-
cesko
20 napifklad https://echo24.cz/a/SMNNY /britove-pry-nasli-tajnou-ruskou-laborator-
odkud-pochazi-jed-novicok
napiiklad https://www.echo24.cz/a/SJ4wm/nechci-vasi-pomoc-odmitla-rusy-dcera-
otraveneho-agenta-skripala
http://zpravy.el5.cz/zahranicni/udalosti/skripalova-byla-propustena-z-nemocnice-
stav-jejiho-otce-se-lepsi-1345466
https://aeronet.cz/news/novicok-nikdy-neexistoval-ve-skutecnosti-slo-o-noviczech-
vtipkuji-ruska-media-a-nejsou-daleko-od-pravdy-base-line-npl-a-230-se-totiz-pry-v-
cesku-nevyrabela-ale-jenom-testovala/
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formou pripadové studie popisuje z datové sady konkrétni scénare kombinujici
vyroky a dava nahlédnout do moznosti pomoci pravdépodobnostniho piistupu
popsat davody, pro¢ k relativizaci daného vyroku dochazi. Stejny piistup pak
umoznuje detekovat vyroky, které maji relativizujici G¢inek. Zadna informatickd
mira vSak nenahradi lidsky usudek, avSsak muze upozornit na klicové rozdily
v prezentovanych vyrocich. Jejich agregace muze identifikovat autory a stranu,
kterou svoji propagandou uptednostnuji.
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Annotation
Web Disinformation Detection - Case Study - Novicok in Czechia

The paper presents a case study of the propaganda usage on a real cause of double
agent Sergei Skripal. The formal model describing statements published in web
articles is announced and particular interesting aspects of used disinformation
are provided together with the reasons, why the disinformation is published. The
paper is aimed at the presentation of the data collection to have been created
and provides a brief discussion on the used propaganda techniques.
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Abstract. National economies can be influenced in various ways. Our research
is focused on post-Soviet and Spanish speaking countries. To understand the ac-
tual state of the countries and to assess possible trends for their development,
we use the SOM-networks. Based on development indicators provided by the
World Bank, our approach is shown to explain both major trends as well as
changes in the development of the countries. Stable economies are character-
ized by minor changes and sustained development. Crises, on the other hand,
tend to manifest themselves rather by turbulent movements of the economy.
This paper demonstrates various changes in the country's economy, such as
economic and moral crises, or socio-political turmoils, but also positive events
like joining economical unions or organizing international sports events. Fur-
ther, we will provide possible reasons for the causes of these trends and crises.

Key words: self-organizing maps, macroeconomic analysis with neural net-
works, data analysis, data visualization.

1 Introduction

Crises may take different forms such as war, economic downturn, natural disasters,
etc. Conversely, events like hosting the football championships can bring tangible
improvements, in Russia, it increased the Gross Domestic Product (GDP) by an extra
0.2% [7]. For different countries, however, their impact on society may differ. The
main goal of our work is therefore to propose a new methodology capable of detect-
ing regularities or anomalies in country development represented in the form of time-
series data. The amount and character of the found anomalies might, namely, help to
asses and visualise the actual state of the investigated country. This paper is focused
on the evolution of post-Soviet and Spanish speaking countries based on data from the
World Bank. We will consider a large range of indicators, i.e. GDP per capita, infla-
tion or literacy rates, processed using self-organizing Kohonen maps (SOMs).

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti & WIKT 2018, Brno 11.-12.10.2018, pp. 249-25).
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2 Related Work

Various research papers demonstrate applicability of neural networks and other ma-
chine learning techniques to the analysis of economic data. Recent models for time-
series forecasting [2] and data clustering methods [1], [3], [5], [8] have been studied
with emphasis on different aspects, e.g., time and space complexity, dependencies
between variables, or correlation between data size and the model's architecture. Un-
fortunately, most of the known clustering approaches do not adequately reflect the
topological structure of the data, which might provide better insight into the details of
the data set. The capability of topology-preserving mappings represents, however an
advantage of SOMs [4] with a huge potential impact on the result interpretation.

Kohonen maps provide a powerful tool allowing to process high dimensional data
by reducing the dimensionality of the input space. The arrangement of the neurons on
a 2D-grid should reflect the topology of the input structure. After a large number of
training iterations, the neurons will be located accordingly on the map.

3 Data and its Pre-Processing

Our data was obtained from the World Bank database [9]. Altogether, 19 different
indicators showing economic and social aspects from 2000 until 2012 were used, each
carrying equal weight (Tab. 1). In our research we investigated the development of 16
post-Soviet states and 17 Spanish speaking countries in 2000-2012. In total, 14.66%
and 13.41% of the data was missing from the post-Soviet and the Spanish speaking
countries, respectively. For the approximation, the missing ends were substituted by
the closest known value. Missing intervals with known bounding values were linearly
approximated. If for a given indicator, a country had no data at all, the mean of the
indicator was used. Then, the values of the i-th indicator, denoted val?'¢, were trans-
formed into val**", such that the transformed values retained the original distribution
and remained in the range [0,1]. Equation (1) was used for pre-processing:
vallew = valdd_pa "

vl vl .

val™"andval™** correspond to the min and max values of the original val?'4.

4 Supporting Experiments

For the prepared data, two SOMs with the same initial parameters were trained (one
for the post-Soviet and one for the Spanish speaking countries). The SOM model used
had a 2D hexagonal grid with 20 x 30 neurons in the Kohonen layer as this provides

! The post-Soviet countries are Russia, Estonia, Latvia, Lithuania, Belarus, Ukraine, Moldova,
Georgia, Armenia, Azerbaijan, Kazakhstan, Uzbekistan, Turkmenistan, Tajikistan and Kyr-
gyzstan, Czech Republic was added for reference. TheSpanishspeakingstatesinclude
Argentina, Bolivia, Chile, Colombia, Cuba, DominicanRepublic, Ecuador, El Salvador,
Honduras, Mexico, Panama, Paraguay, Peru, Puerto Rico, Spain, Uruguay and Venezuela.
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a reasonably large space to obtain convincing results given the data size. Both SOMs
were trained for 50000 iterations. Next, the data for each country was projected onto
the respective SOM. The evolution of the economy over time is shown by a line con-
necting data points representing two consecutive years. Lastly, the initial (2000) and
final (2012) data points were marked in green and red, respectively.

Among the post-Soviet countries two clusters were formed. The larger one on the
right contains mainly the poorer regions, like Central Asia or the Caucasus. The
smaller one on the left includes rather richer countries, e.g., the Baltic States. In the
case of the Spanish speaking countries, geographically close regions tend to be adja-
cent to each other on the SOM. The main cluster on the right contains most Latin
American countries. The two smaller clusters on the top left correspond to Spain and
Puerto Rico (due to its political relationship with the US, an unincorporated territory).

Tab. 1.The used macroeconomic indicators

Development indicator Units

1.GDP growth annual %

2.GDP per capita current US$

3.GNI per capita, Atlas method current US$

4. GNI per capita, PPP current international $
5. Exports of goods and services % of GDP

6. Imports of goods and services % of GDP

7. GINI index World Bank estimate
8. Foreign direct investment per capita Balance of Payments, current US$
9. Unemployment rate % of total labour force
10. Poverty headcount ratio at national poverty lines % of population

11. Inflation, consumer prices annual %

12. Inflation, GDP deflator annual %

13. Internet users per 100 people

14. Life expectancy at birth, total years

15. Adult literacy rate, population 15+ years, both %

sexes

16. Agriculture, value added % of GDP

17. CO2 emissions metric tons per capita
18. Central government debt, total % of GDP

19. Population density per km?

5 Analysis of Country Development

To find regularities or anomalies, we used the Manhattan distance, d,,(c¢, ct*1):
dy(ct, €)= [ef = + |cf — ¢

of Kohonen neurons ¢t with the coordinates ¢ = (cf,¢f)and ¢*** with the coordi-

nates ¢t*! = (ci”l, cj”l)representing the considered country in the respective years t
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and t + 1. Then we compared the obtained values d,,(ct, c¢t*1) with a threshold dis-
tance experimentally chosen to be 10% of the biggest possible displacement in the
map. Since we used a 20 by 30 grid of neurons, the max Manhattan distance between
any two neurons is |30 — 1| + |20 — 1| = 29 + 19 = 48 giving a threshold value of
4.8. If the obtained distance was higher, that year was marked as a significant change.
This metric proved great in identifying the most important changes, which correlated
very well with the socio-economic development in those years. Tab. 2 contains the
most interesting countries, with the significant changes in highlighted in grey.

Tab. 2.Positions of 6 example countries on the Kohonen maps

Country 2000 01 02 03 04 05 06 O7 08 09 10 11 12

Spain 24 24 24 | 2 2 2 1 1 0 0 0 0 0
0 0 0 10 10 10 9 9 10 7 7 7 8
Estonia 16 16 | 2 2 3 3 3 3 4 2 3 3 4
16 16 ' 5 5 3 3 5 5 4 4 4 4 5
Azerbaijan 8 8 3 3 4 6 3 5 5 5 15 12 14
24 24 119 20 19 19 |17 | 18 17 17 ' 23 24 24
Argentina 17 17 114 16 | 16 [ 24 | 24 24 24 22 27 27 | 23
0 0 5 9 9 2 2 2 2 0 2 2 1

Armenia 3 4 4 4 4 4 3 3 4 4 5
15 14 14 14 14 14 14 14 15 16 14 15 16
L 19 20 20 20 19 21 21 21 22 21 20 20 21

Bolivia

6 5 5 5 5 7 8 8 g 11 11 11 10

Considering post-Soviet countries, Estonia, e.g., started in the main cluster, but
moved to the smaller one in 2002, most likely due to its EU accession. Conversely,
Azerbaijan changed its position quite frequently but lacked sustained progress. The
first change in 2002 could be due to the constitutional amendments. In 2006 GDP
growth peaked at 41.5%. Lastly in 2010 the price of oil increased heavily, which
Azerbaijan relies on unlike its neighbours Georgia and Armenia.

Looking at the Spanish speaking countries, the isolation of Spain in a separate clus-
ter since 2003 could be explained by the Euro adoption in 2002. Considering Argenti-
na, big position changes happened in 2002, 2003, 2005, 2010, and 2012. The first one
can be related to the Argentine Great Depression (1998-2002, the economy shrank by
28%). The economic recovery started with 2003 presidential elections. In 2005 the
GDP exceeded pre-crisis levels. In 2009 Argentina was affected by the global reces-
sion. First GDP growth decreased to nearly zero, and then expanded to around 9% in
2010 falling back to 1,9% in 2012, one the lowest in Latin America.

Analysing the evolution of the countries in the Kohonen maps, we can thus distin-
guish the following three main types of countries (a complete set of the Kohonen
maps as well as the data used can be accessed online [6]):

1. Countries with a very local movement on the grid. This can be understood as
steady economic development, with no considerable socio-economic changes, e.g.
Armenia (Fig.1), Tajikistan, Bolivia or El Salvador.
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D=0

> o
o

Fig.1.Projection of data from Armenia
2. Regions which underwent a notable shift such as Spain (Fig.2), Estonia, Latvia or

Lithuania. Major changes in the country’s position in the lattice often relate to sig-
nificant social, political, or economic changes.

@«
D

Fig.2. Projection of data from Spain

3. Countries behaving in an unstable manner, making several significant movements
back and forth. These are often unstable economies with high levels of corruption
and social insecurity, e.g., Azerbaijan (Fig.3), Moldova, Argentina or Colombia.

Fig.3. Projection of data from Azerbaijan
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6 Conclusion

Our research has shown the usefulness of Kohonen maps for the analysis of high-
dimensional macroeconomical data. The processed 19 indicators for post-Soviet and
Spanish speaking countries were projected onto a 2D SOM-map, which helped us
group together countries with similar development. Our original contribution to the
area consists in introducing a new methodology based on the analysis of pre-trained
Kohonen maps to identify anomalies in the development of time-series data.

Major shifts in the positions of the countries on the Kohonen maps were often ac-
companied by socio-political or economical reforms, like EU accession. Conversely,
countries rich in oil shift a lot, yet without any steady improvements. Other reasons
for instability may include also significant economic downturns, natural disasters or
wars. Within the framework of our further research we would like extend our experi-
ments to more countries from different parts of the world and to investigate additional
indicators, identifying the crucial ones for a country's stable development and eco-
nomic growth. This knowledge would help us predict which country will develop
stably, and which one is likely to undergo a considerable change in the near future.
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Abstrakt. Tento prispevok sa zaoberd problematikou predikcie ban-
krotu spolo¢nosti s ruéenim obmedzenym na Slovensku. Cielom bolo
vytvorif vhodny klasifikaény model na zdklade détovej sady vyrazne ne-
vyvazeného charakteru, kde pomer nebankrotujicich spoloénosti vyrazne
prevysoval pocet bankrotujicich podnikov. Pri rieseni tohoto problému
sme pouzili tri rozdielne metédy strojového ucenia. Najlepsiu tispesnost
predikcie sme dosiahli prostrednictvom klasifikatora LSAD, kde bola za-
znamenané hodnota geometrického priemeru vo vyske 92% pre obdobie
jedného roka pred rokom evaluacie. Vysledky boli overené na détovych
zédznamoch spolo¢nosti z odvetvia priemyslu a stavebnictva.

-

KIticové slova: Strojové ucenie, nevyvazend datova sada, metéda pod-
pornych vektorov, detekcia odlahlych bodov, bankrot spoloénosti

1 Uvod

Predikcia bankrotu spoloénosti je problematika, ktora je diskutovana uz niekolko
desatroéi, aviak stile nie je dostatoéne vyriesena. Schopnost véasne a tispesne
predpovedat, Ze fungovanie spolo¢nosti a jej finanéné zdravie sa dostéva do
tazkosti, moze byt velmi uZitoénym néstrojom v rukich vedenia podniku, ktoré
moéze véas reagovat na bliZiacu sa nepriaznivi situdciu a tym predist moznym
tazkostiam, ktoré mozu ohrozit chod, ba az existenciu spolo¢nosti [1].

Prvé pokusy predikcie bankrotu spolo¢nosti boli zalozené na porovnavani
hodnét pomerovych ukazovatelov bankrotujicich a nebankrotujicich spoloénosti.
Rozvoj statistickych metdd zaznamenal vyrazny uspech pri vytvoreni Altma-
novho Z-score [2]. Této metéda bola postupne nahradend inymi Statistickymi
met6édami (logit a probit). Postupom ¢asu sa zacali Statistické metédy nahradzat
sofistikovanej$imi metédami, medzi ktoré mozeme zaradif metédu podpornych
vektorov, neurénové siete, generické algoritmy [4] a metédu rozhodovania na
zéklade predchddzajuicich skusenosti [3]. Aktudlny prehlad existujicich rieseni
a postupov je uvedeny v prehladovom &ldnku [5]. Podstatou tychto je riegenie
bindrneho klasifikaéného problému, ktorého principom je zaradenie spolocnosti
do bankrotujiicej alebo nebankrotujicej skupiny. Vzhladom na charakter na-
stolenej problematiky, casto dochadza k problému nevyvazenej datovej sady,

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 255-260.
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ktora predstavuje realnu situdciu z praxe, kedze pocet spolo¢nosti v upadku
predstavuje len zlomok z celkového poc¢tu spolo¢nosti. Preto je potrebné k tejto
problematike pristupovat ako k problému nevyvézenej dtovej sady.

2 Charakteristika datovej sady

V tomto prispevku sme sa zamerali na analyzu a spracovanie datovej sady
vyrazne nevyvazeného charakteru (imbalanced dataset), ktoru tvorili zdznamy
spolo¢nosti s ru¢enim obmedzenim (s.r.0.) pdsobiace v roznych odvetviach hos-
podarstva na Slovensku pocas obdobia rokov 2010-2016. Spracovavané podniky
boli charakterizované datami z 1i¢tovnych zavierok za obdobie troch rokov pred
rokom evaluacie R, ktory vyjadruje rok, v ktorom bola spoloénost vyhodno-
tend ako bankrotujiica/nebankrotujtica. Za bankrotujicu spoloénost povazujeme
td, na ktori bolo v danom roku evaluicie vyhldsené konkurzné konanie. V
opa¢nom pripade bola spolo¢nost oznaéens ako nebankrotujica. V tejto studii
sme sa zamerali na vytvorenie klasifikaéného modelu zameraného na predikciu
bankrotu spoloénosti vyhradne pre odvetvie priemyslu a stavebnictva. Prehlad
konkrétnych pomerov bankrotujicich a nebankrotujucich spolo¢nosti pre jednot-
livé roky evaluécie je znézorneny v tabulke 1.

Tab. 1. Pomer bankrotujicich a nebankrotujucich firiem pre jednotlivé roky evaludcie

2013 2014 2015 2016
Priemysel  30/4077 30/4450 26/5019 14/5840
Stavebnictvo 25,1205 30/1418 20/1749 14/2174

Datové zdznamy boli spracované v programovacom jazyku Python s vyuzitim
met6d obsiahnutych v kniznici strojového uéenia Scikit-learn [6]. Kazda détovna
zévierka obsahovala 20 §tandarnych ekonomickych ukazovatelov, pricom struény
prehlad zakladnych pomerovych ukazovatelov je uvedeny v tabulke 2. Tie boli
doplnené d'alsfimi pomerovymi ukazovatelmi (ndvratnost investicif, mzdy/trzby
a mzdy /pridand hodnota).

Tab. 2. Prehlad pouzitych finanénych pomerovych ukazovatelov

zadlZzenost rentabilita aktivita likvidita
celkova aktiv doba obratu aktiv okamzita
finan¢nd paka vlastného imania doba obratu zdsob pohotova
vlastného imania trzieb doba obratu kd. pohladdvok bezn4
krytie cuzich zdrojov doba obratu kd. zasob

voci bankam
finan¢né krytie cudzich zdrojov
krytie stalych aktiv
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3 Pouzita metodologia

V tejto studif sme pouzili metédu podpornych vektorov (SVC') [7] s natrénovanim
na dvoch triedach a dve metédy na detekciu odlahlych bodov: metédu pod-
pornych vektorov s natrénovanim na jednej triede (OCSVM) [8] a metédu na
detekciu anomélif vyuzitim metédy najmensich stvorcov (LSAD) [9]. V porov-
nani s nasou predchadzajicou pracou [12] sme pridali metédy SVC a LSAD,
ktoré ukdzali slubny potencial.

Chybajice hodnoty datovych zdznamov boli imputované strednou hodnotou
prislusného pomerového ukazovatela. Ukazovatele boli taktiez skalované na nu-
lova stredni hodnotu a jednotkovy rozptyl. Na natrénovanie klasifikatorov bolo
pouzitych 80% vzoriek ddtovych zdznamov. Trénovacia vzorka bola v pripade
klasifikdtora OCSVM a LSAD tvorend len ddtami z majoritnej triedy. Testova-
cia vzorka pozostdvala zo zvysnych 20% nebakrotujicich podnikov a celej vzorky
bankrotujtcich podnikov. V pripade klasifikdtora SVC boli datové zaznamy ban-
krotujucich spolo¢nosti zastiipené v testovacej aj trénovacej vzorke.

Experimenty boli opakované 1000-krét s ndhodnym vyberom trénovacich dét
a pouzitim vSetkych kombindcii zvolenych hodnot hyperparametrov, ktorych
prehlad je uvedeny v tabulke 2. Uspesnost natrénovanych modelov bola hodo-
tend vyuzitim metriky geometrického priemeru (G-mean) [10], ktord zohladnuje
uspesnost predikcie oboch tried bindrneho klasifikaéného problému, pricom db4
na ich vyvazenost. V pripade, Ze niektora z tried ditovej sady dosahuje nizku
uspesnost predikcie, ovplyvni to vysledni hodnotu tspe$nosti natrénovaného
modelu aj napriek tomu, Ze presnost druhej triedy je enormne vysoka [11]. Jed-
notlivé vysledky boli spriemernené.

Tab. 3. Prehlad pouzitych hodnét hyperparametrov pri jednotlivych metédach

Klasifikator||Parameter i;lglei(:)z?ainnz(;’:;sa
Sve class_weight [|[50; 100; 200; 300; 400; 500; 600]
c [0,0001; 0,001; 0,01; 0,1; 1; 10; 100; 1000]
nu [0,01; 0,1; 1; 2; 3; 5; 10]
A, [0,1; 0,15; 0,2; 0,25; 0,3; 0,35; 0,4; 0,45; 0,5; 0,55;
OCSVM & 0,6; 0,65; 0,7; 0,75; 0,8; 0,85; 0,9; 1; 2; 5; 10]
deores [0,1; 0,15; 0,2; 0,25; 0,3; 0,35; 0,4; 0,45; 0,5; 0,55;
& 0,6; 0,65; 0,7; 0,75; 0,8; 0,85; 0,9; 1; 2; 5; 10]
rho [0,01; 0,1; 1; 2; 3; 5; 10]
LSAD Goma [0,1; 0,15; 0,2; 0,25; 0,3; 0,35; 0,4; 0,45; 0,5; 0,55;
& 0,6; 0,65; 0,7; 0,75; 0,8; 0,85; 0,9; 1; 2; 5; 10]

4 Dosiahnuté vysledky

Hroziaci bankrot spolo¢nosti sme sa v prvej faze tejto stidie snazili predikovat
na zaklade dostupnych zdznamov pomerovych finanénych ukazovatelov z obdo-
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bia predchddzajucich troch rokov jednotlivo, t.z. pre s.r.o. bankrotujice v eva-
luaénom roku 2015 boli na predikciu bankrotu pouzité data z roku 2014 (R-1),
2013 (R-2) a taktiez 2012 (R-3) samostatne. Nésledne boli na predikciu pouzité
data z dvoch rokov idicich po sebe, t.z. pre podniky bankrotujice v evalua¢nom
roku 2015 boli pouzité ddta z obdobia rokov 2014 a 2013 (R-1&R-2) a taktiez
2013 a 2012 (R-2&R-3), ¢im sme docielili pouzitie viacerych atribitov naraz. Na
predikciu sme taktiez pouzili vSetky datové zdzname dostupné pre konkrétny
rok evaludcie, t.j. pre rok 2015 boli pouzité ddta z rokov 2014 a 2013 a 2012 (R-
ALL) sucastne. Rovnaky postup bol uplatneny pre vsetky evaluaéné obdobia pri
oboch odvetviach hospodarstva. Dosiahnuté hodnoty tispesnosti natrénovanych
modelov st uvedené v tabulke 4.

Tab. 4. [jspeénosﬁ natrénovanych modelov vyjadrend geometrickym priemerom (v %)

Odvetvie priemyslu H Odvetvie stavebnictva ‘

Data || 2013] 2014 2015] 2016]| 2013] 2014] 2015] 2016]

R-1 73,114£9,46]73,16+8,83[83,61+7,43]73,66122,37]| 67,71+15,73]84,96+5,06]80,99+11,80]86,13=15,01

R-2 71,984+10,82| 65,21+9,19|71,12+12,84| 54,12£27,17 63,32+8,49|63,83+12,39| 73,60+£13,12|80,014+14,54

SVC ||R-3 66,87£10,15| 58,58+9,76| 75,504+9,57| 62,96+12,97|| 63,08+£13,43|53,64+15,22| 62,454+16,67|71,33+13,61

R-1&R-2 ||73,97£10,95|69,67£12,87| 79,20+8,84| 72,40+24,33|/68,24:11,62| 80,06+9,81| 80,60-13,06/86,76+9,53
R-2&R-3 || 69,73+10,06| 62,17£8,47|70,1611,60| 58,83+25,35| 63,67+9,83(59,6411,06| 70,22:10,31|74,49415,48
R-ALL || 71,27+10,75/66,61+12,83| 83,53+9,20| 70,52+24,35|| 67,19+12,80|77,8810,28| 79,50+12,75|84,63+10,35

R-1 61.47+2,84]73,12+1,96] 72,50+2,35] 82,37+1,22|] 69,79+3,41|74,14+2,09] 84,28+2,17|80,13+1,48
R-2 69,47+2,63| 61,45+£2,32| 70,71+1,28| 57,61+5,20|| 59,6042,87| 59,524,55 66,59+5,48| 67,77+3,53
OCSVM||R-3 65,01£2,94| 60,9142,50| 66,66:1,85| 58,53+5,44|| 51,09+2,08| 60,5543,27| 62,59+2,53| 64,94+7,33

R-1&R-2||  68,8043,25| 65,76:1,41|72,714+3,01| 79,24+0,73|| 69,86:3,32| 66,03+3,69| 84,64+1,39| 77,23+2,10
R-2&R-3 | 67,6142,55| 59,03+1,75| 67,0641,72| 63,1944,11|| 53,3242,73| 56,92+2,69| 59,23+2,76 65,37+2,89

R-ALL 68,68+3,18| 62,48+1,85| 73,741,567 79,13+1,8)|| 66,36+2,86| 61,85+3,76| 84,08+2,04| 73,19+2,36
R-1 76,67+2,27|76,73+2,01|75,57+13,61| 87,86+1,32|| 77,86+2,36] 82,86L3,3] 86,62+1,73|91,54=1,74
R-2 72,05:3,06| 70,4843,21| 71,38+2,80| 71,32+2,97|| 59,98+2,19| 65,2243,16| 71,18+2,62| 76,33+1,93
LSAD |R-3 60,43+£3,57| 62,63+3,31| 65,22+327| 53,66+3,27|| 55,56+3,45| 56,53+2,67| 63,01+4,36| 71,57+4,41

R-1&2&3||  75,1242,27| 76,71£1,84| 73,354+2,56| 82,8441,74|| 71,0642,80| 75,22+1,86| 83,62+1,78| 83,83+2,46
R-2&R-3 || 69,1142,14| 65,89+£2,57| 66,49+2,41| 68,2242,43|| 56,5142,74| 64,29+4,01| 65,12+2,68| 74,73+2,63
R-ALL 74,4642,13| 73,84:2,25| 72,3542,07| 79,59+1,94|| 61,2044,01| 72,27+2,10] 74,2143,00 76,92+2,85

Zo ziskanych hodnot uspesnosti predikcie natrénovanych klasifika¢nych mo-
delov mo6zeme skonstatovat, ze data z obdobia rokov blizsich k roku evaludcie (R-
1) maji v pripade vsetkych pouzitych metéd vypovednejsiu hodnotu. Najvyssie
hodnoty uspesnosti boli zaznamenané pre klasifikator LSAD s hodnotou geo-
metrického priemeru od 75.57% - 87.86% (priemysel) a od 77.86% - 91.54%
(stavebnictvo). Dosiahnuté hodnoty tspesnosti sa taktiez vyznacovali pomerne
nizkou hodnotou standardnej odchylky nepresahujiicou hodnotu 3.3%. Pomerne
vysoké hodnoty tispesnosti pri modeloch SVC nemézeme povazovat za spolahlivé
vzhladom na vysoké hodnoty standardnej odchylky.

Pridanie novych atribiitov (pouzitie 2 alebo 3 rokov sticasne) neprinieslo pri
ziadnom klasifikatore vyrazne zlepSenie. Vo vacsine pripadov sme mohli pozoro-
vat zniZenie presnosti natrénovaného modelu. Dévodom mézu byt samotné déta,
pretoze pridanim ukazovatelov z dalsiho roku nie je pridand Ziadna nové in-
formécia a taktiez neschopnost klasifikdtora dostatoéne zmapovat spracovivané
data.
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5 Zaver a dalSie smerovanie vyskumu

V tomto prispevku sme uviedli prvotné vysledky predikcie bankrotu spolo¢nosti
s ru¢enim obmedzenym dosiahnuté pomocou metédy SVC a dvoch metdd na de-
tekciu odlahlych bodov OCSVM a LSAD. Najlepsie hodnoty tispesnosti sme do-
siahli pri pouziti klasifikdtora LSAD s uspesnostou od 75.57% - 87.86% (priemy-
sel) a od 77.86% - 91.54% (stavebnictvo). Tieto modely sa taktiez vyznacovali po-
merne nizkymi hodnotami standardnej odchylky, ¢o upeviiuje doveryhodnost do-
siahnutych vysledkov. Na zdklade doasiahnutych vysledkov mézeme skongtatovat,
ze upadok spolocnosti je pri pouziti vyrazne nevyvazenej datovej sady prediko-
vatelny.

V dalsej studif sa pokiisime zameraf na detailnejsiu analyzu parametrov
vplyvajicich na bankrot spolo¢nosti. Taktiez sa poktsime o pouzitie inych metod
strojového ucenia (metddy pre klasifikdciu s u¢itelom, podvzorkovanie a prevzor-
kovanie). Jednou z moznosti je taktiez navrh novych atribitov, ktoré dokazu
efektivnejsie reprezentovat finanéni situdciu v spoloénosti a tym umoznit klasi-
fikacnym algoritmom jednoduchsie spracovanie tidajov.
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Annotation: In this paper, we present the bankruptcy prediction model for
the limited liability companies in Slovakia. The model is based on data from
the annual reports, where the main challenge is the imbalanced distribution of
classes. The number of non-bankrupt companies is significantly higher than the
number of the bankrupt companies. We compared three different methods. The
methods achieving the highest prediction performance is LSAD yielding as high
as 92% score measured by the geometric mean. The results were validated on
two datasets: one from the manufacturing industry and one from the building
industry.
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Abstract. Protein solubility poses a major bottleneck in production
of many therapeutic and industrially attractive proteins. Experimental
solubilization attempts are plagued by relatively low success rates and
often lead to the loss of biological activity. Therefore, any advance in
computational prediction of protein solubility may reduce the cost of ex-
perimental studies significantly. Here, we propose a novel software tool
SoluProt for prediction of solubility from protein sequence based on ma-
chine learning and TargetTrack database. SoluProt achieved the best
accuracy 58.2% and AUC 0.61 of all available tools at an independent
balanced test set derived from NESG database. While the absolute pre-
diction performance is rather low, SoluProt can still help to reduce costs
of experimental studies significantly by efficient prioritization of protein
sequences. The main SoluProt contribution lies in improved preprocess-
ing of noisy training data and sensible selection of sequence features
included in the prediction model.

Keywords: protein - solubility - prediction - machine-learning

1 Introduction

The key biochemical process limited by protein solubility is a heterologous ex-
pression — a manipulation of a living organism, usually FEscherichia. coli, to
produce a target protein of interest. Unfortunately, many proteins heterogously
expressed are not sufficiently soluble. Although various biochemical approaches
aimed at improving protein solubility were developed, solubilization attempts
are plagued by relatively low success rates and often lead to the loss of biological
activity.

Recently, various software tools were developed for prediction of solubil-
ity based on protein sequence — from the first reasonable model proposed by
Wilkinson and Harrison [5] (mWH) to a battery of tools using more advanced
machine-learning techniques, namely SOLpro [9], PROSO 1II [13], ccSOL omics

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 261-265.
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[1], Protein-Sol [6] and DeepSol [7]. The accuracy of available tools is, however,
still limited and the problem remains unsolved. Moreover, the performance of the
tools often turns up to be highly overestimated when later validated on larger
test sets.

Here, we propose a novel software tool SoluProt that is more accurate than
existing methods for prediction of solubility from protein sequence. The main
effort was focused on dataset preprocessing, feature selection and unbiased com-
parison against existing methods.

2 SoluProt datasets

The main source of SoluProt training dataset is TargetTrack (TT) database [2].
As TT does not provide solubility information directly but only store reports
from protein crystallization experiments, we inferred solubility computationally.
All proteins that achieved soluble status or any subsequent stages requiring sol-
uble expression, were considered soluble. When expression or purification failure
was reported in the stop status, the protein was considered insoluble.

We did several additional steps to improve dataset quality. First of all, we
performed expert-assisted keyword matching combined with manual checking
of TT annotations to keep only those proteins expressed in the most common
expression organism FE. coli. This step significantly reduced the noise in the
training dataset as it is known that a protein soluble in one expression system
might be insoluble in another one. We also removed short proteins, sequences
with undefined residues and transmembrane proteins predicted by TMHMM (8]
tool. Next, we removed insoluble sequences that now have protein structure
solved in PDB database. This step reflects the current advance in molecular
biology as some older TT proteins can now be produced and crystallized using
current technology.

In the last step, we reduced sequence redundancy in the training set by
clustering to 25% identity using MMsegs2 [14]. This was done separately for
positive and negative samples to avoid simplification of the prediction problem.
We also balanced class and sequence length distribution of soluble and insoluble
samples such that the length alone was not decisive in the prediction and both
classes were represented equally. Finally, the SoluProt training set consists of
10,912 protein sequences, having equal number of soluble and insoluble samples.

To build SoluProt test set, we used dataset of 9,703 proteins expressed in F.
coli using unified production pipeline of North East Structrual Consortium [12]
(NESG) that measures solubility at integer scale from 0 to 5. The NESG dataset
was processed using similar procedure as the training set, only the computational
solubility derivation and expression system filtration steps were skipped as these
were pointless in this case. Finally, 3,788 sequences remained in the balanced
SoluProt test set having no overlap with the training set.
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3 SoluProt predictor

SoluProt predictor is implemented in Python using scikit-learn [10], Biopython,
pandas and NumPy libraries. Random forests regression [3] (RF) model was used
for both feature pruning and the final prediction.

Prediction features were selected from a set of 253 values in eight subgroups:
i) single amino acid content, ii) amino acid dimer content, iii), average physico-
chemical features, iv) average flexibility by DynaMine [4], v) secondary structure
content by FESS [11], vi) average disorder by ESPRITZ [15], vil) amino acids
in transmembrane helices by TMHMM and viii) maximal identity to sequences
in PDB.

Finally, 36 features were used in the prediction model. The five most dom-
inant features are: i) maximal identity to PDB, ii) lysine to arginine ratio, iii)
amino acid content, iv) isoelectric point and v) amino acid dimer content.

Optimization of random forests hyper-parameters was performed using 5-
fold cross-validation and grid search on the SoluProt training set. The over-
training was quantified by a difference between the accuracy on the training and
validation part while the lower difference was preferred. The final model had
average cross-validation accuracy 69% on training part and 65.3% on validation
part.

SoluProt achieved the best accuracy (58.2% at threshold 0.53) and AUC
(0.61) on the SoluProt test set from all available tools (Table 1 and Figure 1).
With the test set, SoluProt reports 969 true positives, 1,237 true negatives, 657
false positives and 925 false negatives. This indicates that proper prediction
of positive samples is the most problematic part of the solubility prediction
problem.

Table 1. Performance of sequence-based solubility prediction tools on SoluProt test
set. The best possible accuracy and corresponding threshold is presented.

Tool AUC  Accuracy Threshold
SoluProt 0.607 0.582 0.530
PROSOIIL 0.596 0.572 0.610
ESPRESSO  0.571 0.555 0.561
DeepSol 0.552 0.541 0.443
mWH 0.544 0.539 0.561
Protein-Sol 0.545 0.536 0.617
SOLpro 0.521 0.523 0.376
ccSOL omics  0.512 0.517 0.750

Although SoluProt is one of the best performing tool, its absolute acurracy
is rather low. However, SoluProt can still be very useful for protein sequence
prioritization (Figure 1). Using SoluProt prediction score on SoluProt test set
to leave only 10% best proteins will increase the number of soluble proteins by
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nearly 50% in comparison to what would be expected when selecting the same
amount of proteins from the test set randomly.
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Fig. 1. Performance comparison. (A) ROC curves on SoluProt test set. (B) Increase
of soluble sequences in prioritization task on the SoluProt test set in comparison to
random subsampling. For SoluProt, removing 90% of worst scoring sequences (dashed
line) will increase the number of soluble proteins by nearly 50%.

4 Conclusions

SoluProt tool moves the computational solubility prediction one step forward.
The main SoluProt contribution lies in improved preprocessing of noisy Tar-
getTrack training data and sensible selection of sequence features included in
the prediction model. SoluProt achieved the best accuracy 58.2% and AUC 0.61
while being also the best tool in the task of protein prioritization.

However, there is still some space for improvement. Currently, the protein
sequence is usually translated to numeric features that do not consider amino
acid order. Consequently a protein sequence and its shuffled variant can have the
same feature value while their solubility may differ significantly. This could be
solved by embedding protein sequence into a vector space that would preserve
sequence similarity. Another option might be the application of current advance
in computational modelling of protein structures to build a spatial model from
the protein sequence and subsequently derive more descriptive features that
reflect the protein structure.
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Abstract. Insertion sequences (ISs) are short DNA elements (typically
less than 5 kb) representing the simplest transposable elements. They
are widespread in prokaryotes and may occur in high numbers in their
genomes. ISs play important role in prokaryotic genome structure and
evolution, for example, they can cause large rearrangements in the host
genome or gene inactivation. Current ISs annotation tools depend either
on existing genome annotations or databases of known IS elements that
results in an inability to detect novel IS elements or distant members of
individual IS families. Here we introduce an approach for detection of
distant members of IS families or novel IS elements based on manually
curated profile hidden Markov models of transposases’ catalytic domains
which tackles the aforementioned shortcomings.

Key words: insertion sequence, transposase, hidden Markov model

1 Introduction

Insertion sequences (ISs) are the smallest and most abundant autonomous trans-
posable elements in prokaryotic genomes, usually ranging from 700 bp to 3 kb
in length. Majority of ISs possess one or two ORFs that encode a transposase
(Tpase) or helper proteins. Tpase contains a conserved catalytic domain which
catalyzes DNA cleavage.

Today, high-throughput sequencing techniques provide an enormous amount
of data and availability of thousands of partially assembled or complete geno-
mes requiring enhanced methods dISs detection and annotation. Although IS
elements are relatively simple, their detection is challenging because of their
noteworthy sequence and structural diversity.

At present, there are several available tools for detection of IS elements in
genomes which are based on homology approach. They can be divided into two
main categories: i) BLAST-based methods against reference libraries and i)
library-based methods using profile hidden Markov Model (pHMM) searches.

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti € WIKT 2018, Brno 11.-12.10.2018, pp. 267-272.
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The first category is represented by tools IScan [16], ISsaga [15], OASIS [11]
and ISQuest [1] which use ISFinder database [14] as a reference library in the
combination with BLAST software. They are able to annotate IS elements in
completely assembled and annotated genomes (IScan, ISSaga, OASIS) or in raw
fragment data or partially assembled genomes (ISQuest). Their major weak-
nesses include a dependency on existing annotations and databases and an ina-
bility to find distant/novel members of IS families.

The latter category includes TnpPred [9] and ISEScan [18]. These tools take
advantage of pHMMs which provide more sensitive searching and are able to
detect remote homologs of known IS elements. TnpPred is able to detect only
transposases, does not report full-length IS elements and provides pHMMs for
19 IS families only, although ISs are now classified into 28 families. ISEScan uses
621 pHMMs built from Tpases contained in ACLAME database [6] but 355 of
these models are made up from one sequence only.

In this paper, we present an approach for detection of distant members of
known IS families or new IS elements utilizing manually curated pHMMs for Tpa-
ses’ catalytic domains which eliminates the shortcomings of existing IS-related
tools. Due to the fact that Tpase is composed of several often variable domains,
the profile-based search is quite specific for 28 known families and is unable to
detect new IS families. The fundamental idea is to search for the most conserved
part of Tpase (the catalytic domain) and to perform efficient filtering of false
positives.

2 Materials and Methods

diglS pipeline is a complex tool implemented in Python whose development
consisted of various steps which will be described in the following sections.

2.1 Datasets

To build pHMMs for Tpases’ catalytic domains, Tpase sequences were downloa-
ded from ISFinder database [14]. For filtering purposes, a positive and negative
database was constructed as follows: reviewed protein sequences from various
sources (SwissProt [2], RefSeq [8] and Protein Clusters database [12] for Bacte-
ria and Archaea) were downloaded and searched by hmmsearch from HMMER3
package [7] using our pHMMs. Resulting hits which have sequence identity with
ISFinder database greater than 80% or contain keyword ’transposase’, ’insertion
element’ or ’transposon’ are included in the positive database, otherwise in the
negative database.

For evaluation purposes, a set of 58 prokaryotic genomes was downloaded
from ISBrowser [5]. Annotations of IS elements together with their genomic
locations in these genomes were downloaded from ISBrowser database [5] which
were later used for performance comparison of our pipeline with existing tools
TnpPred [9] and ISEScan [18].
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2.2 Profile HMMs Construction

Multiple sequence alignment for sets of Tpases belonging to the same family
was performed by ClustalO [13] and visualized using Jalview Version 2 [17].
Alignments were manually refined and cut with respect to positions of catalytic
residues (usually DDE) and a secondary structure of particular catalytic do-
main predicted by JPred4 [4]. Such processed sequences were used to construct
resultant profile HMMs using Ammbuild from HMMER3 package [7].

2.3 diglIS Pipeline Workflow

The diglS pipeline works as follows: Firstly, the input DNA sequences in FASTA
format are translated into corresponding protein sequences in all six frames using
transeq tool, which is included in EMBOSS package [10]. Next, our manually
curated pHMMs are searched by hmmsearch from HMMERS3 against the protein
database assembled from translated input sequences with the e-value set to 1073,
Overlapping hits and hits of the same query and at the distance no greater
than merge_distance (default=300) are merged together. The resulting hits are
extended in size defined by parameter context_size (default=1000). These are
compared with sequences in the positive and negative database to filter out false
positive hits.

2.4 Evaluation

Putative false positives (hits which are not in ISBrowser database) detected by
diglS pipeline, which represent possible distant or novel IS elements, were ex-
panded to both sides (max 5kb in length) and verified if they are distant/novel IS
elements on multiple levels: i) DNA sequence level - identity with DNA sequen-
ces of all IS elements in ISFinder database, ii) protein sequence level - identity
with protein sequences of ORFs in ISFinder database, 4ii) annotation level -
considering GenBank [3] annotation. To determine, if FPs are distant/novel IS
elements or not, we employed following scoring function:

fp_score = dna_iden + prot_iden + gb_annot

where dna_iden € [0,100] is DNA sequence identity, prot_iden € [0,100] is
protein sequence identity and gb_annot acquires value 50 if the GenBank an-
notation is of a type 'mobile_element’ or contains keywords ’transposase’ or
‘insertion element protein’ in the protein product, value 25 if GenBank anno-
tation has value "hypothetical protein’ in the protein product, value 0 if there
is no GenBank annotation and value -25 if the GenBank annotation contains
keyword other than ’transposase’, ’insertion element protein’ and ’hypotheti-
cal protein’. The fp_score can acquire value in the range -50 to 250. Based
on the fp_score, the FPs were divided into three categories: i) true positives,
fp_score € [250,150), ii) putative novel elements, fp_score € [150, 50), iii) false
positives, fp_score € [50, —50].
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3 Results

The performance of the diglS pipeline was evaluated on 58 annotated prokary-
otic genomes from ISBrowser database and compared with TnpPred and ISE-
Scan tools based on their false discovery rate (FDR). The results are displayed
in Table 1. digIS(Tnp_free) means that we used ISBrowser dataset in which
elements without Tpase were excluded. diglS pipeline found significantly more
distant/novel elements (209) in comparison with the other tested tools (ISES-
can - 31, TnpPred - 88) while having comparable FDR with ISEScan (0.037 vs
0.020). In contrast, TnpPred performed poorly with regard to FDR (0.163).

Tab. 1. Performance of ISEScan, diglS and TnpPred tools.

Tool N TP FP_Novel all_ TP real FP FDR

TP | distant/novel | FP
ISEScan 1207 941 155 31 22 1096 22 0.020
diglS 1207 846 280 209 43 1126 43 0.037
diglS (Tnp-free) 1058 846 280 209 43 1126 43  0.037
TnpPred 1207 952 135 88 211 1087 211 0.163

* N - Number of IS elements, TP - True Positives, F/P - False Positives,
FP_Novel - False Positives before filtering, all_TP - TP + FP_Novel(TP),
real_FP - FP_Novel(FP), FDR - False Discovery Rate.

4 Discussion

Performance test of diglS with other two tools, TnpPred and ISEScan, indicates
a significant improvement on an ability to detect distant or novel IS element
while preserving reasonable FDR. We can conclude that diglS is able to find
distant/novel IS elements which have yet been annotated and in this respect
outperforms currently available IS-related tools.
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Abstrakt Mass cytometry or CyTOF (from Cytometry by time-of-
flight mass spectrometry) and the analysis of its data is a developing
field in machine learning. Historically cytometry data was analyzed by
manual clustering, but with the growing number of parameters obtaina-
ble from mass cytometry, the need for automated analysis by machine
learning algorithms became clearer. There are many problems that al-
gorithms analyzing the data must address. Some of these problems are
the approach to missing or corrupted data, the need of recalibration to
compare samples from different experiments and the most addressed pro-
blem, which is the identification of different cell type subpopulations in
the data, which can then be used for further analysis. We show approa-
ches how to address these problems as well as the downsides of modern
algorithms.

Keywords: Cytometry - CyTOF - Data analysis

1 Introduction

Knowledge of the cellular structure acquires the usage of flow cytometry (FCM)
or more recently mass cytometry (CyTOF) for single-cell analysis enabling the
study of cellular and phenotypic diversity of complex cellular systems, in par-
ticular the immune system. Results are mainly used in clinical immunology [8].

Results of this analysis provide data on hundreds-of-thousands to millions of
cells with up to 40 measured parameters per cell. Study of the data uses many
machine learning algorithms to observe for expressions of individual cell types
to identify differences between experimental groups.

The resulting data suffers from various deficiencies [3]. It usually contains
debris and broken cells in the data samples which have to be filtered out. Data
normalization is usually done by adding standardized polystyrene beads em-
bedded with metal lanthanides into the studied sample which helps with the
correction of both short-term and long-term signal fluctuations. This data nor-
malization has been shown to not remove all problems which are being resolved
by this normalization.

There are two main problems which cytometry analysis tries to address:

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
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1. The identification of cell subpopulations in data.
2. The identification of the symptoms that are relevant for the diagnosis of
diseases.

Most of the algorithms which analyze cytometry data are meant to address the
first problems. By doing so they try to replace the step called ” gating” [10] which
is a technique of manually clustering the data. A step of manual gating consists of
plotting the data in 2D plots with axes corresponding to two chosen parameters
and manually clustering them for further analysis. This way it is repeated until
it can reliably identify individual cell types. This technique has been used when
the number of parameters was much smaller but is not scalable with increasing
number of parameters.

2 Existing algorithms

There are many algorithms that analyze cytometry data. We will outline some of
them to show major drawbacks of using them in automated cytometry analysis.

2.1 SPADE

SPADE (Spanning-tree progression analysis of density-normalized events) [9] is
a tool, that is used to computationally analyze and visualize high-dimensional
mass cytometry data. Spade displays cellular subpopulations in a branched tree
structure, thus visualizing high-dimensional data in a 2D manner. The SPADE
tree consists of connected nodes which represent clusters of cells, also providing
information about the relation between cell types.

The SPADE algorithm can be summarized as:

. Density-dependent down-sampling of cytometry data.
. Agglomerative clustering of the down-sampled data.

. Construction of the minimum spanning tree.

. Up-sampling from the constructed SPADE tree.

= W N =

The downside of this algorithm is that it depends on the interpretation of
the results by biologists thus introducing bias to the analysis.

2.2 t-SNE

The nonlinear dimensionality reduction through t-Distributed Stochastic Nei-
ghbor Embedding (or t-SNE) [7] is used for the visualization of multidimensional
cytometry data. t-SNE visualizes high-dimensional similarities between cells in
an understandable 2D or 3D scatter plot. The distance between cells in a t-SNE
map reflects their distance in the high-dimensional space.

The computational steps of t-SNE are:

1. Calculation of a pairwise similarity matrix for all cells based on their high-
dimensional distances.
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2. A low-dimensional similarity matrix is computed based on a initially random
locations for each cell in the two (or three) t-SNE dimensions.

3. In an iterative process, the algorithm tries to minimize the difference between
the high and the low dimensional matrices. Thereby it adjusts the position
of all cells in the 2D or 3D space.

2.3 ACCENSE

A variation on the t-SNE algorithm with density-based partitioning is the algo-
rithm ACCENSE (Automatic Classification of Cellular Expression by Nonlinear
Stochastic Embeddings)[11].

The first part ACCENSE works in the same way as t-SNE, that is, it extracts
a 2D representation of the data in a nonlinear way. Next it uses a kernel-based
estimate of the 2D probability density of cells and its local maxima which corre-
spond to cell subpopulations.

We can summarize the outline for the ACCENSE algorithm as:

1. Dimensionality reduction using t-SNE.
2. Peak detection using a peak-finding algorithm.
3. Population classification.

This approach, although heuristic, allows to approximately identify clusters
of cells without having to specify the number of subpopulations.

2.4 Summary

There are many other algorithms for analyzing cytometry data like PhenoGraph
[4], Wanderlust [1], Citrus [2], FlowSOM [12] or DeepCyTOF ([6], [5]). In the
following part we will analyze the drawbacks of existing algorithms in addressing
the main problems of cytometry analysis.

3 The drawbacks of current algorithms

To summarize the problems of existing algorithms the following observations can
be made:

— The algorithms need to address missing or corrupted data which are present
at the beginning of the analysis.

— The algorithms may need to recalibrate the data samples to compare diffe-
rent experiments.

— It is important to approach the problem of identifying different cell subpo-
pulations by doing unsupervised clustering of data in such a way that new
cell types may possibly be discovered.

— Most of the algorithms only address the problem of identifying different cell
subpopulations but leave the interpretation of the results to biologists for
the identification of the symptoms that are relevant for the diagnosis, thus
introducing bias to the analysis.
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It is also important to take the available computing resources it has for training
into account, since the amount of data in cytometry analysis is relatively large. A
sample of data corresponding to one person usually has from tens of thousands
to hundreds thousands of cells each with the analyzed parameters (up to 40
parameters).

4 Conclusion

It is important to address the problems which were mentioned when designing
new and better algorithms for cytometry analysis. Since the analysis works with a
large amount of data, approximately 10 to 10° cells, the usage of deep learning
for this task is very promising. There are many neural network architectures
which can be used to address the problems. In the future we want to propose a
deep learning architecture which will address the following tasks. The network
will have the capability to remove or correct missing or corrupted data as well
as the ability to recalibrate samples if needed. The network should also have
the ability to identify important cell subpopulations in such a way that it will
identify those cell types that it needs for the task but still takes into account
existing cell type divisions.
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Abstrakt. Vyzkumnici i studenti ¢asto ¢eli problému spravného vybéru
statistické metody, ktera by méla byt aplikovdna a vhodné tak analyzo-
vala jejich data. I pfes fadu dostupnych komerénich a otevienych sta-
tistickych balicki existuje prostor pro nastroj kombinujici vyhody obou
typt distribuci. Nasi snahou je zjednodusit proces vybéru a aplikace sta-
tistické metody pomoci vytvoreni webové aplikace, ktera je volné k dispo-
zici online. Aplikace statisticke_nastroje je vytvofena pomoci jazyka
R a jednoho z jeho bali¢ka, Shiny. R je otevieny programovaci jazyk
a prostfedi vénované zejména statistickym vypocétim a naslednym gra-
fickym nahledim. Aplikace je vystavena na R-serveru 1. 1ékarské fakulty

Univerzity Karlovy na’ http://shiny.statest.cz:3838 /statisticke nastroje/ ‘

a je zalozena na vyvojovém diagramu navigujicim k pouzitelné statistické
metodé — diagram umoziuje vyzkumnikovi vybrat nejvhodnéjsi statis-
tickou metodu ve smyslu priachodu diagramem krok po kroku dle toho,
jak odpovida na dotazy ,kladené“ diagramem. Po urceni nejvhodné&;jsi
metody je vyzkumnik odkazem presmérovian na zalozku aplikace, kteréd
nabizi provedeni dané metody nad daty, ktera byla do aplikace nahréna.
Nabidku uzivatelsky pratelské aplikace a vyvojového diagramu mapuji-
ciho rozhodovaci proces, ktery pokryva aplikovatelné statistické metody
a ukazuje na tu nejvhodnéjsi, povazujeme za cestu, jak cely tento proces
zjednodusit. P¥imé spojeni (pomoci hyperlinku) mezi navrhem metody
a zalozkou s jeji realizaci muze zlepsit uzivatelsky komfort.

Klic¢ova slova: statistické vypocty - jazyk R - Shiny - webova aplikace
- biostatistika - statistickd podpora - statistické rozhodovani - vyvojovy
diagram
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1 Uvod

Vybér spravné statistické metody vhodné pro analyzu dat vyzkumnika je diile-
Zitou soucasti pripravy a realizace védecké prace. Spravnost této volby ovliviiuje
i to, zda bude odborné sdéleni nakonec redakénim fizenim pfijato, ¢i nepfijato
k publikovani ve védeckém Casopisu. Ve snaze zjednodusit cely proces jsme na-
vrhli a implementovali webovou aplikaci, jez pomahé badateli ¢elicimu otézce
vybéru a vypracovani statisticktho modelu ve své analyze. Grafické rozhrani
aplikace je zalozeno zejména na vyuZziti vyvojového diagramu, ktery uzivatele
naviguje k vybéru a pouziti vhodné statistické metody.

Nastroju a knihoven pro statistickou analyzu dat je na trhu dostupné velka
fada [1]. Jde budto o  klikaci* a mnohdy komer¢ni software typu IBM SPSS [2],
Dell Statistica [3], SAS [4], Minitab [5] ¢i do jisté miry i tabulkovy procesor MS
Excel [6] a mnohé dalsi, anebo o pokrocilejsi a specialngjsi nastroje umoznujici
vlastni skriptovani, programovani a feSeni rozsidhlych a komplexnich tloh — zde
se jedna naptiklad o prostfedi Matlab [7] a Stata [8] ¢i jazyk R se svymi zaklad-
nimi knihovnami [9] a jazykPython s knihovnami SciPy, NumPy ¢i Pandas [10],
pripadné mnohé dalsi.

Nespornou vyhodou ,klikacich* nastroja je jejich uzivatelska privétivost, ne-
vyhodou pak relativni uzavienost dana koneénym pocétem nabizenych metod
a implementovanych postupi, a tedy nemoznost fesit komplexnéjsi a individu-
alni dlohy. Limitujici jsou zpoplatnéné licence komerénich balikt, a to hlavné
mezi uzivateli-jednotlivei, kam patii i studenti vysokych 8kol, ktefi analyzuji
data ve svych zavéreénych pracich.

Snaha o integrovani konkrétnéjsi podoby podpory spravného vybéru vhodné
statistické metody, které se nejlépe hodi pro badatelova data a hypotézy, je nao-
pak relativné vzacné. Produkty obvykle nabizeji pouze tistény ¢i online manual
k ovladani uzivatelského rozhrani.

Cilem snaZeni autort je poskytnout dobfe dostupny, nekomeréni néstroj
pro co mozna nejsnazsi vybér a naslednou aplikaci statistické metody, ktera
je vhodné pro vyzkumny zamér, hypotézy a data badatele. Cestou k takovému
nastroji je dle autort aplikace dostupna online a nevyzadujici instalaci. Baterii
implementovanych a nabizenych metod je aplikace zaméfena zejména (ale nejen)
na oblast biomediciny. Prace s aplikaci by méla byt intuitivni a neméla by vy-
zadovat nutnost studia dlouhych manuali. Témto ideam se snazi aktuélni verze
vyvijené a nabizené aplikace statisticke_nastroje co nejvice pfiblizit.

2 DMaterial a metody

Aplikace statisticke_nastroje je volné a zdarma dostupna online. Jadro apli-
kace je napsano v jazyce R. Jazyk R je ,free-as-in-beer” a ,free-as-in-speech”, tj.
je zdarma ke staZeni a je mozné svobodné upravovat jeho zdrojovy kod. R je
programovaci jazyk a prostiedi pro statistické vypocty a grafiku a je Siroce vyu-
Zivano nejen statistiky. UZiti jazyka R zajistuje reliabilitu vypoc¢ta provadénych
zminénou aplikaci.
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Offline napsany kod v jazyce R byl s pouzitim R-kového balicku Shiny, ktery
poskytuje online framework pro R-kové skripty, nahran online na R-server 1. 1é-
kafské fakulty Univerzity Karlovy, kde je aplikace dostupna na adrese

’ http://shiny.statest.cz:3838 /statisticke nastroje/ ‘

Jazykem volby aplikace je ¢eStina, nebot v tuto chvili cili na ¢esky mluvici
vyzkumniky a studenty.

Vyvojovy diagram integrovany do aplikace poméaha u¢init spravné statisticka
rozhodnuti v zavislosti na pouzitych datech a zamyslenych statistickych hypoté-
zach; design diagramu vychazi ze zésad ,dobré praxe” problematiky a z autoro-
vych zkuSenosti v oblasti; korektnost zavéri vyvojového diagramu lze porovnat
s doporucenimi, ktera pro dany typ dat a hypotéz navrhuje napt. [11].

Statistické metody, které jsou implementovany, pokryvaji jak parametrické
testy (t-testy, F-testy, ANOVA a dalsi), tak neparametrické metody (Wilco-
xonovy testy, Kruskal-Wallisav test, Friedmantv test a dalsi), viz tabulku 1.
Metody jsou pifimo linkovany z koncovych bodu diagramu k zalozkam, které pak
vypocet dané metody na vlozenych datech provadi.

Tab. 1. Implementované statistické metody

parametrické metody neparametrické metody
t-testy Wilcoxonovy testy
F-testy Kruskal-Wallisuv test
x3-testy Friedmantv test
AN(C)OVA

Shapiro-Wilkuv test

3 Vysledky

Klicovou komponentou aplikace je zminény vyvojovy diagram, viz obréazek 1.
Umozhuje vyzkumnikovi, ktery jiz nasbiral data a formuloval vyzkumnou hypo-
tézu, vybrat pokud mozno nejvice odpovidajici statistickou metodu, a to tak,
Ze vyzkumnik projde diagramem v naznafeném sméru (shora dolit) na zaklads
odpovédi na pokladané otazky. Ve chvili, kdy se vyzkumnik dostane postupnym
odpovidanim na otazky az ke koncovému bodu diagramu, je zde piipraven od-
kaz na zalozku, ktera vede k dané statistické metodé umoznujici provést celou
analyzu.

Jsou-li predtim do aplikace online nahréana adekvatni data a uzivatel nastavi
parametry analyzy, ta prob&hne a uzivateli nabidne moznost stahnout offline
vystupy vyprodukované analyzou — tabulky se suméfi, diagramy s infografikou.

Hlavni rozhodovaci uzly vyvojového diagramu vyzaduji zodpovézeni otazek
tykajicich se typt a struktur nasbiranych dat, empirického rozlozeni dat, po¢tu
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Obr. 1. Vyvojovy diagram

ruskal-Wallistv test

porovnavanych vybért a toho, zda by analyza méla porovnavat stfedni hodnoty
nebo miry variability dat.

Uzivatelské rozhrani aplikace odpovida sou¢asnym naroktim na webové uti-
lity. Roli back-endu hraje v aplikaci jiz zminéné R, roli front-endu pak R-kovy
bali¢ek Shiny, dale HTML, CSS a javascript, diky kterym je aplikace uzivatel-
sky komfortnéjsi, obrazek 2. Posledné jmenovany jazyk umoziiuje mit v aplikaci
busy indikdtor (symbol piesypacich hodin p¥i zaneprazdnéni aplikace), thumb-
naily (néhledy popisek pi#i hover-over navigovani nad odkaz), message hlagky
a dalsi funkcionality.

4 Diskuze a zavér

Piinos aplikace je momentalné predpokladén zejména pro uzivatele z fad baka-
lafskych a magisterskych studentt raznych obori (bio)mediciny, ktefi hledaji
relativné jednoduchy, presto pouzitelny nastroj pro vypracovani statistické ana-
lyzy do zavérecné prace.

Vyhodou pro né miize byt, Ze je aplikace zcela volné pristupné, neni ome-
zena zadnou licenci. Dal$im plusem miiZe byt relativné velky prostor pro rychlé
doplnéni (doimplementovani) chybé&jici, nicméné zadané metody.

Oproti studenty ¢asto pouzivanému MS Excelu® nabizi aplikace moznost
snadného vykresleni (a stazeni) krabicového diagramu. Oproti jinym statistic-
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Obr. 2. Uzivatelské rozhrani aplikace

kym néstrojim je naopak mozné napiiklad provadét Fisheriv presny test pro
kontingen¢ni tabulky vétsi nez 2 x 2 buiiky; takova varianta je studenty ¢asto
vyhledavana, pfesto neni ani v profesionélnich statistickych nastrojich dostupna.

Projekt je stale ve vyvoji a lze ho interaktivné updatovat v névaznosti na
zpétnou vazbu uzivateli. Do budoucna je v planu implementovat (semi)auto-
matické doporuceni statistické metody uz na bazi charakteru dat, které uzivatel
aplikaci nabidne a eventualné (pfed)pfipravi. Napiiklad bude-li u dat rozpoznan
jejich kvantitativni charakter, aplikace automaticky provede test jejich normality.

Kvalita statistického aparitu pouzitého v odborném sdéleni ma jisté vliv
na celkovy dojem z publikace. Prvnim krokem kazdé statistické analyzy je volba
spravného statistického modelu. Tento krok je v8ak trikovy a mnohdy netrivialni
i pro zkuSeného badatele. Uzivatelsky pratelské aplikace, kterd byla vyvinuta,
se snazi tento krok zjednodusit. Propojeni mezi doporu¢enim konkrétni statis-
tické metody, vyplyvajici z intuitivniho vyvojového diagramu, a zalozkou, ktera
analyzu danou metodou provede, ma za cil zlepSit uzivatelsky komfort.
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Annotation:

Web-based application statisticke_nastroje enabling correct statistical test
selecting and its execution

Both researchers and students often face the problem of correct choice of the
right statistical method which should be applied to analyse their data properly.
Although there are plenty of commercial and open-source statistical packages,
a space for a tool combining advantages of both such distributions still does
exist. We tried to simplify the process of correct statistical test selecting and
execution using a development of an online freely available web application.
The application statisticke_nastroje is built with R language and one of
its packages, Shiny. The R is an open-source programming language and en-
vironment designed for statistical computing and graphics. The application is
available at R-server of the First Faculty of Medicine, Charles University, at
’ http://shiny.statest.cz:3838 /statisticke nastroje/ ‘ and is based on flowchart di-
agram navigating to an applicable statistical method. The integrated flowchart
enables a researcher to pick the most appropriate statistical method by the me-
ans of going through the flowchart step-by-step as she successively makes the
decisions by answering the ordered questions offered by the chart, and, after
that, she is linked to a tab of the application which allows using the sugges-
ted method and which provides an interface for uploading researcher’s data and
performing an analysis. We perceive that providing a user-friendly online appli-
cation and flowchart mapping the decision-making process of possible statistical
test choosing and pointing out the most appropriate one is the way how to
make the described process more easy-to-follow. The direct connection between
best possible statistical method and graphical interface performing the method
computations could increase a level of user comfort.
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Abstract. In this paper, I present a research project proposal for my
upcoming PhD study in Applied Informatics. The main course of this
project is ontology development for the academic domain, specifically
about research activities of PhD students throughout their academic
pilgrimages. The next goal is to create a game-like reference application
featuring PhD story sharing, which would validate these ontologies. I also
provide a pilot version of the project’s specification, anticipated issues,
outline and approach of my future research activities.

Keywords: academic domain - linked data - ontology engineering - PhD
story - qualitative research - semantic web

1 Introduction

Ontology engineering can be perceived as a set of activities revolving around the
creation of sophisticated domain-specific meta-modeling schemas. Each ontology
model represents a formal definition of some domain-specific terms, concepts, and
relations amid to describe an area of knowledge [9].

To build such a thing, the ontology practitioner must go through various steps
to reach his goals [7]. Guidelines, frameworks, and best practices in the process
of ontology development are still in an early stage of maturity. It is, however,
an up-to-date research topic [4] thanks to the potential usage of ontologies in
making knowledge explicit for utilization in knowledge-based systems and many
applied areas such as artificial intelligence, life science, education and more [5].

2 Specification of research subject

As a PhD student, I would like to contribute to the scientific community by
learning and bringing my own experience in ontology development. To do so,
I propose a major subject in which ontology engineering activities are involved.
This project will be focused on the analysis and creation of ontologies for the
academic domain, specifically about PhD journeys in Applied Informatics, which
would allow on-going and former students to structure their story experiences

J. Zendulka, M. Bielikovd, R. Burget, Z. Krivka (eds.),
Data a znalosti ¢ WIKT 2018, Brno 11.-12.10.2018, pp. 285-288.
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and share them on the web. PhD experience may vary from person to person,
but all of them must have something in common and I aim to formally generalize
them using ontologies.

Many new PhD students often find themselves in rather difficult situations
throughout the process of completing their program due to the insufficiency of
important information and guidelines. The final objective of my dissertation
would be to develop an application to support these students in the future.
The main use case of this application would be to educate new students who
just entered the scientific research world using an interactive and progressive
story-telling game.

My dissertation activities will essentially revolve around studying existing
PhD experiences. Research will include studying existing ontologies about re-
search methods and publications involving ontologies and the Semantic Web.
Other resources of interest include published PhD stories of computer science stu-
dents around the world, either in written or audiovisual form. All this knowledge
would be used for an interactive guide in creating and sharing PhD stories.

Presumably, this type of research is quite extensive. For that reason, bounda-
ries and goals should be determined during the earliest phase of the project. As
mentioned above, the activities and output of my dissertation would be bounded
by Applied Informatics and might be limited to a selected geographical territory.
Moreover, an early form of the prototyped version of the reference application
would only feature a simple tagging model for story creation.

3 Related questions and issues

Abstraction and localization. PhD stories may come from many different
countries and presented in many different styles. How to best comprehend the
diversity of verbalized expressions and generalize them with abstractions? Is
there a common pattern to look for?

Quality of resources. Throughout the process of studying existing PhD stories
and memoirs, one might come to a problem where stories are incomplete or
distributed unevenly in terms of continuity which might cause distortion of facts
or misinterpretation of the author’s original thought.

Regulations. The proposed application system will definitely work with per-
sonal data and other sensitive information. This poses a real challenge for the
service provider to organize and protect data in a compliant and secure way.
PhD stories would be accessible by the public and should not violate any law or
regulations. One way to deal with this kind of problems is to inform users and
obtain consent regarding their personal data. A more proactive approach is to
use data anonymization techniques.

Interconnected stories. The question is how to deal with related stories as
there might be a period of time when two or more stories can have a crossover.
A proposed approach is to let the stories be viewed from different perspectives
of each participant, respectively.
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Anticipated strategy and research approach

To partially visualize the layout and scope of my future work, I have defined
some of the tasks and goals as follows:

Bibliography research including scientific conferences and journals.
Research of ontology-related subjects including frameworks, best practices,
guidelines and design approaches for utilization in real applications.
Inspiration from old and contemporary PhD stories which are available on-
line or documented as biographies.! Here lies a possibility for application
of thematic analysis [6] involving practical methods such as examination,
sampling, induction, deduction, inference and pattern recording.
Interpretative ethnographic research in forms of participated observation
or indirect surveillance. Resources of interest also include various types of
documented or live materials.

Creation of ontology models including re-usage of other ontologies.
Creation of a domain-specific knowledge graph containing connected facts,
figures and interrelations between concepts. This would acquire and integrate
relevant information into an ontology and possibly derive new knowledge
(similarly to DBpedia, Wikidata or Google Knowledge Graph, from which
there would be some partial re-usage of concepts).

Design and implementation of an interactive web application, which would
presumably leverage ontology-driven software engineering [2].

Partial gamification of that application with a simple but pleasant graphical
design, inspired by the game of the Accountant?.

Analysis of personal data usage — compliance with GDPR.

Possible application of story pattern mining during user input.

Since the main feature of my experimental activities is Design Research, the

anticipated results of my work would be the following artifacts, all of which must
then be practically validated by means of documented case studies:

5

A set of ontologies describing the academic domain, providing knowledge
of scientific research methods and methodologies.

A knowledge graph instantiating the ontologies.

A software showcasing the usefulness of the mentioned artifacts.

Related works

There are several related projects whose tangible outputs are ontologies that are
devoted to the academic domain and research. The following ones have some
features of interest that could be closely related to my dissertation.

! Many modern PhD students share their study experience online in forms of written

blogs or audiovisual documentations aka vlogs.
2 The Accountant game — https://jplusplus.github.io/the-accountant/
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OLOUD (3] is an ontology that provides a high level model covering multiple
education related use cases involving Linked Open University Datasets.

VIVO [1] is an internationally adopted ontology which enhances the discovery
of researchers and collaborators across disciplines and organizations.

SWRC [§] is an ontology, in which research communities and relevant related
concepts are modeled. It also emphasizes the importance of ontology re-usage.

6 Conclusion

The final objective of my dissertation project is to build an easily accessible,
attractive knowledge-based system, providing users with an enjoyable process
of learning about research processes and methods from a first-person-like per-
spective. This system can then be conceived as a common sharing platform
among the scientific domain between academics, who are willing to share their
experience in a less formal but fun way.

I believe my future work will help open the doors and create opportunities
for new and on-going PhD students to do a better job upon their pilgrimage,
pushing the scientific research community forward.

Acknowledgments. I would like express my sincerest gratitude towards Prof.
Vojtéch Svatek for supporting me in my future study as my PhD advisor. The
research has been partially supported by the CSF under 18-23964S.
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