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Slovo ivodem

9. letni skola aplikované informatiky navazala na predchozi letni Skoly aplikované (environmentalni)
informatiky v Bedfichové, které se zde konaji od roku 2002 s vyjimkou roku 2004, kdy se letni $kola
konala v Subifové a roku 2005, kdy byla hlavni akci Masarykovy univerzity (MU) v oblasti
environmentalni informatiky na 19. mezinarodni konferenci Informatics for Environmental Protection
- Envirolnfo 2005 s nosnym tématem Networking environmental information a kterou hostila
Masarykova univerzita ve dnech 7. az 9. zafi 2005 v brnénském hotelu Voronéz. V letech 2006 az
2011 se letni skoly konaly opét v Bedfichové v pensionu U Alext.

V letoSnim roce 9. letni $kola aplikované informatiky se konala ve dnech 3. az 5. zafi 2012
v Bedtichové, kde prob&hl workshop vénovany prezentaci scénafe ,,Anthropogenic Impact and Global
Climate Change “ feSeného Masarykovou universitou v ramci feSeni projektu 7. rimcového program
Evropské unie ¢. 247893 “TaToo - Tagging Tool based on a Semantic Discovery Framework”. Tento
projekt se zaméfuje na vyvoj nastroji Jednotného informacniho prostoru v Evropé pro zivotni
prostfedi (Single Information Space in Europe for Environment - SISE) umoziiujici uzivatelim snadno
zjistit environmentalni zdroje na webovych strankach (data, informacni sluzby a modely, které maji
rizné informacni uzly) a doplnit je o cenné informace v podobé sémantickych anotaci téchto zdroji,
coz usnadni jejich budouci pouziti a nalezeni, a =zahaji cyklus prospésného obohaceni
environmentalnich zdroji. Navrhovany ramec projektu TaToo je obecné povahy a umozni zaclenéni
sémantiky, s pfihlédnutim k riznym nédvrhim doménovych ontologii v environmetalnich
multidoménach a vicejazyénych souvislostech. ReSeni projektu TaToo poskytne tfi komplexni a
rozsahle ovefené scénate, a proto se predpoklada, ze jako hlavni cilova skupina uzivateld budou
kvalifikovani odborni uzivatelé téchto scénaii z ustavi Institut biostatistiky a analyz (IBA) a Centrum
pro vyzkum toxickych latek v prostredi (RECETOX) MU.

Vsemi prednaskami 9. letni Skoly prolinala skutecnost, Ze aplikace modernich informacnich a
komunikaénich technologii pro Zivotni prostfedi (potazmo environmentalni informatiky) jak v Ceské
republice (CR), tak i mezinarodné v Evropské unii (EU) a ve svété se zaméfuje na podporu
eEnvironmentu, Jednotného informa¢niho prostoru pro zivotniho prostiedi (SISE — Single Information
Space in Environment for Europe) a Sdileného informac¢niho systému pro zivotni prostfedi (SEIS —
Shared Environmental Information System), které podporuji napliiovani nové politiky v budovani
informacni spole¢nosti EU a CR, které piinesla ,, Digital Agenda for Europe® Vramci vize nové
Evropské komise ,,eEUROPE 2020“. Jde zejména o pteshrani¢ni informacni sluzby v ramci
eEnvironmentu. Jedné se o sdileni monitorovanych a zpracovavanych dat a informaci o atmosféte,
povrchovych 1 podzemnich vodach, odpadech, pud€, biodiverzité, atd. pomoci Globalniho
monitorovaciho systému zivotniho prostiedi a bezpecnosti (GMES — Global Monitoring for
Environment and Security). Tyto informacni sluzby umoziuji efektivnéjsi a presnéjsi sledovani
aktualniho stavu zivotniho prostfedi a udrzitelného rozvoje v Evropé, dale pak jeho modelovani a
simulaci jeho dalsiho vyvoje.

Za hlavni pfinos 9. letni Skoly povazujeme skutecnost, ze na letoSnim roc¢niku setkali a jsou
Vv ptispévcich zastoupeni nejen doktorandi a ucitelé z Masarykovy university (Institut biostatistiky a
analyz, Pfirodovédecka fakulta a Fakulta informatiky), ale i z Mendlovy university (Provozné
ckonomicka fakulta), Vysokého uceni technického (Podnikatelské fakulta) v Brné¢ a Vysoké skoly
banské — Technické university (Ekonomicka fakulta) v Ostravé. Jejich prispévky ve sborniku
prispivaji k tomu, Ze se letni $kola stala §irokym interdisciplinarnim odbornym férem v ramci Ceské
republiky. Dale je dulezité, ze n€kolik prispevkd, jejichZ spoluautofi jsou ze zahranici, je publikovano
v anglickém jazyce, ktery podtrhuje mezinarodni vyznam sborniku.



TEzisté projednavanych otazek na letni Skole bylo pfedev$im v detailni diskusi vénované feSeni
projektu TaToo, ale zahrnulo i1 dal$i problematiku, kterd se tykala oblasti ,,eEnvironment®,
»eGovernment, ,.eParticipation” a prezentaci nové feSeného projektu podporovaného Grantovou
agenturou Ceské republiky s nazvem ,,Construction of Methods for Multifactor Assessment of
Company Complex Performance in Selected Sectors”, vedeny pod registracnim ¢islem P403/11/2085.

V Brn¢ dne 31. listopadu 2012
Jifi Hiebicek
Jan Ministr

Tomas Pitner

Editofi
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Abstract

Current trends of sustainability indicators evaluation (i.e. measurement of economic/financial,
environmental, social and governance (ESG) performance) and corporate sustainable reporting are
discussed in the paper. The focus is on the building and construction sector. The relationship between
sustainability indicators and reporting is an important issue; and the development of advanced
methods to identify key performance indicators for ESG performance is discussed here along with the
possibility of the utilization of information and communication technology and XBRL taxonomy.

Abstrakt

V prispévku jsou popsany soucasné trendy v hodnoceni indikatorii udrZitelnosti (tj. méreni ekonomické
/ financni, environmentalni, socialni a spravni (ESG) vykonnosti) a podnikového reportingu
udrzitelnosti. Prispévek je zaméren na stavebnictvi a vystavbu. Vztah mezi indikatory udrZitelnosti a
reportingem je dilleZitou otazkou, a vyvoj pokrocilych metod k identifikaci klicovych vykonnostnich
indikatorii pro ESG vykonnosti je diskutovan spolu s moznosti vyuziti informacnich a komunikacnich
technologii a XBRL taxonomie.
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1. Introduction

Successful corporate sustainability, i.e., the capacity of an organization to continue operating over a
long period of time, depends on the sustainability of its stakeholder relationships. The available
statistics show that through all objective benefits the sustainability and ESG indicators evaluation and
corporate sustainability reporting can bring an appropriate feedback to businesses. This research in the
area of corporate performance evaluation and corporate sustainability reporting [13], [14], [15], [16],
[24] and [23] reflects the overall global world trends [1], [7], [31], [33], [35].

We have analysed corporate performance and ESG factors in chosen companies of the construction
and real estate sector which have implemented and certified international management standards [25],
i.e. quality (ISO 9000), environmental (ISO 14000 and EMAS) and occupational health and safety
(ISO 18000) management systems, and some of them are going to implement the corporate social
responsibility (ISO 26000) management system.

Therefore, ESG data and information are being monitored, codified, registered and transformed to Key
Performance Indicators (KPIs) [1], [8], [12], [14], [15], [16] and [31]. This fact indirectly indicates
that, in the case of such needs, the organization is able to add this ESG data and incorporate it into the
corporate sustainability report, [5], [8], [15], [16].



In the paper we summarize chosen results of project No P403/11/1103 of the analysis of ESG aspects
of corporate performance evaluation and reporting issued by the Global Reporting Initiative (GRI)
which provides Sector Supplement for all reporting organizations in the construction and real estate
sector [4].

We have focused on the critical partial processes in our research areas: integration of economic,
environmental, social and governance performance.

Our analyses of possibilities of corporate performance measurements in chosen organizations of the
construction and real estate sector by means KPIs were based on analyses of previous findings [13],
[14], [15], [16], [24] and their results will also be discussed in the paper.

2. New approach of GRI reporting

In this chapter we introduce some results of our analysis of the state-of-the-art economic,
environmental, social and governance aspects of corporate performance of the construction and real
estate sector. There we focused on the new approach of GRI reporting developed with other
organizations on common approaches to corporate performance and reporting [13], [15] and
considered the important European Union (EU) legislation (i.e. Construction Product Regulation
(CPR) - Regulation (EU) No 305/2011 laying down harmonized conditions for the marketing of
construction products) and the United Nations Environment Programme Sustainable Buildings and
Climate Initiative (UNEP SBCI) [38].

The Global Reporting Initiative is a very important network-based organization that produces a
comprehensive sustainability reporting framework that is widely used around the world. The GRI has
pioneered the development of the world’s most widely used sustainability reporting framework in
2000 and is committed to its continuous improvement and application worldwide. The GRI drives
sustainability reporting by all organizations. It produces the world’s most comprehensive
Sustainability Reporting Framework (GRI Framework) [34] which is the family of reporting guidance
materials provided by GRI.

Sustainability reports based on the GRI Framework can be used to demonstrate an organizational
commitment to sustainable development, to compare organizational performance over time, and to
measure organizational performance with respect to laws, norms, standards and voluntary initiatives.

GRI’s Framework consists of the Sustainability Reporting Guidelines, Sector Guidance’s, National
Annexes, and the Boundary and Technical Protocols [6].

The GRI promotes a standardized approach to reporting to stimulate demand for information on
sustainability — benefitting both reporting organizations and report users.

In March 2011, the GRI released the G3.1 Guidelines [7], an update and completion of the G3
Guidelines from 2006 [6], which consists of two parts. Part 1 features guidance on how to report. Part
2 features guidance on what should be reported. This is defined in the form of Disclosures on
Management Approach (DMA) and Performance Indicators (P1), which are organized into categories:
Economic, Environmental and Social. The Social category is broken down further to Labor, Human
Rights, Society and Product Responsibility subcategories. Each category includes a DMA and a
corresponding set of Core and Additional Performance Indicators.

Core Performance Indicators (CPI) have been developed through GRI’s multi-stakeholder processes,
which are intended to identify generally applicable Pls and are assumed to be very important for most
organizations. An organization should report on CPIs unless they are deemed not material on the basis
of the GRI Reporting Principles. Further we will take into account that CPIs can be in compliance with
KPIs.

Additional Performance Indicators (API) represent emerging practice or address topics that may be
material for some organizations, but are not material for others. Further we will not take into account
APIs and try to identify only CPlIs or KPIs.



The DMA should provide a brief overview of the organization’s management approach to the Aspects
defined under each Indicator Category in order to set the context for performance information. The
organization can structure its DMA to cover the full range of Aspects under a given Category or it can
group its responses on the Aspects differently. However, the DMA should address all of the Aspects
associated with each category regardless of the format or grouping.

GRI Pls are first organized by a general sustainability Category (economic, environmental, social:
labor; human rights; society; product responsibility), and then they are further arranged under Aspect
headings which more specifically reflect the issue each indicator is designed to measure.

Although the G3.1 Guidelines [7] has served as an essential and very useful tools in improving the
standardization of organization’s reporting in many sectors, organizations continue to have differing
degrees of compliance with the G3.1 Guidelines and sometimes also differing views on the best tools
to apply these standards to their reporting. The integration of financial performance within
environmental, social and governance performance reflects a growing desire by stakeholders for more
information on a broader range of issues. To be comparable across all organizations, and thus useful
for mainstream investment analyses, it is important that financial, environmental, social and
governance (ESG) data are transformed into consistent units and presented in a balanced and coherent
manner in ESG indicators [8].

G4 Guidelines is coming GRI’s fourth generation of Sustainability Reporting Guidelines and is now in
development.

The main focus of G4 Guidelines is:

e ageneral revision to improve DMA and Pls technical definitions;

e an extra effort to harmonize with other relevant international reporting guidance, see for
example [13], [15];

e a considerably improvement of guidance around the definition of what is material (from
different perspectives);

e are-design of the G4 Guidelines format (by separating “standard like” requests from guidance,
making it web based, offering templates, linking it to technology solutions using XBRL
taxonomy).

The launch of the fourth generation of G4 Guidelines is planned for 2013. They will be developed
using the international multi-stakeholder consultation process. Open Public Comment Periods, diverse
expert Working Groups and GRI’s approval procedures will ensure that G4’s guidance will be in
consensus based and reflects the broadest possible stakeholder input.

2.1 Guidelines for Construction and Real Estate Sector

The Construction and Real Estate Supplement (CRESS) provides organizations in the sector with a
tailored version of GRI’s Reporting Guidelines. It includes the original Guidelines, which set out the
Reporting Principles, DMA and Pls for economic, environmental and social issues.

The CRESS is intended for companies that:

e investin, develop, construct, or manage buildings; and
e investin, develop or construct infrastructure.

The lifecycle diagram below describes the activity areas covered within the CRESS:
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Figure 1: Lifecycle diagram of activity areas covered within CRESS. Source [4]

The construction and real estate sector has a significant impact on the economy, society, and
environment, in ways that are both positive and negative.

The UNEP SBCI [38] suggests that buildings are responsible for more than 40 % of global energy use
and one third of global greenhouse gas emissions. It also estimates that buildings are responsible for
up to 80 % of greenhouse gas emissions in our cities and towns. Reducing global greenhouse gas
emissions in the built environment is also widely recognized as the least expensive abatement
opportunity. GRI recognizes that the construction and real estate sector has a significant role to play in
the response to climate change.

Activities associated with constructing, operating, occupying and demolishing buildings and
infrastructure also deplete natural resources and contribute many kinds of pollutant to land, air and
water. Resources which are vital to the survival of all species, such as water and natural materials, are
consumed on a significant scale by activities associated with the built environment. The UNEP SBCI
estimates that the built environment is globally responsible for 30 % of natural material use and 20 %
of water use.

The creation and maintenance of the built environment also significantly affects natural ecosystems
and transforms or eradicates long standing habitats. The construction and real estate sector also
produces large quantities of waste and UNEP SBCI estimates that the built environment contributes to
30% of total solid waste generation.

In socio-economic terms, the built environment has significant direct and indirect impacts on social
wellbeing and the livelihoods and prosperity of communities and individuals. The sector, through its
various activities as a major employer with a diverse and complex supply chain, can positively impact
local economies by providing jobs, training and industry. The sector provides homes, education and
recreational facilities for communities, yet it can also be responsible for displacing many people.

The sector’s products are also enduring, in some instances lasting hundreds of years and forever
changing the landscape in which they sit. These reasons, combined with the growing appetite for
sustainability information from stakeholders and an increasing number of companies managing and
reporting on their performance, have given rise to the need for reporting guidance and this Sector
Supplement.

2.2 GRI and ISO reporting

The International Organization for Standardization (ISO) [20], the world’s largest developer of
voluntary International Standards, and the GRI, signed a Memorandum of Understanding (MoU) on 5
September 2011 to increase their cooperation. The MoU is intended to leverage the activities of the
two organizations related to reporting and benchmarking by businesses and on sustainable
development by sharing information on ISO standards and GRI programs, teaming up with other



partners, participating in the development of new or revised documents, joint promotion and
communication. ISO and GRI are also meant to support and promote each other’s involvement in
initiatives related to sustainable development, such as the Rio+20 conference in Brazil in 2012, and
other programmes by organizations such as the United Nations Global Compact [39], the
Organization for Economic Co-operation and Development (OECD) [26], and the United Nations
Environment Programme Finance Initiative (UNEP FI), [37]. The ISO 26000:2010 Guidance
Standard on Social Responsibility emphasizes the value of public reporting on social responsibility
performance for internal and external stakeholders, such as employees, local communities, investors
and regulators. 1SO 26000 provides guidance on the underlying principles of social responsibility, the
core subjects and issues pertaining to social responsibility and on ways to integrate socially
responsible behaviour into existing organizational strategies, systems, practices and processes. I1SO
26000 also emphasizes the importance of results and improvements in social performance.

ISO 26000 also briefly explains that social responsibility reports and other communications should be
understandable, accurate, balanced/transparent, and timely, as well as comparable. The GRI
Framework goes further in providing more specific guidance on the principles of clarity, accuracy,
balance, timeliness, and comparability and also adds the principle of reliability. These principles all go
towards helping to ensure the quality of reported information.

This represents an important new level of international attention with respect to the issue of reporting,
and is aligned with GRI’s vision that disclosure on economic, environmental, social and governance
performance becomes as common place and comparable as financial reporting [9].

2.3 GRI and Integrated Reporting

The International Integrated Reporting Council (IIRC) [18] was established to support the evolution
of integrated reporting. The IIRC brings together the world’s leaders from the corporate, investment,
accounting, securities, regulatory, academic and standard-setting sectors, as well as civil society. The
IIRC aims to develop a new approach to reporting — one that is fit for purpose in the 21st Century —
building on the foundations of financial, narrative, governance and sustainability reporting, but in a
way that reflects the reality that all these elements are closely related and interdependent, and flow
from the organization’s overall strategy and business model. In September 2011 the IIRC published its
discussion paper Towards Integrated Reporting - Communicating Value in the 21st Century, [36],
which offers initial proposals for the development of an International Integrated Reporting Framework
and outlines the next steps towards its creation and adoption.

GRI is one of the co-conveners of the IIRC and is actively participating in its working groups and task
forces. GRI works towards making disclosure of sustainability impacts a mainstream business activity.
There are different paths to mainstreaming, and many uses for corporate sustainability reporting: as a
standalone discipline; as part of a company’s research and development; as a platform for providing
data to specific stakeholder groups, like investors; and now, as an intrinsic element of integrated
reporting.

Integrated reporting is a form of corporate reporting that brings together material information about an
organization’s strategy, governance, performance and prospects in a way that reflects the commercial,
political, social and environmental context within which it operates. It provides a clear and concise
representation of how an organization creates value, now and in the future.

GRI supports the development of integrated reporting as it has the potential to make a large
contribution to the mainstreaming disclosure of sustainability impacts.

2.4 GRI and the Carbon Disclosure reporting

GRI and the Carbon Disclosure Project (CDP) [2] announced in July 2011 the release of Linking GRI
and CDP: How are the GRI Guidelines and the CDP questions aligned? The first edition of this
document [24] was published in 2010 and has now been updated to incorporate changes in guidance.
Linking GRI and CDP features a table that compares specific environmental indicators from GRI’s
Guidelines with questions from CDP’s Investor and CDP Supply Chain 2011 programs [3].



2.5 GRI and XBRL Reporting

The eXtensible Business Reporting Language (XBRL) [42] is a markup language for the electronic
communication of business and financial data that provides major benefits in the preparation, analysis
and communication of business information.

XBRL is the emerging standard used around the world to define and exchange financial performance
data. With substantial work already initiated internationally to create taxonomies for financial
information, the GRI has, in collaboration with partners, developed XBRL taxonomy for non-financial
performance data that can complement other taxonomies.

The GRI Taxonomy Project announced in June 2011 by GRI and Deloitte will result in a new format
for exchanging sustainability data: one that will help investors, auditors and analysts to publish, use
and analyse information in sustainability reports more quickly and easily.

This project will develop the XBRL taxonomy for GRI's G3 and G3.1 Guidelines, and is now
underway.

The GRI Framework with the new XBRL taxonomy designed for the ESG performance together with
renewed EU strategy 2011-14 for Corporate Social Responsibility (CSR) [30], UN Compact Global,
UNEP FI, 1SO 26000 and OECD Guidelines for Multinational Enterprises [27] appear as essential for
corporate reporting at present.

2.6 Summary of GRI reporting

Data on the corporate performance including carbon emissions, water use and human rights
infringements can now be easily revealed thanks to a new format for tagging data in sustainability
reports, being launched on 8 March 2012 by the GRI. This new format will help people find
information hidden in corporate sustainability reports much more quickly and easily.

According to recent research, 95 % of the world’s 250 biggest companies now report their
sustainability performance. GRI produces a comprehensive sustainability reporting framework that is
widely used around the world. The Framework, which includes the Sustainability Reporting
Guidelines, features indicators that organizations can use to measure and report their sustainability
performance.

In the past decade, corporate reporting has evolved to include sustainability information, on the
economic, social and environmental performance of an organization. Around the world, more
companies are releasing sustainability performance information, both through annual sustainability
reports or an equivalent document, and — because of the increasing demand for it — also through other
means, such as websites, newsletters and other corporate reports. Increasingly, companies are
integrating sustainability disclosures into their regular reporting cycle. Today, some 4,500
organizations report their sustainability performance.

GRI has launched a new XBRL taxonomy for tagging sustainability data in reports, making it easier
for report users — including regulators, investors and analysts — to find and analyse data. The GRI
Taxonomy — which is available for free — was developed in collaboration with Deloitte Netherlands. A
team of experts from different stakeholder communities reviewed the draft taxonomy before the Public
Comment Period.

GRI taxonomy will enable companies and other organizations to use XBRL to improve their
sustainability reporting and make the data in their reports more accessible.

Nelmara Arbex, Deputy Chief Executive of the GRI, said: “Today’s new taxonomy is a major step
forward in making sustainability data available to society. Many companies already use XBRL to tag
their financial performance data; the GRI Taxonomy means that companies can tag their
sustainability data, making it easily accessible for people who want to find information in the report.”

Tagging ESG data in reports requires a piece of software. Some regulators — including stock
exchanges and governments — use various ICT tools to search for data and compare the performance
of different companies.



We are going to develop ICT tools in the project No P403/11/1103 for corporate sustainability
reporting for Construction and Real Estate Sector.

3. Corporate performance evaluation and reporting

The corporate performance plays a key role in the corporate strategic policy and sustainability of
success of an organization. The creation of reliable methods of ESG performance measurement where
concurrent acting of multiple factors is in play can be considered a prerequisite for success not only in
decision-making, but also with regard to corporate governance, comparison possibilities, development
of a healthy competition environment etc.

The GRI Framework states that corporate performance indicators may be both quantitative and
qualitative and that they should cover the reporting entity’s direct and indirect impacts across
economic, environmental and social dimensions.

Economic indicators include proxies for the organization’s impact on resources at the sharcholder
level and on other economic systems at the local, national and global level. This heading also
encompasses issues dealing with remuneration paid to employees and money received from
customers, to name but a few.

Environmental indicators deal with the measurement of an organization’s impact on the environment
via its products and services and its activities.

Social indicators deal with labor practices, human rights and broader social issues affecting a broad
range of stakeholders [43]. An important element of the social performance is occupational health and
safety. The trend underscoring the social aspects of sustainable development is the concept of CSR
[44]. Other key issues related to the CSR are: human rights, employees‘ rights, involvement of
municipalities and relationships with suppliers, information policy including issues such as releasing
information, transparency, educating the consumers and anti-corruption measures.

Governance indicators enlarge Sustainability indicators and deal with corporate governance. This is a
term that refers broadly to the rules, processes, or laws by which businesses are operated, regulated,
and controlled. The term can refer to internal governance indicators/factors defined by the officers,
stockholders or constitution of a corporation, as well as to external forces such as consumer groups,
clients, and government regulations. The corporate governance issues in the Czech Republic are
obtained from the Corporate Governance Code of companies, which is based on the OECD principles
2004 [27].

One of the possible approaches is to also take into account successful solutions to economic,
environmental and social issues and governance in relation to measurement of corporate performance,
as well as its continued success (Sustainability of Success). Disregarding such aspects of performance
in the unified reporting (e.g. prepared G4 Guidelines for Corporate Sustainability Reporting) by
company managers may result in creating further and even deeper problems. For the purpose of
collecting corporate performance data it is necessary to determine the KPIs of the given organization.

3.1 Integration of economic performance

We will here consider economic performance based on the G3.1 Guideline (enlarged with its
Construction and Real Estate Supplement). Economic performance indicators are often used for
selection strategies (maximizing profits, maximizing total costs, company survival, etc.) based on
direct economic impacts of customers, suppliers, employees, providers of capital, public etc.

Financial reporting standards, such as IFRS and US Generally Accepted Accounting Principles (U.S.
GAAP) and ESG reporting frameworks, principally the GRI Guidelines [7, 8], will act as structural
supports for potential integrated reporting frameworks of integrated economic performance [17].

Research of the direction of the economic performance indicators of project No P403/11/2085 has
focused on the analysis of the reporting framework of the GRI [7] and IFAC Sustainability Framework
2.0 [33]. Furthermore, the research dealt with economic indicators which have been published in the



Yearbook of Czech Statistical Office [45] and selected economic indicators of financial statements
according to Czech accounting standards (from 2011) and a comprehensive analysis of the voluntary
reporting of 10 large Czech companies of the Construction and Manufacturing sector has also been
done [46].

We proposed the Key Performance Indicators (KPIs) for the measurement of economic performance in
relation to the sustainability and ESG indicators. The economic performance indicators provide
quantitative forms of feedback which reflect the results in the framework of corporate strategy. The
approach is not different when we control environmental, social and governance issues. The non-
financial KPIs that an organization develops, manages and ultimately reports — whether internally or
externally — will depend on its strategic priorities, and will reflect the unique nature of the
organization. What is most important is to recognize what is measured, what is controlled, and it is
important that the measures create value for the company and its stakeholders.

The proposed KPIs can help organizations to plan and manage their economic priorities, in particular,
when the economic indicators are focused on the core business strategy, by means of operational

plans, which include performance targets.

Table 1. Economic KPIs. Source [46]

Indicator KPIs Measurement
EBIT Earnings before Interest and Taxes
EC1 EBITDA Earnings before Interest, Taxes, Depreciation and Amortization.
Profit EAT Earnings after Taxes / Net profit
EPS Earnings Per Share, P/E = Price Earnings Ratio.
FCF EBIT * (1-Tax rate) + Depreciation and Amortization - Changes in Working
Free Cash Capital - Capital expenditure.
EC2 Flow
Cash Flow OCF All the cash flows arising from the main activity of the company, which is the
Operating Cash | subject of its business (the movement of stocks, receivables, obligations).
Flow
Total revenue is the total receipts of a company from the sale of any given
EC3 TR quantity of a product, i.e. Revenues from own goods and services + Revenues
Revenues Total revenues | from sale of merchandise (goods for resale) + Revenues of fixed assets +
Revenues from sale of materials + Revenues of securities.
EC4 Revenues from own goods and services + Revenues from sale of merchandise
Turnover Turnover size | (goods for resale) + Revenues of securities
size
EC5 The difference between turnover (revenues) from sales of goods and expenses
Profit Profit margin | on merchandise sold (i.e. on goods sold in the same condition as received).
margin
Return on ROE = EAT / Equity
Equity
Return on ROI = EBIT /Total capital
EC6 Investment
. Return on ROA = EBIT / Assets
Indicators
of economic Assets
performance Return on ROS = EAT / Revenues
Sales
Return On ROCE = EBIT / Equity + Long-term liabilities
Capital
Employed
EC7 Economic EVA = (ROE — Cost of Equity) * Equity
EVA Value Added

The proposed KPIs for measurement of the corporate performance in relation to the ESG indicators
were established on the basis of the results of empirical research by the team of FBM BUT, [46], see
Tab. 1.



These indicators EC1 — EC7 differ from indicators proposed in CRESS [4, 30], where they are defined
only in general following GRI 3.0 Guidelines:

e Economic Performance indicators: EC1 (Commentary added to clarify sources of financial
information. Commentary added to report on specific breakdown for payments to governments.
Commentary added to refer to methodology for calculating community investments and
clarifying infrastructure investments) and EC2 (Commentary added to report financial
implications and other risks and opportunities for the organization’s activities due to other
sustainability issues. Commentary added to provide new definitions on Qualitative Financial
implications and Obsolescence).

e Market Presence indicator: EC7 (Commentary added to include procedures for local hiring for
all direct employees, contractors and sub-contractors hired from the local community.
Commentary added to provide definitions on contractors and sub-contractors.

e Indirect Economic Impact indicators: EC8 (Commentary added to explain other significant
infrastructure investments made by the reporting organization.) and EC9 (Commentary added
to add examples of indirect economic impacts).

All economic performance indicators EC1 — EC7 of Table 1 give measureable values. A company in
the Czech Republic can compare some of them with the country’s benchmark value, e.g., it is able to
calculate the EVA indicator and compare with the benchmark value online on the web of the Ministry
of Industry and Trade of the Czech Republic?.

We took also into account GRI’s Reporting Guidelines CRESS and consider following economic
KPIs:

e EC1 - Direct economic value generated and distributed, including revenues, operating costs,
employee compensation, donations and other community investments, retained earnings, and
payments to capital providers and governments.

e EC2 - Financial implications and other risks and opportunities for the organization’s activities
due to climate change and other sustainability issues.

e EC7 - Procedures for local hiring and proportion of senior management and all direct
employees, contractors and subcontractors hired from the local community at locations of
significant operation.

e ECS8 - Development and impact of infrastructure investments and services provided primarily
for public benefit through commercial, in kind, or pro bono engagement.

e EC9 - Understanding and describing significant indirect economic impacts, including the
extent of impacts.

Financial reporting standards, such as the International Financial Reporting Standards (IFRS) [17]
and the US Generally Accepted Accounting Principles (U.S. GAAP) [40] and ESG reporting
frameworks, principally the GRI Guidelines and our proposed set of economic indicators, will act as
structural supports for potential integrated reporting frameworks of integrated economic performance.
The IFRS Foundation, the body that oversees the International Accounting Standards Boards (IASB),
has today completed the first part of their project to address requests by regulators and preparers for
extensions to the full IFRS XBRL Taxonomy, which we are going to use in our developed ICT tools for
reporting.

The IFRS XBRL Taxonomy is used to help those filing IFRS financial statements electronically to
“tag” the information with identification tags (called “concepts” in an XBRL taxonomy). Currently,
the IFRS XBRL taxonomy includes all core concepts included in IFRSs as issued by the IASB.

We have also used our developed XBRL tools to facilitate the calculations and the visualizations of
these integrated economic performance indicators [47].

! http://www.mpo.cz/cz/infa.html



3.2 Integration of environmental performance

We determined general environmental KPIs with the use of results of our previous research in this
field [11], [14] and with the use of the G3.1 Guideline and EMAS indicators for all sectors, which
were accepted by the Ministry of Environment of the Czech Republic as its official methodology for a
voluntary environmental reporting [12]. The proposed environmental KPls shall apply to all
organizations in all NACE economic activity sectors.

We have identified direct and indirect environmental aspects of construction sectors, where we
issued Reference Documents on Best Environmental Management Practice in the Building and
Construction Sector [48], see Fig. 2.

However we have selected a certain set of environmental KPIs following key areas of the environment
from GRI’s Reporting Guidelines CRESS [30] and EMAS and used GRI notations:

1) Efficiency of material consumption, where we have chosen EN1 and EN2 indicators from CRESS;

2) Energy efficiency, where we have selected EN3, EN4, EN5, EN6, EN7 indicators and an
additional CRE1 indicator (Building Energy Intensity) from CRESS;

3) Water management, where we have selected EN8, EN9, EN10 indicators and additional CRE2
indicator (Building Water Intensity) from CRESS;

4) Waste management, where we have selected EN22 indicator from CERSS and additional EN22a
indicator (Total annual generation of hazardous waste) from [1];

5) Biodiversity, where we have selected EN12 and EN13 indicators from CRESS;

6) Air pollution, where we have selected EN16, EN17, EN18, EN20 indicators and additional CRE3
indicators (Greenhouse gas emissions intensity from buildings) and CRE4 (Greenhouse gas
emissions intensity from new construction and redevelopment activity) from CRESS;

7) Other relevant indicators of the influence of the organization’s activity on the environment, where
we have selected EN26, EN29 indicators and additional CRES5 indicator (Land and other assets
remediated and in need of remediation for the existing or intended land use according to
applicable legal designations) from CRESS.
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Figure 2: Direct and indirect environmental aspects of the construction sector. Source: [48]

The above set of selected environmental KPIs differs from our past set of KPIs introduced in [11],
[12], [13] and describes more appropriate KPIs in sustainability and ESG indicators for the building
and construction sector.



Some constructions of KPIs represent absolute performance (e.g., total GHG emissions, total water
use), which is not normalized by factors such as floor area or building users. However, where it is
practical to do so and will be helpful in interpretation, the reporting organizations should consider
using ‘like-for-like’ analysis for absolute KPIs to enable comparability over a defined period of time
of our research project.

3.3 Integration of social performance

The social dimension of corporate sustainability concerns the impacts the given organization has on
the social systems within which it operates. We are going to determine the KPIs for social
performance based on the GRI Framework and its social performance indicators, in order to identify
some key performance aspects surrounding labour practices, human rights, society, and product
responsibility [7], [14], as was done in GRI’s Reporting Guidelines CRESS.

We have to consider that labour practices indicators also draw upon two instruments which directly
address the social responsibilities of business enterprises: the ILO Tripartite Declaration Concerning
Multinational Enterprises and Social Policy [19], and the OECD Guidelines for Multinational
Enterprises [27] and we must take into account: employment; labour/management relations; health
and safety; training and education; diversity and opportunity.

However we are going to select the optimal set of social KPIs for NACE economic activities: “F —
Construction” in the following key areas:

1) Labor Practices and Decent Work indicators are broadly based on the concept of decent work.
The set begins with disclosures on the scope and diversity of the reporting organization’s
workforce, emphasizing aspects of gender and age distribution. We here take into account:

e Employment - LA1 and LA3 indicators from CRESS;

e Occupational Health and Safety - LA7, LA8 and CRE6 (Percentage of the organization
operating in verified compliance with an internationally recognized health and safety management
system) indicators from CRESS;

e Training and Education - LA10 indicator from CRESS;

¢ Diversity and Equal Opportunity - LA13 indicator from CRESS;

e Equal Remuneration for Women and Men - LA14 indicator from CRESS;

2) Human Rights indicators require companies to report on the extent to which human rights are
considered in investment and supplier/contractor selection practices. We here take into account:

e Non-discrimination - HR4 indicator from CRESS:;

e Child labour - HR6 indicator from CRESS;

3) Society indicators focus the attention on the impacts organizations have on the communities in
which they operate, and disclosing how the risks that may arise from interactions with other social
institutions are managed and mediated. In particular, information on the risks associated with
bribery and corruption is sought, as well as information on the undue influence in public policy-
making, and monopoly practices. We here take into account:

e Local community — SO1, SO9 and CRE7 (Number of persons voluntarily and involuntarily
displaced and/or resettled by development, broken down by project) indicators from CRESS;

e Public policy — SO5 and SO6 indicators from CRESS.

4) Product responsibility indicators address the aspects of a reporting organization’s products and
services that directly affect customers. We take into account namely:

e Customer Health and Safety — PR1 and PR2 indicators from CRESS;;

e Products and Services Labelling — PR3, PR4, PR5 and CRE8 (Type and number of
sustainability certification, rating and labelling schemes for new construction, management,
occupation and redevelopment) indicators from CRESS.

The integration process of the development of the complete set of social performance indicators is in
progress and the final version of KPIs is planned to be complete, as a part of our research project,
towards the end of this year.



Certain KPIs should also be reported by meaningful segmentation to facilitate interpretation, for
example by portfolio, fund, geographic location, or asset type.

3.4 Integration of corporate governance performance

The corporate sustainability or ESG reporting usually contains governance structure of the
organization, including committees under the highest governance body responsible for specific tasks,
such as setting the strategy or organizational oversight (CEO, top management etc.).

Legal base for the corporate governance is created within the framework of following EU directives
and rules (Code of the Criminal Responsibility, Code of the Business Activities on the Financial
Markets, Commercial Law, Principles of Auditors, and Bank Law) and from others legislative
(Directive 2004/25/ES about offers undertaking), about the transparency of the listed corporation
(Directive 2004/109/ES), right of shareholders (Directive 2007/36/ES), about market exploitation
(Directive 2003/6/ES) and about the audit (Directive 2006/43/ES).

The corporate governance regulation in the Czech Republic usually uses a dualistic model: the
mechanism of written law enforcement (mainly the Act No 513/1991 Sh., Commercial Code), and the
self-regulation mechanism, characterized by a self-imposed observance of the required rules. This
mechanism is primarily implemented through the code of company governance and also through due
diligence principles. The company is governed by a body of shareholders — the general meeting
reported to by the board of directors as an executive managing body and by the supervisory board as a
surveillance authority.

The establishment of corporate governance performance indicators was based on the empirical
analysis of the Code of corporate governance of OECD [27] and the Czech Republic (2004); also on
the ,,Green Paper* of the EU Corporate Governance Framework [49] and International Federation of
Accountants (IFAC) [50].

The results of the current monitoring of the indicators in the area of corporate governance are shown in
the Table 2, where each indicator is presented with its description and source.

Table 2. List of Selected KPIs of the Corporate Governance. Source [51]

Title Description Source

Corporate Governance and
Management Code

Concentration of owners — right to vote per | The OECD principles of CG, Annex:
Ownership models Indicators of Corporate Landscape
concentration Percentage distribution of the ownership OECD 2007

per various categories of the investors

Number of members from the point of the | Green Book - a governance and

Management Frequency of the executive body sessions

professional competences management of the company in the

Percentage representation from the point financial institutions and remuneration
Members of the board - X . .

of the international representation policy

Percentage representation of the members
from the point of both sexes

Percentage representation of the Corporate Governance and
independent members Management Code
Separation of the posts CEO/chairman IFAC
Independency of the board members and Corporate Governance and
audit bodies Management Code, IFAC
Stakeholder Duration of the membership in the board IFAC
effectiveness Remuneration of the board -stimuli IFAC
Remuneration of the board — quantity of Recommendation of the Council
bonuses 2009/385/EC dated April 30, 2009,
Remuneration of the board — offer amending the recommendations
(purchase, sale of shares) 2004/913/EC and 2005/162/EC
Remuneration of the board — quantity of IFAC

shares versus salary




Remuneration of the board - long term and
short term obstacles

Percentage of women in the board

Signs of the risk management and policy
implementation- division of competencies
for the risk management

Frequency of the involvement of the IFAC
stakeholders

Stakeholder Existence of the mechanisms of the

engagement involvement of the stakeholders

Methaods of the responses to the feedback
from the stakeholders

Records on the breaching of the IFAC
regulations and extra costs
Corruption in comparison to the
percentage of revenues in the region
Corruption - number of the analyzed
business units

Conduct, litigation Total sum spent on the correction,
risk corruption penalties, expenses and putting out of
operation

Payments to the state and the total value
of the financial and subsistence
contributions to the political parties,
politicians and allied institutions

Right of vote equality

3.5 ICT tools for corporate reporting and project

We have also used our developed ICT tools based on GRI XBRL taxonomy to facilitate the
calculations and the visualizations of key performance indicators.

XBRL allows us to prepare reports to place electronic tags on specific content (graphs, numbers, text,
etc.) of indicators in their reports by using an existing “XBRL taxonomy”. It enables users who are
interested in finding some environmental data, e.g. on greenhouse gas (GHG) emissions, to
immediately find this data - select it, analyze it, store it and exchange it with other computers on an
intranet or internet network and automatically present it in different ways. Users are also able to apply
this in a variety of reports and to compare emissions information across different reports.

The power of XBRL comes from its structure, which is divided into an instance document and a group
of taxonomies. The instant document includes business facts that are reported. The XBRL taxonomy is
defined by metadata about reported facts, meanings, interconnections, etc. From a technical point of
view, the XBRL taxonomy is defined as a standardized XML schema (XSD), one that includes a
concept, the data of which will appear in the report. The group of schemas describes the syntax as
interconnections of the individual messages or their parts. Any XBRL schema goes hand-in-hand with
so-called link bases.

Link bases are collections of references, which enrich the syntax by means of certain semantics. The
main distribution occurs in schemas and Link bases according to [28]:




1)

XBRL

42 0 0
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Figure 3: XBLR framework [28]

The core is the XML schema as the key unit of the XBRL taxonomy.

2) The LabelLinkBase, the naming of the elements included in the XSD schema.

3) DefinitionLinkBase, establishes the hierarchy and the organization of all the units appearing in
the report.

4) The PresentationLinkBase, structuring and distribution of the concepts without changing the
hierarchy defined by the DefinitionLinkBase.

5) The ReferenceLinkBase, enables the interconnection of the elements from the XML schema with
other information, such as directives or comments, and — owing to that — simplifies the
understanding of the whole structure.
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We have already prepared a web portal Fig. 4 with initial information about the planned integration of
using an appropriate XBRL taxonomy, which will be differentiated and focused at particular target
groups of users regarding the goals of our research project No P403/11/1103. Further, a group of ICT
tools will be prepared to use at the same portal to validate and store differentiated XBRL reports.

3.6 Questionnaire for the investigation of corporate performance and reporting
blueprint

Our research project No P403/11/1103 consists of partial research targets mentioned above. These
targets are connected with the particular project stages. In the first stage, the state-of-the-art analysis
we have developed, in collaboration with researchers of the FBM BUT, a questionnaire covering all
four general topics (reporting is included across all the topics) of our research [13], [15], [16] was
created. According to this, the questionnaire is divided into four independent modules focusing on
partial aspects of business development, particularly in the environmental, social, economic, and
corporate governance management subsystems.

The questionnaire was prepared for both the printed and the online version (with an identical text) and
after all data collection will be completed, both data sets will be merged for further data processing.
The online data collection will be done by means of the Research Laboratory (RelLa) questionnaire
system, which has been developed as a research project of the Institute of Marketing and Trade of the
FBE MENDELU in Brno [32].



Based on the research results of the questionnaire, it is possible to evaluate the current state and
potential corporate performance of the investigated organizations of construction and real estate sector
on environmental, social, economic and corporate governance levels.

Subsequently, we will continue in the verification of the correctness of our approaches and
development of KPIs for corporate performance and corporate sustainability reporting, proposed for
organizations of the investigated sectors of the Czech Republic and the European Union.

4. Conclusion

Analysis of the state-of-art on economic, environmental, social and corporate governance aspects of
company performance and corporate sustainability reporting has been presented. The proposed set of
abovementioned sustainability indicators for all companies in a given building and construction sector
monitors to a much greater extent the development dynamics, as up to now [4]. CEO decision-making
is based on a qualified assessment (measurement) of a situation determined at the same time by
multiple indicators, primarily in their horizontal development [1], [16], [31], [52]. In pursuit of an
outstanding information force, emphasis is currently being placed not only on the absolute data, but
primarily on the changing data and the analyses of changes of these changes. That is, the dynamics of
systems is the focus of attention. Vertical analyses that are applied adequately then add a further
dimension to the conditions for decision making. These were carried out in the project No
P403/11/2085. In this context other methods have to be discussed: logical and empirical methods,
methods of qualitative and quantitative research such as statistical modeling, see [14], [35].
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Abstrakt

Prispévek diskutuje potiebu uziti kvantitativnich metod v paralele s vyuzitim vhodného sofiware pro
stanoveni / modifikaci strategie podniku a zvySovani jeho vykonnosti. Jsou zminény nékteré aktualni
viastnosti systemu Maple 16. V kratké studii jsou jako priklad prezentovany vybrané skutecnosti, které
se resi v zaverecné praci obhdjené na Fakulté podnikatelské Vysokého uceni technického v Brné
spoluautorky tohoto prispévku. Jde o ukazku implementace ndstroju systému Maple 16 pri hodnoceni
marketingového vyzkumu podniku piisobictho nedlouhou dobu na trhu s ohledem na moznost aplikace
méreného postupu v budoucnosti.

Abstract

The paper discusses the need for the use of quantitative methods in parallel using the appropriate
software for setting / modification of enterprise strategy and increasing its performance. The article
refers some current attributes of Maple 16. In a short study, we present as an example the chosen facts
that co-author of this paper addressed in the final thesis defended at the Faculty of Business and
Management of the Brno University of Technology. This is a sample the implementation of Maple
tools for evaluation of enterprise marketing research, which operates only short time on the market. It
is with respect to the possible application of the measurement process in the future.
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1. Uvod

,»Mit tispéch znamena mit vizi, mit myslent zitika, vidét do budoucnosti." Jan Moulis (Capital Partners)
2 Implementovat prosttedky informacnich a komunikaé¢nich technologii (ICT), informa¢nich databazi
a socialnich siti podporuje rozvijeni schopnosti a dovednosti nejen top manazerd, ale i zaméstnancd na
vSech trovnich podniku a podporuje jejich potebu Sirsi vzd€lanosti, resp. rekvalifikace. To vede ve
svém dusledku ke zdokonalovani procedur v podniku, zefektivnéni procesti a ¢asovym usporam. Ale i
k propojovani vztah uvnitf i vné podniku. Déle k podpoie inovaci, realizacim a vyhodnocovani
prazkumi, zvlast¢ marketingovych vyzkumd. Informaéni veék wvybizi ke kvantifikaci
(kvantifikovatelnych, ale i kvalitativnich faktorti a znaki), a tim k vyvoji systému nastrojii pro moznou
méfitelnost a srovnani (podnikt, vykond, ekonomik aj.). Tato fakta uceluji formovani strategie
podniku. Ktomu je v8ak nezbytna investice do rozvoje lidského faktoru a do implementace
technologického pokroku.

Tedy zuzitkovat i neviditelna aktiva je vyrazn€ vyznamné pro rozhodovani, vice v (6).

Pokroc¢ily model pro méfeni vykonnosti firmy sohledem na strategicky vyznam vyvijel ve
svém projektu David Norton s konzultantem Robertem Kaplanem (konec roku 1990). Vysledky
projektu jsou shrnuty v ¢lanku ,,Balanced Scorecard — Measures That Drive Performance®
publikovaném v Harvard Business Review (leden — tinor 1992). Dilezitost vybéru spravnych méfitek

2 euroekonom.cz, ekonomicky portal. Svét ekonomie, obchodu a politiky v citatech [online]. [cit. 2012-09-01].
Dostupny z WWW: < http://www.euroekonom.cz/citaty.php >



(s ohledem k naplnéni strategie) byla nasledné popsana v ¢lanku ,,Putting the Balanced Scorecard to
Work* publikovaném rovnéz v Harvard Business Review (zafi — fijen 1993), kde byly zhodnoceny
dalsi Nortonovy praktické zkuSenosti a aplikace. Tyto zkuSenosti ukazaly, Ze jiz ptiblizné¢ dvacet az
dvacet pét méfitek napii¢ Ctyfmi perspektivami (financni; zakaznické; interni; inovacni a rastove)
podniku umoziiuji formulovat a implementovat svou strategii. Komplexni pfistup k rozhodovani
umozni zjistit i pri¢inné souvislosti, které charakterizuji strategickou trajektorii — pfedevs§im vyznam
investice do zvySovani kvalifikace zaméstnancii, do implementace informacénich a komunikacnich
technologii, inovaci, vice v (7).

Na konci minulého stoleti rostouci automatizace a pozadavky na vyssi produktivitu snizily pocet lidi
vykonavajici tradi¢ni pracovni Ukony, zatimco rostouci konkurenc¢ni tlak vyzaduje vice pracovnikt
specializovanych na analytické funkce: engineering, marketing, management a administrativu. Kladné
jsou hodnoceny podnéty jedinct i z vyrobni sféry. Podniky se snazi transformovat tak, aby byly
konkurenceschopné i v budoucnosti. Manazefi potiebuji k fizeni podniku uréity soubor nastroji
k vyhodnocovani ¢innosti podniku, jeho ekonomického prostiedi a dosahovani svych cili. Takovy
soubor nastroju poskytuje napiiklad tzv. Balanced Scorecard (BSC, tzv. vyvazeny scorecard), ktery
manazefi mohou vyuzit pro navigaci budouciho uspéchu, a tim pro stanoveni cili a metod k jeho
dosazeni. BSC umoznuje nejen sledovat finanéni vysledky ale i schopnost podniku jistit nesimotna
aktiva k budoucimu ristu. Konkurenéni prostiedi informa¢niho véku se méni a vyostfuje. Informacni
vek pfinasi nové podminky pro konkurenci. (7)

Nova provozni prostfedi podnikd v éfe informacniho véku jsou determinovana novymi provoznimi
podminkami, tzv. kFiZovymi funkcemi, spojenim zakazniky s dodavateli, segmentaci trhu, globalizaci,
inovacemi, znalostnimi pracovniky, vice v (7).

,,Stroje jsou od toho, aby bézely automaticky. Ukolem lidi je myslet, Fesit problémy a zajistovat jakost,
ne sledovat soucastky na pdsu. V nasem pripadé jsou lidé resiteli problémui, nikoli variabilnimi
naklady.“® (8)

Dle Petera Druckera ,,Podnikani mda dvé - a pouze dvé - zakladni funkce: marketing a inovaci.
Marketing a inovace plodi vysledky, vse ostatni jsou naklady." (1)

Rada zasadnich i podparnych firemnich rozhodnuti podléhd zkusenosti, odborné trovni firemniho
managementu, a tedy jeho podporou pro zvySovani odborné gramotnosti zaméstnancti. Dle Benjamina
Franklina ,,Génius bez vzdelani je jako stiibro v dole." (1) Pouze intuice a risk ¢i investice do sluzby
externiho experta nemuseji pfinést kyzeny uspéch. Na druhé strané rozhodnuti maji stale Castéji
interdisciplinarni charakter vyzadujici erudované kroky. Jde naptiklad o wvyuziti pokrocilych
kvantitativnich metod, metod soft computingu, citlivé dolovani dat i korektné¢ provedené védecké
vypocCty. (2) Tim vice, ze v dusledku ,,boomu‘ nastroji ICT jsou v soucasnosti kvantitativni metody
uspésné i v oborech, které diive byly povazovany vyhradné za spolecensko-védni. (5)

Tedy implementace vhodnych ICT pfispivd k tomu, aby erudovand rozhodnuti byl schopen ucinit
uzivatel s patficnou urovni znalosti.

Bill Gates tekl: ,,Lepsi, nez predpovidat budoucnost, je vytvorit ji," (1) Fakulta podnikatelska
Vysokého uceni technické¢ho v Brné (FP VUT) z pohledu technologickych inovaci patii k velmi dobfie
a moderné vybavenym vysokoskolskym pracovistim. Jde nejen o hmotné technické vybaveni, ale i o
software. Od svého vzniku fakulta preferuje a cilené péstuje svou dobrou povést na bazi odrazu kvality
svych aktivit v propojeni teoretického a vyzkumného potencidlu s praxi. Jde predevSim o realné
aplikace ziskanych védomosti nejen v okamziku aktivniho studia posluchacty, avSak v téze mife i o
moznost propojeni s jejich budoucnosti. Jiz fadu let jena FP VUT mozné zpracovavat problematiku
Vv prostfedi pocitacového systému Maple, kterym jsou vybavena vybrand pracovist¢ fakulty,
poslucharny a laboratofe. Systém Maple je zaméfen jak na vyuku, tak na vyuziti pfi komplexnim
feSeni celé fady skute¢nych problémi nejriznéjsich obord. Stejné tak jsou podporovani i akademicti
pracovnici v ramci svych pedagogickych, vyzkumnych i védeckych aktivit. I tim bezesporu fakulta ma
moznost sekundarné pusobit, resp. ovliviiovat i déni v samotném podniku, s nimz poslucha¢ ¢i
akademik spolupracuje. NiZze bude uvedena ukazka vybranych feSenych aspekti podniku kratce

3 Soucasné piipomenime myslenku Henryho Forda: ,,Myslent je nejtézsi prace, jaka existuje. To je
pravdépodobné ditvod, pro¢ tak mdlo lidi mysli." (1)



pusobiciho na trhu, kterymi mj. se zabyvala prace (3). Pfi¢emz piinos Setfeni nespociva jen v samotné
okamzité analyze situace. S podporou implementace pocitatového systému jde predevSsim o navrh
procedur (v jistém slova smyslu o algoritmizaci) vyhodnocovani situace pro nové vstupy ziskané
vV budoucich méfenich a prizkumech. Jejich aplikace je téméf automaticka. Vystupy tak poskytnou
managementu aktualizované, pfitom rozumné dostupné informace o stavu firmy. Management pak
ziska solidni podklady pro erudované rozhodovani o piipadné zméné a vedeni firemni strategie
v budoucnosti.

2. Maple 16

O pocitacovém systému Maple bylo fe¢eno na nejriznéjsich forech jiz mnoho. Kompletni a
aktualizované informace jsou dostupné na webovych strankach http://www.maplesoft.com spole¢nosti
Maplesoft, Inc., ktera tento systém vyviji. Oblibenost nasazeni systému prostupuje v celosvétovém
méfitku nejriznéj$imi skupinami uzivatell. (4) Zmifime kratce jeho vybrané vlastnosti s ohledem na
soucasnou verzi Maple 16. Vyvoj systému interaktivné reaguje na pozadavky svych uzivatell a
spolecenského pokroku®.

Aktualni verze Maple 16 byla expedovana v roce 2012. Obsahuje vice nez Ctyfi tisice pét set doplikl
a zdokonaleni klicovych oblasti systému. Jsou to zejména: vylepSeni uzivatelského rozhrani, tzv.
klikaci matematika (Clickable Math ™ 3.0), vypocetni u¢innost, zrychleni jadra Maple, paralelni
vypocty a matematické algoritmy, programovaci jazyk, vysoce kompaktni vizualizace, ,,chytré* 2-D
grafické prohlizece, pruzné zvétSovani, sprava paméti. Dale jde o nastroje pro vyuku i pro vyuziti v
praxi, konkrétné o vice neZ sto vylepSeni matematickych aplikaci (Math Apps) pfedevsim v oblastech
algebry a geometrie, diferencidlniho a integralniho poctu, funkci a relaci, kresleni grafii, trigonometrie,
pravdépodobnosti a statistiky, v oborech fyziky, financi a ekonomie.

Pracovni prostredi Maple je uzivatelsky snadno obsluzné. Zapisy vyrazi a struktur lze vést uzivanim
obsahlych kontextovych palet nastroji intuitivné v analogii s pravidly standardnich zapist rukou.
Pomoci interaktivnich asistentdl a nastrojii 1ze obrazky, vypocty i komentaie dopliiovat a upravovat,
dokumenty strukturovat, zabudované aplikace modifikovat a vkladat. K vkladani textu do obrazku lze
pouzit i pfimy pfikaz textplot(L, options). Vypocty i grafy Ize ,,0Zivovat” pomoci posuvnikl s moznosti
ukladani prislusné syntaxe, zdrojového kddu, a to jednoduchou aktivaci v nabidce v horni listé Maple
zapisniku.

Ndapovéda a navigace v Maple je srozumitelna, rozsidhla a nabizena z nékolika pohledt — od
elementarnich krokd zabudovaného Help podsystému, rychlych navigaci, v€etné implementovanych
knihoven s teoretickym zizemim a celou fadou piikladd, aZ po demoverze videi a odborniky vedené
pravidelné diskuze a webinate (Obr. 1). Tedy systém Maple je dostupny celému spektru uzivatel od
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systému jak v praxi, tak i ve véd¢.

4 Zé&kladni zdroj celého tohoto odstavece: Mpalesoft. [online] 2012, [cit. 2012-1-10]. Dostupny z:
http://www.maplesoft.com/solutions/engineering/



Help

Maple Help Ctrl+F1 T "])
Take a Tour of Maple T WA
Quick Reference Ctrl+F2 Demos & Webinars Examples & Resources
Quick Help Fl
Help on Context 2 » Maple User Interface The Application Center
What's New # Built-in Mathematical Algorithms Application Briefs
startup Dialog... * |ntroduction to Maple 16: See What's New MaplePrimes
Manuals, Resources, and more 3

All Maple Video Demos
OulihelvEn ' All Recorded Webinars
About I'\-"Iaple... Upcoming Webinars

Obr. 1: Vybrané prostfedky napovédy v Maple
[Zdroj: Zabudovany manual v systému Maple > Help (vlevo); Mpalesoft. [online] 2012, [cit. 2012-1-
10]. Dostupny z: http://www.maplesoft.com/products/Maple/ (vpravo)]

Podpora vyuziti Maple je stale vice konkretizovana, rozSifovdna a zdokonalovdna pii zohlednéni
zakladniho ¢lenéni uzivatelt do skupin: studenti, akademici a profesiondlové. Je zrychlena analyticka i
aplikacni pracovni produktivita, zdokonaleno vykonné jadro Maple, Sife a hloubka prezentace vystupti
samotného systému. Dale je podporovana moznost sofistikovanych navrhti simulaci a modelovani
(MapleSim 6). Expanduje mnozstvi zabudovanych a pfeddefinovanych ,,uziteénych funkci a procedur
cilenych vétsimu poctu odbornych profesi a pracovnich zafazeni v téchto profesich.

Maple 16 pro profesiondaly (Maple 16 for Professionals) rozviji predevsim nasledujici oblasti:
elektroniku, fyziku, energetiku, vzdusny a kosmicky prostor, automobilovy primysl, finan¢ni
modelovani a ekonomii, statistiku a procesni fizeni, velmi vykonné vypocty, operacni vyzkum,
zpracovani signalu, virtualni vytvafeni prototypd, simulace v realném cCase, optimalizace, fizeni
pohybu aj. (Jmenujme nékolik vybranych uZivateli systému Maple: Toyota Motor Corp., Renault,
Ulysse Nardin, Magtech AS, Argiva, Marquardt GmbH, Aerospace Manufacturing Technology Centre
(AMTC).) Nekteré oblasti aplikaci a feSenych problematik v systému Maple uvadi Obr. 2.
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Obr. 2: Vybrané ukazky fesSenych problémi a aplika¢nich oblasti v Maple
[Zdroj: Mpalesoft. [online] 2012, [cit. 2012-1-10]. Dostupny z:
http://www.maplesoft.com/solutions/engineering/]

Maple 16 pro akademiky (Maple 16 for Academic) je nastrojem pro analyzy, vyzkumy, vizualizace a
feSeni matematickych problému (pro nejriznéj$i obory matematiky). Intuitivni rozhrani podporuje
vice zpisobl interakce. Je vyuzivan programovaci jazyk, podobny jazyku Pascal. Pomoci tzv.
,chytrého” dokumentu (Smart Document) lze automaticky dokumentovat posloupnost vypocéti,
podpirné pouzité technické znalosti, vysvétlujici text, grafy, obrazky, zvuky, fotografie, diagramy i
poznamky v elektronické podobé. Zdroje pro praci akademikl podporuji nasledujici centra: The
Teacher Resource Center (http://www.maplesoft.com/TeacherResource/index.aspx), The Application



Center (http://www.maplesoft.com/applications/index.aspx), The Teaching Concepts with Maple The
Teaching Calculus with Maple: A Complete Kit, Application Briefs, MaplePrimes
(http://www.mapleprimes.com/; http://www.maplesoft.com/applicationbriefs/). Kromé& vyse, resp. i
nize uvedenych vylepseni Maple 16 nabizi akademikiim zejména zdokonalené vizualizace (2D a 3D
grafy a animace), editor rovnic, interaktivni asistenty, tutory a kontextovd menu, ,,chytré* palety
(Smart Popups), Sablony pro feSeni tloh, nastroj ,,uchop-fes* (Drag-to-Solve). Vyssi kvalitu nabizi v
Maple 16 i variabilni manazer, pamétovy spravce a pruzkumny asistent, dokument pro praci
s posluchaéi tzv. MapleCloud, rozpoznava¢ ruéné psanych symboll, zpracovani ,zivych® dat,
konektivita, balicek paralelniho programovani aj. Do Maple dokumentu Ize snaze i vkladat interaktivni
komponenty (posuvniky, tlacitka, voli¢e stupnic, métidla, technické zpravy a dalsi). Nové aplikace
verze Maple 16 akademici oceni piedev§im pii vyuce v pfedmétech matematického a inzenyrského
zakladu na vysokych Skolach a nastavbach vcetné€ celozivotniho vzdélavani (mj. zminime zjednoduSeni
testovani a hodnoceni posluchac, statistiku vysledki védomosti studentt), a v podpote aplikovaného
vyzkumu a mnoha védeckych aktivit. Maple respektuje obecny technologicky pokrok a potieby
informacni generace, jak ukazuje Obr. 3.
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Obr. 3: Maple ptehravac pro iPad
[Zdroj: (Mpalesoft. [online] 2012, [cit. 2012-1-10]. Dostupny z:
http://www.maplesoft.com/products/mapleplayer/]

Maple 16 pro studenty (Maple 16 for Students) nabizi fadu novych vlastnosti a vylepSeni zejména
v oblasti symbolické a numerické matematiky vreadlném a komplexnim oboru, fesi¢t rovnic (i
diferencialnich), teorie funkci (zejména limit a polynomit), linearni algebry, diferencialniho a
integralniho poctu, vektorového poctu, optimalizace, operaCni analyzy, programovani, pfevadéni
jednotek a rozmérd, statistiky a odchylek. Velké mnozstvi studentskych aplikaci s volnym piistupem
je soustfedéno v jiz vySe zminéném Aplikacnim centru a pomocnych podpor studentim piimo od
expertd pro Maple systém v diskuznim foru MaplePrimes. Maple 16 poskytuje nové studentské video
zaznamy, tutorialy, elektronické knihy, pfirucky a podpory (napf. Mathematics Survival Kit) v oblasti
zakladni,  vy$$i i  pokro¢ilé  inzenyrské  matematiky,  Student  Help  Center
(http://www.maplesoft.com/studentcenter/index.aspx) a jako paralelni produkt Maple 16 Portal -
portal pro studenty (Obr. 4), aj.

The Maple Portal is designed as a starting place for any Maple user. Maple's Tutorials will help you get started with Maple, learn about the
key tools available in Maple, and lead you through a series of problems. From here, investigate more detailed topics in the Portals for
Engineers, Students, and Math Educators

Each tutorial will take approximately 5-10 minutes to complete Topics covering essentials for working in Maple

Obr. 4: Zahlavi Maple 16 Portal
[Zdroj: Systém Maple™ Portal]



3. Maple: nastroj pro soucasné i budouci vyuziti pri volbé
strategie podniku — ukazka pripadové studie

V tomto odstavci jsou v souladu s (3) uvedeny vybrané ukazky realizace vyhodnoceni marketingového
prizkumu s vyuzitim Maple pro potfeby managementu malého podniku. Jde o zcela novy, moderni
pivovar pisobici na trhu p¥iblizng tii roky. Cinnost pivovaru kloubi moderni techniku s tradiéni
technologii. Zaméstnava Sestnact zaméstnancti (feditel, sladek, téetni, dva obchodni zastupci, servisni
technik, udrzbaft, Sest délnikt, marketing manazer, expedientka, fidi¢). Analyzami vnéjsiho i vnitiniho
okoli pivovaru byla identifikovana tada zjisténi, napiiklad: konkuren¢ni vyhodou je vyborna chut’ piva
nepodporovand konzervanty ani oxidanty a zptisob dozravani piva (v lezackych tancich). Byl proveden
marketingovy mix (produkt, cena, distribuce, propagace), dale monitorovani dodavatelé, odbératelé,
konkurence. Z nasledné SWOT analyzy vyplyvaji: silné stranky (Vysoka kvalita produktu, vyborna
chut’ piva, lokalizace pivovaru, poutavé firemni barvy), slabé stranky (nedostatecna propagace,
neznamy produkt, chybi pivovarska restaurace, kratka trvanlivost piva), prilezitosti (zvyseni povédomi
o spoleCnosti, zvySeni poctu zakaznikl, rozsifeni pivovaru, vafeni nového druhu piva, bio pivo,
vyvazeni piva do zahraniéi), hrozby (vznik nového pivovaru v regionu, silna konkurence, zména
legislativy, rist cen pohonnych hmot, nespokojenost zakaznikt). (3) Pro volbu firemni strategie,
moznost inovaci a ¢innost marketingového oddé¢leni Scilem pfispivat k postupnému zvySovani
vykonnosti firmy vyvstala potfeba kvantifikovat situaci, v niZ se nachazi pivovar. Pro orientaci, resp.
vysledovani zavislosti a ¢asovych vyvoju ptislusnych veli¢in pak je tfeba ziskana fakta vhodné, ptitom
nekomplikované vizualizovat. 1 pres pomérné kratkou dobu pusobeni pivovaru na trhu bylo
rozhodnuto provést empirické Setfeni (byt s mdlo pocetnou casovou fadou tdaji). Management
vyZzaduje marketingovy prizkum v terénu orientovany smérem ke spokojenosti zakaznik (s produkty,
kvalitou, cenou a dal§imi atributy s ohledem na signaly vySe uvedenych kvalitativnich zjisténi). Je
zadan pruzkum podporovany kvalitnim teoretickym zazemim, dobfe zpracovany, davajici
srozumitelné¢ vystupy pro korektni ekonomickou interpretaci a moznost vysloveni napravnych
doporuceni pti modifikaci budouci strategie pivovaru managementem. Faktickym cilem celé akce (v
soucasnosti i vzhledem Kk nizké pocetnosti udaji v casovych fadach pozorovanych znakd) kromé
zhodnoceni soucasného stavu je navrh a standardizace postupnych krokt (algoritmizace)
vyhodnocujicich prizkum s vyuzitim vhodného pocitacového prostredi a kvantitativnich metod tak,
aby byla mozna znovurealizace obdobného prizkumu v budoucnosti. Pfitom, aby bylo mozZné
zpracovani provést jiz v internich podminkach podniku.

Dotaznikového Setfeni se zcastnilo téméf sto padesat respondentt. Vyhodou systému Maple je, ze je
kompatibilni s knihovnickymi aplikacemi tabulkového procesoru Microsoft Excel, kam byla primarni
data ziskana v terénu ulozena. Data tak byla nasledné snadno nactena do Maple zapisniku. Dotaznik
obsahoval dvacet Sest otazek rizného typu. Pti sumarizaci byly uvazovany jak absolutni ¢etnosti, tak
relativni Cetnosti odpovédi. V Maple je mozné dokument piehledné strukturovat a vytvaret podsekce,
které je mozno sbalit nebo dale hypertextove rozbalit do nizSich urovni. Toho bylo vyuzito pfi navrhu
algoritmizace. Pfitom do obecnych pfikazii na Obr. 5 sta¢i mechanicky doplnit empiricky zjisténé
hodnoty a pak jiz nechat systém Maple samostatné pracovat. Z diivodu rozsahu ptispévku Obr. 5
zachycuje pouze vybrané sekce, podsekce a postupy.



¥ Vyhodnoceni prizkumu

¥ Kolacové grafy
| > with(Statistics) :
> PieChan*( [ ==X, =X, :cn]_, color= cyan __}'e.f.fm-;)!

Y Sloupcové grafy

| > with(Statistics) :

> 4:={a.. ar;} “B={b. . EJH:}: C-={ey. . Cy.-,l:'*:
B :> ColumnGraph( |4, B, C])

Y Regrese

A 4 Linedrni trend

| > with( Statistics) :

> X= Veca‘or[ [i’l.____ i’n]__ datatype = ﬂom‘} :

> Fe= Vgcror( [ j - pﬂ]_, datatype = ﬂoar:] :

| > T1:+= LinearFit([1,¢].X.F.t); . Tm = LineawFit([1.¢]. X T, 1)

VY Spolecny graf

| > with( plots) -

> Q= pfor[[i"f__ T2T3 T4 T5)t=1ty.1, . ¥=0.p, 1) :

_> P = iexfp?oﬁ([[xl__ ¥y "textl" ] [_tm ¥, "textm’ ]] 'color'="Black". view'= [ED Ay 1208, 4 1]) :
> display([P, Q])

Obr. 5: Strukturovany Maple zapisnik do sekci a podsekci véetné piikazl pro algoritmizaci
[Zdroj: Vlastni zpracovani v Maple]

Otazky typu: Je podle vdas pivo 7 tohoto pivovaru znamy produkt? s ptedem danymi variantami
odpovédi (v tomto piipade) ,,ano* (toto pivo je zndmy produkt), ,,ne” (myslim, ze toto pivo
lidé neznaji) a ,,nevim* (vilbec nemam tuseni, zda je toto pivo znamé) byly vizualizovany
kolacovymi grafy (PieChart), Obr. 6. Lze srozumitelné provést jejich vizualni vyhodnoceni a
s vystupy budoucich prizkuma snadno porovnat (vyseCe zachycujici absolutni Cetnosti
odpovédi soucasné odpovidaji i relativnim Cetnostem). Maple disponuje velmi pohodlnymi
interaktivnimi prostfedky pro pfipadnou modifikaci vlastnosti kolac¢u (popiskd, barev, styli
aj.) uzitim pravého tla¢itka mysi ¢i kontextového menu v horni 1i§t€ dokumentu.

Otazka typu: Kolik pullitrii piva z tohoto pivovaru Vv priméru za tyden vypijete? s piedem
stanovenymi kategoriemi poctii vypitych pillitrt piva (1 az 5, 6 az 10, 11 az 15, 16 az 20, 21 a
vice). Navic odpovédi jsou sledované ve tfech ¢asovych momentech, a to v dobé otevieni
pivovaru (rok 2009), po jednom roce pusobeni pivovaru na trhu a v soucasné dob¢ (rok 2012).
Zjisténd data byla v Maple zapsana do kontingenc¢ni tabulky. Jeji tfidimenzionalni charakter
byl pieveden do dvoudimenzionalniho typu uzitim ptehledného ,,vicenasobné¢ho” sloupcového
grafu (ColumnGraph), Obr. 7. Obdobné jako v piedchozim piipadé je tento graf v Maple
snadno modifikovatelny uZzitim interaktivnich komponent systému.



Je podle Vas pivo tohoto pivovaru znamy
produkt?

Znamy
a==62,
4. 42,8 %

neznamy
b =37,
1. 25,5 %

nevim
c=406,
j.31,7 %

Obr. 6: Kolacovy graf v Maple
[Zdroj: (3) a vlastni zpracovani v Maple]
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Podet vypitych pivza tyden

Levy sloupec - v dobé otevieni pivovaru (2009)
Prostfedni sloupec - rok po otevieni pivovaru (2010)
Pravy sloupec - v soucasné dobé (2012)

br. 7: Sloupcovy graf v Maple
[Zdroj: (3) a vlastni zpracovani v Maple]

Nyni se zaméfme na jinou moznost vyhodnoceni piedchoziho typu otazky. Budeme sledovat
trend vyvoje jednotlivych variant odpovédi v ¢ase. K tomu vyuzijeme v Maple zabudované
prostiedky statistického balicku (Statistics) a balicku pro kresleni grafi (plots). Zhodnotme
otazku: Ohodnotte pivo tohoto pivovaru jako ve Skole znamkou 1 az 5. Rovnéz §lo o
hodnoceni i v Case, a to v dobé& otevieni pivovaru (rok 2009), rok po otevieni pivovaru (2010)
a v soucasné dobé¢ (rok 2012). Pro zjisténi trendu byla zvolena linearni regrese. Vyvoj vSech
uvazovanych variant odpovédi byl pro zpiehlednéni, snazsi porovnani a analyzy zachycen do
spole¢ného soutradnicového systému (Obr. 8). Predpisy pro ptislusné linearni regresni ptimky
(vypocitané v systému Maple) vyuzitim piikazu LinearFit ze statistického balicku jsou rovnéz



vyjadieny v Obr. 8. Indexace je pfitom v korespondenci s pfidélenym ,,0znamkovanim” a
totéZ respektuje oznaceni piimek ve spoleéném grafu. Je vidét, Ze spole¢ny graf je velmi
srozumitelny pro interpretaci empirickych zjisténi. V souladu s vySe uvedenymi analyzami
(SWOT aj.) pak tato kvantifikovana zji§téni hraji vyznamnou roli pro vystavbu firemni
strategie. Poznamenejme, Ze v systému Maple je mozno dale provést statistickou diagnostiku
celé fady zabudovanych statistickych nastrojti, napiiklad pro zjistovani zavislosti znakl ¢i
testovani hypotéz. To z diivodu rozsahu pfispévku toto neuvadime.

T T T T T

pocty
respondentii

ol L]

7 2be | a20ho | 20kt | 20h2 [ a20ks
roky

T1:=7515.28571428560 — 3.71428571428566 ¢
T2 := -2808.57142857134 + 1.42857142857138¢
73 := -1984.00000000002 + 1.00000000000001 ¢
T4 :=-1860.07142857140 + 0.928571428571414¢

Obr. 8: Regresni linearni modely v Maple
[Zdroj: Vlastni zpracovani v Maple]

4. Z.avér

Manazer podniku je ¢asto nucen ucinit rychla a interdisciplinarni rozhodnuti. Ma-li v ruce nastroj,
ktery umi solidné ovladat, pfitom sam disponuje védomostmi tak, aby mohl odborn¢ korektné
komunikovat s jeho rozhranim a vystupy pak odpovédné interpretovat, stava se ve svych rozhodnutich
vice nezavislym. Takovy nastroj spolu s védomostmi, zkuSenostmi a intuici manazera lze povazovat
za konkurenc¢ni vyhodu firmy. Systém Maple spolu s aplikaci kvantitativnich metod takovou
ptilezitost poskytuje. Je vSak potfebné, aby jiz vetapé vzdélavani studenti ziskdvali spravnou
pocitacovou gramotnost a budovali v sobé potiebu se kontinualn¢ vzdelavat, rekvalifikovat apod.
Fakulta podnikatelska vysokého uceni technické v Brn¢€ je dobrym ptikladem takovych snah.

5. Podékovani

Prispévek vznikl s pfispénim projektu ,.Konstrukce metod pro vicefaktorové méieni komplexni
podnikové vykonnosti ve vybraném odvérvi GAP403/11/2085 podporovaného Grantovou agenturou
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Evolu¢ni model pesimizace prostredi v Maple
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Abstrakt

Prispévek se zabyva popisem a diskuzi populacniho modelu se zahrnutim nahodné evolucni slozky,
zalozen¢ho na jednoduchém modelu chemostatu popsaném v [2]. Model je rozsiren na neomezeny
pocet populaci a je z néj vynata omezujici podminka rovnosti mortality a podilu nevyuzitého substratu
implementace modelu v prostredi Maple, ve kterém je pomoci numerického resice diferencidlnich
rovnic dsolve spocten vyvoj velikosti populaci a na vyslednych grafech je demonstrovana opravnénost
predem vyslovenych predpokladil.

Abstract

This paper deals with the description and discussion of the population model including a random
evolutionary component, based on a simple model of chemostat described in [2]. The model is
extended to an unlimited number of populations and a condition of equality of mortality and the
proportion of unused perishable substrate, which allows its application to more complex systems. The
core contribution is an implementation of the model in a Maple environment with an use of a
numerical differential equation solver "dsolve". The evolution of population sizes is counted and plots
of results demonstrate the legitimacy of former assumptions.

Klicova slova
Popula¢ni model, pesimizace.

Keywords
Population model, pesimization.

1. Zakladni vlastnosti modelu

Ptedpokladejme uzavieny systém slozeny z prostfedi a n navzajem piimo neinteragujicich populaci,
které ho obyvaji, n € N,. Jedince naleZejici k jedné populaci budeme souhrnné nazyvat druhem.
Uzivnost prostiedi, tj. veli¢inu, kterd charakterizuje podminky pro pieZiti a reprodukci jedincd,
oznaCme S a povazujme ji zjednoduSené¢ za mnozstvi potravy (substratu, resp. energie), které je
k dispozici spole¢né pro vSechny populace v prostiedi. S budeme povazovat za funkci Casu S(t).
Prirtstek substratu v prostfedi za jednotku Casu (rist, resp. transport energie do systému) povazujme
za konstantni a ozna¢me jej d.

Vzhledem k ptedpokladu, Ze populace v modelu spolu pfimo neinteraguji, omezuje se jejich vzajemné
ovlivnéni na soupeteni o dostupné mnozstvi potravy, jde tedy o ryze kompetitivni vztah [1]. Vzhledem
k jednoduchosti modelu budeme druhy odliSovat pouze schopnosti jejich zastupci spotfebovavat
spoleCnou potravu a takto pfijaty substrat vyuzit k vlastnimu pfeziti a reprodukci. Tento proces
popiseme dvojici veli¢in q a e, kde q; pfedstavuje mnozstvi substratu piijaté jednim jedincem i-té
populace za jednotku ¢asu. Tuto veli¢inu budeme dale povazovat za funkci mnoZstvi dostupného
substratu q;(S). Naproti tomu hodnota e; oznacuje efektivitu pfemény substratu na zivé jedince i-tého
druhu jako pomér spotfebovaného substratu vici poctu nové narozenych jedincti. V prvni varianté
modelu budeme hodnoty q; a e; povazovat za vzajemné nezavislé. Dale budeme ptedpokladat
konstantni amrtnost m, stejnou pro vSechny populace, jako podil jedinc daného druhu uhynulych za
jednotku ¢asu a nakonec zbytkovy podil nespotfebovaného substratu z, ktery podlehne zkaze, aniz by
byl spotfebovan nekterou z uvazovanych populaci.



Na pocatku modelovaného obdobi budeme predpokladat jednu (nebo vétsi konstantni pocet) populaci
v prostfedi, kterd spotiebovava dostupny substrat pro vlastni reprodukci. Snadno lze ukazat, Ze po
ur¢ité dobé dojde k ustaleni pocétu jedincti populace (uvédomme si, ze jde o siln€ zjednoduseny
idealizovany model) na hodnoté odpovidajici izivnosti prostiedi, ktera se v dal§im prubéhu casu jiz
nebude ménit. Je nutno poznamenat, ze pro jednoduchost model opomiji veskeré komplikace, které
S sebou pfinasi rozmanitost pohlavniho rozmnoZzovani jako je samo pohlavi, hledani partnera ¢i
nestejny pocet potomkl kazdého jedince. Budeme tedy nadale prepokladat, Zze dostateCnym
pozadavkem pro dal$i rozmnozovéani populace je pfitomnost alesponi jednoho jedince daného druhu
V systému, ze potomkem jedince ur¢itého druhu je (az na vyjimky) jedinec téhoz druhu a ze kiizeni
mezi jedinci riznych druhti neni mozné.

Situace se nicméné zacne komplikovat ve chvili, kdy se v prostfedi objevi zastupce nového druhu.
V modelovém uzavieném systému neni mozny prunik takového jedince zvenci, proto jej budeme
povazovat za mutanta nekteré z jiz existujicich populaci, ktery se bude odliSovat parametry q; a e;,
porusi tedy ptredpoklad z predchazejiciho odstavce. Vyskyt mutantti bude relativné fidky a bude se
odehravat pouze v urcitych okamzicich. Takovy jedinec se v naSem modelu mize, bude-li Gspésny ve
vzajemné kompetici, stat zakladatelem populace nového druhu, v Opa¢ném piipadé mize ovSem nova
populace zahy vyhynout a uvolnit tak prosttedky pro zastupce jinych druhd.

Casovou zménu mnozstvi substratu dostupného v systému je na zakladé uvedenych piedpokladi
mozné vyjadrit nasledujicim vztahem:

as(t

PO =d-z-5t) -3y () P (1)
kde S(t) je dostupné mnozstvi substratu v ¢ase t, d je prirtistek substratu za jednotku Casu, z je podil
nevyuzitého substratu za jednotku Casu, n je pocet populaci pfitomnych v systému, q;(S) je spoticba
substratu pro jednoho jedince i-tého druhu za jednotku ¢asu a P; je pocet jedincu i-té populace.

PopiSme nyni tvar zavislosti q;(S) mnozstvi substratu spotiebovaného jedincem i-té populace za
jednotku Casu. Opét zjednodusen¢ piedpokladejme, ze dostupnost substratu v prostiedi je stejna pro
vSechny jedince vSech populaci a jeji vyhledavani proto nehraje v modelu zaddnou roli. V pfipadé, ze
bude mnozstvi dostupného substratu nulové, S = 0, bude pfirozené rovnéz q; = 0. Jakmile zacne
Vv prostiedi nardistat mnozstvi dostupné potravy, poroste pfimo umérné také mnozstvi zkonzumované
jedinci vSech populaci. Vzhledem k fyziologickym moZnostem organizmii je vSak maximalni
mnozstvi potravy pfijaté za jednotku Casu shora omezené, proto se bude s nartistajicim mnozstvim
substratu v prostiedi kiivka funkce q; oddélovat od piimky pfimé uméry, az plynule konverguje ke
konstantni funkci. Uvedeny ptedpoklad dokonale spliiuje v biologii a pfibuznych oborech hojné
vyuzivana logisticka kiivka nasledujiciho tvaru:

q:(S) = (2)

kde parametr a uruje strmost pocate¢ni casti kiivky a rovné€Zz rychlost dosazeni nasledujici
asymptotické faze, zatimco parametr B; jeji vySku. V prvni, jednoduss$i, varianté modelu budeme
predpokladat jednak, Ze B; je totozné pro vSechny populace (coZ neni sam o sob¢ piedpoklad, ktery by
vyrazné ovlivnil chovani modelu), soucasné ale také, ze B; je konstantni a nezadvislé na ostatnich
parametrech modelu. RovnéZ parametr a budeme v prvni varianté modelu povazovat za konstantu.

aS
1+Bj-a-S

Piejdéme nyni k rovnici popisujici vyvoj po¢tu jedinct i-té populace v ¢ase. Zména poctu jedinct, P;
bude vyjadiena jako mnozstvi substratu zkonzumovaného jedinci populace, vynasobeného efektivitou
premeny substratu na zivé jedince, minus pocet uhynulych jedinci:

aP;(t)

5 = 4i(S) e Pi(t) —m- Py(t) ©)
kde P;(t) je pocet jedinci populace v Case t, q;(S) je spotieba substratu pro jednoho jedince i-tého
druhu za jednotku cCasu, e; je efektivita pfemény substratu na zivou hmotu i-tou populaci a m je
relativni umrtnost, pro jednoduchost opét totozna pro vSechny populace.

Uvedeny postup nam poskytuje soustavu n + 1 diferencialnich rovnic, jejimz feSenim lze ziskat
informaci o vyvoji poctu jedincd jednotlivych populaci v ¢ase. Vzhledem k tomu, Ze v prvni varianté



modelu uvazujeme q; totozné pro vSechny populace v systému, je feSeni zavislé predevSsim na
hodnotach e; pro jednotlivé populace. V piipadé, ze se v systému nevyskytne mutant, 1ze ukazat, Ze
v dlouhodobém horizontu se v zavislosti na hodnotach konstantnich parametrd d,z,a a b; a na
pocateCnich podminkach S(0) a P;(0) v systému ustali stav, ve kterém je mnozstvi dostupného
substratu v prostiedi konstantni a navic pocet jedinct nejvyse jedné populace nekonverguje k nule.

Plati totiz:
d(s+2?=1p—f) Pi Pi
= d-mS + T D — (- ) T, (4)
a tedy po integraci podle t potom:
S+ 2?21% = [e?ddt - e ? + [e*(z—m) 2?:1%dt ce Tt e (5)
a po Uprave:
P; d P; - —
S+Z?zla=;+(z—m)fez’f ?zlq—idt-eZt+C-eZt (6)
za predpokladu, ze pro t — o konverguji 2. a 3. s¢itanec k nule, dostavame vysledek:
. P; d
lim (S + S, ) =3 ™

Tedy, pokud bude uzivnost prostiedi dostatecnd, zvitézi v kompetici o omezeny zdroj potravy
V uzavieném systému pouze jediny druh (viz (8) a (9)), zatimco ostatni postupné vyhynou. Lze ukazat
(viz [2]), ze pijde o druh s nejvyssi hodnotou e;, tj. ten, ktery je schopen nejefektivnéji zpracovavat
stravu ve prospéch pfirtstku vlastnich jedinct.

Zkomplikujme nyni situaci moznosti, Ze se v uritém case v systému objevi mutant, tj. jedinec, jehoz
e; se bude lisit od e; jeho rodice a ptijde tak vlastné podle nasich kritérii o zakladatele nového druhu.
V modelu predpokladame dobu mezi vyskytem dvou mutantii ndhodnou s rovnomérnym rozdélenim
pravdépodobnosti, coz sice neodpovida realnému prostfedi, nicmén¢ ziejmé samotna perioda vyskytu
mutantl nema na stav systému z dlouhodobého hlediska vliv.

i i 3ej
Hodnotu e; mutovaného potomka pak budeme uvazovat v intervalu (% ; %), kde e; odpovida hodnoté

efektivity pfemeny substratu na zivou hmotu jeho rodi¢e. Rozd¢leni pravdépodobnosti vyuzijeme pro
jednoduchost opét rovnomérné. V modelu budeme uvazovat stejnou pravdépodobnost zplozeni
mutanta pro vSechny zijici jedince, tj. pravdépodobnost vzniku mutanta i-té populace bude piimo
umérna velikosti této populace.

2. Implementace modelu v prostiredi Maple

Zakladem modelu v softwarovém prostiedi Maple 16 je cyklus, jehoz jedna iterace odpovida obdobi
mezi vyskytem dvou mutantt. Casova délka obdobi reprezentovaného iteraci je proménliva.
Jednotlivé populace jsou v modelu reprezentovany fadky populacni matice Matice, jejiz prvni sloupec
udava pro kazdou populaci efektivitu e;, druhy sloupec pak odpovida poctu jedincii dané populace.

celkemcyklu := 250;

= 2.5;
= 0.8;
= 12;
= 0.1;
= 0.1;
cas := 0

N S Q0 0T 90

q := proc (x) options operator, arrow; a*x/(l+a*b*x) end proc



Pred spusSténim cyklu je vygenerovana dvoufadkova matice se dvéma nahodnymi populacemi, které
vstupuji do prvniho obdobi. Délka obdobi je volena nahodné z uzivatelem zadaného intervalu. Na
zacatku kazdého obdobi je provedena kontrola vSech fadkd matice a ,,netispéSné* populace s poctem
jedinc niz8im nez 1 (tj. populace nespliiujici zadanou podminku pro dal$i rozmnoZovani)® jsou
Z modelu odstranény. Nasledné probihd vygenerovani ndhodného mutanta, ktery je zapsan jako novy
radek do matice (tj. populace s jedinym jedincem).

# Matice se dvema nahodnymi populacemi;

hl := rand(1 .. 10);
h2 := (1/100)*rand(1 .. 100);
Matice := Matrix (2, 2, [[h2(), h1()], [h2(), h1(O)1]):

# Hlavni cyklus;
for cyklus from 1 to celkemcyklu do

# Cyklus pro odstraneni populaci s mene nez 1 jedincem;
v:=0:
for i from 1 by 1 to RowDimension (Matice) do
if (Matice[i-v,2]<1l) then
Matice:=DeleteRow (Matice, i-v);

vi=v+1
end if:
end do:

# Cyklus pro vznik jednoho jedince s nahodnou mutaci;
jedincu:=add (Matice[k,2],k=1..RowDimension (Matice))

h:=(rand(1..10000* floor (jedincu)))/(10000) :

budemutant:=h () :

soucet:=0:

3:=0:

for j from 1 by 1 while soucet<budemutant do
soucet:=soucet+Matice[],2]:

end do:

mutant:=Matice[j-1,1]:

# Mutace a zapis mutanta do matice:
h:=(rand(0..100)-50)/(100) :
mutant:=mutant+mutant*h () :

Matice (RowDimension (Matice)+1,1..) :=<mutant,1>:

V dal§im kroku je pomoci vnofeného cyklu vytvofena soustava n + 1 diferencialnich rovnic postupné
pro jednotlivé populace z matice a navic pro celkové dostupné mnoZzstvi substratu v systému,
z velikosti populaci a proménné Y, udavajici mnozstvi dostupného substratu po skonceni predeslého
obdobi jsou vygenerovany pocate¢ni podminky pro feSeni a nasledné je soustava feSena pomoci
numerické varianty piikazu dsolve. Reseni je z divodu omezeni ¢asové naro¢nosti hleddno pouze pro
obdobi mezi vyskyty mutantl, po jehoz uplynuti se zméni pocatecni podminky.

# Vytvoreni soustavy diferencialnich rovnic;

5 Pro snadnéjsi pritb&h vypoéti budeme podet jedinchi populace povazovat za spojitou veli¢inu a budeme tedy
pracovat i s necelo¢iselnymi hodnotami. Pro nazorngjsi pfedstavu lze hodnotu P; povazovat napf. za celkovou
hmotnost vSech jedinci populace, coz odpovida rovnéz procesu piemény potravy na Zivou hmotu (tj. rodicu i
potomki soucasne).



rovnice[0] :=diff(S(t),t)=d-z*S(t) -
g(sS(t))*add(P[i] (t),1i=1..RowDimension (Matice)) :

for i from 1 by 1 to RowDimension (Matice) do

rovnice [i] :=diff(P[i](t),t)=—m*P[1] (L)+g(S(t))*P[i] (t)*Matice[i,1]:
end do:

soustava:=seq(rovnice[i],i=0..RowDimension (Matice)):

# Vytvoreni pocatecnich podminek;
if cas=0 then
podminka 0] :

S(0)=1: else podminka[0]:=S(cas)=Y:

end if:

for i from 1 by 1 to RowDimension (Matice) do
podminka[i] :=P[i] (cas)=Matice[i,2]:

end do:
podminky:=seq(podminka[i],i=0..RowDimension (Matice)) :

# Cas do pristi mutace;
minule:=cas:
h:=rand(1..40):
cas:=cas+h(1..40):

# Reseni a vykresleni do grafu;

reseni:=dsolve ({soustava,podminky},numeric, maxfun=10000000) :
krivky:=seq([t,P[i] (t)],i=1..RowDimension (Matice)):
graf[cyklus] :=odeplot (reseni, ([krivky],minule..cas)):

assign (reseni (cas)) :

# Zapis novych hodnot do matice;

for i from 1 by 1 to RowDimension (Matice) do
Matice[i,2]:=P[i] (t):

unassign ('P[
end do: Y:=S
unassign('t"')
unassign('P')
unassign('S'")

end do:

Vzhledem k tomu, Ze S konverguje v obdobi mezi dvéma mutacemi (jak bylo vySe ukazano) ke
konstanté, konverguje podle definice ke konstantni hodnoté rovnéz funkce pfijmu potravy q a tedy
muzeme provést nasledujici vypocet:

dP;
L p.e.-g—mP.
dtt—)OOPl el q mPl

P; — ePilqe—m) (8)

t—oo

Tedy zfejmée velikost populace v ramci obdobi mezi mutacemi konverguje k monoténnimu chovani.
Predpokladejme nyni:
P, — konst.= P;-e;-q—mP;— 0
t—oo t—oo

Pimsz0 Ve 27 ©)



ProtoZe pro libovolné populace i,j:i # j plati e; # e;, konverguje v obdobi mezi dvéma mutacemi
velikost v§ech populaci, pfipadné vyjma populace s nejvyssim e;, k nule.

Ptikazem display(seq(graf[i], i = 1 .. celkemcyklu)) si nyni miZzeme zobrazit pies
sebe graf vyvoje populaci ve vSech obdobich (obr. 1) a na prvni pohled je ziejmé, Ze skutecné
v kazdém obdobi mezi dvéma mutacemi je jedina populace, jejiz velikost roste ,,na tkor* ostatnich
populaci. Ve varianté bez mutaci by se po urCité dobé velikost této populace ustdlila na hodnoté
uzivnosti prostiedi, zatimco velikost konkurenénich populaci by klesla k nule. Ndhodné se vyskytujici
mutace vSak do systému vnasi dynamické chovani, nebot’ v pfipadé, kdy se objevi mutant s e; vysSim,
nez bylo dosavadni nejvyssi e;, rozsifi se tato i-td populace a postupné€ zapficini vyhynuti vSech
populaci véetné j-té, pokud neni jesté diive vystfidana jinou populaci, vzeslou z mutanta s vyssim ey,.

Vzhledem k tomu, Ze v této varianté modelu neni vyse efektivity pfemény potravy na zivou hmotu e
ni¢im omezena, dochazi k tomu, Ze se neustdle objevuji mutanti s vy$$i hodnotou e;, kterd mize
vrozporu srealitou piekroCit dokonce hodnotu 1 a rGst neomezené do nekoneCna. Velikost
momentalni nejvétsi populace se tak bude v modelu pohybovat v ¢ase po exponencialni kiivce
donekonecna. Takovy proces je samoziejmée zcela nerealisticky a proto je tfeba model upravit.

ZvySovani efektivity pfemény potravy na Zivou hmotu vlastniho druhu se v modelu ukazuje jako
spravna strategie vedouci k preziti. Je ovSem patrné, ze s rostoucim e; vitézné populace dochazi
k poklesu substratu v prostiedi, nebot’ vitézna populace ostatni jednoduSe ,,vyhladovi®. V nasem
nerealistickém piipadé¢ z dlouhodobého hlediska dochazi az ke konvergenci S Kk nule. Tento pokles
uzivnosti a obecné evolucni zhorSeni podminek prostiedi na ty nejhor$i mozné se nazyva pesimizaci
prostiedi.
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Obr. 1: Exponencialni rst populaci v modelu ve varianté bez omezeni efektivity e; pfemény substratu
na zivou hmotu.

3. Varianta s omezenim efektivity

Fyzikalni podstata zivych tvorti neumoznuje rast efektivity e; nad hodnotu 1 (ve skutecnosti je Cislo
vzhledem k chemickym procestim v organizmu samoziejmé jesté nizsi), vlastni fyziologie organizmu
vSak znamend jeSté vyraznéjsi pokles efektivity, nebot’ v redlném prostfedi nemtize vénovat zadny
jedinec maximum prostfedkli na hospodarné¢ nakladani se ziskanou energii (tj. vlastni rlst a
reprodukci), ale musi rovné€z zajistit fadu dalSich procest, mezi které kromé jinych strategickych
¢innosti patii samotny pifijem potravy.

V ptedchozi zjednodusené varianté¢ modelu jsme piedpokladali zavislost mnozstvi piijaté potravy q
pouze na mnozstvi substratu S V prostiedi, zbyvajici parametry a a B; jsme povazovali za konstantni
pro vSechny populace. Definujme nyni vztah mezi efektivitou pfemény substratu na Zivou hmotu e; a
mnozstvim potravy, kterou je jedinec schopen piijmout za jednotku ¢asu g;, ktery bude reprezentovat
strategii druhu ve smyslu rozhodovani mezi investici energie do vétsiho mnozstvi ziskané potravy
nebo lepsim vyuzitim potravy pro vlastni rst a reprodukci.

Nahradime tedy v rovnici logistické kiivky (2) konstantu B; kvadratickou funkci e; takto:



Bi = el-z +c (10)

tj. s rostouci efektivitou e; > 0 bude injektivné klesat mnozstvi substratu q;, které je jedinec daného
druhu schopen zkonzumovat. Tato vazba zamezi nekontrolovanému riistu e; a ptiblizi model realité.
Optimalni strategii pak bude dosahnout takového e;, aby byla hodnota e; - p; (viz (3)) maximalni, tj:

q; e = _eras (11)

L7 1+(ef+co)as

a po derivaci podle e;:

a-S-(l—a-S-ez+a-S-2c). (12)
(1+aS-e2+aS-)

Po uprave, protoZe jmenovatel je nenulovy, ziskavame vztah pro optimalni é:

6= /is +c. (13)

Ve zdrojovém kodu Maple staci zménit definici funkce g; na funkci dvou proménnych S a e; a upravit
cyklus urcujici tvar diferencialnich rovnic:

q := proc (x, y) options operator, arrow; a*x/(l+a*(y"2+c)*x) end proc

# Vytvoreni soustavy diferencialnich rovnic;

rovnice[0] := diff(S(t), t) = d-z*S(t)-add(g(S(t), Maticel[i, 1])*P[i](t), 1
= 1 .. RowDimension (Matice)) ;

for i to RowDimension (Matice) do

rovnice[i] := diff(P[i](t), t) = -m*P[i] (t)+g(S(t), Maticeli,

11)*P[i] (t) *Matice[di, 1]:

end do;

soustava := seq(rovnice[i], 1 = 0 .. RowDimension (Matice))

vvvvvv

populaci, ktery vSak zpomaluje az ke konstantni hodnoté odpovidajici tizivnosti prostiedi pro populaci
s hodnotou blizkou é podle rovnice (13). Z dlouhodobého hlediska by za neménnych podminek
V systému opravu po fad¢é mutaci prevladla jedina populace s e; = é.

Protoze € je nejvyssi ze vSech dlouhodobé moznych efektivit pfemény substratu na Zivou hmotu,

svvr

— vzajemny souboj populaci o zdroje tedy stejné jako v piredchozim piipad¢ nastoluje ty nejhorsi
podminky pro preziti, tj. dochazi k evolu¢ni pesimizaci.
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Obr. 2: Omezeny rist populaci v modelu s omezenim efektivity e; pfemény substratu na Zivou hmotu.
Po dosazeni hodnoty é se rust zastavuje na hodnoté uzivnosti prostiedi.

4. Z7.avér



Ve variant¢ modelu, kdy neni efektivita pfemény substratu na zivou hmotu e shora omezena, dochazi
vlivem prostfedi za vzniku nadhodnych mutaci k postupnému zvySovani e pfiblizné¢ exponencialnim
tempem, pfi¢emz kazdd populace po urcit¢ dob¢é vyhyne, protoze uZivnost prostfedi bude snizena
populaci s vyssi efektivitou e pod piipustnou mez.

Pokud je do modelu vlozena zpétnad vazba omezujici rast efektivity e jeho klesajici umérnosti vici
mnozstvi zkonzumovaného substratu q, dochazi postupnymi mutacemi k ptiblizovani maximalni
efektivity e kmezni hodnoté wzivnosti prostredi é, ktera je dana fyziologickymi vlastnostmi
organizmil. V tomto piipadé¢ plati odvozené vztahy dokazujici, ze nejvySe jedna populace
v dlouhodobém méfitku nevyhyne a obsadi cely systém. Pro tuto populaci plati podminka e = €,
tj. neni ohrozena zadnym mutantem.

Vlivem evoluc¢nich zmén vedoucich k postupnému hynuti populaci s nizsi hodnotou e nez maji jejich
konkurenéni mutanti, dochazi k tzv. pesimizaci prostiedi, tj. snizeni uzivnosti na nejmensi pfistupnou
mez. V krajnim ptipadé miZe tento jev vést az k Giplnému vyhynuti v§ech populaci.
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Abstrakt

V prispevku je predstavena zcela novad a piivodni metodika optimalizace medicinskych osnov v ramci
terciarniho vzdélavani s vyuzZitim outcome-based pristupu a aplikace modernich informacnich
a komunikacnich technologii. Existujici publikovana resent se zaméruji na kurikulum pouze z urcitého
pohledu a nabizi agendu spolu s vybranymi funkcemi, které se snazi zpristupnit v prehledné formeé
studentii a pedagogii dané instituce. Nicméné komplexni ndastroj, ktery by soucasné zahrnoval v§echny
prvky spojené s globalni optimalizaci kurikula vcetné detailniho parametrického popisu az na uroven
samotnych tematicky ucelenych blokii vyuky prozatim neexistuje. Zamérem je tedy navrhnout zcela
novy webové orientovany ndstroj vcetné propracované metodiky, ktery podpori optimalizaci
medicinského kurikula s vyuZitim outcome-based pristupu.

Abstract

In the contribution a brand new and original medical curriculum optimization methodology within
tertiary education will be described by adopting an outcome-based approach and applying modern IT
and communication technologies. Existing solutions that have been published are focused on the
curriculum only from a certain perspective, offering the agenda together with selected functionalities
and making an effort to provide them to students and teachers of the respective institution in a
transparent format. However, there still does not exist a complex instrument that would cover all
elements connected with global curriculum optimization, including a detailed parametric description
down to the level of learning units. The aim is to create a new web-oriented tool included advanced
methodology, which provides optimization of medical curriculum using learning outcome approach.
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vzdélavani, optimalizace, medicinské kurikulum, webové technologie
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education, optimization, medical curriculum, web-based technology

1.  Uvod

Studium mladych 1ékatti na vysoké Skole je oproti jinym oblastem do jisté miry specifické. Divodem
je predevsim fakt, ze jejich dalsi uplatnéni v praxi nepfipousti nedostatky ve znalostech nabitych po
dobu studii a veskeré chyby mohou mit mnohdy fatalni nasledky. Potfeba garantovaného a kvalitniho
vzdélani, které zahrnuje predepsané osnovy pokryvajici odpovidajici rozsah vystupnich znalosti a
dovednosti souc¢asné pozadovanych v navazujici praxi, je stale hlasitéji akcentovana. Lékaiské fakulty
sestavuji sva kurikula tak, aby komplexné pokryly nezbytné naroky nutné pro dalsi uplatnéni svych
absolventt. Ti musi splnit v§echny piedepsané povinnosti v podob¢ tspesného ukonceni povinnych a
povinné volitelnych kurzii véetné statni zaveérecné zkousky a poté se pripravuji na ziskani odborné
zpusobilosti k vykonu povolani 1ékate v podob¢ atestace.

Spravné sestavené a vyvazené kurikulum napti¢ medicinskymi obory je nezbytnym pfedpokladem pro
vychovu mladych lékatii. Vhodna kombinace teoreticky zamétenych kurzt s klinickou vyukovou
zakladnou je bez pochyb klicem k optimalnimu navrhu studijnich osnov. Lékaiské fakulty nejcCastéji
poskytuji vzdélani v 6letych magisterskych studijnich programech VSeobecné lékafstvi, které jsou
zakoncCeny udélenim titulu MUDr. (doktor vSeobecného 1ékaistvi). Podobné jako v jinych oborech a
na jinych fakultach se i v mediciné ukazuje, Zze pfehled o struktufe a obsahu vyuky neni zcela idealni
a mnohdy nastava situace, ze prekryv teoretickych a klinickych pfedmétli mezi sebou i napfic je prilis
velky nebo naopak nedostacujici. Pfi rychlém rozvoji modernich informacnich technologii a oblibé



pohodIné prace na Internetu se nabizi prostor pro navrh technologie, ktera by nepichlednost
vyukovych osnov nejen eliminovala a vyznamné by tak napomohla ke zkvalitnéni celé vyuky.

Seznam jednotlivych povinnych, povinné volitelnych a volitelnych predméti, jejich anotace a osnovy
jsou studentim a pedagoglim b&zné dostupné, typicky v lokalnich systémech pro spravu vyuky.
Nicméné rizna trovei detailu i styl popisu bez jakékoli miry standardizace nebo parametrizace vede k
tomu, Ze se celkova pirehlednost a srozumitelnost obzvlast’ ptfi snaze dohledat informace o celém
studiu vytraci. Je tak velmi obtizné podivat se na cely obor, specializaci nebo studium ze Sirsi
perspektivy a mit moznost napfi¢ kurikulem snadno vyhleddvat a tedy se i celkové orientovat v tom,
co se kde a jak vlastné uci. Pro studenta by takovy pohled znamenal jasnou informaci o tom, jaké
znalosti je nutné si za Sestiletou dobu studia osvojit, s jakymi tématy se ve vyuce seznami, které
oblasti budou akcentovany opakované¢ a které konkrétni predméty jsou s danou problematikou
spojeny. Pro pedagogy a vedeni fakulty by vySe zminény piehled reprezentoval prakticky pohled na
vyuku, srozumiteln¢ by demonstroval kdo, co a v jakém rozsahu uci, zda se vyucujici tematicky
prekryvaji, zda je tento prekryv zadouci ¢i nezadouci, co se vyucuje v klinickych a teoretickych
oborech, zda je celkové rozvrzeni vyuky spravné nebo naopak, jestli neni zapotiebi restrukturalizace.

2. Pristup zaloZeny na vystupech z uceni

Kontinualni pfedstavovani novych vyukovych technik a exponencialni rist uzivateli pouzivajici
kazdodenn¢ Internet piedesila znaény potencial ke zméné tercialniho vzdélavani [1]. Na bergenské
vladni konferenci v kvétnu 2005 byla diskutovana témata spojena s reformami v oblasti $kolstvi.
Evropské systémy tak prochazi radikalni restrukturalizaci, ktera vychazi ze zaméri definovanych
vV Bergenu. Jako zékladni stavebni kamen pro inovaci studijnich programi byl stanoven pfistup
zalozeny na tzv. vystupech zuceni (outcome-based approach). Pouziti vystupti zuceni vyznamné
ovliviluje fundamentalni paradigma pro navrh kurikula mnoha evropskych instituci nabizejici
vysokoskolské vzdélani. S. Adams definoval vystupy zuceni jako soubor znalosti, dovednosti,
schopnosti, pristupli a porozuméni, které¢ by si student méel osvojit v rdmci daného vyukového celku
[2]. Tento koncept je v soucasné dobé hojné vyuZivan s jednoznaénym cilem zpiehlednit vlastni vyuky
a jasn¢ definovat soubor vystupnich pozadavkt kladenych na studenty.

2.1 Systémy pro spravu kurikula

Problematikou inovace kurikula se v nejen v oblasti lékaiskych a zdravotnickych oborl zabyvaji rizné
akademické instituce. Vzhledem Kk pozadavku podpory piistupu zaloZzeném na vystupech z udeni,
vznikly
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Obr. 1 — Struktura aplikace TIME. Zdroj [3]



a byly publikovany nové systémy umoznujici efektivnéj$i spravu kurikula. NiZe jsou kratce
predstaveny dva nejvyznamnéj$i. Popis, vzajemné provazani a grafické znazornéni zavislosti mezi
jednotlivymi moduly, tématy a cili vyuky, poskytuje uzivatelim webova aplikace TIME [3]. Jako
nedostatek lze v tomto pfipadé oznacit fakt, ze aplikace je urCena pro generovani indexti popisujici
medicinské vzdélavani a pro samotnou vizualizaci veskerych nadefinovanych vztaht je nutny export
do externiho prostfedi, které¢ disponuje pozadovanou funkcionalitou. Podobn¢ interaktivni prostredi
ActiveCC Web [4] umoznuje sofistikovany popis kurikula a nabizi provazani konkrétnich moduld.
Navic urcuje, které moduly musi student Gspesné absolvovat pted vstupem do modulti navazujicich.
Ptehlednd diagramatickd struktura je dostupnid pouze na urovni modulu, ale nelze se zanofit do
podrobngjsi urovné, kterd je vsak pro cilovou skupinu velmi uzitecnd. Detailni ndhled umozni
pedagogiim snadno najit konkrétni obsahové piekryvy ¢i naopak nedostatky v osnovach vyuky a
celkové se tak ve vyuce daného oboru 1épe zorientovat. ActiceCC web piindsi pfidanou hodnotou pro
studenty ve formé srozumitelného piehledu o poZadavcich na absolventa (vystupech zuceni) a
provéazani na realné kurzy, kde se dana problematika probira, pfipadné na dal$i souvisejici oblasti

vyuky.

Existujici publikovand feSeni se zaméfuji na kurikulum pouze z urcitého pohledu a nabizi agendu
spolu s vybranymi funkcemi, které se snazi zpfistupnit v pfehledné formé studentim a pedagogiim
dané instituce. Nicméné komplexni nastroj, ktery by soucasné zahrnoval vSechny prvky spojené s
globalni optimalizaci kurikula vcetné detailniho parametrického popisu az na drovenn samotnych
tematicky ucelenych blokl vyuky, tzv. vyukovych modull v¢etné vazby na vyukové objekty prozatim
neexistuje.

3. Projekty na podporu medicinského vzdélavani

3.1 Vzdélavaci sitt MEFANET

Jedine¢ny mezifakultni projekt MEFANET (MEdical FAculties NETwork) se zaméfuje na podporu
rozvoje vyuky lékatskych a zdravotnickych obort s vyuZzitim modernich informacnich technologii. Od
roku 2077, kdy tato vzde¢lavaci sit’ vznikla, neustale posiluje svou pozici a pocet zainteresovanych
¢lenskych akademickych instituci nartista [5]. Primarni cil se od zaloZeni nezménil a spoé¢iva ve vyvoji
sofistikovanych fteSeni, ktera umoznuji Siroké akademické obci snadno a rychle pfistupovat
k elektronickému vyukovému obsahu napfi¢ celou siti 1ékafskych fakult. To vSe se d&e s plnym
uvédomeénim a respektem vic¢i nezavislosti a samostatnosti zapojenych fakult. V soucasnosti jsou do
projektu zapojeny nejen vSechny ceské a slovenské 1ékarské fakulty, ale také dal§i fakulty a
akademické subjekty, jejichz zaméfeni se vice ¢i mén¢ dotyka vzdeélavani v medicinské oblasti.

3.2  Projekt OPTIMED

Primarni snahou projektu OPTIMED (Optimization of Medical Education) je komplexni inovace
systému vyuky vSeobecného 1ékarstvi na LF MU a posileni vyuky orientované na feSeni problému v
souladu s uplatnénim absolventa v oblasti klinické i akademické. Stézejnimi prvky projektu jsou:

e Horizontalni inovace vSech vyuCovanych pfedméti s vyuzitim outcome-based pfistupu a
nastroju dostupnych v ramei vyvijené platformy (prohlize¢ vystupt z uceni, registr vyukovych
jednotek, repozitai vyukovych objektd, reportovaci nastroje).

o Vertikdlni propojeni vyuky na ose: vstupni znalosti studenti mediciny - teoretické a
preklinické znalosti - klinické znalosti a dovednosti — schopnosti 1ékafe — absolventa po
nastupu do praxe.

OPTIMED se tak opira o vytvoreni inovativni dynamické platformy, ktera bude usnadiovat studenttiim
I vyucujicim orientaci ve vyuce a ve svém disledku zefektiviiovat znalosti a dovednosti studenti pro
praxi. Kli€ovym parametrem systému je jeho dynamicnost, tedy schopnost absorbovat nové poznatky
v mediciné a racionalnim zptisobem je propojit s vyukou orientovanou na pacienta [6]. Primarni
ukolem neni radikalni zména vyuky, ale s pomoci vhodné zvolenych ICT dikladné zmapovat
soucasny stav na LF MU a umoznit pfehlednou orientaci naptic¢ vyukou.



4. Systém pro optimalizaci kurikula

Inovativni systém je zalozen na zcela nové a piivodni metodice optimalizace medicinskych osnov v
ramci terciarniho vzdélavani s vyuzitim outcome-based piistupu a aplikace modernich informacnich
a komunikac¢nich technologii. Hlavni pfinosy a benefity vyvijeného feseni spocivaji v navrhu konceptu
postaveného na niZze uvedenych funkcionalitach, které vSak doposud v podobnych feSenich nebyly
implementovany:

i.  Navrh puvodni metodiky optimalizace medicinského kurikula napfi¢ klinickymi a
teoretickymi obory, ktera je zalozena na propracované parametrizaci studijnich osnov s
vyuzitim outcome-based paradigmatu.

ii.  Navrh databazového uspofadani metadat popisujicich kurikulum vSeobecného 1ékafstvi
nezavisle na nasledné implementaci.

iii.  Vyvoj webové orientované platformy vychazejici s vySe uvedeného databazového modelu,
ktera umozni realné vyuziti popsané metodiky pfi optimalizaci vybraného studijniho oboru.
Tento modularné strukturovany systém poskytne akademické vefejnosti intuitivni
kolaborativni prostiedi pro snadnou tvorbu a prohlizeni obsahu kurikula véetné efektivniho
prohledavani a reportovacich nastroji pro interaktivni grafické zobrazeni vazeb, vztahu a
podobnosti mezi dostupnymi daty.

iv.  Integrace tezauru MeSH [7] pro standardizovanou praci s klicovymi slovy. Jelikoz se jedna
0 optimalizaci konkrétniho oboru vyucovaného v ¢eském jazyce, byl zvolen slovnik, ktery je
standardizovan v anglickém jazyce a soucasné disponuje ¢eskym kazdoro¢né aktualizovanym
prekladem.

V.  Navrh propracovaného systému ptistupovych opravnéni v souladu s predstavenou metodikou.
Systém rozliSuje uzivatelské role podle miry zapojeni do optimalizacniho procesu. Soucasné
bude integrovany centralni ovéfovaci mechanismus prostiednictvim technologie Shibboleth
(8), ktery umoznuje snadné rozsiteni pfistupu na uroven uzivatele vzdélavaci sit¢ MEFANET
(9), tedy studenta nebo pedagoga jedné z jedenacti Ceskych a slovenskych 1€kaiskych fakult.

vi. Integrace vybranych funkci morfologického analyzatoru Geského jazyka Majka [10] pro
zefektivnéni vyhleddvani a analytického zpracovani.

vii.  Systémové zpracovani metadat popisujicich doporucené tisténé i elektronické studijni
podklady s pfimou vazbou na konkrétni vystupy z uceni a vyukové jednotky. Vzhledem k
dal$imu rozvoji e-learningové agendy na LF MU je pedagogim umoZnéno vznést nové
pozadavky a definovat tak vyukové materialy, které v soucasnosti ve své vyuce postradaji.

viii.  Vytvofeni unikatniho slovniku vyznamnych pojmu pro studium vSeobecného 1ékafstvi, ktery
se bude generovat z definovanych atributti datové véty jednotlivych vystupt z uceni.

iX.  Vazba na lokalni VLE (Virtual Learning Environment) propojenim s eduka¢nim portalem
vzdélavaci sité 1ékarskych fakult MEFANET a Informacnim systémem pro spravu vyuky na
Masarykov¢ univerzité [11].

Vyse uvedené cile se piimo dotykaji projektu OPTIMED. Metodika vetné vyvinuté technologické
platformy bude v praxi pouzita zkusenymi pedagogy a odbornymi garanty vyuky v ramci obsahového
auditu vyuky oboru Vseobecné I¢kaistvi. V soucasnosti je vedenim Lékaiské fakulty delegovano vice
nez 250 vyucujicich, ktefi zasahnou v ruznych rolich do procesu optimalizace a zptehlednéni
vysokoskolského medicinského studia, a ktefi poskytnou zpétnou vazbu k navrzené inovativni
technologii. Konkrétni zaméfeni na oblast mediciny nema z globalniho pohledu vliv na obecné
pouziti. S mirnymi upravami bude mozna aplikace navrzeného modelu optimalizace na jakykoli obor
studia na vysoké Skole. Piedkladané teSeni obsahuje urcita specifika v podobé integrace
biomedicinského slovniku a pfimych vazeb na existujici virtudlni systémy pro podporu studia
zaméfené cilené na medicinské vzdelavani.

4.1  Architektura systému

Architektura platformy se sklada ze dvou ¢asti, kterymi jsou FrontOffice a BackOffice. FrontOffice
reprezentuje rozhrani pouzité pro prezentaci obsahu koncovému uzivateli. Obsah této sekce bude
voln¢ dostupny pouze pro cilovou skupinu uzivateld, tedy pro studenty a pedagogy LF MU s moZznym
rozsitenim po ukonceni vertikalni optimalizace pro c¢leny akademické obce napfi¢ vzdélavaci



sit MEFANET. I z tohoto divodu bude vyuzZito jednotného ramce pro ovéfovani identity uzivatele,
ktery poskytuje Ceska akademicka federace identit edulD.cz [12]. Konkrétné se jedna o zprovoznéni
technologie Shibboleth, ktera zajisti uzivatelskou autentizaci prostfednictvim domovské instituce.
V okamziku pfistupu ke chranénému obsahu je uzivatel automaticky pfesmerovan na svého
poskytovatele identity. Zde prokéze svou totoznost prostfednictvim lokdlnim ptihlaSovacich udaji a
nasledné je vracen zpét na plvodni server. BackOffice je druhou casti platformy, ktera slouZzi
administratorim a redaktortim, jakozto rozhrani pro vkladani a editaci statického obsahu.

Protoze platforma bude slouZit uZivatelim jako nastroj pro piehled vyukovych osnov, bude pozornost
zamétena také na efektivni a rychlé vyhledavani. Ve spolupraci s vyzkumnym zdmérem Fakulty
informatiky Masarykovy univerzity se dale rozviji funkcionalita morfologického analyzatoru pro
Cesky jazyk Majka [10], [13]. Cilem je integrace skriptu, ktery bude zpracovavat jednotlivé vstupni
fetézce do kotenovych tvart a poté ukladat tuto informaci spolu s vazbou na souvisejici metadata do
databaze. V piipad¢, ze uzivatel zada hledany vyraz, s vyuzitim nové funkcionality budou jako
vysledky zobrazeny vSechny slova spojena s kofenem hledaného vyrazu. Vzhledem k tomu, Ze
soucasné fulltextové vyhledavani neposkytuje pro Cesky jazyk spolehlivy zptisob, jak pracovat se
slovnimi tvary, je zvoleny zpiisob zpracovani zajimavym a pfinosnym feSenim. Také pii implementaci
analytickych a vizualiza¢nich nastrojii budou hrat kofenové tvary slov vyznamnou roli.

Dalsim prvkem je pouziti Ceské mutace tezauru Medical Subject Headings (MeSH) s cilem
standardizovat kli¢ova pojmy spojené s edukacnim obsahem vyukovych jednotek, jejichz popis se
ukladd do databaze. Samotna klicova slova jsou definovana a strukturovana v mnoha podobach a
potieba sjednoceni s ohledem na mezinarodni ramec stale vzrista. Biomedicinsky slovnik MeSH je v
anglickém jazyce vydavany od roku 1960 americkou Narodni lékatskou knihovnou. Cesky pieklad
tohoto tezauru vytvaii Néarodni 1ékaiskd knihovna CR, ktera vydava pravidelné roéni aktualizace.
Slovnik obsahuje 26 142 hesel s vice nez 54 000 odkazy (7). Po smluvné podlozené dohodé s NLK
CR bude MeSH vyuzit také pro Gdely nové vznikajici platformy pro optimalizaci kurikula. Hlavnim
pozadavkem pfi integraci standardizovaného slovniku byla pravidelné vydavana doplnéni ceské
mutace, coZ MeSH jako jediny z dostupnych feSeni splituje. Nyni se neuvazuje o rozsiteni do jinych
jazykovych variant, ale obecné by pfipadnd zména neméla vzhledem k navrzené struktuie znamenat
prilisné komplikace.

Kromé klicovych slov definovanych mezinarodné uznadvanym a standardizovanym formatem, se v
popisu vyukovych jednotek vyskytuji tzv. vyznamné pojmy, pro které zadny slovnik neexistuje.
Databazi dilezitych pojmi obsazenych ve vyuce oboru Vseobecné 1€kaistvi, se kterymi se studenti v
pribéhu Sesti let setkaji a které by méli absolventi znat, budou plnit samotni pedagogové a garanti
studia. Vznikne tak zcela unikatni slovnik vyznamnych hesel medicinského studia, ktery poskytne
dalsi z fady zpusobd, jak se orientovat ve sloZitém a obsahlém obsahu kurikula. Pro alespon ¢aste¢nou
standardizaci (kvazistandardizaci) bude uzivatelim nabizen pii vkladani slov naseptavac, ktery zobrazi
terminy korespondujici s jiz napsanou casti textu, konkrétné existujici slova ¢i odpovidajici polozky,
které jiz definovali predesli autofi. Po findlnim procisténi, které vsak nelze plné zautomatizovat, lze
jako jeden z vystupt a tedy i benefitt oznacit doposud neexistujici slovnik vyznamnych pojma z
oblasti vyuky oboru V§eobecného lékarstvi.

Platforma bude mimo data popisujici kurikulum obsahovat také piimé vazby na virtudlni systémy
podpory vyuky, které nabizi uzivateli jak dalsi potfebné informace o studiu, tak i samotné elektronické
studijni materidly. Jedna se zejména o prozatim jednosmérné propojeni s Informacnim systémem
Masarykovy univerzity a provazani s edukaénim portalem vzdélavaci sité Ceskych a slovenskych
Iékatskych fakult MEFANET. Vybudovani a nasledné propojeni fundamentu v podobé nového
repozitate znovupouzitelnych vyukovych objektti, v odborné literatuie znamych jako RLO (reusable
learning objects), zavisi na poétu a zvoleném formatu nové vytvorenych elektronickych studijnich
opor. Navrzené feSeni bude na integraci RLO ulozi§té ptipraveno véetné aplikace vybraného
metadatového standardu.

Jednou z nejpiinosnéjSich Casti projektu je vizualizace dat, ktera byla parametricky zadana odbornymi
garanty vyuky. Nezavislé moduly budou umoznovat rizné pohledy na kurikulum. Moduly Prohlizec¢
vystupll z uceni a Registr vyukovych jednotek budou zaloZzeny na komponenté datového gridu, ktery



optimalné zpfistupni uzivateli data v prehledné form¢ vcéetné moznosti aplikovat pokrocilé
vyhledavani a filtrovani dle zvolenych atributi. Modul reportovaci nastroje bude zahrnovat grafické
znazornéni dostupnych dat. Aplikace metod data miningu v kombinaci s analytickym zpracovanim
poskytnou podklad pro vizualizaci informac¢né ptinosnych a hodnotnych vazeb napti¢ kurikulem, které
nabidnou uZzivateli originalni pohled na vyuku v daném oboru ve formatu interaktivnich sémantickych
siti a grafti. Nedilnou soucasti bude zkoumani podobnosti jednotlivych kurzi a na nizs§i Grovni i
vyukovych jednotek podle terminologického obsahu.

5. Zavér

Pro realizaci navrzeného feSeni je nutné nejprve parametricky popsat edukacni proces a stanovit, které
informace a v jakém objemu jsou pro naslednou revizi a dal§i zpracovani dulezité. Navrzeny
konceptualni model tvoii zéklad pro moznou implementaci v praxi. Podrobné popisuje vSechny
zainteresované subjekty a definuje vztahy mezi nimi tak, aby bylo mozné vSechny zvolené vazby
pozdéji prehledné a jasné zobrazit. Cely proces optimalizace je rozdélen do né€kolika na sobé zavislych
fazi umoziujici efektivné zmapovat kurikulum daného oboru nebo specializace studia. Pro kazdou fazi
je charakteristicky doporuceny nastroj, ktery cilovému uzivateli — pedagogovi — poskytne moznost
intuitivni prace pfi vytvareni/prohlizeni urceného obsahu. Veskeré nastroje jsou vyvijeny na zakladé
realnych pozadavkt a jsou praktickou ukazkou implementace metodiky s nasazenim vhodnych
informacnich technologii. Na rozdil samotné platformy je aplikace metodiky zcela nezavisld na
zvolenych ICT stejné jako na oblasti zaméfeni (volba studijniho oboru, ktery projde procesem
optimalizace).
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Abstract

The synthesis of existing Persistent Organic Pollutants pollution monitoring databases with
epidemiological data is considered for identifying some impacts of Persistent Organic Pollutants on
human health. This task requires new, rich, data, services and models discovery capabilities from a
multitude of monitoring networks and web resources. The FP7 project TaToo (Tagging Tool based on
a Semantic Discovery Framework) is setting up a semantic web solution to close the discovery gap
that prevents a full and easy access to web resources. The use of TaToo tools together with the Global
Environmental Assessment and Information System and the System for Visualizing of Oncological
Data is discussed as TaToo validation scenario for anthropogenic impact and global climate change
influence on Persistent Organic Pollutants trajectory.

Abstrakt

Syntéza soucasnych databazi obsahujicich data z monitoringu perzistentnich organickych polutantii ve
spojeni s epidemiologickymi daty je stézejni pro identifikaci mozného dopadu téchto latek na lidské
zdravi. Tento ukol vSak vyzaduje mnohem bohatsi data, nové sluzby a modely, vietné pokrocilych
pristupi k ziskavani informaci o dalsich dostupnych datovych zdrojich. FP7 projekt TaToo ma za cil
vytvorit semanticky webovy systém, ktery usnadni pristup k webovych zdrojum. V tomto clanku
popisujeme pouziti TaToo nastrojii spolu se systémy GENASIS a SVOD, které mimo jiné tvori jeden z
validacnich scénarii tohoto projektu.
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1. Introduction

Persistent organic pollutants (POPs) represent a long-term problem which is connected with the
production, application, and disposal of many hazardous chemicals and their impacts on human health.
The Research Centre for Toxic Compounds in the Environment (RECETOX) of the Masaryk
University (MU) is focused on the research of the fate and biological effects of POPs and other toxic
substances in the environment. RECETOX monitors these chemicals in air, soil, water or human milk,
and supports the implementation of international conventions on chemical substances like the
Stockholm Convention on Persistent Organic Pollutants®.

RECETOX closely cooperates with the Institute of Biostatistics and Analyses (IBA) of MU. IBA is a
research institute oriented to the solution of scientific projects and providing related services,
especially in the field of environmental, biological and clinical data analysis. IBA created the System
for Visualizing of Oncological Data (SVOD)’ — web portal of epidemiology of malignant tumours in
the Czech Republic, which is based on the data from the Czech National Oncology Register [1].

& Stockholm Convention on Persistent Organic Pollutants, http://chm.pops.int/
" http://www.svod.cz - System for Visualizing of Oncological Data, http://www.svod.cz/?sec=aktuality&lang=en



Specific effects of POPs can include cancer, allergies and hypersensitivity, damage to the central and
peripheral nervous systems, reproductive disorders, and disruption of the immune system. Some POPs
are also considered to be endocrine disrupters, which, by altering the hormonal system, can damage
the reproductive and immune systems of exposed individuals as well as their offspring; they can also
have developmental and carcinogenic effects.

In January 2010 RECETOX launched the first version of the Global Environmental Assessment and
Information System (GENASIS)® — web portal which provides information support for implementation
of the Stockholm Convention at international level. Initial phase of the GENASIS is focused on data
from regular POPs monitoring programmes, providing a general overview of spatial patterns and
temporal trends of pollutants concentrations. The aim is now to try to find out whether there is a
connection between the concentration of POPs and cancer occurrence in some regions [4].

This task requires new discovery information and communication technology (ICT) tools which will
be developed within the FP7 project TaToo® (Tagging Tool based on a Semantic Discovery
Framework) and shared the vision of a Single Information Space in Europe for the Environment
(SISE) [7]. It aims to develop tools allowing third parties to easily discover web resources (data,
services and models) and to add valuable information on to these resources. TaToo tools will be
validated in three different validation scenarios. MU is solving the TaToo validation scenario of
Anthropogenic impact and global climate change. It aims to improve the discovery of web resources
in the domains of environmental pollution by POPs including influence of global climate change and
epidemiology and tries to find relationships between these domains [2,3].

2. Scenario description

The MU scenario Anthropogenic impact and global climate change is dealing with the correlation of
environmental pollutants and their health impact on the population and the correlation of transport of
environmental pollutants with global climate change. The aim is to create a central place for
researchers, domain experts and decision makers to discover and access interdisciplinary knowledge in
more efficient and usable way that is the currently state of the art. Due to the fact that there is an
enormous amount of information resources in scientific fields, which is steadily growing, available
search mechanisms like search engines, scientific networks and similar technologies are not sufficient
to meet the complex requirements of today’s researchers and scientists. The result of conventional
discovery processes are often not matching the domain context of the users and obligate them the
tedious task of filtering large result sets to obtain the original object of the interest of the researcher
intended to find with the search. Therefore the need arises for an improving discovery method, which
will incorporate the domain knowledge and additional semantic information into the search in order to
obtain a more fitting result for the specific context of the user.

The MU scenario not only aims to improve the discovery of scientific resources for one particular
domain, but also tries to discover and create new relationships among different domains. The
correlation of environmental pollutants including their transport due to global climate change and their
health impact on the population is only one significant example of creating new relationships among
different domains. These dependencies could represent new scientific insights for already available
resources and connect the knowledge of the single domains. These relationships should facilitate
further discovery process to deliver matching resources of multiple domains.

The MU scenario represents the close cooperation and joint venture of two university institutes:
RECETOX and IBA .

8 http://www.genasis.cz -  Global Environmental  Assessment and  Information  System,
http://www.genasis.cz/main-index/en/

% Tagging Tool based on a Semantic Discovery Framework, http://www.tatoo-fp7.eu/tatooweb/



Figure 2: GENASIS analytical tool

RECETOX is an independent institute of the MU. RECETOX performs research, development,
education and expertise in the field of environmental contamination by toxic compounds with specific
focus on persistent organic pollutants (POPS), polar organic compounds, toxic metals and their species
and natural toxins - cyanotoxins. It is also Stockholm Convention Regional centre for capacity
building and transfer of technology in Central and Eastern European countries. The Stockholm
Convention on Persistent Organic Pollutants (Stockholm convention) is a global treaty to protect
human health and the environment from chemicals that remain intact in the environment for long
periods, become widely distributed geographically and accumulate in the fatty tissue of humans and
wildlife [8]. RECETOX is formed by several research divisions, service laboratories and technology-
transfer centres: Environmental chemistry and modelling, Ecotoxicology and risk assessment, Trace
laboratory, and Laboratory of data analyses. Research and development of the centre include
monitoring of environmental matrices, studies of environmental fate and effects (ecotoxicology) of
toxic compounds, ecological and human risk assessment as well as the development of informational
and expert systems.

RECETOX project GENASIS provides information support for implementation of the Stockholm
convention at an international level. The initial phase of the GENASIS project is focused on data from
regular monitoring programmes of POPs, providing a general overview of spatial patterns and
temporal trends of pollutants concentrations.

IBA is a research institute of the MU, which is focused on delivering solutions to research problems
arising in the environment and human health and it is providing related services, especially in the field
of biological and clinical data analysis, organization and management of clinical trials, software
development and Information and Communication Technology (ICT) applications. IBA research
activities are primarily focused on organizational and expert services for large scientific projects. IBA
is formed by four divisions: Division of Data Analysis, Division of Clinical Trials, Division of
Information and Communication Technologies, and Division of Environmental Informatics and
Modelling. For example, IBA created SVOD - the first web portal for epidemiology of malignant
tumours in the Czech Republic, system for visualizing of oncological data based on the data from the
Czech National Oncology Registry.
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Figure 3: SVOD analytical tool

The objective of the MU scenario is to use and validate the resulting tagging and discovery framework
of the TaToo project. Since the primary scope of the TaToo project is to facilitate the discovery of
environmental resources, this scenario delivers the perfect opportunity to validate the resulting
solution against challenging real word problems. There are numerous scientific domains available and
actively researched at the MU, but two important domains have been carefully chosen to demonstrate
and validate the envisioned functionality of the TaToo project. The vision of the MU scenario is that
other scientific domains could follow the initial institutes to further spin a new kind of knowledge
network to deliver a new generation of tools and methods to effectively and conveniently support the
scientific user in their daily work.

3. Validation

Current TaToo development at MU is demonstrated in this section. To achieve the goal of the MU
Scenario, it is necessary to use data from national and international monitoring networks, and to
discover and obtain as-complete-as-possible data sets representing anthropogenic impact. There is a lot
of various environmental data on the internet. However, by using current search engine it is difficult to
find (all of) them and choose the relevant results only. These results are simpler to use in a real
application. Discovery, use, and reuse of these data require enhancements of meta-information
descriptions, which can be achieved through TaToo's semantic rich environment. In this context, MU
intends to employ TaToo tools and will validate their performance for tagging and semantic rich
discovery of resources of anthropogenic impact and the influence of global climate change on the
transport of pollutants [5,6].

3.1 Validation resources

We categorized possible web resources for the our scenario into these categories:

e Primary resources: Structured raw data e.g. cancer patient records (diagnosis, sex, age, etc.)
or measurements like time series of POPs (method, compound, substance etc.).

e Secondary resources: Aggregated or processed information based on primary data e.g.
diagrams, analysis results, automatically generated reports, scientific publications, books etc. in
form of well known datatypes (PDF, doc, txt etc.)

o Information services: Internet based services which provide information from the first and
second category. For example Sensor Observation Services which provide Time Series for
POPs in the form of compound measurement values (Web Services standard stc.).

e Models: Meta-information about mathematical and computational model for calculation of
POPs distribution in the environment or dispersion models, which are used to estimate or to



3.2

predict (forecast) concentrations of airborne pollutants emitted from sources such as industrial
facilities, local heating or traffic.

Type of Users

This chapter introduces shortly the different types of users who will use TaToo Tools. The users are
divided into three categories:

3.3

Scientific users: scientific users are regular users with scientific background and assumed IT
skills. They will use the system to discover resources from both domains (POPs, health issues).
They will be able to find resources, find similar ones (having already found some resource),
compare the resources, and also to find connections between resources. Everything on the
“read only” basis.

Domain experts: group of domain experts collects users who have some additional
functionality to scientific users. Domain experts can also evaluate resources and assign
metadata to the resources. By the means of mentioned functions they will contribute to the
information enrichment process.

Administrators: administrators will be responsible for organisational and maintenance tasks in
order to guarantee proper system functionality. This involves also user administration, system
settings, problem solving, user support etc.

Proposed Use Cases

Proposed Use Cases of Validation Scenario 3 are as follows:

Use Case 1: Discover resources with existing tools - SVOD and GENASIS users will be
provided with the possibility to indirectly use the TaToo functionality for discovering similar
resources based on analysed objects in mentioned web portals.

Use Case 2: Generic discovery - the goal of this use case is to deliver improvements regarding
result relevance compared to conventional search engine results. The relevance of the resources
to the search criteria should be improved so that the user receives more potential interesting
search results. This circumstance hopefully leads to a reduction in the tedious effort of
scanning the search results for matching entries.

Use Case 3: Persistent Organic Pollutant Resource Discovery.

Use Case 4: Oncological resource discovery. Use Case 3 and Use Case 4 bring extended
domain specific search. Domain experts are allowed to enrich the resources by using TaToo
Tools. This example of use cases will be in detail describe in the next chapter.

Use Case 5: Define resource uncertainty - domain experts are allowed to define certain quality
criteria for resources.

Use Case 6: Compare resources - enables users to compare found resources on the fly after the
discovery. This Use Case 6 should be helpful in finding the connections between different
resources either in the same domain or in different domains.

Use Case 7: Find similar resources. The Use Case 7 brings the functionality to search for
similar resources based on interesting resource already found.

Use Case 8: Find related resources. The last Use Case 8 provides with searching for related
resources in other knowledge domains based on an already found resource.

4. Validation Case Studies

The purpose of this chapter is to introduce validation case studies to be used to validate TaToo Tools.
For each use case we provide a short description and explain their purpose.

4.1

Case Study 1: Discover resources with existing tools

Purpose of this case study is to provide the users of SVOD and GENASIS portals with the possibility
to indirectly use the TaToo functionality for the discovery of similar resources based on analysed
objects. The TaToo discovery is started directly from within the web analysis tools. The relevant



information needed for the search would be already entered via the web interface during the analysis
and can be submitted to the TaToo framework.

In this case study we implemented simply "TaToo button™ (see Figure 2 and Figure 3) into SVOD
analyse tools and applied TaToo Discovery Service to retrieve a list of related data resources from
TaToo Repository (see Figure 4). Queries used in calling the Discovery Service are automatically built
from actual settings of SVOD analytics tool. Communication between TaToo Discovery Service and
developed discovery application is based on SOAP standard (see Figure 1). Accordingly, Case Study 1
will cover Use Case 1 and will use Discovery service.

SVOD/GENASIS Discovery Service TaToo
GuUI Knowledge
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I
I
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|
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Figure 2. Integration of TaToo functionality into SVOD analysis tool
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Figure 4. List of similar resources in SVOD portal (live demo)

4.2  Case Study 2: Generic discovery

The user wants to discover resources of a particular domain of interest matching certain criteria and
keywords. The goal of this use case is to deliver improvements regarding result relevance compared to
conventional search engine results (see Figure 5 for user interface of these case study). The user wants



to find from the multitude of available resources the most interesting for his particular case, which is
represented by the input information. The found result should therefore have a higher probability to fit
the desired domain context.

Additional to domain specific information the system should also include other dimensions in the
discovery like time range and geospatial information of the results, in order to further specify the
domain of interest. The resulting list of resources should include additional information to the resource
such as relevance to the search query, uncertainty information about the quality of the resource
contains, file type of the resource etc. The search should not only deliver results in the original
language used to specify the search query, it should also deliver results in foreign languages which
match the domain context (e.g. user type search query in Czech language and TaToo Tools will be
able to understand and give to the user also English resources fulfilling typed query).
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Figure 5. Interface for TaToo generic discovery

This Case Study 2 will cover Use Case 2 and is interpreted by Simple Search Portlet. The first version
of this implemented portlet contains only a part of desired functionality, so only simple queries can be
processed.

4.3  Case Study 3: Specific Resource Discovery

A user wants to find information in the domain of bio chemistry, specifically about persistent organic
pollutants monitoring. The interesting resources range from primary data such as time series with the
actual measurements and additional information about measurement methods, measured compounds,
etc. to high level information are generated from this primary data such as statistics and time trends of
pollutants.

Similar to biochemistry domain (see Figure 6) specific resource search we can discover resources with
the focus on oncology domain (see Figure 7). The user is interested in the discovery of cancer related
resources. Nonetheless researchers are interested in a discovery of resources containing evaluations
statistics, and reports regarding cancer incidences and mortality rates. Similar to persistent organic
pollutant resource discovery the user wants to discover resources based on a domain specific search



mask with common parameter such as diagnosis, gender, patient number, etc. The case study 3 will

cover Use Cases 3 and 4.
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Figure 7. Cancer discovery mock-up

Case Study 4: Find similar and related resources

This case study represents the functionality of the search for similar (related) resources based on
already found interested resource. If the user finds a resource that matches his needs a new search is

started based on a current

resource. The search for related resources means found resources in other



knowledge domains based on an already found resource. For example the user wants to find pollutant
monitoring data for a specific time range and geospatial region, based on the values of a discovered
cancer analysis. The geospatial extend and temporal extend from the cancer analysis will be used to
perform a new search. The user only has to provide and specify the domain of interest in which new
resources should be discovered.

This complex Case Study 4 will cover Use Cases 1, 2, 3, 4, 7, and 8.

4.5 Case Study 5: Tagging multiple SVOD/GENASIS resources

The main goal of this validation use case is to support for SVOD/GENASIS resources to publishing
and add them into the TaToo Knowledge Base. The RDF resource descriptions are generated in
accordance to the TaToo specifications of the Minimal Environmental Resource Model (MERM). This
use case will use proposed domain ontology (see The MU Ontology Development — Internal
Report)[9] to test TaToo System. Generated RDF descriptions of resources will be stored as XML files
on server or can be directly by Tagging Web Services stored into the TaToo Repository.

For simplification of harvesting process MU provided "Resource Catalogue"*® which contains all
possible resources from MU domains (both POPs and cancer). This catalogue enable to our
administrators to manage resources (edit basic resource attributes and keep them up-to date) and also
manage topics from our domain ontology connected to these resources. This catalogue also provides
RDF connectors to all resources to enable harvesting process. In Figure 8 you can see the screenshot
of this tool.

IBA Resource Catalogue Fiter resources:
« Previous 1|2 B 4|/5| 6 12 17 22 | | Next »

Bowel cancer screening test ‘'may be less accurate in summer” link
Last update: 2012-06-08 14:46:10 detail

Twice as many lives saved than overdiagnosed by breast screening link
Last update: 2012-06-08 14:44:04 detail

Call for wider EU-backed HPV vaccine link

Last update: 2012-06-08 14:35:14 detail

Home-testing kits could help to detect HPV in women who do not attend cervical screening link
Last update: 2012-06-08 14:33:25 detail

Higher vitamin D levels may be linked to lower risk of bowel cancer link
Last update: 2012-06-08 14:25:19 detail

HPV vaccine protects against cervical cancer for at least six years link
Last update: 2012-06-08 14:20:45 detail

Study confirms impact of lifestyle on breast cancer risk link
Last update: 2012-06-08 14:16:52 detail

& & A & Al & A& A

Nine in ten survive early stage bowel cancer link
Last update: 2012-06-08 13:59:49 detail

<« Previous | | 1 |2 H 45| 6 12 17 22 | | Next »

PHP 53.3.2-lubuntu4.15 | Nette Framework 2.0.3 | RAP - RDF API for PHP V0.5.6

Figure 8: Resource Catalogue (http://ontology.genasis.cz)

10 Available on http://ontology.genasis.cz



4.6  Case Study 6: Tagging a specific data resource

This Case Study allows a regular user of TaToo Tools to tag information about a discovered or already
known resource, where a resource could be a data source, a service, a Web page, etc. The user is
prompted by the portlet with a selection panel to choose terms from an ontology to create tags for a
resource or a set of resources. When the user adds tags, the Tagging Portlet contacts the TaToo
Tagging Service to update the information related to the resource.

This case study is realized by using several implemented portlets (e.g. Tagging Generic Portlet and
MU Specialized Tagging Portlet).

5. Conclusion

This contribution describes how the anthropogenic impact and influence of global climate change
scenario has been implemented taking advantage of several TaToo Components.
The validation of TaToo Tools in the context of the Validation Scenario 3 is realised by means of six
validation case studies covering several ways how to discover desired data resources from the TaToo
Repository. The case studies also offer possibility to enrich TaToo Repository with new data by
appropriate tagging of discovered resources.
The overall implementation and integration of TaToo into the SVOD and GENASIS portals have
made good progress. A few issues remain which have to be done in the final version of TaToo:
e Multilingualism: A new domain ontology with multilingual labels has been created, and has to
be integrated in the upcoming final portal.
e TaToo Linked Data approach: adding relationship links between TaToo resources according to
Linked Data principles. We expect that this feature will enable our Validation Scenario for
multi-domain search.
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Abstract

The present document has been produced by the consortium of the European Project FP7-247893
Tagging Tool based on a Semantic Discovery Framework (TaToo). It describes the third and final
iteration of the implementation of the TaToo Semantic Service Environment and Framework. This
document reports on the implementation activities carried out in tasks T4.1, T4.2 and T4.3, acting as
glue of all the implementation tasks of WP4.

Abstrakt

Nasledujici dokument je vysledkem prdce tymu evropského projektu FP7-247893 Tagging Tool based
on a Semantic Discovery Framework (TaToo).Popisuje tieti a finalni verzi implementace prostiedi
semantickych sluzeb a ramec projektu TaToo.Tento dokument predstavuje popis implementace jenz je
vysledkem praci teamu WPA4.
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1. Introduction

The aim of the TaToo Framework is to provide an infrastructure to fill the discovery gap between
environmental resources and users. The TaToo Framework enables experts as well as arbitrary users to
share trusted and reliable information and to allow easy discovery and semantically enhanced tagging
of existing environmental resources.

The major achievements and results of the final iteration of the TaToo Framework implementation are:

e The decision on implementation issues based on existing state-of-the-art solutions on the
semantic discovery, tagging and Linked Data fields;

e The consolidation of the TaToo Framework Architecture implementation viewpoint;

e The realization of the TaToo Portal as a showcase client of the TaToo Public Services using
an unified technology;

e The implementation of the final version of the main components of the TaToo Framework,
including new components and a better, simple and usable version of the TaToo Portal;

e The provision of the final ontology framework allowing cross-domain search, Linked Data
extension, similarity between resources and multilingual aspects, following deliverable D3.1.3
where the basis for the TaToo ontology framework design was established;

o A detailed description of all identified components. It follows deliverable D3.1.3 where the
basis for the detailed design of the TaToo Framework was established;

e The software implementation (code release) of the TaToo Framework V3 is also part of
D4.1.3. The appropriate licensing schema will be provided in the final exploitation



deliverable, but most of the work done within the scope of WP4 follows an Open Source
license.

2. Framework design and implementation description

This chapter describes the infrastructure supporting each Building Block and the implementation of
the TaToo components. Conceptually, the TaToo Framework is designed as n-tier architecture
composed of two main High Level Building Blocks:
1. TaToo Public Services: The externally visible face of the TaToo Core (TaToo System
Components). To achieve maximum interoperability, these services must be accessible over
standardised web service interfaces.

2. TaToo Core Components: Which provide the business logic, data and meta-information
management. These components are only accessed by other System Components and by the

TaToo Public Services. Consequently, interoperability is less of a concern and the System
Components need not to be accessible over a standardised web service interface.

Figure 1 provides a complete overview on the Functional Purview of the TaToo Framework
Architecture as defined in TaToo deliverable D313 [1].
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Please note that components of the data tier, although conceptually belonging to a Building Block, in
general, with the exception of the Data Access Component, they represent data storage solutions and
products like Semantic Repositories, RDBMS, etc. and thus do not need a dedicated description or

specificati

on.



2.1 TaToo Framework implementation view

This section defines the mapping between the Functional purview of the architecture drawn in D3.1.3
and the implementation decided in this deliverable.

2.1.1 Presentation tier

The Presentation tier contains all the components the user can take advantage of to access the
functionality provided by the TaToo Framework (in particular the tagging and discovery
functionality). The tier has been designed as made of a single Building Block, the User Components
Building Block, containing a set of components to be exploited by the end user. These components can
be of different type, such as portals (made of a set of portlets), (rich-) client application, browser plug-
ins and any other type of tool*'. To access the TaToo Framework, they normally act as Web clients of
the TaToo Web services (see Service tier in the next section).

For the final implementation phase, TaToo continued the implementation of a Portal, see TaToo
deliverable D313 [2]. The TaToo Portal is made of a set of portlets, which can be seen as tools as well,
implemented basing on JSR168 and JSR286. Relying on the aforementioned JSRs is important while
integrating the portal portlets coming from different technical partners.

The implementation of a portal as a first entry point and showcase to access the TaToo Framework has
been motivated by the TaToo vision of providing easy access to users, thus only requiring a browser
and an Internet connection wherever the users are located (no need to install other software or plug-
ins). The portal personalisation aspect is also an important factor as the user can work comfortably
using their personalised set of portlets, configured considering the required functionality, comfortably
remaining bounded to their well known application domain. For the design and implementation
description of the individual components (portlets) and their mapping to specific implementation
technologies, please refer to section 2.1.1.

Currently the following portlets can be identified:

e The Tagging Portlets: Tagging, Geo-Tagging, Simple Tagging, Tags Editing;

e The Discovery portlets: Hierarchical Search, Simple Search, SPARQL, and Result
Presentation portlets;

e The Evaluation Portlets: Add Evaluation and Evaluation Browser Portlets;

e The Linking Portlets: Linking and Links Browser Portlets (new in this iteration);

e The Administration Portlet.
| ! Evaluation Client API | \

The reference implementation of the TaToo portal is based on Liferay Community Edition (Liferay)
technology (providing the Portlet Container in Figure 3). Liferay provides the possibility to choose
among a large set of alternative Portal Servers (bundles), such as Tomcat, Glassfish, JBoss, and others.
Both Tomcat and Glassfish bundles are being evaluated mainly focusing on respective performance.

TaToo Web Portal

/ |Tagging Client API| | Discovery Client API

Administration
Portlet

Figure 2: TaToo Web Portal

1 In the context of TaToo, the term ‘tool’ is intended as a front-end component, generally with a Graphical User
Interface (GUI), which allows the user (residing in the Presentation tier) to interact with the system taking
advantage of the provided functionality.
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Figure 3: Portlets composing the TaToo Portal

In the final version of the TaToo Portal the following modifications have been adopted on the previous
V2 version portlets to implement V3 portlets:

e Reduction of Ul elements composing the portlets in order to provide simple use case
workflows avoiding redundancies, i.e. TaToo resources and annotations are displayed only in
the Result Presentation Portlet and have been removed from Tagging Portlet;

o Definition of new Portlet Events, that, together with existing ones, will cover each inter-portlet
foreseen communication;

e Enable reading and displaying Ontology Individuals Labels instead of their URI;

e Minor graphic design updates to have a more appealing portal page.

This new approach allows the user to follow a simple and coherent workflow of actions when dealing
with the TaToo Tools in the portal in order to take full advantage of TaToo functionalities. User
Interface areas that were previously pertaining to a certain portlet to display redundant information are
now shared together providing a harmonised and coherent TaToo Tools portal page.

2.1.2 Service tier

This chapter defines the mapping of the Service Tier (TaToo Public Services) to a web services
platform which is described in accordance to the rules of the OASIS Reference Model for Service
Oriented Architecture 1.0 [3]. A SOAP Web Services based approach is followed for the service
specifications and implementations. For the design and implementation description of the individual
services and their mapping to specific implementation technologies, please refer to section 2.1.8.

The decision to follow the SOA-RM for the specification of the basic properties of the TaToo SOAP
Web Services Service Platform, and thus realising the TaToo Public Services as W3C compliant Web
Services, is based on several general enterprise requirements TaToo deliverabl D233[4]. Namely, the
most important requirements considered are:

e Use of concepts and standards
The usage of W3C standards decreases dependence on vendor-specific solutions and helps
ensure the openness of TaToo Service Tier.

o Loosely coupled components
TaToo’s service oriented architecture and especially the Service Tier as mediator between
TaToo Tools and TaToo Core Components facilitate loose coupling.

e Extensibility / Flexibility
The Service Tier facilitates the integration of new services with additional functionality into a



TaToo semantic framework. Furthermore, TaToo Public Services offer the possibility to
access TaToo functionality by new third party applications (custom clients).

The specification of the TaToo SOAP Web Services Service Platform comprises of specifications and
descriptions of selected technologies required to formally specify the TaToo Public Services.
Furthermore, it provides an informal description of the mapping from the functional specifications to
implementation specifications. Please note, that the specification of the TaToo SOAP Web Services
Service Platform does not impose any constraints on the individual service implementation, e.g. usage
of a specific programming language, middleware, SOAP implementation, etc. Its primary objective is
to ensure interoperability by enforcing that all service interfaces of the Service Tier are specified in the
same manner and follow the same web service standards.

SANY FP6 project'? recommends that the specification of a service platform shall be conformant to
the OASIS Reference Model for Service Oriented Architecture 1.0 [5]. As a consequence, the TaToo
SOAP Web Services Service Platform has to be described by a set of predefined platform properties.

Chyba! Nenalezen zdroj odkazi.: Lists the properties of the TaToo SOAP Web Services
Service Platform

Property Value

Platform Name TaToo SOAP Web Services Service Platform

Name of the platform.

Reference Model
Reference model on which the platform
specification is based.

W3C Web Services Architecture (W3C, 2004)

Interface Language
Formal machine-processable language used
to define the service interfaces.

Web Service Description Language (WSDL), Version
1.1 (W3C, 2001)

Execution Context Transport Protocol and Message Format: SOAP 1.2

Information about preferred protocols,
semantics, policies and other conditions and
assumptions that describe how a service can
and may be used, e.g. the specification of the
transport and the security layer, the format
of the messages exchanged, etc.

HTTP binding as defined in SOAP Part 1: Message
Framework, Version 1.2 (W3C, 2003) and Hypertext
Transfer Protocol (HTTP), Version 1.1 (W3C, 2006).

Schema Language
Specification of the schema language used
to define the information exchanged.

General schema language: eXtensible Markup
Language (XML) 1.0.

Schema Language for semantic information models:
RDF, RDFS and OWL, in particular a subset of OWL 2
called OWL2 RL.

Schema Mapping

Not applicable.

12 http://www.sany-ip.eu/




Property

Value

Specification of how to map the abstract
level (e.g. UML) to the schema language
used for this particular platform.

Information Model Constraints
Specification of the constraints on the
Information Model, especially the
constraints on the message format.

TaToo ontologies shall be based on existing W3C
standards, particularly RDF, RDFS and OWL, in
particular a subset of OWL 2 called OWL2 RL.

The mapping of a functional specification of a TaToo Public Service to the correspondent formal
implementation specification is carried out as a 1:1 mapping. This means that interfaces specified in a
functional specification shall be mapped to WSDL portType elements, operations shall be mapped to
WSDL message type elements, and parameters shall be mapped to corresponding WSDL message

elements.

Since the parameters of an operation are rather generally and abstractly described in a functional
specification, concrete types have to be specified in the implementation specification. The result of
such a mapping is an implementation specification provided in the document that overwrites and
complements the specification done in D313 [2]. Currently the following services can be identified:

Tagging Services

Discovery Services

Evaluation / Validation Services
Ontology Manager Services
Similarity Services

Linked Data Services

2.1.3 Business tier

Business

User
Context Manager

RDF
Tagger

Catalogue

Other

S N Resource

Figure 4: TaToo Core Components Building Block




As already stated, the Core Components Building Block provides the business logic of the TaToo
System (see Figure 4). The main components of this Building Block are the:

Clearinghouse: Service and entry point to the TaToo Core Components. The Clearinghouse
provides a coherent interface between TaToo Public Services and Core Components. All
communications happen through the Clearinghouse, which also contains the required business
logic to orchestrate component calls (or invocations), where necessary;

Semantic Processor: Its functionality is basically implemented using Sesame and OWLIM,
covering the implementation and usage of:

o Ontology Manager
o Reasoner

Tagging Processors: The Schema Mapping, the Visualisation and Filtering, the RDF Tagger,
the Evaluation, and the Linking components;

Discovery Processors: Reference implementation of the Query Expansion, Resource Retriever,
and Resource Expansion components;

Resource Harvester, together with a set of Resource Connectors:

JRC Resources catalogue connector;

Masaryk University Resources catalogue connector;
GENESI-DEC OGC Resources catalogue connector;
LinkedData Resources Connector;

Web Sites RDFa Connector.

O O O O O

2.1.4 Cross tiers

In the second phase of the TaToo Framework Architecture definition, new cross tiers have been added
and defined in details: Security Cross tier and Administration Cross tier.

The Security and Administration Cross tier are depicted in the Figure 5 below.
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Figure 5: Security and Administration Cross tier

Administration Service: A service to manage configurable preferences of components.
Administration Portlet: Simple GUI of the Administration Service.

TaToo ldentity Provider: A service to manage Federation and user identities in the form of
SAML Assertions. Based on the Shibboleth Identity Provider Service.



e User Directory Service: A service that manages user authorization based on its attributes,
roles, groups, communities. The service is based on the LDAP Service.

2.1.5 Security

Considering the wide community that potentially will take advantage of the TaToo Tools and
Framework, while designing the Security Cross tier the focus has been to realise a user friendly
approach on the client side but robust enough on the Public Service tier side. Thus the TaToo Security
architecture components realise a Single Sign-On infrastructure that allows the user to access all
TaToo functionality, tagging, discovery, and evaluation, authenticating only once per session.

The brown boxes in Figure 5 are describing the components that are related to the Security
infrastructure. In the presentation tier the client side authentication operation is realised through the
User Access Manager, on server side the Public Service tier is secured by using a TaToo Security
Frontend that acts as a secured proxy server toward Web Services operations calls, and finally in the
Security Cross tier, the TaToo Identity Provider and the TaToo User Directory Service are indicated.

Concerning technologies used, TaToo Security components are based on Shibboleth (Shibboleth).
Shibboleth is an open source Single Sign-On standard for web authentication across different
organization, namely Federations, based on SAML (Security Assertion Markup Language) standard. It
allows the service and data providers to make authorization decisions for access to the web protected
resources based on the specific attributes of the user identity. Attributes are defined in Shibboleth with
a standard format, and Federations can use both built-in attribute support and defined new ones. The
Shibboleth system supports Federations by defining also formats for managing site configuration
information and providing functionalities to create, distribute, and import that information. In TaToo,
Shibboleth Federations concept is useful to distinguish between different type of users, depending on
their domain or on their role in the community.
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Figure 6: Shibboleth Architecture

In Figure 6 the Shibboleth Architecture is presented. It is composed of two servers and one client. The
servers are namely the Service Provider, that is used to secure the resource that the user wants to



access, and the ldentity Provider, where the user is authenticated / authorized and the SAML
Assertions are created.

Following the above architecture, the TaToo Identity Provider and Directory Service are a Shibboleth
Identity Provider installation configured for the TaToo Shibboleth Federation, which is the upper level
Shibboleth Federation.

The TaToo Security Frontend is composed of a server that acts as a frontend, that is an Apache
HTTPD 2.3 server, where two particular modules, mod_proxy and mod_shib, are running. These
modules are respectively responsible for proxying Web Services operations calls toward TaToo Public
services and for the Shibboleth business logic concerning the Service Provider. Moreover, the TaToo
Security Frontend is composed by a Shibboleth Daemon running on the server host, used to parse
SAML Assertions and verify user’s attributes.

The last element, the browser, is actually what is defined in TaToo as the User Access Manager. The
User Access Manager is a Java library that is used within TaToo portlets or third party clients to
authenticate users using the Single Sign-On TaToo infrastructure presented.

In Figure 7 the described Single Sign-On infrastructure is represented with regard to the Shibboleth
architecture.
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Figure 7: TaToo Single Sign-On infrastructure

2.1.6 Administration
The Administration cross tier as defined in D3.1.3 [2] introduces the concept of manageable

components as a means to provide generic administration support in a distributed service network
(Figure 8). This concept can be applied to any component, whether it is a User Component, a Public

Service or a Core Component. The core concept of this approach is that a manageable component has
to provide means to dynamically modify its behaviour, appearance or internal configuration without

touching the component implementation itself. Furthermore, a generic approach for the configuration



of manageable components which is independent of the actual configuration methods supported by the
component implementations has been established in order to ensure the support for a wide variety of

different component types (services, portlets, libraries, etc.).
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Figure 8: Administration in the TaToo Service Network

The generic and platform-independent approach implemented is based on the Preferences API
Specification JSR 10[6], which provides advanced features like change notifications and automatic
discovery of new deployed Manageable Components. The Administration Service (see section 2.1.13)
shown in Figure 8 above reads and writes the configuration of Manageable Components.
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Figure 9: Preferences of the Administration Service (Windows Registry)



The configuration of the component is either stored in a file or, in case of the usage of Java
Preferences API, in the so called Backing Store. The Backing Store is an operating system dependent
data store for JSR 10 compliant preferences. Under Windows it is implemented by the Windows
Registry whereby preferences are stored in HKEY_LOCAL_USER (shown in Figure 9). Under Linux
it is represented by a set of xml files stored in the user’s home directory (~/.java./.userPrefs/).

Access to the Backing Store is transparent to clients of the Preferences API; they do not have to
interact with those files directly. To give the administrator the possibility to manually edit the
Manageable Components’ local configuration without the need to deal with the Backing Store, support
for fully automatic export and import of the component’s configuration to a local xml file is provided.
This logic, as well as the communication with the Java Preferences API is encapsulated in the
Administration Support Library, which enables a component developer to integrate instant
administration support with minimal effort.

Since the Administration Service has to have local access to the specific Manageable Component’s
configuration files and the Backing Store respectively, an Administration Service instance has to be
present on each server if TaToo Components are deployed on different servers as shown in Figure 8.
Thereby, one instance of the Administration Service is able to manage n instances of arbitrary TaToo
Components that are enabled for administration support. Furthermore, Manageable Components which
make use of the TaToo Administration Support Library can be automatically detected by the
Administration Service running on the same server. Administration support of Manageable
Components can therefore be gained without any manual configuration. In addition, a component
which uses the TaToo Administration Support Library can dynamically react on changes to its
configuration thanks to the event notification system of the Java Preferences API. In consequence,
TaToo Components can be configured without the need for redeployment or restart.

Graphical editing support of configurations is provided by the Administration Portlet, which is able to
communicate with several Administration Service instances. Therefore only one deployed instance of
the Administration Portlet is required, to manage all components in a TaToo Service Network. The
Administration Portlet is also a Manageable Component by itself which uses the TaToo
Administration Support Library, so the list of Administration Services supported by the
Administration Portlet can be managed by the Administration Portlet itself.
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Figure 10: Administration Portlet and supported Manageable Components



2.1.7 Presentation tier components design and implementation description

The presentation tier in TaToo has been provided as Portlets deployed on a Web Portal. The TaToo
Web Portal has been implemented adopting the Liferay technology.

Liferay is the world’s leading open source enterprise portal solution using latest Java and Web 2.0
technologies. The main characteristics are:

¢ Runs on all major application servers and web application containers, databases, and operating
systems, with over 700 deployment combinations;

JSR286 compliant;

Built-in Content Management System (CMS) and Collaboration Suite;

Personalised pages for all users, both public and private;

Benchmarked as among the most secure portal platforms using LogicLibrary’s Logiscan suite.

Liferay provides also a highly granular permissions system that allows the administrator to customise
user experience at organisational and personal level, introducing the concept of Communities.
Moreover, Single Sign-On authentication and authorization mechanism is supported.

Within the available options Apache Tomcat application container server has been selected (even if
Glassfish is being evaluated), and the portal has been deployed on top of it. The versions used are
Apache Tomcat 6.0.26 and Liferay 6.0.5 edition. The portal also needs a production environment
database to handle the context automatically, PostgreSQL version 9.0 has been adopted for this
purpose.

One of the primary ways of extending the functionality of Liferay Portal is by the use of plug-ins.
Portlets are small web applications that run in a portion of a web page. The heart of any portal
implementation is its portlets, thus Liferay’s core is a portlet container. The container is able to
manage portal’s pages and aggregate the set of portlets that appear on any particular page. This means
that all of the features and functionality of the TaToo Web Portal must reside in its portlets.

The TaToo Portal has been enriched and redesigned in the final version in order to be more user-
friendly. A custom TaToo theme and a custom TaToo layout are implemented in order to realise a
harmonised experience to the end user accessing the portal. The development of both theme and layout
has been realised using development tools provided by Liferay IDE plug-in.

The new approach adopted for the TaToo Portal final version consists in the simplification of the user
experience. This is a critical aspect for a portal: if the user is able to take advantage of the TaToo
functionality in an easy and comfortable way, the TaToo Portal can attract more and more people to
participate and collaborate. It must be noted that the huge participation of users increasing the amount
of the TaToo Knowledge Base is one of the main goals for the project.

In particular the new TaToo Portal layout removes the diversification of Tagging, Discovery, and
Evaluation functionalities in different portal web pages, and harmonise them in a unique page. This is
made possible by an extensive usage of inter-portlet communications called Portlet Events.

In Figure 11 the new TaToo Tools web page is presented. A new intercommunication between portlets
is realised so that discovered resources can be tagged “on the fly” by the user, taking advantage of the
Tagging Portlet. Discovered Resources can be also evaluated, together with their annotations through
the Evaluation portlets implemented during the second cycle.
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Figure 11: TaToo Portal, new TaToo unique web page

In the final implementation phase the TaToo Portal has been also enriched by the Linking Portlets.
The approach that has been adopted is to render it as a pop-up portlet, so that the user is guided while
providing a linking, see Figure 12 below.
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Figure 12: Evaluation Portlet pop-up.
In this way, the user provides the evaluation of a resource or an annotation triggering the Evaluation
portlet from the Discovery Portlets.

The presented approach in the TaToo Portal has been possible also thanks to the adoption of a new and
more convenient way to implement TaToo portlets. TaToo portlets are now taking advantage of the



Vaadin framework. Vaadin is a Java framework for building modern web applications, with an
appealing look and feel and user friendly user interface. In contrast to pure Javascript libraries and
browser plug-in based solutions, it provides a robust server side architecture. The largest part of the
application logic thus is actually running on the server instead that in the user browser.

Vaadin framework client (browser) side is based over the Google Web Toolkit (GWT)[7] to enrich the
user experience by providing a collection of User Interface components. With respect to pure GWT
approach portlet development, Vaadin respects the JSR standards 168 and 286, moreover it is fully
integrated with Liferay technology, and provides a good number of useful development and
integration tools.

The usage of Vaadin enhances the harmonisation of the specific look and feel of TaToo portlets.
Indeed a common Cascading Style Sheets (CSS) file has been designed and adopted by all portlets. In
this way the look and feel of the User Interface (portlets) components is harmonised, as well as the
fonts, the size and the colours. The adoption of a common CSS file, in conjunction with Liferay and
Vaadin layout customisation tools, brings in a new technique that natively supports also mobile
browser, providing a new experience to the end user.

TaToo Tagging, Search and Discovery, Evaluation, and Linking Portlets can be deployed in two
alternative ways on the TaToo Web Portal. The options provided by Liferay are:

e Local: deploy the portlet directly in the application container locally on the host machine;
¢ Remote: take advantage of the Liferay control panel which can handle plug-ins installation.

In the context of the TaToo project, being the portal installed on a single site from the first
implementation phase, it is foreseen that the remote approach to allow WP4 (Implementation) partners
and Use Case partners to deploy their own portlets would be the more convenient one.

Accessing the Liferay control panel with the proper rights, the user can see what plug-ins are currently
installed, as shown in Figure 13:
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Figure 13: Liferay plug-in installation

The user can then install its own developed portlet, packaged as a WAR file, from the upload file
section. Once the portlet has been installed on the portal, the user can access their public or private
page and add the portlet to it, so that the portlet is accessible and the functionality is available.

A summary of the existing TaToo user components and tools is the following:



e Tagging tools:

o Tagging portlet; It allows the user to browse the topics of an ontology pertaining to its
domain and select them to annotate one or more resources identified by an URI.

o Tags editing portlet: This portlet allows the user to manipulate its previously provided
annotations (update and delete annotations).

o Simple tagging portlet: The portlet is a revised version of the Tagging Portlet, in
particular Semantic structures like triple statement composure are hidden to the user.
In this way a user can take advantage of TaToo Tagging with no knowledge of
Semantics.

o Geotagging portlet: The Geotagging portlet provides functionality to graphically add
location-based annotations supported by the NUTS and GeoNames ontologies to the
resources. Also, it shows the location (both point and polygon locations) of discovered
resources.

o Discovery tools:

o Hierarchical search portlet; It allows entering the search criteria using a category tree.

o Simple search portlet; This portlet provides a form-based functionality for entering
search criteria by allowing the user entering controlled metadata about resources and
annotations.

o Results Presentation portlet; The Results Presentation portlet shows the list of
resources, the annotations of a selected resource and the RDF triples associated to a
selected annotation, and has connections to the tagging, evaluation and linking
functionalities.

o SPARQL portlet;This portlet gives the possibility to query directly the TaToo
Knowledge Base. This functionality is provided for advanced users and clients.

e Other tools:

o Evaluation search portlet; This portlet gives the user the possibility to evaluate
annotations and resources.

o User Access Manager; This client functionality provides an API to seamlessly manage
the authentication and authorization of the TaToo portal and public services alike.

o Administration portlet; It provides access to certain configuration properties of the
TaToo Portal.

o Linking tools; This portlet provide the possibility of linking TaToo resources to
external resources in a Linked Data fashion.

2.1.8 Services tier design and implementation description

Public Services in TaToo are mainly implemented as SOAP services. Public services are the entry
point of developers to the TaToo functionality. For this reason, this section provides a summary of the
services and the methods signature in order to facilitate the developers to get a quick overview of the
TaToo API.

2.1.9 Tagging Services design and implementation description

The Tagging Service exposes the tagging functionality of the TaToo System through its public
interfaces.

The Tagging Service is implemented as a SOAP web service that allows external clients, in particular
the Tagging Portlets, to access the tagging functionality offered by the TaToo System and exposed
through the public interface of this service. The current implementation of the Tagging Service
receives tagging requests from the different User Components to:

register new resources

associate annotations with resources

retrieve annotations associated with resources
delete annotations



In V1 the functionality of the Tagging Service was limited to the creation of new tags and the read-
only access to existing tags. Furthermore tagging was limited to simple semantic tagging which means
choosing from a number of terms of the selected ontology. More sophisticated tagging possibilities,
the delete operations and support for more complex MERM compliant Annotations were added in V2.

Major updates on the definition of tagging related data types (resource, annotation, etc.) to support
tagging with more complex annotation types were performed in V3.

The Tagging Service interface includes all operations related to tagging. It defines the following
operations in Table 2:

Table 1: Tagging service operations

Operation Name Description

addAnnotationsToResources This operation is used to add n annotations to exactly n resources.

String  addAnnotationsToResources(List<BasicResource> resources, List<BasicAnnotation>
annotations, String locale) throws MissingParameterValue, InvalidParameterValue,
TaToolnternalError, MalformedAnnotation

This convenience operation is used to add one annotation to one
resource.

addAnnotationToResource

String addAnnotationToResource(BasicResource resource, BasicAnnotation annotation, String locale)
throws MissingParameterValue, InvalidParameterValue, TaToolnternalError, MalformedAnnotation

getAnnotationsOfResource | Retrieves all annotations of one resource.

List<BasicAnnotation> getAnnotationsOfResource(String resourceURI, String filterOptions, String
locale) throws MissingParameterValue, InvalidParameterValue, TaToolnternalError,
ResourcesNotFound

Retrieves all annotations of a list of resources. Annotations may be

getAnnotationsOfResources filtered by an optional filter condition, e.g. by a user.

Map<String, BasicAnnotation[]> getAnnotationsOfResources(List<String> resourceURIs, String

filterOptions, String locale)  throws MissingParameterValue, InvalidParameterValue,
TaToolnternalError, ResourcesNotFound
removeAnnotation | This operation is used to remove a particular annotation.

String removeAnnotation(BasicAnnotation annotation, String foafOnlineAccount) throws
eu.tatoofp7.commons.exceptions.MissingParameterValue,
eu.tatoofp7.commons.exceptions.InvalidParameterValue,

eu.tatoofp7.commons.exceptions. TaToolnternalError, eu.tatoofp7.commons.exceptions.NotAuthorised

removeAnnotations | This operation is used to remove several annotations.

String removeAnnotation(List<BasicAnnotation> annotations, String foafOnlineAccount) throws
eu.tatoofp7.commons.exceptions.MissingParameterValue,
eu.tatoofp7.commons.exceptions.InvalidParameterValue,
eu.tatoofp7.commons.exceptions.TaToolnternalError, eu.tatoofp7.commons.exceptions.NotAuthorised

2.1.10Discovery Services design and implementation description

The Discovery Service exposes the public discovery functionality to User Components. It supports
(semantic) search and discovery of annotated resources. The discovery process is query driven,
allowing the user to selected certain terms from an ontology that are then used for the semantic search.
The Discovery Service itself does not implement any business logic.

The Discovery Service interacts with the Clearinghouse and the search User Component (the Search
Portlet). It receives search requests in a specific format from the User Component and transforms them
into a message suitable for the Clearinghouse. It receives search results in a specific format from the
Clearinghouse and transforms them into a format suitable for the User Component before sending
them back.



It is worth noticing that the discovery service provides two kinds of distinct operations:

e Operations that perform a complete discovery workflow retrieving as a result a set of
complex resource objects (including the resource annotations) that match the original query.
The operations in v3 of the discovery service supporting the entire discovery workflow are:

o search: This is the main discovery operation, allowing the client to filter by topic, by
annotation types, and by several resource and annotation metadata according to the
TaToo ontology framework. The client may also decide whether the search will also
retrieve similar resources and/or decide if they would like to perform cross-domain
search.

o rectangleSearch: Main operation for performing GeoNames location-based queries
within a rectangle delimited by two GeoNames coordinates. This operation is
extended by the operation searchlnRectangle, which combines the previous
functionality with extra filtering parameters (the same as in the search operation).

o nutsSearch: As in the previous case, this operation is intended to perform location-
based queries, but based on NUTS regions (from the NUTS ontology). Again, the
searchWithinNUTS operation extends nutsSearch with extra filtering parameters (the
same as in the search operation).

e Operations that give access to calls (via the Clearinghouse service) to methods of the three
discovery core components, allowing clients to perform a partial execution of the
discovery and retrieving different outputs (resource URIs, annotation URIs, ranked resources,
etc.).

The rest of the operations not mentioned above are all of this type. By using in combination several of
these methods, clients of the discovery service will be able to tailor their own discovery workflow. As
a matter of example, a client might retrieve a set of non-ranked annotations URIs by using the
getGeoAnnotationsinRectangle method. After doing some processing the client could use the
getResourceOfAnnotations method to retrieve a non-ranked set of resource URIs that matches with
those annotations. With those URIs, the client might perform some more processing or proceed for
instance to retrieve a ranked set of resources using one of the ranking methods. After that the client
might decide to retrieve the complete resource object and annotation metadata for one or several
resources using the retrieveResources method.

The Discovery Service is a public interface implemented as a SOAP service that allows external
clients to access to the main discovery functionality. It defines the following operations in Table 3:

Table 2: Discovery service operations

Operation Name Description

Main search method implementing the entire discovery workflow. The user
might specify if the search should also perform cross-domain queries and
expansion of the results by using similarity-based search using the Boolean
parameters provided to that effect. The search retrieves a list of complete
Resource objects (resource metadata and the set of annotation and their
metadata)

search

List<Resource> search (boolean searchCrossDomain, boolean extend, String publisherURI, String
fromPublishDate, String toPublishDate, String resProvID, String fromResProvDate, String
toResProvDate, String annoProvID, String fromAnnoProvDate, String toAnnoProvDate, List<String>
topics, String annotationType, String lang, int pageNumber, int pageAmount)

Geo-search based in a rectangle query retrieving the complete Resource

rectangleSearch .
g objects

List<Resource> search (float latl, float longl, float lat2, float long2, String lang, int pageNumber, int
pageAmount)




Operation Name Description

Simple search and geo-search based in a rectangle query combination (to

rchinRectang| . ;
searc ectangle filter both for location and other metadata)

List<Resource> search (float latl, float longl, float lat2, float long2, String publisherURI, String
fromPublishDate, String toPublishDate, String resProvID, String fromResProvDate, String
toResProvDate, String annoProvID, String fromAnnoProvDate, String toAnnoProvDate, List<String>
topics, String annotationType, String lang, int pageNumber, int pageAmount)

Geo-search based in a NUTS region retrieving the complete Resource

nutsSearch .
objects

List<Resource> search (String nutsURI, String lang, int pageNumber, int pageAmount)

Simple search and geo-search based in a NUTS region query combination

searchWithinNUTS (to filter both for location and other metadata)

List<Resource> search (String nutsURI, String publisherURI, String fromPublishDate, String
toPublishDate, String resProvID, String fromResProvDate, String toResProvDate, String annoProvID,
String fromAnnoProvDate, String toAnnoProvDate, List<String> topics, String annotationType, String
lang, int pageNumber, int pageAmount)

SimpleSearch invoking only the Query expansion functionality (retrieving
just a set of resource URIS)

simpleSearch
The method receives a set of search criteria (resource annotation metadata
and topics) and retrieves a list of Resource URIs matching directly the query

List<String> simpleSearch (String publisherURI, String fromPublishDate, String toPublishDate, String
resProvID, String fromResProvDate, String toResProvDate, String annoProvID, String
fromAnnoProvDate, String toAnnoProvDate, List<String> topics, String annotationType, String lang)

Simple search with the extension to cross domain search, invoking only the

crossDomainSearch . . . L
Query expansion functionality (retrieving just a set of resource URISs)

List<String> simpleSearch (String publisherURI, String fromPublishDate, String toPublishDate, String
resProvID, String fromResProvDate, String toResProvDate, String annoProvID, String
fromAnnoProvDate, String toAnnoProvDate, List<String> topics, String annotationType)

Invoking directly the equivalent Query expansion
functionality. Retrieves a list of resource URIs that have
annotations in a rectangle giving two N-S latitude-longitude
points of a diagonal of the rectangle

getGeoAnnotationsinRectangle

List<String> getGeoAnnotationsinRectangle (float latl, float longl, float lat2, float long2)

Invoking directly the equivalent Query expansion
getGeoAnnotationsInNUTSRegion functionality. Retrieves a list of resource URIs that have
annotations in a given NUTS region

List<String> getGeoAnnotationsInNUTSRegion(String nutsURI)

For a list of annotations, retrieves the list of resource URIs to what
those annotations belongs to. This is useful when the client knows a
getResourceOfAnnotations list of annotation such as the ones provided by the
getGeoAnnotation... search methods. Invoking directly the
equivalent Query Expansion functionality

List<String> getResourceOfAnnotations (List<String> annotationURI)

Invoking directly the equivalent Results Retriever functionality.

retrieveResources .
Useful when a user knows a set of non-ranked resource URIs list




Operation Name Description

| and wants to retrieve their complete resource object not ranked.

List<Resource> retrieveResources (List<String> resources, String lang)

retrieveRankedResources Invoking directly the equivalent Results Retriever functionality. Useful
when a user knows a set of resource URIs and wants to retrieve a
ranked by evaluation set of complete resource objects.

List<Resource> retrieveRankedResources (List<RankedResource> resources, String lang)

Invoking directly the equivalent Results Expansion functionality. Useful to
rank either by topic or annotation type a set of known resources (for instance
after a simpleSearch is invoked, a subset of the resources can be sent to this
method for ranking)

rankSearch

List<RankedResource> rankSearch (List<String> resultResources, List<String> topics, String
annotationType)

Invoking directly the equivalent Results Expansion functionality Useful to

rankByEvaluation ; . .
y rank by evaluation a set of resources and their evaluations.

List<RankedResource> rankByEvaluation (List<String> resultResources, Evaluation[][]
resultEvaluations)

Invoking directly the equivalent Results Expansion
functionality. Useful to expand the results with similar
resources (similarity-based search) once the user has a
list of valid resources.

expandResultsThroughSimilarResources

List<String>expandResultsThroughsimilarResources(List<String> resources)

Retrieves URIs of annotation instances which forms a triple with the

getAnnotationsByCategory propertyURI and categoryURI respectively

List<String>getAnnotationsByCategory(String propertyURI, String categoryURI)

2.1.11 Evaluation Services design and implementation description

The Evaluation Service is designed as a SOAP Web Service. The goal of this service is to enable
external clients (in particular the Evaluation Portlet) to access the evaluation functionalities provided
by the TaToo Framework. The Evaluation Processor implements those functionalities. The Evaluation
Service is specified according to the service implementation specification template and the TaToo
SOAP Web Service Platform.

The implementation of the service is done using JAX-WS API and the service is deployed on Apache
Tomcat 7 application container. The Evaluation Service accesses the TaToo evaluation functionalities
through the Clearinghouse service. It defines the following operations in Table 4:

Table 3: Evaluation service operations

Operation Name Description

This operation adds a resource evaluation determined by evaluation
criterion, metric, value, creation date, evaluator, short description, and a
addResourceEvaluation description language. It is also responsibility of this operation to update a
resource’s evaluation score that corresponds to the evaluation criterion of
the added evaluation.

String addResourceEvaluation (String resourceURI, Evaluation evaluation)

This operation adds an annotation evaluation determined by evaluation

addAnnotationEvaluation L. . . L
criterion, metric, value, creation date, evaluator, short description, and a




Operation Name Description

description language. It is also responsibility of this operation to update
an annotation’s evaluation score that corresponds to the evaluation
criterion of the added evaluation.

String addAnnotationEvaluation (String annotationURI, Evaluation evaluation)

This operation retrieves all existing evaluations of a resource specified

tEvaluationOfR r
getEvaluationOfResoure by the resource’s URL

Evaluation getEvaluationOfResource (String resourceURI, String filterOptions)

This operation retrieves all existing evaluations of an annotation

tEvaluationOfAnnotation .
getEvaluationO otatio specified by the resource’s URL

Evaluation getEvaluationOfAnnotation (String annotationURI, String filterOptions)

This operation retrieves all existing evaluations of a list of resources

getEvaluationsOfResources specified by their URIs.

HashMap<String, List<Evaluation>> getEvaluationsOfResources (List<String> resourceURIs, String
filterOptions)

This operation retrieves all existing evaluations of a list of

getEvaluationsOfAnnotations annotations specified by their URIs.

HashMap<String, List<Evaluation>> getEvaluationsOfAnnotations (List<String> annotationURIs,
String filterOptions)

This operation removes a resource evaluation specified by the
evaluation’s URL. It is also responsibility of this operation to
update the resource’s evaluation score that corresponds to the
evaluation criterion of the removed evaluation.

removeResourceEvaluation

String removeResourceEvaluation (String evaluationURI, String userToken)

This operation removes all evaluations of a resource specified by
removeEvaluationsOfResoure the resource’s URI. It also removes all the resource’s evaluation
Scores.

String removeEvaluationsOfResource (String resourceURI, String userToken)

This operation removes an annotation evaluation specified by the
evaluation’s URL. It is also responsibility of this operation to
update the annotation’s evaluation score that corresponds to the
evaluation criterion of the removed evaluation.

removeAnnotationEvaluation

String removeAnnotationEvaluation (String evaluationURI, String userToken)

This operation removes all evaluations of an annotation
removeEvaluationsOfAnnotation specified by the annotation’s URI. It also removes all the
annotation’s evaluation scores.

String removeEvaluationsOfAnnotation (String annotationURI, String userToken)

This operation retrieves the resource’s evaluation score for the

getResourceEvaluationScore . . .
given evaluation criterion.

Double getResourceEvaluationScore (String resourceURI, String evaluationCriterion)

This operation retrieves the annotation’s evaluation score for the

getAnnotationEvaluationScore . . o
given evaluation criterion.

Double getAnnotationEvaluationScore (String annotationURI, String evaluationCriterion)

2.1.120Ontology Manager Services design and implementation description

The Ontology Manager Service is a public interface implemented as a SOAP service that allows
external clients to access to the TaToo semantic repositories to retrieve ontology elements. The
Ontology Manager offers functionality to retrieve filtered information about ontologies from the



Semantic Repository. Therefore it provides supporting functionality for clients of the TaToo
Framework.

The Ontology Manager interface defines the following operations Table 5:
Table 4: Ontology Manager service operations

Operation

Description
Name b

This operation retrieves an ontology framework for the specified domain given as

getOntology input

String getOntology(URI domain)

listDomains | This operation retrieves the list of domains via their assigned URIs (contexts)

List<URI> listDomains()

This operation retrieves the list of available namespaces of the ontologies in the

getPrefixNS TaToo knowledgebase

List<String> getPrefixNS()

getMERMOntology | This operation retrieves the MERM ontology in RDF/XML format

String getMERMOntology()

This operation executes a SPARQL given as input and returns the result

sparqlQuery in SPARQL query results XML formatZ.

String sparglQuery(String query)

This operation retrieves all the provider accounts that at least provided

getResourceProviders
one resource.

Set<Account> getResourceProviders()

This operation retrieves all the provider accounts that at least provided

getAnnotationProviders .
one annotation

Set<Account> getAnnotationProviders()

This operation retrieves all the provider accounts that at least provided

getResourcePublishers .
one annotation

Set<Account> getAnnotationProviders()

getAnnotationTypes | This operation retrieves all types of annotation in the specified domain

Set<Type> getAnnotationTypes(URI domain, String lang)

This operation retrieves all types of links semantically available between

getSubjectTypes the specified annotation type and topic in the specified domain

SetOfURI getSubjectTypes(URI domain, URI topic,URI annotationType)

getTopics | This operation retrieves all types of topics in the specified domain

Set<Topic> getTopics( URI domain, String lang)

2.1.13 Administration Service design and implementation description

The Administration Service is a Public Service implemented as SOAP web service that manages
Manageable Components. It does not interact with the components to be managed directly. It either
accesses a local configuration file of the component or makes use of the Java Preferences API (JSR
10) to update the configuration of a component. The advantage of the usage of the Java Preferences
API is that a component can register an event listener to dynamically react to configuration changes
made by the Administration Service. The Administration Service in turn is able to automatically detect
new components by watching the system Backing Store for new component configurations.

The Administration Service defines the following operations in Table 6:

13 http://www.w3.0rg/TR/rdf-spargl-XMLres/
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Table 5: Administration Service operations

Operation Name Description

Returns the manageable components supported by this service

listManageableComponents .
instance.

ManageableComponent[] listManageableComponents() throws TaToolnternalError

Retrieves the configuration of a manageable component identified by

getConfiguration its id.

String getConfiguration(String componentld) throws MissingParameterValue, InvalidParameterValue,
TaToolnternalError

updateConfiguration | Updates the configuration of a manageable component.

void updateConfiguration(String componentld, String configuration) throws, MissingParameterValue,
InvalidParameterValue, TaToolnternalError

2.1.14 Linking Service design and implementation description

The Linking Service is designed as a SOAP Web Service. The goal of this service is to enable external
clients (in particular the Linking Portlet) to add a set of typed links between the TaToo resources as
well as to interlink similar resources by adding similarity links between them. The Linking Service is
specified according to the service implementation specification template and the TaToo SOAP Web
Service Platform.

The implementation of the service is done using JAX-WS API and the service is deployed on Apache
Tomcat 7 application container. The Evaluation Service accesses the TaToo linking functionalities
through the Clearinghouse service. It defines the following operations:

Table 6: Linking service operations

Operation Name Description

This operation creates links between a given resource and a list of resources

addLinks . . . . . .
related to it. The links’ type is determined by a given link property.

String addLinks (String resourceURI, String Linkproperty, List<String> ListOfresourceURIs)

This operation creates similarity links between a given resource and a list of
addSimilarityLinks resources similar to it. The links’ type is determined by the TaToo resource
similarity property defined in MERM.

String addSimilarityLinks (String resourceURI,List<String> ListOfresourceURIs)

This operation retrieves all resources linked to a given resource regardless of

getLinkedresources the link types.

List<String> getLinkedResources (String resourceURI)

Mandatory operation that retrieves all resources linked

getlinkedResourcesByGivenRelationship to a given resource by links of a given link type.

List<String> getLinkedResources (String resourceURI, String linkType)

getSimilarResources | This operation retrieves all resources similar to a given resource.

List<String> getSimilarResources (String resourceURI)

removeAllLinks This operation removes all links of the given resource.

String removeAllLinks (String resourceURI)

This operation removes all links of the given resource

removeAllLinksByGivenRelationship and the given link type

String removeAllLinksByGivenRelationship (String resourceURI, String linkType)




This operation removes the specified link (i.e., resourcel, link type, resource

removeLink 2).

String removeLink (String resourceURI1, String linkType, String resourceURI2)

2.1.15Business tier design and implementation specification

Core Components are the implementation of the TaToo business logic. These components should be
carefully implemented considering available technology of success. In particular, Core Components
relying on semantics are, in general, implemented by widely adopted existent software components.
Those components may require some infrastructure e.g. Sesame must be deployed on a web
application server and may use a RDBMS as persistence storage. These infrastructure elements are
described next in this section.

2.1.16 Clearinghouse design and implementation specification

The Clearinghouse is a TaToo Core Component that represents the central entry point to the TaToo
Business Tier from the TaToo Public Services. All requests that come from the TaToo Public Services
and which are addressed to any of the TaToo Core Components must go through the Clearinghouse
component.

For the requests that are served in one step by one single core component (e.g., get user profile, get
ontology, and get ontology URI), the role of the Clearinghouse is just to delegate the request to the
appropriate core component and then send the results back to the public service that initiated the
request.

For the requests that are served in several steps (e.g., search and tagging), each of which is realized by
a different core component, the Clearinghouse will also provide appropriate workflow logic. For
example, in case of the search request, the process workflow is composed of three steps and involves
three core components (i.e., the Query Expansion, the Resource Retrieval, and the Result Expansion
components). After receiving the search request, the Clearinghouse first employs the Query Expansion
component to expand the initial user query, than it employs the Resource Retrieval component, which
executes the expanded query against the TaToo Semantic Repository obtaining a set of resources
relevant to the query, and at the end it employs the Result Expansion component to discover additional
resources related to those that are already retrieved. Besides serving requests that come from the
TaToo Public Services, the Clearinghouse also controls the process of harvesting metadata from the
external resource. It provides the logic that manipulates the list of external sources holding resources
of interest for the TaToo and triggers the TaToo Resource Harvester component.

The Clearinghouse component is implemented as a SOAP web service using JAX-WS API. The
design of the internal Clearinghouse logic conforms to well known multithreading and pipeline
software design principles[8].

2.2 Semantic Processor design and implementation specification

From the architectural point of view, the Semantic Processor is a Building Block made of a set of Core
Components (from the implementation point of view it can be implemented as a single component). It
offers the infrastructure to access to the TaToo Semantic Repository and ontologies allowing
semantically enhanced tagging and discovery functionality. It supports the tagging and discovery
processes by providing functions to:

retrieve ontologies on the basis of user-defined properties like domain or context;
store and retrieve semantic annotations for resources (RDF-Triples);

search for semantic annotations;

semantic reasoning based on the existing ontologies.

The Semantic Processor provides its functionality to Core Components either directly or through the
Clearinghouse, and to Public Services (and User Components in turn) through the Clearinghouse only.
The semantic functionality is realised by the following components:



e The Ontology Manager to manage access to the TaToo ontologies;
The Semantic Framework to manage the interaction with the Semantic Repository and the
Reasoner;

e A Reasoner to infer new knowledge from the available RDF-Triples & ontologies and to
check for incongruent (or inconsistent) information while managing ontologies;

e A Triplestore (Semantic Repository) which is a data base for the storage and retrieval of
RDF-Metadata.

2.2.1 Ontology Manager

The Ontology Manager Service is a core component implemented as a SOAP service that allows the
Clearinghouse to access to the TaToo semantic repositories to retrieve ontology elements. The
Ontology Manager offers functionality to retrieve filtered information about ontologies from the
Semantic Repository. The Ontology Manager allows retrieving ontologies and ontology elements in
the TaToo Framework. The Ontology Manager has been realised as a component accessible via the
Ontology Manager Public Service, as explained in section 2.1.12.

2.2.2 Semantic Framework

The main functionalities of the Semantic Framework, Reasoner and Triplestore (Semantic Repository)
components are covered by an existing Semantic Framework to take advantage of a set of useful
APIs to manipulate RDF, support SPARQL queries and reasoning and RDF storage in a Semantic
Repository.

In this sense we have evaluated the usage of two frameworks: Sesame (SESAME) and Jena (JENA).
Both frameworks have similar characteristics (APIs, RDF support, etc.), although according to our
findings Jena is better in terms of reasoning and Sesame has a better user interface and Semantic
Repository capabilities. Besides, the Sesame framework can be extended with OWLIM, a native RDF
engine, implemented in Java, which has a good support for the semantics of OWL 2 RL and a proven
scalability, and moreover offers out-of-the-box features for issuing geo-queries. Therefore, we have
decided to implement the Semantic Framework using Sesame and OWLIM.

The Semantic Framework covers the following functionalities:

e The Semantic Processor functionalities, as the central management of access to, and search
for semantic information. It provides functions for semantic search (e.g. by providing a
SPARQL endpoint), storage and retrieval of RDF-Triples (e.g. tags), inference through the
Reasoner, etc.

e The Semantic Reasoner (semantic inference machine) component is used to perform
inference in the TaToo Knowledge Base (based on the existing ontologies and meta-
information).

e The RDF Semantic Repository is part of the Data Access Component dealing with RDF
storage.

2.2.3 Discovery Processor design and implementation description

Discovery Processors are supporting components realising the search process functionalities.
Currently, the following discovery processors are implemented:

e The Query Expansion component is responsible for transforming the user's information need
into a query executable by the Semantic Processor. Different components may perform this
transformation in different ways ranging from a direct conversion to processes that include
generalization of terms, resource-specific queries, etc. The Query Expansion Component
takes the user query from the Clearinghouse as input and converts it into one or a set of
SPARQL queries. Then the component connects to the Semantic Framework to execute the
guery. Finally it delivers a set of resource or annotations as an output.

The Query Expansion provide one main method for filtered search (simpleSearch), and two
main methods for geo-search (rectangleSearch -for geo-queries based on GeoNames-, and



nutsSearch -for geo-queries based on NUTS). It provides also methods for using cross-
domain search in combination with the previous methods.

e The Resource Retriever component is responsible to retrieve and aggregate information
relevant to a given query about resources available in the system. Different components may
perform this process in different ways, recovering only annotations for a given domain,
grouping similar annotations, etc. Its main objectives are therefore i) to retrieve meta-
information of specified resources and their annotations, creating as output complex resource
objects and ii) to retrieve meta-information of specified annotations, creating as output
complex annotation objects. In combination with the Results Expansion service it provides a
ranked set of complex resource objects.

e The Results Expansion component is responsible for the result ranking and enrichment.
Different components may perform this process differently, using different ranking strategies,
tailoring the results to the user, obtaining information from external sources, etc. Thus, the
component provides methods for further expansion of the main query results (especially
taking into account similarity-based aspects) and ranking of the resources.

For the ranking aspects, the Resource Expansion Component may take an annotation or a set
of unranked results as an input. It queries all the necessary meta-information from the
semantic repository of the annotation or ranks the result based on the evaluation of the
resources/annotations, or the relevance to the query (the closest match to the topics provided
in the query).

For the expansion of the results, the Resource Expansion takes advantage of the cross-
mapping between domain ontologies and the similarity stated between TaToo resources
according to the TaToo similarity model.

2.2.4 Tagging Processor design and implementation description

Tagging Processors are supporting components realising certain functionalities of the tagging process.
Currently, the following tagging processors are implemented:

Schema Mapping Component prototype
Visualization and Filtering Component
RDF Tagger

Linking processor

The Schema Mapping Component prototype supports the mapping from one xml-schema to another
where the mapping rules are described in XSLT, and it is realised as a SOAP Web Service.

The RDF Tagger is responsible for storing annotations as well as resources in the TaToo
knowledgebase in a format that is compliant to the MERM ontology. It provides the actual business
logic of the Tagging Service and saves annotation and resource objects received from the Tagging
Service (through the Clearinghouse) as instances of the MERM ontology whereby it performs validity
and plausibility checks of the annotations.

2.2.5 Resource Harvester design and implementation specification

The Resource Harvester (or simply Harvester) is the Core Component responsible for harvesting meta-
information from available resources that could be data (catalogues), web services, web pages, etc. A
more and more large meta-information set is essential to improve the process of searching for
resources returning good results to the requesting user.

For each distinct resource type, the harvesting functionality is realised by a specialised Harvester
Connector implemented as a plug-in to the Harvester. A Catalogue Connector, for example, is used to
retrieve meta-information stored in catalogues. Since there exist no common meta-information schema
for catalogues, a Catalogue Connector has to be provided for each distinct schema that shall be
supported. The implementation of a Harvester Connector is the implementation of a component
adhering to a Java interface (the Connectorinterface). Connectors implementing the interface and
properly configured are dynamically loaded and used by the Resource Harvester.



As result of the final implementation phase the following Harvester connectors have been
implemented and are currently harvesting resource:

o GENESI-DEC Connector - harvests OGC meta-information from GENESI-DEC catalogues,
only those were pertaining to TaToo domains are then stored in the repository;

e JRC Connector — harvests meta-information from JRC Validation Scenario catalogues,
generated in the context of the TaToo project;

e Masaryk University Connector — harvests meta-information from Masaryk University
Validation Scenario, generated from the legacy RDF;

o LinkedData Connector — harvests resources pertaining to the TaToo domains that are part of
LinkedData;

e Web Site Connector — harvests meta-information stored as RDFa in any Web Site available.
As a proof of concept the TaToo Project Web Site has been harvested and stored as a resource.

In the following sections the connectors developed are described in detail.

2.2.6 Harvester connectors

GENESI -DEC Connector

The GENESI-DEC Connector is a Resource Connector (Catalogue Connector) plug-in for the
Resource Harvester component. As foreseen by the Resource Harvester component, it implements the
Connectorlnterface Java interface.

In order to harvest the GENESI-DEC catalogues, the component uses the OpenSearch protocol
through the Rome (a9 OpenSearch module) / Apache Abdera (OpenSearch extension) libraries.
Considering that GENESI-DEC catalogues are able to provide results to OpenSearch queries in RDF
format, the connector has no need to convert a different XML based format to RDF (e.g. through
GRDDL).

GENESI-DEC Resources meta-information is structured in different levels of catalogues, namely:
Datasets, Series, and Datasets Series. Datasets are contained in a unique catalogue containing different
Series and Services, where Series are containing a set of Datasets Series and Services are a list of OGC
(Open Geospatial Consortium). Finally Dataset Series are a set of Data.

Currently the catalogue of GENESI-DEC exposing Datasets counts more than two thousand resources,
however this number grows really fast scaling down to Datasets to a size of million resources. In the
context of GENESI Domain the resources that are interesting for discovery and tagging are the
Datasets. Series and Datasets Series are subject to authentication / authorization and specific security
policies, thus in TaToo the upper level catalogue containing Datasets is harvested. However not all
Datasets are stored into the TaToo Knowledge Base repository due to the heterogeneity of data, that
goes from Spatial specific data to Marine data. To harvest only Environmental resources that could
have cross alignments also with other TaToo Domains, a filtered small set of terms from the GENESI
Domain Ontology (composed by existing ontologies, i.e. GCMD or GEMET) has been bridged to the
TaToo Bridge Ontology.

The GENESI connector performs a syntactic match on Title, Abstract and Description text areas filled
in the catalogue. Thanks to this approach only interesting GENESI resources for TaToo Domains are
harvested, currently counting over six hundreds Datasets, that can scale up to thousands Dataset
Series.

JRC Harvester Connector

The JRC Harvester Connector is a Resource Connector plug-in for the Resource Harvester component.
This connector provides capabilities for harvesting resources provided by the AGRI4CAST unit of the
JRC MARS. This unit is centred on the JRC’s crop yield forecasting system aiming at providing
accurate and timely crop yield forecasts and crop production biomass for the EU territory.



The resources that are provided by AGRI4CAST and which are considered for the TaToo harvesting
include: agricultural software libraries and tools, weather data, agricultural maps, remote sensing data,
etc.

AGRI4CAST provides the RDF descriptions of the resources to be harvested. As being one of the
TaToo Validation Scenarios partner, the AGRI4CAST JRC unit generates the RDF resource
descriptions according to the TaToo Semantic Framework (i.e., the MERM and Bridge Ontologies)
and applies the JRC ontology for the resource annotation. The JRC ontology is also properly aligned
to the TaToo Semantic Framework. Taking all this into account, it is clear that the role of the JRC
connector is mainly to access and retrieve the AGRI4CAST resource descriptions from the JRC
server, validate them against the TaToo Semantic Framework and store them to the TaToo Knowledge
Base (i.e., the TaToo RDF repository).

In order to read the RDF descriptions of the resources as well as to store them to the TaToo RDF
repository, the JRC Harvester Connector utilises the Sesame API.

Masaryk University Connector

The Masaryk University Connector is a Resource Connector plug-in for the Resource Harvester
component. Resources provided from the Masaryk University are in the context of POPs (Persistent
Organic Pollutants) and Oncological Data that are used to study the anthropogenic impact and global
climate change influence on the trajectory of Persistent Organic Pollutants.

The Masaryk University Catalogue is exposed using RDF language and is already annotated by
concepts taken from the Masaryk University Domain Ontology developed in the scope of the TaToo
project.

The MU connector then parses the RDF catalogue using Sesame API and stores directly the RDF
triple statements retrieved into the TaToo repository. Created Resources and Annotations are fully
compliant with the MERM structure defined in TaToo.

TaToo Web Site Harvester Connector

The TaToo Web Site Harvester Connector is a Resource Connector plug-in for the Resource Harvester
component. This connector provides capabilities for harvesting resources provided by the web sites
which use RDFa. The harvested web sites embed rich metadata by adding a set of attribute-level
extensions to XHTML. This allows RDF data-model mapping and enables the use of RDF subject-
predicate-object expressions.

The resources which are considered for the TaToo harvesting are therefore web sites with RDFa
elements. In the first phase supported RDFa elements describe the web site as a resource and define

the elements “resource name”, “resource description” and “resource uri”.

The Web Site Harvester connector parses the RDFa descriptions from web sites and stores it for
further processing in a RDF repository. It generates RDF resource descriptions according to the TaToo
semantic framework. Therefore the role of the Web Sites Connector is to access and retrieve resource
descriptions from web sites (as well as additional data in RDFa format), validate them against the
TaToo Semantic Framework and store them to the TaToo Knowledge Base.

In order to read the RDF descriptions of the resources as well as to store them to the TaToo RDF
repository, the Web Site Harvester Connector utilises the Sesame API.

Linked Data Connector

The Linked Data Connector provides harvesting capabilities to the TaToo Framework to crawl and
harvest Linked Data resources. The connector is able to integrate TaToo resources annotated in the
Knowledge Base repository with linked resources from the Semantic Web. The connector presents
then two main advantages, largely increases the knowledge base stored in the TaToo repository, and
plugs the TaToo resources in the Linked Open Data cloud.



The Linked Data Connector is based on an already existing framework that crawls the Linked Data
Web, namely LDSpider*. The LDSpider API used in TaToo offers a web crawler adapted to traverse
and harvest content from the Linked Data web. The LDSpider is used to perform the first action of the
Linked Data harvesting workflow that is crawling resources from the Linked Web. The harvesting
process can be modified on demand from the Harvester Service using the following configuration
parameters:

e rounds, that is the desired depth of search;
e maximum amount of URISs to be crawled at each round;
o the list of ontologies properties that must be filtered in the result set of triple statements.

The implemented connector filters the result triples based on the link types supported in TaToo (see
Linking Processor design and implementation description). Once the Linked Data connector receives
the filtered set of triple statements, it directly stores the triples set using the TaToo Linking library.

The final step of the Linked Data workflow is to perform a second round parsing of the harvested
LOD (Linked Open Data) cloud datasets to check if there are meaningful annotations in the context of
TaToo. In this case a specific mapping is performed and resources are also semantically annotated
with concepts from TaToo Domain Ontologies.

The choice of seed has to be carefully taken in consideration, since depending the depth level adopted
for the harvesting process, different types of resources will be harvested and stored into the TaToo
Frameworks. Currently TaToo is harvesting the Diseasome Linked Data datasets, where a large
number of relationships with the Masaryk University Validation Scenario have been found. In
particular, Diseasome publishes a network of 4,300 disorders and disease genes linked by known
disorder-gene associations for exploring all known phenotype and disease gene associations,
indicating the common genetic origin of many diseases. This new set of links and relationships enrich
the available information in the context of Oncological or POPs resources search. Also, the CIA
World Factbook dataset is harvested in relation with the AIT Validation Scenario, enriching
information on discovered twin regions from the AIT legacy application search.

2.2.7 Evaluation Processor design and implementation description

The Evaluation Processor is designed as a SOAP Web Service, thus it is specified in accordance to the
service implementation specification template and the TaToo SOAP Web Services Service Platform.

The prototype of the Evaluation Service is implemented by using the JAX-WS API and is deployed on
the Apache Tomcat 7 application container.

The Evaluation Processor is component of the TaToo business providing necessary functionalities for
the evaluation of the TaToo-managed resources and the resource annotations. The functionalities of
the Evaluation Processor could be grouped into the following four categories:

Creating new evaluations of the resources and the resource annotations,

Retrieving existing resource and annotation evaluations,

Removing existing resource and annotation evaluations, and

Generating and retrieving average evaluation scores of the resources and resource annotations.

The Evaluation Processor communicates with the TaToo Knowledge Base to store and retrieve the
evaluation information. For that purpose, the Evaluation Processor utilises Sesame API that provides
capabilities to read and write RDF triples to the TaToo Knowledge Base as well as to execute
SPARQL queries against the TaToo Knowledge Base SPARQL endpoint.

2.2.8 Linking Processor design and implementation description

The Linking Processor is designed as a SOAP Web Service, thus it is specified in accordance to the
service implementation specification template and the TaToo SOAP Web Services Service Platform.

14 http://code.google.com/p/Idspider/



The Linking Processor is implemented by using the JAX-WS API and is deployed on the Apache
Tomcat 7 application container.

The Linking Processor is a component of the TaToo Business tier, which implements the TaToo
linked data functionalities. In particular, it provided the following list of functionalities:

Adding a predefined set of typed links between TaToo resources;

Adding similarity links between similar TaToo resources;

Retrieving a list of resources linked to a given resources;

Retrieving a list of similar resources of a given resource;

Removing the typed links and similarity links set between TaToo resources.

The Linking Processor communicates with the TaToo Knowledge Base to store, retrieve, and remove
typed and similarity links. For that purpose, the Linking Processor utilises Sesame API that provides
capabilities to read and write RDF triples to the TaToo Knowledge Base as well as to execute
SPARQL queries against the TaToo Knowledge Base SPARQL endpoint.

2.2.9 Data Access Component design and implementation specification

The reference implementation of the Access Component to the TaToo Semantic Repository uses
existing software (Sesame APl and SPARQL). See more details in section 2.2.

2.3 Ontology development

The TaToo project aims at semantic tagging and searching environmental resources. TaToo aims to
capitalise on the principles of the Semantic Web using ontologies as the underlying model for tagging
and searching resources. The basis for the usage of ontologies within the TaToo Framework has been
explained in the deliverable D3.1.3[2]. The main objectives of the ontologies within the TaToo
Framework are the following:

¢ Allow formal tagging and searching of environmental resources.

¢ Allow contextual cross-domain tagging and searching of environmental resources.

e Foster multilingualism issues.

e Implement an extensible and more accurate searching mechanism.

In order to achieve these objectives, the conclusions achieved since the delivery of D3.1.1 and
updates in D3.1.3, the premises for the TaToo ontologies are the following:

e Usage of standards: TaToo ontologies are based on existing W3C standards, particularly RDF
[9], RDFS[10] and OWL[11], in particular a subset of OWL 2 called OWL2 RL. In the
ontology engineering process we have also studied and reused many shared vocabularies, such
as Dublin Core[12], FOAF[13] and SIOC[14].

e Usage of methodology: Within TaToo the use of the NeOn methodology[15] has been
fostered, as decided in deliverable D3.1.1[1].

e Reuse of existing ontology engineering tools: TaToo will not provide an ontology engineering
tool, but instead will rely on existing tools for ontology engineering, such as the NeOn
Toolkit[16] or Protégé[17]. The NeOn Toolkit is the preferred choice as it gives tooling
support for the selected methodology.

o Avoid the use of complex semantic for tagging and discovery

2.3.1 Conceptualization and formalization of TaToo ontologies

The TaToo Ontology Framework

As explained in D3.1.3[2] the NeOn methodology for engineering ontologies was adopted[18]. This
methodology provides guidance for all aspects of the ontology development, focusing on collaborative
aspects on designing ontologies, the reuse of existing resources (ontological and non-ontological), and



the further maintenance and evolution of the ontologies. The NeOn Toolkit includes tooling support
(plug-ins) supporting some of the activities of the methodology.

Based on the methodological guidelines from the NeOn methodology, the work on ontologies within
TaToo has followed several iterations and used multiple methodological scenarios. The TaToo
Ontology Framework implementation methodology and steps followed has been amply described in
previous deliverables (TaToo D411, 2011). A summary of the main steps and milestones is the
following:

e The design and implementation of the TaToo ontologies have followed the NeOn
methodology, especially scenarios for ontology reuse and ontology re-engineering;

e Gathering of competency questions in several workshops with Validation Scenario users.
The main conclusions drove towards the definition and implementation of a common
minimal model to describe environmental resources and annotations, and a semantic
infrastructure where different domain ontologies could be relatively easy plugged in;

e Need of a model for evaluation of the resources.

After the collection of requirements, three main issues impacted on the shape of the TaToo Ontology
Framework, namely: i) take into account multilingual aspects; ii) allow formal tagging and
searching environmental resources; and iii) allow cross-domain search.

With respect to the multilingual approach of the TaToo ontologies, Deliverable D3.1.3[2] provides
an ample rational. The final decision made in TaToo is to use the RDFSchema metadata rdfs:label to
add multilingual metadata storage in the TaToo Ontologies (including Domain Ontologies).

Formal tagging and searching of heterogeneous and disperse environmental resources implies to
define an ontology resource model. For practical reasons formal tagging in opposition to informal
tagging should use a common and well-defined minimal model. For this purpose the Minimum
Environmental Resource Model (MERM) was introduced in deliverable D3.1.1[1]. MERM is defined
as the largest common denominator between a set of heterogeneous description formalisms related to a
common resource. MERM is the cornerstone of the TaToo ontologies, meaning that all resources
annotated within TaToo will contain tags according to the MERM model.

/ TaToo Ontology Framework \

Bridge ontology

Upper Time Geographical
ontology ontology Ontology

m
\ Domain ontologies /

Figure 14: High-level overview of the TaToo Ontology Framework

Resources

On the other hand, MERM only impose a set of minimal structure to the TaToo annotations. However,
resources must be tagged using elements from the different sub-domains within the environmental
domain. The combination between formal tagging and the existence of different sub-domains implies
the need of several domain ontologies. This means that the TaToo Ontology Framework must be
composed of at least MERM and a set of domain ontologies. But in order to allow cross-domain
search, the TaToo Ontology Framework should allow semantic interoperability between different



domain concepts. The approach evolved since deliverable D3.1.1, where a simple hybrid method for
ontology integration was proposed, to the current approach explained in deliverable D3.1.3, where the
hybrid approach is still followed in an even more lightweight fashion. This approach implies that
common elements of the domain ontologies have been abstracted and mapped to a common and really
simple ontology in order to allow semantic interoperability. Within TaToo this common ontology is
called Bridge Ontology.

Therefore, a high level description of the TaToo Ontology Framework can be seen in Figure 14.

The ontologies defined in the Figure 14 are the following:

Minimal Environmental Resource Model (MERM): MERM is the TaToo ontology that gives
structure to the annotations of a given resource, hence an effort to identify a minimal model
that, without limiting the expression of specific domains, acts as a reference for past and future
applications in the domain. MERM specifies concepts and properties that allow the description
of what is important to say about a resource common to the environmental domain. MERM is
extensible in order to allow specialization on different sub-domains, if needed.

TaToo Bridge Ontology (BRIDGE Ontology): The BRIDGE Ontology main objective is to
map elements coming from different domains fostering easier cross-domain integration. It acts
as a bridge or hub where elements of different domains are mapped together. The BRIDGE
Ontology also provides a unified way to annotate entities common to most of the sub-domains
of the environmental domain. In this sense, the BRIDGE Ontology contains MERM plus a set
of common domain elements, such as time and geographical ontologies. Domain ontologies
can map to these common elements in order to achieve cross-domain semantic
interoperability.

Domain ontologies: A set of ontologies from the different sub-domains that are mapped to the
common elements of the BRIDGE Ontology.

In order to implement the different ontologies depicted in Figure 14 we surveyed existing work. The
main conclusions for this survey are the following:

Existing vocabularies: In order to foster reusability and common understanding, existing
shared vocabularies have been studied to define concepts and properties of MERM and
BRIDGE ontologies. As some of the most widely used vocabularies, OWL ontologies derived
from Dublin Core, FOAF and SIOC are used to this purpose.
Upper ontologies: The hybrid approach for semantic interoperability explained in deliverable
D3.1.1 stands on the usage of a common upper ontology to map elements from different
domains. Among others we surveyed the following upper ontologies as candidates to fulfil this
goal:
o SUMO: The Suggested Upper Merged Ontology. They are being used for research
and applications in search, linguistics and reasoning

o DOLCE: Descriptive Ontology for Linguistic and Cognitive Engineering

o SWEET: The Semantic Web for Earth and Environmental Terminology (SWEET).
These SWEET ontologies are perhaps the best candidates for upper ontologies in
TaToo. They provide semantic descriptions of Earth system science, and are widely
used in the environmental domain.

Finally, the TaToo ontology framework did not use any of this ontologies, but fragments of those
(especially from SWEET) in order to create a few upper level domain concepts for the purpose of the
Validation Scenarios.

Common shared elements on the environmental domain: Common to the most sub-
domains of the environmental domain, time and geographical locations are the most widely
named elements according to the requirements and competency questions gathered from the
users. There are existing ontologies and related technologies dealing with these two concepts.
We have focused on three well-known ontologies: W3C Time Ontology (OWL-Time),



GeoNames Ontology (GEONAMES) and NUTS (NUTS) to provide a common way of
dealing with time and location aspects in TaToo.

o Ontologies on specific types of resources: Some of the annotations defined in MERM have
been already modelled for other purposes. In order to reuse these models as much as possible,
we have identified and surveyed the following ontologies: O&M Ontology for Time Series
(O&M), POSM maodel for web services, SIOC Ontology (SIOC) for web communities.

Figure 15 shows a detailed overview of the final TaToo ontology network:
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Figure 15: TaToo Ontology Network

2.3.2 Minimal Environmental Resource Model (MERM) and Bridge Ontologies

MERM has been defined above as the TaToo ontology that gives structure to the annotations of a
given resource, hence an effort to identify a minimal model that, without limiting the expression of
specific domains, acts as a reference for past and future applications in the domain. MERM specifies
concepts and properties that allow the description of what is important to say about a resource
common to the environmental domain. MERM is extensible in order to allow specialization on
different sub-domains, if needed.

Therefore in the conceptualization of MERM three main classes are defined as can be seen in Figure
16. These are Resource, Accesinfo, and Annotation
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Figure 16: MERM conceptual main classes

Resource is the main class for MERM. Resource should include resource management
information as publisher, provider, date of creation, etc. For the first iteration, the search
method implemented was based only on the Annotation class structure, while in v2 some
resource metadata associated to the Resource and ResourceAccessInfo classes is taken also
into account. The Resource class includes annotation management information (author, date of
creation, etc.). A resource presents a set of annotations describing what the resource is about
and annotations used to discover the resource.

ResourceAccessinfo is about accessing the resource. We assume that a resource has a single
AccessInfo. The content of the access information depends on the type of the resource.
Although access information for a web document would be different from access information
for a web service, in TaToo ontology we assume a single way to access to any resource;
through its URI. The ResourceAccessinfo class has not been developed to its full potential, as
it is not in the TaToo scope to actually ease the process to access to Resources.

Annotation

WebService
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Figure 2-17: MERM Annotation conceptual model

Annotation describes what a resource is about according to the people tagging the resource. It
is therefore an opinion about the resource, which might or not be true. The content of an
annotation depends on the type of the resource (an annotation for a web document would be
different from an annotation for a web service). Saying that “some resource is related to some
domain concepts” would be the most basic type of annotation in TaToo. Resources can be
tagged and discovered taking annotations as basis.

Evaluations are also part of the MERM model, allowing users to evaluate both resources and
resource annotations according to various evaluation criteria.



e Linking part of the MERM model enables TaToo resources to be linked by two types of links.
The first type refers to the so-called typed links defined by a selected set of well-established
properties such as rdfs:seeAlso, rdfs:isDefinedBy, dcterms:hasPart, dcterms:isPartOf, etc. The
second type refers to similarity links that link two similar TaToo resources. The MERM model
introduces its own property (merm:similarTo) that describes the similarity links.

The main objective of the BRIDGE Ontology is allowing cross-domain tagging and search of
resources within TaToo. In order to do that several common elements from the environmental domain
have to be modelled and present in the ontology allowing mappings from the domain. Ontology links
used for cross-domain include the following properties from RDFS, OWL, Dublic Core (dc), and
MERM  :rdfs:seeAlso,  rdfs:isDefinedBy  -subproperty  of  rdfs:seeAlso-,  owl:sameAs,
owl:differentFrom,  dc:hasPart,  dc:isPartOf,  dc:isReferencedBy, dc:isReplacedBy  and
merm:similarTo.

For the conceptualization of the time and geographical concepts we have decided to reuse the
ontologies W3C Time, GeoNames, and NUTS. Mappings from the domain ontologies to these TaToo
reference ontologies are allowed to perform cross-domain search.

As an implementation convention, within TaToo all domain elements subject of annotation must be
subclasses of the bridge:Topic class.

The BRIDGE Ontology imports MERM, plus the environmental BRIDGE elements (W3C Time,
GeoNames, and NUTS ontologies).

In particular, the relation between MERM annotations and domain elements is managed using some
BRIDGE Ontology elements. When tagging with domain elements, a relation between
merm:Annotation class (or subclasses) and a domain element must be produced in order to link the
resource to the domain. MERM provides a classification of types of annotations (web annotations,
time series annotations, web service annotations, etc.). The BRIDGE Ontology provides a
bridge: Topic class that allows to create the link between domain elements and the MERM annotations.
In order to do that a super property (merm:subjet) and a set of sub properties have been defined aiming
at bridging MERM and domain elements as it is shown in Figure 18.
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Figure 18: “Subject” Super Property

Several consequences have been obtained from those relations:

e merm:subject is used when we want to link some general annotation (not typifying) with
merm:Topic class (domain elements)

e merm:keyword, merm:isServiceAbout, etc. are used to link some typified annotation with
merm:Topic. The subPropertyOf relation in this case means that some typified annotations X
also have a merm:subject property that holds also the relation to bridge:Topic.

We considered the use of dcterm:subject instead of creating a new super property, but it produced
some problems when we imported the GeoNames Ontology and two of its properties:
GeoNames:featureClass, and geoname:featureCode were also subclassified in dcterm:subject.
Therefore “Subject” is a MERM property.

Summarizing, for each type of annotation the BRIDGE and MERM ontologies provide a specific
property linking to the domain elements represented by the bridge: Topic class:



o As a matter of example, merm:WebServiceAnnotation is related to the bridge:Topic through
the merm:isServiceAbout property and merm:WebAnnotation relates to bridge: Topic using the
merm:keyword property.

e Furthermore, when the resource cannot be typified as any specific type of annotation in
MERM, the annotation should be done directly using the merm:Annotation class. This class is
linked to the bridge:Topic through the merm:subject property.

Procedure to add new ontologies to the TaToo Framework

One of the core goals of TaToo is that of allowing cross-domain discovery of resources in the
environmental domain. The environmental domain is in fact composed of several sub-domains such as
the ones represented in the TaToo Validation Scenarios. There is no single standard ontology or shared
vocabulary that encompasses the entire environmental domain, so the TaToo ontology framework
faced the challenge of being capable of dealing with annotations from different domain ontologies
while enabling a certain degree of cross-domain discovery capabilities, and at the same time offering a
unified, extensible and relatively simple ontology framework.

The TaToo Validation Scenarios have created several different domain ontologies to better describe
their own sub-domains. The TaToo ontology framework has been designed and implemented in a way
that nothing precludes in adding new domain ontologies to the network if the new ontology follows
the relatively simple set of requirements and guidelines presented in this section.

To better understand the guidelines and requirements, Figure 19 shows a simplified view of the TaToo
ontology network emphasizing the aspects related to the integration of domain ontologies.
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Figure 19: TaToo ontology framework to include new domains

The upper part of Figure 19 shows the main common ontologies of the TaToo Framework already
described in section 0. The BRIDGE ontology is represented as an umbrella where all the rest of the
supporting common ontologies (MERM, Geonames, NUTS, and W3C Time) are encompassed. On the
lower part a set of domain ontologies is represented, including the ones developed for the TaToo
Validation Scenarios (named as the main partner in charge of each scenario — MU, AIT, and JRC), and
an extra domain ontology (named Future DO) that hypothetically would have to be integrated in



TaToo to allow annotation of resources for a new sub-domain not covered by the current ontology
framework. The middle part shows a set of alignment ontologies that will contain the mappings
between domain ontologies and upper level bridge elements. Note that for the implementation sake
these alignment ontologies are not a necessity, as the alignments could be placed either on the domain
ontology or in the bridge ontology, but they serve on the one hand to the to add new ontologies to the
TaToo ontology network, and on the other hand to keep both domain ontologies and bridge ontologies
untouched after the alignment process.

As explained in section 0, the main purpose of the TaToo domain ontologies is that of offering new
domain elements (individuals) as topics (individuals of subclasses of bridge:Topic) to allow semantic
annotation and search of resources following the MERM model. This implies that the focus of TaToo
is not in interoperability issues, but of allowing a simple an effective way of adding new domain
elements for the annotation and discovery, taking into account cross-domain considerations.

Cross-domain mappings are the most complex issue when adding a new ontology. The current TaToo
ontology framework contains three main domain ontologies, but TaToo aims at a better coverage of
environmental sub-domains, so new ontologies are likely to be added to the framework in the future.
Therefore, allowing direct mappings between different domain ontologies could potentially end-up in
a really unmanageable network of interconnected ontologies. To avoid this issue, we propose to
abstract the mappings in a way that all classes or individuals subject of mapping will be available at
the bridge ontology. In order to do so, the procedure to follow when a possible candidate mapping
between two domains is detected is explained later among the guidelines.

The requisites for introducing a new domain ontology into TaToo are the following:

e The new domain ontology must be an OWL2 RL ontology.

e The classes of individuals that can potentially be used for annotation (topics) must be made
explicitly subclasses of the bridge: Topic class of the bridge ontology.

e The domain ontologies must provide individuals of the topics (subclasses of bridge:Topic) that
will be used for annotation. TaToo does not allow annotation of resources using classes in
order ease the inference process and get an optimal performance.

Therefore, the suggested guidelines for introducing a new sub-domain into TaToo can be summarized
as follows:

e For the new domain ontology, create a new alignment ontology that imports both the new
domain ontology and the BRIDGE ontology. As BRIDGE already contains the rest of the
TaToo common ontology network , the new alignment ontology have at its disposal access to
other ontologies such as MERM, GeoNames, NUTS, or W3C time.

o All changes will be produced at the alignment ontology level. Do not change anything in the
Bridge Ontologies (or other imported ontologies). If changes need to be done at this level, the
TaToo team must be contacted for considering the change.

e For cross-domain issues, the procedure to follow when a possible candidate mapping between
two domains is detected is the following:

o The domain ontology owner should check whether the ontology element is already
available within the BRIDGE ontology. The TaToo team can be contacted for cross-
checking to this extent.

o In case the element to align is not available, a new ontology element already aligned
to the other domain ontology will be produced by the TaToo team. The TaToo team
will deploy the new version of the BRIDGE ontology that must be updated in all
alignment ontologies that exist in the TaToo Knowledge Base (this will also be done
by the TaToo team).

o The domain ontology owner is then able to map the bridge ontology element to its
own domain element using the cross-domain properties explained in section O within
its own alignment ontology.



e The TaToo model can be also extended in case of need. MERM provides extension points
especially to define new annotation types or properties not covered in the common model.
JRC domain ontology is a good example of such extensions.

o However, do not make these changes directly in MERM, but in the alignment
ontology.

o Before doing that is strongly recommended to contact with the TaToo team to ensure
that the extension is really needed and sound. The TaToo team could decide to
promote your extension to the general model for better cross-domain coverage, or
keep it only for your domain.

o When the domain ontology is produced following these steps, the domain ontology owner will
have to provide the domain ontology and the alignment ontology to the TaToo team in order
to deploy both in the TaToo ontology framework. Once this is done, external users will be
able to perform annotations and search based on the new topics specified.

3. Conclusions
This contribution has presented the final iteration of the implementation of the TaToo Framework.

The deliverable reported the combined work of tasks T4.1, T4.2, and T4.3 of WP4, therefore acting as
glue of the overall implementation performed in WPA4. This final iteration is built on top of the work
performed in the previous two iterations, reported in deliverable D4.1.1 [19] and deliverable D4.1.2
[20].

This document reports on the final working version of the TaToo Framework: components and
services, which can be accessed both via the TaToo Portal and the TaToo Public Services. Most of the
software developed within the TaToo Framework follows an Open Source licensing schema.

The aim of the TaToo Framework is to provide an infrastructure to fill the discovery gap between
environmental resources and users. The TaToo Framework enables experts as well as arbitrary users to
share trusted and reliable information and to allow easy discovery and semantically enhanced tagging
of existing environmental resources.

The major achievements and results of the final iteration of the TaToo Framework implementation are:

e The decision on implementation issues based on existing state-of-the-art solutions on the
semantic discovery, tagging, and Linked Data fields;

e The final delivery and consolidation of the TaToo Framework Architecture implementation
viewpoint;

e Consolidation and enhancement of the components and services of the TaToo Framework,
including:

o The realization of the TaToo Portal, the main front-end of the TaToo Framework, as a
showecase client of the TaToo Public Services using a unified technology. The final
implementation of the TaToo Portal is more user-centric and compact, taking into
account the feedback from the Validation Scenarios and external users;

o The provision of a set of public services exposing the main functionality provided by
TaToo. These public services are used by the TaToo Portal components and TaToo
use cases, and can potentially be used by developers of external clients to interact with
the TaToo system;

o A major work on TaToo harvesters implementing new harvester connectors and
therefore gathering a substantial set of resources and annotations in the TaToo
Knowledge Base for evaluation purposes.

e Major work in consolidating, improving and complete the ontologies that are at the core of the
TaToo ontology framework, including cross-domain search, Linked Data extension, similarity
between resources and multilingual aspects, following deliverable D3.1.3 where the basis for
the TaToo ontology framework design was established,;

e A detailed description of all identified components. It follows and supersedes the deliverable
D3.1.3[2] where the basis for the detailed design of the TaToo Framework was established;



The appropriate licensing schema will be provided in the final exploitation deliverable, but the work
done in WP4 follows an Open Source license, while frameworks used may vary their licenses if used
for commercial purposes (i.e. OWLIM).
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Abstrakt

V prispévku jsou popsdny koncepty socidlnich siti v kontextu s bezpecnosti informaci, které tyto sité
obsahuji. Socidlni site nabyvaji stdle vice na své popularité, a tim padem stale roste vyznam
zabezpeceni citlivych informaci v nich a soukromi jejich uzivatelii. Clanek popisuje jednotliva
specifika bezpecnosti prace na socialnich sitich a nékteré zjistené chrakteristiky z hlediska bezpecnosti
uzivatelii v CR.

Abstract

The paper describes the concepts of social networking in the context of information security, these
networks contain. Social networks are becoming more on their popularity, and thus increasingly
important security sensitive information in them, and the privacy of their users. This paper describes
particularities safety on social networks and characteristics of some of the observed safety users
in the Czech Republic.
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1. Uvod

V dnesni rozvinuté informacni spolecnosti uzivatelé Internetu na zakladé webovych sluzeb Web 2.0
spoluvytvareji a sdileji informace novym zptisobem, jehoz kli¢ovy postulat definoval (O'Reilly, 2006)
jako vytvareni aplikaci, které se budou stale zlepsovat diky sitovému efektu s pfibyvajicim poctem
uzivateli a prechodem od centralizovaného zpracovani sluzeb k dcentralizaci. Jednou z forem
komunikace na téchto zakladech jsou socialni sité na Internetu. Obecné termin socialni sit’ definoval
sociolog J. A. Barnes jiz v roce 1954 jako socialni skupiny nebo komunity propojené na zékladé
spole¢nych zajmu, které mohou byt rodinné, ekonomické, politické nebo kulturni. Obecné kazdy
jedinec je od svého narozeni ¢lenem urcité socialni skupiny a prislusnost k uréité socialni skupiné jej
provazi cely zivot, coz se projevuje v jeho citech, chovani a mysleni.

V rdmci Webu 2.0 se pod terminem socialni sit’ rozumi kazdy systém, ktery umoziuje vytvaret
audrZzovat seznam navzajem propojenych kontaktd, ptatel (Pavlicek, 2010). Programy, které
podporuji komunikaci a rtizné sluzby v oblasti socidlnich siti se nazyvaji socialware a umoziuji
najedné stran€ jejich uzivatelim sluzby jako: publikovani riznych informaci, vkladani fotografii
a alb, vytvareni denikd, hledani riznych znamych, profesnich kolegli a vytvafeni pracovnich tymu.
Na druhé strané ale nejvétsi slabinou téchto siti je jejich bezpecnost pied zneuzitim informaci
ulozenych v dané socidlni siti a otazka autenticity uzivatelil, protoze primarné uzivatelé socidlnich siti
tvofi hlavni obsah socialni sité, nikoli funkcionalita socialni sit¢ jako takova. Toto tvrzeni
je podpoieno tzv. sitovym efektem platnym pro média a ICT, ktery popsal Robert Metcalf jako
uzitecnost sité, ktera roste se ctvercem poctu pripojenych uzivatelll (na dané kiivce ale existuje bod, od
kterého pak jiz roste uziteCnost sité exponencialné). Dana socialni sit’ je tedy pro jejiho uzivatele tim
vice uzite¢ng&jsi, ¢im vice dalSich uzivatell ptitahuje.

2. Koncept socialni sité jako komunity

Kazda komunita ze socialniho pohledu, véetné komunity, ktera vznikla na socidlnich sitich Internetu je
zaloZena na tfech zakladnich prvcich (Mladkova, 2005), kterymi jsou:



e Doména ¢innosti, nebo-li téma, ktera urcuje:

e Hlavni ditvod pro ¢lenstvi a spolupraci v dané komunité.

e Sjednocujici prvek dané komunity.

e Zpusob prace, terminologii a nastroje v z&vislosti na charakteru domény.

o Mezilidské vztahy, které jsou vytvareny na zakladé:

e Spole¢nych aktivit dané komunity a jejichz vysledkem je pocit sounalezitosti k dané
komunité€, protoze k praci v komunité nelze nikoho nutit, formalni uzivatel bez pocitu
sounalezitosti ke komunité zlstdvd na jejim okraji a neni pro danou komunitu
pfinosem.

e Angazovanosti Clend komunity, ktera je klicova pro realizaci aktivit komunity,
protoze jinak dana komunita postrada smysl své existence.

o Sdileni informaci spojené s tvorbou znalosti, které je podminéno:

e Ochotou ¢lend komunity vytvaret a sdilet znalosti navzajem, protoze uzivatel socidlni
sit¢, ktery neni ochoten sdilet znalosti nebo ma problémy s komunikaci
jak technologickou, tak socialni, byva zpravidla postupné z dané komunity vyloucen.

e Tvorbou a naslednym sdilenim vlastnich zkuSenosti, nastroji, postupii, dovednosti
apod.

Clenové komunity na socialnich sitich maji zpravidla od dané komunity urita o¢ekavani ve formé
pridané hodnoty a pokud se jejich o¢ekavani nenaplni, pak z dané komunity odchazeji.

3. CA4P koncept socialni sité jako komunity

Pohled na komunitu, ktery je zaméten na ICT pozadavky, které musi spéSna znalostni komunita
splnovat popsal (Hoadley, 2005) pomoci modelu C4P, ktery ma nasledujici strukturu

e Content (obsah), kdy by nastroje, které jsou pouZivany danou komunitou by mély dobte
podporovat jeho pohodlnou tvorbu, archivaci, vyhledavani apod.

e Conversation (konverzace), kdy kvalitni nastroje pro komunikaci pf¥imo podporuji vznik
kvalitniho obsahu.

o (Connections (propojeni), ktreré je postaveno na modenich ICT.

o [nformation Context (informacni kontext)

e Purpose (ucel), ktery je obdobou domény, ktera je popsana v ptedchozim pohledu.

Virtualni socidlni sit’ na Intrnetu, aby byla uspé€$na musi spliiovat vSechny predchozi body modelu
C4P, jinak ji v soucasné dob¢ hrozi, Ze nebude potencionalnimi komunitami akceptovana.

4. Web koncept socialni sité jako komunity

Socialni sit’ je sluzba zalozend na webovych technologiich, kterd nabizi jedincim pouzivajicim
takovou sit’ (Boyd, Elison, 2007), ktera vlastni 3 zakladni moznosti, a to:

o Vytvoreni profilu uzZivatele (vetejného nebo polovefejného) v ramci této sité.

o Definice seznamu dalSich uzivatelti v ramci této sité, se kterymi je dany jedinec propojen,
pti¢emz povaha a pojmenovani téchto propojeni se mohou v rtiznych sitich lisit.

e Umoznéni zobrazit a prochdzet seznam uzivateli uzivatelim sité, s nimiz jsou spojeni
a zaroven prochazet tyto seznamy i u jinych uzivateltl.

5. Specifika bezpecnosti socialnich siti

Moderni pravo je zaloZeno na teritorialnim principu, ¢emuz se internet svou podstatou jako celek
vymyka, protoze globalnost internetu znemoznuje jeho pravni specifikaci a regulaci na zakladé
existujici (teritorialni) legislativy. Zménu tohoto stavu si vynucuje vstup komercnich subjektl
na internet. Pravnici se snazi fesit tuto situaci v nasledujicich oblastech:

o  Uzavirani obchodnich a spotrebitelskych smluv prostfednictvim internetu zustava otazkou
dohody smluvnich stran, stejné jako mistni pfislusnost soudd ¢i rozhod¢ich organt



v piipadnych sporech. Pokud neni tato ¢ast pravniho vztahu ve smlouvé stanovena,
piedpoklada se vyuziti domovskych instituci zdkaznika nebo spotfebitele, pFicemz
vymahatelnost prav vzniklych na zakladé domaciho pravniho systému vic¢i zahraniCnim
subjektim je ovSem v nékterych pfipadech velmi mald. Stouto oblasti té€sné souvisi
jednoznacné urceni okamziku jedndni v Case, protoze veSkeré dokumenty, které nejsou
oznaceny ¢asovym razitkem, jsou snadno manipulovatelné.

Trestnépravni oblast neni dofeSena. VéEtSina statti vlastni pravni systém, ve kterém je jasné
popsano co je povazovano za trestné, procesni stranka véci je mnohdy zcela odlisna. V praxi v
rdmci evropského pravniho prostoru je sice mozné vydat obfana do jiného statu, pokud
existuje podezfeni, ze tam spachal ¢in, ktery je v daném staté trestny, ale zatim se tato
moznost prili§ Casto nevyuziva. V piipad¢ stfetu s jinou kulturou je pravdépodobnost
uspésného feseni sporu pravni cestou jesté podstatné nizsi.

Autorskopravni vztahy se snazi producenti namisto nového obchodniho modelu marné chrénit
dodate¢nym vkladanim bariér jako:

e Sifrovani obsahu zabezpeujici nelegalni kopirovani.

e Znalost unikatnich hesel zabezpecujici SW aplikace a HW omezeni v pienosovém
fetézci.

e Dobrovolna identifikace koncového zakaznika az do podoby digitalniho podpisu
a certifikace.

e Propojeni fyzické osoby s danym HW =zafizenim, u kterého konci jednoznaéné
identifikovatelna a zaznamenana stopa ¢innosti (IP adresa, ale jednozna¢né neurcuje
konkrétniho uzivatele, ktery stiskl dané tlacitko). V nekterych zemich ale lze
vysledovat legislativni tendence k pfesunuti uréité pravni odpovédnosti i na majitele
pocitate s danou IP adresou v daném casovém obdobi, stejné jako poskytovatele
ptipojeni - a to jak klasické ISP, tak provozovatele doméacich wi-fi siti.

Licencni modminky se provozovatelé aplikaci a sluzeb Webu 2.0 fesi pomoci a priori
stanovenych ,,podminek uziti* dané sluzby, které musi kazdy uzivatel odsouhlasit béhem
registrace, nebo s nimi obvykle vyjadii souhlas tacitné - pouhym uzitim dané sluzby (pokud
neni registrace vyzadovana). Tyto podminky uziti vétSinou obsahuji licenci uzivateli k pouziti
dané aplikace, licenci provozovateli k nakladani s daty uZivatele, prava a povinnosti
jednotlivych smluvnich stran, vyhrady zodpovédnosti a dalsi ,,informativni" polozky. V praxi
je vSak pravni gramotnost uzivatelll internetu pomérné nizka a lze predpokladat, ze vétSina
uzivatelt podminky pouziti pii registraci nestuduje nijak podrobné (nebo je necte vibec,
i kdyz vétsina provozovatell si nékdy vymifiuje moznost zmény podminek uziti s okamzitou
platnosti a bez nutnosti opétovného schvaleni uzivatelem - ¢i upozornéni).

Ochrana osobnich udaju je zékladnim nastrojem ochrany soukromi osob, kdy je vyssi vaha
vzdy prisuzovana zachovani soukromi (smérnice ¢. 95/46/EC — EU Privacy Directive).
Poruseni tohoto principu je nezvratné (jednou zvefejnény tidaj je velmi obtizné znovu utajit).
Bohuzel v soucasné dob¢ je mozné pozorovat celkovy odklon od striktni ochrany soukromi
ve jménu tzv. vSeobecné prospésnych aktivit typu ,boje proti terorismu" ¢i politickych
zdtivodnéni proklamujicich, Ze ,.slusny ¢lovék nema co skryvat". V CR je ochrana osobnich
udaji implementovana v podobé zakona o ochrané osobnich udaji (zak. ¢. 101/2000 Sb.),
ktera zavadi povinnou registraci spravci osobnich daji stejné jako povinné nalezitosti
takového zpracovani (zahrnujici ukladani a prenos) tykajici se bezpecnosti, protokolovani
apod. Provozovatel komunitniho portalu musi zjistit, zda neni povinnym subjektem dle zakona
o ochrang osobnich daju - spravcem ¢i zpracovatelem osobnich idaju a registrovat se, pokud
pro n¢j neplati vyjimka z této oznamovaci povinnosti dle § 18 zakona o ochrané osobnich
udaja.

Bezpecnost informaci (ulozeni informaci a jejich toky) je povazovana za bezpecnou, pokud
je adekvatné zajisténa jejich:

o duvérnost,

integrita,
dostupnost,
nepopiratelnost akct,



® autenticita (overeni zdroje piivodu),
e Zajisténi soukromi (pripadné anonymity).

U komunitniho portalu, kde nedochdzi k uzavirani prévnich vztahi, je otazka informacni
bezpecnosti realizovdna v zdsadé pouze na oblast zajisténi divernosti citlivych tidaji a oblast
zajisténi soukromi. Pokud jsou néktera data povazovana za citliva (jako napt. osobni udaje), je
ukolem provozovatele komunitniho portalu zabezpe€it uloZeni a pienosy téchto dat
nevefejnym zpiisobem. V piipadé, Ze se jedna o informace spojené s konkrétni osobou, lze je z
pozice provozovatele sdélovat pouze tak, aby konkrétni osoba nemohla byt identifikovana
(Pavlicek, 2010). Pii zajisténi bezpecnosti je nutné vzit v tvahu lidsky rozmér problému,
kdy proces zpracovani informaci zavisly i na chovani lidi. Proto by mél v dané komunité
existovat systém pravidel, jak zachazet se sdélovanymi informacemi (uzivatelska jména,
pristupova hesla apod.) a do jaké miry divéfovat ostatnim uZzivatelim. Zjednodusovani téchto
vztahti, které je implementovano do socidlnich siti pfedstavuje vyznamnou bezpecnostni
hrozbu, protoze jednotlivi uzivatelé vnimaji diivérnost této vazby rizné - n€ktefi se v ramci
socidlni sité¢ prateli s kymkoli, n¢ktefi se znamymi, jini pouze se skuteCnymi prateli. Takto
osobn¢ vnimana davérnost vazeb deformuje vztahy v socialnich sitich z hlediska bezpecnosti a
ochrany soukromi. Jednotlivi uzivatelé pfifazuji ziskanym informacim pravé takovou
daveérnost, jak celkové vnimaji danou divérnost daného vztahu (vazby). V komunikaci many-
to-many na socialnich sitich jsou informace automaticky distribuovany vSem. Zména miry
davérnosti informace mezi jejim poskytovatelem a piijemcem mize mit za nasledek tniky
citlivych informaci ¢i dezinterpretaci sdéleni.

o  Zajisteni soukromi, které je zaméteno na ochranu proti nakladani s identitou uzivatele (véetné
jeho dat) bez vyslovného souhlsu daného uzivatele. Zakladnim nastrojem zajisténi soukromi je
vylouceni identifikace subjektu (tj. anonymita, pseudonymita, ochrana osobnich tdajt). Kazdy
uzivatel by si m¢l byt védom dosahu a dopadu zvefejnéni udajlii o své osobe. Stejné tak by si
méli uzivatelé uvédomovat, ze svou publikacni Cinnosti vice ¢i méné ohrozuji soukromi nejen
své, ale 1 osob, o kterych se zminuji. Je zcela na rozhodnuti provozovatele socidlni sité, zda
zavede pravidla regulujici publikovani citlivych udaja (v€. specifikace takovychto udaji) a do
jaké miry bude regulaci provadét pomoci:

e Zavedeni sankci pii poruseni zavedenych pravidel véetné zakazu dalSich publika¢nich
aktivit

o Moderovani prispevkii pred jejich zvetejnénim, kdy jsou ptispévky uzivateli uloZzeny
v systému provozovatele socialni sité a je s nimi seznamen moderator. Moderovani
prispévki slouzi jako nastroj cenzury prispévkil obsahujicich vulgarni, rasisticky
¢i obdobnym zplisobem neptipustny obsah

e Pouziti automatickych systému zalozenych na filtrovani pfispévki s pouzitim seznamt
zakazanych slov.

e Otevienost systémiu provozujiciho socialni sit' vychazi zpodstaty principu prace
komunitniho serveru, ktery je zalozen na sluzbach Web 2.0.

Otevienost socialnich siti miizeme hodnotit z pohledu:

o Uzivatele K socidlni siti, ktery 1ze definovat jako miru bariér pro uziti dané sluzby
(pristupova prava k riznym ¢astem systému, nucené registrace, vyZzadovani osobnich
udajii vymenou za uziti, neptehledné uzivatelské rozhrani).

e Socialni sité k uZivateli je dulezitd otevienost ve smyslu poskytovani kontroly
nad daty publikovanymi uZivatelem i samotnou funkénosti sluzby (uzivatelskou
konfiguraci, rozsifovanim prostfednictvim komponent dalSich poskytovatelu atp.).

o Ucel socidlni sité, ktery zavisi na tom, zda sit' byla vytvorena jako komeréni (ziskova)
nebo neziskova. Socidlni sit€¢ zamcfené na generovdni ekonomického zisku
prostfednictvim reklamy ¢i zpoplatnéni pouze Casti sluzeb (tzv. prémiového obsahu)
jsou zpravidla uzivatelim zcela oteviené. Platebni modely v takovych sluzbach
serlizni od wvyuziti pauSalnich poplatkli, pfes odstupiiované ,,verze pfistupu,
po platby za jednotlivé akce v systému. V neziskovém sektoru socialni sit’ vytvari
pomérn€ mala skupina osob a v piipadé uspéchu je socialni sit’ zpravidla zpfistupnéna



vetejnosti. Neziskové komunity vzniklé okolo ustiedniho tématu jsou ¢asto pomérné
uzaviené a novi ¢lenové si musi ¢lenstvi néjakym zplisobem zaslouzit ¢i vybojovat.
To je hlavnim divodem delsi existence nekomercni socidlni sité, oproti komercni
socialni siti, ve které je idea (UCel) uméle konstruovana a uzivatelim vnucena
zvnéjsku.

o  Prekryvani socialnich siti v rdmci jedné virtualni sité (napt. profesionalni a soukroma
sit’ kontaktti). Ur€iti uzivatelé mohou pak jednu socialni sit’ vyuzivat pro rizné tcely,
jeden k vytvareni kontaktll na své osobni pratele ve svém profilu a jiny k navazovani
profesnich kontakt (v postaté jde pak o dv€ socidlni sit€). Vzijemné propojeni
takovych siti vytvari napéti, které mtize vést k nechténému rozpadu nékterych vazeb.

6. Bezpetnost na socialnich sitich v CR

Na zakladé hrubych odhadt InternetWorldStars z celkového poétu Cechti (10 190 213) &ini podet
Cechii pfipojenych k internetu (6 680 800). V tabulce 1 jsou uvedeny piiblizné poéty Cechii
pfipojenych k nejrozsifen&j§im socialnim sitim v Evropé. Cesi jako takovi patii mezi nejnaruzivé;si
uzivatele socialnich siti v Evrop&, podle informaci serveru cnews.cz ,,Ctyfi z péti dotazovanych
uzivatelt socialnich siti kontroluji svlij status minimalné jednou denné, z toho 5 % castéji nez jednou
za hodinu, 35 % tiikrat az ¢tytikrat denné a 41 % jednou denné. V intenzité pristupu na socialni sité
jsme v Evropé Sampioni - fika ¢esky PR manazer Intelu, Pavel Svoboda.” Vzhledem k této situaci
je mimofadné dulezité, aby si uzivaté socialnich siti uvédomovali rizika spojena s timto druhem
komunikace. Bezpecnost prace na socidlnich sitich mapovalo nékolik bakalatskyc a diplomovych
praci, které autor vedl.

Tabulka 1: Odhadované poéty Cechil na socialnich sitich v roce 2011
[Zdroj: http:/lwww.chews.cz/cesko-pry-propadlo-socialnim-sitim-kde-zije-nejvice]

Pocat Penetrace v Penetrace mezi
uZivateld Cesha pApojenymi Gechy
Faceboo k 3 333 020 32,71 % 43,55
IGoogle+ 43 334 0,43 % 0,65 %
LinkedIn 181 703 1L,7E % 2,72 %
[Twitter 40 198 0,39 % 0,60 %5

Poznatky ziskané na zakladé dotaznikovych Setieni lze z té€chto praci lze shrnout do nésledujicich
klicovych tvrzeni, ze zhruba:

e 60% uzivatell socialnich siti si nikdy nezménilo své piihlasovaci heslo.

e 65% uzivatell socialnich siti nebylo obeznameno s probelmatikou bezpecnosti prace
na Internetu na Skolach.

20% uzivateld socialnich siti sdili své osobni udaje, ¢imz tvoii potecnial pro kradez identity.
30% uzivatell socialnich siti si mysli, Ze nepouzivaji socialni sit¢ bezpecné.

40% uzivatell socialnich siti tvofi vékova skupina 18-26 let.

20% uzivateld socialnich siti tvoii vékova skupina mladsi 18 let a tato skupina o sob¢
poskytuje nejvice citliva data.

Vzhledem ke skute¢nosti, ze popularita socialnich siti ma rostouci trend, lze konstatovat, ze vyuzivani
socialnich siti neni nebzpe¢né pii dodrzovani zakladnich pravidel, kterymi jsou:

e Pii registraci do socialni sit¢ vénovat pozornost uvedenym podminkam pouziti a zasadam
ochrany osobnich tdaju.

e Pouzivat pseudonym misto skute¢ného jména, aby jenom skutecni pratelé¢ védéli, kdo tuto
prezdivku pouziva.

e Svij profil zpfistupnit pouze tomu, kdo je skuteCnym (oznaenym) pfitelem, abychom
ochranili své soukromi.

e Mezi kontakty pridavat pouze osoby, které zname osobné, chranime tak i své skuteéné pratele.



Pfi nedodrzovani vySe uvedenych zasad se mohou socialni sité stat skute¢né nebezpe¢nym nastrojem
zneuziti v nich uchovavanych informaci.

7. Zavér

Vyse popsany nastroj Business Intelligence hodnoti sentiment na zakladé statistickych funkci, pficemz
vysledek silng zavisi na skutecnosti, jak kvalitn€ je systém naucen, tj. jakym zptisobem byla vytvoiena
znalostni baze. SkuteCnost, Ze je znalostni baze vytvarena vzdy znovu samostatné¢ pro kazdou
doménovou oblast (zpravidla téma diskuse) i pro typ hledaného sentimentu sice zvySuje naroky na
tvorbu systému, ale zvySuje uspé€$nost hodnoceni sentimentu zpracovanych nestrukturovanych textt.
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Abstract. Scaling CEP applications is inherently problematic. In this paper we are introduce solution
for scaling CEP applications that is fully distributed and aspires to scale CEP to the limits of current
hardware. Our solution simplifies existent Event Processing Network abstraction and adds features on
the level of CEP that change direction of its usage.

Abstrakt. Zména métitka CEP aplikaci je neodmyslitelné problematicka. V tomto ¢lanku piedstavime
feSeni pro Skadlovani CEP aplikaci, které je pln¢ distribuované a usiluje o métitko CEP na hranici
souCasného hardwaru. NaSe feSeni zjednoduSuje existujici abstrakci Event Processing Network a
pridava dalsi funkce na urovni CEP, které meéni smér jeho pouziti.

Keywords: CEP, scalability
Keywords: CEP, skalovatelnost

1. Introduction

Complex Event Processing (CEP) brings real-time processing of massive amounts of events with
aggregation capabilities. This aggregation enables to correlate between events in real-time over large
sliding windows. This is crucial capability of today high-end CEP technology and theory. Idea of
correlating large amount of events in single window raises interesting questions about scalability of
any implementation of such idea. Is it possible to scale such processing? Do it in distributed fashion?
These questions are hard to answer. Our results show that move from centralized CEP to distributed
model requires changes not only in technology. The move would require to evaluate basic CEP
assumptions and workflow of the developer who leverages CEP.

Fig. 1 illustrates simple CEP application. One might argue that CEP application uses so called Event
Processing Network (EPN) thus is distributed in some sense. This is not true, because EPN behaves
towards producers as monolithic engine and its behavior is static.

In this paper we revisit the problem of scaling context aware CEP. Our approach is based on creating
peer-to-peer model of processing agents without centralized coordination.

2. Complex Event Processing

Complex Event Processing (CEP) is computing abstraction for working with events and streams of
events. There is a big body of literature about the topic [13][7]. The research areas in field of CEP is
very wide and encompass theoretical, business oriented, technology oriented topics. In our research we
are concerned with scalable pattern matching over event streams, which is a specific area of CEP. We
believe this area is also the most important in whole CEP. Simpler scenarios that are concerned with
filtering of stateless channels with single events can be relatively easy handled in proprietary fashion.
In these simple cases CEP helps mostly by giving common terminology.
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Fig. 20. Simple CEP application

It is appropriate to begin with simple example, using terminology that is mostly guided by intuition.
We want to give basic understanding of CEP concepts. Simple example of pattern matching over event
streams is depicted in Fig 1. Red circles represent the event producers and blue circle represents CEP
engine. The event producers in our example are retail business shops that produce events representing
payment by credit card. We view any such possible event e as variable of the first order logic.
Accompanying predicate symbol twindow(x, y) is designating two events x,y that happen in same
time window (time window size etc. is part of the query). Function cardnum(e) is returning card
number and shop(e) has information about the shop in which the purchase was done.

The events are entering CEP engine. The engine is able to detect specific relation between events.
Intuitively but more precisely: it can select subset of events such that for the set, following logic
sentence is true Vx,y(twindow(x,y) A cardnum(x) = cardnum(y) A !(shop(x) = shop(y))).
In example on Fig. 1 such pattern will be selecting payments x,y which are done by 1 credit card with
card number cardnum(x) in different stores. Whenever such subset is identified on the stream of data,
new events are generated (Complex Shopping Events). This concrete pattern matching have clear
business oriented motivations:

o stores for A and B might be in geographical proximity
o stores for A and B might have common products for specific type of customer

To extract this kind of information is relatively easy even with existing tools (relational databases, data
mining methods). So why CEP? What CEP brings is stream processing. The data are never stored,
they are processed "on the go". IN terms of first-order logic pattern matching model we say that the
latest subsets matched by pattern is considered in current moment. Lateness of the set is defined by the
timestamp of the latest event in that set. Expressing patterns in first order logic formula frees ourselves
in expression power, but for CEP there are (similarly to SQL) vast amount of language dialects that
declaratively define the event patterns. All CEP dialects have one thing in common. They incorporate
time of the event occurrence as first class citizen, together timewindow abstraction and with many
operators that help understanding the time correlation between events, e.g.:

e event A happened before event B
e event A happened while B

Some CEP dialects even include spatial pattern recognition.



Real time access to processed data is one of the main advantages for Complex Event Processing [10].
This advantage is even strengthen if the data are mostly relevant in current moment.

2.1 Technological Tools

CEP is enabled by many software tools today. The main Open Source tool is Esper for Java and .NET.
Esper is centralized CEP engine. Main advantage of it is object oriented nature and embedability into
Java process. The patterns in Esper takes form of SQL-like declarative rules that are given to the
engine in the form of uncompiled String, e.g.:

e String epl = "select avg(price) from OrderEvent.win:time(30 sec)";
e EPStatement statement = epService.getEPAdministrator().createEPL (epl);

IBM Active Middleware (AMIT) is another successful software suite used for CEP [21]. AMIT
architecture is closer to theoretical model in current CEP literature. It eclipse based IDE with
possibility to construct Event Processing Network. Event patterns in AMIT takes form of logical
formulae similar to this:

e If transaction.type="cash_check" and
e transaction.amount>=transaction.parameter_check_threshold

2.2 Scaling Complex Event Processing

Scaling of CEP is regarded as nonfunctional property of CEP. We are concerned with horizontal
scalability in the following categories:

Volume of processed events
Quantity of agents

Quantity of producers
Quantity of context partitions
Availability

The volume of processed events is most important criterion for sliding window correlation. With any
complex pattern, it is immediately clear that CEP engine has to correlate between all the events in the
time window thus have them in the memory.

Scaling in quantity of agents is naturally given by our method because our assumption is that event
producers ultimately become CEP engines.

Quantity of producers is also scaled for free by our method, because we leverage peer-to-peer model
where each new producer is regarded as yet another building block of CEP application.

Quantity of context partitions is tricky scaling criterion. However, after careful look, it lies in the heart
of our method. Partitioning contexts of events is the key to distribute load to infinity.

Current approaches to scalability can be categorized as follows:

1. Optimizations related to EPA assignment
2. Optimizations related to coding of specific EPA
3. Optimizations related to execution process

We believe the (1) is most important and promising area of getting true horizontal scalability for CEP
applications. In this area several approaches already took place:

e Stratification
e Peer-to-peer scaling
e Vertical scaling ([2])

Current approaches to scale Complex Event Processing using stratification were studied in [6]. By
stratifying the CEP architecture, it is possible to distribute load of events among more than one engine.
This stratification is static way of scaling CEP. The input Event Processing Network (EPN) is
stratified by algorithm into so called strata. This method mainly benefits from the fact that some event



processing agents work as filters thus are independent of the context and other agents (which are put
into different strata). High throughoutput is achieved using this method, but it is limited by static
nature.

Another way to distribute CEP is to push event processing to producers which was already studied in
[9], [16]. We believe this to be very promising direction. In [4] distributed query engine is motivated
by peer-to-peer file sharing. Authors identify peer-to-peer approach to be very well suited for
monitoring scenarios and intrusion detection. Relaxation of design principles is identified as main way
to bring good distribution of query engine.

In [5] authors identify self-organization capabilities as central requirement for large-scale distributed
applications. However, CEP theory and even the implementation doesn't encompass this ideas.

3. Research Problem

CEP engines help to handle massive amounts of events. However, the inherent limitation of the idea
behind pattern matching are that correlation between events must happen in centralized fashion. This
paradox leads to discussion about how to scale CEP. In our example, as number of stores connected to
our engine grows, one might deploy more intelligent approaches to handle number of events. In this
paper we are concerned how to scale CEP to the limit of existing hardware.

In previous section we have identified current approaches to scaling. The problem with current
approaches is that they still understand centralization of CEP processing and use static approaches to
grow query engines. Some work has been done in peer-to-peer distribution and theories resemble
existing NoSQL databases with limited context pattern matching and stream processing capabilities.

We focus on creating system that scales dynamically with the quantity of producers, context partitions,
while giving guarantee of availability. Our research neglects any optimizations in vertical fashion
(stratification, anything related to current communication stack or process execution optimizations).

In next section we introduce Collaborative Fully Distributed Complex Event Processing (CFD-CEP)
which is our solution to this problem

4.  Collaborative Fully Distributed Complex Event Processing

In this section we introduce our model for CEP. Our method is fully distributed. That means each node
has exactly same semantics and is no different from any other node. The Fig 2. shows difference
between typical CEP engine and our method. On the left, typical engine correlates between events
from all the producers. The engine can be part of EPN but that partitions contexts (we revisit this
limitation in next section). Our solution on the right is free of any EPN abstraction. Each producer is
simultaneously a CEP engine.

Fig. 21. The difference between typical CEP engine and our method



Our CFD-CEP model becomes distributed application in classical sense with dynamic properties and
asynchronous communication channels. To achieve centralized cooperation for specific event
processing tasks we use leader election distributed algorithms that dynamically select coordinator of
specific task. Each instance of CEP engine has two main differences to typical CEP application.

1. Implementation
2. Pattern reaction syntax

Implementation has to support creation of new CEP nodes directly on producers. This alone is non-
trivial requirement and by far most important problem to tackle.

Another problem of the implementation, application of distributed algorithms, is not that complex in
the light of the fact that communication links are established between the nodes.

Pattern reaction syntax in current systems can generate higher level event. We introduce new events
that will be used to alter structure of the graph that makes up the distributed CEP engine:

o Node event creates/deletes processing node (engine) or adds new event pattern to specific
engine
e Link event adds/deletes link between two nodes

These two events grant possibility to manipulate the distributed CEP graph. Beside these, we allow to
insert a new producer/engine into a graph manually.

4.1. Collaborative Subset Identification

This section describes very important problem that arises with sliding windows. Suppose we have to
match following, very simple, pattern Vx,y (x = y) in environment that is depicted on Fig 3.
Producers 1-5 are generating letters from alphabet. To do such pattern matching, it is necessary that
CEP engine holds all the events that are in specific time window in memory and does matching among
them. As number of producers grow, more computation power is needed to enable the matching.

Fig. 22. Producers 1-5 are generating letters from alphabet

We argue, that distribution of letters from different sources is different. Suppose that producers 1 and
3 have higher probability of generating letter A than any other producers. Knowing that statically, one
might add yet another engine to the application just for this simple case as depicted on Fig 4. New
engine AE has very simple semantics. It only detects A events over producers 1, 3 and correlates
between them. Because we knew that 1,3 have higher probability of generating such events it is also
more probable that the AE is useful.



Fig. 23. Adding AE we have created another context for pattern matching

By adding AE we have created another context for pattern matching. It is significantly smaller than the
context of the main CEP engine in the example. We could now delete links between 1, 3 and main
CEP engine. That would unload event burden on main engine, but simultaneously we would decrease
probability that some events that were sent by 1 and 3 would be correlated with other engines.
Nevertheless, we think that this tradeoff is necessary to scale such applications.

Interesting fact to note about matching Vx,y (x = y) is, that theoretically it would be possible to
match such rule, without loss of any information by putting engines between every binary combination
of producers as depicted on Fig 5. This is obviously another extreme as opposed to previous solution.

Number of such AE engines grow exponentially - (121) , where n is a number of producers. Clearly, the

tradeoff between number of AE engines and information extraction capabilities of whole CFD-CEP
engine has to be make. To make this tradeoff it is necessary to identify subsets of producers that are
somehow related and create context above each of such subset for pattern matching. We call this
problem Collaborative Subset Identification Problem and our solution is CFD-CEP. Identification of
specific subsets is made by CEP patterns and context creation is done by generating Node event or
Link event.
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Fig. 24. Identification of specific subsets is made by CEP patterns

4.2. Evaluation Metrics

This subsection discusses possible metrics that will be part of experiment to measure performance of
CFD-CEP. In distributed computing message complexity is known metric. This will, for sure, be used
to complexity of context creation over identified subsets.



Most important measurement will be concerned with information loss relatively to performance gain
of the whole system. This metric will therefore measure tradeoff situation and will prove that tradeoff
has been made on reasonable basis.

4.3. Challenges
There are few, hard to solve, challenges that we face with CFD-CEP:

1. How to measure uncertainty in CFD-CEP
2. How to map statistical methods to CEP patterns to solve Collaborative Subset Identification

Uncertainty in CFD-CEP is given by the fact that information is lost. Measuring such loss in
controlled experiment will be very demanding on high quality data set.

To solve Collaborative Subset Identification it is necessary to create clear guidelines how to find out
that some producers are related to each other. Initial idea is to correlated coarse grained events on
central CEP engine (selected by leader election distributed algorithm) and afterwards deploy new
contexts between identified engines.

4.4. CFD-CEP Implementation

For experimental evaluation it is necessary to create prototype implementation. Implementation
consists of daemon written in Java programming language. The daemon is runable on any device with
Java Virtual Machine. It is a node in the distributed application graph with knowledge only about its
neighbors.

To monitor and run experiments we develop web portal for running historical data that simulate event
streams. We send them into the distributed network from the web application. This web application is
absolutely independent of the idea itself and acts as monitoring tool for the experiments.

We do not plan to write the daemon from scratch. After evaluation, we have selected two existing
software packages/projects to base our daemon upon:

e Smartfrog
e Esper

Smartfrog is Java project developed at HP labs. It is devoted to deploy distributed applications. We
leverage some of its abilities to deploy distributed system and ensure communication links between
nodes. Smartfrog was intended to mostly static deployments. Our use case is highly dynamic. That
might be possible obstacle, but benefits from object oriented nature of internal Smartfrog API is
convincing fact to use it.

Esper is Java based CEP engine that features SQL like syntax for patterns. Together with Smartfrog
we will integrate it into the daemon and distribute such package to every node in the distributed
system. Thanks to lightweight implementation of Esper and possibility to embed Esper into JVM it is
perfect candidate for such implementation.

We believe that our approach can be further extended to fully functional software suite, because
foundations of our solution will be based on industry-proven software packages.

5. Conclusion

In this paper we have presented novel approach to CEP scaling. Collaborative Fully Distributed
Complex Event Processing (CFD-CEP) allows to scale CEP applications on peer-to-peer basis. This
way, CFD-CEP solution is seen as a network of identical EPAs. We further simplify notation to
describe EP networks known from the literature, because we believe pattern matching over sliding
windows to be the most important area of CEP research. On the other hand we add more focus on
dynamic distributed aspects of EP networks and we enrich the CEP description with rigorous
descriptions of CEP pattern matching rules. Rules are given in formal way, but not only that, they also
feature new construct to enable distributed processing to be captured.



Because EPA is close to the producer we also achieve effective vertical scaling regardless of
computing architecture being used. While experimental evaluation is still pending, we have presented
design of target system and identified possible implementation paths.

From performance point of view our distributed solution may be seen as a tradeoff between
aggregation capabilities with sliding windows and scalability. On the other hand one might argue that
we lose some knowledge about specific correlations between events. In the end we agree with this
argument. We do not see this property of our system to be problematic. Actually, we believe that this
is property of the massive event processing itself. It is not possible to aggregate infinite amount of
events with finite resources. So it seems necessary to sacrifice some aggregation capabilities to gain
processing capabilities. Allowing such tradeoff on the level of theoretical CEP model gives great
flexibility in the design of such applications.
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Abstrakt:

Projekt MEDUSY (Multi-purpose EDUcation SYstem) se snazi vyuzit osvédcenych postupii v oblasti e-
learningu a obohatit sveét virtudalniho vzdelavani o nové koncepty. Projekt predstavuje procesné
orientovany pristup k vyvoji kurzit a vzdeélavacich tokii obecné. MEDUSY si klade za cil byt
modularnim systémem (s moznosti pripojeni tradicnich LMS) a poskytnout infrastrukturu pro spravu a
monitorovani vzdélavacich procesii. V tomto clanku se zabyvame teoretickymi koncepty kvality a
efektivity vwukového procesu a zamérujeme se na jejich méreni, monitorovani a evaluaci.

Abstract:

MEDUSY (Multi-purpose EDUcation SYstem) tries to leverage best practices in e-learning and enrich
the world of virtual learning with new concepts. The project introduces a process-oriented approach
to course development and education flow in general. MEDUSY aims to be modular and will allow
plugging in traditional content-based LMS and provide infrastructure for management and monitoring
of learning processes that will help to improve their quality and effectiveness. In this paper we deal
with theoretical concepts of quality and effectiveness of learning processes and we focus on their
measurement, monitoring and evaluation.
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1.  Uvod

E-learning je jednou z atraktivnich oblasti pro vyzkum a vyvoj. Aby se investice do této oblasti
vyplatily, je nutné, abychom vytvofili robustni modely pro hodnoceni e-learningu a néastroje, které
budou flexibilni pro pouziti a zaroven konzistentni ve vysledcich. Dosavadni vyzkum byl zaméfen na
hledani zpasobt vylepSeni kvality e-learningovych kurzl, jen malokdo se ale zabyval pedagogickym
aspektem nebo u¢enim. Vyvoj modelil a nastroji pro hodnoceni e-learningu proto miize pomoci zvysit
kvalitu vyuky a ovlivnit vyvoj standardl a norem.

Budouci informacéni spole¢nost bude spole¢nosti vzdélavajici se. Bude spolecnosti, kterd bude do
vzdélavani investovat velké lidské a materialni prostfedky. VSeobecna dostupnost informaci umozni,
aby se ucitelé soustiedili na zpracovani informaci, na vytvareni a upevilovani znalosti a rozvoj mysleni
bez zbyte¢ného memorovani. Dostupnost informaci vyZaduje zménu n€kdy vyhranéné autoritativniho
postoje ucitele, ktery obstoji pfed svymi dobie informovanymi zaky jen tehdy, bude-li jim vice nez
dosud ptfedevsim partnerem a radcem.

Dnes dochazi i u nas k podstatnému rozsifeni tradi¢nich zpuisobli hodnoceni a systematického
sledovani prace studentd i celych §kol o mnohem efektivnéjsi a objektivnéjsi zplisoby zjistovani a
sledovani ucinnosti pedagogickych a organizacnich opatieni. Nejedna se jen o technicka opatieni nebo
o zmény dil¢iho mechanismu fizeni, ale o novou orientaci vzdélavaci politiky a proménu celého pojeti
vzdélavaciho systému i jeho ulohy pro rozvoj jedinct, spole¢nosti a ekonomiky, a to ve vice smérech:

e za prvé, jako projev zasadni zmény pojeti pedagogickych procesit od plnéni pfedem

stanovenych norem vsemi stejné k vytvareni prostoru a podminek pro rozvijeni individualnich
talentd a nadani kazdého ¢loveka (systémove inkluzivni pristup);



e za druhé, jako nezbytny disledek decentralizace vzd€lavaciho systému, kdy nizs$i Grovné
fizeni (organy samospravy, autonomni Skoly) maji podstatné vét§si pravomoci a samy
rozhoduji, jak dosahnout rdmcové stanovenych vysledkid; maji tedy i mnohem vétsi vlastni
odpovédnost, coz vyzaduje posileni zpétné vazby evaluacnimi procesy;

e za tieti, jako Usili zajistit nejen co nejvyssi kvalitu vzdélavani kazdého zaka, ale i efektivitu
celého vzdélavaciho systému.

Kromé definovani rtiznych forem hodnoceni je rovnéz nutné vymezit souvisejici koncepty
monitorovani, tj. systematického sledovani vzdélavacich vysledkd a vyhledavani slabych mist na
rliznych urovnich systému. [1]

2.  Evaluace vzdélavacich procesu

Existuje fada studii ukazujicich vyhody e-learningu. Patii sem snizeni nakladu na vyuku, schopnost
zasahnout vyznamné vyssi pocet studentt, zapracovat rozsahlejsi mnozstvi védomosti, efektivnéjsi
fizeni vzdélavacich procest, v komeréni sféte pak zvyseni spokojenosti zaméstnancu ¢i snizeni jejich
fluktuace. V dnesni ekonomice nam vsak nesta¢i pouze davérovat témto studiim a tvrzenim, kazda
investice musi byt vyhodnocena a jeji piinosy musi byt ocividné. Z toho davodu tfada spole¢nosti
neinvestovala do vzdélavani, ponévadz byly obtizné métitelné vyhody tohoto investovani. Postupné
vsak vznika metodologie, jak mérit efektivitu e-learningu a jak aplikovat vypocet navratnosti investic i

v e-learningu.
2.1 Vymezeni pojmi

Pojem evaluace, hodnoceni, kvalita i pojem efektivita jsou v pedagogice pouzivany v riznych
vyznamech. Casto dochazi k piekryvani vyznaml obou pojmil, a proto vzdy zalezi na kontextu, ve
kterém se pouzivaji.

2.1.1 Evaluace, hodnoceni, evaluace vzdélavani

Pojem evaluace je v tomto kontextu uzit jako zastfeSujici termin, ktery oznaluje systematické
shromazd’ovani, tfidéni, posuzovani, vyhodnocovani a analyzu prvkl vzdélavaciho procesu s cilem
zvysit jejich kvalitu i efektivitu. Zdiraziuje systemati¢nost, strukturovanost a planovitost procesu,
zejména jeho propojenost s rozvojem a zlepSovanim vyukovych procest, slouzi jako zpétna vazba pro
vsechny tcastniky a vztahuje se na vSechny faze vzdélavaciho procesu.

Evaluace je vyznamnou, zavérecnou soucasti vzdélavaciho procesu. Jedna se o pokus ziskat informace
(zpétnou vazbu) o tcincich vzdélavaciho procesu a ocenit hodnotu tohoto vzdélavani ve svétle ziskané

informace. Zpétna vazba je soucasti vyhodnocovaciho procesu nebo také neustalym hodnocenim
potencialu a produktivity v§ech pracovnikil a efektivnosti prostiedkd vynaloZenych na vzdélavani.

A4

Pojem hodnoceni neni chapan jako zaménitelné synonymum, ale je uZivan jednak v uz§im smyslu pro
hodnoceni jednotlivych studentd piip. i uciteli (obdoba rozdilu anglického evaluation a assessment),
jednak v §irSim smyslu pro volngjsi vyjadieni vlastniho aktu/procesu hodnoceni v bézné skolni praxi.

Aby splnil svijj ukol zajistovat kvalitu i efektivitu, je mechanismus evaluace vzdélavani vzdélavacich
vysledki i prace skol nezbytn¢ komplexni:

e zasahuje vSechny urovn€ vzdé€lavaciho systému (jednotlivého zaka, celé Skoly,
vymezené skupiny Skol - jednoho druhu Skol, jednoho regionu - i celého statu),
umoznuje agregaci na jeho kazdé urovni i porovnani na mezinarodni Uirovni, mezi
celymi vzd€lavacimi systémy;

e vyuziva a propojuje rtizné, vzajemné se dopliujici formy evaluace — interni i externi,
subjektivni i objektivné méfitelné, sumativni i formativni, umoziuje porovnani mezi
riznymi subjekty vzhledem k jejich individudlnim a specifickym podminkam a
moznostem, a umoznuje i porovnani v Case, tedy sledovani vyvoje. [1]



2.1.2 Kvalita a efektivita vzdélavacich procesi

Pojem kvalita se ve vzdélavani vyskytuje nejéastéji pro vyjadieni stavu, ktery je optimalni, zadouci,
idedlni, tedy a priori pozitivni. Kvalitou (vyuky, vzdélavacich procest, vzdélavacich instituci,
vzdélavaci soustavy) se pak rozumi ,,zddouci (optimalni) uroveit fungovani a/nebo produkce téchto
procesu ¢i instituci, ktera mize byt predepsana urCitymi pozadavky (napt. vzdélavacimi standardy), a
muze byt tudiz objektivné méfena a hodnocena™ [2]. Obecné je tedy kvalita vyjadienim né&jakého
stavu.

Z diskuzi o nejlepsich strategiich pro kvalitni e-learningové kurzy vychazi najevo, ze musi byt
zaméefené na studenta. To zahrnuje i nutnost jasné vyjadfit studentovy potfeby pred zahajenim kurzu.
Dulezitymi aspekty se tak stavaji uvédoméni si ucebniho stylu, individudlnich ucebnich preferenci a
socialnich potieb kazdého studenta.

Je dulezité poznamenat, Ze kvalita vyukového procesu neni néco, co by student dostaval od ucitele
(jakozto poskytovatele e-learningového obsahu), ale spiSe je tvofena procesem spoluprice mezi
studentem a ucebnim prostiedim. To znamend, ze kvalita vyukového procesu neni pouze vysledkem
produkéniho procesu vyukové instituce. Kvalita spiSe motivuje, umoziuje studovat a musi byt
studentem definovana az v kone¢né fazi vyukového procesu. [3]

Efektivita (vzdélavani, vzdélavacich procest a vzdélavacich instituci) zahrnuje dva vyznamy — jejich
ucelnost (tj. vhodnost uziti prostfedkti pro dosazeni stanovenych cilti za danych podminek) i jejich
ucinnost (danou pomérem dosazenych vysledkl k vynalozenym zdrojim — personalnim, materialnim i
finan¢nim). Efektivita odkazuje jednak na ucinky, vysledky, nasledky ¢i dasledky, a také na jejich
zdroj, pivod, pficiny. Efektivita je tedy obecné vyjadfenim urcitého vztahu (Casto mezi vysledkem a
tim, co tento vysledek zpisobilo, popiipadé ovlivnilo). Ve vyuce se jedna o konecné vysledky jako
napfiklad znalosti Zaka na konci Skolniho roku, poéty piijatych studentd na vysokou Skolu. [4]

2.2 Metody méreni efektivity vyukovych procesii

Zakladem méfeni efektivity, evaluace vyukového procesu, je urCeni, jaké informace a jaké mnozstvi
informaci je nutné¢ shromazdit, a také vybér spravné metody, ktera by zajistila validitu zjiSténych
informaci. Hodnoceni mohou provadét ucastnici (hodnoti kvalitu vyukového procesu), organizator
vyukového procesu (hodnoti uroven vykonu ucitele a pribeh procesu z hlediska ziskanych
zkusenosti), vedeni organizace (hodnoti piinos vyukovych procesi pro feSeni problému), ucitel
(hodnoti vlastni vykon z hlediska dosazenych vysledkd u ucastniki).

Pti hodnoceni vyukového procesu dominuji prizkumy spokojenosti. Tento vyzkum je daleko snadnéji
méfitelny nez vyzkum zaméfeny na vysledky. Pro co nejvétsi métitelny efekt vzdélavaci aktivity je
dilezité balancovat mezi hodnocenim spokojenosti, tedy né¢im, co ma iracionalni podtext, a zaroven
tim, co je faktickym, ale zaroven ve vztahu ke vzdélavaci aktivité. Obvykle plati, Ze metody s vysokou
reliabilitou nemivaji pfilis velkou validitu. Abychom se co nejvice vyvarovali nedokonalostem
meficich nastroji, je dobré je navzajem kombinovat, aby se navzajem dopliovaly.

2.2.1 Kirkpatrickiiv model

V literatufe [5] se miZeme setkat s Siroce akceptovanou metodou méteni efektivity Skolicich
programt, vyvinutou Donaldem L. Kirkpatrickem jiz v roce 1959. Kirkpatrickiiv model zahrnuje 4
stupné vyhodnoceni:

Stupen 1: Reakce — Jak studenti reaguji na Skoleni?

Stupeii 2: Vyuka — Kolik se toho naucili?

Stupeii 3: Chovani — Jak se zménilo jejich chovani?

Stupeni 4: Vysledky — Jaky efekt mélo Skoleni pro organizaci?

K témto 4 stupnim byl pfidan paty stupeii:

e Stupen 5: Navratnost investic — Pievazily vysledky ze $koleni jeho cenu?



Pro méteni efektivity vyuky z pedagogického hlediska, coz v podstaté odpovida dle vyse uvedeného
¢lenéni stupni 2, je dulezité, aby jakykoliv konkrétni systém vyuky fungoval v relativné ustalenych
podminkach. Vneseni jakékoliv zmény do tohoto systému ma za nasledek zpusobeni odchylky v
podobé¢ zvyseni ¢i snizeni efektivity. Zménou mize byt chapano uziti jiné organizacni formy, vyukové
metody ¢i libovolného materialniho didaktického prostiedku. Pfi jiném uhlu pohledu se celkova

.....
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pozornost.

Evaluace je jen posledni casti vzdé€lavacich procesu, ktery obsahuje dalsi dillezité aktivity jako napf.
analyzu vzd¢lavacich potieb. Kirkpatrick proto zdiraznuje, Ze uspéch jednotlivého kurzu tkvi
V systematické praci na vSech dil¢ich Castech procesu vzdelavani a souvisi s peclivé formulovanymi
cili a ptipravou. Méfeni efektivity je pak smysluplné, pokud z néj ziskané informace zpétné ovliviiuji
celou pfipravnou cast procesu. Na méteni efektivity proto mizeme pohlizet jako na pyramidu, na
jejimz vrcholku je ¢tvrty stupent méteni (vysledky) a na proces vzdélavani jako na kruhouvou cestu od
ziskavani informaci o potfebach vzdélavani, jejich vyuziti pti pfipravé skoleni, realizaci vzdélavaci
akce a jeji vyhodnoceni, které opét pfinasi informace o potfebach vzdélavani a zpétnou vazbu o
efektivité celého procesu.

2.2.2 Exaktni méreni efektivity vyukového procesu

V podstaté jsou znamy nasledujici moznosti jak exaktné meftit efektivitu vyuky. V prvni fadé lze
posuzovat to, co si studenti m&li osvojit a co si skute¢né osvojili. Srovnavame tak referenéni skupinu,
za predpokladu, Ze cile vyuky jsou v obou pfipadech stejné a odhlizime od rozdilného slozeni studentti
i podminek studia. Pfi tomto posuzovani postacuje provedeni jen jednoho méfeni. Nejvhodnéji k tomu
poslouzi didakticky test. Vypocet je mozné provést podle vztahu [6]:

E, = 22 4 100 (pro jednotlivce)
V (—V’"’St * 100)
Eg = —/max - (pro skupinu)

kde Vpost je vysledek, ktery byl naméfen testem po probéhnuti vyuky, Vmax je nejvy$si mozny
dosazitelny vysledek. Nevyhodou tohoto méfeni ovSem je, Ze neni rozliSovano to, co studenti védéli
jesté pred sledovanym edukaénim procesem, od toho, co se skutecné ve vyuce naudili (chybi
porovnavani vychoziho a kone¢ného stavu téze skupiny studujicich). K odstranéni tohoto nedostatku
je mozné pouzit vztah:

E, = Zost=Yore , 109 (pro jednotlivce)

Vmax

N Vpost_VpTe*
E; = - ( ~mex 100) (pro skupinu)
¢ = N p p

Nevyhodou uvedeného postupu je ovSem nutnost provést méfeni pomoci dvou testi. To Ize odstranit
uzitim statistickych metod, napt. jednofaktorové analyzy rozptylu.[7]

2.2.3 Evaluace vzdélavacich procesi

Pokud chceme vytvorit hodnotici proces, ktery bude efektivni, méli bychom mit na paméti, tyto
charakteristiky efektivniho hodnoticiho procesu [8]:

o flexibilni, vhodny pro rizné formy vyuky: efektivni hodnotici proces by mél umét vyhodnotit
sirokou §kalu vyukovych kurzi. Mél by hodnotit vyukovy kurz z riznych thla pohledu, aby
bylo mozné hodnotit jak technické, tak soft-skills kurzy, jak formalni, tak neformalni vyuku;

e jednoduchy, jednoduse implementovatelny: dobry proces je tak jednoduchy, ze mu kazdy
zapojeny Ucastnik rozumi, manazefi véri vysledkiim a ucastnici jej zvladnou,



e spolehlivy, schopny piesné méfit nebo piedvidat vysledky: na konci evaluace je nutné mit
smysluplné vysledky, které jsou konzistentni nebo jednoduSe vysvétli rozdil v efektivité
vyukového procesu;

e ekonomicky, nezahrnujici vysoké vydaje: dobry hodnotici proces by nemél byt financneé,
Casové a personalné naroc¢ny.

3. Monitorovani vzdélavacich procesi

Na hodnoceni a monitorovani vzdélavacich procest je nutno nahlizet jako na celek, na propojené
aktivity. Data ziskana z monitorovaciho procesu slouzi jako podklad pro evaluaci a optimalizaci
procest, proto je dulezité znat procesy, ur¢it monitorovaci indikatory, a mit tak moznost reakce na
bézici proces.

3.1 Motivace monitorovani vzdélavacich procesi

Monitorovani vzdélavacich procesu provadime z riznych divodi. Potfebujeme ziskat data, ktera jsme
si na zacatku definovali a pomoci nich urcit, zda byl proces efektivni a jaka je jeho kvalita. Tato data
nemusime vyhodnotit jenom po skonceni procesu, ale mizeme s nimi operovat i v dobé, kdy bch
procesu jesté nebyl ukonceny, napiiklad za tcelem okamzité reflexe. Vzdé€lavaci procesy maji
specificky prubéh, vzhledem k jejich specifickym ucastnikiim. Proto také data z kazdého spusténého
procesu budou rtizna, a abychom je mohli vyhodnotit korektn€¢, musime ptihlizet i ke vSem
doprovodnym okolnostem.

Dalsim diivodem pro monitorovani vyukovych procest je vyhodnoceni ukon¢eného procesu a sbér dat
pro naslednou optimalizaci, odstranéni chyb a slabych mist, ptipadné zvyseni efektivity v dalsi iteraci.
Jinym argumentem pro monitorovani je sledovani procesi, abychom jednoduse ur€ili jejich stav (coz
pomaha pii identifikaci problému a usnadiuje reakci), urCili vykon a efektivitu bézicich procest a také
hromadné sbirali data pro vytvareni statistik.

Typickym piikladem monitorovani a vyhodnocovani byva statistika znamek po ukonceni kurzu.
Vyucujici z tohoto hodnoticiho kritéria vyvodi disledky a promitne je do dalsi iterace kurzu. Motivaci
pro komplexné&j$i monitorovani je poptavka po detailnéjSich datech, jejichz znalost pomtize nahlizet na
proces z jiné perspektivy, proces upravit, prizpisobit mnoziné ucastnikti a ptinést lepsi vysledky. Za
predpokladu, ze je vysledné hodnoceni souctem vice faktorti, vznikajicich béhem spusténého procesu,
muzeme sledovanim procesu jednotlivé ¢asti pojmenovat a zjistit, pro¢ a jak ovlivnily vysledek.

Monitorovani predchazi identifikace samotnych procest. Znalost téchto procest je stézejni pro
definovani monitorovacich ukazatell a faktord. Neni mozné predpokladat, ze ¢loveék ve funkci lektora
bude mit detailni povédomi o béhu procesu a urc¢eni monitorovacich indikator. Propojeni samotnych
procestt s monitorovacimi indikatory na zéakladé mnoziny podobnych faktort je zaklad pro
automatizaci nejen monitorovani procesi, ale také jejich samotného béhu.

3.2 Klicové indikatory vykonnosti - Key Performance Indicators

Klicové indikatory vykonnosti - Key Performance Indicators (dale KPI) slouzi pro kvantifikaci
vystupl procest a stanoveni urovné efektivity procesu. KPI se stanovuji pfedem, na konci procesu pak
probihd zhodnoceni, jestli se podafilo dosahnout stanovenych cilt. Kritické ptitom je, ze jesté pred
spusténim procesu se vi co je dalezitym prvkem a na co se ma zamétit pozornost, co pomaha branit
odklonéni od plivodnich cilt.

KPI jsou vyjadieny Cisly, jsou tedy jednoduse interpretovatelné a nezameénitelné. Podstatné vlastnosti
KPI jsou ucelnost, jednoznacnost, zjistitelnost a interpretace. Na tyto vlastnosti se klade duraz jiz pti
navrhu KPI a stavaji se tak jakymsi standardem pro zhmotnéni definic a cild. Jakmile proces bézi,
definované indikéatory podléhaji méfeni s moznosti prubézné kontroly a reflexe. Po skonceni procesu
jsou vyhodnoceny porovndnim s definovanymi cili v etapé navrhu procesu.

3.3 Monitorovani v LMS systémech



Monitorovani procestt v LMS (Learning Management System) systémech je v dne$ni dobé zab&hlym
jevem. Vyucujici maji moznost sledovat, jak studenti prochazi procesem, jak se jim dafi plnit zadané
ukoly, atd. I tady existuji KPI, v zabehlém vnimani jiz absolutné automatické (napt. hodnoceni,
znamka). Pfed zac¢atkem kurzu (spusténim procesu) se stanovi bodové hranice, po skonceni (procesu)
se pak vyhodnoti dosazené body, vytvoii se statistiky zndmek, uréi se priméry a obtiznosti.
Vyhodnocovani mutize probihat i pribézné, coz slouzi k ptizpisobeni kurzu konkrétni skupiné
studentt.

Hodnoceni neni jedingym kritériem pro urceni uspéSnosti procesu (kurzu). Kritéria jsou komplexni
mnoziny dat, pfiCemz plati ¢im vétsi detail, tim pfesnéjsi vysledek. Jak bylo napovézeno u ptipadu
priabézného vyhodnocovani, nékdy je tieba prihlédnout k prubéznym vysledkim monitorovani a
ptizptisobit prubéh procesu. Vysledna znamka je pouze vystupem mnoha faktord, a pokud je
nezachytime pfimo pfi béhu, po ukonceni procesu budeme mit pouze vysledek s nezndmymi
proménnymi. Také naméfené vysledky s velkym rozsahem, ale bez souvislosti, nabidnou pouze
anonymni obecna data nepouzitelna v konkrétni situaci.

3.4 Vzory ve vzdélavacich procesech a vztah k monitorovani

Vzory ve vzdélavacich procesech jsou oblasti vyzkumu jiz nékolik let. Jejich hledanim a vyuzitim se v
devadesatych letech minulého stoleti zabyval Pedagogical Patterns Project®, ktery definuje vzor jako
vysledek zobecnéni nejlepsich zkusSenosti v urCité oblasti, pfiCemz je podstatné problém neizolovat a
sledovat jej v konkrétnim kontextu. Projekt mél pomoci ucitelim vytvaret vyuku a pfinést tak lepsi
vysledky ve vzdélavani studentt.

Jesté blize k nami zkoumané oblasti se nachazi The Person-Centered e-Learning Pattern Repository?,
ktery uspésné propojil pfistup zaméfeny na Clovéka s tak obecnou disciplinou jakou je definovani
vzord.

Budoucnost edukacnich procesti by mohla byt pravé v zakomponovani zakladii pristupu zaméteného
na ¢loveéka do vytvareni vzdélavacich vzord a definovani kritérii hodnoceni procest. Timto piistupem
se z vysledki monitorovani ziskaji vice neZ jenom prazdna anonymni data. Cim vice obecny vysledek
je, tim mensi vypovédni hodnotu obsahuje.

3.4.1 Pouziti vzori pri monitorovani procest

Predpokladem vyuziti vzort pfi monitorovani procest je provazani vzoru se stanovenymi KPI. Kazdy
vzor obsahuje mnozinu KPI, které jsou jeho pevnou soucasti a jasn¢ definuji, co se ve vzoru bude
mefit. Uzivatel, resp. ucitel, ktery se s procesem seznami, bude mit jeSt¢ pied jeho
spusténim informace o definovanych kritériich méteni a moznostech, které miize vyvozovat z méteni.
Data, vyplyvajici pfimo z monitorovani, by méla byt jednoduse identifikovatelna a ihned pouzitelna,
jelikoz mohou slouzit k okamzité reflexi.

Ptipadné nedostatky v definovanych KPI vyplynou po skonceni procesu a budou slouzit pro naslednou
optimalizaci procesu. V dalsi iteraci zivotniho cyklu vzdélavaciho procesu bude problém jiz odstranén.
Reseni miize byt zakomponovano do vzoru jako dalsi moZnost vybéru nebo bude slouzit v konkrétni
specifikaci této instance procesu.

Ulohou ucitele by také nemélo byt ur€ovani, co znamena kvalitni vzdé€lavaci proces a co nikoliv.
Zodpovézeni téchto otazek by mélo spocivat v dokonalé definici vzdélavacich vzord, vetné ureni
KPI.

4, Nasazeni monitorovani a evaluace vyukovych procest

15 http://www.pedagogicalpatterns.org/

16 http://elearn.pri.univie.ac.at/pca/?show=projects&n=Patterns



4.1 Projekt MEDUSY

Projekt Medusy (Multi-purpose EDUcation SYstem'’) vznikl v rdmci primyslového partnerstvi mezi
laboratoii Lasaris na Fakulté informatiky a spole¢nosti Red Hat Czech Republic. Projekt se snazi
vyuzit nékterych z osvédcenych postupil v oblasti e-learningu, implementovanych v modernich LMS
systémech a obohatit svét e-learningu o nové koncepty. Projekt predstavuje procesné orientovany
pristup k vyvoji kurzii a vzdélavacich tokd obecné. MEDUSY si klade za cil byt modularnim
systtmem s moznosti pfipojeni tradi€nich LMS zaméfenych na spravu obsahu a poskytne
infrastrukturu pro spravu a monitorovani vzdélavacich procest.

Cilem projektu MEDUSY je poskytnout vhodné prostedi pro cely Zivotni cyklus procesu, tedy pro
modelovani, spousténi, monitorovani a optimalizaci. V ramci projektu vzniklo jiz nékolik
diplomovych praci, na jejichz zdkladech bude stavét dalsi vyzkum.

4.2 Dosavadni vysledky MEDUSY a jejich propojeni s monitorovacim nastrojem

Projekt MEDUSY je postaven ne platformé Activiti BPM suite. Activiti v8ak v nyné&j§i verzi
neobsahuje komponentu pro monitorovani, nejvhodnéjs§im feSenim bude proto vytvofeni vlastniho
monitorovaciho nastroje pro projekt. Nastroj ve formé komponenty bude kooperovat s dosavadnimi
nastroji vytvofenymi v projektu a bude pfizplisoben pfimo na miru potieb projektu. Vytvotrené vzory
spole¢n¢ s pozadavky na monitorovani totiz vyzaduji velmi specifické prostredi.

Monitorovaci nastroj bude napojeny na jiz existujici engine vytvoreny v ramci diplomové prace Mgr.
Daniela Tovariidka'®. Monitorovani bude probihat v samostatné komponenté, ale bude sledovat
procesy spusténé v tomto procesnim engine. Kooperace téchto dvou komponent bude proto klicova.

Soucasné s implementaci komponenty na monitorovani procesti bude vytvofen prototypu vzoru
vzdélavaciho procesu i s definovanymi KPI. Je mozné vyuzit jiz existujici vzory ze zékladniho
repozitaie vytvoreného Mgr. Jitim Novakem. Ten ve své diplomové praci'® definoval zékladni vzory,
které se po Uprave a pridani KPI mohou pouzit jako testovaci data pro monitorovani a nakonec postavi
zaklad pro repozitaf vzoru projektu.

5. Zavér

Vyukové procesy piedstavuji slozité, oteviené systémy, na které pisobi vlivy vnéjsiho prostredi, a
proto mohou fungovat s riznou efektivnosti. Jednou z moznosti jak ji méfit, je vyuziti didaktickych
testll ve spojeni se statistickymi vyzkumnymi metodami. Hlavnimi kritérii efektivnosti tak mohou byt
Cas, vynaloZena energie (studenta i uCitele) nebo vysledky vyukovych procest.

Vstupni data k monitorovani se lisi s kazdou skupinou studentt, je proto klicové pfi definovani KPI v
ramci vzorl pokryt vSechny moznosti. Systém, ktery je efektivni pro jednu skupinu nebo i jednotlivce,
nemusi byt stejné Gcinny pro jinou. OvSem naopak to automaticky neznamena, ze pokud je proces
neefektivni, je tfeba ho upravit. Navrhovany monitorovaci systém by mel pokryt i tyto aspekty a
nahlizet na data v potfebném kontextu.

Co se tyce moznosti riiznych LMS v oblasti statistik a analytickych reportii, neni tato oblast zatim
velmi podporovana. Nékteré LMS nabizi moznost jednotlivé zjistit, kdo nebo kdy ptistupoval ke
studijnim materialim, kdy byl naposledy piihlasen nebo kdy odevzdal ukol. To ale pro analyzu
chovani studentil, zpétnou vazbu a viibec analyticky report celého kurzu nestaci.

Je tedy nutné vytvoftit sadu KPI pro vyukové procesy, resp. vzory, které budou obsahovat jak tvrda
data (napf. znamky, Cas straveny ucenim), tak data mékka (napf. spokojenost studenta s kurzem,
lektorem) a ty pomoci nového modulu v projektu MEDUSY monitorovat, vyhodnocovat a dale s nimi
pracovat.

17 http://sourceforge.net/apps/mediawiki/medusy/index.php?title=Main_Page
18 http://is.muni.cz/th/172673/fi_m/thesis.pdf
19 http://is.muni.cz/th/172704/fi_m/dp.pdf
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Abstrakt.
Monitorovaci a dohledové systémy jsou podstatnou soucésti IT infrastruktury podnik a dalSich
organizaci.

Abstract.
Monitoring and surveillance systems are an essential part of the IT infrastructure, companies and other
organizations.

Klic¢ova slova
monitoring, dohledové systémy

Keywords
monitoring, surveillance systems

1.  Uvod

Dohledové a monitorovaci systémy jsou v dne$ni dob&€ hojné nasazovany na sledovani funkénosti,
spolehlivosti a vykonu v nejriznéjsich pocitacovych a jinych infrastrukturach, jako jsou napt. budovy
a vyrobni kapacity.

Dohledovy a monitorovaci systém je charakteristicky tim, Ze prabézn¢:
shromazd’uje data ze sledovaného prostiedi,
vyhodnocuje tato data a identifikuje udalosti

upozornuje uzivatele na dalezité udalosti,
nebo je schopen reagovat automaticky.

-----

aplikace, ptes jednotlivé pocitace a dalsi zatizeni az po velké infrastruktury (budovy, site€). Predmétem
vyzkumu a vyvoje je také integrace dil¢ich dohledovych systémi a propojeni s informa¢nimi systémy,
napft. geografickymi nebo ERP systémy. Diky nasazeni dohledového systému mame moznost:

rozpoznat neobvyklé chovani,

zjistit, zda nedoslo k poruseni pravidel chovani,

detekovat odlis$nosti od dlouhodobého, normalni profil,

identifikovat odliSnosti od podobnych objektl (napf. sousedni mistnost nebude normalné mit
prilis odlisnou teplotu),

méfit indikatory vykonu v realném Case v¢. dodrzovani SLA,

objevovat fakta, ktera nejsou zjevna nebo

zkratit ¢as detekce a

snizit ¢as potiebny na odhaleni ptivodni pfi¢iny chybného chovani,
zabranit regresi chyb pfi zavadéni zmén,

snizit naklady na zaméstnance — vyzaduji mén¢ kvalifikovany personal.

2.  Aplika¢ni oblasti dohledovych systémii



2.1 Sprava budov

Prvni oblasti zajmu skupiny dohledovych systémut v laboratofi Lasaris je problematiky spravy budov
(facility management). Studenti laboratofe jsou angazovani v redlném provozu na Oddéleni systémui
inteligentnich budov Ustavu vypodetni techniky MU a rovnéz Univerzitniho kampusu Bohunice
(UKB). Obecné jde o dohled a analyzy nad procesy spravy budov a jednotlivymi technologiemi, jimiz
je budova vybavena.

Masarykova univerzita s deviti fakultami, téméf 44 tis studenty a 4500 zaméstnanci je druhou nejvetsi
v Ceské republice. Disponuje vice nez 250 budovami s vice nez 20 tis mistnostmi o celkové plose vice
neZ 350 tis m% Kampus Masarykovy univerzity je nejvét§im VS aredlem v CR, s vice nez 100 tis M2
plochy a 30 budovami (ptibyvaji dalsi). Budovy jsou pln¢ vybavené provoznimi technologiemi jako
topeni, chlazeni, klimatizace, odvod vody. K dohledu patii zabezpeceni: pozarni hlasice, fizeni
pristupu, kamery. Do technologii zde patfi i audiovizualni technika, osvétleni, napajeni a nakladani
S odpady. Monitorovaci systém produkuje denné¢ tddoveé 100 tis. zdznamd.

V ramci diplomové a nyni i dizertatni prace Adamy Kucery byly identifikovany hlavni aplikacni
oblasti vzory pouziti metod zpracovani komplexnich udélosti v fizeni budov.

2.2 Pocitatova bezpecnost siti

Pro zabezpeceni rozsahlé pocitacové site, jakou disponuje napt. univerzita, lze pouzit rizné piistupy,
Vv zasadé¢ se pohybujici mezi dvéma poly: restriktivnim a liberalnim:

e Vice omezujici je pfistup s nasazenim piisn€ nastavenych firewallii, v akademickém prostiedi
obtizné prosaditelné az nepouzitelné.

o Liberalni, méné restriktivni formou je monitoring a naslednd reakce v pfipadé¢ poruseni
pravidel uzivatelem zevnitf nebo titoku zvenci.

Pro implementaci liberalniho pfistupu se na Masarykove univerzité¢ vyuziva metod zalozenych na
sledovani toku v siti (netflow-based). Smér, ktery se pred lety zdal jako nerealisticky, se postupné se
vzristajicimi technickymi a vypocetnimi moZznosti stava redlnou alternativou, kterou voli firmy a dalsi
vetsi instituce k zabezpeceni své sité.

Vyhodou je minimalni obtéZzovani fadné se chovajiciho uzivatele, odpada nutnost pfili§ restriktivné
nastavovat systémové politiky ¢i instalovat specialni klientsky software na koncova zatizeni. To jsou
divody, pro¢ tym CSIRT (Computer Security Incident Response Team) Masarykovy univerzity
nasadil tento pfistup v univerzitni siti. Vysledkem byl napt. Gspésn¢ odhaleny botnet Chuck Norris
[XXX].

Systémy zalozené na sledovani toku a detekci mimotadnych udalosti (napt. Gtokli zvnéjsku) jsou zatim
nasazovany sice hierarchicky na pfislusnych uzlech univerzitni sit€, ale do budoucna je bude tfeba
propojit i se sitémi jinych provozovateld, v prvni fazi v rdmci akademické sit¢ CESNET. Diky tomu
bude mozné informace o zachycenych incidentech sdilet a tak pomoci ochranit dalsi sit€. Rovnéz je
patrmé, ze bez vymény informaci o podezfelém chovani nebude mozné nékteré z Gtokti vibec
rozpoznat, resp. odhalit vCas.

2.3 Rozvodné sité

Smart-gridy, chytré produkéni a rozvodné sité elektfiny jsou moznym pfispévkem k zajisténi
energetické bezpecnosti v budoucnu. Velké vyrobni a distribuni spolecnosti experimentuji
v poslednich letech s jejich provozem. Typickym prvnim krokem k proméné b&zné distribuéni sité na
»inteligentni® je vybaveni odbérnich mist ,,chytrymi elektroméry*, smart-metery. JelikoZ v narodnich
rozmérech je pocet odbérnich mist vysoky, v fadech milioni, je tfeba do této velikosti Skalovat i
navrzen¢ feSeni na sbér a zpracovani dat z Smart-meterd jakozto koncovych méridel. Objem sbiranych
dat bude vitadech 10 TB ro¢né, coz neni velké na ukladani, ale mize pfi nevhodném sestaveni
architektury byt naro¢né na vypocetni vykon.

Skalovatelnost stavajicich feSeni sbéru a zpracovéani dat, odzkouSenych na fadové desitkach tisich
smart-metert, je predmétem experimentti, na nichz se studenti Lasaris rovnéz podileji. Predmétem



vlastniho vyuziti dat ze smart-meteri je kromé meéfeni spotifeby zejména detekce neopravnéné
manipulace se zafizenim, detekce vypadkt dodavek, ptipadné sledovani odbérovych kiivek.

2.4 Simulace dohledovych systémii na cloudech

Diky projektu CERIT-Scientific Cloud a mnohaletou tradici v distribuovaném pocitani a sitovych
technologiich disponuje Masarykova univerzita datovymi loZzisti a vypocetni silou nabizenou pro
experimentalni vyuziti. Cilovym stavem v 2013 by mélo byt 3500 procesorovych jader a az 3,5 PB
ulozného prostoru dostupné prosttednictvim Néarodni gridové infrastruktury.

Z hlediska prunikd s oblasti dohledovych systémii nachazime moznosti jak v oblasti sledovani
samotné virtualizované poskytované infrastruktury (vySe zminény projekt Heimdal), tak v jejim
vyuziti pro simulace sledované jiné infrastruktury. Simulaéni experimenty V prostiedi cloudu ptinase;ji
oc¢ividné vyhody:

e Lze provadét i experimenty ve vnéjSim prostiedi piili§ rizikové, napf. ,péstovat si“ na
virtualnich stroji v izolované virtualni siti pocitacové viry.

e Prostiedi pro experiment lze podstatné snadnéji pfipravit a nakonfigurovat.

e Experiment miize byt pozastaven, jeho stav zmraZen a nasledné znovu spustén. Diky
ulozeni obrazl jednotlivych virtualnich stroji je mozné pokracovat riznymi cestami a
vracet se k ptedchozim ,,zapamatovanym® staviim.

e Prostfedi se snadnéji Skaluje nez ve svété fyzickych pocitacu.

2.5 Virtualizované vypocetni systémy

Ptipravovana dizertace D. Tovarnidka se vénuje problematice monitoringu ptedevsim virtualizovanych
vypocetnich infrastruktur, tj. cloudt. Tato oblast je charakteristicka hlavné:

e zajmy vice stran na monitoringu (provozovatel cloudu/laaS, platformy/PaaS, konkrétni
aplikace a konecné i uzivatel této aplikace), z toho plynouci rizné pozadavky na to, co
sledovat (multi-tenancy);

e nutnosti poskytovat informace striktné izolovan¢ pro kazdého ptijemce (isolation);

e potieba drZet co nejnizsi rezii monitorovacich procesti ve smyslu spotieby strojového Casu a
paméti (low overhead).

Blize k navrZzenym konceptiim a popisu systému Heimdal v [XXX].

2.6 Odhalovani podvodi

Studenti laboratofe se spolu s prumyslovym partnerem MycroftMind, a.s. podileli na budovani
systému pro detekci podvodi na siti ¢erpacich stanic. Typickym scénafem podvodnika je prodej jiného
nez autorizovaného paliva dodaného majitelem sit¢ nebo Cerpani (fidsiho) paliva poté, co se cisterna
zahteje na slunci. Uloha odhalovani podvodi je specificka tim, Ze ji lze t&Zko feit bez podpory
komplexniho zpracovani udalosti, protoze pti identifikaci mozného podvodu je tieba sledovat udalosti
zriznych dil¢ich systému, které navic proudi sriznym c¢asovym odstupem. Zatimco s malou
prodlevou lze zjistit pohyb hladiny paliva v nadrzich erpaci stanice nebo jednotliva tankovani do
vozidel ze stojand, tak fakturace dodaného paliva probihaji s fadové dennim zpozdénim. Ocekavané
uspory pro stiedné velky fet€zec mohou predstavovat i desitky miliond korun ro¢né.

Bylo navrzeno feSeni zahrnujici implementace vybranych navrhovych vzortu pro detekci jednotlivych
komplexnich udalosti. Systém byl prototypove implementovan.

2.7 Prumyslova vyroba

Doktorandi laboratofe Lasaris rovnéz experimentovali s rozsifenim vyrobniho informacniho systému
PHARIS od spol. UNIS pro potieby rozsifené¢ho monitoringu vyroby ve strojirenskych podnicich.

Monitorovaci systém sleduje jednotlivé stroje z hlediska pocétu aktivnich (pracovnich) cykll, eviduje,
kolik cykld bylo provedeno. Sleduje, kdo z operatord je kdy ptihlaSen a piitazuje udalosti k nim. Vidi,



jaka operace momentalné na stroji probiha, tzn. zda se jedna o béznou praci, odstavku z divodu
udrzby nebo poruchy. Jelikoz dohledovy systém je schopen sledovat tok udalosti, miize odvodit profil
daného stroje, tzn., zda nema pfili§ prostojii z diivodu poruch, zda feseni jednotlivé poruchy netrva
prili§ dlouho apod.

3. Vyzkumna témata v oblasti dohledu a zpracovani udalosti

Oblast dohledt a zpracovani komplexnich udalosti je perspektivni jak pro praktické aplikace, tak pro
tfeSeni tkoly vice vyzkumného charakteru. Nastinime si nyni ty podstatné.

3.1  Obtizna udrzovatelnost aplikaci CEP

Vyvoj aplikaci CEP neni jednorazovym procesem, ale probiha po celou dobu Zivotniho cyklu. Pfidana
hodnota feseni na bazi CEP je pravé v tom, Ze aplikace ,,roste” se svymi uzivateli inkrementalnim
dopliiovanim pravidel na odhalovani novych udalosti, jejich agregovani apod. tzv. CEPyramida se
zvySuje. Proces pfiddvani novych pravidel, jakoz 1 integrace dalSich zdroji dat/udalosti vyzaduje
udrzbu mnoha verzi programi CEP, a podobn¢ i architektur a konfiguraci celych feSeni. Dosavadni
prostiedky na fizeni vyvoje SW produktii nelze v dostate¢né mife zapojit do podpory téch fazi
zivotniho cyklu, kde se na vyvoji podili koncovi uzivatelé, obvykle stile v soucinnosti s vyvojati a
doménovymi experty. Varianty tohoto problému zahrnuji rovnéz situace, kdy je CEP feSeni
poskytovano jako sluzba, tj. Casto ve vice verzich tymz nebo riiznym klientiim soub&zné.

3.2 Sdileni znalosti a vzoru v aplikacich CEP

V soucasnosti je tvliircim aplikaci CEP k dispozici n€kolik alternativnich néstroja ¢i platforem, jak s
uzavienym, tak s otevienym zdrojovym koédem. Prakticky kazda pouziva vlastni jazyk pro zachyceni
detek¢nich vzorl/pravidel, jejich vypocetni modely disponuji jinym repertoarem datovych typt, jsou
ruzné efektivni a Skalovatelné. Situace je obdobna jako pied lety u modelovani informacnich systémd,
dokud neexistoval jazyk UML. Pro komunikaci mezi koncovym uzivatelem, doménovym znalcem a
vyvojaiem ¢i poskytovatelem sluzby chybi jednotici, vizualni jazyk pro sdileni znalosti a navrzenych
vzorl jak mezi jednotlivymi lidskymi aktéry, tak piipadné mezi systémy CEP.

3.3  Detekce pricin chyb a jejich nasledky

Dohledové systémy by mély byt nejen schopny detekovat, Ze urcitd funkcionalita sledovaného
systtmu vykazuje zavadu (nefunguje) nebo systém nesplhuje jisty mimofunkéni pozadavek
(dostupnost, odezva), ale mély by rovnéZ napomoci odstranit pfi¢inu této chyby. Nezbytnym
predpokladem je lokalizace praptivodni pfiCiny chyby (,,root cause®), ptipadné soubéhu vice chyb. To
zahrnuje moznost ,,post-mortem‘ analyzy (tj. historie) pfedchoziho déni ve sledovaném systému.

3.4  (Polo)-automaticka reakce na chyby

Jestlize sledovany systém vykazuje chyby, které 1ze “odstranit” standardni posloupnosti (manudlnich)
krokti, mize automatizace téchto krokl ptinést zna¢né uspory. Takovéto feSeni vSak s sebou prinasi
néktera uskali. Namatkou lze zminit napiiklad zpisob eskalace po nékolikanasobném netspéchu
opravy. Pfi zapojeni metod strojového uceni se dale hovoii o tzv. self-healing systémech. Otazkou
také zlstava, v jakych ptripadech ma byt tato funkcionalita soucasti sledovaného systému, ¢i naopak
systému dohledového.

3.5 Architektury dohledovych systémii

Zakladnim instrumentem pro analyzy pfi¢in chyb ovSem zistdva kvalitni modelovani architektury
sledovaného systému soubézné¢ s dohledovou ¢asti. Z dobfe popsané architektury primarniho systému
by mélo byt mozné poloautomaticky odvodit jak architekturu dohledového systému, tak detekéni
vzory. OvSem co je skutecn¢ mozné a jak to efektivné délat, je stale otevienym problémem.



3.6  Analytické, navrhové a implementacni vzory

Pfed cca deseti lety dospél svét vyvoje informacnich systémt do stadia, kdy bylo jiz dost
zrealizovanych analyz, navrhii a implementaci, Ze bylo mozné poznatky a vytvofené artefakty
abstrahovat do podoby vzorti — analytickych, navrhovych a implementacnich. Vzory jsou de facto
opakovatelnd schémata, postupy, znovu vyuzitelné struktury napomdhajici rychlejSimu postupu
Vv jednotlivych etapach realizace systému pii opakovaném feSeni podobnych problémi. Obdobna
situace nastava nyni u feseni na bazi CEP, pti¢emz vzory jsou zna¢n¢ odlisné. Zavedeni vzoru, jejich
modelovani (za pouziti i vhodné vizualizace), klasifikace a ovetfeni si vyzaduji seridzni vyzkum.

3.7 Podpora aktivni role uzivatele

Aplikace CEP, kam patii i dohledové systémy na bazi téchto technologii, Ize zatadit na pomezi mezi
tradi¢nimi fidicimi a informacnimi systémy a systémy pro ,,business intelligence®. Do vyvoje zahy
vstupuje 1 koncovy uzivatel, aby rozsifoval funkéni systém o dalsi pravidla (detekéni metody), Casto
jen za ucelem jejich experimentalniho ovéteni na aktualnich, historickych nebo umélych testovacich
datech. V idealnim ptipadé by mél koncovy uzivatel ¢i doménovy expert mit moznost zadavat a
zkousSet novéa pravidla konverzaci v pfirozeném jazyce, coz je nesnadné a v soucasnosti takika
nemozné implementovat. Pfesto lze a je tfeba uzivateli dat prostfednictvim kvalitniho uZzivatelského
rozhrani sadu pomicek, predptipravenych knihoven a ,,piskovisté* (sandbox), pomoci nichz sestavi a
overi nové detekéni metody.

3.8  Nedostatecna nativni podpora geografickych informaci

Dohledové systémy maji své nezastupitelné misto u spravy budov, obecnéji u tzv. facility
managementu. Typické ulohy dohledu spocivaji v korelaci udalosti odehravajicich se velmi casto
nejen v blizkém cCase (v urcitém casovém oknég), ale soucasné na geograficky blizkych mistech —
pfikladem budiz soucasny vzriist teploty v sousednich mistnostech. Bézné systémy pro CEP
nedisponuji v sadé elementarnich typti a operaci prostiedky pro snadné nalezeni udalosti, které
souviseji jak casové, tak prostorové. Je naroénym vyzkumné-vyvojovym ukolem popsat a
zkonstruovat takova rozsifeni, jez budou umét tyto vztahy nejen zapsat a provadét, ale Cinit tak
i dostatecné efektivné. Obdobné tlohy jsou c¢asté i u jinych dohledovych systému — napi. detekce
podvodu pii vybérech hotovosti ze vzajemné vzdalenych bankomatu v rychlém sledu.

3.9 Interoperabilita dohledovych systémi

S pokracujicim budovanim dil¢ich dohledovych systémd, at’ uz na bazi CEP nebo jinych, bude tfeba
stale Castéji fesit soubézné fungovani ¢i integraci nékolika takovych systémi budovanych potencialné
na riznych platformach. Dodavatel dohledového feSeni bude stale Castéji v pozici integratora nez
exkluzivniho autora celého systému. Toto plati pfedev§im pro distribuované systémy dohledu a jejich
federace. Pii vyméné dat dohledu je tfeba feSit fadu technickych i konceptualnich potizi — rtizné
protokoly vymény téchto dat, jejich formaty, sémantika, ¢asové urceni, z nichz jen nékteré 1ze vytesit
bez dalsiho vyzkumu a vyvoje integracnich technologii specifickych pro dohledy.

3.10 Ochrana soukromi pri dohledu

Pti provozu dohledovych systémt v pocitacovych infrastrukturach, sitich, ale i budovach se témér
vzdy pohybujeme na hranici zasahovani do prava na soukromi, pfipadn€ i ochrany osobnich idaji. Na
druhou stranu, aby systémy dohledu plnily sviij ucel, museji urcitad data o chovani nejen stroju —
systémd, siti — ale i uzivatelll zaznamenavat. To se musi dil v souladu s platnymi piedpisy, musi byt
predevsim jasné, co, za jakymi G¢elem, na jakou dobu je uchovavano a jak zpracovavano. Uz jen
sprava pravidel a moznost jejich nezavislého ovéteni je vyznamnym vyzkumné-vyvojovym tkolem.
Bude teba vyzkum, vyvoj standardi a navazna ptiprava dobrych praktik tak, aby se poskytovatelé
dohledovych feseni méli pii realizacich o co opfit.



3.11 Bezpecénost dohledovych systémii

Souvisi s piedchozim. Cilem je vyvinout koncepty, technologie a metody navrhu a nasazeni
zabezpecenych dohledovych systémi se zajisténim autorizace dohledu, zabezpecCeni prenosu atd. V
kontextu dohledovych systému Ize také ocekavat manifestaci novych bezpeénostnich hrozeb.

3.12 Forenzni vyuziti dohledovych systémi

Jednou z roli dohledovych systémt je odhalovani protipravniho jedndni. Aby data zachycena
systémem byla akceptovatelna soudy jako dikazy, musi byt prokazatelné zajisténa nejen jejich vécna
spravnost, ale i autenticita a integrita. Obdobn¢ jako vySe, museji byt vyvinuty standardy a sada
dobrych praktik tak, aby se poskytovatelé dohledovych feseni méli pti realizacich o co opfit.

4.  Shrnuti

Vyse uvedené fesSené i teprve identifikované problémy predstavuji rozhodujici vyzkumné-vyvojovou
naplii laboratofe Lasaris na nékolik ndasledujicich let. Prostfedi univerzity, nabizejici jak V/V
potencial, tak ptilezitosti ovéfovat navrZzend feSeni v provozni praxi, skytd idedlni podminky. Na svou
piilezitost ¢eka i piipadné komeréni vyuziti vytvofenych koncepti a systémd formou spin-off
spole¢nosti & prevzetim know-how jinou spolupracujici firmou tak, jak se to jiz na Ustavu vypocetni
techniky podafilo v piipadé¢ detekce sitovych hrozeb.
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Abstract

There are a lot of different prediction methods exist in our days. Many of them work well in a specific
situation. But when the situation deals with the big volume of data and complicated classification
analysis there is a good opportunity to use the machine learning for the prediction. Previously there
were a lot of different ways of applying the machine learning in the ecological modeling and
prediction. But the method of the area quality estimation by the geofields analysis wasn't applied for
the artificial intelligence. This method was proposed by Bondarenko and Zajonc and the classification
was made only by the human expert. The method | proposed will develop this prediction method and it
will add a new kind of the application of the machine learning in the environmental science. The
method includes two parts. The first part is a special processing of the data of magnetic field,
gravitation field and relief of the territory. This processing creates a base for the estimation of area
quality. The second part is an applying of the machine learning tools for the final area estimation.
This method will be very useful not only for ecological researches. Firstly, it will be very useful for
the planning of new towns and for selection the place of residential areas building. Secondly, it will be
useful for the territory estimation for real estate agencies. Thirdly, it will be helpful for the making of
rational decision about the economical use of the territory.

Abstrakt

Existuje mnoho ruznych predikcnich metod a mnohé z nich funguji i v konkrétni situaci. Ale kdyz se
situace resi s velkym objemem dat, klasifikacni analyza je dobrou prileZitosti, jak vyuzit strojového
uceni pro predikci. Drive tam bylo mnoho riuznych zpusobu, jak pouziti strojového ucleni v
ekologickém modelovani a predikci. Ale metoda odhadu kvality oblasti u analyzy geofields nebyla
pouzita pro umélou inteligenci. Tato metoda byla navrzena Bondarenkem a Zajoncem a klasifikace
byla provedena pouze lidskym odbornikem. Metoda, kterou jsem navrhl, bude rozvijet tuto
predpovedni metodu a prida novy druh pouziti strojového uceni v environmentalni véde. Metoda
zahrnuje dvé casti. Prvni cast je specialni zpracovani dat magnetického pole, gravitacniho pole a
reliéfu uzemi. Toto zpracovani vytvari zakladnu pro odhad kvality plochy. Druha éast je pouziti tohoto
nastroje strojového uceni pro finalni odhad oblasti. Tato metoda bude velmi uZitecnd nejen pro
environmentalni vyzkum. Za prvé, bude to velmi uzitecné pro planovani novych mést a pro vyber mista
obytnych oblasti budovy. Za druhé, bude uZitecna pro realitni kancelare pro tizemi odhad. Za treti,
bude uzitecna pro vytvoreni raciondlni rozhodnuti o hospodarném vyuzivani uzemi.
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1. Introduction
The main goal of this paper is:

» Looking for the best method of the ecological division into districts automation
according the ecosystem stability level.



Most of all ecological division into districts was made by human experts. Especially if there is
a complicated task and there is no way to use statistics for the classification making. In this
situation there is only one way to automatize the process. This way is using of artificial
intelligence tools. But in the same time the environmental data processing is a very hard task
for this kind of analytical method.

ML involves a lot of different algorithms and programs. Task is that it is very important to
choose the right one because different algorithms work good with one data and bad with
another. Or in the same data different algorithms could show completely different
significance. Also various programs can process the same data with different speed. The task
is to find the most appropriate program and the best algorithm for data processing. Because in
future analyzes it will save a lot of time and money.

The goal will be achieved by:

» Applying machine-learning methods for the analysis of environmental datasets and
predictions.
Machine-learning could be applied in many situations and in different stages of work. First of
all it is possible to estimate and sort data from datasets by ML, to solve a problem of missing
values and so like. It can save a lot of time and money (if it will use some company). Then ML
can choose some the most significant attributes of class estimation and make data processing
more correct. After it data-mining methods could be applied to making classification of some
new datasets. Finally ML applied for making the ecological prediction, and for the economic
conclusion making for different situations.

2. Experiments and Their Results

Development of the geonatural systems in time and space could be recognized in the violation of the
dynamic balance of the Earth and in the changing of lithosphere condition.

Because of those violations, the forming of the surplus stress structures happens. It causes the next
relaxation of the stress, deformation and inner break of connections in the hierarchic chain of the
geonatural environment organization. This process is a deformation of connections in ultimate
particles. It is accompanied by the forming of new molecular structures and chemical compounds.
Then it changes the structure of geological and natural systems.

Each changing of the energetic field which cause the violation in ultimate particles connections,
produce anomalies in the magnetic field and gravitation field. Therefore each geofield can show us
chemical and structural features of the geological environment.

It is obvious that every natural object could be described by the combination of the physical
parameters. For example Earth surface could be characterized by space photos, maps of magnetic and
gravitation fields, relief maps and so on. Each from those features describes geosphere in its own
hierarchic level. Mathematical transformations of the physical field combination allow us to get the
picture of processes dynamic on the area. It could help us to understand process of the environment
development and connections between geofields changes and natural processes.

Heterogeneity of every physical field of the Earth is a derivative of integral changes of its stress
condition. The calculation of primary components allows us to get a vector field and to create the map
of the static condition of geological and natural systems.

Applying of spline methods allow us to find the most important anomalies of the system condition.

Geological potential of some geological environment shows us its potential space energy. Every
energy process (endogenous and exogenous processes too) goes with potential energy loss in time of
the transition from the area on maximum stress to the area of minimum stress. Therefore dynamic
models allow us to see not only the potential energy of the geofields deformation but also to recognize
their orientation.



For the mathematic description of the energy processes speed divergence calculation is used. It could
be the function from the coordinates and time. It is the same for endogenous and exogenous processes
as the speed for the mechanic move. Divergence shows us the activity and the duration of processes.

By the combination of geofields analysis methods, mathematical transformations and processes
dynamic estimation it is possible to create the forecast model of the geonatural system condition. This
model allows us:

1. to show different conditions of the geonatural system forming,

2. to investigate the impact of system changes on the biosphere and other environment
components,

3. to combine all the variety of geological and natural factors in systems,

4. to model the processes of the geonatural system changes and describe the dynamic of
environmental components iteration modes.

5. to allocate structural and functional heterogeneity of the environment.

6. to get the picture of the environmental processes dynamics.

The scale of the original data determines the accuracy of the prediction model. But the combine
processing of the differently scaled data of geofields and relief geodynamic transformations could
make the forecast more precise.

Ecological division of an area into districts is a method that estimates dangerous genetic changes of
the environment. It could also recognize problem situations, areas, spheres and economic objects
which make the biggest influence on negative changes of an ecosystem and population health.

Results of this kind of the ecological classification, expert estimations and support of decision making
that connected with the decreasing of the industrial impact on the environment are the complex of
ecological measures which are necessary for the perspective planning of city structures and region
structures. Those measures help with the distribution of industrial, transport and social objects on the
given territory.

This work is an attempt to create of the analytic basic model by the machine learning tools. This
model has to classify territories, estimates the level of ecologically dangerous changes of the
environment and recognizes problem situations and areas of their localization. The model has to show
the heterogeneity of geodynamic conditions of the territory forming and it has to estimate the level of
the ecosystem condition.

Existed nonlinear thermodynamic connections between the modern temperature regime of the
lithosphere and the activity of chemical and biological processes determine different speeds of
geochemical and biochemical reactions, time of live organisms development, different intensity of
photosynthesis etc.

There are three types of geodynamic processes which determine an ecosystem condition changes and
the level of the ecosystem stability (ecosystem resistibility and ability to restore violated connections
and functions). Those types are: stable, normal and unstable.

Stable geodynamic fields are characterized by the long geological environment consolidation in
consequence of the thermal streams activity decreasing and the earth surface subsidence. The reduced
thermal regimes level and the stable geodynamic situation determine conditions of the longer
organism’s development, the reducing of the geochemical and biochemical reactions speed, the rise of
the photosynthesis production. All those factors stimulate the rise of the environment resistance to
man-caused stress level. In stable geodynamic zones the environment can restore its violated
connections and functions. This feature is necessary to take into account in the spa-zones creation, in
the medical complexes placement and in the production of bio-products. Also the stable ecosystem
condition cause low morbidity level in this zone. It means that the morbidity level in the region could
be a great tester of the model accuracy.

Unstable geodynamic processes are characterized by the fast softening of the environment in
consequence of thermal, radioactive and other impacts. The increased thermal regime of the geonatural
system, the geochemical and biochemical reaction activity rise cause the development of



destabilization and environment destruction processes. In those zones there is the biggest possibility
for appearance of ecologically dangerous processes. There are processes like a rice of soil and water
pollution activity, an activation of modern tectonic processes. This activation of modern tectonic
processes could cause an appearance and development of landslides, underflooding processes,
destruction of engineer constructions and communications.

There are zones of the combined natural and anthropogenic impact on the population health
deterioration.

It is necessary to mention that ecologically dangerous genetic changes of the ecosystem and the
population health deterioration are caused by the complex of natural and anthropogenic factors.
Geodynamic condition of the ecosystem forming is a very important but it is not the only one factor
which influence on the environmental situation. There are four main groups of factors:

1. Natural processes and phenomenon. There are a non-artificial event in the physical sense, and
therefore not produced by humans. Common examples of natural phenomena include volcanic
eruptions, weather, decay, gravity and erosion. This group of factors has direct and obvious
influence on population and ecosystem.

2. Anthropogenic factors. There is the direct human influence on the ecosystem. The
anthropogenic impact includes impacts on biophysical environments, biodiversity and other
resources (Sahney S. 2010). Human influences almost on every part of the ecosystem. Most of
all this influence is conditioned on industries (Agriculture, energy industry, manufactured
products, mining, transport, war etc.).

3. Socio-demographic factors. This group of factors influences mostly on the population and

determines a level of life, an amount of resources per person etc. It clearly connected with the
morbidity level of the population. A good example of this connection is social level and
people health. A good start in life means supporting mothers and young children: the health
impact of early development and education lasts a lifetime. Observational research and
intervention studies show that the foundations of adult health are laid in early childhood and
before birth. Slow growth and poor emotional support raise the lifetime risk of poor physical
health and reduce physical, cognitive and emotional functioning in adulthood. Poor early
experience and slow growth become embedded in biology during the processes of
development, and form the basis of the individual’s biological and human capital, which
affects health throughout life. Infant experience is important to later health because of the
continued malleability of biological systems. As cognitive, emotional and sensory inputs
program the brain’s responses, insecure emotional attachment and poor stimulation can lead to
reduced readiness for school, low educational attainment, and problem behavior, and the risk
of social marginalization in adulthood. Good health-related habits, such as eating sensibly,
exercising and not smoking, are associated with parental and peer group examples, and with
good education. Slow or retarded physical growth in infancy is associated with reduced
cardiovascular, respiratory, pancreatic and kidney development and function, which increase
the risk of illness in adulthood.
Poverty, relative deprivation and social exclusion have a major impact on health and
premature death, and the chances of living in poverty are loaded heavily against some social
groups. Absolute poverty — a lack of the basic material necessities of life — continues to exist,
even in the richest countries of Europe. The unemployed, many ethnic minority groups, guest
workers, disabled people, refugees and homeless people are at particular risk. Those living on
the streets suffer the highest rates of premature death (Marmot Michael. 2003)

4. Geodynamic conditions of the ecosystem forming. This factor influences on the whole
ecosystem and population in the same time and its influence is high. It has the same and
sometimes even higher importance than all mentioned factors. But the impact degree of the
geodynamic conditions is not the same in different zones. This degree depends on the types
and activity of geodynamic fields. If there are active stable or active unstable fields, the degree
of the influence and the factor importance will increase. In normal or not active zones the
geodynamic fields give about 40% of the whole impact on the ecosystem but in active zones



the there could be 60% of the whole impact. In any case this factor is very important and
couldn't be ignored (Zayonts 1. O. 2001).

3. Modeling

There is an attempt to create the analytic model that bases on the geodynamic fields analysis. In the
machine-learning processing it will be shown only one application of this prediction model. | will
create and test the model by the possibility to find the impact between the geonatural system changes
and the biosphere condition. Previously all described applications of the method were made only by
the human experts and the using of machine-learning tools is the best way to automatize the process.

For the first experiment and for the creation of the model there was used the data from Kiev. It was
necessary to create the model which was based on the train data. There was the classified data of the
magnetic field, gravitation field and relief of the city and it contained 193 830 points. The first
classification was made by human experts. Experts divided the territory to different zones by the
environmental system conditions. Zones of the stable environmental system condition were
corresponded to stable biosphere condition zones. Normal environmental system zones were
corresponded to normal biosphere condition zones and unstable environment system complied with
the unstable biosphere condition.

Every machine-learning processing needs previous data preparations. It means that is necessary to
chose right attributes. An attribute is a property of an instance that may be used to determine its
classification. Determining useful attributes that can be reasonably calculated may be a difficult job
(http://www.cse.unsw.edu.au/~billw/mldict.html).

As the first three attributes | have chosen the magnetic field, the gravitation field and the relief. Those
three parameters were mathematically transformed for the creation of the rest of attributes.

There is the list of used attributes:

Magnetic field

Gravitation field

Relief

The first principal component

The second principal component

Divergence based on the first principal component data

Divergence based on the second principal component data

Spline of the first principal component data

Spline of the second principal component data

10 Divergence based on the data of the first principal component data spline
11. Divergence based on the data of the second principal component data spline
12. Class

In the classification | used 5 classes of the territory: a very unstable zone, an unstable zone, a normal
zone, a stable zone, a very stable zone.

©WoNoO~wWwhE

Experiments described below were made by WEKA software and See5 software. For the searching of
the algorithm there was used 10-folds cross validation. In those experiments 16 algorithms were used.
For each of those algorithms the best parameters were chosen. In the table below you can see results of
the best parameters searching.

Table. 1. The best algorithms with the best parameters.

Algorithms (I?)zsiult Best parameters

J48 97,12 confidenceFactor 0,01; minNumODbj 2; numFolds2; seed 1
Random Forest 98,25 maxDepth 0; numFeatures 0; numTrees 12; seed 1
Random Tree 97,28 KValue 4; maxDepth 0; minNum 1; num Folds 0; seed 5
Simple Cart 97,00 minNumObj 2; numFoldsPruning 5; seed 3; sizePer 0,9




Seeb 98,10 Amount of boosts 10

IBk 96,90 KNN 5; nearestNeighbourSearchAlgorithm BallTree; windowSize 0

Bagging 97 57 bagSizePercent 100; classifier Random Forest; numlterations 10;
' seed 1

Decorate 97 49 artificialSize 1,0; classifier J48; desiredSize 20; numlterations 10;
! seed 1

END 97,56 classifier J48; numlterations 10; seed 1

Classification Via 97,25 Classifier Random Tree

Regression

Data Near . _
Balanced ND 97,16 classifier Random Fores; seed 2
ND 97,16 classifier J48; seed 1

EISSS Balanced 97,14 classifier Random Fores; seed 5

Random Subspace | 97,56 classifier J48; numlterations 10; seed 1; subSpaceSize 0,5.

classifier J48; maxGroup 3; minGroup 3; numlterations 10;
Rotation Forest 97,20 projectionFilter PrincipalComponents; removedPercentage 50; seed
1

As you can see the best result was provided by the algorithm Random Forest with more than 98% of
accuracy. It means that the computer model could copy the logic of the human expert in this kind of
the classification. But here is one of the main problems of the environmental data processing by the
machine learning tools. Even if the computer analyzed one situation and cross-validation showed good
results, in another similar situation the result could be worse. It happens because every nature situation
is unique and it is very difficult to create an absolutely adequate model. So big model accuracy in the
training dataset shows us that the computer copied an expert logic in the classification of this concrete
territory with this concrete conditions.

4. Prediction

For the task of prediction | used 3 different datasets. There were data from all Russia territory, from
Prague and Brno. Now the data was not classified by a human expert. Therefore it was an excellent
way to test the model in the real work. All the estimation on the testing set should be made only by a
computer and then results could be analyzed separately. The thing is that the method of the ecosystem
estimation should be universal and work equally well with different scales. Exactly for the testing of
its universality so different datasets were chosen. The fact that those datasets are from different parts
of the world will approve the significance of the method even better. As an estimator of the prediction
accuracy | used activity of the morbidity level in different regions of the territory. It is a good indicator
of the ecosystem condition, especially if it deals with congenital diseases because they have the
biggest correlation with the environment and don't depend so much from the lifestyle. In the end there
is possible to compare the predicted activities with the real situation and estimate the accuracy of the
model.

Firstly the method was applies on Prague and Brno regions. Before the classification the data from the
area was collected and prepared. Original data contains information about the magnetic field,
gravitation field and relief on those territories (CGS. 2012). The data was collected form the Czech
geological service. Brno data contained 7209 points and Prague data contained 17061 points. Before
the attribute calculation there was necessary to create the mutual grin of coordinates because all parts
of the original data have different probe points on the same territory.

After the preparation attributes were calculated and the modeling started. The training dataset from
Kiev was used like the base of the model and datasets from Prague and Brno were the testing datasets.
For the modeling two algorithms were used. There were Random Forest and Bagging algorithms.
Fandom Forest showed the best accuracy and Bagging had to control the Random Forest because it
had the best results not from the decision trees algorithms. The results you can see below.
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Figurel. Model of the ecosystem condition. A) Prague. Random forest algorithm; B) Prague. Bagging
algorithm; C) Brno. Random forest algorithm; D) Brno. Bagging algorithm.

As you can see in there are more stable areas the Brno territory. Some districts in Brno contain even
very stable territories. The conformation of this modeling is in the medical statistics which show that
in Prague there are around 450 congenital diseases per every 10 000 people and in Brno there are less
than 260 (UZIS. 2011). There were count all congenital diseases from 2005 till 2009. According those
materials even if the absolute amount of diseases changes the relative amount stills almost the same. It
helps us to make a conclusion that there are some long term circumstances, which cause this situation.
Also there was build the map of the congenital diseases in Prague. You can find it on the figure 2.



Amount of congenital diseases
per 10 000 people

>10
8-10
6-8
4-6
2-4
<2

Figure 2. Congenital diseases in Prague per every 10 000 people.

According the model, in all the Prague territory is almost the same situation. It is possible to mark out
only a one big stable region on the south-east and several relatively big unstable regions on the west,
north and in the center. On the map of diseases you could see that the beigest amount of diseases is
exactly in the unstable regions and in all south-east part is a relatively good situation and the smallest
amount of diseases. It shows that the model corresponds with the real situation and can make a
significant prediction.

For one more model testing there was used data of another scale and another territory. There was
dataset which was based on the information from Russia.

For the building of Russia territory model the data was collected from maps. There were maps
gravitation (Demyanov G.V. et. al. 1995) and magnetic fields (Litvinova T.P. et. al. 1995) and a map
of Russia relief (Lagutina N.P. et. al. 2005). Those maps were digitized and all the information was
collected in one table. After it, this data, which contained the information about two geofields and
relief, was processed. There were calculated 2 primary components, splines of those components and
the divergence.

Then a classification was made which was based in the dataset form Kiev. It means that Kiev dataset
was the training data and the data from Russia was the testing data. It contained 5900 points. For the
building of the model I used 2 algorithms. The first one is Bagging because it showed the best results
from all algorithms not from the decision tree group. The second one is Random Forest because it had
the best accuracy. On the pictures below you can see results of the classifications.
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Figure 3. Ecosystem condition in Russia estimated by: A) Bagging algorithm; B) Random forest
algorithm

Both classifications are very similar but the random forest algorithm didn't recognize the very unstable
class of the territory. Now it is necessary to compare those models with the morbidity in Russia for
making a final conclusion. Unfortunately it is possible to estimate the morbidity only according the
regions. It is almost impossible to create an authentic isoline map of morbidity because all the
information is sorted by region. The most reliable information will be about a western part of Russia
because regions there are relatively small and the situation is better shown.

For making the morbidity map there have been used Russian medical statistical materials (Ministry of
Health and Social Development of the Russian Federation 2011).

I collected the information about congenital diseases in every region. There was used the relative
morbidity. It means that it was estimated an amount of congenital diseases by 100 000 people. There
were calculated only congenital diseases and other was not. It was like that, because congenital
diseases could be caused by the environmental situation with bigger possibility than other diseases,
which could be caused by the lifestyle or the climate. There were calculated congenital disorders,
congenital blood defects, congenital nervous system defects and congenital gynecological defects. On
the figure 4 you can see the morbidity map.
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Figure 4. Morbidity in Russia

It is possible to say that the correlation between the congenital morbidity and the machine-learning
territory estimation is very big. Especially it is good shown in the west part of Russia where regions
were not too big and well populated in the same time. Here the northern part has the biggest amount of
diseases and is situated in the unstable and very unstable zones. In the same time Kavkaz is the
healthiest part of the country and situated in the stable and very stable zones. Bagging algorithm has
shown itself better than Random Forest. The model describes here the general view on the situation
and shows local centers of negative and positive processes. According this information | can consider
that the computer model works well on the test data. Also | can consider that the model is universal
because | trained this model on the dataset from one city and tested it on the dataset from whole
country. Despite the hard task the testing was quite successful.

5. Conclusion

There are a lot of different prediction methods exist in our days. Many of them work well in a specific
situation. But when the situation deals with the big volume of data and complicated classification
analysis there is a good opportunity to use the machine learning for the prediction. Previously there
were a lot of different ways of the machine learning applying in the ecological modeling and
prediction. But the method of the ecosystem condition modeling by the geofields analysis wasn't
applied for the artificial intelligence. Previously such kind of the classification was made only by the



human expert. The described method automatizes expert analysis of this problem and adds a new kind
of the application of the machine learning in the environmental science.

The goal of the work was looking for the best method of the automation of ecological division into
districts by the ecosystem stability level. The method was found. It combines ways of the data
preprocessing for the solving of this problem and the using of concrete algorithms for the best
modeling of the process. But the significance of the model in testing was lower than in training. It
happened because of shortages of the training dataset. The significance around 80% in different testing
datasets showed that the model works and all the preparations and the algorithm choose were right.
But the analysis of the model significance in the estimation of separate classes let us see that the
problem was in unbalanced training data. Also the model was based on the data from one small region.
When it deals with the ecological modeling it is better to collect the information about different
standard objects from all over the world. If we create a big balanced dataset which contains the
information about many different areas, the model accuracy will by close to 98%.

The fact that the model could make the estimation of the areas with different scales and from different
regions tells us that the method is universal. The universality determines by three parameters. The
technology should work in any scales, in any territories and any time. The method of ecological
division into districts by the ecosystem stability level meets all three terms and it was shown in
experiments.

Automation was working well too. By the using of the machine learning the estimation could be much
faster and easier. If we combine the described method with the information system, we will create the
decision support system which can help in the solving of many environmental problems. Of course the
role of the expert will be still very important and couldn't be totally substituted by the computer but his
work will be faster and more effective with using of the showed technology in the ecosystem analysis.

This method will be very useful not only for ecological researches. Firstly, it will be very useful for
the planning of new towns and for selection the place of residential areas building. Secondly, it will be
useful for the territory estimation for real estate agencies. Thirdly, it will be helpful for the making of
rational decisions about the economical use of the territory.

Also it is important to mention that the described method build the ecosystem model by the very
significant but not the only one factor what can influence the environment. If we add to the big
balanced training dataset the information about natural phenomena, anthropogenic factors and socio-
demographic conditions, the machine-learning model will be not only precise but also it will create the
complex view on the ecological situation in the studied area.
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Abstract

This article deals with techniques suitable for indoor navigation using mobile devices. It presents
several principles applicable to mobile devices. Followingly, these principles are used in
demonstrative Android application, which combines them into working indoor navigation prototype.
Consequently, demo application is used for gathering accurate results of the above mentioned
principles. Obtained results are presented in the last section of this paper.

Abstrakt

Prispévek se zabyva technikami vhodnymi pro navigaci pomoci mobilnich zarizeni v uzavienych
prostorech a predstavuje nékolik reseni vhodnych pro tato zarizeni. Tato FeSeni jsou nasledné vyuZita
v ukdzkové aplikaci pro platformu Android. Vytvorend aplikace kombinuje jednotlivé zpiisoby
navigace ve funkcni navigacni prototyp. Tato aplikace je poté vyuZita ke zjisténi presnosti vyse
zminénych zpusobii navigace. Ziskané vysledky jsou zaznamenadny na konci tohoto ¢lanku.

Keywords
Indoor navigation, Android, Wi-Fi localization, dead reckoning, particle filtering, step detection.

Klicova slova
Navigace v uzavienych prostorech, Android, Wi-Fi lokalizace, dead reckoning, ¢asticové filtrovani,
detekce krok.

1. Introduction

In our previously hold research there was a need to build an indoor navigation solution for mobile
devices [9]. Therefore our team has started implementing prototype navigation for Android platform.
Nevertheless solutions used while implementing this prototype are generally applicable to any other
operating system.

According to the articles [8, 9] we are not able to use Global Positioning System (GPS) in closed
environments. Therefore we are limited to the use of sensors present in mobile device. From all the
possible sensors we have selected following ones; Compass/magnetic field sensor, gyroscope and
accelerometer. Also, we took in consideration radio wave based location techniques, therefore we
include to this list Wi-Fi adapter as well. These listed pieces of hardware can be part of the equipment
of Android powered cellular phone.

2. Localization Methods

In this section we would like to introduce a brief overview of available localization techniques suitable
for mobile use.

2.1 Dead Reckoning

Dead reckoning is a relative localization method, which uses calculation as a mean of obtaining
position. Calculation is based on data acquired by measuring motion and direction change from initial
position.

As a special type of dead reckoning navigation technique, we can distinguish so called inertial
navigation. In this technique, the position is computed by double integration of input obtained from
accelerometer.



In this article we are going to present dead reckoning in the sense of inertial navigation.

2.2 Electromagnetic Wave Based Localization

These technigues contain previously mentioned GPS or other similar systems like Galileo and
Glonass. Thus more suitable candidates are radio wave based methods using for example Wi-Fi,
Bluetooth, Radio-frequency identification (RFID) etc.

Location estimation is calculated by comparing Received Signal Strength Indication (RSSI) to
a broadcast reference signal strength level. In the case of RFID, there is a requirement for a prepared
environment containing evenly spread RFID tags.

2.3 Image Processing

Image processing methods can be based on feature or marker detection. In the marker based detection,
an image of surrounding environment is compared with marker database. This database contains
unique markers mapped to their coordinates in the real world. In the case that known marker is
discovered by scanning device, its coordinates are obtained from previously prepared database.

3. Used Techniques

In this section we are going to introduce techniques we implemented in the prototype application.

3.1 Dead Reckoning

In order to use this technique it was necessary to resolve how to measure motion. We decided to use
step detection. As presented in [3, 4, 6] currently used procedures were based on data gathered from an
accelerometer unit placed on a suitable part of a human body e.g. foot or hip. Our approach cannot use
such device placement because we need the user to watch the screen of the device while walking. The
device must be held in hands.

The following list contains digital signal processing filters [7] suitable for step detection;

e Low-pass filter — removes high frequency components of the signal. This is important to avoid
false positive steps.

e Power threshold filter — computes signal power, which is used for identification of void zones.

e Step duration change filter — It is probable that duration of two succeeding steps does not
change distinctly. Detected step candidate can be rejected when its duration is less than half
the duration of the previous step.

e Correlation comparison filter — computes similarity of two signals by their correlation.
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Figure 25: Accelerometer signal on the z-axis; Steps measured at

100 Hz sampling rate.



We implemented step detection as a combination of two moving average filters with different window
sizes. The longer moving average (window size of 0.2 s, which is an equivalent of twenty samples at
100 Hz sampling rate) is used as the average value of g-force estimation projection on the z-axis. The
shorter moving average (windows sizes of 0.05 s; five samples; 100 Hz sampling rate) is a low-pass
filter that removes the high frequency components from the signal. Candidate steps are detected as
intersections of two moving average signals.

The moving average method proved to be successful in tests and was correctly detecting steps with
near 100% precision during sustained walking. Problems were detected when the detector detected
false positive steps while standing still.

To eliminate this flaw, the algorithm was extended by adding a power threshold filter, that defines the
walking and non-walking zones in the signal.

The algorithm may still detect false steps due to acceleration signal noise caused by manipulation with
the held device. We decided to handle false positive steps by successive mathematical processing.
Power threshold has to be configured manually; no self-adjusting algorithm was used [5].

3.2 Wi-Fi Localization

We decided to use Received Signal Strength (RSS) fingerprinting method over standard triangulation,
because we did not have the information about the location of access points.

RSS fingerprinting consist of two phases. Offline phase consists of fingerprint gathering. During this
phase the database of RSS fingerprints is created. Fingerprint is symbolized as a pair (x, y), where
X are a coordinates in the real environment; y is a unique access point identifier and the strength of
received signal measured in dBm.

During the online phase, the measured signal strength along with access point identifier are compared
against the database of gathered fingerprints. The best matching candidate is chosen as an estimated
location provider.

The phase of gathering fingerprints can be simplified as shown in [2]. This method consists of
gathering a smaller amount of fingerprints and interpolating the gathered data to obtain the full map
image. Measured map is triangulated using Delaunay algorithm.
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Figure 26: Interpolated RSS map.

The triangulation algorithm splits the area into non-overlapping triangle mesh, where each location in
the plane is assigned three unique vertices of the triangle. Full linear interpolation of the map can be
recreated from the Barycentric coordinates of the location in the triangle.



3.3 Sequential Monte Carlo Filtering

Sequential Monte Carlo (SMC) filtering is modeling the state of a dynamic system by approximating
the posterior density function by a set of random samples of the state vector while sequences of noisy
measurements are made on the system.

The computation of the SMC requires two models [1]:

1. System model — model describing the evolution of the state and time;
2. Measurement model — model relating the noisy measurements to the state.

Filter processes events from the step detector (step event, length estimate) and a probability density
function from the Wi-Fi AP scans.

Figure 27: Elimination of particles on impassable obstacle.

As shown in [1], SMC uses particles which are placed and evenly spread in the probable location
determined by RSS fingerprint database. These particles are set to motion with events generated by
step detection. Followingly, those particles which hypothetical motion leads through impassable
obstacles, e.g. walls, are eliminated. As shown in figure 3. This results in improvement of location
estimation.

4. Application

We have developed demo application for Android platform to measure accuracy of before mentioned
techniques. Main part of the application is called Pedestrian Localization Prototype.
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Figure 28: Indoor Localization Prototype.

In the Figure 4 there is clearly visible blue rectangle area which is the representation of estimated
location obtained via Wi-Fi localization. Inside, there is a blue circle representing a user and evenly
spread particles. Once the user starts moving, particles help to calibrate the estimation of his location.

5. Precision Testing

We had randomly selected a set of points on the ground floor of Faculty of Social Studies building.
Each point was assigned real coordinates. Followingly, using Samsung Galaxy Tab as a testing device
we performed a random walk on the previously selected points. After reaching a point, we acquired its
estimated location and compared it to the actual location. We made two precision tests. First test was
performed with known starting position, using dead reckoning and particle filter. Second test was
started without known starting position, using dead reckoning, particle filter and Wi-Fi localization.
We made a total of 75 measurements. During the first test, two measurements could not be
successfully completed due to a position loss and one measurement had a distance error of 66 meters,
thus these measurements were discarded from the overall score.

First test finished with measured median distance error of 2.3 meters, 90"-percentile of 5.6 meters.
Second test results are median distance error of 3.6 meters and 90""-percentile of 12.7 meters.

6. Conclusion

We have researched suitable indoor location techniques from which we have selected dead reckoning,
particle filtering and Wi-Fi localization as the most suitable ones. These techniques were used as main
techniques in prototype Android application. This prototype was used to test precision of dead
reckoning, particle filter with and without Wi-Fi localization. Test results show that Wi-Fi localization
technique did not have desired improving effect on dead reckoning position estimate. Particle filter
had difficulties converging to the correct location after estimating initial position using Wi-Fi
localization. According to [8] it is recommended to use AP topology rich in overlapping. Low
precision of Wi-Fi localization may be caused by optimal distribution of AP topology.

6.1 Future Work

We would like to improve precision of Wi-Fi localization along with the particle filter. Achieved
precision error of 2.3 meters is allowable for successful localization within building corridors.
Therefore we would like to use implemented techniques as a base of an indoor navigation application
for the buildings of Masaryk University.
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Abstrakt

Tento clanok sa zaobera konceptom mobilnej business inteligencie (Bl) z pohladu uzivatelskej
privetivosti. Cielom Studie bolo vytvorenie sady principov dorucovania BI na mobilné zariadenia.
Prvym krokom bola formulacia poznatkov o uzivateloch a kontexte pouzitia mobilnych BI nastrojov.
Dalej nasledovala Strukturovana kvalitativna analyza existujiicich mobilnych BI produktov. Vysledky
analyzy, informacie o uzivateloch a kontexte pouzitia mobilnej Bl a principy navrhu mobilnych
aplikacii pre jednotlivé mobilné operacné systemy sluzili ako zdklad pre formulaciu pravidiel. Tie su
rozdelené do troch kategorii: stratégia dorucovania Bl na mobilné zariadenia, uzivatelska privetivost
a pristup k informaciam.

Abstract

This paper introduces the user-centered perspective on mobile Business Intelligence (Bl). The purpose
of the study was to create a set of user experience design guidelines for delivery of Bl to mobile
devices. First, the information about users and context of use of mobile Bl were gathered based on
interviews and literature review. Next, the structured qualitative analysis of fifteen current mobile Bl
tools was performed. The results of the study and the user experience design guidelines of four major
mobile operating systems served as a basis for creating the set of guidelines for mobile Bl. These
guidelines are divided into three categories: Delivery strategy, Mobile user experience and Access to
information.

Krucové slova
Mobilna business inteligencia, uzivatel'ska privetivost, pouzitel'nost’, uzivatel'ské rozhrania, principy
navrhu, mobilné platformy

Keywords
Mobile Business Intelligence, User Experience, Usability, User Interfaces, Design Guidelines, Mobile
Platforms

1. Uvod

Mobilna business inteligencia (z angl. Business Intelligence, BI) je prostriedok, ktory organizaciam
umoziuje dorucovat’ obsah BI reportov a dashboardov na mobilné zariadenia (telefony a tablety) v
interaktivnom, pripadne editovatelnom mode, pricom st vyuzité Specidlne moznosti mobilnych
zariadeni, ako dotykové ovladanie, integracia dat zo senzorov na rozpoznanie kontextovych informacii
o vypocte alebo praca v rezime bez pripojenia k internetu [7]. V spojitosti s Bl je report zakladny
stavebny prvok dashboardu nesuci informacie, napriklad tabulka alebo graf s datami. Dashboard je
interaktivny dokument zostaveny z reportov a d’al§ich objektov, ktory okrem dat v jednotlivych
reportoch nesie vrstvu informacii vytvorenych vhodnou kombinaciou reportov.

Mobilita hra v oblasti BI délezitu ilohu. Dorucovanie relevantnych informacii spravnym l'ud’om a vo
vhodnej chvili je v komercnej sfére kI'icové, pretoze umoziuje objektivne rozhodovanie a planovanie
[3]. Vdaka prenosnym zariadeniam mozu uzivatelia pristupovat’ k datam kedykol'vek a kdekol'vek,
nezavisle od fyzickej pritomnosti na pracovisku. Na tento trend reaguji dodavatelia klasickych BI
produktov vyvojom $pecializovanych aplikacii pre mobilné platformy.

Problém je, ze pre navrh takychto aplikacii zatial neexistuje rozvinuta baza znalosti v podobe
navrhovych vzorov alebo osved¢enych postupov. Organizacie sa orientuji na implementa¢né otazky
(Ktoré platformy podporovat? Aké technologie pouzit’ pri vyvoji?). Menej zohladnuju potreby



uzivatelov a to, ako budu aplikacie strategicky zapadat do ich pracovnych procesov. Podla
prieskumov trhu [14] je pritom prave pouzitelnost’ a uzivatel'ska privetivost mobilnych BI aplikacii
hlavnym predpokladom pre ich adaptaciu.

Tento ¢lanok sa venuje konceptu mobilnej BI z pohl'adu uzivatel'skej privetivosti (volny preklad z
angl. User Experience, UX). Ciel'om $tudie bolo zostavenie sady principov pre doruc¢ovanie BI obsahu
na mobilné zariadenia. Prva ¢ast’ ¢lanku sa venuje su¢asnému stavu problematiky. Dalsia Gast’ zhfiia
poznatky o uzivateloch a kontexte pouzitia mobilnej BI, ktoré boli zostavené na zéklade prieskumu
literatiry a rozhovorov s uzivatel'mi a produktovymi dizajnérmi BI platformy. Tretia Cast’ je venovana
Strukturovanej kvalitativnej analyze existujucich mobilnych BI nastrojov a zavere¢na Cast’ predstavuje
sadu principov dorucovania BI obsahu na mobilné zariadenia.

2. Sucasny stav problematiky mobilnej BI

Névrh a vyvoj mobilnych BI aplikacii komplikuje niekol’ko faktorov. Jednak st to problémy spojené
vSeobecne s implementaciou programov pre mobilné zariadenia, napriklad fragmentacia vyvoja pre
rozne platformy, nutnost’ udrziavat’ a spravovat’ niekol'ko aplikécii a rozdiely navrhovych vzorov
jednotlivych opera¢nych systémov. Okrem toho sa tu ale vyskytuju aj komplikacie Specifické pre
oblast’ BI. Stipic a Bronzin vo svojom ¢lanku [12] identifikovali 4 oblasti zlepsovania mobilnej BI:
hardware a komunikacia, software, architektira a UX. Akademicka sféra sa sustredi prevazne na prvé
tri okruhy, najmi bezpecnost’” komunikacie [9] a architektaru [13]. UX v stvislosti s BI zostava v
pozadi napriek tomu, ze v praxi patri k najddlezitejSim faktorom adaptacie medzi uzivatel'mi [14].

Do kategorie UX spada jednak pouzitenost’ aplikacie, teda pragmatické charakteristiky spojené s
ovladanim uzivatel'ského rozhrania (napr. naucitelnost’, efektivita a zapamaitatelnost’ [11]). Tieto
aspekty mozno vyhodnocovat’ na zaklade merania rychlosti alebo poctu chyb, ktorych sa uzivatel
dopusti pri vykonavani tlohy. Patria sem ale aj abstraktnejSie principy tykajice sa potrieb, motivacii a
pocitov uZivatela a toho, nakol’ko aplikacia spifia jeho oéakavania a pomaha mu dosahovat’ stanovené
ciele.

Principy tykajtce sa navrhu UX (User Experience Design, UXD) su sucastou dokumentacie vSetkych
Styroch rozSirenych mobilnych opera¢nych systémov (Android [1], iOS [8], BlackBerry [4] a
Windows Phone [10]). Ich uelom je poskytnit dizajnérom a vyvojarom zadkladny prehlad o
konvenciach platformy a smerovat’ ich k tomu, aby vytvarali aplikdcie konzistentné s pravidlami
daného opera¢ného systému. Dodrziavanie konvencii ma priaznivy G¢inok na uzivatel'skl privetivost’
aplikacii a formuje ocakavania uzivatel'ov platformy. Pravidla pre jednotlivé systémy a troven ich
detailov sa vSak podstatne odliSuji. Kym napriklad BlackBerry uvadza len zékladné rozdiely
mobilnych aplikacii oproti desktopovym programom a niekol’ko doporuceni pre navrh mobilnych
verzii, 10S poskytuje detailny popis charakteristik platformy, vzhladu a spravania aplikacii aj
jednotlivych prvkov uzivatel'ského rozhrania. RoztrieStenost’ principov komplikuje navrh aplikécii,
ktoré maju fungovat’ na r6znych typoch zariadeni.

Dal§i problém je, Ze principy navrhu aplikdcii pre jednotlivé operaéné systémy neposkytuji
dostatocnu bazu znalosti pre navrh Specializovanych aplikacii. Nepokryvaju zasady rozdelenia
funkcionality multiplatformnych sluzieb [15] a smeruji k navrhu jednoduchych aplikacii s jedinou
primarnou ulohou. Motivaciou pre vyvoj jednotucelovych aplikacii je zohl'adnenie podmienok pouzitia
v mobilnom kontexte, na malej obrazovke prenosného telefénu. Tento predpoklad ale neberie do
uvahy odli$né vzory pouzivania a formaty tabletov, lepSiu podporu ovladania gestami u novych
zariadeni ani rastuce skiisenosti a poziadavky uzivatel'ov.

Uzivatel'ské rozhrania BI aplikacii sa vyznacuji vysokou informa¢nou hustotou a komplexnymi
scenarmi uloh, ktoré moze uzivatel vykonavat. Medzi typické operacie patri zobrazenie detailnych
informacii, porovnavanie dat, filtrovanie a drilovanie k novym informaciam, ale aj prisposobenie
drilovacich ciest a filtrovacich moznosti a uprava samotnych reportov a dashboardov. V pripade
mobilnej aplikacie to znamena vysporiadat’ sa s troma problémami:

e zobrazenie velkého objemu informacii na obmedzenej ploche obrazovky prenosného
zariadenia



e nizka preciznost’ dotykového ovladania
e podpora pokrocilych interakcii s datami

Pre takéto tlohy na dotykovych obrazovkach zatial neexistuju navrhové vzory. Chyba uceleny
vyskum, ktory by sa zaoberal problematikou dotykového ovladdania vizualizacii a neexistuju ani
kniznice prvkov, ktoré by umoznili vykreslovanie plne interaktivnych grafov na mobilnych
zariadeniach. Komplikaciou v tomto ohl'ade je aj tesné zviazanie mobilnych BI aplikacii s webovymi
alebo desktopovymi verziami. Interakcie v desktopovych a webovych aplikdcidch sa podstatne
odlisuji od tych, ktoré su dostupné na mobilnych zariadeniach. U dotykovych rozhrani nemozno
pocitat s presnym vyberom poloziek ako v pripade pouzitia klavesnice a mySi, zobrazenim
dopliiujucich informécii pridrzanim kurzora nad objektom, otvdranim kontextového menu ani s
klavesovymi skratkami. Zatial neexistujii Standardy ani navody, ktoré by popisovali priamociary
prenos takychto interakcii na mobilné platformy, alebo dokonca vyuzitie prednosti mobilnych
rozhrani.

3. Uzivatelia a kontext pouzitia mobilnej BI

Prvym krokom k vytvoreniu principov dorucovania BI obsahu na mobilné zariadenia bol prieskum
kontextu pouzitia mobilnych BI nastrojov. Cielom bolo ziskat’ zakladné informacie o uzivateloch, ich
motivaciach, obavach a potrebach spojenych s pouzivanim Bl v mobilnom kontexte. Poziadavky boli
formulované na zaklade prieskumu literatiry a dvanastich rozhovorov s uzivate'mi a produktovymi
dizajnérmi existujucej BI platformy.

Cielova skupina: Primarnou ciel'ovou skupinou mobilnych BI aplikacii su senior manazéri a vykonni
manazéri. Je to skupina uzivatel'ov, ktora potrebuje rychly pristup k informacidm o spolocnosti, a u
ktorej ma BI podporit’ proces rozhodovania. DalSou skupinou je stredny a niz§i management a
pracovnici v teréne, ktori moézu tazit’ z proaktivnych notifikacii a pristupu k aktudlnym datam pri
operativnom planovani a komunikacii so zdkaznikom. [5]

Motivacia nasadenia mobilnej BI: Najc¢astejSou motivaciou organizacii pre nasadenie mobilnej Bl je
zvysenie kvality a rychlosti doru¢ovania informacii a podpora rozhodovacieho procesu [5]. Dalsia
skupina motiva¢nych faktorov je spojena s vyvojom mobilného priemyslu. Prenosné zariadenia sa
stale vykonnejsie, cenovo dostupnejSie a zlepSuje sa ich uzivatel'ska privetivost. Vd'aka flexibilite viac
vyhovuju potrebam prace mimo kancelarie a umoziujui ¢loveku pristup k relevantnym informaciam
bez toho, aby bol viazany na fyzické pracovisko. Informacie tak mo6zu mat’ k dispozicii aj pracovnici,
ktori k tradi¢nym BI néstrojom pristup nemaju. [6]

Rizika: Na druhej strane, potencidlnych uzivatel'ov mobilnych BI aplikécii zatial' odradza niekol'ko
rizikovych faktorov. V prvom rade je to bezpecnost’ informacii na prenosnych zariadeniach [5]. Uz zo
svojej povahy su mobilné zariadenia nachylnejsie na stratu alebo odcudzenie. NavySe, na rozdiel od
telefonov, tablety byvaju ¢asto zdiel'ané medzi viacerymi uzivatel'mi [2]. ZvySuje sa tak riziko, Ze sa k
citlivym informaciam dostane nepovolana osoba. Komplikéciou je aj vnimanie bezpe¢nosti prenosu
dat cez mobilné siete. Hoci existuji mechanizmy na ochranu mobilnych dat [9] a ich kvalita rastie,
problémy sposobuje nizke povedomie medzi uzivatelmi. Ti sa v obave pred tnikom Ccitlivych
informacii vyhybaju dorucovaniu takychto dat na prenosné zariadenia, ¢im znizuju hodnotu mobilného
BI rieSenia. Obavy st spojené aj s pouZzitenostou a uZivatel'skou privetivostou BI nastrojov na
mobilnych zariadeniach. Inteligentné telefony nemaji optimalny format na zobrazovanie klasickych
BI dashboardov a manipulaciu s velkym objemom dat [6]. Pre ovladanie vizualizacii na dotykovych
obrazovkach neexistuju navrhové vzory ani neformalne zauzivané praktiky. Nizka miera interaktivity
u mobilnych BI rieSeni obmedzuje pokroc€ilych uzivatel'ov, pretoze nedovol'uje komplexné analytické
operacie. V tejto suvislosti je otdzkou aj miera navratnosti investicie. Nasadenie a sprava aplikacii a Bl
obsahu na rdznych platformach je pracné a dopad nie je mozné priamo merat’.

Poziadavky uZzivatel’ov: Podla prieskumu trhu [5], medzi najviac Ziadané funkcie mobilnych BI
aplikacii patri pristup k informaciam v dashboardoch a reportoch, drilovanie, filtrovanie a proaktivne
notifikacie. Pokro¢ilé funkcie, napriklad anotacie, vkladanie dat, spuStanie udalosti na zaklade
zobrazenych informadcii, analyza dat alebo uprava reportov a dashboardov na mobilnych zariadeniach,



su v sucasnosti menej vyzadované. Zaujem o ne ale stipa s rasticimi skiisenostami uzivatelov.
Charakteristiky typické pre pouZitie v mobilnom kontexte, teda praca v offline rezime, integracia dat
z0 senzorov a prispdsobenie uZzivateI'ského rozhrania pre dotykové ovladanie, uzivatelia zatial
explicitne nevyzaduju [14]. Ich pritomnost’ vSak zvySuje uzivatel'ska privetivost’ aplikacie.

Priorita platforiem: Medzi uzivatelmi mobilnej BI je v st€asnosti najziadanejSia podpora
operaénych systémov iOS a Android. Vysokll mieru adaptacie medzi koncovymi uzivateI'mi ma
BlackBerry OS, ale jeho podpora postupne klesa. Ubtuda aj pocet uzivatelov operacného systému
Windows Mobile a jeho nasledovnik Windows Phone zatial’ neziskal vyrazna podporu u spominane;j
cielovej skupiny. [5]

4. Analyza mobilnych BI nastrojov

Druhou ¢ast’ou studie bola Strukturovand kvalitativna analyza pétndstich mobilnych BI rieSeni. Cielom
bolo vyhodnotenie stratégie réznych dodavatelov mobilnych BI produktov za ucelov vytvorenia
uceleného prehladu o sucasnom stave a ponukanych moznostiach. Aplikacie boli posudzované z
pohladu wuzivatel'skej privetivosti ovladania na mobilnych zariadeniach a rozsahu funkcii
umoznujucich pristup k datam. Hlavny doéraz bol kladeny na silné a slabé stranky uzivatel'skych
rozhrani aplikacii a inovativny pristup k podpore pouZitia v mobilnom kontexte.

4.1. Vyber hodnotenych aplikacii

Do tejto stadie bolo zahrnutych patnast’ aplikacii, ktoré umoziuju uzivatelovi pristup k vlastnému
obsahu zobrazenému vo forme personalizovaného dashboardu. Produkty su rozdelené do troch
kategorii:

o Mobilné aplikdcie osvedcenych BI dodavatelov [7]: IBM Cognos Mobile, WebFocus Mobile
Faves, MicroStrategy Mobile, Oracle Business Intelligence Mobile, SAP BusinessObjects
Mobile, Tableau Mobile, Spotfire Analytics

o Aplikacie typu SaaS: YellowfinBl, Birst Mobile, QlikView, Domo Mobile, Bime Mobile

o ylucne mobilné BI aplikdcie: MyBI, SurfBI, Roambi Analytics

4.2. Kritéria hodnotenia aplikacii

Kritéria hodnotenia boli vytvorené na zaklade rozhovorov a prieskumu literatiry. Rozdelené su do
troch skupin:

Stratégia dorucovania BI obsahu na mobilné zariadenia

o  Mobilna stratégia: Aka je hlavna uloha mobilnej aplikacie? Ako aplikacia zapada do BI
infrastruktiry?

e Podporované platformy: Aké platformy dodavatel podporuje? Ako su rieSenia
implementované a aky je medzi nimi rozdiel?

Uzivatel’ska privetivost’

o Dotykové ovlidanie: Ako rozhranie mobilnej aplikacie vyuziva prednosti dotykového
ovladania, napriklad gesta a Specialne interakcie?

e Ovlddacie prvky: Ako st ovladacie prvky prispésobené dotykovému ovladaniu?
Naucitelnost: Ako dizajn aplikacie podporuje uzivatela v procese ucenia sa ovladania
aplikacie?

Pristup k informaciam

o Architektura uzivatelského rozhrania: Akymi krokmi prechadza uzivatel od spustenia
aplikacie po zobrazenie konkrétneho dashboardu?

o Typy vizualizacii: Aké typy vizualizacii su v mobilnej aplikacii dostupné? Ako sa vizualizacie
odlisujt na réznych platformach?

o [Interaktivita vizualizacii: Aké operacie s vizualizaciami aplikacia umoziuje? LiSi sa rozsah
operacii dostupnych v ré6znych tirovniach detailov a na réznych platformach?



4.3. Kritéria hodnotenia aplikacii
Pri vyhodnocovani produktov boli pouzité nasledujuce materialy:

e hodnotené mobilné aplikacie (verzia pre iPad, v pripade dostupnosti verzie pre iPhone a
Android)

e verejne dostupné demo projekty a vzorové dashboardy, vide4, tutoridly, uzivatel'ské prirucky a
iné informdcie o produktoch zverejnené dodavatel'mi

e diskusné fora, recenzie uzivatelov produktov u oficidlnych distributorov (Apple AppStore,
Google Play)

e nezavislé hodnotenia produktov [5], [14]

U kazdej aplikacie boli ramcovo testované 4 typické tulohy: pristup k dashboardom, zobrazenie
detailnych informacii, drilovanie a filtrovanie. To poskytlo zakladnu predstavu o fungovani aplikacie a
odhalilo aspekty, ktoré boli predmetom d’alSieho skimania. Vysledky kvalitativneho hodnotenia boli
Strukturované podl'a hodnotiacich kritérii, zaznamenané do tabulky a kédované do troch kategorii:
pozitivne a negativne priklady a netradi¢né rieSenia.

4.4. Zhrnutie vysledkov

Z 15 hodnotenych produktov slizi mobilna aplikacia v 12 pripadoch len ako doplnkovy sposob
dorucovania BI obsahu. U tychto rieSeni je na mobilné¢ zariadenie doru¢ovany obsah vytvarany pre
desktopové rozhranie. Cielom je rychla mobilizacia BI obsahu bez zvySenia administrativnej ndmahy
spojenej s vytvaranim a prisposobovanim obsahu pre iné koncové zariadenia. Pouzitenost a
uzivatel'skd privetivost’ takychto rieSeni je nizka. Obsah véic$inou nie je adekvatny pre zobrazenie na
mensich obrazovkach mobilnych zariadeni a interakcie nie su prispésobené dotykovému ovladaniu. Z
3 zvy$nych produktov spadaju 2 do kategoérie Ciste mobilnych rieSeni a jeden dodavatel’ poskytuje
platformu pre vytvaranie vlastnych mobilnych BI aplikacii.

Vo vicsine pripadov nie st vyuzité ziadne prednosti mobilnych zariadeni. Niektoré aplikacie ponukaju
podporu prace v offline rezime, ale Casto sa jedna ale len o pristup k datam, ku ktorym uzivatel
pristupoval pri poslednej navsteve s pripojenim k internetu.

Informacie o kontexte vypoctu vyuzivaji 4 dodavatelia, jedna sa o geolokacné idaje a v 2 pripadoch o
data z fotoaparatu. Podl'a sposobu implementacie mozno hodnotené aplikacie rozdelit’ do troch skupin:
nativne, webové a hybridné riesenia.

Webove aplikdacie umoziuju pristup k BI obsahu prostrednictvom webového prehliadaca z réznych
typov zariadeni. Vyhodou je jednoducha tdrzba a agilnej$i vyvoj novych verzii systému. Problém je,
ze webova aplikacia vyZaduje neustaly pristup k internetu a prenos vel’kého objemu dat, uzivatel'ské
rozhranie nie je prisposobené konvenciam a obmedzeniam koncovych zariadeni, reaguje pomalSie a
interakcie nie su prisposobené dotykovému ovladaniu. Len jeden z dodavatel'ov poskytuje webova
sluzbu ako svoje primarne riesenie pre podporu mobilnych zariadeni.

Nativne aplikdcie su vytvarané samostatne pre kazdi podporovani platformu. Vyhodou je lepSie
prisposobenie UX a §irSie moznosti interaktivity. Aplikdcia moze doslednejsie reSpektovat’ konvencie
danej platformy, vykon moéze byt optimalizovany pre dany typ koncovych zariadeni a vyuzivat’ mozno
aj Specifické charakteristiky mobilnych zariadeni ako znalost’ kontextu, alebo pouZitie bez pripojenia k
internetu. Nevyhodou je vyvoj a sprava niekolkych aplikacii a vysoké naroky na administraciu BI
obsahu. Len jeden dodavatel’ pontka Cisto nativnu aplikaciu prispdsobenu pre konkrétnu platformu.
Aplikacia patri do kategérie Cisto mobilnych rieSeni a podporuje len zariadenia s operaénym
systémom i0S.

Hybridné aplikacie zobrazuju Bl obsah v nativhom kontajneri. Takéto rieSenie je u mobilnych BI
aplikacii najcastejSie. Typicky to znamend, Ze je navigacia aspoil Ciastocne prisposobena konvenciam
danej platformy a dashboardy a reporty sa vykresl'uju ako webovy obsah. To vedie k podstatnému
obmedzeniu interaktivity. Vizualizdcie nie si prisposobené dotykovému ovladaniu alebo su
zobrazované ako statické obrazky.



Kazdy z dodavatelov poskytuje zakaznikom asponn mobilni aplikaciu pre iPad. Druhé
najpodporovanejsie zariadenie je iPhone (11 dodavatel'ov). Menej Casta je podpora zariadeni s
operaénym systémom Android (8 dodavatelov). Len v 3 pripadoch je dostupna aplikacia pre
BlackBerry OS, vo vSetkych pripadoch sa jedna o dodavatelov osvedcenych BI rieseni. Tablety s
operatnym systémom BlackBerry a zariadenia s operatnym syst¢émom Windows Phone nie st
podporované aplikaciou Specialne vytvaranou pre dany systém. Dodavatelia odkazuji zakaznikov na
webové rozhranie.

Problémy s pouzitenostou a uzivatel'skou privetivostou st Specifické pre kazda aplikidciu. Vo
vicsine pripadov sa ale viazu na neSetrny prenos BI obsahu urceného pre desktop na mobilné
zariadenia, nizku mieru prisposobenia dotykovému ovladaniu a ignorovanie konvencii cielovych
platforiem.

5. Principy dorucovania BI na mobilné zariadenia

Analyza existujucich produktov slizila ako zéklad pre vytvorenie sady principov doruc¢ovania BI
obsahu na mobilné zariadenia. Silné a slabé stranky jednotlivych nastrojov boli hodnotené v kontexte
informacii o uzivateloch a pouzivani mobilnej BI a zarovein porovnidvané s UXD principmi
jednotlivych mobilnych opera¢nych systémov. Na zaklade vysledkov hodnotenia bola zostavena
inicidlna sada principov, ktora bola dalej prispésobena na zaklade spédtnej vdzby od troch
produktovych dizajnérov BI platformy.

Principy su kategorizované podla hodnotiacich kritérii analyzy. Postupuji od strategickych
doporuceni cez principy prispoésobenia uzivatel'ského rozhrania dotykovému ovladaniu k Specifickym
aspektom dorucovania vizualizacii na mobilné zariadenia.

5.1 Stratégia dorucovania BI obsahu na mobilné zariadenia
Mobilna stratégia

Prioritizacia funkcii podla typu koncového zariadenia. Kontext pouzitia mobilnych telefonov a
tabletov sa zasadne odliSuje. Rozhranie BI aplikdcie musi tuto skutocnost’ reSpektovat’ a umoznovat
primarne také funkcie, ktoré st primerané pre dany kontext. Aplikacie na mobilnych telefénoch st
vhodné predovsetkym na dorucovanie notifikacii a rychly pristup k informaciam. Tablety mozu
poskytovat’ pristup k interaktivnemu obsahu a pokroCilym analytickym funkcidm. Desktopové
rozhranie je optimalne na vytvaranie a spravu BI obsahu.

Vytvaranie Bl obsahu. Proces vytvarania reportu sa sklada z niekolkych krokov: formulacia ciel’a,
vyber dat a prisposobenie ich Struktury, vyber vhodnej vizualnej prezentacie, jej prispdsobenie a
nastavenie vézieb na d’al§ie informacie. Spravca obsahu by mal mat’ moZznost’ pracovat’ s vytvorenym
reportom ako s objektom s tym, ze miera a spdsob interaktivity by sa prispdsobovala podla toho, na
akom zariadeni sa report zobrazuje. Obsah a mieru interaktivity dashboardov je vhodné prispoésobovat’
pre kazda kategoriu koncovych zariadeni.

Sémantické informdcie o dashboarde. Pri automatickom vykresl'ovani obsahu dashboardu na iny typ
koncového zariadenia dochadza k zmendm rozloZenia informacii tak, aby zobrazenie vyhovovalo
charakteristikam daného typu zariadenia. Kvoli zachovaniu informa¢nej hodnoty dashboardu je nutné
podporit’ takuto tlohu sémantickymi informaciami o objektoch na dashboarde, ich poradi a
vzajomnych vztahoch.

Podporované platformy

Strategicky vyber podporovanych platforiem. Prisposobovanie Bl obsahu réznym typom koncovych
zariadeni je pracné a Casovo naro¢né. Automatizacia procesu, napriklad vytvorenim hybridnej
aplikacie, ktora v nativnom kontajneri zobrazuje webovy obsah, nie je optimalna kvoli vysokej miere
interaktivity BI aplikacii. Z hl'adiska uzivatel'skej privetivosti aplikécii je vhodnejsi strategicky vyber
mensSieho poctu podporovanych platforiem na zaklade preferencii cielovej skupiny uzivatelov a
vyvoja trhu.



Primarny doraz na podporu tabletov. Tablety zachovavaju vyhody prenosnych zariadeni, ale vd’aka
vdcsej obrazovke umoznuju prehladnejSie zobrazenie velkého objemu dat a podporuju zloZitejSie
interakcie.

5.2  Uzivatel’ska privetivost’
Dotykové ovladanie

Priama manipulacia s objektami. Priama manipulacia s uzivatel'skym rozhranim je pre cloveka
prirodzenejsia a zvySuje jeho pocit kontroly nad aplikaciou [1], [8]. Pokial’ je to mozné, uzivatel’ by
mal mat’ moznost’ pouzivat' gestd na navigaciu a ovladdanie aplikécie, napriklad listovanie (gesto
"swipe") na prechadzanie medzi stranami dokumentu namiesto prepinania odkazom. Specidlne
dotykové interakcie. Pouzitie Specialnych interakcii urcitej platformy, napriklad potiahnutie obsahu
("pull-to-refresh") na nacitanie aktualnych dat, podporuje konzistenciu aplikacie s pravidlami
platformy.

Reakcia na zmenu orientdcie zariadenia. Aplikacia by mala reagovat’ na zmeny orientacie zariadenia
prispésobenim zobrazenia na vysku a na §irku. [8] Obsah musi byt’ v kazdom mode rozmiestneny tak,
aby efektivne vyuzival rozmery obrazovky. Ak si v jednom pripade dostupné informéacie alebo
funkcie, ktoré uzivatel’ v inom moéde nevidi, mal by byt’ na tuto skutocnost’ explicitne upozorneny.

Spdtna vizba prostrednictvom animdcii. Vhodne pouzité drobné animacie poskytuju uzivatel'ovi
spatnu vdzbu a umociiuju jeho pocit kontroly nad aplikaciou. [8]

Ovladacie prvky

Optimalizacia ovladacich prvkov pre dotykové oviadanie. Obzvlast u rozhrani s vel’kym mnozstvom
interaktivnych objektov musia byt’ ovladacie prvky (tla¢itka, odkazy a podobne) dostatocne vel’ké na
to, aby umoznili dotykové ovladanie. Medzi interaktivnymi prvkami musi byt dostatok priestoru aby
nedochadzalo k neimyselnému vyberu okolitych prvkov.

Optimalizdcia textu. Velkost fontu a podrobnost’ textu a textovych oznaceni musi byt prispdsobena
zvlast’ pre kazdu kategoriu koncovych zariadeni, aby bola zachovana Citatel'nost’ a prehl'adnost’ textu.

Redukcia poctu ovladacich prvkov. Pocet ovladacich prvkov mozno eliminovat’ niekol’kymi spdsobmi:
umiestnit’ na kazdu obrazovku len ovladacie prvky, ktoré bezprostredne stvisia s typom obsahu a
uroviiou detailu; zhlukovat' stvisiace prvky do skupin a spristupnit’ ich na vyziadanie; nahradit’
ovladacie prvky priamou manipulaciou S obsahom; ukryvat’ ovladacie prvky, ktoré nie su kriticky
potrebné po uréitom Case a zobrazit’ ich na vyZiadanie.

Vizualne odlisenie ovladacich prvkov. Uzivatel'ské rozhrania BI aplikacii obsahuju casto velké
mnozstvo informacii. Ovladacie prvky musia byt jasne odliSené aby boli rozpoznatel'né od samotného
obsahu a zaroven nesmu byt prili§ vyrazné, aby potlacali dolezity obsah do uzadia.

Naucditel’nost’

Internd a externd konzistencia. Elementy uzivatel'ského rozhrania s rovnakym vyznamom musia
vyzerat' a spravat’ sa rovnako v ramci celej aplikacie. Fungovanie a vzhl'ad ovladacich prvkov musi
reSpektovat’ konvencie danej platformy. Dodrziavanie tychto principov zvySuje uzivatel'ska
privetivost aplikacie, pretoze umoziuje uzivatel'ovi pouzit’ znalosti o aplikacii a platforme. [1], [8]

Konzistencia verzii aplikacie na réznych platformach. Vzhlad a spravanie aplikdcie sa mézu na
roznych platformach v detailoch odliSovat, ale vizudlna identita a principy fungovania musia byt
jednotné, aby systém posobil ako celok.

Napoveda. U Specializovanych aplikacii je dolezité poskytnut uzivatelovi pristup k napovede.
UZzito¢nym rieSenim je kombinacia vyhladavania a kontextovej napovedy [1] k obrazovke, ktora
obsahuje vylucne popis prvkov a tipy viazuce sa k danej obrazovke. Tipy k oviddaniu aplikdcie. Tipy
su stru¢né spravy alebo ikony, ktoré informuju uZzivatel'a o skuto¢nostiach, ktoré by inak mohol
prehliadnut’, napriklad pouzitie urcit¢ho gesta na vyvolanie udalosti. Nesmu sluzit’ ako rieSenie
problémov s pouzitenostou aplikacie. Ich ulohou je upozornit’ uZzivatela na efektivnejSie cesty
pouzitia aplikacie.



5.3  Pristup k informaciam
Architektura uzZivatel’ského rozhrania

Redukcia poctu virovni v navigdcii. Struktira dokumentov v tradiénych BI nastrojoch byva &asto
pomerne zlozita kvoli kategorizacii obsahu a pristupovym pravam. Na mobilnom zariadeni musi byt
uzivatel od tohto oslobodeny. Mal by mat’ pristup len k dokumentom, ktoré st pre neho bezprostredne
relevantné a potrebuje ich pouzivat v mobilnom kontexte. Pocet urovni v Struktire by mal byt
eliminovany vhodnou vizualnou prezentaciou obsahu.

Vizualne pomécky na zjednodusenie navigacie. Pouzitie vizualnych pomdcok (nahlady dashboardov,
ikony, farebné kodovanie sekcii, ...) urychluje a zjednoduSuje orientdciu v systéme. Nahlady
dashboardov su v mobilnych BI aplikaciach obzvlast uzito¢né kvoli dlhym nazvom dokumentov.

Pokrocilé moznosti vyhladdvania. Ak uzivatel’ pracuje v aplikacii s velkym mnozstvom dokumentov,
je vhodné poskytnit’ mu pokrocilé moznosti vyhl'adavania. Spristupnit’ mozno podla struktury obsahu
napriklad hladanie dashboardu na zaklade klacovych slov, filtrovanie dokumentov podla autora,
projektu a oznacenia alebo radenie na zaklade nazvu, datumu poslednej navstevy, editacie a podobne.

Hierarchia obsahu zobrazeného na dashboarde a reporte. Dashboard ma uzivatel'ovi sluzit’ na to, aby
ziskal rychly prehlad o aktudlnej situacii. Vizualizicie na dashboarde nemusia vzdy obsahovat
detailné hodnoty dat. Podl'a potreby by ale uzivatel’ mal mat’ mozZnost’ zobrazit’ detaily a priblizovat’
jednotlivé reporty. Zobrazenie reportu na samostatnej obrazovke zaruéi lepSie vyuzitie priestoru na
uvedenie detailov a pokrocilé operacie.

Typy vizualizacii

Zachovanie rovnakych typov vizualizacii na roznych zariadeniach. Kazdy typ vizualizacie by mal byt
dostupny na vsetkych typoch koncovych zariadeni a to so zachovanim pokial mozno rovnakého
rozsahu interaktivity optimalizovanej pre konkrétnu kategoriu zariadenia.

Vyuzitie vyhod dotykového oviddania. Pri vytvarani BI obsahu je nutné zohl'adnovat’ ciel’ vizualizacie
a prihliadat na to, ako moéze dany typ koncového zariadenia tento ciel' podporit. Napriklad u
vizualizacie trendov je Castou tlohou porovnavanie hodnot v urcitych cCasoch. Na desktopovom
rozhrani nie je takato Gloha priamociara, pretoze kurzorom uzivatel’ vybera len jednu polozku v danej
chvili. U dotykovych rozhrani ale mézu byt efektivne vyuzité gestd na vyber viacerych poloziek
("multi-finger tap" a "multi-finger drag").

Animacie zmien. Animacie mézu u vizualizacii komunikovat’ rozdiely medzi hodnotami. Ich pouzitie
je u BI aplikacii na mobilnych zariadeniach ddlezité, pretoze naditanie nového obsahu méze byt kvoli
objemu stahovanych dat pomalé. Typickym rieSenim u existujucich produktov je nahradenie
vizualizacie animaciou, ktora naznaCuje stahovanie dat a nasledne vykreslenie kompletne novej
vizualizacie. Ak sa aktualizdcia dat zobrazi ako zmena oproti pévodnym hodnotdm priamo vo
vizualizacii, uzivatel’ nestrati kontext a naopak ziska doplitujuce informécie o zmene.

Interaktivita vizualizacii

Zvyraznenie interaktivnych poloZiek v grafe. Interaktivne polozky vo vizualizaciach musia byt jasne
odlisené¢ od neaktivnych prvkov. U vizualizacii urenych pre desktopové rozhrania sa pocita so
zvyraznenim polozZiek pri pohybe kurzora nad interaktivnou oblastou. Takéto odliSenie nie je u
dotykovych rozhrani mozné.

Odstrdanenie redundantnych interakcii. Vizualizacie nesmt obsahovat redundantné interakcie,
napriklad nutnost’ explicitne zatvorit' okno s detailnymi informaciami o polozke pred zobrazenim
dalsieho detailu. Jedinou vynimkou su operacie, u ktorych redundantna interakcia zabranuje chybe
(napr. potvrdenie kritickej operacie).

Prispésobenie interakcii nizkej preciznosti dotykového oviddania. Grafy a tabulky zobrazuju velké
mnozstvo dat na malom priestore. Dotykové ovladanie musi byt prispésobené pre pracu s takymto
obsahom. Interakcie musia podporovat’ ciel' konkrétnej ulohy, napriklad pri zobrazovani detailu o
polozke v grafe je namiesto stlatenia konkrétnej polozky (gesto "tap") vhodnejsie dovolit’ uzivatel'ovi



prechadzat’ cez vizualizaciu (gesto "press and drag") a zobrazovat’ detaily o aktivovanych polozkach.
Uzivatel’ tak ma vacsiu kontrolu nad ovladanim.

Vhodné alternativy za interakcie prebrané z desktopovych rozhrani. Tradi¢né desktopové a webové Bl
aplikacie vyuzivaju vo velkej miere interakcie ako zobrazenie detailov pri prechode kurzora cez
interaktivnu oblast’ alebo otvorenie kontextovej ponuky kliknutim na polozku pravym tlac¢idlom mysi.
Za takéto interakcie musia byt u dotykovych rozhrani dosadené vhodné alternativy. Podl'a konkrétnej
situdcie mozno pouzit' napriklad dlhé stlacenie polozky (gesto "press") alebo priblizenie polozky
(gesto "spread") na zobrazenie detailu, vytiahnutie ponuky (gesto "swipe") z okraja obrazovky a
podobne.

6. Zaver

Ciel'om tejto Stidie bolo vytvorenie sady principov doru¢ovania BI obsahu na mobilné zariadenia.
Prvym krokom bola formulacia poznatkov o uzivatel'och a kontexte pouzitia mobilnych BI nastrojov.
Dalej nasledovala analyza existujiicich mobilnych BI produktov. Vysledky analyzy, informacie o
uzivatel'och a kontexte pouzitia mobilnej BI a UXD principy jednotlivych mobilnych opera¢nych
systémov sluzili ako zaklad pre vytvorenie prvej verzie pravidiel. Tie s rozdelené do troch kategorii.
Postupuji od strategickych doporuceni cez principy prispdsobenia uzivatel'ského rozhrania
dotykovému ovladaniu k Specifickym aspektom dorucovania vizualizacii na mobilné zariadenia. Tato
formulacia nie je konecnd. Pravidld sa budu dalej iterativne vyvijat a budu sluzit’ ako zaklad pri
vytvarani kniznice interaktivnych vizualizacii pre mobilné zariadenia.
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Abstrakt

Podoba a moznosti soucasného monitoringu zacinaji byt ovliviiovany rostouci variabilitou jeho vyuZiti
a castecné takeé ndstupem novych paradigmat jako je Cloud computing. Mezi vycet pozorovanych
nedostatkii patvi napriklad problémy s vykonnosti, rozsiritelnosti, ¢i interoperabilitou. Hlavnim
zamérenim tohoto prispévku je problematika pocitacovych logii, které predstavuji hojné vyuzivany typ
monitorovaci informace. Pravé soucasny stav logovani Ize povaZovat za jeden z duvodii zmifiovanych
nedostatkii. Nasim cilem je predstavit stavajici podobu této problematiky a v navaznosti také moznad
reseni.

Abstract

Present-day monitoring is being affected by increasing variability of its use as well as by emergence of
new computing paradigms such as Cloud computing. The list of reported shortcomings includes, but is
not limited to performance, extensibility and maintainability issues. This paper is focused on computer
logs — frequently used type of monitoring information. Logging is considered one of the causes of
abovementioned shortcomings. Our goal is to present current work in this area as well as discuss
possible solutions.
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1. Uvod

Dulezitost monitoringu v posledni dekadé plynule rostla a s nastupem Cloud computingu je tento trend
jesté markantnéjsi. V rozsahlych infrastrukturach jako je Cloud, nebo Grid je monitoring vyuzivan
nejen na provozni urovni, ale také na urovni sluzeb. Monitorovaci data jsou Casto vyuzivana v Sirokém
spektru uloh, jako napiiklad accounting, analyza vykonu, audit, detekce chyb, ladéni, optimalizace, ¢i
planovani. Navic mnoZstvi monitorovacich dat, které moderni systémy produkuji, rapidné roste.

Mira a variabilita vyuziti monitorovacich dat a samotné principy Cloudu zacinaji pomalu odhalovat
nedostatky souCasnych pristupti a technologii. Naptiklad z pohledu vykonnosti se v posledni dob¢
ukazuji problémy s rychlosti zpracovani monitorovacich dat, latenci a Skalovatelnosti. Vyjimkou
ovSem také nejsou problémy s rozsifitelnosti a interoperabilitou. V nékterych ptipadech navic
soucCasné technologie viibec neposkytuji pozadovanou funkcionalitu. Toto plati pfedevSim v piipade
podpory vice uzivatelli, nebo pokrocilé korelace (napt. techniky zaloZené na zpracovani komplexnich
udalosti — Complex Event Processing).

V tomto prispévku se zaméfime predevSsim na problematiku logovani, jakozto jednu z podob
monitorovaci informace. Z mnoha divodd (jez budou objasnény nize) lze pravé pocitacové logy
povaZovat za vyznamny faktor, jenz negativné ovlivituje souc¢asnou podobu monitoringu. Nasim cilem
je diskutovat soucasny stav a existujici pfistupy. Dal$im dulezitym cilem je predstavit mozné feSeni a
diskutovat jej v kontrastu s témi existujicimi.

2. Terminologie



Tento prispévek se drzi klasické definice monitorovaciho procesu uvedeného v [1]. Proces je délen do
¢tyt zakladnich fazi. Pro komponenty, které v procesu monitoringu vystupuji, dale pouzivame
terminologii pivodné definovanou v [2]:

2.1  Proces monitoringu

produkce — ziskavani a tvorba monitorovacich dat

zpracovani — muze probéhnout pied nebo po kterékoliv jiné fazi procesu
distribuce — pfenos monitorovacich dat v§em zainteresovanym stranam
konzumace — finalni faze, jez zahrnuje naptiklad vyhodnoceni a vizualizaci dat

2.2  Komponenty

e Senzor — generuje prvotni monitorovaci informaci

e producent — sbira, zpracovava a distribuuje monitorovaci data pomoci definovaného API

e konzument — dale zpracovava, vyhodnocuje a piipadné vizualizuje monitorovaci data, pro
konzumaci vyuziva API producenta

e procesor — je komponenta, ktera predstavuje jak konzumenta, tak producenta dat. B€zné se
pouziva pro pokrocilé zpracovani monitorovaci informace (napft. korelace, ¢i filtrovani)

3. Problematika logovani

Pocitacové logy obsahuji informace o aktivité, nebo zméné stavu daného systému, ¢i aplikace.
Obsahuji informace o chybach, dulezita upozornéni, ale ¢asto také data o pribe&hu business transakei.
Prakticky vSechny softwarové systémy, at’ jiz komer¢ni, nebo open-source, logy Vv ur¢ité podobé
pouzivaji. V drtivé vétsiné piipadd predstavuji jediny prostiedek, jak tyto aplikace monitorovat,
respektive ziskavat smysluplné informace o jejich Cinnosti. Lze vSak konstatovat, ze v kontrastu
s dulezitosti pocitacovych logli pro management, ladéni a analyzu softwarovych systémt je soucasna
podoba logovani nedostatecna.

Typicky pocitatovy log ma podobu souboru obsahujici prosty text. Kazdy fadek v souboru odpovida
jednomu logovacimu zdznamu (coz ovSem nemusi byt pravidlem). Zjednodusené se jednd o fetézec
s ad-hoc strukturou. Standardy, jako naptiklad Syslog, ¢i Apache Common Log Format, jez podobu
tohoto fetézce do jisté miry urCuji, se nejenze mezi sebou netrivialné 1isi, ale ani jejich pouziti neni
zarukou logické struktury logovaciho zdznamu. Je to mimo jiné dusledkem faktu, Ze informace
S nejvyssi informacni hodnou je zaznamenana v podobé¢ ptirozeného jazyka (,,server argo.fi.muni.cz
dostal pozadavek z adresy 10.1.18.254°). Rozsititelnost takovéto struktury je navic minimalni.
Podstatnou komplikaci je nakonec fakt, Ze logy jsou zpravidla rozmistény napii¢ adresafovou
strukturou a je tak tfeba k nim pfistupovat ad-hoc.

Vzhledem k obrovskému mnozstvi logovaci zaznamii a k frekvenci s jakou v modernich systémech
vznikaji, je pro ¢lovéka nemozné provadet jejich manualni analyzu [3][4]. V dusledku vySe uvedenych
fakth ovSem nelze logy pfimo zpracovavat ani zcela automaticky.

Béznym uzivatelskym pristupem k feSeni uvedenych problémi je manualni tvorba proprietarnich
skripti s komplexnimi regularnimi vyrazy, coz ssebou nese jisté netrividlni usili. Naopak
udrzovatelnost a rozsititelnost takového feseni je velmi nizka.

Komplexnéjsi pfistupy a publikace 1ze rozdélit do dvou zakladnich skupin. Prvni skupina piistupti se
zaméfuje na analyzu a zpracovani jiz vygenerovanych logl za pouziti technik a algoritmt analyzy dat
(ptedevsim z oblasti data-miningu), tj. na strané¢ konzumenta. Druha skupina zahrnuje pfistupy a
studie, jez se zamétuji na kvalitu a prvotni formu monitorovacich dat jesté pred jejich vznikem, tj. na
stran¢ producenta.

3.1 Pristupy zamérené na analyzu pocitac¢ovych logi
Zékladnim cilem pfistupi zaméfenych na zpracovani a analyzu logovacich zaznamu s ad-hoc
strukturou je odvozeni, nebo také abstrakce typt téchto zaznamu. Jinak feceno se jednad o separaci



statickych (spole¢nych) ryst logti od dynamicky se ménicich ryst (proménnych) [5]. Z technického
pohledu je prvotnim cilem automatické vygenerovani regularnich vyrazi, resp. vzorl, jeZz jsou
pouzivany k dalSimu zpracovani.

Prvnim moznym pfistupem k abstrakci typt je pouziti technik data-miningu Kk odhaleni
frekventovanych vzort. Kuptikladu Vaarandi [6][7] a Makanju [8] pouzivaji shlukovou analyzu
(clustering) — v jednoduchosti se jedna o rozdéleni objektl do skupin (shlukt) tak, aby si prvky ve
stejné skupiné byly co nejpodobnéjsi. Rozsifenim prace Vaarandiho je [5], kdy se pii shlukovani bere
v potaz také frekvence vyskytl slov v jednotlivych zaznamech.

Druhym zakladnim pfistupem je abstrakce typl s vyuzitim analyzy zdrojovych koddl, ¢asto pouzivany
V oblasti detekce anomalii a chyb analyzovaného programu [9][10][11]. Pro uplnost uved’'me hybridni
piistupy, které kombinuji shlukovou analyzu s analyzou zdrojového kédu [12][13].

Lze konstatovat, ze pfistupy zaméfené na abstrakci nejsou z principu piili§ vhodné pro zpracovani
obrovského mnozstvi dat v realném cCase, coz je z pohledu pouziti v oblasti Cloud computingu
nevyhoda. Navic zejména v piipadé shlukové analyzy se jedna o aproximaci, tzn. lze narazit na
okrajové piipady, které vyzaduji lidskou intervenci.

3.2  Pristupy zamérené na podobu pocitac¢ovych logii

Z praci, které se zaméruji predev§im na logovani jako takové z pohledu vyvoje a zakladnich
mechanismtl, je tieba nejdiive zminit [14]. Yuan zde podrobné predstavuje dulezité charakteristiky, jez
se tykaji zpiisobti logovani a podoby vlastnich logovacich zdznamt. Dodejme, Ze tyto charakteristiky
byly ziskany analyzou ¢ty velkych open-source projektti. Podobné [15] se zamétuje na problematiku
evoluce, verzovani a dokumentace logovacich zaznamt v pribéhu vyvoje. Konecné [16] se zaméiuje
na bezpecnost logli z pohledu zabezpeceni, integrity a soukromi. Zdlraznuje, ze dilezitost téchto
faktorii je akcentovana nastupem sdilenych prostfedi, jako je Cloud.

4. Pozadavky na producenta monitorovacich dat

V [17] byly identifikovany mozné ptiCiny existujicich problémi v monitoringu a piedevsim definovali
pozadavky na producenta monitorovacich dat se zaméfenim na virtualizované prostiedi. Na rozdil od
pristupti zaméfenych na abstrakci, agregaci a konverzi monitorovaci informace se tak zamétfujeme na
prvotni kvalitu, podobu a zplisob poskytovani produkovanych dat. V nasledujicich odstavcich kratce
shrneme hlavni pozadavky na producenta monitorovaci informace a také uvedeme nékteré navrhované
zpusoby jak t€émto pozadavkidm vyhovét.

4.1 Jednotna reprezentace monitorovaci informace

Monitorovaci data se v modernich systémech vyskytuji pfedev§im ve dvou hlavnich podobach, a to
v podobé méfeni a pocitacovych logl. Méfeni vyjadiuji metriku sledovaného systému (zaté¢z CPU,
volna pamét’, pocCet bézicich procest atd.) zatimco logy nesou informaci o aktivité ¢i stavu daného
systému. Hlavnim problémem je pfedevsim odli$na reprezentace té€chto dat, z cehoz plyne predevsim
omezend moznost jejich korelace, tj. naptiklad dotazy typu ,.Jakd uddlost zpiisobila narist zdateze CPU
0 60% V danem intervalu? “. Moznym feSenim je reprezentovat vSechny druhy monitorovacich dat
jako udalosti v ¢ase. U méfeni to naptiklad znamend reprezentovat jednotlivé odecty jako udalosti
v Case, respektive reagovat na pfedem definované zmény dané veliiny (napt. za posledni vterinu
vzrostla zatez CPU o 4%). Naopak logy samotné lze povaZovat za udalosti v Case.

4.2 Strukturovany datovy format

S ptedchozim bodem nedilné souvisi také format, v jakém jsou jednotlivé udalosti reprezentovany.
Velké mnozstvi nedostatkti uvedenych v tivodu souvisi pravé s formatem monitorovacich dat. Jak
jsme jiz zminili, velmi problematicky je pfedevsim format pocitacovych logl. Nejenze jsou logovaci
formaty nestrukturované, ale navic se od sebe lisi také podle standardu, ktery implementuji (napft.

vvvvvv

informace maji v drtivé vétsing piipadi podobu fetézce v prirozeném jazyce (,,server argo.fi.muni.cz



byl restartovan ). Informaci v takovéto podobé je velmi obtizné efektivnim zplisobem zpracovat, coz
vyrazné prodluzuje ¢as potfebny k vyhodnoceni takové informace. MoZznému feSeni se budeme kratce
vénovat dale.

4.3 Standardni protokol pro distribuci

Za ptedpokladu, Ze jsou vSechny podoby monitorovaci informace reprezentovany ,,standardnim®
zpusobem, je prirozené pozadovat, aby byly také distribuovany jednotnym zptisobem. Takového stavu
je mozné dosédhnou naptiklad zavedenim standardniho protokolu pro pfenos monitorovacich dat.

vvvvv

konzumentem monitorovacich dat. V praxi to znamena piedev§im podporu obou zakladnich
komunikaénich modeld — pull, kdy je komunikace iniciovana konzumentem, a push, kdy je
komunikace naopak iniciovdna producentem. Dal§im pozadavkem je téz podpora jak synchronniho
(zaruceného), tak i asynchronniho ptenosu dat.

4.4 Podpora vice uzivateli (konzumentii)

V prosttedi Cloudu je bézné, ze uzivatelé provozuji kritické aplikace na infrastruktuie, kterou
nemohou plné ovladat a spravovat. OvSem jak uzivatel, tak poskytovatel infrastruktury maji enormni
uzivatelim odepfit pfistup k citlivym monitorovacim informacim. Je tedy nutné umoznit vice
uzivatelim pfistupovat soubézné¢ ke stejnym monitorovacim datim a zaroven poskytnout
mechanismus pro fizeni pfistupu k citlivym datim. Toto lze zajistit splnénim Ctyf zakladnich
predpokladi.

e soubéZnost — vice konzumentd muZze soub&zné pristupovat k totozné monitorovaci informaci

¢ izolace — konzumenti mohou pfistupovat pouze k monitorovacim datim, ktera jsou jim urCena

e integrita — nikdo nesmi byt schopen smazat, ¢i pozménit senzorem vygenerovanou
monitorovaci informaci

e nepopiratelnost puvodu — puvodce (senzor) konkrétni monitorovaci informace musi byt
nepopiratelny

5. Navrh reSeni

V [17] byly definovany zakladni pozadavky na producenta monitorovacich dat. Z pohledu logovani

tedy i1 logovacich zaznamti. Vhodny format by mél spliiovat nasledujici podminky:

standardizace

strukturovanost

samo-popisnost

rozsifitelné schéma

kompaktnost

Za vhodné kandidaty lze povazovat napiiklad formaty JSON a XML, kde ale v pfipadé XML
pozadavek na kompaktnost neni zcela uspokojen. V porovnani s formatem JSON ma stejna informace
v XML az o 50% vétsi velikost. Pro JSON hovoii také mensi vypocetni narocnost pii serializaci a
deserializaci. V prototypu ptedstaveném v [17] jsou monitorovaci data reprezentovana pravé v JSON
formatu. Kazdy monitorovaci zaznam (at’ jiz log, méfeni, nebo jakykoliv jiny typ monitorovaci
informace) ma podobu JSON objektu s mnozinou pevnych atributl (tzv. fixni schéma) a dale volitelné
schéma, jez mlize obsahovat libovolné atributy. Ptiklad takového monitorovaciho zaznamu (udalosti)
je uveden nize.

{"Event" :{
"1d" :1605,
"occurrenceTime" :"2012-10-12T03:44:52.713+0000",
"detectionTime" :"2012-10-12T03:44:52.791+0000",



"hostname" : "domain.localhost.cz",

"type" :"org.linux.cron.Started",

"application":"Cron",

"process":"cron",

"processId" :4219,

"severity":5,

"priority":4,

"payload": [

{
"http://cron.org/1.6/events.jsch" :{

"valuel" :4648,
"value2":"3df23c7"

1}

Priklad. 29. Monitorovaci data v podobé JSON udalosti

Vzhledem k moznostem existujicich JSON parserti, 1ze monitorovaci data v této podobé zpracovavat
rychle a efektivné. K jednotlivym atributim se pfistupuje piimo, bez pouziti slozitych regularnich
vyrazl. Diky pouziti verzovaného schématu rozsifitelnost a interoperabilita takového feSeni drasticky
roste. Pro format JSON navic existuji binarni formaty (SMILE, BSON), které dale zvysuji rychlost
serializace/deserializace.

Pouziti standardizovaného a strukturovaného formatu ssebou také nese praktické dopady na
pozadavky z [17], rekapitulované v sekci 4. Lze konstatovat, ze format JSON je vhodny k reprezentaci
logli, méteni a ostatnich moznych typ monitorovacich dat a vede tak na jejich jednotnou reprezentaci
v podob¢ udalosti. Diky standardizaci a kompaktnosti je tento format vhodny pro pienos mezi
producentem a konzumenty.

6. Zavér

V tomto prispévku jsme se zamétili na logovani, jakozto nedilnou sou¢ast moderniho monitoringu.
Ptedstavili jsme si terminologii v§eobecné pouzivanou v kontextu monitoringu a také naSe piedchozi
prace, z nichz Cerpame predev§im definici ¢tyf zakladnich pozadavki na producenta monitorovacich
dat — jednotna reprezentace, strukturovany format, standardni distribuéni kanadl a podpora vice
konzumentti. Predstavili jsme a diskutovali problematiku logovani v modernich softwarovych
systémech vcetné kratké reserse soucasnych piistupi a feseni.

Jako navrhované feSeni bylo predstaveno pouziti formatu JSON jakozto vhodné alternativy za v
soucCasnosti pouzivané nestrukturované fetézce. Pouziti vhodného formatu ssebou piinasi nejen
zrychleni zpracovani monitorovacich dat, ale také pfimo umoziiuje splnéni jiz zminénych pozadavki
na jejich producenta.

Strukturovanost a pouziti definovaného schématu maji za dusledek vyslednou jednoduchost a
efektivitu zpracovani jednotlivych monitorovacich zaznami. Diky tomu se oteviraji nové moznosti
vyzkumu predevsim v oblastech pokrocilého zpracovani velkych objemi dat. Z naseho pohledu jsou
zajimavé piedevs§im technologie na zpracovani komplexnich udalosti, jez umoznuji definici slozitych
vzort pro detekci kauzalnich a temporalnich zavislosti.
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Abstract

Diffusion is an important parameter for evaluation of various uptake processes in environment
including application of passive sampling technique which involves use of polymers. Diffusion
coefficient is a crucial parameter for estimation of permeability of polymers towards various
chemicals. This value can be computed using Fick’s laws of diffusion and a mathematical theory.
Since every experiment is influenced by a measurement error, it is important to analyse the
uncertainty of the result. This can be done for example by the Monte Carlo method.

Abstrakt

Difuze je vyznamnym parametrem pri hodnoceni ruznych procesii prijmu latek v prostiedi, vietné
aplikace technik pasivniho vzorkovani, které vyzaduji pouziti polymerii. Koeficient difuze je zasadni
parametr pro odhad prostupnosti polymeri pro riizné chemické latky. Tuto hodnotu miizeme vypocitat
pomoci Fickovych zdkonii difuze a matematické teorie. Jelikoz je kazdy experiment ovlivnen chybou
mérenti, je nutné analyzovat neurcitost vysledku. To Ize provést naprikiad metodou Monte Carlo.

Keywords
Diffusion coefficient, diffusion equation, uncertainty, Monte Carlo method

Klicova slova
Koeficient difuze, rovnice difuze, neurcitost, metoda Monte Carlo

1. Introduction

Passive sampling is applied in the last 20 years for monitoring of trace levels of environmental
contaminants and has become a powerful tool. It involves the exposure of an organic polymer to
water, sediment, soil, air or biota tissue. During continued exposure, the analyte concentration
increases in the passive sampler with time until equilibrium is obtained.

For application of passive sampling in biota tissue the information on diffusion coefficients of lipids in
polymers is needed for proper method development. The method will be applied for biomonitoring
which is further relevant for risk assessment of priority and emergining pollutants in environment.

The present study aimed measurement of diffusion of lipids (if any) inside the selected polymer, i.e.
low density polyethylene to find out if it affects diffusion and partitioning of hydrophobic
environmental pollutants (PCBs, PAHs, OCPs) what will further help evaluation of the method.

The process of diffusion is modeled by the Fick’s second law [1]
aC(x,t) 0%C(x,t)
=D-
ot d0x? (1)

where D is the diffusion coefficient inside the polymer, which is constant (independent of time and
place), C(x, t) is the concentration of diffusing substance at distance x from the reference point, and t
is the diffusion time.

The equation Chyba! Nenalezen zdroj odkazl. was solved analytically by the means of separation of
variables. The diffusion coefficients were estimated by minimizing the residual sum of squares of
measured concentrations and concentrations predicted by Chyba! Nenalezen zdroj odkazd.. Further,



the uncertainty analysis was executed through the Monte Carlo method to find out how the diffusion
coefficients can differ due to measurement inaccuracy.

2. Analytical solution of the diffusion coefficient

2.1 General solution of the diffusion equation

The separation of variables method assumes that the solution C(x,t) of the equation Chyba!
Nenalezen zdroj odkaz. can be written by parts as

Clx,t) =X(x)-T(t) (2)
where X (x) depends only on variable x and T (t) depends analogically only on variable t. By applying
Chyba! Nenalezen zdroj odkaz. to Chyba! Nenalezen zdroj odkazti. and separating the variables we
get:

1 ar@®) 1 0°X(x)
D-T(t) 09t X)) ox? (3)
The only case Chyba! Nenalezen zdroj odkazd. can hold is when both sides of Chyba! Nenalezen

zdroj odkaz(. are equal to some constant. Let us denote such constant as A2. Solving the left hand side
of Chyba! Nenalezen zdroj odkazi. equal to A2 leads to a solution (e.g. see [2]):

T(t) = A- P4t (4)

where A is a real constant. Solving the right hand side of Chyba! Nenalezen zdroj odkazi. equal to 12
leads to a solution (e.g. see [2]):

X(x)=B-e** +G-e ¥ )

where B, G are some real constants as well. The general solution of Chyba! Nenalezen zdroj odkazi.
is then:

Cx,t) = (B-e? +G-e*¥) A DA )
which can be further simplified to:
CCx,t) = ePFt - (- &35 4 F - om2) )

for new real constants E, F.

2.2 Particular solution of the diffusion equation

The experiment was conducted by stacking six polymer sheets together. At the beginning (at time t =
0s) the top sheet was contaminated with lipid.

C(x,0)




Fig. 1. Left: Sheets with diameter equal to d stacked together. The lengths (L4, L, — L, ...) of the
sheets were similar but not precisely equal. Right: At time t = 0s only the top sheet contained lipid.

The illustration of the experiment can be seen on the Figure 2. The sheets were surrounded by
impermeable walls, which means that the chemical could move only within those six polymer sheets.
For two impermeable walls the boundary conditions are specified as follows:

dC(x,t)
ox

where L is the total length of all sheets together. Since according to Chyba! Nenalezen zdroj odkazt.:

_oo @)
x=0 ox

(8)

x=L

aC(x,t)
ox
the only case Chyba! Nenalezen zdroj odkazt. can hold for non-primitive solution (1 # 0) is whenA?

is negative. Let us therefore denote £2 = —42. Then the general solution Chyba! Nenalezen zdroj
odkaz. is of the shape:

PLEE (E-2-e** —F-1-e7*%), ©)

Clx,t) = e Pt . (A-cos(x - €) + B - sin(x - §)) (10)

for some new real constants A, B. We can see (from Chyba! Nenalezen zdroj odkazt.) that B = 0,
however the presence of cosine in Chyba! Nenalezen zdroj odkazu. leads to infinitely many solutions
which can be written as:

© N2 R
C(x,t) =co + 2 e_D'(g) t.c, - cos (n 7LT x) (11)
n=1

where ¢, are real constants (for n = 0, 1, 2, ...) which can be computed as follows:

o=~ fOLC(x, 0) dx, (12)

L
(13)

Cp = %fOL cos (n':'x) -C(x,0) dx.

For more details about this solution, please, see e.g. [3].
2.3 Finding the diffusion coefficient value

After a given exposure time ¢t = t,,, the concentration Cy, (x;, t.xp) Of the substance was measured in
the i-th sheet fori = 1,2, ...,6. These values express the mean concentrations in the sheets. The
mean value C.(x;,teyp) Of the computed concentration C(x, t) in the i-th sheet is given by (let L, =
0):

i (14)
Li—lLi-1 . fLLi—1 CCx texp) dx.
The diffusion coefficient is estimated by minimizing the following sum of squares:
(15)

?zl(cm(xi' texp) - Cc(xi' texp))z-

2.4 Uncertainty analysis using Monte Carlo method

The Monte Carlo method is an algorithm based on “many” random evaluations of the model [4]. We
used this method to estimate how the measurement error of concentrations Cy, (x;, t.xp) affects the
obtained value of the diffusion coefficient D. Since only one measurement was made for a given



experiment, the measurement error had to be based on an expert judgment. This resulted in
representation of C, (x;, t.xp) as a random variable with a uniform probability distribution.

Let us denote f the optimization function, which computes the minimum of Chyba! Nenalezen zdroj
odkazli.. Let Cy = (Cm(xl,texp), ...,Cm(x6,texp))k be the k-th realisation of random variables
representing the measured concentrations Cp, (x;, texp) for i = 1,2, ..., 6. Then the final value of the

diffusion coefficient is taken as a mean value of all model evaluations (created by Monte Carlo),
which means

N
_1 16
b=+ ;f(ck) (16)

where N is the number of model evaluations. Uncertainty bounds can be reported for example in terms
of standard deviation. Suitability of N can be assessed with a Monte Carlo error estimate MC,;.-or
given by (for more details, see [5]):

N
1
_ | . 2 _ (17)
MCerrar - N - (N _ 1) k=1(f(ck) D)Z

3. Results

All computations were made in computer algebra system Maple capable of solving given problems
analytically. Input data were loaded from MS Excel file for which Maple offers a package called
ExcelTools since the version 15. Generating realisations from the uniform probability distribution was
handled with the Statistics package and minimizing the sum of squares in Chyba! Nenalezen zdroj
odkazt. was done by the command Minimize from the Optimization package.

We present the results obtained for the experiment with various oils (coded as “ol-3”, “0l-2”, ...,
“ol+3”) diffusing inside low-density polyethylene. Main computed values are given in Table 1. The
number of model evaluations N was equal to 5000, SD stands for Standard Deviation.

Table 7: Results for oils diffusing inside low-density polyethylene.

chemical | D107t (¢cm?/ | SD(D)-1071 (¢cm? | MC,ppoy - 10711
s) /s)
ol-3 9,44 1,60 0,023
ol-2 2,29 0,42 0,006
ol-1 1,12 0,27 0,004
ol 3,23 0,51 0,007
ol+1 2,85 0,47 0,007
ol+2 1,87 0,34 0,005
ol+3 2,29 0,41 0,006

The results from table 1 can be illustrated by plotting the function C(x, teyxp).
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Fig. 2. The measured concentrations plotted as dots (and placed in the midpoints of intervals
representing the sheet lengths — see figure 1) with computed concentration function after a certain
exposure time for lipid ol-3 on the left. On the right hand side of the figure additionally the uncertainty
bounds are shown.

4. Conclusion

The computed diffusion coefficients for lipids were in order of 10 being only factor 35 lower than
diffusion coefficients of higher hydrophobic contaminants (PCBs/PAHSs) for LDPE [6]. By the means
of Monte Carlo method we can easily evaluate the uncertainties in the obtained solution. Nevertheless,
the weakest point in application of the method was the determination of the uncertainty of diffusion
experiments since there were not enough measurements. As Monte Carlo method relies on the
experimental uncertainty including analytical error, in further work care should be taken on the proper
estimation of such uncertainty by including more duplicate experiments.
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