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Ktoré zahrani¢né pracoviska
spolupracovali pri rieSeni
(nazov, $tat):

Peter Tifo, School of Computer Science, University of Birmingham, United Kingdom

Lubica Benuskova, Knowledge Engineering and Discovery Research Institute, Auckland
University of Technology, New Zealand

Stefan Frank, Institute for Logic, Language, and Computation, University of Amsterdam,
Netherlands

Udelené patenty alebo podané
patentové prihlasky, vynalezy
alebo uzitkové vzory
vychadzajice z vysledkov
projektu:

Publikacie (knihy, ¢lanky,
prednasky, spravy a pod.)
zhriiujuce vysledky projektu
(uved’te i publikacie prijaté
do tlace alebo pripravované):

Uvddzajte maximdlne pit’
najvyznamnejsSich publikdcii.

M. Cerfiansky, M. Makula and L. Befiugkova: Organization of the state space of a simple recurrent
neural network before and after training on recursive linguistic structures. Neural Networks,
20(2), pages 236-244, 2007.

M. Makula and L. Beftuskova: Interactive visualisation of oligomer frequency in DNA.
Computing and Informatics, accepted, 2008.

M. Certiansky and P. Titio: Comparison of Echo State Networks with Simple Recurrent Networks
and Variable-Length Markov Models on Symbolic Sequences. In: Lecture Notes in Computer
Science. - ISSN 0302-9743. - Vol. 4668 Artificial Neural Networks - ICANN 2007, 17th
International Conference, Porto, Portugal, September 2007 : Proceedings, Part I (2007) - :
Springer-Verlag Berlin Heidelberg, 2007, s. 618-627.

M. Ceriansky, M. Makula, P. Lacko and P. Trebaticky Text Correction Using Approaches Based
on Markovian Architectural Bias. In EANN 2007, Proceedings of the 10th International
Conference on Engineering Applications of Neural Networks, Thessaloniki, Greece, 29.-
31.8.2007. - Thessaloniki. - ISBN 978-960-287-093-8. - S. 221-228.

M. Ceriansky and M. Makula. Feed-Forward Echo-State Networks. In Proceedings of
International Joint Conference on Neural Networks IJICNN 2005, Montreal, Canada, 2005.

V ¢om vidite uplatnenie
vysledkov tohto projektu:

Pre projekt bola vytvorena webova stranka www.fiit.stuba.sk/research/archbias, kde su uvedené
vysledky rieSenia projektu, vytvorené softvérové nastroje ako aj informacie o grantovej podpore.
Vysledky vyskumu su aplikovatel'né na rieSenie tloh vyzadujucich modelovanie postupnosti, a to
hlavne na rieSenie predikénych problémov. Vysledky projektu poukazuju na vhodnost’ skimanych
metdd - rekurentnych konekcionistickych modelov vyuzivajacich vlastnost’ nazvani markovovsky
architekturdlny bias na rieSenie niektorych tried predikénych uloh. Taktiez bola preukazana
vhodnost’ pokrocilych trénovacich algoritmov zalozenych na Kalmanovej filtracii oproti inym,
klasickym algoritmom pouzivanym na trénovanie rekurentnych sieti. Viaceré, v rdmci rieSenia
projektu vytvorené a zverejnené softvérové ndastroje dokladuju vedecké vysledky projektu.
Vyznamnym vysledkom rieSenia projektu je poukazanie na suvislosti medzi novou architektirou —
tzv. sieti s echo stavmi a markovovskymi modelmi s premenlivou dizkou pamiti.

Podpisom zaverecnej karty rieSitel’ vyjadruje svoj stiihlas ku zverejneniu udajov v nej uvedenych.
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Charakteristika vysledkov

| Evidenéné &islo: APVT-20-030204 |

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

V sulade so zaimerom projektu sme v priebehu rieSenia projektu skimali moZnosti sieti zaloZenych na vlastnosti
nazvanej ,,markovovsky architekturalny bias“. Vyznamnou prednostou tychto metéd je nenaro¢nost’
adaptacného procesu. Podstatni pozornost’ sme venovali novému pristupu putajicemu znaénu pozornost’
komunity, a to tzv. rekurentnym neurénovym siet’am s ,,echo stavmi“. Skiimali sme vlastnosti tychto pristupov
na rieSenie tiloh modelovania umelo vytvorenych aj realnych ¢asovych postupnosti, a to ako aj postupnosti
zloZenych zo symbolov abecedy, tak aj postupnosti zloZenych z hodnot zo spojitého intervalu.

Podarilo sa nam ur¢it’ problémy, ked’ skimané modely dosahuju kvalitativnhe porovnatelni popr. lepsiu
vykonnost’ neZ vypoctovo naro¢né pristupy pouzZivané na trénovanie rekurentnych neuronovych sieti. Na druhej
strane sa pre niektoré tlohy preukazala vhodnost’ pokrocilych a vypo¢tovo mimoriadne narocnych trénovacich
algoritmov zaloZenych na Kalmanovej filtracii. Ziskané poznatky sme uspeSne aplikovali v aplikacidch korekciu
poskodeného textu a spracovania DNA sekvencii. Siete s ,,echo stavmi* sme vyuZili pri modelovani realnych dat
na ziklade ¢lankov publikovanych v prestiZznych ¢asopisoch. Podarilo sa nam ukazat’, Ze pre niektoré ulohy je
mozné pouZzit’ ESN siete so zjednodusSenou architektiurou a ziskané vysledky su porovnatel’né s publikovanymi
zavermi. Pri ulohach spracovania postupnosti symbolov sme poukazali na blizky vzt'ah sieti s ,,echo stavmi*
a markovovskych modelov s premenlivou diZkou pamite. Na ziklade ziskanych poznatkov sme vyvinuli a
verejne spristupnili softvérové nastroje umoziujuce SirSej komunite vyuzit’ niektoré zo skimanych pristupov.

Popularizacia ziskanych vysledkov je podporenia webovou strankou wwwe.fiit.stuba.sk/research/archbias
vytvorenou pre tento projekt. Vyznamnym prinosom projektu je aj prehibenie existujiicej a dlhodobej
spoluprace s nasimi kolegami so zahrani¢nych pracovisk, ako aj nadviazanie novej spoluprace. Za vyznamné tiez
povaZujeme zapojenie Studentov inZinierskeho §tidia do rieSenia tiloh s vyskumnym charakterom.

Suhrn vysledkov rieSenia projektu a naplnenia ciel’ov projektu (max. 20 riadkov) - anglicky:

According to the project proposal we have studied capabilities of networks based on the property called
Markovian architectural bias. These methods are very attractive because of low computational complexity of
adaptation process. We have focused on novel method called echo state networks. We have studied properties of
these approaches for processing tasks consisting of modeling both artificial and real-world time series, and both
symbolic and real-valued sequences.

We have identified problems, where studied models proved to have comparable or better performance in
comparing with computational demanding approaches commonly used for recurrent neural network training.
On the other side we have showed the usefulness of advanced and computational demanding training algorithms
based on the Kalman filtration. Several applications such as text-correction and DNA sequence processing were
created using the gained knowledge. Also echo state networks were applied for modeling real-world data. These
experiments were based on papers published in high-quality journals, but we were able to prove, that some tasks
can be successfully solved using echo state networks with our newly proposed simplified architecture. We have
showed close relation between echo state networks and a variable memory length Markov models. Gained
knowledge helped us to create several software tools and some of them were made available for free download
for interested public.

Popularization of the project outcomes is established through web page www.fiit.stuba.sk/research/archbias
devoted to this project. We highly appreciate that long-term cooperation with our colleagues from international
universities could have been extended and also new cooperation have been established. Through this project we
have also managed to involve several MSc. students into solving tasks with research and development character.
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